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Abstract
In 2005, Major League Baseball (MLB) introduced a new policy regarding the use of
performance-enhancing drugs (PEDs) wherein the league would not only suspend
but also publicly name any player who tested positive for banned PEDs. Using the
estimated television audience size of MLB games from 2006 to 2012, these PED
suspension announcements provide a unique natural experiment to test how con-
sumers react to news of PED use. This study finds that PED announcements have
two major impacts on the demand for baseball. First, there is on average an
immediate 9.3% reduction in the television audience of the PED player’s team.
Second, the magnitude of the effect gradually decreases over time yet remains
negative and significant for a period of 37 days or approximately 33 game-
broadcasts. This is the first study to link PED use to an adverse reaction by con-
sumers in a systematic way using television audience while controlling for the change
in team quality caused by removing the suspended player from the team.
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Professional sports has a very contentious and convoluted history with doping.

While consumers pay great sums of money for the chance to witness an exceptional

athletic performance, they also generally disavow the use of any performance-

enhancing drug (PED) in order to achieve it. A 2005 poll found that 86% of Major

League Baseball (MLB) fans say PEDs are either “a serious problem” or “ruining the

game” while only 5% think PEDs “make [the] game better.”1

Yet, no matter how outraged a random sample of self-purported baseball fans

may seem, very few studies have found systematic evidence that consumers respond

adversely to PED use. Surveys are also not necessarily guaranteed to be well rep-

resentative of individuals who pay to take in sports. A preferred approach may be to

use consumer expenditure on sports as a proxy for demand, such as ticket sales and

home-game attendance, to measure any changes resulting from news of PED use.

This study suggests using the television audience of MLB game-broadcasts to mea-

sure the impact of PED suspensions on the demand for baseball. It is argued that

television audience is a more meaningful proxy for demand for three reasons: (a) due

to the nature of the data, there is potentially a limit to the observed response to news

of a PED announcement when using attendance (“paid attendance” measures ticket

sales regardless of a ticket holder’s decision to physically attend), (b) impacts of a

PED announcement can be measured immediately using television audience (can

only be measured beginning the next available home game when using attendance),

and (c) a PED announcement can potentially have a much larger economic impact

on the television audience for the PED player’s team (affects television audience of

home- and away-game broadcasts; television audience is much larger than home-

game attendance).

The top-left panel of Figure 1 illustrates the first-order impact of a PED

announcement on the television audience of MLB game-broadcasts. Using the

pitcher Eliezer Alfonzo as a case study, deviations from the predicted television

audience are plotted for 15 days before and after his PED suspension announcement

(the dashed vertical line indicates the day of the announcement and the x-axis

represents the number of days since the suspension was first announced).2 This

high-level evidence suggests that consumers have a quite prompt and pointed reac-

tion to news of PED use. Yet, since the guilty PED player is also removed from

competition, much or all of this effect could be explained by the change in the

quality of the team. However, comparing the deviation when Eliezer Alfonzo was

suspended to that of when he was injured (the top-right panel of Figure 1), there does

not appear much support for this second conjecture.

Shifting the focus from an anecdotal to a systematic relationship, this study

estimates the effect of PED suspension announcements and finds it has two major

impacts on demand. First, there is on average an immediate 9.3% reduction in the

television audience of the team. Second, the magnitude of the effect gradually

decreases over time yet remains negative and significant for a period of 37 days

(approximately 33 game-broadcasts). This negative impact on television audience is

found to exist even after considering the change in quality of the team stemming
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from the removal of the PED player while they are suspended. This is the first

statistical evidence of a systematic negative relationship between PED use and

television audience.

Background and Literature Review

Broadly speaking, a PED is any substance taken to increase athletic performance.

This includes a wide range of drugs such as anabolic steroids or amphetamines

otherwise used to treat attention deficit hyperactive disorder. Beginning in 2005,

MLB implemented PED testing, selecting players at random and publicly announ-

cing the names associated with positive test results. Since 2006, regulations for PED
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Eliezer Alfonzo - Suspended: 9/14/2011; Injured: 6/9/2007

Figure 1. Example of the impact of a PED suspension and an injury announcement on proxies
for Major League Baseball demand using pitcher Eliezer Alfonzo. Note. Predicted values come
from a linear regression of natural logarithm of television audience/attendance and day of
week, month, year, and team fixed effects.
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testing have been set forth by the Joint Drug Prevention and Treatment Program

(JDP).3 Under the JDP, all MLB players are subject to at least three random PED

tests per year. Within 72 hours of a positive PED test, MLB reveals the name of the

guilty player and said player is immediately suspended without pay. The length of

the suspension depends on the individual’s number of previous positive tests as

well as the type of substance. Although the severity of punishment per offence has

since increased, the punishment regime was consistent from 2006 to 2013—see

Appendix Table A1 for details. Most importantly, by publicly announcing the

names of the players caught using PEDs, MLB under the JDP becomes an ideal

natural experiment where one can empirically test the effects of exogenous

shocks—news of a positive result of a random PED test—on a dependent vari-

able—the demand for live baseball.

There is already a large and well-developed body of demand estimation of pro-

fessional sports dating back to the mid-1970s (Noll, 1974). Traditionally, this

demand estimation has been accomplished by using attendance as a proxy for sports

demand (see Borland and MacDonald, 2003, and Villar and Guerrero, 2009, for a list

of approximately 100 such unique studies). However, issues with the caveats of

home-game attendance in addition to a need for a more varied approach have led

researchers to investigate alternative proxies for demand (Buraimo & Simmons,

2015; Tainsky, 2010).

There is also a second relevant body of economic literature regarding issues

related to the use of PEDs. Most of the focus is on understanding what it means

to be compliant with PED regulations and how best to achieve said compliance.

Studies can then be split into two categories on the debate of approaches to achieve

compliance (preventative vs. punitive), and most studies make use of a model of an

individual’s expected utility as a function of the risk-weighted costs and benefits of

using PEDs (Eber, 2008; Haugen, 2004; Maennig, 2002, 2009, 2014).

However, for all the research into the theory of how to best limit the use of PEDs

in sports, very few studies show there are any real consequences to league organisers

for failing to do so, that is, that consumers react adversely when athletes use PEDs.

There is but a small intersection of the previous two bodies of literature that attempt

to explore consumer behaviour in light of PED revelations. First, surveys have been

utilised to show that consumers have little tolerance for PED use in sports and

suggest that there is at least a potential for PED use to impact consumer demand

(Engelberg et al., 2012; Solberg et al., 2010). Relatedly, Buechel et al. (2016)

illustrate how such a potential consumer backlash to PED use could actually exacer-

bate PED prevalence by incentivising league stake holders to underreport and/or

under-test for its use: athletes could therefore further dope with a low probability of

having their transgressions revealed. However, the intentions of survey respondents

can often differ wildly from their own real-world actions (Brenner & DeLamater,

2016). This issue is compounded by the fact that surveys can often underrepresent

the particular subset of the population that actually pay, with money and/or time, to

consume sports (Cisyk & Courty, 2017).
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To correct for the lack of external validity and/or representativeness in surveys,

Cisyk and Courty (2017) use home-game attendance as a proxy for the MLB demand

and measure the impact of PED suspension announcements on attendance. The

authors find PED announcements lead to a short-term reduction in attendance which

is shown to directly impact the PED player’s team’s revenue. However, the authors

use home-game attendance, which, as eluded to above, has many constraints hence

the need to consider television audience as a proxy for demand (see Data section for

a detailed explanation).

Van Reeth (2013) makes the first attempt to link a sport’s television audience and

PED use in a systematic way but ultimately finds an inconclusive and negligible

impact. The author makes use of two television audience metrics of the Tour de

France, the average and the maximum audience size during a broadcast, but finds

these metrics are not all that dissimilar when used to explain the larger trend in

television viewership. The author is able to explain many patterns observed in the

data but ultimately does not distinguish between the consumer reaction to PED use

and the consumer reaction to the change in quality of the remaining athletes after the

PED user is removed from competition.

Taking a unique approach, Brave and Roberts (2019) illustrate that PED

announcements impact a local MLB team’s nonticket revenue at a rate of �1.7%
per additional PED suspension. Despite this negative effect, the authors note that

due to the impacts PED suspensions have on player costs, the profit-maximising

number of PED announcements is actually greater than zero—an issue that is revis-

ited later.4

Data

The data used herein come from four main sources. The first data source is the

estimated number of viewers, known as the television audience, of each MLB

game-broadcast as reported by the Nielsen Company or simply Nielsen. Nielsen

is recognised as the industry standard for, among other things, television audience

measurements. More specifically, the television audience is defined as the number of

televisions currently tuned to a given broadcast within a predefined area, known as

the designated marketing area (DMA). The sample of television audience used in

this study spans seven MLB regular seasons from 2006 to 2012, where the 30 MLB

teams are scheduled to play 162 games each season.5

Each MLB team is located within a single DMA. For example, the Atlanta

Braves’ local DMA is Atlanta, GA. Typically, each team participating in a game

creates its own television broadcast which is aired only within its local DMA.6 As a

result, each game ordinarily has two broadcasts and produces two observations in the

data.7 Hereinafter, when referring to a specific team of a game, the “local” audience

refers to the audience within the team’s local DMA (i.e., the audience of the Atlanta

Braves’ game-broadcast in the Atlanta DMA) and the “opponent’s” audience refers
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to the audience within the opponent’s local DMA (i.e., the audience of the Phila-

delphia Phillies’ game-broadcast in the Philadelphia DMA if the Philadelphia Phil-

lies were to play the Atlanta Braves), regardless of the home/away designation of the

two teams.

Note that several games per week are broadcast nationally. Nationally broadcast

games are excluded from the sample because the audience measurement includes

viewers outside of either participating team’s own DMAs. Lastly, the local DMA of

the Toronto Blue Jays is outside of the United States and local audience estimates are

subsequently unavailable. The final sample contains audience information for a total

of 29,648 observations. Table 1 displays descriptive statistics for the television

audience variable. Note that Nielsen reports television audience per thousand of

individuals, and values are rounded to the nearest thousand. As shown in Table 1,

the average audience size is 95,214 with a standard deviation of 81,273.

As noted in the Background and Literature Review section, numerous previous

studies have used home-game attendance as a proxy for demand. Although in most

scenarios the use of attendance is entirely appropriate, the use of television audience

is potentially a superior metric for measuring the impact of PED announcements for

three main reasons. First, the “attendance” measure used in these studies is often

actually “paid attendance” which represents the number of tickets sold to a game as

declared in each games’ official MLB box score. Consequently, after purchase of a

ticket, the consumer is counted as part of the paid attendance regardless of actually

Table 1. Descriptive Statistics.

Variable Mean SD Minimum Maximum

Audience (‘000s) 95.21 81.27 1.00 750.00
Playing-season suspension 0.02 0.14 0.00 1.00
Off-season suspension 0.01 0.08 0.00 1.00
Inactive 0.00 0.06 0.00 1.00
Broadcast of home team 0.50 0.50 0.00 1.00
Predicted season wins 80.68 9.31 51.71 103.83
Probability of winning game 0.50 0.09 0.21 0.79
Divisional rival 0.44 0.50 0.00 1.00
Interleague 0.10 0.30 0.00 1.00
Opening day 0.01 0.08 0.00 1.00
Broadcast length (minutes) 175.64 27.02 85.00 399.00
In-market NFL Game 0.02 0.14 0.00 1.00
In-market NBA Game 0.07 0.25 0.00 1.00
In-market NHL Game 0.04 0.20 0.00 1.00

Years: 2006-2012
Observations: 29,648

Note. NFL¼National Football League; NBA¼National Basketball Association; NHL¼National Hockey
League.
Definitions for each variable can be found in Table A2.
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attending. This limits the ability of the empiricist to measure the reaction of con-

sumers if tickets have been sold prior to a PED announcement. Furthermore, even if

attendance was measured by actual number of individuals attending a game, rational

consumers may view their tickets as sunk costs and attend regardless of what their

actions would be if the decision to purchase tickets came after a PED announcement.

Second, recall audience information is available for most games. This includes

both home and away games of the local team. Therefore, when a PED announcement

occurs, it is possible to measure any potential impact from the day of a PED

announcement regardless of if the PED player’s team is playing a home or an away

game. The initial impact measured on attendance is instead limited to the subsequent

home game of the PED player’s team after a PED announcement.

Third, the measured effect of a PED announcement has the potential to have a

larger economic impact on television audience than home-game attendance: because

the sample contains information on home- and away-game broadcasts, the impact of a

PED announcement can be observed for all affected game-broadcasts of the PED

suspension. As illustrated in Figure 1, despite the fact that each attendance panel

makes use of the same dates as its corresponding television audience panel, systemic

‘gaps’ exist in the attendance data simply because a local team must play games

outside of its home DMA where the attendance is attributed to its opponent. Moreover,

the television audience represents a far greater number of consumers than those in

attendance: the ratio of television audience to home-game attendance is roughly 6:1.8

Lastly, there are several smaller issues to consider. First, a stadium’s capacity

places an upper bound to the number of tickets sold and therefore an upper bound to

attendance. Any measured effect of a positive demand shock would thereby be

limited in its ability to be represented through attendance. Conversely, it is highly

improbable a single television event would be constrained by an analogous upper

bound.9 Second, although there is no evidence to support such a practice, it is not

unimaginable that a team would manipulate ticket prices in light of demand shocks,

thereby easing variation in the attendance. For all these reasons above, television

audience is explored to estimate PED impacts on demand.

The second source of data is the moneyline odds of each MLB game collected

from Covers.com. The moneyline odds Mt;s;i are used to calculate the probability

team t will win game i in season s. The moneyline odds are converted into a decimal

value of win probability as follows:

Probðwint;s;iÞ ¼

Mt;s;i

Mt;s;i � 100
if Mt;s;i < 0

100

Mt;s;i þ 100
if Mt;s;i > 0

:

8>>><
>>>:

ð1Þ

An adjustment is then made to the win probability of team t and team�t to ensure

probðwint;s;iÞ þ probðwin�t;s;iÞ ¼ 1, where �t is the opponent of t. This adjustment

is necessary because to the gambling nature of the data, the sum of the decimals odds
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will be greater than 1 due to the bookmaker’s take or margin (Štrumbelj, 2016). For

simplicity, a basic normalisation is applied as follows:

Probðwint;s;iÞ ¼
probðwint;s;iÞ

probðwint;s;iÞ þ probðwin�t;s;iÞ
: ð2Þ

The probability is also used to calculate a proxy for the quality of each team. This

proxy is termed the predicted season wins and measures the expected number of

wins of a team for the entire season prior to playing a given game. It is calculated

as follows:

Predicted season winst;s;i ¼
Xi�1

j¼1

ð1jwint;s;j ¼ 1Þ þ
X162

k¼i

probðwint;s;kÞ: ð3Þ

Stated alternatively, the predicted season wins is the actual number of wins of a

team for the entire season prior to playing a given game plus the expected future

number of wins in the remainder of the 162-game regular season.

The third source of data is the information on substitutes to MLB game-

broadcasts, namely that of competing sports broadcasts of the National Football

League (NFL), the National Basketball Association (NBA), and the National

Hockey League (NHL). When the local MLB team’s DMA is also home to a

substitute sports team, the substitute team is said to be “in-market.” For a list of

in-market teams of the substitute sports leagues for each MLB team, see Appendix

Table A3. Schedules of substitute sports’ game-broadcasts are collected from

Sports-Reference.com, and incidences where a game-broadcast of the local MLB

team overlaps with an in-market substitute sports team are flagged. For example,

Table 1 shows that for 7% of the observations, a local MLB game-broadcast

occurred on the same day as an in-market NBA game.

The final source of data is the variable of interest, PED events, from ProSport-

sTransactions.com. A summary of these events is presented in Appendix Table A4.

Two types of PED events are identified based on the timing of the suspension

announcement: the first type of PED event, the off-season suspension, indicates the

player was tested and found guilty of PED use outside the window of the MLB

regular season. There are six of these events in the sample. Recall that PED testing is

random, and suspension announcements would therefore be exogenous. However,

this is not to say all suspensions must be exogenous. Off-season suspensions are

identified separately due to the fact that they are always served at the beginning of

the subsequent regular season, and therefore the timing of the game-broadcasts

affected by an off-season suspension is endogenous.

The second type of PED event is termed the playing-season suspension, wherein a

player has tested positive for PEDs and their suspension has been announced during

the months of the MLB regular season. There are 12 playing-season suspensions
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within the sample period and 2% of all observations are game-broadcasts featuring a

local team with a currently suspended player (see Table 1).

Information is also collected on injury spells of each of the PED players from

ProSportsTransactions.com where available. This information can be found in

Appendix Table A4. For seven of the PED players, an injury spell that is closest

in time to their PED event is identified and matched with the suspension. The injury

event represents game-broadcasts for which the PED player did not participate for

the local team due to their physical injury.

As mentioned in the Background and Literature Review section, MLB announces

the name of a guilty player within 72 hours of a positive PED test result, news of

which is then covered and circulated by traditional and social media. Information on

injury events are typically announced through the same channels as PED events, and

the speed and extensiveness of the dissemination of these two types of announce-

ments are expected to be similar.

Empirical Framework

Let A denote the local television audience of a game-broadcast. The following

specification is estimated:

lnðAÞ ¼ b0 þ IPEDðbPED þ be
PEDeÞ þ IOFFbOFF þ IINJ ðbINJ þ be

INJ eÞ þ bX X þ e:

ð4Þ

The variable IPED is a dummy that takes the value of one if the local team has a player

currently serving a playing-season suspension and zero otherwise. Within the

associated parentheses, the variable e measures the time elapsed between the PED

announcement and the observed game-broadcast, measured in days. The impact of the

playing-season suspension announcement on the local television audience of the game-

broadcast e days later can then be calculated by summing bPED þ be
PEDe. The variable

IOFF is a dummy that takes the value of one in game-broadcasts where the local team has

a player currently serving an off-season suspension. Similar to the playing-season

suspension, IINJ is a dummy indicating a PED player is currently injured and the

corresponding e is the time since the injury announcement and game-broadcast. Lastly,

X represents a set of control variables which are consistent with past baseball demand

estimation and includes controls for demand cycles (day of the week, afternoon/eve-

ning, month, year, and availability of substitutes) as well as controls for both teams of

the game-broadcast (probability of winning, and local team and opponent fixed effects).

There are several potential issues with this approach regarding endogeneity. First,

game-broadcasts associated with PED announcements that occur in the off-season

are not exogenous. These game-broadcasts are always the first observations of a

playing season. As mentioned earlier, the off-season PED announcements are treated

separately by use of the variable IOFF .
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Another area of concern deals with reverse causality: note that PED use increases

both demand for baseball and probability of a PED suspension. This conjecture would

require PEDs to have very strong and immediate effects on not only the PED player

but also on the demand for the PED player’s team. While both of these aforementioned

phenomena occurring simultaneously seems unlikely, robustness checks in the fol-

lowing section explore this issue further to rule out the possibility of reverse causation.

Lastly, PED announcements may be correlated with team quality. As referenced in

the Background and Literature Review section, the suspended player is removed from

the team, thereby likely changing the quality of the PED player’s team. To separate the

impact of the PED announcement from the impact of the change in team quality, another

event is studied where the same PED players are removed from competition for long

period—this time in less dubious circumstances—due to injuries. Then, similar to a

difference-in-differences approach, bINJ þ be
INJ e is the effect of the change in team

quality on demand for baseball and ðbPED þ be
PEDeÞ� ðbINJ þ be

INJ eÞ is the isolated

effect of the PED announcement absent the change in team quality.

Results

Estimates of Equation 4 were run on various specifications. Below is a presentation

of the core results which form the basis of the conclusions, additional robustness

checks, and a discussion of the implications of the findings.

Impacts of PED Announcements on Local Television Audience

Core results of Equation 4 can be found in Table 2 with t-statistics displayed below each

estimated coefficient along with asterisks indicating the conventional significance

levels. Each model is reported with heteroscedasticity-consistent standard errors.

Column 1 reports a simplified version of Equation 4. All control variables have the

predicted sign and are significant while the model is able to explain 80.5% of the variation

in the television audience. Positive coefficients are estimated for dummy variables indi-

cating features of the game-broadcast such as teams of the same division (þ6.7%),

interleague play (þ7.7%), the first home-game broadcast of the season (þ42.5%), and

an evening game-broadcast (þ51.0%). All else equal, game-broadcasts receive an 8.6%
increase in television audience when the local team is playing at its home ballpark.

Generally speaking, higher values of predicted season wins indicate a stronger local team

and positively affect the number of viewers at a rate of þ3.4% for each additional

expected win. Also, consistent with the uncertainty of outcome hypothesis, the model

suggests television audience is largest for game-broadcasts where the local team is

approximately twice as likely to win than to lose (win probability of 66.7%; Rascher,

1999).10 Lastly, as expected, the audience size for game-broadcasts also declines when

substitutes are readily available: this includes NFL games (�37.7%), NBA games

(�7.1%), and NHL games (�3.5%).
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Table 2. Regression Output.

ln(Local Television Audience) (1) (2) (3) (4)

Local team has a(n) . . .
Playing-season suspension �0.0346** �0.0978*** �0.0977*** �0.0965***

(�1.975) (�3.537) (�3.534) (�3.487)
Time elapsed 0.0019*** 0.0019*** 0.0019***

(3.188) (3.190) (3.170)
Off-season suspension �0.1298*** �0.1312*** �0.1311*** �0.1297***

(�3.885) (�3.924) (�3.919) (�3.876)
Injury �0.0304 �0.0299

(�0.710) (�0.699)
Time elapsed 0.0026 0.0026

(0.875) (0.882)
Local team’s opponent has a(n) . . .

Playing-season suspension 0.0259
(0.901)

Time elapsed �0.0003
(�0.440)

Off-season suspension 0.0392
(1.068)

Injury �0.0495
(�0.686)

Time elapsed 0.0028
(0.659)

Broadcast of home team 0.0824*** 0.0825*** 0.0826*** 0.0825***
(13.212) (13.231) (13.237) (13.217)

Predicted season wins 0.0330*** 0.0330*** 0.0330*** 0.0330***
(78.466) (78.439) (78.354) (78.346)

Probability of winning game 1.6570*** 1.6542*** 1.6519*** 1.6480***
(5.918) (5.912) (5.904) (5.889)

Probability2 �1.1938*** �1.1918*** �1.1895*** �1.1847***
(�4.434) (�4.429) (�4.421) (�4.402)

Divisional rival 0.0652*** 0.0652*** 0.0651*** 0.0651***
(11.815) (11.817) (11.804) (11.807)

Interleague 0.0738*** 0.0738*** 0.0738*** 0.0736***
(6.918) (6.912) (6.912) (6.901)

Opening day 0.3540*** 0.3538*** 0.3537*** 0.3533***
(9.668) (9.660) (9.655) (9.636)

Evening game 0.4121*** 0.4122*** 0.4122*** 0.4122***
(41.484) (41.498) (41.492) (41.490)

Length of broadcast 0.0017*** 0.0017*** 0.0017*** 0.0017***
(17.295) (17.361) (17.358) (17.333)

In-market NFL game �0.4726*** �0.4726*** �0.4727*** �0.4730***
(�17.341) (�17.338) (�17.342) (�17.340)

In-market NBA game �0.0732*** �0.0730*** �0.0730*** �0.0731***
(�5.773) (�5.765) (�5.768) (�5.785)

(continued)
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However, as for the variable of interest, the model presented in Column 1 impli-

citly assumes that the effect of a playing-season PED announcement is constant

across the entirety of the suspension. Under this constant-impact assumption, the

model suggests there is but a small negative impact of a suspension announcement

on the television audience.

Instead, the same model is estimated and shown in Column 2, now allowing the

impact of the PED announcement to vary over the length of the suspension as

achieved by the inclusion of the time elapsed variable. The results of the control

variables from Column 1 largely remain unchanged; however, Column 2 shows the

playing-season PED announcement to now have an initial 9.3% decline in television

audience.11 The time elapsed variable suggests the negative effect dissipates as time

passes the PED announcement at a rate of 1.9 percentage points every 10 days.12

This is an interesting find. Certainly, the estimate of the time elapsed variable could

be negative if information of the PED suspension is disseminated slowly, zero if time

does not affect the reaction of consumers, or nonmonotonic if there are other factors

at play. Instead, a positive estimate of time elapsed indicates a “decaying” effect of

the impact of PED announcements on television audience. This is consistent with a

hypothesis that consumers may not be able to recall that a player is suspended or may

have ended their temporary boycott (Cisyk & Courty, 2017).

The full estimation of Equation 4 is shown in Column 3. Similarly, the model

finds an immediate 9.3% decline in television audience the day of a PED announce-

ment which wanes over time. The negative effect of a PED announcement is found

to be significant for 37 days or approximately 33 game-broadcasts.13 A graphical

depiction of this effect is shown in Figure 2 where the black line illustrates the

average effect, the blue shaded area represents the confidence interval, and the red

dashed line indicates the final day the effect is statistically significant.

Table 2. (continued)

ln(Local Television Audience) (1) (2) (3) (4)

In-market NHL game �0.0358*** �0.0357*** �0.0357*** �0.0354***
(�2.620) (�2.618) (�2.616) (�2.596)

Day of week FE Yes*** Yes*** Yes*** Yes***
Month FE Yes*** Yes*** Yes*** Yes***
Year FE Yes*** Yes*** Yes*** Yes***
Local team FE Yes*** Yes*** Yes*** Yes***
Opponent FE Yes*** Yes*** Yes*** Yes***
R2 .8051 .8052 .8052 .8052
Observations 29,648 29,648 29,648 29,648

Note. Model estimated with heteroscedasticity-consistent standard errors; t-statistics shown in parenth-
eses. Definitions of each variable can be found in Table A2. NFL ¼ National Football League; NBA ¼
National Basketball Association; NHL ¼ National Hockey League; FE ¼ fixed effect.
*p < .10. **p < .05. ***p < .01.
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Column 3 also addresses the concern that PED announcements are correlated with

team quality by adding the controls for when the PED player is removed due to injury. As

with the controls for playing-season suspensions, a linear form is imposed on the time

elapsed between injury announcement and the game-broadcast. However, the model

suggests the injuries to the PED players have no statistical impact on the television

audience. Instead, consumers are reacting solely to the news of the PED suspension.

Each aforementioned model also estimates the effect of an off-season suspension

on television audience. However, recall that off-season suspension events are iden-

tified separately because the affected game-broadcasts are correlated with the begin-

ning of the regular season. Therefore, because game-broadcasts are not observed in

the same regular season before the off-season suspension treatment, the estimated

coefficient is more difficult to interpret due to the possibility of other demand shocks

that may occur coincidently.

The final model shown in Table 2, Column 4, attempts to uncover any spillover

effects of a PED announcement. This is achieved by adding additional regressors to

Equation 4 to control for when the local team’s opponent has an injury or is currently

serving a PED suspension. However, there appears to be no evidence of a collective

response from viewers to an opponent after a PED announcement—all estimated

coefficients of the opponent variables are not significant. This suggests there is no

support for any spillover effects from PED suspensions and/or injuries to PED players.

Instead, the impact of a PED announcement is said to be localised (affecting only

the local audience). One possible explanation may be that news of PED
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Figure 2. Illustration of the effect of a PED suspension announcement on the local Major
League Baseball television audience (see Column 3 of Table 2).
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announcements may be disseminated more thoroughly within, rather than outside,

the local DMA of the PED player’s team. Another possible explanation may be that

fans do not equate watching their local team to providing support for its opponent.

This is not entirely inconsistent with the conjecture that PED news causes with-

drawal of consumer support. Instead, under this hypothesis, consumers would not

necessarily display their displeasure by boycotting their local team because of its

opponents’ PED suspension.

Robustness Checks

Numerous robustness checks are performed. Table 3 displays the most noteworthy

variations while others are described and not shown. Column 1 begins by consid-

ering only PED players for which there is an injury event corresponding to their

suspension. Appendix Table A4 lists seven such “balanced” events for which there is

a valid counterfactual to the playing-season suspension. The remaining suspension-

treated observations are removed from this specification. While the point estimates

of the playing-season suspension variables are slightly different, following a t-test,

they remain statistically unchanged.

As eluded to in the Empirical Framework section, there still remains the possi-

bility of reverse causality wherein a PED player is able to avoid detection long

enough to impact demand before the PED announcement. In this scenario, the

negative playing-season suspension coefficient would measure the return of an

‘artificially inflated’ demand to its otherwise expected level. To address this con-

cern, the dummy variable for the presuspension window of Column 2 takes a value

of 1 for a period of 50 days prior to the PED announcement. Despite the concern,

there is no evidence to support this reverse causality hypothesis: the coefficient of

the window variable is insignificant, and all other results remain unchanged. This

remains true regardless of the window length considered, such as 10, 15, or 30 days.

Column 3 addresses any remaining concern of correlation between team quality

and PED announcement by directly controlling for the quality of the PED player.

This specification uses a performance metric named Wins Above Replacement

(WAR) which illustrates how important the PED player is to his respective team

prior to suspension. Values of WAR are based on an individual’s performance

relative to an entry-level player where positive values of WAR indicate greater

individual performance.14 If consumers react not to the news of the PED announce-

ment but to the quality of the suspended PED player, the coefficient on the WAR

variable would be negative and significant (in turn likely causing the coefficient of

the playing-season suspension variable to be insignificant). Instead, the WAR coef-

ficient is found to be statistically no different than zero, and estimates of the playing-

season suspension variables are unchanged. Although not shown, similar results are

found when considering the salary of the PED player.

Column 4 adds a control for PED events of players who, at the time of announce-

ment, were members of a Minor League Baseball (MiLB) team.15 Among these

14 Journal of Sports Economics XX(X)
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events, only those featuring MiLB players with some MLB experience (either prior to

or post-suspension) are considered—see Appendix Table A4 for this list of MiLB PED

suspension events. However, no significant effect is found from a MiLB PED suspen-

sion announcement. While this may be unexpected, it is not all that entirely surprising

as a similar result has already been illustrated with the spillover effect, or lack thereof,

with PED events of the local team’s opponent (see Column 4 of Table 2). Related to

the result that local consumers do not respond to their opponent’s transgressions, fans

may not be aware of the local team’s MiLB PED suspension (MiLB teams are often in

very different DMAs than its MLB affiliate16) or do not equate support for the local

MLB team with support for the associated MiLB team. Note that while various

specifications of a decay effect were explored, none were found to be significant.

Several PED players within sample also have a second PED suspension.17 By

adding a dummy for a PED player’s second suspension, Column 5 explores the

consumer’s reaction to recidivism. This estimated effect could plausibly have either

sign: a negative value indicating a stronger condemnation for repeated indiscretions

or a positive value—possibly even negating the playing-season suspension effect—

indicating apathy and indifference to a known PED user. Instead, results suggest

consumers have the same reaction to repeat offences.

The final column of Table 3 tests for the consumer reaction to the end of the PED

suspension. Similar to Column 2, the model adds a dummy variable for the prefer post-

suspension window of 50 days after the PED player’s reinstatement. Oddly enough,

consumers do not undergo a second round of (temporary) boycotts when the PED player

returns to the team. This is an interesting find, although it is not entirely inconsistent

with the conjecture that consumers may not recall a player is suspended (the hypothe-

sised reason there exists the decay effect given a playing season suspension). These

results hold after varying the reinstatement window length and considering decay.

Various forms of standard error estimators are considered in order to address any

remaining concern of correlation of the error term that may lead to overstating the

impact of the results. As mentioned in the Results section, all specifications report

heteroscedasticity-consistent standard errors; however, there remains alternative

options to explore. This includes clustering standard errors by opponent year or

opponent series.18 This also includes bootstrap and jackknife standard error estima-

tion techniques. In each case, the significance of the results is unchanged, and the

inference thereof remains the same.

Other specifications are explored—such as unilaterally removing each PED sus-

pension event from the estimation sample or considering alternative definitions of

in-market substitute sports—all with similar results. One such specification asks

whether fans react stronger to PED suspension announcements when the team is

experiencing great success—a reaction perhaps fueled by the belief their team’s

performance was driven by PED use. This is done by splitting events by the promi-

nence of the PED player’s team using the predicted season wins at the time of the

suspension event. Results suggest fans have equal reactions regardless of the team’s

performance; however, local fans may not be the correct reference group to
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investigate this concern. Instead, one may want to consider the viewership patterns

of individuals with no obvious allegiance to one team, such as consumers outside of

all DMAs of MLB teams or consumers within DMAs with multiple MLB teams, and

observe any substitution away from the PED player’s team or away from the sport

entirely. This is left for further research.

Another item for future research would be to investigate alternative definitions of

the control group, that is, injury spells. While there appears to be no effect on demand

from injury announcements of PED players, the average length of these events is not

necessarily equal to that of the PED suspensions. Other events worthy of exploration

could be consumer reaction to other types of suspensions. For example, in 2015, MLB

introduced a formal policy on domestic violence that has already brought about 10

suspensions against MLB players ranging in length from 15 to 100 games.19

Lastly, although the sample covers seven years of MLB television viewership,

there are considerations to make for external validation. Recall that the entirety of the

sample occurs under one punishment regime; however, the punishment regime has

since been toughened, and bans for the same offence are now much longer.20

Assuming the rate of PED suspensions since the end of the sample has not declined

dramatically, there would necessarily be a higher frequency of suspension-treated

game-broadcasts in the period since 2013. Within sample, 2% of game-broadcasts

carry a PED treatment, and these relatively rare events may provide large informa-

tional value to consumers. However, it is not entirely obvious that more suspension-

treated game-broadcasts would have the same average effect. Future research should

explore the PED suspension announcement across the various punishment regimes to

test for time-dependent recidivism and consumer habituation to PED announcements.

Protecting the Financial Integrity of Baseball

While clandestine use of PEDs may actually be a benefit to the commercial viability of

sports, league organisers may still have strong economic incentive to enforce anti-PED

regulations (Preston & Szymanski, 2003). Because public news of PED use is generally

not well received, one such incentive would be to stop the outflow of consumer support

and protect the sport’s financial integrity (Mazanov & Connor, 2010). For example, as

illustrated by Cisyk and Courty (2017), news of a PED announcement results in a loss

of close to US$743,000 in forgone ticket revenue to the PED player’s team.

However, the decline in television audience does not necessarily provide the

same incentive: consider that each MLB team can bargain with a local television

station for the rights to locally broadcast each of its regular-season games. Typically,

a team enters into a large contract with often a single television station for rights to

broadcast its games. The dollar value of its contract is primarily predicated on the

number of viewers the local television station expects to receive and the value of

advertisement it can sell during the game-broadcasts.

Information on each team’s television contract can be found in Appendix Table

A5. There are two important features to note of each television contract, the first of
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which is the team’s ownership share of the local television station. While the average

share is 22%, 13 teams have zero ownership of the local television station and,

therefore, have little incentive in preserving the financial integrity of the game-

broadcasts for the remainder of its current contract.

Second, television contracts are often very lengthy—the largest observed value in

Appendix Table A5 is 30 years. In the short run, these contracts become fixed costs

for the television station regardless of realised advertisement revenue. Bargaining

for a new television contract may include updated information on the financial

integrity of the team but, as already found by Brave and Roberts (2019), teams may

forgo long-term profits for short-term gains from PED use. Thus, such lengthy

contracts suggest that a team need not have a large discount rate to greatly discount

a decline in future television contract revenue.

Summary and Conclusion

This study finds when a PED suspension is announced, the PED player’s team on

average experiences a 9.3% decline in television audience in the subsequent game-

broadcast. The magnitude of this negative response to the announcement begins to

wane over time yet is statistically significant for at least 37 days. This study also

finds there is no effect on television audience when the same players are removed

from their teams due to injuries suggesting that consumers are responding solely to

the PED announcement and not to the change in the talent featured in the game-

broadcast.

This study also finds that while there is a strong localised response to PED

suspension, there is no evidence of a collective response, that is, the PED player’s

opponent does not see a decline in its own television audience. A similar finding that

consumers do not react to PED suspensions of the local team’s affiliated MiLB

players suggests news of PED transgressions does not travel far outside the local

team’s DMA or that fans do not equate support for their local team with support for

the opponent and/or MiLB team.

Further robustness checks are considered such as PED player performance con-

trols, recidivism, and reaction to the PED player’s reinstatement from suspension: all

return similar results. Other specifications raise important questions for further

research such as the reaction to a PED suspension from fans who have other MLB

options available or consumer reaction in light of suspensions stemming from the

relatively new MLB policy on domestic violence.

The findings of this study are consistent with the hypothesis that consumers do

care about PED use in sports. While PEDs are said to be a potential benefit (greater

chance to see an exceptional athletic performance) as well as a potential hindrance

(loss of consumer support) to the financial integrity of sports, this study certainly

points to the latter, although it has been illustrated that teams may not fully

internalise the cost of its own player’s PED suspension.
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Appendix

Table A1. Performance-Enhancing Drug (PED) Suspension Punishments (2006-2013).

Positive Tests

Length of Suspension

Non-stimulant PEDs Stimulants

First 50 games Follow-up testing
Second 100 games 25 games
Third Up to lifetime 80 games
Fourth — Up to lifetime

Source. Major League Baseball’s Joint Drug Prevention and Treatment Program.

Table A2. Variable Descriptions.

Variable Name Description

Playing-season suspension Takes a value of 1 when a PED player from the team is currently
serving a suspension announced during the regular season,
0 otherwise. Time elapsed refers to the number of days since
the announcement of the suspension.

Off-season suspension Takes a value of 1 when a PED player from the team is currently
serving a suspension announced outside the regular season,
0 otherwise.

Inactive Takes a value of 1 when a PED player from the team is inactive due
to an injury, 0 otherwise. Time elapsed refers to the number of
days since the PED player was placed on the injured list.

Local team is home team Takes a value of 1 when the local team is the home team,
0 otherwise.

Predicted season wins The expected number of total season wins of the local team.
Probability of winning game The expected probability the local team wins the game.
Probability2 The squared value of probability of winning game.
Divisional rival Takes a value of 1 when the local team and non-local team are

within the same division of the same league, 0 otherwise.
Interleague Takes a value of 1 when the local team and non-local team are

not within the same league, 0 otherwise.
Opening day Takes a value of 1 for the first game-broadcast in each season

where the local team is the home team, 0 otherwise.
Evening game Takes a value of 1 when the game is played after 18:00, local time.
Length of broadcast Length of the game-broadcast, measured in minutes.
In-market NFL game Takes a value of 1 when the game-broadcast occurs on the same

day as a game of an NFL team in the local team’s DMA.
In-market NBA game Takes a value of 1 when the game-broadcast occurs on the same

day as a game of an NBA team in the local team’s DMA.
In-market NHL game Takes a value of 1 when the game-broadcast occurs on the same

day as a game of an NHL team in the local team’s DMA.

Note. PED ¼ performance-enhancing drug; NFL ¼ National Football League; DMA ¼ designated mar-
keting area; NBA ¼ National Basketball Association; NHL ¼ National Hockey League.
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Table A5. Television Contract Information, 2016

Team
Annual Value
($ Millions)

Length
(Years)

Ownership
(%)

Market Size
(Thousands)

Average
Audience

(Thousands)

Los Angeles Dodgers 334.0 25 100 5,613.5 117.3
New York Yankees 190.0 30 20 7,384.3 293.5
Los Angeles Angels 150.0 20 25 5,613.5 62.6
Seattle Mariners 100.0 18 71 1,818.9 64.1
Philadelphia Phillies 100.0 25 25 2,949.3 170.4
Boston Red Sox 80.0 N/A 80 2,366.7 145.3
Houston Astros 80.0 20 0 2,215.7 20.6
Texas Rangers 80.0 20 10 2,588.0 154.1
Arizona Diamondbacks 75.0 20 N/A 1,812.0 63.0
San Francisco Giants 70.0 25 30 2,502.0 126.2
St. Louis Cardinals 66.7 15 30 1,243.5 95.2
Chicago Cubs 65.0 16 20 3,484.8 75.0
New York Mets 52.0 25 65 7,384.3 170.6
Chicago White Sox 51.0 16 20 3,484.8 75.8
Detroit Tigers 50.0 10 0 1,845.9 167.0
San Diego Padres 50.0 20 20 1,075.1 20.0
Oakland A’s 47.6 21 0 2,502.0 32.8
Washington Nationals 46.0 23 18 2,359.2 57.6
Baltimore Orioles 46.0 23 82 1,085.1 52.6
Cleveland 40.0 10 0 1,485.1 64.7
Minnesota Twins 40.0 12 0 1,728.1 77.5
Atlanta Braves 35.0 20 0 2,326.8 83.7
Cincinnati Reds 30.0 10 0 897.9 75.4
Pittsburgh Pirates 25.0 10 0 1,165.7 72.7
Milwaukee Brewers 24.0 7 0 902.2 44.9
Kansas City Royals 20.0 12 0 931.3 35.1
Colorado Rockies 20.0 10 0 1,566.5 42.3
Tampa Bay Rays 20.0 10 0 1,806.6 87.0
Miami Marlins 18.0 15 0 1,621.1 31.6

Source. FanGraphs.com and Nielsen.
Note. N/A ¼ not available.
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Notes

1. Eight percent say performance-enhancing drugs (PEDs) are “not a problem”; 1% have no

opinion (see Gallup, “Baseball Fans Have Little Patience for Steroid Abuse,” https://

news.gallup.com/poll/15379/baseball-fans-little-patience-steroid-abuse.aspx).

2. Predicted audience comes from a linear regression of natural logarithm of television

audience/attendance and day of week, month, year, and team fixed effects.

3. See MLB Joint Drug Prevention and Treatment Program available at http://mlb.mlb.com/

pa/pdf/jda.pdf

4. Recall PED suspensions are unpaid and the PED player forfeits his salary for the duration

of the suspension.

5. Note, the sample does not include games prior to or after the regular season, that is, the

sample excludes spring training and/or the post-season playoffs.

6. Specifically, a team may broadcast any game in which it participates only within a

predetermined area surrounding and including the team’s designated marketing area

(DMA). For more information, see MLB Constitution Article X, §3(a), http://www.

law.uh.edu/assignments/summer2009/25691-b.pdf

7. Note, even if the two participating teams share the same DMA, there are still two unique

game-broadcasts.

8. The average ratio of each team’s annual attendance to annual television audience is 0.169.

9. For context, Nielsen also estimates the percentage of televisions tuned to a particular

broadcast also known as the broadcast’s ratings. The current record for the highest ratings

of a nationally televised broadcast is 60.3% for the M*A*S*H finale, “Goodbye, Farewell

and Amen,” aired on February 28, 1983.

10. 1:6570
2�1:1938

¼ 69:4% � 2
3
:

11. expðbPEDÞ � 1 ¼ expð�0:0978Þ � 1 ¼ �9:3%:

12. 10� ðexpðbe
PEDeÞ � 1Þ ¼ 10� ðexpð0:0019Þ � 1Þ ¼ 1:9%:

13. Each Major League Baseball (MLB) regular season consists of 162 games played over the

span of approximately 180 days, a rate of 162
180
¼ 0:9 games per day. One would therefore

expect 37� 162
180
� 33 game-broadcasts to occur within 37 days.

14. See MLB, “Wins Above Replacement (WAR),” available at http://m.mlb.com/glossary/

advanced-stats/wins-above-replacement

15. Note, Minor League Baseball (MiLB) teams are usually (although not always) affiliated

with a MLB team and consist of individuals vying for positions on said MLB team.

16. In fact, unless otherwise granted permission, no MiLB team may play its home games

within the home territory of any MLB team—see MLB Rule 52(a)(4), https://registration.

mlbpa.org/pdf/MajorLeagueRules.pdf

17. Alfonzo, Mota, Perez, and Ramirez (see Table A4).

18. Typically, a home-away pair play in two to four consecutive games known as a

“series.”
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19. See MLB, MLB Players Association Joint Domestic Violence, Sexual Assault, and Child

Abuse Policy available at http://riveraveblues.com/wp-content/uploads/2015/08/

Domestic-Violence-Policy.pdf; see also ProSportsTransactions.com

20. As of 2014, the PED punishments are 80 games for a first infraction, 162 games for a

second, and lifetime for a third—see MLB Joint Drug Prevention and Treatment Pro-

gram, http://mlb.mlb.com/pa/pdf/jda.pdf
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