Performance-Enhancing Drugs: An Economic Analysis

Evan Osborne

Wright State University

Dept. of Economics

3640 Col. Glenn Hwy.

Dayton, OH 45435

(937) 775 4599

(937) 775 2441 (Fax)

evan.osborne@wright.edu
June, 2005
“The use of anabolic steroids, in retrospect, will seem almost prehistoric.  Steroids are like the early biplanes.  People got in them and crashed.  But now people fly everywhere without a second thought.  Steroids have negative connotations because of harmful side effects, but get rid of the harm associated with enhancement, and where is the controversy?”
- Jerome Glenn, director of Millennium Project at the American University for the United Nations, Sports Illustrated, March 20, 2005, p. 50.

The controversy over steroids that has seized major-league baseball in recent years is after a moment’s consideration curious in at least one respect.  Steroids and other medicines are a productive input.  They increase a player’s ability to produce both statistical output that fans enjoy – home runs, faster pitches, etc. – and other things equal they increase a user’s team’s chances of winning.  In this they resemble other inputs about which there is little controversy – weight training, better nutrition, watching game film, etc.  Why are performance-enhancing drugs (PEDs) of all sorts so controversial while these other techniques are not only unobjectionable but expected?
One possible answer is that steroids harm the athlete, and hence league officials and fans object to them out of concern for the athlete’s welfare.  But this seems hard to believe.  Obesity in the NFL is quite possibly a much larger threat to players’ health, given recent evidence about how prevalent it is there (Harp and Hecht, 2005).  While there appears to be no research supporting the widespread claim that NFL players have significantly shorter lifespan than male Americans generally, it is well-known that they suffer substantial skeletal and other morbidity problems that, even if they are not fatal, diminish the quality of life.  The entire sport of boxing is also based on activities that are harmful to the participants.
But PEDs are arguably different than other inputs in ways that might make them objectionable, and that they share with a handful of other inputs.  In particular they may represent a form of shirking, in that they allow players to achieve higher productivity than their innate physical capital and effort would otherwise allow.  If effort is costly, drugs may be a substitute for them and players may then engage in less effort than they otherwise would.  If effort is another object of preference for fans in addition to individual athletic excellence or team, players and sports leagues may suffer fan penalties when they are widely used.  This paper develops a series of simple game-theory models of this argument.  Section 1 briefly surveys the extent of PED use and anti-PED testing, Sections 2-4 present several models of PED use, and Section 5 explores some of the empirical implications.
1.  History of and Reaction to PEDs in Sports

PEDs are a concern in a wide variety of sports, including some where the performance enhancement does not involve physical strength and where the health dangers are different if they exist at all.  For example, the governing bodies of snooker, chess and shooting test for substances that improve capabilities in these sports for reasons that have nothing to do with strength.  Table 1 shows some of the provisions of PED policies in several major sports governing bodies.  There is significant variation in rules on whom to test and the penalties to impose if PEDs are detected.

And the use of PEDs, or their pre-modern equivalents, is no industrial-age innovation.
  Historians report that competitors in the ancient Olympics used plant substances such as mushrooms and seeds to obtain a competitive advantage.  There are also claims that both horses and gladiators in the Roman empire were fed substances designed to make them faster in the former case and braver in the latter.  And in both the Greek and Roman cases there was a significant commercial incentive attached to improved performance.  In the Greek case the incentive primarily affected the athlete, who received lavish rewards in the form of various payments in kind.  If one believes the standard historical narrative about the Roman circus as a device to keep the population entertained by spectacular feats in order to distract them from mediocre governance, their purpose was to keep the population entertained.  The increase in performance of competitors and combatants, particularly if undetected by spectators, would certainly be an objective of those running the events as well as perhaps those engaging in them.

There is little evidence of PED use in the post-Roman, pre-modern era in Europe, probably because of the end of sport as a mass-entertainment activity.  But the revival of modern spectator sports in the U.K. in the nineteenth century was quickly accompanied by the return of PEDs.  According to a report by the UK House of Commons, Culture and Sport Committee (2004), the first recorded instance of an expulsion for doping occurred in a canal race in Amsterdam, an incident reported in 1865.  Much of what we know in the earliest years of commercial sports we know because athletes fell ill or were killed by PED use.  In 1904 the American runner reportedly Thomas Hicks took a combination of brandy and strychnine during the Olympic marathon which made him fall ill.  By 1928 the IAAF enacted the first anti-doping measure, but with few means of enforcement.  It was frequently asserted at the time that the Olympics in the 1950s and 1960s were rife with doping, and several speed skaters were said to have become ill from amphetamine use in the 1952 Helsinki Games.  (Recall that some of the Olympic abuse famously occurred in Soviet-bloc nations, where political prestige in Cold War competition rather than explicit commercial reward was the objective function.)  
Part of what is striking about this history is the relative absence of concern about doping for most of this time.  While the International Olympic Committee had taken an official position against doping since the 1920s, it was not until the autopsy of the British cyclist Tommy Simpson after he died during a stage of the 1967 Tour de France revealed that he had been using amphetamines that it was moved to actually begin monitoring use.  Now numerous governments, including those of Australia and the European Union, have official bodies devoted to fighting PED use in sports.  But there is a continual arms race between those who develop new substances and those charged with testing for all possible substances, with the recent controversy over THG being the most obvious example.

Three features of this history are of interest.  First, despite the human damage caused by PEDs, the long delay between suspicion of PED use and ultimate enactment of policies on doping suggests some reluctance to attract too much attention to it until public concern becomes overwhelming.  In combination with the varying degrees of scrutiny that athletes actually receive in different sports, this suggests that testing is not always an optimal strategy, and depends on circumstances peculiar to each sport.  Second, substantial commercial or other rewards appear to drive the problem.  The presence of mass spectator sports, amplified recently by the growth of television, coincides tightly with concern about PED use.  If the Olympics were held in private and led to no commercial rewards, PED use would probably be a minimal problem.  Finally, even when anti-doping policies exist, they are (often much) less than completely effective.  While the NFL, for example, has what appears to be the most rigorous anti-doping policy of North American team sports, it is still generally acknowledged throughout the last twenty years that PED use is common there and elsewhere.  
2.  Model 1 – Certainty


The value of PEDs comes from their ability to improve athletic output, ceteris paribus.  For example, anabolic steroids promote the anabolic process of cell growth and division, including the buildup of muscle mass.  Although one occasionally hears arguments that steroids are not productive because they don’t, for example, increase the ability to successfully complete the difficult task of making meaningful contact with a 90-mile-per-hour slider, the ability of such substances to raise the productivity of effort is in fact rather obvious.  In baseball, the issue is not so much the ability to hit .350 (which is perhaps a function of different productive, especially genetic, factors) but what happens to the ball after it is hit.  In football more muscle mass means the ability to bring more force to bear on opposing players, which is presumably useful at all positions but especially for linemen.  In any sport where strength created by muscle mass increases the chance for success anabolic steroids presumably are productive.  That they are so widely used is in any event almost self-evident testimony to their productive force, and so it is assumed henceforth that they are useful.  Other performance-enhancing drugs and practices on the prohibited list of the World Anti-Doping Agency include various types of hormones, anabolic agents other than steroids, beta blockers said to improve control in sports such as shooting and archery, and practices designed to improve the oxygen-transfer abilities of blood (“blood doping”).  In each case the precise chemical mechanism is different, but the broad effect is the same: the ability to increase athletic productivity without a corresponding increase in effort.

To model this phenomenon parsimoniously, suppose that there is a game between two players, League and Athlete.  Each will, depending on the outcome of the game, split revenue derived from their performance.  There are two levels of revenue, mH and mL, associated with high and low output by the athlete, with mH > mL, The higher revenue can be achieved in two ways: with high effort at cost to the athlete eH, or with low effort (at cost to the athlete eL < eH) combined with the use of drugs, which are assumed to available at no cost.  The fraction of whatever revenue is available that goes to the athlete is b, which is exogenous.  It is also assumed that the incentive structure of the league in the absence of drug use elicits high effort, so that 
bmH – eH > bmL – eL.  







(1)
In other words, the extra compensation a player receives without drug use is sufficient to induce him to incur the higher cost of effort.

 
The relation between mH, mL and eH suggests that the fan prefers more production (whether of statistical productivity or wins is unimportant) to less.  But effort is also assumed to be an object of the fan’s preferences.  The consumer prefers an athlete striving close to the limit of his capacities over one who coasts on medical enhancement.  That effort is explicitly an object of consumer choice is a novel feature of the model, although the unobservability of effort, which is also important in the model, has often been assumed in the sports-economics literature, particularly when the tournament theory of compensation in sports is tested (Ehrenberg and Bognanno, 1990; Rosen, 1986).

Thus assume that if the athlete produces high output but does so with drugs and the use of drugs is detected, the league and the athlete both receive zero.  Whether steroid use is detected depends on whether a test is administered by the league.  For now it is assumed that the test is completely reliable, with no false negatives or positives.

The extensive form of the game is shown in Figure 1, and the normal form in Table 2.  The player moves first, and chooses from {Drugs, No Drugs}.  The league has a strategy over the actions Test and Not Test, and the player must then have a strategy incorporating a response to each league choice from among two effort levels, High and Low.  There are eight Nash equilibria, listed in bold in Table 2: {No Drugs, (High, High); (Test, Test)}, {No Drugs, (Low, High); (Test, Test)}; {No Drugs, (High, High); (Test, Not Test)}, {No Drugs, (Low, High); (Test, Not Test)}; {Drugs, (High, Low); (Not Test, Test)}, {Drugs, (Low, Low); (Not Test, Test)}; {Drugs, (High, Low); (Not Test, Not Test)}, {Drugs, (Low, Low); (Not Test, Not Test)}.  Collectively, three combinations of actions can occur in equilibrium: (Drugs, Not Test, High); (No Steroids, Test, High); (No Steroids, No Test, High).  If players use steroids, the league does not test.  If players do not use steroids, the league may or may not test.  If steroids are used, effort is low.  If they are not used, only high effort is supportable among the Nash equilibria.  The key results are that, first, steroid use is supportable as an equilibrium and, second, it serves (by design) as a substitute for effort.
3.  Model 2 – Uncertainty in testing

One key element of recent drug controversies in baseball, the Olympics and elsewhere is the existence of agents that cannot be detected.  The contest between testers and athletes has been in existence for years, although the recent attention paid to the Bay Area Laboratory Cooperative, allegations surrounding Lance Armstrong and the like have brought them into sharper focus.  The problem increasingly is one of uncertainty about whether athletes are using drugs, and whether their achievements are correspondingly tainted.

It is an interesting exercise to investigate the model’s properties if a player still faces the potential of punishment despite the absence of a formal test.  Let q be the probability that drug use is discovered – because of media reports, fan deductions, or other unspecified mechanisms – even without a formal test.  If the athlete takes drugs his payoff without league testing is then (1 – q)(1 – b)mi, with i ( {High, Low}.  (Assume that both parties are risk-neutral.)  The extensive form of this game is depicted in Table 3, with the Nash equilibria valid for all parameter values in bold and those that hold only for some parameter values in italics. 

Three Nash equilibria – {[(No Drugs, Drugs); (High, High)]; (Test, Test)}; {[(No Drugs, Drugs); (High, Low)]; (Test, Test)}; {[(No Drugs, Drugs); (Low, High)]; (Test, Not Test)} – hold for any parameter values.  These lead to the outcome combinations of (No Drugs, High, Test) and (No Drugs, High, No Test).  As before, tests lead to no drug use.  It is possible to eliminate the two Nash equilibria in the first column by introducing an infinitesimal cost of steroid testing for the league, and to eliminate the sole equilibrium in the second column by invoking subgame perfection.  The remaining equilibria are parameter-contingent, and the yield outcome combinations of (Drugs, Low, No Test) and (No Drugs, High, No Test).  The equilibria yielding (Drugs, Low, No Test) depend on the expected payoffs to the athlete who uses drugs exceeding the certain payoffs with high effort and no drugs.  This condition is 
(1 – q)bmH – eL > bmH – eH,






(2a)
or

eH – eL > qbmH.







(2b)



The interpretation of (2b) is that the use of drugs is possible when the excess cost of high effort exceeds the expected loss once the decision to use drugs has been taken.  Drugs are a problem because they allow athletes to shirk, and because fans intrinsically prefer high effort to low.
4.  Model 3 – Mixed Strategies

It is also useful to calculate mixed strategy-equilibria.  The simplest way to do that is to assume that League and Athlete move simultaneously, with the League choosing either Test or Not Test and the Athlete Drugs or No Drugs.  When tests are given there are no Type I or Type II errors.  The payoffs when the league tests and the player takes drugs are then normalized to zero for each player.  There is a total revenue pool a available, and when the test is given and no drugs are taken the payoffs to League and Athlete are (1 - b)a and ba respectively, with 0 < b < 1.  The remaining payoffs in Table 4 incorporate the following assumptions:

1.  Steroids raise athletic productivity, and hence player revenue.
2.  In the absence of drug testing consumers assume there is a possibility of drug taking, and the payoffs to both parties are accordingly lowered.


Thus, the payoffs to the player in the event of steroid use are (1 - b)(a + m), where m is the productivity increment to steroid use, when there is no testing.  Note that m can serve either as a direct monetary reward or the monetized equivalent of lower effort, as indicated in the above models.  With no drugs and no testing, consumers still believe there is some positive probability of drug use, and so the player’s payoff is simply (1 - b)(a, where ( < 1 is the discount associated with the positive probability that player achievements are tainted.  Similarly, league payoffs when drugs are and are not used are b( (a + m).

There are two pure-strategy Nash equilibria: (Drugs, No Test) is a strong equilibrium, and (No Drugs, Test) is a weak one.  Note that the latter equilibrium would be eliminated if there were an infinitesimal cost of testing.  But it is particularly interesting to explore the mixed equilibria. The player can choose a probability p of drug use, which makes his problem
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q is the probability that the league will choose Test.  Taking the first-order condition yields

[image: image2.wmf](

)

(

)

(

)

ba

q

qba

m

a

b

q

a

a

-

+

=

+

-

1

1







(4)
or
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which lies between zero and one.  The league’s problem is
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After rearranging terms the first-order condition is
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Figures 2 and 3 depict the equilibrium values p* and q* as one parameter (m in Figure 2 and ( in Figure 3) varies continuously and the other varies discretely.  In each case a = 1.  (Note that these are not reaction curves, but characterization of equilibria for each response as model parameters vary.)  As m, the increment to income from using drugs, increases, the equilibrium probability of drug use p* declines, even though the compensation to higher performance increases.  This is because the probability of testing also increases.  The league must compensate for the additional incentive to dope by increasing the costliness of that strategy.  Figure 3 indicates that as the penalty from fans for taking drugs increases (i.e., as ( approaches zero), the probability of testing and the probability of drug-taking both increase.  If ( is thought of as the prior belief of consumers that drugs were taken given that there is no test administered, then the more confidence that the fans have in the underlying integrity of the game the more likely it is to achieve what is presumably a desirable equilibrium in which little doping occurs.  This also has an important implication in that less transparency about the relation between skill or effort and results leads to greater discounting by consumers absent testing, and hence a greater probability of drugs being used, and hence again a greater probability of testing as a reaction to greater doping. 
5.  Some implications
The framework above generates several empirical implications.  Each of them involve either the idea that effort is something consumers value in addition to athletic performance, or the difficulty of discerning what actual effort is.

The regulation of athletic inputs

The first implication involves the difference between the general consumer and firm (league) policy with respect to PEDs and with respect to other inputs that improve performance but are not similarly penalized.  The opprobrium that sports consumers attach to drug use is puzzling from one perspective.  It is generally assumed, not without reason, that fans take a rooting interest in a particular team, and that their willingness to pay for tickets at the arena or stadium, or their willingness to watch an event on television and be exposed to the advertisements that generate much sports income, varies directly with the fortunes of that team.  (Or individual athlete, as in the case of, say Lance Armstrong or Tiger Woods.)  It has always been assumed that a primary benefit of PEDs is that they increase an athlete’s performance, thus making his play more appealing.


But this is the same effect that can be achieved, up to a point, from other productive inputs – better diet, improved equipment, harder training, etc.  Some of these inputs react differently with effort in determining performance.  It is simplest to suppose that athletic output is some function of three inputs: f(K, e, x).  K is something intrinsic to the athlete – genetic capacity, say – for picking up a breaking ball, for throwing a ball a great distance, for more efficiently metabolizing oxygen circulating in the blood or lungs, etc.  e is effort, and is best thought of as increasingly costly.  x is a vector of all other inputs.  The key economic question of interest in explaining the public censure of PEDs involves the relation between drugs and effort.  In general, suppose that effort along with output is an object of consumer demand.  Some inputs, including PEDs, are substitutes in the standard sense for effort, in that the derived “factor demand” for effort is an increasing function of the price of those other inputs.

If effort is only noisily observable, it is conceivable that effort substitutes will detract from consumer welfare on balance, the more so if the private cost advantage in substituting these inputs for effort when the former become less expensive induces substantial substitution toward these inputs.  This insight provides some explanation of why some inputs are generally tightly policed by sports governing bodies while others are not.  Many, perhaps most sports organizations police PED use.  Golf tightly regulates athletes’ equipment.  The governing bodies of tennis do not regulate rackets to nearly the same degree that the PGA and LPGA regulate golf clubs and other equipment.  But in recent years fans have increasingly complained about the ability of high-powered tennis rackets to increase the productivity of players with respect to only one aspect of the game, the serve.  Particularly at Wimbledon, the game’s oldest and most prestigious event, players with hard serves but few with few other skills at the level of the very best players have had unusual success in recent years.  Auto-racing organizations tightly regulate vehicle technologies.  While von Allmen (2001) notes that the marginal cost of improved performance through better automotive technology rises very rapidly in NASCAR racing, Depken and Wilson (2004) find that this fact, which in theory tends to promote path-dependence in season-long race success (the rewards to early-season success make it much easier to invest in later-season improvements), does not explain the NASCAR reward system.  If sharply rising marginal costs are not decisive as explanations for the heavy investment in technology limitations, it is possible that the desire to allow consumers to continue to be able to use performance differences to empirically reflect differences in athlete effort may also explain these restrictions.  Drivers with better equipment can shirk with respect to effort.  The inability of fans to map results into effort may then lower demand.  


On the other hand, other inputs such as diet and physical training are either complementary to or synonymous with effort.  In principle a sports governing body could regulate training time as surely as it regulates equipment and PED use.  But these are seen as inputs that move with athlete effort, and are hence reliable if perhaps noisy information about it.  If there is reason to believe that the athlete who eats more soundly also trains harder and otherwise exerts more effort, than fans will have no particular desire to see those efforts, not necessarily effort themselves, monitored or punished.   PEDs, like high-technology golf clubs, allow an athlete to achieve better results without possessing greater skill or exerting more effort.  Indeed, blood doping, the adding of an athlete’s own previously withdrawn red blood cells to improve the blood’s oxygen-carrying capacity, is not even harmless and yet is banned in many sports, cycling most famously.  This is clearly not about harm to the athlete, but it may suggest a distaste for inputs that substitute for effort.   These inputs contrast with those such as enhanced training or diet that do not possess this feature.  In some cases, such as cycling helmets or restrictor plates in auto racing, there is a non-performance-enhancing function even as superior engineering can improve performance.  Such inputs tend to be legal but closely regulated. 

Indeed, one of the most intriguing developments in coming years will be further sorts of technological progress that may also serve as clear substitutes for effort.  Some have speculated that the next wave of human enhancement will involve technologies as diverse (and still as largely fantastic) as genetic engineering for both physical and cognitive enhancement and the implanting of nanotechnology into athletes.
  Cruder pharmaceutical methods of cognitive enhancement arguably already exist.  Several years ago the female sprinter Kelli White was banned for modafinil, whose ordinary purpose is the treatment of narcolepsy.  But for a sprinter it improves motor control, a physical skill, and concentration, a mental one.  The model predicts unambiguously that sports governing bodies will strenuously police and limit or ban such advanced techniques even if, as seems reasonable, the technology for such enhancement proceeds at a rapid pace, making policing its use will thus in all likelihood be a never-ending losing battle.
Complexity in production

In the pure-strategy game with uncertainty (Model 2), (2b) suggests that the inability of fans to associate better athletic performance with PED use makes the latter more likely.  Sports where the individual contribution to team on-field performance is harder to detect might be more prone to steroid use.  In football, for example, the relatively casual fan may have a difficult time discerning individual contribution to success, particularly for non-“skill” players, where there is often less statistical guidance to higher-quality performance.  Such burying of individual contribution to team production makes steroid use more productive, in that individual effort is harder to detect.  Other things equal, we might suppose that team sports would be more prone to PED use than individual sports, and that within team sports the more players there are the more likely PED use is.  Note that baseball, whose essence is a one-on-one confrontation between a pitcher and a hitter and which includes huge amounts of statistical data for all players, is not nearly as friendly to this analysis as the other team sports.  Given the ease with which baseball productivity can be observed, this effect in isolation tends to mitigate against PED use in baseball relative to other sports, although if the relation between effort and output is opaque there may still be a significant motivation for it. 
Inefficiency in the incentive structure

In any event, another positive effect that is more compelling in baseball than in other sports is the extent to which the incentive system in a sport rewards effort.  If higher effort or skill (as opposed to performance) does not monotonically translate at every moment in time into higher compensation, than incentives to shirk are correspondingly greater, the more so if there is a significant tradeoff in output production between PEDs (or other inputs that are substitutes for effort) and effort.  (1) was assumed to hold throughout the first two models, but if it does not, or if the disutility gap between high and low effort is large enough, then labor-market features that frustrate the elicitation of high effort will tend to promote PED use.  While baseball is not relatively prone to PED use because low effort is easy to conceal, it is of the four major North American team sports arguably the one with the most effective labor union.  The widespread use of guaranteed contracts is not unique to baseball, but the heavy reliance on seniority, particularly during the arbitration period, arguably is.  If guaranteed contracts are longer in major-league baseball than in basketball, the other sport with such contracts, the effect would be accentuated.
6.  Conclusion

The analysis is extremely preliminary.  One of the most important unexplored avenues is the precise relationship between effort and other inputs.  Indeed, it is possible that effort and skill are distinct inputs in an economically meaningful way.  Thus it would be useful to explore their distinct relation to PED use, as hinted at in Section 5.  In addition, the literature from the economics of crime on the tradeoff between spending resources on the probability and severity of punishment, summarized in Ehrlich (1996), may also be useful.  The analogy is not exact.  In the literature that depicts crime as rational choice, crime is purely value-destroying and hence an unalloyed bad.  The historical evidence suggests that there PEDs do have positive effects not just for players but for leagues or governing bodies and even for consumers.  Thus the disutility of PED use for governing bodies and leagues charged with punishing it is not clear-cut.
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Table 1

Testing policies in various sports

Major-league baseball

· All players tested at least once per season

· Random testing can occur in off-season

· Penalties: 10 days for first offense,

30 days, 60 days, one year thereafter.

NFL

· In offseason, all players tested at least once and no more than six times.

· Penalties: four games for first offense, six for second, full season for third.
· 54 players suspended for steroids

NHL

· No testing

Tennis (ATP and WTA)

· Players can be tested at organization’s discretion either inside or outside of competition.

· First offense: two years’ suspension; second offense: life suspension

IAAF

· Athletes “may be subject” to random testing or tested at organization’s discretion in competition.

· IAAF can test athletes outside of competition at its discretion, but this usually occurs during preparation for contests.

· Record-breakers always tested.

· First offense: two years’ suspension; second offense: life suspension.

Table 2
Normal form of certainty game








League’s Strategy





(Test, Test)

(Test, Not Test)
(Not Test, Test)
(Not Test, Not Test)

Player’s Strategy

{Drugs, (High, High)}
{-eH, 0}

{-eH, 0}

{bmH – eH,

{bmH – eH,











((1-b)mH}

(1-b)bmH}

{Drugs, (High, Low)}

{-eH, 0}

{-eH, 0}

{bmH – eL,

bmH – eL,












(1-b)mH}

(1-b)mH}

{Drugs, (Low, High)}

{-eL, 0}

{-eL, 0}

{bmH – eH,

{bmH – eH,











(1-b)mH}

(1-b)mH}

{Drugs, (Low, Low)}

{-eL, 0}

{-eL, 0}

{bmH – eL,

{bmH – eL,













 (1-b)mH}

(1-b)mH}

{No Drugs, (High, High)}
{bmH-eH,

{bmH-eH,

{bmH-eH,

{bmH-eH,






(1-b)mH}

(1-b)mH}

(1-b)mH}

(1-b)mH}

{No Drugs, (High, Low)}
{bmH-eH,

{bmL-eL,

{bmH-eH,

{bmL-eL,





(1-b)mH}

(1-b)mL}

(1-b)mH}

(1-b)mL}

{No Drugs, (Low, High)}
{bmL-eL,

{bmH-eH,

{bmL-eL,

{bmH-eH,





(1-b)mL}

(1-b)mH}

(1-b)mL}

(1-b)mH}

{No Drugs, {(Low, Low)}
{bmL-eL,

{bmL-eL,

{bmL-eL,

{bmL-eL,





(1-b)mL}

(1-b)mL}

(1-b)mL}

(1-b)mL}

Payoffs to {Athlete, League}

Table 3
Normal form of uncertainty game








League’s Strategy




(Test, Test)

(Test, Not Test)
(Not Test, Test)
(Not Test, Not Test)

Player’s Strategy

{Drugs, (High, High)}
{-eH, 0}

{-eH, 0}

{(1-q)bmH – eH,
{(1-q)bmH – eH,










(1-q)(1-b)mH}

(1-q)(1-b)bmH}
{Drugs, (High, Low)}

{-eH, 0}

{-eH, 0}

{(1-q)bmH – eL,
(1-q)bmH – eL,











(1-q)(1-b)mH}

(1-q)(1-b)mH}
{Drugs, (Low, High)}

{-eL, 0}

{-eL, 0}

{(1-q)bmH – eH,
{(1-q)bmH – eH,










(1-q)(1-b)mH}

(1-q)(1-b)mH}
{Drugs, (Low, Low)}

{-eL, 0}

{-eL, 0}

{(1-q)bmH – eL,
{(1-q)bmH – eL,












(1-q)(1-b)mH}

(1-q)(1-b)mH}
{No Drugs, (High, High)}
{bmH-eH,

{bmH-eH,

{bmH-eH,

{bmH-eH,





(1-b)mH}

(1-b)mH}

(1-b)mH}

(1-b)mH}
{No Drugs, (High, Low)}
{bmH-eH,

{bmL-eL,

{bmH-eH,

{bmL-eL,




(1-b)mL}

(1-b)mL}

(1-b)mH}

(1-b)mL}
{No Drugs, (Low, High)}
{bmL-eL,

{bmH-eH,

{bmL-eL,

{bmH-eH,




(1-b)mL}

(1-b)mH}

(1-b)mL}

(1-b)mH}
{No Drugs, {(Low, Low)}
{bmL-eL,

{bmL-eL,

{bmL-eL,

{bmL-eL,




(1-b)mL}

(1-b)mL}

(1-b)mL}

(1-b)mL}
Payoffs to {Athlete, League}
Table 4
Extensive form, simultaneous game






League




Test


Not Test



Drugs

(0, 0)


((b(a+m), ((1-b)(a+m)
Athlete



No Drugs
(ba, (1-b)a)

((ba, ((1-b)a)
[image: image6.jpg]Athlete

Drugs No Drugs
League Leagcue
Test No Test
Test No Test
A A A A
High Low High Low
High Low High Low
(-ex,0) (-1, [bmg-  [bmy- [bmg  [bmy [bmg bmy-
9] €m, er, (1- -CH, -CL, -CH, €L,
(1)  bmy] (b A-b)  Ab) (1-b)
myg] my] my] mg] my)

Payoffs are to (Athlete, League)

Figure 1- Extensive form, with certainty.
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Figure 2 – p* and q* as m varies continuously, for two values of (.
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Figure 3 – p* and q* as ( varies continuously, for two values of m.
Figure 1– Extensive form, with certainty.





Figure 1– Extensive form, with certainty.





Figure 1– Extensive form, with certainty.





Figure 1– Extensive form, with certainty.





Figure 1– Extensive form, with certainty.








� The history in this section is taken from Yesalis and Bahrke (2002).


� For some speculation about genetic, pharmaceutical and other innovations to improve athletic  performance, see Patrick Hruby, “”Brainpower Drugs Coming for Sports,” The Washington Times, April 24, 2005.
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