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Football teams perform more successfully when playing at home than when playing away.
A possible cause for this home advantage is that spectators bias referee decisions in favor
of the home team. This study is the first to investigate a possible home advantage in
offside decisions in football. Therefore, we analyzed archival data from 1,836 matches
from the German Bundesliga. We observed a home advantage in offside decisions when
the effects of team dominance on the number of offside decisions were removed by
calculating an offside score. The presence or absence of the video-assistant referee (VAR)
did not affect the home advantage in offside decisions. Moreover, the home advantage in
offside decisions occurred only in the presence of spectators and increased with their
number. In summary, our study provides first evidence for a home advantage in offside
decisions of professional referees, which might be related to spectator presence or

behavior.

Introduction

It is difficult to name one other phenomenon in sports
that is as well-established and extensively studied as the
home advantage (HA; Gomez-Ruano et al., 2021). Most
likely the HA is a multi-causal phenomenon that is ex-
plained by several factors and their interplay (Wunderlich,
Furley, et al., 2021). The present research investigates one
further factor that has been overlooked by previous re-
search but can arguably contribute to the occurrence of the
HA in football (soccer): offside decision making. Despite
some contradictory results (Johnston, 2008), previous re-
search has largely shown that biased decision making by
officials contributes to the HA (Avugos & Bar-Eli, 2021).
Hence, the central aim of our study is to test whether off-
side decision making is systematically affected by a range
of contextual factors including game location in an archival
football dataset and, hence, provide evidence for biased as-
sistant referee decision making contributing to the HA.

The HA is based on a large body of research showing
that athletes and teams perform better when they compete
at home compared with away. This phenomenon has been
shown to exist across various sports (Agnew & Carron,
1994; Goumas, 2014a; Moore & Brylinsky, 1993; Recht et

al., 1995; Strauss, 2002), in team sports as well as individual
sports (Jamieson, 2010; Jones, 2013; Pollard & Pollard,
2005), across different countries and continents (Pollard,
2006; Pollard & Gomez, 2014) and across different time pe-
riods (Pollard & Pollard, 2005). Although, the HA is not un-
equivocal and is more prevalent in some sports as compared
to others (Jones, 2013), “there are no sports in which ath-
letes or teams are more successful away from their home
venue” (Allen & Jones, 2014, p. 48).

Several plausible mechanisms have been discussed as
potential contributors to the HA (Allen & Jones, 2014;
Courneya & Carron, 1992; Nevill & Holder, 1999; Pollard,
2008). The main factors contributing to the HA are assumed
to be the support of the home audience (e.g., by cheering),
and referee decisions favoring the home team (cf. Allen &
Jones, 2014, for a review). Although, there is piecemeal em-
pirical support for some other factors like travel fatigue
of the away team (Goumas, 2014b; Recht et al., 1995), ar-
guably, and pertinent to the present research, the most
strongly supported factors leading to the HA are spectator
presence and referee biases giving an advantage to the
home team and a disadvantage to the away team (see,
Goémez-Ruano et al., 2021, for a review).
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In support of audience effects, studies have demon-
strated that physical aspects pertaining to spectators/fans
(e.g., size, density, and propinquity) and crowd behavior
(e.g., booing, fighting, and cheering) are correlated with the
magnitude of the HA (e.g., Armatas & Pollard, 2014). Al-
though the exact mechanisms of how supportive audiences
might impact athletes (e.g., via a motivational boost for
the home team or increased anxiety for the away team) re-
main unclear, there is solid evidence for audience effects
on official’s decision making (Downward & Jones, 2007;
Goumas, 2014a; Unkelbach & Memmert, 2010). Several em-
pirical studies indicate that unequal treatment of home and
away teams is evident in match statistics in football. More
specifically, it has been shown that referees award more ex-
tra time for home teams when trailing (by one goal), and
less extra time when leading (Garicano et al., 2005; Scoppa,
2008). In addition, home teams have been shown to be
favored in terms of disciplinary sanctions such as yellow
cards, red cards, and penalties (Boyko et al., 2007; Goumas,
2014a; Lovell et al., 2014; Sutter & Kocher, 2004). Research
shows that this referee home bias depends on the pres-
ence of spectators (Nevill et al., 1996; Pettersson-Lidbom
& Priks, 2010) and largely disappears in matches played in
the absence of a crowd (Bilali¢ et al., 2021; Lago-Penas &
Goémez-Ruano, 2021; Scoppa, 2021; Wunderlich, Weigelt, et
al., 2021).

The outlined research shows that referees tend to favor
the home team, which is commonly denoted as favoritism
and assumed to be caused by social pressure (Garicano et
al., 2005; Scoppa, 2008). Further experimental studies are
in line with this reasoning as they demonstrate that refer-
ees are affected by crowd noise and tend to decide more
favorably for the home team as opposed to the away team
(Boyko et al., 2007; Nevill et al., 2002; Unkelbach & Mem-
mert, 2010). Furthermore, recent studies conducted during
the Covid-19 pandemic indicate that the referee bias was
reduced when stadiums were empty (Bilali¢ et al., 2021;
Lago-Pefias & Gomez-Ruano, 2021; Wolaver & Magee,
2022). This referee bias might be the result of various fac-
tors like motivation (i.e., referees are reluctant to displease
the crowd) or that crowd noise serves as decision heuristic
and thereby implicitly biases referees towards the opinion
of the dominant crowd (Allen & Jones, 2014).

To date, research has almost exclusively focused on the
main referee and has neglected that a variety of sports de-
ploy a team of referees that might similarly be biased by au-
dience effects and thereby contribute to the HA. One such
instance regards offside decision making in football. As this
rather difficult decision cannot be accomplished satisfacto-
rily by the main referee in football, assistant referees are
deployed to assist the main referee by alerting the main ref-
eree if a player is offside or not. According to FIFA’s “laws
of the game” (IFAB, 2022) a player is in an offside position
if any of their body parts, except the hands and arms, are
in the opponents’ half of the pitch, and closer to the oppo-
nents’ goal line than both the ball and the second-last op-
ponent (IFAB, 2023). Given the solid empirical evidence on
referee bias contributing to the HA it seems feasible that bi-

ased assistant referees’ offside decision making might also
contribute to the HA.

The Present Study

The main purpose of this study is to investigate a pos-
sible HA in offside decisions of (assistant) referees. An off-
side decision prevents the attacking team from scoring a
goal, and therefore represents a disadvantage for that team.
Hence, the HA in offside decisions would consist in less
offside decisions against the home team as compared to
the away team. For our study, we used data from 1,836
matches from six seasons played in the German Bundesliga,
the highest level of professional football in Germany.

There are, at least, two possible sources for the HA in
offside decisions of (assistant) referees. The first source is
the already described referee bias that might be caused by
the audience. A noisy support of the audience for the home
team might prevent (assistant) referees from making an
offside decision against the home team. Conversely, boo-
ing or whistling of the audience during offensive actions of
the away team might increase the referees’ propensity to
make an offside decision against the away team. Moreover,
operant-learning mechanisms might also contribute to the
HA in offside decisions. Most football audiences will “pun-
ish” offside decisions against home teams, by booing or
whistling, and “reinforce” no offside decisions against the
home team. In addition, most football audiences will “rein-
force” offside decisions against away teams, and punish no-
offside decisions against away teams. Together, these con-
sequences of referee decisions may decrease the likelihood
of offside decisions against home teams, and increase the
likelihood of offside decisions against away teams.

In addition to referee bias, perceptual sources for the
HA in offside decisions are conceivable as well. Judging off-
side situations requires assistant referees to watch play-
ers that are close to an imaginary “offside line”, and to
judge if the second-last defender or a forward is closer
to the goal of the defending team. Importantly, in a fully
packed football stadium, many supporters are wearing the
shirts or colors of the home team, reducing the figure-
background contrast for home team players as compared
to away team players. Numerous studies have shown that
searching and perceiving low-contrast stimuli is more dif-
ficult than searching and perceiving high-contrast stimuli
(e.g., De Vries et al., 2013; Harley et al., 2004). Results of
a recent laboratory study suggest that differences in fig-
ure-background contrast may also affect offside decisions.
Participants in that study missed offside positions of for-
wards more often, when forwards had lower figure-ground
contrast than defenders as compared to when forwards had
higher figure-ground contrast than defenders (Wiihr et al.,
2020).

Another purpose of the present study is to identify vari-
ables that influence the HA in offside decisions, and we in-
vestigate two such variables that were available to us. The
first variable is the presence or absence of the video-assis-
tant referee (VAR). The VAR is a supervisory referee that
has the task of checking the decisions of the field referees
by means of video recordings, and to inform the field refer-

Collabra: Psychology 2

d-ao1e/R1qE||00/NPa ssa1don-auljuo//:dpy woly papeojumod

1176202 ©19eI100/,Z80.8/LLIEEL/L/LLIP

620z Ae|N 0z uo Jasn punwipoq JO ANsJoauN [ed1uyds | Aq jpd L /9eet |



A Home Advantage in Offside Decisions in German Professional Football (Soccer)

ees about wrong decisions (e.g., Spitz et al., 2021). The VAR
was introduced to the German Bundesliga in 2017. We chose
our dataset to include three seasons before introduction
of the VAR (i.e., seasons 2014/15-2016/17) and three sea-
sons after the introduction of the VAR (i.e., seasons 2017/
18-2019/20). One might assume that the audience in the
arena has less influence on the VAR than it has on the field
referees because the VAR is located outside the stadium.
Hence, if the audience contributes to the HA in offside de-
cisions, the HA arguably might be stronger without the VAR
than with the VAR (see Dufner et al., 2023, for a similar line
of reasoning). One might also expect that the VAR is less
affected by differences in figure-background contrast than
are the field (i.e., assistant) referees because the former has
more time to inspect a critical scene.

A second variable that might influence the HA in offside
decisions is the number of spectators present during a
match. We performed two analyses to address the potential
influence of this variable. Firstly, using the full dataset from
six seasons, we analyzed the impact of the number of spec-
tators on the size of the HA in offside decisions. If spec-
tators influence the offside decisions of the (assistant) ref-
erees, then this effect should increase when the number of
spectators increases. Secondly, we compared the size of the
HA in matches with spectators to matches without specta-
tors. Data from matches without spectators came from two
seasons (2019/20 and 2020/21), when spectators were not
allowed because of the Covid-19 pandemic. Here, we ex-
pected a stronger HA in offside decisions in matches with
spectators as compared to matches without spectators.

Methods

Data Source and Materials. Because we planned to in-
vestigate the possible impact of the VAR on a possible HA
in offside decisions, and the VAR was introduced in the Ger-
man Bundesliga in season 2017/18, we decided to collect
data from a total of six seasons from the internet data-
base of the “kicker” magazine (www.kicker.de), a German
football magazine. This resulted in a final sample of 1,836
matches and provided sufficient power to detect small ef-
fects in our focal analyses concerning the HA in offside
decision making in a sensitivity analysis (cf. Faul et al.,
2007). Three seasons (2014/15 — 2016/17) in our dataset
were played without VAR, and three seasons (2017/18 -
2019/20) in our dataset were played with VAR. In the latter
seasons, the VAR was supposed to correct errors in offside
decisions made by the assistant referee (and the referee on
the pitch) if a goal was scored by a player from an offside
position. We do not know how often this occurred in our
data set because the kicker database does not provide this
information. We garnered a total of eight variables for each
match: match result (home team win, draw, away team
win), goals scored by home team, goals scored by away
team, shots on opponent’s goal by home team, shots on
opponent’s goal by away team, absolute number of offside
decisions for home team, absolute number of offside deci-
sions for away team, and the number of spectators present.

Season 2020/21, which followed on the last season in
our primary sample, was not included in our primary analy-

sis because it was strongly affected by the Covid-19 pan-
demic. In particular, whereas 96% of the matches in our
primary sample were played in front of spectators, the ma-
jority (i.e. 92%) of matches in season 2020/21 took place
without spectators. However, we used the data from season
2020/21 for an additional analysis in which we compared
matches with spectators (in seasons 2018/19 and 2019/20)
to matches without spectators (in seasons 2019/20 and
2020/21).

Design and Data Analysis. We planned three sets of
analyses on our data set. The first set of analyses was in-
tended to test for differences in performance between home
and away teams in six seasons of the German Bundesliga.
This was included to corroborate previous findings on the
HA in the present data set. Therefore, we first analyzed the
frequency distribution of three possible game outcomes,
home team win, draw, and away team win. In addition, we
compared the number of goals scored by home and away
teams.

The second set of analyses was intended to test for dif-
ferences in offside decisions against home and away teams
across six seasons of the German Bundesliga. Therefore, we
conducted three one-sample t tests on differences between
home and away teams in three variables. The first test ad-
dressed the difference in offside decisions against home
versus away teams. Here, a negative difference indicates a
HA. The second test addressed the difference in shots on
the opponent’s goal by home versus away teams. Here, a
positive difference would reflect a more dominant or ag-
gressive playing style of the home team. The third test ad-
dressed the difference in offside scores between home and
away teams. The offside score was obtained by dividing the
number of offside decisions against team x by the num-
ber of shots by team x on the goal of their opponent team.
A negative difference in offside scores between home and
away teams would indicate a HA.

We calculated the variable offside score for the following
reason: When comparing the frequency of offside decisions
for two different teams, the problem arises that match
dominance or playing style affect the absolute frequency of
offside decisions against a team. A dominant or offensive
team attacks the opponent’s goal more often, and therefore
creates more potential offside situations, than a less dom-
inant or defensive team. Since home teams are known to
play, on average, more dominant or more offensive than
away teams (Staufenbiel et al., 2015), one should expect the
absolute number of offside decisions to be higher against
the home team than against the away team (e.g., Lepschy et
al., 2021). Hence, to detect differences in offside decisions
against home vs. away teams that are independent of match
dominance or playing style, one must reduce (or eliminate)
the effects of home dominance or playing style from the
data. We reduced these effects by comparing offside scores,
which resulted from dividing the number of offside deci-
sions against team x by the number of shots of team x on
their opponents’ goal. Number of shots is a good estimate
for team dominance and/or offensive playing style because
previous research has shown that the number of total shots
and the number of shots on target are among the best pre-
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dictors of success in football (e.g., Dufour et al., 2017; Lep-
schy et al., 2021; Pappalardo & Cintia, 2018).

The third set of analyses were complementary analyses
intended to assess the possible impact of spectators on the
presence and size of a HA in offside decisions. Firstly, we
conducted a regression analysis with the number of specta-
tors as the predictor variable, and the difference in offside
scores (between home and away team) as the criterion vari-
able. We used data from the six seasons between 2014 and
2020 for the first analysis. Secondly, we tested whether the
difference in offside scores between home and away teams
differed between matches with and without spectators. For
the second analysis, we compared data from 351 matches
without spectators (from seasons 2019/20 and 2020/21) to
data from 359 matches with more than 30,000 spectators
(from seasons 2018/19 and 2019/20). Hence, for this analy-
sis, we ignored data from 208 matches (from seasons 2018/
19 - 2020/21) where the number of spectators varied be-
tween 100 and 30,000.

The distributions of most variables that were analyzed
for this study are presented in separate figures in the Ap-
pendix. The figures show that the distributions of all dif-
ference measures (goal difference, offside difference, off-
side-score difference) approximated a normal distribution
in that they showed clear unimodality and good symmetry.
We decided against transforming our raw data variables in
an attempt to improve their distributional properties for
several reasons. First, our previous experience has taught
us repeatedly that transformations often do not improve
the distributional properties of a variable. Secondly, trans-
forming the variables have the undesirable consequence of
complicating the interpretation of the results. In particular,
the difference between two non-transformed means does
not have the same meaning as the difference between two
transformed means. Third, visual inspection revealed that
the distributions of difference scores approximated a nor-
mal distribution. Fourth, sample sizes in our analyses were
sufficiently large to warrant the use of parametric tests in
line with the central limit theorem. Finally, we conducted
our analyses using corrections for violations of the normal
distribution (e.g., bootstrapping, see below).

Results

Win Rate. First, we tested whether there is a home ad-
vantage that would be reflected in a higher likelihood of
home team wins. We used a X goodness-of-fit test to com-
pare the observed frequencies of game outcomes (i.e., home
team win, away team win, and draw) against equal distrib-
ution. This revealed that home team wins (n = 832, 45.3%)
occurred more frequently than away team wins (n = 554,
30.2%) and draws (n = 450, 24.5%), X = 127.464, p < .001.
Thus, home teams are more likely to win than away teams,
which suggests a home team advantage.

Goals Scored. Next, we tested whether there is a HA
that would be reflected in the home team scoring more
goals than the away team. For this test, we calculated the
goal difference by subtracting the goals scored by the away
team from the goals scored by the home team. Thus, a
positive goal difference indicates a home team advantage

while a negative goal difference indicates an away team ad-
vantage. A Shapiro-Wilk test indicated a violation of the
normal distribution. However, distribution tests based on
null-hypothesis significance testing (Cumming, 2014) are
more likely to detect statistically significant effects as sam-
ple sizes increase, even for small or practically negligible
deviations. Thus, we conducted visual inspection of the
data, which showed that the goal difference approximated
normal distribution. We further used a bootstrapped (1000
bootstrap samples) one-sample t-test to compare the goal
difference against the value 0 (i.e., the value representing
an equal goal ratio between the home team and the away
team). The goal difference (M = 0.349, SD = 1.950) deviated
significantly from 0, t(1835) = 7.66, p < .001, d = 0.18, 95%
CI=10.13; 0.23]. Home teams scored more goals than away
teams. Descriptives of the analyzed variables can be found
in Table 1.

Offside Decisions. Next, we tested whether there is a
HA that would be reflected in fewer offside decisions
against the home team. Similar to our approach with the
goal difference above, we calculated the offside decision dif-
ference by subtracting the offside decisions against the
away team from the offside decisions against the home
team. A negative offside decision difference indicates a
home team advantage, a positive offside decision difference
indicates an away team advantage. Again, we used a boot-
strapped (1000 bootstrap samples) one-sample t-test to
compare the offside decision difference against the value 0
(i.e., the value representing an equal offside decision ratio
between the home team and the away team). The offside
decision difference (M = 0.232, SD = 2.381) deviated signif-
icantly from 0, t(1835) = 4.18, p < .001, d = 0.10, 95% CI
= [0.05; 0.14]. Home teams receive more offside decisions
than away teams.

Shots Taken. We tested whether there is a home advan-
tage that would be reflected in home teams playing more
aggressively (i.e., taking more shots at the away team’s
goal). Therefore, we calculated the shot difference by sub-
tracting the number of shots taken by the away team from
the shots taken by the home team. A positive shot differ-
ence indicates a home team advantage (i.e., the home team
plays more aggressively), a negative shot difference indi-
cates an away team advantage (i.e., the away team plays
more aggressively). Again, we used a bootstrapped (1000
bootstrap samples) one-sample t-test to compare the shot
difference against the value 0 (i.e., the value representing
an equal shot ratio between the home team and the away
team). The shot difference (M = 2.429, SD = 8.133) deviated
significantly from 0, t(1835) = 12.80, p < .001, d = 0.30, 95%
CI =[0.25; 0.35]. Home teams take more shots at the oppo-
nent’s goal than away teams.

Offside Decisions Relative to Shots Taken. The num-
ber of offside decisions against a team is inextricably linked
to the number of shots taken by that team. Therefore, we
calculated the offside score by dividing the number of off-
side decisions by the number of shots taken. We then cal-
culated the offside score difference by subtracting the offside
score of the away team from the offside score of the home
team. A negative offside score difference indicates a home
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Table 1. Descriptive statistics of four dependent variables (scored goals, number of offside decisions, shots on
goal, offside score) as a function of Team (home, away) and Season.

Variable Team Seasons
2014/15 - 2016/17 2017/18 - 2019/20
Home 1.603 1.684
Scored Goals Away 1.214 1.377
Difference 0.390 0.307
Home 2510 2171
Offside Decisions Away 2.352 1.865
Difference 0.158 0.306
Home 14.040 14.331
Shots on Goal Away 11.584 11.930
Difference 2.456 2401
Home 0.217 0.176
Offside Scores Away 0.248 0.196
Difference -0.030 -0.020

Note. Difference = Home — Away.

team advantage, a positive offside score difference indi-
cates an away team advantage. We used a bootstrapped
(1000 bootstrap samples) one-sample t-test to compare the
offside score difference against the value 0 (i.e., the value
representing equal offside scores). The offside score differ-
ence (M =-0.025, SD = 0.312) deviated significantly from 0,
t(1835) = -3.46, p < .001, d = -0.08, 95% CI = [-0.13; -0.04].
Home teams receive fewer offside decisions relative to the
shots they take than away teams, indicating a HA.

Influence of VAR. We tested whether the introduction
of the VAR in season 2017/18 affected the number of offside
decisions. Therefore, we created a dichotomous variable
in which we coded whether VAR was present during the
games (code O for seasons 2014/15, 2015/16, and 2016/17)
or not (code 1 for seasons 2017/18, 2018/19, and 2019/
20). A bootstrapped (1000 bootstrap samples) independent-
samples t-test comparing the offside decision difference
between VAR games (M = 0.306, SD = 2.270, n = 918) and
non-VAR games (M = 0.158 SD = 2.487, n = 918) revealed
no significant difference, t(1818.907) = -1.33, p = .183, d =
-0.06, 95% CI = [-0.15; 0.03]. The introduction of the VAR
had no influence on the offside decision difference.

We repeated this test, again with bootstrapping, com-
paring the offside score difference between VAR-games (M
= -0.020, SD = 0.294, n = 918) and non-VAR games (M =
-0.030, SD = 0.329, n = 918). Again, we found no significant
difference, t(1812.00) = -0.73, p = .468, d = -0.03, 95% CI =
[-0.13; 0.06]. The introduction of VAR had no influence on
the offside score difference.

Complementary Analyses. In a first analysis we inves-
tigated whether the number of spectators would influence
the difference in offside scores between home and away
teams. Therefore, we performed a linear regression analy-
sis, with number of spectators as the predictor variable, and
the difference in offside scores between home and away
team as the criterion variable. Concerning the predictor
variable, we transformed the absolute number of specta-

tors, which ranged from 0 to 80,000, into 9 levels with a
step size of 10,000. This transformation does not change
the qualitative pattern of results, but facilitates the inter-
pretation of the results (e.g., of regression parameters). The
fitted regression model was difference in offside scores =
0.065 - 0.024 x spectators. The overall regression model was
significant, R% = .024, F(1, 1834) = 44.195, p < .001. In par-
ticular, the beta-weight for the predictor variable “specta-
tors” was also significant, t = -6.642, p < .001. When the
number of spectators increased, the difference in offside
scores between home and away teams became increasingly
more negative (cf. Figure 1). In other words, when the
number of spectators increased, the HA in offside scores in-
creased, too. In summary, the number of spectators makes
a small (R% = .024) but significant contribution to predicting
the HA in offside scores.

In a second analysis, we compared the offside score dif-
ferences between matches without spectators (M = -0.002,
SD = 0.36, n = 350) and matches with many spectators (>
30.000; M = -0.05, SD = 0.32, n = 359) using a bootstrapped
(1000 bootstrap samples) independent-samples t-test. We
found a significant difference, t(707) = 1.99, p = .047, d =
0.15, 95% CI =[0.002; 0.30]. In full stadiums (vs. empty sta-
diums), home teams receive fewer offside decisions relative
to the shots they take at the goal than in empty stadiums,
indicating a stronger home team advantage in full stadi-
ums. Note that the offside score difference for zero specta-
tors in this analysis (M = -0.002) differs from the one pre-
dicted by the regression model for X = 0 in Figure 1 (Y =
.065). The reason for this discrepancy is that the difference
in offside scores in the second analysis (M = -0.002) is the
mean difference score observed in 351 games without spec-
tators, whereas the value in Figure 1 is the prediction of a
regression model for X = 0, which is based on a dataset con-
taining only 81 matches without spectators. The discrep-
ancy may suggest that the relationship between the num-
ber of spectators and the difference in offside scores is not
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Figure 1. Linear regression line with number of
spectators (x 10,000) as the predictor variable, and the
difference in offside scores (between home and away
teams) as the criterion variable. The shaded area
shows the 95% confidence interval around the
regression line.

perfectly linear, but may level off when the number of spec-
tators decreases.

Discussion

The main purpose of this study is to investigate a pos-
sible HA in offside decisions of referees and assistant ref-
erees. Therefore, we compared performance parameters of
home teams and away teams in 1,864 matches of the Ger-
man Bundesliga from 2014 to 2020. We observed clear evi-
dence for a HA in performance outcomes (i.e., goals, shots
on goals). Further results showed that home teams were
more dominant offensively than away teams. To investigate
the HA in offside decisions, differences in playing style or
match dominance must be removed from the data because
these variables are correlated with the absolute number of
offside situations and, thus, offside decisions. Hence, we
computed offside scores by dividing the absolute number
of offside decisions against team x by the number of shots
of team x on their opponents’ goal. These offside scores
place the number of offside decisions against team x in re-
lation to the number of attempts of scoring a goal. Compar-
ing offside scores revealed a HA in offside decisions: Off-
side scores of home teams were smaller than offside scores
of away teams.

Our study is the first to report evidence for a HA in off-
side decisions in professional football. The HA reflects the
fact that referees make less offside decisions against home
teams than against away teams, when differences in play-
ing style or team dominance are controlled for. Although
these effects are numerically small, they may have a strong
influence on the outcome of a football match because scor-
ing a single goal often decides a match outcome. One might
object that in many football competitions, such as the Ger-
man Bundesliga, the effects of HA cancel each other out be-
cause each team plays each other team both at home and

away. Yet, there are other competitions, such as national
cup competitions (e.g., FA cup in England, DFB cup in Ger-
many), with only one match at each stage of the competi-
tion, where the HA may have a stronger effect on the out-
come. Moreover, even two-legged matchups in knock-out
competitions might not fully remove the HA because crowd
size, and their effects, as well as referee bias (Page & Page,
2007) might differ between the two matches.

Another purpose of our study was to identify variables
that could influence the HA in offside decisions. We consid-
ered two variables in the available data set. The first vari-
able was the absence or presence of the VAR. Our dataset
contained three seasons (2014/15, 2015/16, 2016/17) with-
out VAR, and three seasons with VAR (2017/18, 2018/19,
2019/20). A first analysis showed that the presence or ab-
sence of the VAR did not affect the difference in offside de-
cisions between home and away teams. Moreover, a sec-
ond analysis showed that the presence or absence of the
VAR did not affect the home advantage in offside decisions
(i.e. the difference in offside scores between home and away
teams). The latter finding might have two implications.
First, the lack of an effect of the VAR on the HA in offside
decisions implies that the source of this effect does not only
affect (offside) judgments of field referees, but also (offside)
judgments of the VAR. Second, the lack of an effect of the
VAR on the HA in offside decisions also implies that the
VAR cannot remove any bias in referee decisions. This rea-
soning stands in contrast to a recent study (Dufner et al.,
2023) which suggests that the VAR reduced the HA, possibly
by making referee decision-making fairer. However, as ad-
mitted by the authors, these results need to be interpreted
with caution because direct assessments of the change in-
duced by the introduction of the VAR were not statistically
significant. Therefore, future research is needed to gain un-
derstanding on the potential of the VAR in reducing offici-
ating bias as the VAR might also be susceptible to biases as
indicated in the present research.

A second variable that might affect offside decisions is
the audience of a match. We conducted two analyses on
the impact of the spectators on the HA in offside decisions.
In our first analyses, we investigated how the number of
spectators affected the HA in offside decisions. Interest-
ingly, a regression analysis showed an effect of the number
of spectators on the difference between offside scores of
home and away teams: The higher the number of spec-
tators, the more negative the difference between offside
scores of home and away teams was. In other words, when
the number of spectators increased, the HA in offside deci-
sions increased, too. This result provides first indication for
a causal impact of the audience on the HA in offside deci-
sions. Unfortunately, the regression analysis suffered from
the problem that the number of spectators correlated with
clubs. In Germany, the richer and more successful clubs
(e.g., Bayern Munich, Borussia Dortmund) have larger are-
nas, and thus more spectators in home matches, as com-
pared to the poorer and less successful clubs (e.g., VIL
Bochum, SV Darmstadt 98). Thus, the results of our regres-
sion analysis might also mean that differences in economic
power and team quality, and not differences in the num-
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ber of spectators, affect the HA in offside decisions. Hence,
we conducted a second analysis where we compared off-
side scores from home and away teams in matches with and
without spectators. Matches without spectators took place
during the Covid-19 pandemic (mainly in season 2020/21),
and were compared to matches with spectators from the
same teams in adjacent seasons. The results of the second
analysis confirmed those of the first analysis: The HA was
larger in matches with spectators as compared to matches
without spectators. Our findings fit a recent report by Benz
and Lopez (2023), reporting a similar decline of goal-re-
lated HA in the German Bundesliga during the Covid-19
pandemic.

The results of our additional analyses suggest that spec-
tators play a role for the origin of the HA in offside deci-
sions. There are, however, different possible ways of how
spectators can influence the offside decisions of referees. A
first possibility is that the spectators’ behavior in the arena
influences the referees’ offside decisions. The audiences
loud support (e.g., cheering) during offensive actions of the
home team might prevent (assistant) referees from mak-
ing an offside decision against the home team. Conversely,
the audiences’ loud disapproval (e.g., booing, or shouting
“offside!”) during offensive actions of the away team might
motivate the (assistant) referee to make an offside deci-
sion against the away team. Moreover, when viewed from
a learning perspective, the different consequences of off-
side decisions against home and away teams might also af-
fect the relative frequencies of these decisions in the fu-
ture. The home audience often punishes offside decisions
against the home team, and these negative consequences
might reduce the probability of such decisions in the future,
particularly as the assistant referee tends to stand close
to the audience. Conversely, the home audience often re-
inforces (e.g., applaud) offside decisions against the away
team, and these positive consequences might increase the
probability of such decisions in the future.

A second possibility of how spectators might affect off-
side decisions is that the visual appearance of the specta-
tors affects the decisions. The task of judging offside re-
quires the assistant referee to watch an (imaginary) offside
line, which is defined by the position of the second last de-
fender, and to judge if a forward or defender is closer to the
goal under attack, when the ball is played. In many football
matches at the professional level, many spectators wear the
colors or dresses of the home team and, therefore, players
of the home team are more similar to the background (of
spectators) than players of the away team. In other words,
in a fully packed stadium, the figure-background contrast is
lower for players of the home team as compared to players
of the away team. As a result, home team players are less
visible for (assistant) referees than are away team players,
and therefore offside positions of home team players could
be missed more often than offside positions of away team
players. Admittedly, the differences in figure-background
contrast between home- and away team players might be
subtle, and therefore might not necessarily affect all kinds
of referee decisions. It is however conceivable that even
subtle differences in figure-background contrast might af-

fect offside decisions that require the detection of minis-
cule differences in relative position within a couple of mil-
liseconds.

Many studies have shown that figure-background con-
trast is a critical variable in visual perception (cf. Harley et
al., 2004, for a review), and that differences in figure-back-
ground contrast can have strong effects in many percep-
tual tasks, such as visual search (e.g., De Vries et al., 2013;
Hunter et al., 2018). In addition, the results of more re-
cent studies suggest that differences in figure-background
contrast, between players of home and away teams, can
affect the visibility of players in general (e.g., Rikkert et
al., 2015), and offside judgments in particular (e.g., Wiihr
et al., 2020). For example, in a laboratory study, Wiihr et
al. (2020) showed that participants missed offside positions
of forwards more often when the forwards had less figure-
background contrast than the defenders, as compared to
when the forwards had higher figure-background contrast
than the defenders. Note that less figure-background con-
trast can be assumed for home teams, whereas higher fig-
ure-background contrast can be assumed for away teams.

The finding that the VAR did not affect the size of the
HA in offside decisions appears surprising at first glance. In
fact, regardless of whether spectator behavior (pressure on
field referees) or spectator appearance (figure-background
contrast) are responsible for the HA in offside decisions,
one could have expected the effect to decrease when the
VAR is present. One might expect spectator behavior, like
cheering when the home team attacks or booing when the
away team attacks, to have a stronger impact on the field
referees because they are directly exposed to—and often
the target of—spectator behavior, whereas the VAR is nei-
ther visible to the audience nor directly exposed to their be-
havior. On the other hand, VARs are watching the match on
TV screens, and therefore perceive the spectators’ behavior
during a match. In addition, because VARs are usually well-
experienced field referees, they might even identify with
the actual field referees, and anticipate the positive or neg-
ative reactions of the spectators on their decisions. Hence,
ways of how spectator behavior might also affect VAR de-
cisions are conceivable. One might also expect spectator
presence or appearance, which might decrease the visibility
of home team players as compared to away team players,
to have a stronger impact on field referees than on VARs.
First, field referees are typically watching the players before
a background of spectators, whereas the VAR has different
viewing angles for watching the critical scene. Second, field
referees must make offside decisions for a single moment in
a continuously moving stream of events, whereas the VAR
can stop and repeat recordings of the critical scene. Never-
theless, it cannot be excluded that perceptual variables, like
figure-background contrast, may also affect offside judg-
ments of VARs while watching video-recordings of match
scenes. However, in this regards it has to be acknowledged
that he main referee is the sole authority responsible for
making final decisions, while the VAR holds the same sta-
tus as other match officials and can only provide assistance
(IFAB, 2022). Consequently, although the VAR can offer rec-
ommendations, the final judgment rests with the main ref-
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eree. Notably, referees may be influenced by crowd noise,
potentially leading to decisions that favor the home team
over the away team. In addition, it is worth mentioning that
research (Spitz et al., 2021) suggests that the VAR indeed
increases correct decisions, but is far from perfect, leaving
room for human error.

On the basis of the present findings, we cannot decide
whether the behavior of the spectators, the appearance
of the spectators, or both variables, affect offside judg-
ments. Both variables cannot be systematically varied in
real matches, and therefore experimental investigations of
causal relationships in the field are not possible. Hence, the
causal impact of these two variables on offside decisions
should be addressed in well-controlled laboratory studies.

Past research has demonstrated that the presence (or ab-
sence) of a running track around the football ground can in-
fluence the HA in soccer (Scoppa, 2008). In particular, the
HA was larger in stadiums without a running track, as com-
pared to stadiums with a track. Scoppa (2008) explained
this effect by suggesting that spectators are closer to the
field, and thus, to the referee, in a stadium without a track,
and therefore can exert more (social) pressure on the ref-
eree, as compared to the situation in a stadium with a run-
ning track between spectators and the field. Unfortunately,
we were unable to address the possible impact of the pres-
ence/absence of a running track on the HA in our study
because only two stadiums (i.e., Berlin, Nuremberg) from
a total of 24 stadiums in our sample contained a running
track. As a result, only 6.5% of the matches in our sample
were played in a stadium with a running track, whereas the
large majority of matches (93.5%) was played in a stadium
without a running track. The unequal number of observa-
tions prevents meaningful statistical comparisons between
the two conditions. However, investigating the impact of
the presence or absence of a running track on the home ad-
vantage in offside judgments might be an interesting idea
for future research.

Taken together, the present results add to the growing
body of literature examining the mechanisms contributing
to the HA in sports. The findings support the contemporary
theorizing that the HA is a multi-causal phenomenon that
is explained by several factors and their interplay (see,
Goémez-Ruano et al., 2021, for a review). In line with studies
demonstrating the influence of spectators/fans (e.g., boo-
ing and cheering; Armatas & Pollard, 2014) on the HA
and their corresponding influence on the referee’s decision
making (Downward & Jones, 2007; Garicano et al., 2005;

Goumas, 2014a; Scoppa, 2008; Sutter & Kocher, 2004; Un-
kelbach & Memmert, 2010), the present results appear to
point to a similar causal mechanism affecting ARs’ offside
calls. Hence, social factors associated with playing at home
or away affect a variety of decisions like the amount of extra
time awarded, penalties given, yellow and red cards given,
and offside calls, which cumulatively contribute to home
team favoritism of officials and the HA in sports.
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Figure Al. Histogram of offside decisions against home team. The solid line represents a normal distribution.
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Figure A2. Histogram of offside decisions against guest (away) team. The solid line represents a normal

distribution.
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Figure A3. Histogram of differences in offside decisions against home versus guest (away) team. The solid line
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Figure A4. Histogram of shots on goal made by the home team. The solid line represents a normal distribution.
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Figure A5. Histogram of shots on goal made by the away (guest) team. The solid line represents a normal
distribution.
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Figure A6. Histogram of differences in shots on goal made by the home versus the away (guest) team. The solid
line represents a normal distribution.
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Figure A7. Histogram of offside scores for home teams. The solid line represents a normal distribution.

=00

400

300

Frequency

200

100

-3,00 -2,00 -1,00 (] 1,00 2,00 3,00

Offside Score Away Team

Figure A8. Histogram of offside scores for away (guest) teams. The solid line represents a normal distribution.
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Figure A9. Histogram of differences in offside scores between home and away (guest) teams. The solid line
represents a normal distribution.
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