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ABSTRACT
This study examines how the absence and subsequent return of spectators af-

fected home advantage in Germany’s first soccer league (Bundesliga) during and 
following the COVID-19 pandemic. Using the match-level data from five seasons 
(2017/18- 2021/22; N = 1,530), the analysis exploits pandemic-related spectator 
bans and capacity restrictions as a natural experiment to isolate crowd effects 
from other determinants of home advantage. Matches are classified into seven 
distinct phases covering the pre-pandemic period, two spectator-free periods 
(“ghost games”), and multiple stages of gradual spectator return with varying 
attendance levels. The results confirm that home advantage in the Bundesliga 
disappeared during the first ghost game period of the 2019/20 season. During 
the second, longer spectator-free period in 2020/21, home advantage initially 
declined but gradually recovered, suggesting players’ adaptation to empty sta-
diums. Following the return of spectators in the 2021/22 season, evidence for 
an above-average home advantage is limited. A statistically significant increase 
in home win probability is observed only in the final phase with higher atten-
dance levels, and this effect diminished over time despite rising spectator num-
bers. Overall, the impact of spectator return is weaker and less persistent than 
the effect of sudden spectator absence. These findings suggest that the negative 
shock of empty stadiums had a stronger effect on competitive outcomes than the 
positive shock associated with the gradual return of fans. The results are consis-
tent with adaptation processes and reference-dependent behavior, implying that 
home advantage responds asymmetrically to losses and gains in crowd support. 
The study contributes to the literature by providing the first comprehensive evi-
dence on the post-pandemic return of spectators in the Bundesliga and by high-
lighting the dynamic and temporary nature of crowd effects on match outcomes.

Keywords: Home Advantage, Ghost Games, Soccer, Bundesliga, Crowd 
Support, Pandemic

INTRODUCTION
The beginning of the 2021/22 Bundesliga 

season marked the return of fans to stadiums. 
After parts of the 2019/20 season and nearly the 
entire 2020/21 season had to be played with-
out spectators due to the COVID-19 pandem-
ic, politicians announced on July 6, 2021, that 
larger crowds would be allowed for the first 
matchday of the 2021/22 season (Sportschau, 
2021). Under certain conditions, a maximum 
of 25,000 spectators could attend German pro-
fessional soccer matches. Stadium capacity 
was limited to 50 percent with no more than 

25,000 spectators allowed. Approval from the 
responsible authorities was required, given 
that local incidence rates were not to exceed 
35. If incidence limits were exceeded, a maxi-
mum of 5,000 fans were permitted. In addition, 
applicable hygiene and social distancing rules 
had to be observed, and fans were required to 
be vaccinated, recovered, or tested. A total of 
22,925 spectators attended the opening match 
between Borussia Mönchengladbach and FC 
Bayern Munich on August 13, 2021, at Borus-
sia-Park. A “return to normal” seemed within 
reach, and the stadium atmosphere improved 
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considerably (SPOX, 2021).
This paper examines the return of fans to 

stadiums, specifically addressing how changes 
in spectator numbers following COVID-19-re-
lated spectator-free matches affected home 
advantage in the German Bundesliga. While 
numerous studies have analyzed the so-called 
“ghost games” during the pandemic in profes-
sional soccer (Almeida & Leite, 2021; Bilalić 
et al.; 2021; Fischer & Haucap, 2021; Leit-
ner et al., 2022; Cross & Uhrig, 2023; Vaci 
et al., 2025), no study has yet examined the 
post-spectator-free period in the Bundesliga, 
including the influence of partial attendance 
and increasing spectator numbers on home ad-
vantage in the top-tier German league. A com-
prehensive assessment of the spectator effect 
on home advantage requires consideration of 
both the absence and the return of fans.

Studies examining ghost games have 
shown that home advantage in the Bundesli-
ga was significantly affected by the absence 
of spectators (Almeida & Leite, 2021; Benz 
& Lopez, 2023; Fischer & Haucap, 2021; Hill 
& van Yperen, 2021; Ramchandani & Mil-
lar, 2021; Strawiński & Krawczyk, 2022). 
In contrast to other leagues, where findings 
are mixed, results for the Bundesliga are con-
sistent. Therefore, Germany´s first league is 
particularly suitable for investigating the in-
fluence of fan return on home advantage. The 
familiar reference points of fully occupied 
stadiums to which stakeholders were accus-
tomed have been cited as one reason for the 
pronounced effects of ghost games on home 
advantage in the Bundesliga (Fischer & Hau-
cap, 2021). If empty stadiums from the ghost 
game period are assumed to become the new 
reference point, even partially filled stadiums 
could significantly impact home advantage. 
Focusing on the first league is particularly 
appropriate because of its consistently high 
stadium utilization and the strong role of or-
ganized fan support. Compared with lower 

leagues, where attendance is structurally low-
er, the Bundesliga provides a setting in which 
crowd effects are more pronounced and there-
fore more suitable for empirical identification.

This paper aims to address the following 
questions: How did increased attendance fol-
lowing pandemic-related ghost games affect 
home advantage in the Bundesliga? Was the 
effect of the regained atmosphere on home 
advantage as pronounced as the impact of 
the sudden absence of spectators? Was there 
a positive effect on home advantage even if 
the crowd’s composition and density differed 
from pre-pandemic levels due to restrictions?

To answer these questions, the paper is 
structured as follows. First, we outline the the-
oretical factors underlying home advantage 
in professional sports, summarize studies on 
home advantage in professional soccer during 
pandemic ghost games, and formulate research 
hypotheses regarding the development of 
home advantage after the COVID-19-related 
ghost games. Following a description of the 
data, variables, and methods, we present the 
results of our analyses. Finally, we discuss the 
findings and derive implications.

THEORY
Reasons for Home Advantage in  

Professional Sports
Several factors have been suggested to ex-

plain home advantage in professional sports.
First, psychological or hormonal differenc-

es between home and away players can influ-
ence performance. Players may experience in-
creased self-confidence, higher energy levels, 
and reduced tension when playing in their home 
stadium (Terry et al., 1998), which can enhance 
performance (Woodman & Hardy, 2003). Ad-
ditionally, higher testosterone levels in home 
team players due to territorial behavior have 
been documented (Neave & Wolfson, 2003).

Familiarity with the home environment, 
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such as the stadium or pitch, can also contrib-
ute to home advantage (Courneya & Carron, 
1992; Pollard, 2008). Travel-related factors – 
including distance, duration, mode of transport 
and associated fatigue – can reduce away-team 
performance (Courneya & Carron, 1992).

Particularly relevant for this study is the 
crowd factor. Spectators can influence the 
probability of winning through their motiva-
tional impact on home-team players (Cour-
neya & Carron, 1992; Nevill & Holder, 1999; 
Waters & Lovell, 2002). In addition, specta-
tors can influence referees and their decisions 
(Dohmen, 2008; Garicano et al., 2005; Nevill 
et al., 2002). Due to the ghost games in the 
2019/20 and 2020/21 Bundesliga seasons and 
the attendance restrictions in 2021/22, the ef-
fect of supportive crowds on home advantage 
– controlling for other factors – can now be 
comprehensively evaluated for the first time.

Literature Review
The COVID-19 pandemic and the resulting 

ghost games sparked growing research interest 
in the relationship between spectators and home 
advantage. Consequently, numerous empirical 
studies have investigated the effects of crowds on 
home advantage (match outcomes, points, goals) 
and referee bias (fouls, yellow cards, red cards) 
in professional soccer. These studies used aggre-
gated data from multiple, primarily European 
leagues as well as data from individual leagues.

Most studies examining the impact of the 
ghost games in the 2019/20 season across mul-
tiple leagues report a significant decrease in 
home advantage (Bilalić et al., 2021; Cross & 
Uhrig, 2023; Leitner & Richlan, 2021; McCar-
rick et al., 2021; Scoppa, 2021; Sors et al., 2021; 
Thrane, 2025). In addition to reductions in home 
advantage measured by match outcomes, sever-
al studies identify decreased referee decisions 
favoring home teams in spectator-free matches 
(Bilalić et al., 2021; Leitner & Richlan, 2021; 
McCarrick et al., 2021; Scoppa, 2021; Sors et 

al., 2021). However, some studies do not find 
a significant effect of the absence of crowds 
on home advantage in aggregated data, though 
they still observe reduced referee bias. In these 
cases, it is argued that referee bias arises from 
social pressure exerted by the audience, where-
as home advantage in match outcomes must 
have other causes (Bryson et al., 2021; Reade 
et al., 2022; Wunderlich et al., 2021). Studies 
analyzing multiple leagues, including the ghost 
games in the 2020/21 season, uniformly report a 
significant reduction in home advantage (Lee et 
al., 2022; Martins et al., 2022; Sors et al., 2022).

Analyses of individual leagues help explain 
discrepancies in the aggregated data. While 
home advantage declined in some leagues during 
the 2019/20 season, it remained stable or even 
increased in others (Almeida & Leite, 2021; 
Benz & Lopez, 2023; Correia-Oliveira & An-
drade-Souza, 2022; Couto & Sayers, 2022; Hill 
& van Yperen, 2021; Jiménez Sánchez & Lavín, 
2021; Matos et al., 2021; Ramchandani & Millar, 
2021; Ribeiro et al., 2022; Strawiński & Kraw-
czyk, 2022). In the German Bundesliga, findings 
are consistent: all studies analyzing the 2019/20 
season report that home advantage significantly 
decreased or disappeared during the ghost games 
(Almeida & Leite, 2021; Benz & Lopez, 2023; 
Correia-Oliveira & Andrade-Souza, 2022; Dilg-
er & Vischer, 2022; Hill & van Yperen, 2021; 
Jiménez Sánchez & Lavín, 2021; Link & Anzer, 
2022; Ramchandani & Millar, 2021; Santana et 
al., 2021; Strawiński & Krawczyk, 2022; Tilp & 
Thaller, 2020). During the 2020/21 season ghost 
games, Destefanis et al. (2022) observed a sig-
nificant decrease in home advantage in the top 
leagues of England, Spain, Italy, Germany, and 
France. Conversely, Vandoni et al. (2022) report-
ed a decrease in referee bias in Italy’s Serie A but 
no significant change in home advantage.

Particularly notable is the study by Fischer 
and Haucap (2021), which examined the impact 
of missing crowd support on home advantage 
across the top three divisions of German soccer. 
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While home advantage declined in the first divi-
sion, no significant changes were observed in the 
second and third divisions. Pre-pandemic stadi-
um occupancy was identified as the reason: low-
er-division players were accustomed to playing 
in less-filled stadiums and adapted more easily 
to empty venues. These authors also analyzed 
players’ longer-term responses by including the 
2020/21 Bundesliga ghost games in their study. 
Fischer and Haucap (2022) concluded that the 
observed recovery of home advantage was asso-
ciated with players’ psychological adjustments. 
Changes in referee bias were not considered 
highly relevant for the observed effects in the 
Bundesliga (Fischer & Haucap, 2021, 2022).

In contrast, Sors et al. (2023) examined 
home advantage and referee bias in national 
team matches, analyzing UEFA Nations League 
games by comparing the 2018/19 season (with 
spectators) to the 2020/21 season (empty or 
partially filled stadiums). While home advan-
tage and referee bias were present in 2018/19, 
both phenomena disappeared in 2020/21. The 
authors conclude that fans exert a decisive in-
fluence on home advantage not only in domes-
tic leagues but also in national team matches.

Despite numerous studies on ghost games, 
few address the return of spectators or increasing 
attendance following the pandemic-related ghost 
games. Singleton et al. (2023) studied the Egyp-
tian Premier League, which experienced two 
spectator-free periods: in 2012 due to stadium 
violence and in 2020 due to COVID-19. After six 
seasons without crowds, up to 5,000 spectators 
were allowed back in the 2018/19 season. The 
authors found no significant change in point dif-
ference upon limited crowd return, though home 
teams received significantly fewer yellow cards. 
Silva et al. (2022) analyzed the 2020 season with-
out spectators and the 2021 season with partially 
filled stadiums in Brazil’s Serie A. While they 
found no significant influence of missing specta-
tors on home advantage compared to 2019, home 
advantage increased in 2021 following the return 

of spectators. Referee bias was not significantly 
affected by rising attendance.

None of the aforementioned studies exam-
ine the post-pandemic return of spectators in 
the German Bundesliga. Given the pronounced 
effect of the absence of spectators on home ad-
vantage in the Bundesliga’s first division, inves-
tigating the return of fans in this league is partic-
ularly relevant. Accordingly, this study analyzes 
how the increase in spectator numbers follow-
ing the pandemic-related ghost games affected 
home advantage in the Bundesliga. Bundesliga 
matches in 2021/22 were played without away 
supporters on early matchdays. This restriction 
likely muted early return-of-crowd effects, and 
we have incorporated this into our interpreta-
tion. Thus, studying the return of spectators in 
the Bundesliga fills an important gap.

Hypotheses
Our empirical analysis considers multiple 

periods, focusing on the evolution of home 
advantage in the 2021/22 season as specta-
tor numbers increased following the 2020/21 
ghost games. As players became accustomed 
to empty stadiums, even small crowds were 
expected to have a strong impact immediately 
afterward, relative to the new reference point.

H1: Immediately after the ghost-game peri-
od, partially filled stadiums produced a stron-
ger home advantage than the pre-pandemic 
baseline, due to a sharp positive deviation from 
the reference point of empty stadiums.

It is assumed that these effects are tempo
rary. As athletes and referees adapt to the return 
of spectators, home advantage should gradual-
ly converge toward its pre-pandemic level.

H2: Across each spectator-return phase, 
the initially heightened home-crowd effect di-
minishes over matchdays as players and ref-
erees adapt, causing home advantage to con-
verge toward pre-pandemic levels.

Both hypotheses incorporate time-dynam-
ic expectations directly aligned with our inter-
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action-term model specification. To strengthen 
the scientific foundation of the hypotheses, we 
explicitly link these mechanisms to behavior-
al concepts such as reference-point adaptation 
and negativity bias. Playing in a full stadium 
serves as a performance-relevant reference 
point for athletes; abrupt deviations (e.g., emp-
ty stands) have a greater psychological impact 
than gradual improvements. This insight in-
forms both hypotheses.

METHODOLOGY
Data
For the empirical analysis, we constructed 

a dataset comprising all matches in Germany’s 
first league over the five seasons from 2017/18 
to 2021/22 (N = 1,530). The dataset integrates 

information from multiple sources and original 
calculations. Results and match statistics were 
obtained from football-data.co.uk; average mar-
ket values, stadium-specific information, and 
coaching changes were collected from trans-
fermarkt.de. Matchdays and spectator numbers 
were retrieved from kicker.de, while kick-off 
times and table positions came from fussball.de.

Matches were classified into seven phases 
based on stadium capacity utilization as shown 
in Figure 1. These include the pre-pandemic 
baseline (“before”), two ghost game periods, 
and three stages of spectator return with varying 
attendance restrictions. Because the first league 
experienced the sharpest and most behavioral-
ly relevant disruptions during the pandemic, it 
provides the most suitable empirical context.

Figure 1. Stadium Capacity Utilization in the Bundesliga, 2017/18-2021/22 Seasons

The first phase (“before”) includes match-
es with relatively stable attendance during the 
pre-pandemic period. The first ghost game, 
due to the COVID-19 pandemic, took place 
on March 11, 2020, during the 2019/20 sea-
son. In total, 83 matches were played without 
spectators during this initial ghost-game pe-

riod (“ghost games 1”). At the beginning of 
the 2020/21 season, there was a brief period 
during which small crowds were allowed into 
stadiums (“crowd 1”). From matchday 6 on-
wards, the remainder of the season was again 
played without spectators (“ghost games 2”), 
comprising 261 matches. The 2021/22 season 
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can be divided into three additional phases: 
initially, spectator numbers steadily increased 
(“crowd 2”), followed by a short period with 
stricter capacity restrictions and few ghost 
games (“restrictions”), until spectator numbers 

rose again from matchday 21 onwards (“crowd 
3”). Stadium capacity utilization during the fi-
nal matchdays of the 2021/22 season was com-
parable to pre-pandemic levels. An overview 
of these phases is presented in Table 1.

Table 1. Overview of the Seven Phases in the Bundesliga, 2017/18-2021/22 Seasons
Phase 
name Time period Season  

(matchdays) Description

Before 08/18/2017-03/08/2020 2017/18, 2018/19, 
2019/20 (1-25)

Matches with relatively stable attendance in 
the pre-pandemic period.

Ghost  
games 1

03/11/2020-06/27/2020 2019/20 (26-34) The first ghost game due to the COVID-19 
pandemic took place on March 11, 2020. 
After a break of approximately two months, 
the remaining matches of the season were 
played behind closed doors.

Crowd 1 09/18/2020-10/26/2020 2020/21 (1-5) Short period with small crowds being allowed 
into stadiums.

Ghost 
games 2

10/30/2020-05/22/2021 2020/21 (6-34) The remainder of the season (except for the 
last matchday) was again played without fans 
in the stadiums.

Crowd 2 08/13/2021-11/21/2021 2021/22 (1-12) Spectator numbers increased constantly.
Restrictions 11/26/2021-01/23/2022 2021/22 (13-20) More severe capacity restrictions and a few 

ghost games.
Crowd 3 02/04/2022-05/14/2022 2021/22 (21-34) Spectator numbers increased again.

Three alternative variables were generated 
to measure home advantage (Fischer & Hau-
cap, 2021). Two dummy variables served as in-
dicators for a home or away win (“home win” 
and “away win”), while the third variable re-
flected the point difference (points of the home 
team – points of the away team, “point differ-
ence”) and also accounted for draws. This vari-
able could take three values: -3 for an away 
win, 0 for a draw, and 3 for a home win.

A categorical variable divided matches 
into the seven spectator phases (“phases”) de-
scribed above; dummy variables derived from 
it served as indicators for matches in each 
phase and were used in the empirical analysis.

Control variables were grouped into four 
categories: team quality, geographical factors, 
match-specific factors, and stadium-specific 
factors.

Team quality was approximated by the dif-

ference between average market values (in € 
million, “average market value difference”) 
and the difference in table positions prior to 
the current match (“table position difference”). 
Market values proxy for long-run squad 
strength and resource endowment, while table 
positions capture shortterm performance and 
form. Using both follows established practice 
in soccer-economics research.

Geographical factors included the straight-
line distance between home and away stadiums 
(“distance stadiums”) and the absolute altitude 
difference between stadiums (“altitude differ-
ence”), measured in meters above sea level. 
These variables approximate travel fatigue and 
environmental unfamiliarity.

Match-specific factors included dummy 
variables for new coaches (“new coach home” 
and “new coach away”), considering only the 
first three Bundesliga matches under a new 
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coach and changes occurring during the season. 
Prior studies show that coaching effects tend to 
be short-term and strongest immediately after 
the appointment; using three matches aligns 
with soccer analytics conventions (Lago-Peñas, 
2011; Gómez et al., 2021). Matches in which the 
distance between stadiums was less than 50 km 
were defined as derbies (“derby”), and matches 
occurring between Tuesday and Thursday were 
classified as weekday matches (“during the 
week”). Matches with kick-off times later than 
6 pm were coded as late matches (“late match”).

Stadium-specific variables included a dum-
my indicating the presence of a running track 
(“running track”), the proportion of standing 
places (“proportion of standing places”), and 

stadium capacity, measured as the natural log-
arithm of capacity (“ln(capacity)”). All differ-
ences were calculated by subtracting the away 
team data from the home team data. Stadium 
capacity is log-transformed because raw val-
ues are highly skewed; the log form stabilizes 
variance and enables elasticity-based interpre-
tation. Additionally, variables reflecting match 
statistics were generated for robustness checks.

Model
To empirically investigate the development 

of home advantage following the pandemic-re-
lated ghost games, we conducted regression 
analyses using the following equation:

Y = β + phases β + X β + ε                                    (1)

where the categorical variable containing the 
different phases of capacity restrictions () was 
included using dummy coding. The pre-pan-
demic period (“before”) served as the reference 
phase in each case.  was a matrix that considers 
all control variables described above to avoid 
an omitted variable bias. OLS regressions were 
estimated in models with the point difference 
of team i at time t as the dependent variable  
(Bryson et al., 2021; Fischer & Haucap, 2021; 
Scoppa, 2021; Strawiński & Krawczyk, 2022), 
and probit regressions were estimated in models 
with the dummy variables for home and away 
wins as the dependent variable  in order to deter-
mine the effects on winning probabilities (Dilg-
er & Vischer, 2022; Fischer & Haucap, 2021; 
Strawiński & Krawczyk, 2022). Since OLS 
results might be biased, we also tested an alter-
native model using ordered probit regressions 
(Cross & Uhrig, 2023; Fischer & Haucap, 2022; 
McCarrick et al., 2021). Ordered probit is used 
as a robustness check given the ordinal nature 
of point differences.

To strengthen the empirical identification, 
we extend the baseline specification by includ-
ing team fixed effects. This allows us to control 

for time-invariant unobserved heterogeneity 
across clubs, such as structural differences in 
team quality, fan culture, or stadium characteris-
tics. While the COVID-19 pandemic provides a 
unique setting, we interpret it as a quasi-natural 
experiment rather than a strictly causal design. 
Spectator absence coincided with other pan-
demic-related factors, including psychological 
stress, schedule disruptions, and potential play-
er absences. These factors cannot be fully disen-
tangled from the spectator effect. Nevertheless, 
given the abrupt, exogenous nature of spectator 
bans and their consistent timing across teams, 
spectator presence remains the most plausible 
and meaningful contributing factor to the ob-
served changes in home advantage.

RESULTS
Descriptive Statistics
Summary statistics for the data and vari-

ables described above are provided in Table 2, 
which shows that across the five seasons, there 
was an overall home advantage of 43.9% home 
wins compared to 31.4% away wins. The de-
velopment of home advantage over time is first 
analyzed descriptively.
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Table 2. Descriptive Statistics
Variables Mean SD Min Max
Match results:
Home win 0.439 0.496 0 1
Away win 0.314 0.464 0 1
Point difference 0.376 2.577 -3 3
Match statistics:
Home yellow cards 1.673 1.294 0 8
Away yellow cards 1.923 1.289 0 7
Home red cards 0.051 0.226 0 2
Away red cards 0.078 0.276 0 2
Home fouls 11.840 3.861 2 28
Away fouls 12.346 3.951 2 29
Home shots 13.986 5.021 1 35
Away shots 11.802 4.839 1 32
Home shots on target 5.090 2.682 0 16
Away shots on target 4.327 2.476 0 20
Home corners 5.190 2.864 0 19
Away corners 4.5 2.616 0 15
Team quality:
Average market value difference 0 8.880 -29.76 29.76
Table position difference -0.148 7.785 -17 17
Geographical factors:
Distance stadiums 298.750 145.984 14.7 639.9
Altitude difference 147.314 143.651 0 495
Match-specific information:
New coach home 0.044 0.205 0 1
New coach away 0.041 0.199 0 1
Derby 0.043 0.203 0 1
During the week 0.069 0.253 0 1
Late match 0.362 0.481 0 1
Stadium-specific information:
Running track 0.067 0.250 0 1
Proportion of standing places 0.274 0.152 0 0.836
Capacity 46,337.3 18,232.7 15,000 81,365
Spectators 27,888.3 23,518.8 0 81,365
Capacity utilization 0.598 0.413 0 1.021
Phases of capacity restrictions:
Phases 2.637 2.074 1 7
Before 0.546 0.498 0 1
Ghost games 1 0.054 0.227 0 1
Crowd 1 0.029 0.169 0 1
Ghost games 2 0.171 0.376 0 1
Crowd 2 0.071 0.256 0 1
Restrictions 0.047 0.212 0 1
Crowd 3 0.082 0.275 0 1
Note. Sample size N = 1,530. Note that the capacity utilization value exceeds 1 for 10 observations. However, the 
results do not change if these observations are dropped.

Figure 2 presents match results across the 
seven phases of capacity restrictions. At least 
descriptively, the findings align with previous 
research on the ghost games and support our 
hypotheses regarding the post-pandemic pe-

riod. In the pre-pandemic period, home wins 
outnumbered away wins. During the first ghost 
game period, this home advantage even turned 
into a disadvantage, whereas agents appeared 
to adjust to empty stadiums during the second 
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ghost game period. Following the second spec-
tator-free phase, home advantage initially in-
creased, but gradually returned to pre-pandem-

ic levels. Drawn matches remained relatively 
stable throughout.

Figure 2. Match Outcomes Under Varying Spectator Capacity Restrictions

Figure 3 illustrates the trends in mean 
point differences, confirming the descriptive 
patterns. A mean point difference greater than 
zero indicates home advantage. The first ghost-
game period showed a complete disappearance 

of home advantage, which reappeared in the 
second period. Immediately after the second 
phase of empty stadiums, home advantage rose 
sharply before converging toward prepandemic 
levels.

Figure 3. Point Differentials Under Varying Spectator Capacity Restrictions

Statistical Analysis
Before examining the temporal develop-

ment of home advantage within the restriction 

phases, home advantage in each phase was 
compared to the pre-pandemic period. Table 3 
presents regression results that include all con-
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trol variables. In this initial model, a statistical-
ly significant effect was found only in the first 
ghost game period. The absence of spectators 
reduced the probability of a home win by 14.8 
percentage points and increased the probabili-
ty of an away win by 16.7 percentage points. 
Contrary to expectations from the descriptive 

analysis, the second ghost-game period and the 
post-ghost-game periods showed no significant 
difference from the pre-pandemic home advan-
tage. These findings remain robust when incor-
porating team fixed effects, although estimated 
magnitudes adjust slightly.

Table 3. Effect Of Spectator Presence on Home Advantage
Variables (1) Home win (2) Away win (3) Point difference

Ghost games 1 -.148** 
(.069)

.167*** 
(.059)

-.749*** 
(.261)

Crowd 1 -.114 
(.081)

-.009 
(.065)

-.304 
(.297)

Ghost games 2 -.015 
(.031)

.010 
(.034)

-.052 
(.141)

Crowd 2 .018 
(.064)

-.022 
(.051)

.085 
(.238)

Restrictions .019 
(.052)

.026 
(.067)

-.039 
(.270)

Crowd 3 .018 
(.049)

.002 
(.042)

.031 
(.207)

Average market value difference .001 
(.002)

-.001 
(.002)

.007 
(.011)

Table position difference -.033*** 
(.003)

.032*** 
(.003)

-.172*** 
(.013)

Distance stadiums -.000 
(.000)

-.000 
(.000)

.000 
(.000)

Altitude difference .000 
(.000)

.000 
(.000)

-.000 
(.000)

New coach home  .112*
(.059)

-.032
(.039)

.339
(.206)

New coach away  -.139**
(.055)

.122*
(.064)

-.658**
(.241)

Derby  .016
(.071)

.073
(.073)

-.173
(.312)

During the week  .001
(.054)

.017
(.048)

-.084
(.228)

Late match  .033
(.029)

-.031
(.031)

.174
(.122)

Running track  -.051
(.040)

-.038
(.034)

-.000
(.140)

Proportion of standing places  .137*
(.073)

-.127
(.126)

.651
(.397)

ln(Capacity)  .040
(.034)

.024
(.055)

-.018
(.175)

Constant  .338
(1.854)

N 1,530 1,530 1,530
(Pseudo) R² .179 .217 .287
Note. Columns 1 and 2 present average marginal effects from probit regressions. Column 3 presents coefficients 
from an OLS regression. Cluster-robust standard errors clustered at the home-team level are reported in parenthe-
ses. Pseudo-R² is reported for the probit regressions, and R² is reported for the OLS regression. p < .10, ** p < .05, 
*** p < .01.
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The statistically significant control variables 
behaved as expected. A one-unit decrease in 
table position difference, indicating a stronger 
home team relative to the away team, increased 
the probability of a home win by 3.3 percentage 
points. Team quality appeared fully captured 
by table-position difference; the average-mar-
ket-value difference became insignificant once 
table-position difference was included, consis-
tent with multicollinearity between short-term 
performance and squad strength. New coaches 
also had short-term effects: a new home coach 
increases the probability of a home win by 11.2 
percentage points while a new away coach 
decreases it by 13.9 percentage points. Addi-
tionally, a one-percentage-point increase in the 
proportion of standing places raised the proba-
bility of a home win by 0.137 percentage points. 
Although this effect was significant only at the 
10% level, it suggested that a more intense at-
mosphere associated with higher standing-place 

proportions may influence home advantage.
To assess the evolution of home advantage 

over time within restriction phases, interactions 
between phase dummies and matchday were 
included within each phase (Table 4). Signifi-
cant negative effects on home win probability 
were observed during both ghost game peri-
ods. However, home advantage increased over 
time in both periods, i.e., the negative impact of 
missing spectators diminished. In the first ghost 
game period, the negative effect lessened, while 
in the second ghost game period, it seemed to 
disappear completely. Accordingly, during the 
2020/21 ghost games, home advantage gradu-
ally returned to pre-pandemic levels.

Although descriptive analysis suggested a 
notable increase in home advantage at the start 
of the 2021/22 season relative to pre-pandem-
ic levels, a statistically significant increase in 
home win probability was observed only in the 
final spectator phase.

Table 4. Temporal Evolution of Home Advantage Across Distinct Restriction Phases
Variables (1) Home win (2) Away win (3) Point difference

Ghost games 1 -1.227***
(.399)

.638*
(.327)

-1.605***
(.485)

Crowd 1 -.298
(.361)

.405
(.473)

-.663
(.429)

Ghost games 2 -.470**
(.212)

.207
(.211)

-.618*
(.325)

Crowd 2 -.193
(.252)

-.120
(.280)

-.114
(.295)

Restrictions .464
(.354)

-.174
(.492)

.531
(.772)

Crowd 3 .440**
(.188)

-.190
(.269)

.532
(.367)

(Ghost games 1)×(#Matchday) .160**
(.067)

-.037
(.060)

.175*
(.099)

(Crowd 1)×(#Matchday) -.002
(.114)

-.148
(.145)

.120
(.131)

(Ghost games 2)×(#Matchday) .028**
(.011)

-.012
(.013)

.038*
(.019)

(Crowd 2)×(#Matchday) .036
(.045)

.007
(.045)

.031
(.065)

(Restrictions)×(#Matchday) -.094
(.071)

.057
(.093)

-.127
(.145)

(Crowd 3)×(#Matchday)  -.052**
(.024)

.026
(.035)

-.067
(.045)

Control variables Yes Yes Yes
N 1,530 1,530 1,530
(Pseudo) R² .188 .219 .293
Note. Columns 1 and 2 present coefficients from probit regressions. Column 3 presents coefficients from an OLS 
regression. Cluster-robust standard errors clustered at the home-team level are reported in parentheses. Pseudo-R² 
is reported for the probit regressions, and R² is reported for the OLS regression. p < .10, ** p < .05, *** p < .01.



 JOURNAL of Applied Sports Sciences  10(1)/2026

85

Robustness Checks
We conducted several robustness checks to 

validate the robustness of the previous results 
and test potential explanations for the effects. 
Table 5 shows the results of an alternative re-
gression analysis in which each match was 
split into two observations and a dummy vari-
able for home matches was included (Endrich 
& Gesche, 2020; Fischer & Haucap, 2021, 
2022; McCarrick et al., 2021; Scoppa, 2021).

The dependent variables are either a dum-

my variable for a win or the number of points 
gained in the match. The regression analysis 
shows that the negative effect of home ad-
vantage diminishes over time, especially in 
the second ghost game period, confirming the 
previous models’ results. However, contrary 
to our previous finding, the spectator return in 
the 2021/22 season has no significant impact 
on home advantage when using the alternative 
regression model.

Table 5. Temporal Evolution of Home Advantage Across Distinct Restriction Phases – Alter-
native Model

(1) 
Win

(2) 
Win

(3) 
Points

(4) 
Points

Home .350***
(.066)

.351***
(.066)

.352***
(.065)

.352***
(.065)

(Home)×(Ghost games 1) -.328**
(.152)

-1.080***
(.343)

-.351**
(.137)

-.811***
(.272)

(Home)×(Crowd 1) -.174
(.194)

-.259
(.448)

-.094
(.165)

-.325
(.392)

(Home)×(Ghost games 2) -.042
(.090)

-.460***
(.170)

-.033
(.081)

-.357**
(.142)

(Home)×(Crowd 2) .148
(.129)

.084
(.262)

.148
(.118)

.143
(.225)

(Home)×(Restrictions) .000
(.155)

.229
(.332)

-.040
(.145)

.143
(.330)

(Home)×(Crowd 3) .025
(.121)

.270
(.242)

.004
(.111)

.191
(.227)

(Home)×(Ghost games 1)×(#Matchday) .147**
(.058)

.095*
(.051)

(Home)×(Crowd 1)×(#Matchday) .028
(.133)

.077
(.113)

(Home)×(Ghost games 2)×(#Matchday) .028***
(.009)

.022***
(.008)

(Home)×(Crowd 2)×(#Matchday) .010
(.035)

.001
(.030)

(Home)×(Restrictions)×(#Matchday) -.051
(.066)

-.040
(.064)

(Home)×(Crowd 3)×(#Matchday) -.033
(.028)

-.025
(.026)

Control variables Yes Yes Yes Yes
N 3,060 3,060 3,060 3,060
Pseudo R² .016 .021 .011 .013
Note. Columns 1 and 2 report coefficients from probit regressions. Columns 3 and 4 report coefficients from or-
dered probit regressions. Cluster-robust standard errors, clustered at the match level, are reported in parentheses. 
p < .10, ** p < .05, *** p < .01.

As already described, the literature sug-
gests two explanations for the influence of 

spectators on home advantage: their motiva-
tional effect on home-team players and their 
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influence on refereeing decisions (Fischer & 
Haucap, 2021, 2022). We examined both po-
tential explanations.

Table 6 shows the influence of specta-
tors on refereeing behavior. During the first 
ghost-game period, referees issued 0.5 more 
yellow cards and 1 more foul to home-team 
players than in matches with spectators be-

fore the pandemic. In the last spectator phase, 
both home and away teams receive fewer red 
cards. Overall, there are significant effects of 
(missing) spectators on refereeing decisions, 
but given the magnitude of these effects, it is 
unlikely that changes in refereeing behavior 
are the only reason for changes in home ad-
vantage.

Table 6. The Influence of Spectators on Refereeing Decisions

 
(1) 

Home yellow 
cards

(2) 
Away yellow 

cards

(3) 
Home 

red cards

(4) 
Away 

red cards

(5) 
Home  
fouls

(6) 
Away  
fouls

Ghost games 1
 

.503***
(.159)

-.019
(.123)

.034
(.037)

-.009
(.032)

1.014**
(.453)

-.065
(.470)

Crowd 1
 

.351*
(.194)

.163
(.188)

-.015
(.027)

-.027
(.035)

-.196
(.582)

.567
(.557)

Ghost games 2
 

.103
(.086)

-.132
(.084)

-.019
(.022)

-.027
(.019)

.488
(.365)

.095
(.317)

Crowd 2
 

.124
(.169)

.066
(.128)

-.028*
(.016)

.001
(.031)

-.044
(.397)

.390
(.529)

Restrictions
 

-.028
(.138)

-.279***
(.093)

-.047***
(.016)

-.052
(.033)

-.779
(.530)

-1.214
(.737)

Crowd 3
 

-.049
(.152)

-.162
(.116)

-.034*
(.017)

-.059***
(.018)

-.338
(.350)

.026
(.465)

Control variables Yes Yes Yes Yes Yes Yes
N 1,530 1,530 1,530 1,530 1,530 1,530
R² .045 .022 .012 .010 .060 .050
Note. Coefficients of OLS regressions are reported. Cluster-robust standard errors, clustered at the home-team 
level, are reported in parentheses. p < .10, ** p < .05, *** p < .01.

Table 7 shows the influence of specta-
tors on team performance. The estimates im-
ply that the number of shots the home team 
takes decreases in both ghost game periods 
(by 1.1 and 1.7, respectively). Moreover, the 
home team wins 0.7 fewer corner kicks in the 
second ghost game period. But again, these 
effects are too small to explain the effect of 
spectators on home advantage.

Even if we also consider development 
over time by including interactions be-

tween the phase dummies and the respective 
matchday (results not reported here), neither 
changes in refereeing behavior nor changes 
in team performance explain the develop-
ment of home advantage over time. Conse-
quently, the lack of statistically significant 
coefficients, especially in the last spectator 
phase, suggests that other reasons must exist 
for the observed effects. In the following sec-
tion, we argue that these reasons appear to be 
mainly psychological.
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Table 7. The Influence of Spectators on Team Performance
  (1) 

Home  
shots

(2) 
Away  
shots

(3) 
Home shots 

on target

(4) 
Away shots  
on target

(5) 
Home  

corners

(6) 
Away  

corners
Ghost games 1
 

-1.071**
(.459)

.047
(.566)

-.200
(.260)

.214
(.349)

-.058
(.317)

.061
(.388)

Crowd 1
 

-.491
(.822)

-.660
(.549)

-.010
(.288)

-.072
(.445)

-.082
(.396)

-.052
(.452)

Ghost games 2
 

-1.653***
(.383)

-.097
(.456)

-.247
(.192)

.147
(.164)

-.706***
(.194)

-.056
(.160)

Crowd 2
 

-.157
(.511)

-.343
(.590)

.144
(.231)

-.194
(.314)

-.182
(.263)

-.213
(.217)

Restrictions
 

-.273
(.440)

.402
(.609)

.296
(.224)

.510*
(.294)

.257
(.347)

.198
(.393)

Crowd 3
 

-.527
(.593)

-.478
(.387)

-.051
(.275)

-.031
(.223)

-.350
(.381)

.022
(.248)

Control variables Yes Yes Yes Yes Yes Yes
N 1,530 1,530 1,530 1,530 1,530 1,530
R² .221 .203 .182 .176 .103 .120
Note. Coefficients of OLS regressions are reported. Cluster-robust standard errors, clustered at the home-team 
level, are reported in parentheses. p < .10, ** p < .05, *** p < .01.

The significant early-phase effect in 
“crowd 3” supports H1 in modified form, while 
the negative matchday interaction term within 
this phase confirms H2’s adaptation mecha-
nism. Across all specifications, the phases of 
spectator presence do not exert statistically 
meaningful effects on disciplinary outcomes, 
confirming that referee behavior did not sub-
stantially change as spectators returned. These 
results support the interpretation that psycho-
logical effects on players – rather than refer-
ee bias – drive the small fluctuations in home 
advantage during the return-of-crowd phases.

OLS models are retained for ease of inter-
pretation, while Poisson models confirm the 
robustness of the results. We additionally esti-
mated Poisson and Negative Binomial regres-
sions for goal counts. Results closely mirror 
those from OLS and probit models: The first 
ghost-game period significantly reduced hom-
eteam scoring, the second ghost-game period 
shows adaptation, and spectator-return phases 
do not produce systematic increases except for 
a temporary effect in the final phase. These ro-
bustness checks reinforce the reliability of our 
findings.

DISCUSSION
Interpretation
The results of the empirical analysis align 

with previous research. Home advantage in 
the German Bundesliga disappeared during 
the first ghost game period of the 2019/20 sea-
son. In the second ghost game period, the ab-
sence of spectators initially exerted a negative 
effect on home advantage, which diminished 
over time. Consequently, home advantage 
gradually returned to pre-pandemic levels in 
the 2020/21 season. We confirmed through 
additional match-statistics regressions (fouls, 
cards, shots) that neither referee-related out-
comes nor shot-production measures system-
atically changed with the absence or return of 
spectators, supporting the conclusion that psy-
chological effects on players are the primary 
mechanism.

H1 and H2 are partially supported. Ev-
idence for a positive effect of spectators on 
home advantage was found only in the final 
spectator phase at the end of the 2021/22 
season, and this effect diminished over time 
despite increasing spectator numbers. The 
hypotheses are only partially confirmed be-
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cause the last spectator phase did not begin 
immediately after the ghost games but fol-
lowed a period of capacity restrictions during 
the winter of the 2021/22 season. Contrary to 
expectations from the descriptive analysis, no 
consistent or meaningful effect was observed 
in the spectator phase immediately following 
the second ghost-game period. We explicit-
ly interpret these findings in light of H1 and 
H2: the temporary effect in “crowd 3” sup-
ports the reference-point shift predicted by 
H1, whereas the negative matchday interac-
tion confirms the adaptation dynamics pre-
dicted by H2. Refereeing behavior and team 
performance were not significantly affected 
by increases in spectator numbers during the 
2021/22 season.

One possible explanation for the signifi-
cant effect in the final spectator phase is that it 
directly followed a period of restricted atten-
dance, whereas an off-season break occurred 
between the second ghost game period and the 
subsequent spectator phase. Psychologically, 
abrupt changes in spectator numbers may be 
perceived more strongly than changes separat-
ed by an interruption.

The results also indicate that the effect of 
the ghost games – particularly the first period 
– on home advantage was more pronounced 
than the effect of spectators returning to sta-
diums. This can be plausibly explained by 
the psychological phenomenon of negativity 
bias, whereby negative events have a greater 
impact than positive events of equal inten-
sity (Baumeister et al., 2001). This concept 
is also consistent with loss aversion in be-
havioral economics (Kahneman & Tversky, 
1979). Moreover, memories of full stadiums 
likely served as an additional reference point, 
enabling players to adapt more rapidly to 
increasing spectator numbers than to empty 
stadiums.

Another important consideration is crowd 
composition, which has been identified as a 

potential driver of the effect of spectators on 
home advantage (Humphreys et al., 2022; Sin-
gleton et al., 2023). We emphasize that the ban 
on away supporters until the third matchday 
of the 2021/22 season, combined with mask 
requirements and restrictions on standing ar-
eas, likely weakened the intensity of the ear-
ly-phase atmosphere, helping to explain the 
muted effects observed in “crowd 2”. There-
fore, the estimated effects should be interpret-
ed as lower-bound estimates of true crowd in-
fluence.

The analysis also demonstrates that home 
advantage increased over time within both 
ghost game periods, indicating that players 
adapted to empty stadiums. This suggests that 
multiple interacting factors contribute to home 
advantage (Courneya & Carron, 1992; Fischer 
& Haucap, 2021; Pollard, 2008). Identifica-
tion relies on within-team variation in stadium 
utilization over time, rather than on cross-sec-
tional differences.

An important observation is the divergence 
between the statistically significant effect on 
home win probability and the insignificant ef-
fect on point difference in the final spectator 
phase. This can be explained by the different 
nature of the outcome measures. Binary out-
comes capture threshold effects in match re-
sults, while point differences reflect continu-
ous performance margins. Small performance 
shifts may therefore translate into changes in 
win probabilities without significantly affect-
ing average point differences. Accordingly, the 
results should not be interpreted as a full resto-
ration of home advantage, but rather as partial, 
outcome-specific effects. Taken together, the 
evidence does not indicate a full restoration 
of home advantage but rather a partial, out-
come-specific effect.

Implications
Consistent with previous studies, our anal-

ysis shows that ghost games can negatively 
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affect clubs both financially and in terms of 
sporting success. Given that the negative im-
pact of missing spectators on match results is 
short-term, spectator bans can be an effective 
sanction against clubs (e.g., following crowd 
misconduct or violence), as demonstrated by 
Singleton et al. (2023) in the Egyptian Premier 
League. At the same time, clubs should take 
preventive measures to avoid such sanctions, 
balancing safety with the role of fan groups in 
generating stadium atmosphere and revenue.

The influence of spectators appears pri-
marily psychological. Clubs could leverage 
this by incentivizing fans to attend away 
matches, potentially enhancing home team 
performance while diminishing the opposing 
team’s advantage (Leitner et al., 2022; Hum-
phreys et al., 2022). More broadly, stadium 
atmosphere is crucial; measures such as fan 
chants, promoting fan culture, fostering play-
er–fan relationships and affordable ticketing 
can enhance intensity and positively impact 
match outcomes (Edensor, 2015).

Although pandemic-related stress might 
have contributed to negative psychological 
effects on players, it is evident that home 
advantage is influenced by mental health. 
The negative effects of the ghost games out-
weighed the positive effects of spectator re-
turns, reflecting a negativity bias that clubs 
should consider when minimizing external 
stressors such as adverse media coverage or 
internal conflicts. Bundesliga clubs already 
employ psychologists to support players and 
coaches in managing pressure and coping 
with setbacks (Sport1, 2021; SPOX, 2020).

Finally, our results confirm that the return 
of spectators had a limited impact on refer-
eeing behavior in the Bundesliga. The intro-
duction of video assistant referees (VAR) in 
the 2017/18 season likely reduced referees’ 
susceptibility to external influences (Fischer 
& Haucap, 2021).

Limitations
The last spectator phase significantly af-

fected only the probability of home win, not 
the point difference, so we cannot rule out the 
possibility that increasing spectator numbers 
in 2021/22 had no substantial effect on over-
all home advantage. We explicitly acknowl-
edge that this divergence between binary and 
continuous outcome measures weakens the 
strength of conclusions regarding a “return” 
of home advantage during “crowd 3”. Dis-
crete changes in win probability may reflect 
situational match dynamics that do not trans-
late into broader scoring margins.

Future research could examine leagues 
where ghost games exerted a stronger influ-
ence on referee bias. Alternative regression 
models such as Poisson regressions could also 
be considered (Benz & Lopez, 2023; McCa-
rrick et al., 2021). Despite including control 
variables, omitted variable bias remains pos-
sible, for example, due to differences in team 
preparation or fitness during pandemic breaks.

Data limitations concerning stadium spec-
tators are another constraint. We could not ac-
count for the ratio of home to away fans or 
the actual proportion of standing places per 
match, only stadium-level estimates under 
normal conditions. Humphreys et al. (2022) 
indicate that crowd composition affects team 
performance; future studies should incorpo-
rate such variables. Furthermore, ticket sales 
may overestimate actual attendance due to 
no-shows, which have been documented in 
the Bundesliga (Schreyer, 2019; Schreyer & 
Däuper, 2018). We further note that constraints 
on away-supporter travel during early 2021/22 
likely muted the intensity of the atmosphere 
and introduced measurement error into capac-
ity-based proxies of crowd support.

It is also possible that the observed effects 
capture a general COVID-19 impact rather than 
the influence of spectator presence alone, giv-
en potential pandemic-induced psychological 
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changes. Understanding the interplay between 
factors influencing home advantage, particu-
larly psychological mechanisms, remained a 
challenge for future research. We expanded the 
methodological reflections to clarify the lim-
itations of treating pandemic-related variation 
in spectator behavior as exogenous. Although 
team fixed effects increase internal validity, re-
sidual confounding remains possible.

Another limitation concerns the mea-
surement of crowd support. Attendance and 
capacity utilization do not capture the com-
position of the audience, particularly the 
proportion of home versus away supporters. 
This is particularly relevant in the Bundesli-
ga, where organized fan groups and standing 
sections contribute significantly to stadium 
atmosphere. During the 2021/22 season, re-
strictions on away supporters, social distanc-
ing rules, and limitations on standing areas 
likely altered the effective intensity of crowd 
support. These factors may explain why in-
creases in attendance did not translate into 
equally strong effects on home advantage.

Finally, our study focused exclusively on 
the gradual return of spectators under capacity 
restrictions in the Bundesliga first league. Find-
ings may not generalize to lower leagues, other 
leagues, or sports, nor do they reflect the effect of 
immediately filling stadiums after ghost games.

CONCLUSIONS
This study examined the evolution of 

home advantage following the pandemic-re-
lated ghost games in the German Bundesli-
ga’s first league, analyzing five seasons from 
2017/18 to 2021/22. The study provides new 
evidence on the dynamic evolution of home 
advantage in professional soccer following 
the COVID-19 pandemic. While the sudden 
absence of spectators led to an immediate and 
substantial decline in home advantage, the 
gradual return of fans generated only limited 
and temporary effects.

Findings confirm previous research: home 
advantage disappeared during the first ghost 
game period of 2019/20 and gradually returned 
to pre-pandemic levels during the second 
ghost game period of 2020/21. In the 2021/22 
season, after a short period of stricter capacity 
restrictions, evidence suggests a temporary in-
crease in home advantage, which diminished 
over time despite rising spectator numbers. 
These findings highlight the asymmetric na-
ture of crowd effects and suggest that negative 
shocks have a stronger behavioral impact than 
positive ones. The results further indicate that 
players adapt relatively quickly to changing 
environmental conditions, reducing the long-
term influence of spectator presence.

Overall, the analysis highlights the sig-
nificant influence of spectators on sporting 
success, primarily through positive psycho-
logical effects on home team players. From 
a broader perspective, the study contributes 
to understanding the psychological mecha-
nisms underlying competitive performance 
and emphasizes the importance of contextual 
and behavioral factors in professional sports.

Our findings suggest that future research 
should further disentangle psychological and 
tactical responses to changes in crowd pres-
ence, ideally leveraging data on crowd com-
position, vocal intensity, and real-time be-
havioral metrics. Clubs and organizers may 
use such insights to design interventions that 
enhance atmosphere and competitive fairness. 
Finally, the temporary nature of crowd effects 
highlights the importance of considering adap-
tation processes when interpreting natural-ex-
periment evidence from sports settings.
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