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ABSTRACT

Can raising awareness of racial bias subsequently reduce that bias? We address this question by exploiting
the widespread media attention highlighting racial bias among professional basketball referees that
occurred in May 2007 following the release of an academic study. Using new data, we confirm that
racial bias persisted in the years after the study's original sample, but prior to the media coverage.
Subsequent to the media coverage though, the bias completely disappeared. We examine potential
mechanisms that may have produced this result and find that the most likely explanation is that upon
becoming aware of their biases, individual referees changed their decision-making process. These
results suggest that raising awareness of even subtle forms of bias can bring about meaningful change.
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 A recent stream of research has documented the existence of in-group racial biases in the 

employment, criminal, judicial and educational settings (1-5). While social and legal changes 

have eliminated many institutionalized forms of racial discrimination, the same policy tools may 

have less leverage against the implicit racial stereotypes that underpin own-race biases. 

An example of the continued impact of racial bias on decision making is evident in recent 

research analyzing the behavior of National Basketball Association (NBA) referees (6). Using 

NBA data from 1991 to 2002, Price and Wolfers found that personal fouls are more likely to be 

called against basketball players when they are officiated by an opposite-race refereeing crew 

than when officiated by an own-race refereeing crew. The own-race bias displayed by NBA 

referees was large enough to have an appreciable impact on game outcomes and is consistent 

with a broader literature documenting in-group biases. 

In this study, we exploit a natural experiment that occurred in May 2007 when the results 

of the Price and Wolfers study received wide-spread media attention and examine whether this 

increased awareness of own-race bias among NBA referees subsequently reduced that bias. The 

media attention associated with the release of this study included front-page coverage in the New 

York Times and many other newspapers, extensive coverage on the major news networks, 

ESPN, talk radio and in the sports media including comments from star players ranging from 

LeBron James, Kobe Bryant and Charles Barkley, to then NBA Commissioner David Stern. We 

consider the greater awareness of racial bias that resulted from this to be a quasi-experimental 

treatment. 

Using new data, we replicate the original findings for a sample period after the original 

study but before the media coverage (2003-2006). Easing the concerns associated with 

publication bias, we find continued own-race bias during this period that is strikingly similar to 
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that found in the original 1991-2002 sample.  Thus bias continued through the pre-treatment 

period. 

When we conduct the same tests for own-race bias in the period immediately following 

the media coverage (the post-treatment period, 2007-2010), we find none exists. Moreover, this 

isn’t an artifact of a smaller sample yielding less precise estimates, as the change in bias is itself 

statistically significant. We argue that this dramatic decrease in bias is a causal result of the 

awareness associated with the treatment—the release and subsequent publicity surrounding the 

original academic study in 2007. While our inference is only based on a simple pre- versus post- 

contrast, the magnitude and timing of the effect is notable. 

We explore the mechanism for this effect and find no evidence that it is the result of 

institutional changes made by the NBA. Instead, we argue that the most likely explanation for 

our finding is that the decisions made by individual referees can be impacted by simply making 

them aware of their own racial bias. The implication is that racial bias is not a fixed characteristic 

of an individual decision maker, but rather, it is malleable. In turn, this points to a role that 

empirical studies of bias may play in changing behavior, and more broadly, it suggests that 

related policy interventions can play a productive role in reducing racial bias. 

 

Reducing Racial Bias 

There has been considerable research about the different influences that can help to 

reduce racial bias. Important factors that have been shown to reduce racial bias include improved 

monitoring of the accuracy of individual decision making (9), closer physical proximity to 

individuals of the other group (10, 11), exposure to multi-cultural education (12, 13), and 

exposure to situations that contradict the particular bias (14). Additional studies provide 

examples of how incentives, pressure, and transparency can change racial biases (15-17). 
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Formulating effective policy solutions requires understanding the type of discrimination 

that is taking place. For example, in the NBA setting that we study, both referees and players 

have had a great deal of close physical proximity to members of the opposite race. Thus, 

increased exposure to members of the other group is likely to have a small impact on eliminating 

the racial bias found. The decisions that are made by referees in this setting are typically split-

second, high-pressure evaluations. This setting, therefore, suggests that implicit discrimination 

may be important (3). 

Implicit discrimination suggests that people have certain mental associations between a 

group (such as African Americans) and a given attribute. Laboratory research which uses the 

Implicit Association Test (18, 19) to quantify bias has shown that awareness of subtle biases and 

willingness to attribute them to internal forces are critical for learning to control them (20, 21), 

that awareness of racial bias can potentially be channeled into ways to decrease prejudice (22), 

that contextual variations can impact implicit evaluation (23), and that being motivated to control 

one's own bias can moderate automatic attitudes (24). Our paper contributes to this literature by 

testing whether awareness—brought about by a much-publicized empirical study—can reduce 

implicit bias in an interesting field setting. 

 

Results 

 Main effects. In Table 1, we start by reproducing the results from the Price and Wolfers 

(6) study in the first column using the data from the 1991-2002 NBA seasons. In particular, we 

report the differential number of fouls per 48 minutes played called against a player when facing 

an out-group refereeing crew, relative to an in-group crew that is composed entirely of referees 

of the player’s own racial group. As in that earlier paper, we find a differential of 0.182 fouls per 

48 minutes, and we call this an out-group bias (while acknowledging that it could instead by in-
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group favoritism). Relative to the sample mean of 4.46 fouls per 48 minutes, this bias represents 

about a 4% change in fouls called.  

 

 

Table 1. Out-group racial bias among NBA referees in three samples 

 
 Pre-treatment period Post-treatment 

period 

Change in Bias 

(out-of-sample) 

 Original Study Out-of-sample Out-of-sample  

Sample: 1991-2002 2003-2006 2007-2010 From 2003-06 

to 2007-10 

Out-group bias 

(Extra fouls per 48 minutes 

when refereed by an out-

group crew, relative to an 

in-group crew) 

0.182*** 

(0.062) 

0.230** 

(0.093) 

-0.0002 

(0.089) 

0.231** 

(0.092) 

     

Change in out-group bias, 

subsequent to “treatment.” 

   -0.230* 

(0.130) 

     

N 259,014 93,626 94,682 188,308 

Sample mean 4.46 4.43 4.17 4.30 

 

Notes: The years in each column refer to the year in which season started. Each regression 

includes player and referee fixed effects and controls for home team and whether the player is a 

starter. Each observation is weighted by the number of minutes the player was in the game. 

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1 

 

 

In the second column of Table 1, we conduct a simple out-of-sample test in which we 

estimate the same regression using data from the 2003-2006 seasons. Importantly, this new 

sample post-dates the sample in the original study but pre-dates the publicity given to that study. 

In this new sample we find a similar bias as the earlier study; the magnitude of the bias is 

comparable and is not statistically significantly different from the original sample. This 

comparison highlights the fact that there was not a downward trend in racial bias prior to May 

2007 and casts doubt on concerns that the original findings were a mere statistical aberration, 

because such an aberration might have been expected to disappear in a new sample. In the third 
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column, we report the results using data from the 2007-2010 seasons, which include the four 

seasons that immediately followed the media reporting about racial bias in the NBA. Thus, we 

consider this sample to be “treated” by greater publicity. In this treated sample, we find that 

racial bias completely disappeared (the out-group bias falls to a tiny -0.0002 with a standard 

error of 0.089).  

In the final column, we compare our two new samples, estimating the change in out-

group bias subsequent to the treatment of greater awareness of racial bias.  As in column 2, we 

find that prior to the treatment, there was a bias of 0.231 more fouls per 48 minutes played when 

refereed by an entirely out-group refereeing crew relative to an in-group crew. However, during 

the four years after the treatment, the size of this bias is completely offset—it’s effectively 

zero—and we find that the difference in racial bias before and after the treatment is statistically 

significant at the 10% level.  In a further (unreported) analysis, we estimated the extent of out-

group racial bias in each year and then using these annual estimates, performed a Chow test for a 

series break, finding statistically significant evidence of a shift in the level of bias in 2007. 

In Table 1, all of the results are presented in terms of differences between fouls called 

when refereed by (racial) out-group versus in-group refereeing crews. Table 2 shows how the 

raw levels of fouls called varies for each group, in our pre- and post-treatment samples, 

presenting the (playing-time) weighted average number of fouls called per 48 minutes for black 

and white players by the time period and the racial make-up of the referee crew, and we make no 

regression adjustments. As such, we don’t make anything of the raw differences in fouls called 

against white versus black players, as they tend to reflect the different roles they play on the 

court. Of greater interest is how this black-white difference varies with the composition of the 

refereeing crew. Reading down the first two columns shows that  the more white referees 

involved in a game, the fewer fouls are called against white players, with a much smaller decline 
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for black players. That is, the white-black foul differential declines as the number of white 

referees increases, which suggests either a negative out-group bias, or a positive in-group bias. 

Columns 3 and 4 show no such differences for the post-treatment 2007-2010 sample. The last 

two columns of Table 2 indicate that following the media attention, there was a decrease in fouls 

being called on both white and black players and for each of the different racial combinations of 

referee crews. These columns indicate that the elimination of own-race bias was primarily due to 

a reduction in the correlation between referee race and fouls called on white players and appears 

to also stem from a particularly large change in the fouls called by crews that involve zero white 

referees (although these account for only a small proportion of our sample, and so this finding 

shouldn’t be overstated). 

 

Table 2. How foul-calling varies by player race and racial make-up of referee crew 

 

 

Pre-treatment 

 

Post-treatment  %Change 

 

2003-2006 

 

2007-2010 

 Post-treatment, relative 

to pre-treatment 

Referees 

White 

players 

Black 

players Difference   

White 

players 

Black 

players Difference   

White 

players 

Black 

players 

0 White 5.13 4.4 0.73 

 
4.53 4.05 0.48  -11.63% -7.91% 

1 White 4.92 4.35 0.57 

 
4.51 4.09 0.42  -8.30% -6.04% 

2 White 4.78 4.31 0.47 

 
4.49 4.04 0.45  -6.18% -6.26% 

3 White 4.67 4.23 0.44   4.44 3.97 0.47   -4.89% -6.13% 

 

Notes: This table provides the average number of fouls called per 48 minutes for Black and 

White players. Each observation is weighted by the number of minutes the player was in the 

game. This information is provided separately for the pre-treatment 2003-2006 period, the post-

treatment 2007-2010 period, and by the racial make-up of the referee crew (0-3 White referees). 

The last two columns provide the percentage differences between the 2007-2010 and the 2003-

2006 periods.  

 

 

 Mechanism. Our findings suggest that public awareness can reduce the degree of racial 

bias. While this overall conclusion is important independent of the mechanism, understanding 
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the channel through which this reduction in racial bias is achieved can be informative about how 

these results may generalize to other settings. 

 We begin by looking for evidence that the NBA or referee union took explicit steps to 

remove racial bias. To do so, we re-analyzed our data at the refereeing level, using the same 

procedure as above to estimate bias, but doing so separately for games involving each referee. 

This yields a referee-specific measure of bias. First, we test whether referees that showed a large 

amount of own-race bias were less likely to continue officiating after the media coverage in 

2007. There were 66 referees who officiated at least 100 games between 2003 and 2006. Of these 

66 referees, 55 continued and officiated at least 100 games between 2007 and 2010. Of the 

eleven referees that stopped or significantly reduced the amount of officiating they did starting in 

the 2007 season, eight were white and three were black. Our estimates of the extent of bias from 

2003-06 among these referees who subsequently left the NBA yielded no indication that they 

were any more favorable to their own race than the average referee of their race during that data 

period (in fact, the white and black referees that stopped officiating were very slightly less own-

race biased on average than their same-race counterparts).  

Similarly, we test whether the new referees that started officiating games in 2007 or later 

were in some way less biased on average. Of the twelve new referees that officiated at least 100 

games between 2007 and 2010 (but did not do so in 2003-2006), eight were white and four were 

black. There is no evidence that these new referees were any less own-race biased than the other 

referees over this time period (once again, the results go very slightly in the other direction - the 

new referees if anything showed slightly more own-race bias relative to their colleagues).   

Second, we test whether the NBA systematically changed the racial makeup of each 

crew. The original Price and Wolfers results indicate that most of the racial bias was occurring 

when all of the referees were of the same race, with little change when moving from one black 
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referee to two black referees. Thus one easy way for the NBA to reduce the amount of racial bias 

would have been to increase the fraction of games officiated by mixed-race crews. This policy 

recommendation is similar to those that followed some high profile police shootings or beatings 

in which all of the officers involved were white, with the thought being that if at least one of the 

officers had been black, the incident may not have occurred (25). 

  

Figure 1. Fraction of mixed crews by season 

 

 
Notes: Each point in the graph indicates the fraction of crews that involved at least one referee 

that was black and one referee that was not black. The 95% confidence intervals are shaded. 

 

 In Figure 1, we document the fraction of games that were officiated by mixed-race crews 

for each of the seasons between 1991-2010. Comparing changes right around the timing of the 

media reporting about racial bias, there was an increase from 2005 to 2006 and again from 2006 

to 2007, but since 2007 there has been a small but steady decrease in the fraction of mixed-race 

crews, with an average fraction around 73%. This suggests that the change in bias during this 

period did not operate through a change in the fraction of mixed-race crews. 
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 We also attempted to verify whether the NBA had instituted a new policy that may have 

led to a reduction in racial discrimination. A phone conversation with NBA league administrators 

who oversee the NBA's officiating department suggests that that NBA did not take any specific 

action to eliminate referee discrimination. Specifically, the administrators to whom we spoke 

denied that the NBA spoke with the referees about the Price and Wolfers (6) study. They also 

indicated that the study did not lead to a change in referee incentives or a change in the way they 

train their referees. 

While it is difficult to completely rule out the possibility that the NBA somehow 

influenced the referees in our study, the evidence presented in this study suggests that the most 

likely mechanism through which the change in bias occurred is that the media reporting 

increased the awareness among referees about their own implicit racial bias and that this 

awareness led to a reduction in such bias. Equally, a purely observational study has obvious 

limits in assessing the mechanisms at play. 

 

Discussion 

 In this paper, we examine a real-world setting in which the individuals have large 

incentives to make correct decisions but were still exhibiting significant amounts of racial bias. 

Our results suggest that public awareness of racial bias was enough to bring about meaningful 

change. These results confirm that racial bias is not a fixed characteristic of individual decision 

making but can be reduced by the efforts of third party observers, particularly those equipped 

with large and detailed data about past decisions. An open question is whether a similar impact 

would occur if evidence of racial bias was privately shared with the individual decision makers 

as opposed to having it publicly disclosed. Our results might encourage organizations to conduct 
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their own racial bias audits as one of several tools available to reduce racial bias in individual 

decision making. 
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Additional Methods 

We use box score data from all regular-season games during the 1991-2010 seasons 

(where the year refers to the year the season starts). We use data from the original Price and 

Wolfers’ study for the 1991-2002 seasons and combine it with data we collected for the more 

recent years. The box score is a basic summary of the most important statistics for the game 

including information about individual player statistics (points, minutes, fouls, etc.), the final 

score of the game, and the names of the three officials. From the boxscore, we extract a dataset 

describing the performance of each player, in each game. We supplement this with data on the 

race of the player and referee, using photos to code each individual as either black or not black. 

Our main results use the same regression specification as Price and Wolfers in which the 

main coefficient of interest is an interaction between whether or not the player is black and the 

fraction of the referees that are white (controlling directly for the race of each). In the absence of 

any racial bias, this coefficient would be close to zero meaning that the number of fouls that 

black players receive (relative to white players) does not vary based on the racial composition of 

the referees. A positive coefficient provides evidence of own-group racial bias in which players 

receive more fouls when more of the referees assigned to the game are of the other race. 

Each regression includes player and referee fixed effects and controls for being on the 

home team or being one of the starters. Our main dependent variable is a foul rate in which we 

divide the number of fouls that a player receives by the number of minutes played and multiply 

by 48 (the number of minutes in a regulation NBA game). We weight each observation by the 

number of minutes played by each player so that our analysis gives less weight to players who 

spend very few minutes on the court during the game. 

It is important to note that our test is not about differences in fouls received by black 

players, nor is it about differences in fouls called by white referees. Both of these differences are 
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controlled for in our player and referee fixed effects. It is possible that black players may 

systematically receive more fouls or that white referees might call more fouls, but our test is 

about whether the difference in fouls called between black and white players changes as the 

racial composition of the refereeing crew differs. 
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