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Abstract 

Home Advantage is a relevant research topic across various sports, including soccer. It refers to the tendency 
for the home team to perform better than the visiting team, influenced by factors such as 
match performance and environmental variables such as referees' decisions on yellow cards. However, the 
factors influencing yellow card bias favoring home teams in Brazilian soccer remain unclear. This study aimed 
to determine whether variables such as a new stadium format, championship structure, crowd presence, 
and differences in team rankings affect referees' yellow card bias. To investigate this, 2,242 
official match summaries from the Brazilian National Championships during the 2014–2018 seasons were 
analyzed. The number of yellow cards was analyzed according to (i) geography (visiting vs. home team), 
stadium format (pure soccer vs. track & field stadiums; traditional vs. arena stadiums), championship 
configuration (cup vs. league), and (iv) ranking team difference calculated accordingly: visiting ranking – home 
ranking. The visiting teams received more yellow cards than the home teams in both championships (p < 0.001), 
but the public crowd did not affect yellow card referees’ bias (p = 0.114). In contrast, ranking team differences 
significantly affect yellow card referees’ bias (p < 0.001), with a greater yellow card referees’ bias in matches 
with greater ranking team differences. The stadium format just affects yellow card referees’ bias when classified 
as traditional or arena stadiums (p = 0.010), and yellow card referees’ bias was greater in the Arena than in 
Traditional Stadiums. In addition to these results, independent of the ranking team differences, the yellow card 
referees’ bias is around 80% greater in Cup than League. Therefore, yellow card referees’ bias is present in the 
Brazilian National Championships, and stadium format, championship configuration, as well as raking team 
differences, affect this bias. 
Key Words: Referee bias, stadium, decision-making, league, cup.  

 
Introduction 

Home advantage is a widely studied phenomenon across various sports, including soccer (Clarke, 2005; 
Staufenbiel et al., 2015). It typically refers to the superior performance of home teams compared to the visiting 
teams, which may be attributed to performance-related factors (Armatas & Pollard, 2014; Pollard et al., 2008; 
Pollard & Gómez, 2014), and/or environmental variables of the match (Dosseville, 2007; Goumas, 2014). One 
such environmental variable is referee behavior, which has been influenced by home advantage (Boyko et al., 
2007; Goumas, 2014; Sutter & Kocher, 2004). For instance, decisions regarding extra time tend to favor the 
home team, particularly when the home team is behind or tied late in the game (Lago-Peñas & Gómez-López, 
2016; Sutter & Kocher, 2004). Similarly, yellow card decisions have also been reported to favor home teams 
over visiting teams (Boyko et al., 2007; Downward & Jones, 2007). 

In this context, crowd presence is believed to play a significant role in such referee biases (Bilalić et al., 
2021; Leitner & Richlan, 2021; Scoppa, 2021). However, it was only during the COVID-19 pandemic that it 
became possible to assess the effect of crowd absence as a natural control condition (McCarrick et al., 2021). 
Soccer leagues worldwide were suspended and later resumed under strict health protocols, including matches 
played without spectators. For instance, in the Brazilian National First Division, all matches during the 2020 
season and the first 22 rounds of the 2021 season were played without crowds. A study comparing these matches 
to those from previous seasons with spectators found no evidence of yellow card referee bias in the absence of 
crowd attendance (Silva et al., 2022), challenging earlier findings that suggested a significant influence of crowd 
presence (Boyko et al., 2007; Downward & Jones, 2007). These conflicting findings may be attributed to 
differences in methodology. Before the COVID-19 period, most evidence for referee bias was based on 
regression models, which allowed the investigation of multiple influencing factors without the benefit of a 
control condition (Goumas, 2014; Lago-Peñas & Gómez-López, 2016). In contrast, Silva et al. (2022) utilized 
the unique opportunity presented by the pandemic to directly compare matches with and without spectators. 
Studies using regression models in English leagues have reported that greater crowd size and density (i.e., the 
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ratio between attendance and stadium capacity) increase the likelihood of yellow cards being issued to visiting 
teams (Boyko et al., 2007; Downward & Jones, 2007). Additionally, the physical proximity of the crowd to the 
pitch has also been shown to influence referee decisions (Unkelbach & Memmert, 2010). However, these 
findings are limited to European contexts, and their applicability to Brazilian championships remains unclear. 

Regarding crowd proximity, stadium design is often used as a proxy indicator—specifically, the 
presence (i.e., track and field stadium) or absence (i.e., pure soccer stadium) of a running track separating the 
crowd from the pitch (Goumas, 2014; Unkelbach & Memmert, 2010). However, this classification may not 
accurately reflect the true spatial configuration in Brazilian stadiums. Some venues classified as "pure soccer" 
may still feature large semicircular gaps between the stands and the field, mimicking the separation found in 
track and field stadiums. According Unkelbach & Memmert (2010) definition, these would be misclassified, 
despite providing similar pitch-crowd distance (please see figure 1 in the supplementary files). To address this 
limitation, we propose a new classification based on the geometric configuration of the stands relative to the 
pitch. We define Arena Stadiums as those with rectangular or shallow semicircular layouts, indicating closer 
crowd proximity. In contrast, Traditional Stadiums include those with either running tracks or large, deep 
semicircular gaps, indicating greater separation (see Figure 2 in supplementary materials). It is worth exploring 
whether this revised classification correlates with yellow card referee bias similarly—or more effectively—than 
the traditional dichotomy proposed by Unkelbach & Memmert, (2010). 

Beyond crowd-related variables (e.g., noise, density, proximity), team ranking differences have also 
been shown to affect referee decisions. Higher-ranked teams are less likely to receive yellow cards than lower-
ranked teams (Downward & Jones, 2007). Accordingly, match type and competition format may also play a role. 
National competitions typically include two main types: the national league, with matches between teams in the 
same division, and the national cup, which may include matches between teams from different divisions 
(Confederação Brasileira de Futebol, 2020a, 2020b). Moreover, these competitions differ in structure. The 
national league follows a round-robin format in which all teams play each other both home and away throughout 
the season, with the team accumulating the most points declared the champion (Confederação Brasileira de 
Futebol, 2020a; Premier league, 2020). Conversely, the national cup is a knockout tournament, with teams 
playing home-and-away legs in each round, and the loser being eliminated (Confederação Brasileira de Futebol, 
2020b; Downward & Jones, 2007). This difference may affect the stakes of each match, and potentially influence 
referee behavior. Nevertheless, the specific impact of competition format on referee bias—particularly when 
statistically controlling for team ranking differences—remains to be determined. 

Therefore, considering all the above-mentioned features that may affect yellow card referees’ bias. The 
first aim of the present study was to verify whether the yellow card referees’ bias is present in Brazilian soccer 
competitions, and if the yellow card referees’ bias in Brazilian Soccer is related to competition format, public 
crowd, and ranking team differences. The second aim was to verify if the stadium configuration, independent of 
a classification of the crowd proximity to the pitch according to the definition proposed by Unkelbach & 
Memmert (2010) or the new one proposed by our manuscript, reports a relationship with yellow card referees’ 
bias in Brazilian Soccer. The third aim was to certify if the competition format, even when statistically controlled 
for team ranking differences (i.e., considered as a statistical co-variable), may affect the yellow card referees’ 
bias.  
 

Materials & Methods 
Procedures 

Data from 2,442 matches were collected from official statistical summaries available on the Brazilian 
Soccer Confederation (CBF) website (www.cbf.com.br). The competitions analyzed included the Brazilian Cup 
and the Brazilian National League – Division A, covering the seasons from 2014 to 2018. The extracted data for 
each match comprised the number of yellow cards awarded to home and visiting teams, referees’ names, 
attendance figures, and stadium names. To minimize potential biases due to inexperience or competition type 
(Boyko et al., 2007), only matches officiated by referees who had worked in both national tournaments and 
officiated at least six matches were included. Data collection was carried out by five novice researchers and 
subsequently verified by two experienced researchers. 
Yellow card referees’ bias 

 Only the first yellow card issued to a player in a match was included in the analysis (Boyko et al., 2007; 
Downward & Jones, 2007). The Second yellow cards that led to red cards were excluded. The home advantage 
bias related to yellow card distribution was calculated as the difference between the number of yellow cards 
awarded to the visiting and home teams. A positive index indicates a home advantage bias—i.e., more yellow 
cards awarded to the visiting team—while a negative index suggests a potential bias in favor of the away team 
(Boyko et al., 2007). 
Stadium configuration 

The stadium configuration was defined using two criteria. The first followed Unkelbach & Memmert 
(2010), categorizing stadiums as either track and field or pure soccer venues, depending on the presence or 
absence of a running track separating the crowd from the pitch (see Introduction for details). The second 
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classification was based on the geometric arrangement of the stands relative to the pitch, categorized as either 
accentuated semicircle or rectangular/flat semicircle formats. Accordingly, stadiums were labeled as either 
Traditional or Arena stadiums (see Introduction for definitions). Stadium types were identified using satellite 
imagery from Google Maps and official city websites. Each stadium was independently evaluated by two 
experienced researchers. The complete classification is available in the supplementary material. 
Competition format and ranking team difference 

 Competitions were categorized as either Cup (Brazilian Cup; see Introduction) or League (Brazilian 
National League – Division A; see Introduction). Team ranking was determined based on the division each club 
participated in during the corresponding year, with Divisions A, B, C, and D assigned values of 1, 2, 3, and 4, 
respectively (Confederação Brasileira de Futebol, 2020a). A value of 5 was assigned to teams not participating in 
any Brazilian National League division during the year considered (Downward & Jones, 2007). For each 
Brazilian Cup match, the division of the home and visiting teams was extracted from the CBF website, and the 
ranking difference was calculated using the formula: visiting team division - home team division. A positive 
Index indicates a technical advantage for the home team. While the opposite indicates a technical advantage to 
visiting team (Downward & Jones, 2007). 
Statistical Procedures  

 The data were reported as mean and standard deviation (SD). The Mann-Whitney test was used to 
verify the differences between yellow cards awarded to home and visiting teams in the Cup and the League 
championships. Two multiple linear regression models were performed to verify the relationship of the 
dependent variable, yellow card referees’ bias index, from the co-variables, competition format, stadium 
configuration, public crowd, and ranking team differences. In the first model, the competition format (League = 
0; Cup = 1) and stadium configuration classified according to Unkelbach & Memmert (2010) - (i.e., Pure soccer 
stadium = 0; Track and field stadium = 1), were considered categorical variables, and ranking team difference, 
public crowd, and yellow home referees’ bias index were classified as continuous variables. In the second model, 
the variables were the same as the first model, except stadium format which was classified according to our 
proposed definition (Traditional stadium = 0; Arena stadium = 1). The two different models were applied to 
verify if the classification of stadium format according to our proposition reports a relationship with yellow card 
referees’ bias index, similarly, as already reported with the classification of stadium configuration according to 
Unkelbach & Memmert (2010). Since team ranking differences theoretically may impact yellow card referees’ 
bias (Downward & Jones, 2007; Nevill & Holder, 1999) and the one-off both championships analyzed (i.e., the 
cup) have matches with teams of the different rankings, Analysis of Covariance (ANCOVA) with the Bonferroni 

posthoc was performed to verify the effect of competition configuration on yellow card referees’ bias index 
considering ranking team differences as a statistical co-variable. All statistical analyses were conducted using 
JASP (version 0.16, JASP Team 2020, University of Amsterdam). The alpha level of statistical significance 
adopted for all analyses was 0.05. 
 

Results 

A greater number of yellow cards was awarded to visiting (2.19 ± 1.40) over the home (2.54± 1.46) 
teams in the league (p < 0.001).  Also, a greater number of yellow cards was awarded to visiting (2.18 ± 1.33) 
compared to the home (2.80 ± 1.57) teams in the cup (p < 0.001). The regression coefficients and standard errors 
of the first and second multiple regression models are shown in Tables 1 and 2, respectively. In the first model, 
the competition format reported a significant relationship with yellow card referees’ bias (p < 0.001), with 
yellow card referees’ bias being 0.339 greater in Cup than in League. Moreover, ranking team differences also 
show a significant relationship with yellow card referees’ bias (p < 0.001). In this sense, with yellow card 
referees’ bias being 0.189 greater to each unit increase in the ranking team differences. In contrast, the public 
crowd (p = 0.113), and stadium configuration (i.e., pure soccer, and track and field stadiums; p = 0.079) did not 
report a significant relationship with yellow card referees’ bias. 
Table 1. Model 1 - Multiple Regression for yellow card referees’ bias with stadium format classified as 

pure soccer or track and field. 

 B SE B b 

Home Advantage 0.133 0.097  

Competition Format 0.364 0.088 0.085* 

Stadium Configuration 0.162 0.092 0.036 

Team Ranking Difference 0.189 0.039 0.099* 

Crowd Size 4.627 x 10-6 2.917 x 10-6 0.033 

R2 = 0.015. B = Unstandardized coefficient. SE B = standard error of the coefficient. b = Standardized regression 
coefficient. * p < 0.001. 
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In the second model, the results were similar, except for the stadium configuration. The competition 
format reported a significant relationship with yellow card referees’ bias (p < 0.001), with yellow card referees’ 
bias being 0.355 greater in Cup than in League. Moreover, ranking team differences also show a significant 
relationship with yellow card referees’ bias (p < 0.001). In this sense, with yellow card referees’ bias being 0.195 
greater to each unit increase in the ranking team differences. In contrast to the first model, the stadium format 
reported a significant relationship with yellow card referees’ bias, with yellow card referees’ bias being 0.187 
greater in the Arena than in Traditional Stadiums (p = 0.010). Similarly, to the first model, the public crowd did 
not report a significant relationship with yellow card referees’ bias (p = 0.127). 

 
Table 2. Model 2 - Multiple Regression for yellow card referees’ bias with stadium format classified as 

traditional or arena. 

 B SE B b 

Home Advantage 0.171 0.074  

Competition Format 0.355 0.088 0.083* 

Stadium Configuration 0.187 0.073 0.052** 

Team Ranking Difference 0.195 0.039 0.102* 

Crowd Size 4.449 x 10-6 2.914 x 10-6 0.032 

R2 = 0.019. B = Unstandardized coefficient. SE B = standard error of the coefficient. b = Standardized regression 
coefficient. * p = 0.001. ** p = 0.01. 
 

The competition format, even with ranking team differences considered as a co-variable, remains to 
affect yellow card home referees’ bias (0.624 ± 1.845 and 0.347 ± 1.783 for Cup and League championships, 
respectively), as reported in ANCOVA analysis (p < 0.001). 
 

Discussion 

The main findings were that: i) Yellow card referee bias exists in Brazilian soccer championships and is 
associated with competition format and team ranking differences. However, crowd size was not found to be 
significantly related to this bias; (ii): Stadium configuration showed a significant association with yellow card 
referee bias only when classified as Traditional versus Arena stadiums. Specifically, visiting teams received 
more yellow cards in Arena stadiums, where the crowd is situated closer to the pitch; (iii): Team ranking 
differences were associated with yellow card referee bias, and even when ranking differences were included as a 
covariate, championship format still influenced the bias—visiting teams received more yellow cards in Cup 
matches than in League matches. 
 These results are consistent with those of (Downward & Jones, 2007) who found that in 857 FA Cup 
matches in England between 1996 and 2002, first yellow cards were more frequently awarded to visiting teams. 
Similarly, Goumas (2014) reported that visiting teams in the UEFA Champions League and Europa League 
received 10% more yellow cards than home teams. These findings suggest that yellow card referee bias is 
present in Brazilian soccer, as in European competitions. However, unlike European studies, which found crowd 
size to be a significant factor (Boyko et al., 2007; Downward & Jones, 2007), our results indicate that crowd size 
does not influence yellow card referee bias in Brazilian competitions. 

This discrepancy may be explained by differences in the statistical models used. For example, our study 
employed a linear regression model, as the dependent variable was continuous. In contrast, Downward & Jones 
(2007) used a binary logistic regression, and Boyko et al. (2007) used an ordinal regression that incorporated 
additional independent variables, including the season-long tendency of teams to receive yellow cards. 
Furthermore, a previous study also found that crowd attendance did not significantly affect yellow card bias in 
the First Division of the Brazilian National League (Silva et al., 2022), supporting our results. 

Regarding crowd proximity, our findings suggest that classifying stadiums as Traditional or Arena may 
better capture the influence of spectator proximity on referee behavior than the classification proposed by 
Unkelbach & Memmert (2010), which is based on the presence or absence of a running track. As discussed in 
the Introduction and shown in Supplementary files Figure 1, some stadiums with running tracks were still 
classified as pure soccer stadiums. This observation suggests that running track presence may not accurately 
reflect crowd proximity in the Brazilian context. 

Supporting our findings, previous research has shown that crowd proximity can affect yellow card 
referee bias (Goumas, 2014; Unkelbach & Memmert, 2010). Our study found that Arena stadiums—where fans 
are closer to the field—were associated with more yellow cards for visiting teams. This could be explained by 
increased crowd noise and pressure in such venues. Crowd noise has been shown to increase referees' anxiety 
and mental strain (Nevill et al., 2017), and louder reactions to visiting team fouls may heighten social pressure 
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on referees. This aligns with the idea that referees under social pressure may rely on heuristic decision-making 
(Nevill & Holder, 1999), which could explain the observed bias in Arena stadiums. 

With respect to team ranking differences, our findings align with Downward & Jones (2007), who 
reported greater yellow card bias in favor of better-ranked home teams in FA Cup matches. One plausible 
explanation is that higher-ranked teams (i.e., from superior divisions) tend to play more offensively and maintain 
greater ball possession, leading to more fouls committed by lower-ranked opponents, and thus more yellow cards 
awarded to them. The greater disparity in team quality in Cup matches compared to League matches could also 
explain why championship format influences yellow card referee bias. However, even after controlling for team 
ranking differences, Cup matches still showed a stronger bias. This might be due to the inherently higher stakes 
in Cup matches. Anecdotal evidence from a Division A coach suggests that Cup games require greater mental 
focus due to their decisive nature (Esportiva, 2022). Furthermore, a previous study reported higher technical 
performance indicators in long-stage matches compared to knockout games (Magni et al., 2023). 

We therefore speculate that Cup matches impose greater mental strain, social pressure, and cognitive 
load on referees, which could affect decision-making. Referees under pressure may be more likely to avoid 
making unpopular decisions (Nevill & Holder, 1999), which in turn could lead to a bias favoring home team—
possibly contributing to the yellow card discrepancies observed in Cup versus League matches (Nevill et al., 
2017). This hypothesis, however, warrants further investigation. 

The present study has a limitation that must be mentioned, the data were extracted from 2014 to 2018 
when there were no video assistant referees in the national tournaments. Since video assistance may impact the 
referees’ decisions (Spitz et al., 2021), future studies should be conducted to verify the effect of video assistant 
referees on yellow card referees’ bias. Despite the limitations, this study has some practical applications. For 
instance, monitoring the bias on the referee’s performance may help to know the tendencies and develop specific 
training to avoid these tendencies and improve their performance. Furthermore, the knowledge of the bias on 
referee’s performance may contribute to coaches better instructing their teams to avoid disadvantages regarding 
this bias. At least, in the world, there was a crescent of soccer betting marketing with the number and tendency 
of yellow cards applied to home and away teams included in the bets. Therefore, the knowledge of the 
components of yellow card referees’ bias could help bettors with their bets. 
 

Conclusion 

 Referees’ bias in yellow card allocation was present in the Brazilian National Championships, and 
stadium format, championship configuration, as well as raking team differences, affect this bias. Referees’ bias 
in yellow card allocation was greater in arena than traditional stadiums. Additionally, it was also greater in cup 
than league matches. 
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