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Abstract


In this paper I investigate gender differences in competitive ability, and attempt to explain why females tend to perform worse than males in mixed gender competition. I consider three reality television shows,MTV’s Real World Road Rules Battle of the Sexes 1&2 and The Apprentice, all of which involve gendered team competition.  I use a principal-agent model to analyze the unique competitive conditions of these games and determine how they account for differences in male and female team performances.  Within my analysis, I examine three possible causes for the weaker performance of female teams in competition, namely competition aversion, stereotype threat and risk aversion, in order to explain both its existence and its variability across shows.  I test the weight of my theoretical predictions through empirical analysis across the three shows.  Overall, I find that all three hypotheses could reasonably influence female performance in these environments, and most likely they contribute to each other to create the observed gender differences.  Overwhelmingly, I find that women perform better in competition when all players (male and female) have previous expertise in a given task.  Since there is presumably no increase in their absolute advantage, this provides evidence that their confidence levels influence their performance. This specifically suggests that stereotype threat may inhibit their ability in competitions when their minority status negatively affects their beliefs.  In general, my examination supports the effect of the unique beliefs and preferences of female players on their ability to compete.  

Introduction

In my analysis of gender dynamics in competition, I investigate the effect of gender differences in competitive environments through a game-theoretic and empirical analysis to study gender differences in performance on competitive reality television series.  Both behavioral economics and psychology studies have shown that women perform worse than men when faced with direct competition.
  The implications of gender differences in this arena are extensive, since competitive ability influences performance in everything from athletics to job success.  Specifically, this disparity may explain the limited number of women in high profile jobs. Bertrand and Hallock (2001) find that women make up only 2.5 percent of the highest paid executives in a large sample of U.S. firms.  Economists specializing in this field attributed this statistic partly to a female specific aversion to the intense competition of vying for these positions.  Ultimately, I feel that understanding the gender specific attitudes towards competition will help explain and improve the current minority status of women in many realms, and particularly within the business world.  

Recently, gender issues have become more widely addressed in behavioral economics.  Gneezy, Niederle, and Rustichini (2003) have advanced the study of gender dynamics in competition through an extensive set of laboratory experiments, which attempted not only to identify gender differences but locate their causes.  As will be discussed below, many experiments have followed this course, extending the examination in laboratory and empirical studies.  In my analysis, I extend this research in order to identify which of the many explanations is most responsible for the observed gender differences in competition.  I consider three alternative explanations for gender differences in competition presented in these experiments: that women are more reluctant to compete than men; that women are affected by stereotype threat; and that women are more risk averse than men.  I analyze the relative influence of these factors in gender-based reality television shows, in which men and women contend against each other in a variety of challenges for a substantial monetary prize.  

The general composition of the three shows I analyze, MTV’s Real World Road Rules Battle of the Sexes: Season 1 & 2, and The Apprentice, makes them extremely conducive to the examination of gender differences in competitive performance.  As a setting for analysis, these shows share many elements of an experimental study while at the same time their obvious differences create the potential for new insight into these developing theories that may not be captured in a laboratory setting.  In many respects, these competitive reality shows contain essential components of the controlled laboratory experiment.  They feature a limited number of players who are subject to the conditions of the game, thus producing observable outcomes conducive to analysis.  This controlled environment limits the number of unobservable variables, which is an advantage over empirical analyses.  However, in many ways reality television serves as a better setting for behavioral research than lab testing.

 A major critique of laboratory experiments highlights their lack of external validity, the extent to which their results can be generalized to reflect human behavior in its natural state.  In most experimental studies, the setting (typically a university laboratory) does not resemble the real world, potentially affecting the participant’s behavior and choices.  Additionally, subjects recognize that the task has been constructed by researchers to achieve specific findings, thus further contributing to the artificiality of the scenario.  

In competitive reality shows, contestants are also subject to a contrived environment.  They are being filmed for the entertainment of millions of viewers and kept in an isolated environment, which could affect their tendency to exhibit normal behavior.  However, the individual decisions that I consider: whether or not a player should exert full effort in competition, occur more organically in this type of environment for a few reasons.  First, when making a decision about whether to compete, players are not as aware or affected by direct manipulation as they are in a laboratory setting.  Certainly, the fact that these individuals will be broadcast on television causes some deviation from natural behavior.  However, when approaching competition they do not believe that their actions and underlying rationality are being analyzed like subjects in a laboratory experiment.  Therefore, the specific behavior I analyze will more likely be representative of true behavior.

Furthermore the high stakes involved in a reality television show also summon more rational, competitive behavior. While participants in lab experiments face little or no real consequences or payoffs
, a reality television show offers the possibility of large monetary rewards.  In Real World Road Rules: Battle of the Sexes, for example, the players can receive $50,000 at the end of the game, as well as other valuable prizes throughout the season.  These rewards motivate participants to fully involve themselves in the challenges, again fostering behavior consistent with their actual preferences relative to the lower stakes of the laboratory.  The large potential rewards of the game also more closely resemble those of the real world, such as in business or athletics, where competition can have significant monetary payoffs.  This is consistent with Vernon Smith (1982) who proposed the notion of parallelism, which suggests that people’s behavior in the microeconomies of these studies will stay constant in more natural settings if the same conditions hold.  In congruence with his theory, these shows satisfy salience, subjects’ rewards depend on their actions, and dominance, a change in utility comes primarily from the reward medium.  

The subject pool also contributes to the external validity of the analysis.  Competitive reality shows are self-selective. While experimenters point to random sampling as a constructive feature of the laboratory setting, it could actually detract from the generalizability of the study.  For example, in the real world, both male and female candidates vying for high level executive positions are inherently competitive and yet men still receive better positions on average.  When attempting to explain this phenomenon in the lab, researchers do not screen for competitive candidates, preventing them from accurately simulating the competitive environment of interest.  Most lab studies do not select beyond college participation.  See for example, Gneezy, Niederle, and Rustichini (2003) or Endres (2006).  In contrast, Battle of the Sexes, The Apprentice, and other competition-based reality shows all successfully self select, since candidates are aware of the premise of the game and thus presumably only apply if they are partial to competition.   Moreover, The Apprentice openly selects based on the success of participants, and contestants on Battle of the Sexes are successful alumni from Road Rules and other past MTV competitive reality series, further enhancing selection. 

Despite these advantages, this setting does not perfectly replicate gender dynamics in competition in the real world.  In the shows, contestants only perform on gender homogeneous teams, which does not translate to female performance in mixed gender environments.  However, in many real life settings, genders are still not well integrated.  Furthermore, if these differences are due to inherent preferences, like many of the hypothesis suggest, women contending for upper level job positions will be affected in many of the same ways as women on gender based reality shows.  Furthermore, some of the competitions involved comparison within genders as well as across genders which also allows more generalizability.


In my study, I use theoretical and empirical analysis to describe the competitive environment on each show and explain the observed gender differences.  First, I use a principal-agent model to identify the optimal method of achieving success in competition on these shows.  This model suits the analysis, since each show features a leader who has the power to determine which of the players are eliminated from the game, much in the same way that a boss or manager controls the positions of his or her employees.  Theoretically, these leaders can influence the competitive behavior of the regular team members by setting up an incentive contract in which the probability of players advancing to the next round is conditional on their effort, thus encouraging them to try hard in the challenges.  One measurement for the overall competitiveness on a team is the extent to which a leader can implement such a competitive strategy and have players respond to it.  By using a principal-agent model to identify the contracts that motivate players to act competitively and then examining whether the male and female teams implemented these contracts, I can determine their relative attitudes towards competition.

Within my analysis of each show, I locate the conditions under which an incentive compatible constraint can be implemented.  Next, I determine whether it is implemented by either team, and how this affects the outcome of the competition.  In doing so, I identify when the constraint was not satisfied and then attempt to explain these cases.  In addition to modeling each show separately, I use cross-show comparisons to illustrate how different institutions affect the competitive interactions and determine the conditions which most foster gender differences in competition.  While all three shows share the same inherent structure involving competition between two gender divided teams, there are important differences among them.  I have identified a set of important variables in determining attitudes towards competition.  These factors include the gender composition of the teams, the competition types, the player elimination, and the size of the reward.  By comparing these variables across shows and observing the outcomes of the competition on each show, it is possible to test the various potential explanations for gender differences in competition.  Overall, by examining gender interactions in an unexplored setting, this analysis adds new insight into the discussion of gender differences in competition. 
Literature Review

While the current gender inequalities in many realms of society could potentially be explained by discrimination or differences in ability (either inherent or developed), much of the literature in this field focuses on differences in how men and women approach competition psychologically.  These studies find that, at least to some extent, competitive performance is determined not by inherent ability but by beliefs and preferences.  As discussed below, both field and experimental studies have identified discrepancies in competitive attitudes between men and women.  Across the board, these experiments locate significant differences in preference for and performance in competition and conclude that women do not respond as well as men to competitive environments. 

While this field is relatively new, economists have proposed multiple theories to explain female competition aversion.  Gneezy, Niederle, and Rustichini (2003), the pioneers of this field, develop three main hypotheses in their initial set of experiments.  Initially, they consider whether women have an inherent disutility for competition, and whether different types of competition change the cost of effort associated with competing.  They then propose and test two alternative hypotheses.  First, they analyze the affect of stereotype threat, or the extent to which women’s beliefs about their inferior abilities in tasks against men affect their performance.  Additionally, they test whether risk aversion influences the observed differences as well.  In assessing the findings on these three main explanations, I first consider Gneezy, Niederle, and Rustichini’s primary results and then describe how other experiments have continued this examination.  Ultimately, while the various hypotheses have been introduced and tested through experimental studies, it is still uncertain which effect is driving the observed gender differences.  

Gneezy, Niederle, and Rustichini discuss the importance of understanding female competition aversion in mixed gender scenarios, since they believe it may help explain women’s inferior position in the business world.  Their paper focuses not only on detecting gender differences but on explaining them, considering the three main potential drivers for female’s weak competitive performance—competition aversion, stereotype threat and risk aversion.

  Initially, they run a controlled experiment in which they ask groups of three men and three women to solve mazes.  Based on the treatment, subjects perform this task in a competitive or non-competitive environment.  In the control groups, participants receive payment based on a piece-rate scheme, collecting a fixed amount for every maze they solve in a fifteen minute period; while in the competitive treatments the person who solves the greatest number of mazes is paid proportional to his or her output.  In the non-competitive control, while men perform slightly better (the mean number of mazes is 11.23 for men and 9.73 for women), there is no statistical difference.  In the tournaments, the average number of mazes solved increases significantly for men, but not for women—this time the means are 15 and 10.8 mazes, respectively.  Thus ultimately, the results show men perform better than women in mixed gender tournaments.  Gneezy, Niederle, and Rustichini suggest that women are competition averse, possessing some inherent disutility for competing.     

They then offer alternative explanations for these outcomes.  They acknowledge that the tournament design differs from the piece rate in two ways; the payoffs are more uncertain and they depend on the performance of other players.  They then run additional treatments designed to determine the individual weight of these variables in affecting observed gender differences. 

A subsequent treatment tests the extent to which men and women are affected by comparison relative to other players.  Gneezy, Niederle, and Rustichini hypothesize that women should respond more negatively to this change due to stereotype threat.  They test this theory by repeating the competitive treatment in single-sex groups.  In this case, women not only improve their performance from the competitive treatment, but also from the piece-rate.  This treatment successfully isolates the effects of stereotype threat by replicating the mixed gender tournament in every way except for gender composition.  Their result then challenges the hypothesis that women do not compete at all, in favor of the possibility that they simply respond negatively to mixed gender environments.  This is an important distinction, which reveals information about competition in the real world.  Locating situations in which females succeed in competition (rather than suggesting they are perpetually competition averse) provides implications regarding how their lack of representation in high level executive position can be improved in the future.

In another treatment, they introduce risk without competition by using random payoffs.  To maintain consistency with the competitive treatment they reward only one player, but this time he or she is chosen at random.  In this set of trials, they find no statistical difference in average male and female performance, which essentially leads them to rule out the effect of risk aversion on the observed gender differences in the tournament treatment.  In fact, their results show that performance increases in the random pay treatment for both men and women, although the change was not statistically significant.  This contradicts other findings on risk aversion, as it relates to gender differences and human behavior in general.  Many previous studies have shown that introducing risk aversion provides less incentive to respond to uncertain rewards in market behavior; (Freeman 2000).  So, while this treatment does not appear to support the negative effects of risk aversion in this context, the limited number of random pay trials cannot totally invalidate the influence of risk aversion on gender differences in competition. 

Following these initial findings, other economists have attempted to test gender differences in competition in different contexts, to better identify the various hypothesized explanations.  A few notable studies confirm females’ general disutility towards competition. An experiment run by Gneezy and Rustichini (2003) shows significant differences in performance in competition within another subject pool, by testing 9-10 year old children in a running race.  They find that while competition improves the boys’ times it has no effect on the girls’ performance.   

Niederle and Vesterlund (2006) further this examination by controlling for gender differences in inherent ability.  Specifically, they test whether men and women of the same ability differ in their preferences towards competition.  In the initial trials, they ask groups of two men and two women to add up sets of five two digit-numbers for five minutes, an activity in which there are no expected gender differences.  The subjects complete the task first in a non-competitive environment and then in a tournament style, and must then choose which design to engage in for the next round.  Thus, while Gneezy, Niederle, and Rustichini force competition, this experiment allows selection into competition to better observe preferences.  The results show that while genders do not differ in the average number of digits they can add, 73% of men and only 35% of women choose the competitive treatment.  These results confirm the presence of a general competition aversion amongst women which was highlighted by Gneezy, Niederle, and Rustichini (2003).  This suggests that women differ from men in their beliefs about competition, and more specifically, that they experience disutility from competing. 
Subsequent studies also identify stereotype threat as a convincing explanation for gender differences in competition.  Stereotype threat purports that if a minority group believes, even falsely, that they have a disadvantage in a given activity they will exert less effort overall.  Dauenheimer and Keller (2003) find a significant decrease in performance on math problems, after priming female subjects with stereotype threat.  They run a study at an elementary school in Germany, in which they give a mixed gendered group of 6th graders a math test.  In the first treatment, they reveal that males and females generally perform equally, while in the second group they tell students that girls characteristically perform worse.  At the end of the test, subjects complete a survey measuring anxiety, emotional reactions, and other performance-related factors.  Ultimately, they find that females in the latter group are aversely affected both in their performance and subsequent psychological state.  This result seems to be extensive, and has been shown in many other psychology and economic studies such as Dar-Nimrod (2006) and Davies, Spencer and Steele (2005).
These experiments provide less conclusive results on the effects of risk aversion in shaping female competitive preference.  While Gneezy, Niederle, and Rustichini downplay the effect of risk aversion on female performance, other laboratory studies support it.  In a particularly revealing experiment, Endres (2006) examines how men and women approach uncertainty in decision-making. She argues that when faced with a difficult financial problem, men accept risk more often than women, leading them to perform better.  In a revealing study, Endres gives college-aged men and women a 20 step decision problem to solve, creating different treatments that ranged in level of difficulty.  She measures gender differences in both risk taking behaviors and reports of self-efficacy, their reported perceptions of their own ability. The results show that female subjects do not have significantly lower self-efficacy than male subjects (as initially hypothesized) but they take less risk in decision making.  Furthermore, their willingness to take risk decreases as the tasks become more difficult.

Vandegrift and Brown (2005) combine the study of gender roles in decision-making and tournament play by observing whether men and women differ in their use of high-variance strategies in competitive games.  Initially, they ask subjects to choose between eleven lotteries, some of which have high-variance in the potential outcomes. From this, they determine general levels of risk aversion for random gambles.  Then they then run a stock forecasting task, which requires more skill, and again allow participants to adopt a high-variance strategy, in which they face more risk but higher expected outcomes.  The results show that while women are inherently more risk averse, they are no less willing to adopt a more risky strategy in a competitive skill-based task.  In general, the affects of risk aversion on female behavior are somewhat questionable, but results seem to illustrate gender difference in preferences for risk and approach to uncertain decisions.   

    The existence of gender differences in competition have been further confirmed in real world settings.  Price (2006) studies the Graduate Education Initiative(GEI), a competitive fellowship program implemented by the Andrew Mellon Foundation.  Specifically, he tests the program’s effect on the time it takes graduate students to complete their degree, and whether this varies by gender.  The GEI offers fellowships at a select group of schools, to graduate students who make the quickest progress towards completing their degree.  The program is explicitly competitive, awarding a significant stipend to only 8% of the candidates based solely on their time to candidacy.  Furthermore, the schools that instituted the GEI vary in gender composition, allowing Price to test male and female responses to this newly competitive environment.  By running an empirical analysis that compares schools that use the GEI with schools that did not, he finds that the GEI decreases time to candidacy for men by .27 years, while it has no effect on women.  

He also tests the effect of the gender mix of the graduate students at each school on the individual’s response to the program.  The results show that while women do not decrease their time to candidacy on average, their response to the program differs significantly based on the gender composition of the school, with a more positive response when a larger fraction of the group is female.  The results of this study reinforce the outcome of the laboratory experiments.  He confirms some of the explanations proposed by other economists in the field, suggesting that women may consider effort more costly in certain competitive environments.  Furthermore, he acknowledges that stereotype threat or risk aversion may play a role. 

Paserman (2006) also studies this effect in a natural setting, but chooses a much different environment--observing tennis players at Wimbledon.  In order to determine whether females choke under the pressure of competition, he examines how unforced errors vary based on the importance of the point, and whether this relationship differs between male and female players.  Ultimately, he finds that men are not affected by the level of pressure, making errors on about 30% of all points. However, female behavior varies significantly based on the importance of the point, with 34% unforced errors on the least important points and nearly 40% on the most important ones.  This suggests that even in single-gendered competition, women respond negatively to certain competitive conditions, such as high pressure or risk.  This finding is even more unexpected, since Paserman studied the best players in the world, who should be more competition preferring than the average female. This also supports the findings on female preferences, since if a woman knows she may choke under the pressure of competition she may well opt out. 

While all of the previous studies focus on competition amongst individuals, there has also been literature examining gender differences in team competition.  This is particularly relevant, since the reality shows I have chosen to examine all feature group challenges which involve some level of competition.  Stenzel and Kubler (2005) test gender effects within group competition by observing how teams of varying gender composition perform in an individual memory task when the payoffs are based on a compilation of outcomes within the group.  In this task, they find that female subjects perform best in mixed-gendered teams. But, when participating in single gender teams, women perform better against men than against women.  This is different from the observed trends in individual performance, which indicate that women perform worse in competition against men, and are more competitive within their own gender.  This should lead them to cooperate less in an all-female group.  More work needs to be done on this issue, but these preliminary results seem to suggest that women treat competition differently based on whether they are performing in individual or cooperative tasks. 

The extent to which a group succeeds in competition also depends on its ability to cooperate.  Examining whether there are gender differences in people’s willingness to cooperate is important in characterizing the team dynamics within the reality shows, since team unity could determine performance along with competitive abilities.  There have been various findings relating to gender in this field.  In public goods game, Brown-Kruse and Hummels (1993) find male groups to be more cooperative, while Nowell and Tinkler (1994) find female groups to be more cooperative.  Also, when considering giving in a dictator game
, Solnick (2001) finds no significant gender differences in offer or rejection rates, but finds that subjects expect female partners to be more cooperative.  While these findings contradict each other, they both seem to suggest that willingness to cooperate varies based on gender.  These different preferences for cooperation are important to consider when examining the implications of gender dynamics in group competition.  In a job environment, there are cooperative as well as competitive interactions, and the extent to which employees can carry out both will determine the success of the enterprise and the employee.  Overall studies of gender differences in competition have provided some valuable and also contradictory information.  However, there is much work to be done in locating the main reasons for female competition aversion in order to determine how it can be improved.
Background Information  
Below I describe the rules and objectives of the reality shows, in order to determine what conditions affect the competitive environment.  In Table 1, I list the most important elements for analysis of the competitions.    

MTV’s Real World Road Rules: Battle of the Sexes 1

Battle of the Sexes 1 (BOTS1) occurs over 16 weeks.  It begins with 36 players divided evenly into male and female teams made up of veteran reality television stars from the shows The Real World and Road Rules.  The teams compete against each other in weekly challenges, which range in type.  Some are physical (consisting of obstacles courses, races, extreme sports, etc) and some involve knowledge or intellect such as brainteasers and puzzles.  After the mission, each player receives points based on his or her finish in the challenge.  A running tally of the individual scores are posted after the missions, making outcomes observable.  Producers design these missions to be of equal difficulty for all players, requiring effort so as to make the show interesting.  Therefore, it can be assumed that revealing the individual scores after each challenge indicates not only outcomes but also relative efforts.  After the competition, the members of each team with the three highest cumulative scores join the “inner circle” and vote off a member of their team. The individual winner of the challenge is awarded a lifesaver to give to a member of either team, providing him or her immunity from being voted off.  After each challenge, all the players on the team with the highest individual scorer are awarded prizes (e.g., a year of free rentals from Blockbuster).  However, the major payoff comes at the end when the final three players from each team competed to win $50,000 each.  
MTV’s Real World Road Rules: Battle of the Sexes 2 

Battle of the Sexes 2 (BOTS2) resembles the original season in length, number of players and frequency of challenges.  However in this version outcomes are not explicitly measured. While some of the challenges require individual performance, some are cooperative, forcing the team to work as a whole.  Furthermore, in this season team leaders are not determined by performance but rather by a group consensus.  Before a given challenge, each team chooses three players to act as leaders. Often decisions operated on a voluntary basis, but sometimes players are pressured into the position even though they weren’t confident leaders.  

Like the first season, the players on the winning team are given challenge prizes similar to those in BOTS1.  Some examples include a Playstation 2 system and a trip for two around the world.  Furthermore, the final three players remaining on each team compete to win $60,000 each, a $10,000 increase from the original season. 

However, the rules of immunity differ markedly from BOTS1.  While again both teams vote someone off after a challenge, the procedure changes significantly.  In the case of the winning team, the leaders choose one of the regular players to be sent home.  For the losing team, however, the roles reverse and the non-leading members got the chance to vote off one of the leaders.  Thus, unlike the first season, immunity is guaranteed to regular players in the case of a team loss.  This elimination process also places significant responsibility for the group’s success on the leaders.  Conceivably, this elimination scheme also makes it more difficult for a leader to provide incentive for the regular players to exert high effort, since they receive such a valuable reward (guaranteed immunity) from a team loss.
The Apprentice
The first season of The Apprentice begins with 16 players divided into male and female teams. The show consists of a 13 week competition which ends with one player receiving a one-year contract worth $250,000 to run one of Donald Trump’s companies. Each week, the teams are given a task and required to select a project manager to oversee the job. The winning team collects a reward and the losing team faces a boardroom showdown during which Trump determines which team member should be fired.  The elimination process occurs in two phases.  Initially, Trump berates the losing team; however, ultimately only the project manager and two other team members of his or her choosing face the possibility of removal. Thus, while the elimination is determined externally rather than by a team consensus, the team leader still play a role by deciding who enters the boardroom.  In this game all challenges are cooperative, so effort is not easily measurable.  However, generally players take responsibility for individual elements of the project, thus making them accountable to the leader. 
Table 1 

Summary of Competition Condition across Shows
             BOTS1
             BOTS2
                 Apprentice

	Homogeneous


	Homogeneous
	Homogeneous

	36
	36
	16

	Observed


	Mix
	Unobserved

	Physical/Brainteaser


	Physical/Brainteaser


	Business Oriented

	3 leaders chosen by player score
	3 leaders chosen by team
	1 project manager

	Internal


	Internal
	External

	2 (1 from each team)


	2 (1 from each team)
	1 (only member of losing team)

	$50,000


	$60,000
	$250,000

	Prizes worth: $500-$5,000
	Prizes worth: $500-$5,000
	A special event(i.e. dinner at Trump’s house)

	Lifesaver awarded to challenge winner
	None
	None


 Gender Makeup

# of players

Monitoring
Challenge 
Type
Leadership

Elimination 

Method

Eliminations per episode
Final Prize

Challenge Prize

Immunity Prize

Section I:  The Generic Model 

In the following analysis, I capture the competitive environment of each show with a principal-agent model.  This model suits the competitions, since in every game a leader or set of leaders influence player eliminations and can potentially affect the competitive attitudes of the team.  In the model, I simplify the structure of the teams into a game with one leader (the principal) and two regular team members (the agents).  In each game, the leader can attempt to induce hard work in competition from his or her players by setting up a contract of incentives based on the payoffs of the game.  The general model contains a structure of rewards that is consistent across shows: e.g., a prize for winning an individual challenge, immunity for the next round, and the disutility of effort.  In all versions of the model, the principal desires effort and uses his or her control of immunity as a lever to steer player behavior.  However, within the show specific models I show how differences in the expected payoffs both across teams and across shows make this lever more or less effective. 
In the remainder of this section, I introduce the model and describe in more detail its general qualities, both the assumptions inherent in its structure and the general payoff scheme.  Furthermore, I explain how the leaders can use these payoffs to locate an incentive compatible constraint that promotes high effort.  This general process then allows me to adjust the model in subsequent sections to analyze and compare the competitive environments of each show.  
Figure 1 
The General Principal-agent Model

[image: image1]
Assumptions: 

Figure 1 shows the generic principal-agent model that will be used to examine the competitive environment within each show. This model only directly considers the actions of one team, in which both players must simultaneously decide whether to exert high effort (H) or low effort (L) in competition.  The model captures the other team’s decision in a third move, with the probability α that both opposing team players will exert high effort, a probability β  that only one will exert high effort, and a probability (1- α - β) that neither will exert high effort.  The last node captures the move by nature in determining the team that wins the challenge based on the aggregate effort levels of both teams.

The principal-agent model distinguishes between leaders and regular team members, but only captures the behavior of regular team members in its predictions.  While information about the leaders is excluded, this model still fits the analysis, since it can be assumed that leaders have clear motivation to exert high effort in a competition due to the rules of the game. The leader’s role typically involves more responsibility for team success and punishment for team failure.  In Battle of the Sexes 2 and The Apprentice, for instance, the leaders automatically face the potential for elimination when the team loses, whereas if the team wins they receive guaranteed immunity.  Therefore, in terms of the model, it is logical to assume that the leader will always want players to exert high effort, and thus he or she will attempt to make [H,H] the unique equilibrium, under the very reasonable assumption that the probability of winning increases with team effort for a given level of effort put forth by the other team.

The regular players often do not have as strong game-induced incentives to exert effort in competition, and so the leader must summon this behavior through his or her power in the elimination process. In this way, the leader is reminiscent of a boss or manager who assumes more responsibility and must motivate employees to work hard to ensure his or her own success.  

A leader’s ability to implement incentive compatible contracts depends on the players’ preferences for competition in a mixed gender environment. I evaluate competitiveness by the amount of utility derived from competition.  Subsequently, the extent to which the players chose high effort effectively measures their willingness to compete.  Nevertheless, for a player with a given level of competitiveness, their willingness to exert effort depends on other exogenous factors captured in the model.  Thus, analyzing gender differences in the context of the model helps determine both inherent willingness to compete and the extent to which players still exert high effort as incentives change.  This ultimately sheds light on female competition aversion, and how it varies based on the type of competition.  

I assume player homogeneity, which is a reasonable initial simplification since the shows were all designed so that no one had a clear advantage.  However, later I consider how the incentive compatible contract for high effort changes in situations in which players are not interchangeable.  Player homogeneity then implies that effort directly correlates to outcome.  In reality, effort does not always determine competitive performance, since conceivably in some challenges one team has an absolute advantage over another such that they could win even by exerting low effort.  However, the assumption is reasonable because the challenges on the show are designed specifically to prevent any team from having such a clear advantage.  Given these simple assumptions, the model preserves the most important elements of the competitive environment, allowing for accurate inter-show and cross-show analysis.  
Payoffs:
The expected payoffs and the probabilities associated with them (listed in the key in Figure 1) vary based on the show, but are represented in each model.  Considering the players’ responsiveness to these various incentives helps explain females’ inferior performance throughout the season.  There are a few standard costs and rewards that remain constant across shows.  The disutility of high effort (D) is presumed to be a negative payoff, although there could be players for which competition actually provides utility.  However, the model assumes the only positive payoffs are the challenge prize (W) and immunity from elimination or the chance to move onto the next round (R).   The value of the challenge prize differs both within shows and across shows, ranging from a trip to Cancun to dinner with Donald Trump. The value of immunity (R) varies based on a player’s confidence in his or her ability to win the final prize, which can change both within the show and across shows. Imaginably, the relative value of the challenge prize and immunity also vary based either on the context of the game or the player’s preferences.
There are two sets of probabilities that affect the expected payoffs in all versions of the model. The set qi denotes the probability that a leader keeps a regular player in the game.  In the baseline specification of the model, I allow qi to depend only on the effort of the two agents. In an incentive-compatible contract inducing high effort, the leader would set qi such that the lower-effort player is voted off with a higher probability, so q1>q3 and q2>q4.  

The expected payoffs also depend on whether or not the team wins a challenge.  This probability naturally depends on the aggregate effort level of both teams. The model denotes the probability of a win with the set pi which is described in Table 2.  Once again, since players are identical, I initially assume that the probability of winning a challenge increases with effort given a fixed level of effort from the other team

Table 2 
Probabilities of Winning a Challenge based on Effort 

Probability           Team 1 Strategy
      Team 2 Strategy                         

	[H,H]
	[H,H]

	[H,H]
	[H,L]

	[H,H]
	[L,L]

	[H,L]
	[H,L]

	[H,L]
	[L,L]

	[L,L]
	[L,L]


            p1
            p2




            p3


            p4
            p5
            p6
Under the assumption of player homogeneity, there are a few observations that can be made about the value of the ps, namely:

i. p1<p2<p3
ii. p1<p5<p3
iii. p1=p4=p6
iv. Relationship between p2, p5 is ambiguous.

Calculating the optimal incentive compatible constraint to foster high effort given player homogeneity, will illuminate various explanations for the competitive outcomes of the show, unrelated to absolute advantage.  Nevertheless, I eventually relax this assumption to more fully explain the observed gender differences.
Inducing High Effort: 

In my subsequent analysis of the MTV’s Battle of the Sexes: Season 1 &2, and The Apprentice, I adjust the payoffs of the model in Figure 1 to describe the competitive environment of the game.  I then determine the extent to which leaders could motivate their players to exert high effort in competition, which would lead to team success in the challenges.  Presumably, in each show, the leader can use his or her control over the elimination process as a lever by setting qi to make H the strongly dominant strategy for both players, leaving only one unique Nash Equilibrium, [H,H].  

Therefore, when determining the conditions which make [H,H] the unique Nash Equilibrium, I construct the incentive constraints to measure the amount that effort must increases the probability of immunity from the leader (qi) in order to offset the disutility of high effort and motivate players to try hard.  Initially, I consider the incentive compatible constraint that makes H a best response to H, in which the probability that a leader grants a high effort player immunity given the other player exerts high effort (q1) must be greater than the probability that a leader grants a low effort player immunity if the other player exerts high effort(q3).  Independently, I determine the incentive compatible constraint which makes H a best response to L, in which the probability that a leader gives immunity to a high effort player given the other player exerts low effort (q2) is greater than probability that a leader gives immunity to a low effort player given the other player exerts low effort (q4).  Thus, in an incentive compatible contract, the leader sets qi such that, given a win, the person whose outcome is lowest in the challenge would be voted off with a higher probability, so q1>q3 and q2>q4.  However, ultimately I combine these terms within the analysis, simplifying qi to the set [ql, qh], in order to consider more generally the circumstances under which leaders could promote high effort.    

Furthermore, when examining the necessary conditions for motivating regular team members to exert high effort, I consider only one of the regular team members.  Since agents are interchangeable, if a leader can promote one player to work hard then this will make [H,H] a dominant strategy.  The leader wants to ensure that [H,H] is the unique equilibrium of the game, so the incentive constraint must be such that exerting high effort is a best response whether the other player exerts high or low effort.  Ultimately, by finding the unique incentive compatible constrains within the three shows, I can analyze what conditions either allow or prevent leaders from motivating competition and how this differs by gender.
Section II:  Battle of the Sexes Two
I begin my analysis with Battle of the Sexes Two (BOTS2) since it demonstrates the largest performance differential between male and female teams. Ultimately, the men won 12 of the weekly challenges and the women only won 3.  In Figure 2, I use the generic model to describe the competitive interactions in the show, adjusting the structure of payoffs to describe the unique rules of this game.  I then find the incentive compatible constraints which make [H,H] a unique Nash Equilibrium.  Ultimately, using these constraints to analyze the results of the show provides explanations for the observed gender differences, and sheds light on the existing hypothesis for female’s weaker performance in competition: competition aversion, stereotype threat and risk aversion.

Figure 2 
Principal-agent Model of Battle of the Sexes 2

[image: image2]
I formalize the important competitive features of the game in Figure 2 to determine the conditions under which leaders could set qi to implement an incentive compatible contract for the strategy [H,H].  Considering the responsiveness of female players to this incentive constraint helps explain their inferior performance throughout the season.  The model captures the expected costs and rewards in BOTS2 using the general parameters, as well as the unique payoff scheme using the probabilities associated with these potential rewards.  Once again, D stands for the disutility of high effort; W corresponds to the challenge prize awarded to each player of the winning team (valued between $500 and $5,000 in this show) and R is the value of immunity, or the eligibility to remain in the game to compete for the final prize of $60,000.   The rules for awarding the challenge prize and immunity are different in this game. As shown in the expected payoffs, W is given to regular team players in the case of a win, but R is guaranteed in the case of a loss.  If the team wins, the regular members have only some probability of staying in the game, determined by the leaders and represented by the set qi.  Therefore a team win has distinct effects on the certainty of these two payoffs.  Specifying an Incentive Compatible Contract: 
The rules in BOTS2 stipulate that if a team loses a challenge, one of the leaders is voted off, while if the team wins the leaders get to vote off a regular team member.  Therefore, presumably it is always in the leader’s best interest to win a challenge, since with only three leaders facing elimination, losing means a high probability of being sent home.  In this game, the leaders must find a way to foster high effort among their teammates, to have a better chance of staying in the game.  A regular team member has less incentive to win a challenge and may even desire a loss which gives him or her immunity until the next challenge.  Since losing a challenge means automatic immunity for the regular players, motivating competitive play is particularly hard for the leader, who must counteract this intrinsic incentive to exert low effort through their power given a team win.  In the model this corresponds to setting qi such that the expected payoff of high effort exceeds that of low effort.  
I. Calculating the expected payoffs: 

The expected payoffs listed below for each strategy set show that in a high effort strategy the player pays a cost of D.  In all cases, a player faces some probability of winning a challenge and some probability of losing, which varies based on the value of pi.
 Under player homogeneity, I assume that the probability of winning a challenge is increasing with effort given a fixed level of effort from the other team.  In the case of a win, he or she is guaranteed a challenge prize (W), but only obtains immunity (R) with a certain probability given by qi .  With a team loss, however, immunity is guaranteed. 

i. [HH]= -D+(*p1+*p2+(1--)p3)*(W+q1*R)+(1-(*p1+*p2+(1--)p3))(R)

          =  -D+(q1 R+W) (p1 +p2 -p3 (-1++))+R (1-p1 -p2 +p3 (-1++))

ii. [HL]= -D+(*(1-p2)+*p4+(1--)p5)*(W+q2*R)+(1-(*(1-p2)+*p4+(1--)p5))(R)

          =-D+(q2 R+W) (-p2 +p4 -p5 (-1++))+R (1+(-1+p2) -p4 +p5 (-1++))

 iii. [LH]= (*p1+*p2+(1--)p3)*(W+q3*R)+(1-(*p1+*p2+(1--)p3))(R)

    =(q3 R+W) (-p2 +p4 -p5 (-1++))+R (1+(-1+p2) -p4 +p5 (-1++))

iv.  [LL]= (*(1-p3)+*(1-p5)+(1--)p6)*(W+q4*R)+(1-(*(1-p3)+*(1-p5)+(1--)p6))(R)

    = (q4 R+W) (-p3 +-p5 -p6 (-1++))+R (1+(-1+p3) +(-1+p5) +p6 (-1++))
II.  Making H a best response to H

i.  [HH] ≥ [LH]

ii.  -D+(q1 R+W) (p1 +p2 -p3 (-1++))+R (1-p1 -p2 +p3 (-1++))     ≥ 

(q3 R+W) (-p2 +p4 -p5 (-1++))+R (1+(-1+p2) -p4 +p5 (-1++))

iii. q1-(D+((-1+p1+p2+q3-p2 q3) R+W-(p1+p2) W) +(p2 (R-W)+p4 ((-1+q3) R+W)) -p3 (R-W) (-1++)-p5 ((-1+q3) R+W) (-1++))/(R (-p1 -p2 +p3 (-1++)))

iv. Simplifying the incentive constraint:  ()

 In order to reduce the equation in part iii., some assumptions can be made about the opposing team’s strategy.  If the leaders construct a contract to implement [H,H] as a dominant strategy, they should assume the other team is doing the same.  This is equivalent to setting  equal to 1.
  By determining the conditions under which {[H,H], [H,H]} is a Nash equilibrium of this perfectly rational game, it is possible to identify the factors that most affect competition.  Later this assumption will be relaxed to explain why such an equilibrium was not always achieved.  
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III. Making H a best Response to L:

i.  [LH] ≥ [LL]

ii.-D+(q2 R+W) (-p2 +p4 -p5 (-1++))+R (1+(-1+p2) -p4 +p5 (-1++))≥ 

(q4 R+W) (-p3 +-p5 -p6 (-1++))+R (1+(-1+p3) +(-1+p5) +p6 (-1++))

iii. q2(-D+p5 (R-W) (-1+)+((p2+p3 (-1+q4)-q4) R+(-p2+p3) W) +p5 q4 R -((-1+p4+q4) R+W-p4 W) +p6 ((-1+q4) R+W) (-1++))/(R ((-1+p2) -p4 +p5 (-1++)))

iv. Simplifying the incentive constraint ()

The same simplifications are made as in part iv. of I, that the other team follows the strategy [H,H].
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Interpreting the Incentive Constraints:  
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The conditions for making high effort a dominant strategy are specified by the equations (1.4)

. These inequalities capture the circumstances under which high effort is a best response to both high and low effort.  Here I reduce qi to two possible values: qh, the probability of immunity given high effort and ql, the probability of immunity given low effort.  While these probabilities differ based on the other player’s choice, the relative value needed to promote high effort, as specified in the incentive constraint, will be similar whether the other player is playing high or low effort. Since the leaders control immunity in this case, if they can set the qi according to the incentive constraints above they will be able to foster hard work.  
(1.3)

 and 
These incentive constraints illustrate the conditions required to make a player exert high effort more easily.  Examining them in some depth lends insight into the differences in competitive preferences between the male and female teams and how this affected their success (or lack thereof).  Once again, I consider the ability of the leader to encourage a given player to exert high effort.  The leader needs to make the probability of player 1 receiving immunity given high effort (qh) sufficiently greater than the probability of immunity given low effort (ql).  According to the inequalities above, the necessary difference between qh and ql varies based on the levels of other relevant variables, i.e., the challenge prize amount (W), the value of immunity (R) and the probability of winning the challenge given different levels of effort exerted (p1,p2,p3).   Interpreting this fairly complex inequality provides many important insights.
First, the greater difference between qh and ql (the probabilities of a leader granting immunity conditional on effort) the more easily the incentive constraint will be fulfilled.  In other words, if immunity given a team win depends on the level of effort exerted, a player will be more motivated to try hard.  In determining a leader’s ability to create this incentive package, significant constraints must be addressed. The value of q1, or the probability of a particular agent receiving immunity given both players exerting high effort, is bounded by 1
 and under the assumption that agents are interchangeable, it is bounded by .5.  

However, certain conditions support a leader’s ability to create an incentive compatible contract more easily than others.  First, the incentive constraint will be more often satisfied when 
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 is low.  Thus, for given value of ql, high effort is fostered more easily when (1-p2), the probability of winning given the strategy [H,L], is relatively lower than p1, the probability of winning given the strategy [H,H].  In other words, if exerting high effort (which changes the probability of winning from (1-p2) to p1) results in a greater chance of a team win then a player would increase his or her motivation to exert effort, independent of the elimination contract.  If the probability of winning does not increase with high effort, then a player will only suffer the disutility of effort and the possibility of being voted off without any increased probability of positive payoffs (either challenge prize or immunity).  This has implications on the role of player beliefs in determining their competitive approach, and will be useful in later considerations of gender differences in this area.  

Furthermore, equation 
(1.4)

 shows that reducing the value of the expression,  GOTOBUTTON ZEqnNum332681  \* MERGEFORMAT  more easily satisfies the constraint. For a given value of ql the expression is reduced if (1-p3), the probability of losing against a team who plays [L,L], is relatively lower than (1-p2), the probability of losing given the other team plays [H,L].  Thus, a player will be more likely to put in high effort if he or she believes that effort will lead to a win. Logically, if the chances of winning given [H,L] are equivalent or less than the chances of winning given [L,L] then a player faces no expected increase in payoffs from exerting high effort. 

In terms of the effect of the possible payoffs on the incentive constraints, both (1.1) and (1.2) show that the lower limit on qh also decreases when the disutility from high effort (D) is low.  This is rational, since a lower cost of effort makes that choice inherently more appealing.  Further simplifying the constraints will help describe what other conditions should be met to foster an incentive compatible contract.  Under the assumption that teams are homogeneous, then p1, or the probability of winning given all players exert high effort, is approximately equal to .5, and accordingly p1>p2. This means that (1-p1-p2) will be negative and continue to decrease as p1 and p2 get larger.  Their effect on the incentive constraint; however, depends on the relative values of the challenge prize and immunity (W and R).  If players care more about winning the challenge and less about immunity then (R-W) will be negative, making (1-p1-p2)(R-W) positive.  The value is subtracted from D, resulting in a negative change in the right side of the equation, making the constraint easier to satisfy and allowing the leader to promote high effort with a greater range of elimination contracts.  In this case the incentive constraint is more easily satisfied with larger values of p1 and p2.  
However, if players value immunity over the challenge prize (R > W), then they have less motivation to win a challenge, and leaders face more difficulty creating an incentive compatible constraint as p1 and p2 increase.  Equation (1.2) reinforces this relationship. Assuming that players believe that outcome is somewhat correlated to effort (p3>p2) then the challenge prize (W) will reduce the expression, increasing the possibility of an incentive compatible contract which promotes high effort.  The value of immunity (R) will have the opposite effect, since immunity is guaranteed in the case of a team loss in BOTS2, so players are more motivated to exert low effort if they care enough about immunity.  Once again, player behavior is determined by the relative values of R and W and the probabilities associated with them.  This result illustrates an important component of the competitive environment on BOTS2. Since a challenge loss guarantees immunity for regular players, if they care enough about receiving it for certain, they will prefer a team loss and thus have less motivation to exert high effort. 

There are a few additional features of the incentive constraint worth considering.  First, the upper bound on qh is 1, which limits the ability to create an incentive compatible contract, especially since there is no such restriction on the value of the expression 
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, which may be much larger than 1 with a large disutility of effort.  Therefore, it is possible that in certain situations the leader still cannot feasibly induce high effort (even for one player) if he or she sets an optimal competitive contract which rewards for high effort and punishes low effort.  This is considered in more depth when relaxing the assumptions about the value of pi. 

Furthermore, while often the success of a principal-agent model relies solely on the contract put forth by the leader and the disutility of effort, there are other important factors of the environment that affect player behavior.  For instance, it is possible in this game that there will be no incentive for regular team members to work hard, even when D=0.  For instance, even if we set D=0, and employ an optimal elimination strategy, in which qh=1 and ql=0, a high effort contract may still not be feasible. Employing the former assumptions that p1=.5 and p1>p2, then if R is significantly larger than W, the right side of the inequality would be a high positive value, suggesting that the regular players would choose to exert low effort in order to ensure a team loss and guaranteed immunity, even if effort isn’t costly.  This complication will be important to consider in further examinations of the competition outcomes.

Finally, this expression suggests that a player’s willingness to exert effort changes as the season progresses.  At the beginning of the season, with as many as 16 players on the team, a team win depends less on individual effort.  This corresponds to making pi  constant, so that p1≈p2≈p3.  This could lead to more free-riding―people exerting low effort and relying on other players to carry the team.  Therefore, towards the end of the show (when there are fewer players) pi varies more based on effort.  However, if a player believes he or she has no chance of winning a challenge, then this trend would not be observed.  The extent to which the male and female team improved their performance from the beginning to the end of the season could shed light on their feelings towards competition.

Explaining the Gender Differences:


The incentive constraints above may help explain the women’s inferior record.  The women themselves reinforce through their commentary that effort is a lacking factor.  In Challenge 4, female team member Ayanna reprimands the women because, “nobody stepped up today”.  Other players continue to reflect this sentiment throughout the season.  However as the model suggests, the extent to which player motivations were motivated to exert effort, depends on whether they believed effort was related to performance.  The players’ commentary throughout the season, to their team members, opponents and the camera, provides some insight into their beliefs.  The participants are informed at the beginning of the show that the creators designed the challenges so that no one had any absolute advantages.  As the show host Johnny Mosely tells them in the first episode, “It’s anyone’s game.” Therefore, presumably all players must exert effort to perform well in a given task.  Mosely even prefaces some of the competitions with statements like, “This challenge doesn’t involve any prior skills or talent.”[cite]  This supports the assumption of player homogeneity under which the player who puts forth the most effort wins.    

There are a few reasons why the female team exerts less effort on the whole.  Ultimately, the women leaders choose to eliminate players not according to merit, but rather based on personality.  This does not follow the incentive compatible constraint for [H,H] in which the probability of gaining immunity from the leaders given high effort is greater than that of low effort.  Two alternative possibilities may explain their inability to implement an optimal contract: that the leaders cannot implement the contract or that they just choose not.  These preferences may have either deterred the leaders from offering an incentive compatible constraint or prevented players from responding to it, even if qh>1/2 and ql=0.  The existing hypotheses suggest that women are less competitive due to either competition aversion, risk aversion, or stereotype threat.  Interpreting these possible driving factors in context of the model can help shed light on which explanation accounts for the outcomes observed in BOTS2.  

Competition Aversion


The male and female leaders clearly differ in their competitive strategies.  At the beginning of the season, the male leaders employ a formula for voting off players based on who performed the weakest in a given challenge.  The female strategy varies markedly from the men’s formula.  They target players who they dislike, regardless of ability.  In this strategic approach, when the females win a challenge the well-liked female player remains eligible for the final reward no matter the level of effort exerted, and the disliked female leaves the game.  Hard work in competition does not change either players’ outcome and the only difference between working and shirking is the disutility of effort.

The male team leaders foster hard work in competition, specifically by assigning qi such that q1>q3 and q2>q4 (in fact the male strategy was closer to the optimal strategy where q3=1, q1=q4=1/2 and q2=0). In contrast, female leaders employ a strategy that doesn’t consistently differentiate between q values based on effort.  This changes the former incentive constraint equations, by essentially setting q1=q2=q3=q4.  Female leaders may avoid factoring competitive ability into their decisions because they considered other player characteristics more important. Or, they may face a situation in which players don’t respond to this type of incentive package.  As I address later in the analysis, various elements of competition could have prevented the leaders from promoting competition.  Nevertheless, by putting more weight on the personality traits of its players, the female team avoids the immediate pressures of mixed gender competition, but also performs worse overall.

To model the new incentive constraints faced by the female players, I differentiate between two types of team members: favored players, who the leader wants to keep in the game (either because of their ability or because of their personality) and unfavored players, who the leader wants to send home.  In the model, this translates to setting qi equal to 1 for favored players and 0 for unfavored players.  Equations 1.5 and 1.6 show new incentive constraints which differ based on whether or not the player is favored by the leader. These constraints demonstrate a form of competition aversion, because leaders avoid judging players directly on their performance in the competition.  In a way, this corresponds to selecting out of a competition based on payoff scheme.  
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Comparing (1.5) and (1.6) shows that if p2>p1, a favored player is more willing to exert high effort.  However, neither elimination strategy encourages high effort as effectively as a constraint based on effort, as shown by comparing the incentive constraints associated with each strategy.  In equations (1.7), (1.8) and (1.9) I manipulate the equilibrium constraints for more direct comparison.  
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These equations show that an unfavored player cannot be motivated to exert high effort unless W is significantly larger than R such that (1-p1-p2)(W-R)<-D.  This might be the case early in the game if the challenge prize is significant and immunity is low.  In fact the competition results support this theory.  The women do not win any of the last 5 out of 15 challenges.
  The first challenge prize they win, after the 5th challenge, is a trip to Greece.  Before the competition the women chant “Greece” over and over, collectively focusing on the value of this particular prize.  This suggests that in this competition they faced a very large W, and since it was early in the competition, a relatively small R.    

However, when considering an incentive constraint that differentiated between effort levels (1.7), it is clear that because 
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is less than 1, this constraint is more easily satisfied than either constraints in (1.8) or (1.9) which don’t depend on effort.  In other words, since the favored player gets special privileges no matter what, she will not have incentive to work hard.  But, if a leader communicates that ql is larger than qh, or that the probability of staying in the game given a team win is greater for a regular player that exerts high effort, then the strategy [H,H] will more frequently be a Nash equilibrium, given constant values of the other variables.  
In fact, at times some of the female players recognize the benefits of employing an effort based elimination strategy.  After winning Challenge 5, Ruthie, one of the team leaders, encourages the other leaders to vote off Cynthia, decidedly the worst performing player.  Ruthie advises them to make decisions based on “competition and contribution,” and ultimately they agree; however, this causes major dissent throughout the team, leading another player to interview that “this was a horrible decision” and “Cynthia has contributed not only to our missions but to our sanity.”  Thus, the use of an effort-based voting strategy further divides the team, since players do not generally agree that competition should determine elimination, but value other player attributes significantly more.

The male team, however, widely agrees on a strategy based on effort, and their success provides a convincing explanation for why the competition averse female elimination strategy may have negatively affected their performance as a team.  To better understand these preferences, I consider other possible explanations for the competition outcomes, specifically stereotype threat and risk aversion, and the extent to which they account for the female’s weaker performance.
Stereotype Threat

The literature in this field identifies stereotype threat as a possible explanation for females’ inferior performance in competition.  To explore this within the BOTS2 model, I first consider the expected payoffs of exerting high and low effort available to players.  For simplicity, I assume all other  players exert high effort and thus there exist only two possible probabilities of winning a challenge [ph ,pl] and two probabilities of gaining immunity [qh, ql] which depend only on an individual player’s effort level.  This suggests that a player receives the same payoffs independent of the choices made by the other participants.  Clearly, this simplification does not always hold, and later situations will be considered in which this assumption is relaxed

Expected Payoffs for Regular Team Members:

 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.10)
 EV(High Effort)=ph(W + qh*R) +(1- ph)R –D 
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 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.11)
 EV(Low Effort)=pl(W +ql*R) + (1- pl )R

These equations reveal that even if the female team employs an elimination strategy similar to that of the men’s team, the female players may not respond to this incentive package due to their general beliefs about the competition.  If the women feel they are worse than the men at a given challenge, the probability of winning a challenge (pi ), would be low and not conditional on effort, making ph and pl essentially equivalent.  This is shown by considering the change in the expected payoffs from high and low effort.  

 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.12)
  ∆EV=∆p(W + ∆q*R) - ∆p*R – D, where ∆p=( ph- pl ) and ∆q= (qh-ql)

If the probability of winning a challenge no longer increases with high effort (ph is not greater than pl) then the difference in the expected payoffs of high and low effort represented in equation (1.12)

 gets smaller.  In fact, the two expected values only differ in the extent to which players have a higher chance of immunity given high effort (∆q*R).  The presence of stereotype threat reduces the difference in positive payoffs between the two effort levels.  This suggests that even an optimal incentive package may not compensate for the disutility of effort to encourage high effort.  Therefore, if a player has weak beliefs (which would be the case if women were susceptible to stereotype threat), a leader faces difficulty in trying to employ competitive based incentive constraints. 

Within the BOTS2 season, there is evidence that stereotype threat affected player behavior on the female team.   For instance, the women often interview that they felt they had a disadvantage against the men, especially in the physical competition. In challenge 13, one of the female players admits “I let the pressure get to me, and when you lose your head in competition, it just destroys you and any potential you have of winning the game.”  Furthermore, in Challenge 7, in which one team member is covered with honey while the remaining players must remove bugs with their mouths until they fill a container, the host of the show reveals that the challenge “doesn’t involve any prior skills or talent.” However, Coral, one of the best female players still interviews that the mission will be almost impossible to win.  Another player, Katie says she will try to step up even though this isn’t something she is good at.  Even though the challenge does not involve any training or real ability, the women’s team creates excuses for why they are inferior.  Ultimately, the men’s team wins the competition.  

 Stereotype threat also appears to have influenced the outcome of Challenge 10, a case in which the effect was potentially reduced leading to a team victory.  This mission consisted of a combination of pop culture trivia and bike jumping off a ramp. Before the challenge Arissa interviews that “women are stereotypically better at pop culture trivia.” While the women’s advantage in trivia could potentially explain their victory, a significant portion of the challenge is devoted to bike jumping, the type of activity that the female team generally shy away from.  However, with more confidence going into the challenge, even women that had not performed well up to this point, such as Arissa (who was afraid of heights) completed the challenge, resulting in a team win. In terms of the model, this change in behavior suggests an increase in the belief that the probability of winning is correlated with effort which, as shown in the incentive constraint, boosts a player’s willingness to exert effort and could reasonably explain this challenge result.   

Research shows that stereotype threat debilitates female performance in women mixed gender environments, which may explain why females perform better in single gender competitions, when they are no longer identify themselves as disadvantaged.  Therefore, if stereotype threat significantly influences female performance, then their ability should improve in a game that introduces competition amongst members of their own sex.  This issue will be addressed in the subsequent analysis of BOTS1.

Risk Aversion
Risk aversion may also increase women’s tendency to exert low effort in competition, possibly contributing to their significantly lower winning record.  Once again I consider the expected payoffs to determine how risk aversion might change the utility that a player derives from these potential rewards.

To foster high effort given risk neutrality:

 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.13)
 -D + R+ ph (W-R(1- qh )) ≥ R+ pl (W-R(1- ql ))
As the payoff scheme shows, if players exert high effort, they pay a guaranteed cost of effort (D).  They then face the possibility of two rewards with varying probability based on performance and the leader’s elimination scheme.  If women are more risk averse than men, they will respond to these payoffs differently. Specifically, they will be less motivated if a reward is not certain.  Both the probability of the challenge prize and immunity are unknown, deterring a risk averse player from sacrificing utility for an uncertain payoff.  Figure 3 illustrates how players respond differently to payoffs based on their level of risk aversion. 

Figure 3

Utility Chart for a Risk Averse Player
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             In the graph above, I represent a risk averse player. This faces payoffs for high effort ranging between [-D, (W+R-D)], and payoffs for low effort ranging between [0,W+R].  For the risk averse players, the expected utility derived from these payoffs decreases marginally according to the given function. To more clearly identify the affects of risk aversion on a player’s willingness to exert high effort, I consider the value of a given payoff (R), or immunity.  For a risk neutral person, the increased positive expected value for (R) must be enough to offset the disutility.  To consider the change in expected payoffs with effort, I manipulate the equation (1.12)

 to find the change in expected value that results in moving from low to high effort.
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.14)
 ∆EV= ∆p(W)- ∆p R(1-∆Q)-D where ∆P=(ph-pl) and ∆q=(qh-ql)  

Equation (1.14)

 suggests that for a risk neutral person, the increase in the value of rewards must be greater than the cost of effort, e.g., ∆p(W)- ∆p R(1-∆q) >D to foster high effort. However, because high effort involves more risky, the choice appeals less to a risk averse player.  That player needs a higher expected payoff from playing H to make the choice worth it.  For instance, a risk averse player will need a larger expected payoff from getting R through high effort to derive the same amount of utility from getting R through low effort. The value required to receive an equivalent amount of utility is equal to EV*, which is represented by the horizontal line from the expected utility line for low effort to the expected utility line for high effort.  However, if a player receives R by exerting effort, their net payoff will be equal to the difference between the value of disutility and immunity (–D+R).  Thus the increased value of high effort, ∆P(W-R(1-∆q) must be equal to the value of D* denoted in the graph, or the cost of effort (D) plus some additional amount. Since this value clearly exceeds D, a risk averse person needs higher expected payoffs relative to a risk neutral player to be willing to exert effort.   

The competitive conditions of BOTS2, may perpetuate risk aversion, making it difficult for leaders to increase the value of high effort, ∆p(W-R(1-∆q)), enough to motivate hard work.  This could augment the effects of competition aversion and stereotype threat, or operate independently of them.  For example, a small ∆p reflects weak player confidence.  This condition lowers the expected value of ∆p(W-R(1-∆q)), making it tougher to induce high effort, especially for a risk averse person.  Furthermore, if the female team avoids the pressures of competition through an elimination strategy that is not based on competitive performance, then ∆q would be low as well.  This also decreases the difference between the expected value of low and high effort, which would more drastically affect a risk averse person.  

However, even if women are not influenced by stereotype threat or competition aversion, the rules of the game are such that an increase in the probability of winning a challenge affects the payoffs in conflicting ways. Specifically, winning increases the expected value of the challenge prize but decreases the probability of immunity, which is certain with a team loss.  Therefore, a given increase in ∆p does not necessarily enlarge the difference in expected payoff for low and high effort enough to provide equivalent utility to a risk averse person.  Conceivably, the competitive institutions of the game affect risk averse players more negatively, making it difficult to achieve a large enough difference in the expected payoffs of low and high effort.  

Specifically, the first challenge that the women won, provides evidence for their risk aversion.  The challenge prize for challenge 5 involved a trip to Greece, which the majority of the woman indicated they preferred greatly over any other prize.  Before the challenge they interview about how much they wanted to win the trip, and together they chanted “Greece” over and over.  This represents a challenge prize (W) that is large enough to increase the expected utility of high effort in comparison to low effort, motivating the players to try hard in the competition, and arguably contributing to their success.  
The negative affects of this apparent disutility for competition among females (that seems to be based on a combination of unique utility preferences, beliefs or level of risk) could then be augmented by the benefits of losing a challenge.  In Challenge 5, the female player Veronica interviews that “if we lose this mission, maybe I want Angela to go and be a leader, so she can go home.”  Therefore, if the women don’t care about winning a competition, they may purposely pick unqualified leaders and eliminate them given a team loss, thus further inhibiting team competitive performance.  This has implications on female interactions in real world competition, and the extent to which their preferences sabotage their success.  Overall, BOTS2 provides evidence that reinforces the model, suggesting that some of the major hypothesis do in fact account for gender differences in competitive environments.  However, by expanding my analysis to other shows, I better determine which hypotheses account most for the outcomes. 
Section III: Battle of the Sexes 1
The competitive outcome of BOTS1 differed significantly from that of BOTS2.  The women’s team won 5 out of 15 challenges, more than double the record of the female team in the second season.  The unique structure of this game most likely contributed to the improved female performance, which can be captured by changing the combination of payoffs in the generic model.  Solving the incentive constraints helps determine why the female players responded differently to the competitive environment of this show.  There are two main variations in the competition of BOTS2 and BOTS1: the introduction of intra-gender competition and a change in the rules of immunity, which is no longer guaranteed in the case of a team loss.  The model captures both of these changes in the payoff scheme.  
BOTS1, has many of the structural features of BOTS2, making it convenient for comparison.  The shows share a number of the institutions which influence player motivation and affect expected payoffs.  Both seasons consist of 15 weekly challenges of a similar type.  The shows use both physical competitions and brain teasers, designed to prevent experience or absolute advantage from determining the outcome.  The comparable challenge type also suggests that in general the disutility of effort (D) experienced from participating in the task itself is comparable in both shows.
  Since differences in the disutility of effort could affect women’s performance in competition, holding this variable constant across shows allows for the examination of other explanations such as risk aversion or stereotype threat.  The challenge prizes are also similar and in both shows each winning team member receives the reward.  However, it is important to note that in BOTS1, the challenge prize was based on the best individual performance and not the overall team performance.
Furthermore, the structure of the teams remains constant, maintaining the ratio of leaders to regular players, with three leaders in every challenge. This contributes to the continuity of the generic principal-agent model.  The final rewards are also similar
, which suggests that the value of immunity(R) is comparable in both shows.  

However, salient differences in the immunity structure in BOTS1 potentially may have changed the way players approach competition and affected the feasibility of implementing an incentive compatible contract.  In this season, relative performance within the team determines immunity.  In the weekly challenges, each team member completes a task and individual performances are ranked within the team.  The top three players of each team receive immunity and the power to vote off one of the regular team members.  So, while the gendered teams still face each other in team competition, performance is also compared among same sex team members; this differs from the scoring method of BOTS2, which included no intra-gender ranking.  Therefore, comparing the distinct outcomes of these two seasons provides insight into the extent to which females differ in their preference for competition based on whether they are competing against men or women.  

The new immunity structure also changes the payoffs associated with winning and losing a challenge. While in BOTS2 regular players get immunity after a team loss, in this season immunity is awarded to the players who perform the best against fellow teammates.  In the model this changes the subjective probabilities associated with immunity for a given effort level. 

Figure 4 

Principal-agent Model of Battle of the Sexes 1
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The model in Figure 4 captures the new rules of immunity in BOTS1.  As in the analysis of BOTS2, the model makes some basic simplifications of the competitive environment.  Once again, it features a limited number of players.  The model represents a leader, permanently designating him or her as a top player, and two team members assigned as agents, who correspond to any two of the regular players.  These agents must then vie for immunity by outperforming each other.

The probability that a player beats his or her teammate is represented by the set si, which varies based on the level of effort exerted, such that (s3>s1) and (s2>s4).  The better performing player gains immunity and the remaining player faces some probability of being voted off by the leader. This set of probabilities is denoted by the set qi, which was used in the previous model.  I assume that these two sets are equivalent, since in BOTS1 a player without guaranteed immunity faces the same elimination process involving the leaders as in BOTS2.  This allows for comparison of the incentive constraints across shows to determine how leaders leveraged this privilege to promote high effort in competition. 

Within this model I make a few important assumptions.  I simplify the team structure by only considering three players in what begins as a 16 person team.  Moreover, in the real game, there is no permanent leader figure, unlike the basic principal-agent model assumes.  In BOTS1, the leaders do not assume the position before the challenge, but rather the top three players are determined after every challenge; thus no one player is always the principal.  However, the model’s assignment of a permanent leader is generally realistic, since on the show certain players (such as Ellen and Ruthie) performed consistently well and their high scores repeatedly qualified them as leaders.  Presumably, these leaders worked consistently hard in order to retain their position (since, like in the second season, challenges were designed to prevent an absolute advantage) and at the same time it was in their best interest to motivate the regular players, so that one of their members would score highest in the challenge. 

In terms of the agents, the model assumes that the regular team members compete against each other for a spot in the top three, which then secures immunity.  In my analysis of the optimal strategy, I again assume that players are homogeneous.  However, realistically, certain players scored so low that they were not eligible for a leadership spot no matter how high they scored in an individual challenge.  Therefore, eventually relaxing this assumption will be necessary to characterize the effectiveness of the leadership strategies.  

Specifying the Incentive Compatible Contract:


As in BOTS2, the leaders have some agency in determining which players are eliminated.  Once again the model assumes it is in their best interest to leverage this power in order to motivate players to work hard.  While this relationship is complicated, (since leaders must also compete against regular team members for the leadership position) there are many advantages to promoting high effort.  Winning challenges results in larger prizes which should be desired by the leaders.  Furthermore, instituting an elimination contract based on effort would prevent them from being voted off randomly if they were to lose their position as one of the top three players.

The incentive constraints below represent the conditions necessary to make H a dominant strategy for a given player.  Under the assumption that players are homogeneous, this will also make [H,H] a Nash equilibrium.

I. Calculating the Expected Payoffs

Below are the expected payoffs available to a given player for each possible strategy.  Like in BOTS2, high effort differs from low effort strategies, since it contains an additional cost of effort (D).  Furthermore, once again a player receives a challenge prize (W) with a probability that varies based the effort of the players team and the opposing team.  However, these expected payoffs also reveal the different rules of immunity(R) in BOTS1.  In this case, a team loss does not guarantee immunity, but rather immunity is granted based on within-team performance, determined by the set si and the discretion of the leaders represented by the set qi.   

i.  [HH]= -D+R (q1+s1-q1 s1)+W (p1 +p2 -p3 (-1++))

ii. [HL]= -D+R (q2+s2-q2 s2)+W (-p2 +p4 -p5 (-1++))          

iii. [LH]= R (q3+s3-q3 s3)+W (-p2 +p4 -p5 (-1++))

iv.  [LL]= R (q4+s4-q4 s4)+W (-p3 +-p5 -p6 (-1++))

II. Making H a best response to H

In order to make [H,H] a dominant strategy, high effort must be a best response to both high effort and low effort for at least one player.
  First, I consider H as a best response to H, in which the expected payoffs for the strategy [H,H] must be greater than those of [H,L]. 

i.  [HH] ≥ [LH]

ii. q1≥
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 (-d+R (s1+q3 (-1+s3)-s3)+W ((-1+p1+p2) +(p2-p4) -p3 (-1++)+p5 (-1++)))

iv. Simplifying the High Effort Equilibrium:  ()

Once again I assume that if one team believes it best to implement the strategy [H,H], and teams are identical, then the other team will also play [H,H].  This corresponds to setting the probability that both players on the opposing team exert high effort () equal to 1.  
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II. Making H a best response to L

To make [H,H] a dominant strategy, high effort must also be a best response to low effort.  

i.  [HL] ≥ [LL]

ii. q2≥
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iii. q2≥ 
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iv. Simplifying the High Effort Equilibrium: ()

As in part iv. of I, I assume that the other team employs the strategy [H,H] with a probability of 1.  
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Interpreting the Incentive Constraints:

 As in BOTS 2, the incentive constraints show that leaders can more easily promote hard work by creating an elimination scheme such that players who exert high effort face a larger probability of remaining in the game.  However, in this show (as in BOTS2) the elimination strategy of the female team was not directly based on competitive performance.  Since players are ranked after each challenge, the leaders can more easily identify the weakest players and get rid of them. However, often they still failed to do so.  Figure 5 shows how the relative rank of the eliminated player                (1-rank/number of players) varied within the women’s team in comparison to the men’s team.  

Figure 5 Relative Rank of Eliminated Players
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Once again this shows that women do not consistently put weight on competitive performance when choosing their elimination strategy.  The relative rank of the players they voted off are higher on average than those of the male’s eliminated (whose relative rank after the first mission always equals zero).  In some missions, the women clearly recognize the benefit of voting off the worst players.  The worst player is voted off back-to-back in missions 3 and 4 and then in 7 and 8.   However, in the show the female leaders never explicitly informs their team that they plan to vote off the worst player, while to male leaders make this approach clear.  This captures some level of competition aversion among the female team which resembles that of BOTS2, that either leaders refuse to judge players by their performance in mixed gender competition, or they feel the regular players will respond negatively to this elimination process.  Therefore, even though at times they vote off the weakest player they never make it a definite trend.  Instead, female elimination decisions actually focus largely on the inherent personality traits of the regular members.  But if players cannot rely on an increased probability of being protected by the leader with high effort, then they have less incentive to try hard in competition.  
However, even though the women did not strictly follow the theoretical equilibrium strategy, their performance still improved from BOTS2.  To explain this outcome, it is important to consider the incentive constraints and specifically how the exogenous variables created a different competitive environment than BOTS2.  In Table 3, I compare the incentive constraints in order to more easily identify these key distinctions.  Again, I do not discriminate based on whether the other player is playing low or high, but rather use the notation [qh, ql] and [sh, sl] in both constraints. It is notable that the women’s winning percentage was better in BOTS1 than in BOTS2, but still inferior to the men’s.  I analyze the incentive constraints for high effort to explain why their performance improved in this show, as well as why they continued to lose to the men.

Table 3 
Incentive Compatible Constraints for Battle of the Sexes 1 & 2
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These constraints clearly bear some resemblance across shows.  The cost of effort (D) and the challenge prize (W), have the same effect on the constraints for both shows.   As discussed above, many of these costs and/or payoffs are comparable in size between the two shows, suggesting they should have the same effect on player motivation.  Furthermore, the expected value of the challenge prize also plays a similar role in player incentives, since in both seasons the prize depends on inter-team performance.  Thus, because the challenge types resemble each other, presumably the environment and potential payoffs should affect player behavior and gender differences similarly in both BOTS2 and BOTS1.  

However, the two constraints differ significantly in terms of the value of immunity (R) and its effect on inducing high effort. This captures the unique rules of competition in BOTS1.  I examine the implications of this new competitive environment, to determine why females perform better in BOTS1 than in BOTS2 and specifically whether the observed difference can be attributed to changes in competition aversion.  I then show how these rules of immunity affect the two teams differently, and how this clarifies the various explanations for gender differences in competitive preference, specifically disutility for competition, risk aversion and stereotype threat.  

Explaining the Gender Differences:

Previous literature attributes weak female performance to competition aversion, or a general disutility for exerting effort in competition.  In the case of BOTS1, if this disutility (D) was high enough then women would never try hard.  However, the challenge results of BOTS1 show that women don’t continuously refuse to compete, since in many of the competitions, the women performed well against the men.  This does not support the theory that women have a stable disutility towards competition that leads them to shy away, or exert low effort.  Therefore, it is important to consider exogenous factors of the competitive environment which may have at times fostered competition amongst women and at other times prevented it.  

The changes in the competitive environment from BOTS2 to BOTS1 may affect the way the women approached competition.  Specifically, the introduction of intra-gender competition could improve the women’s beliefs and lessen the effect of stereotype threat.  Additionally, the process of awarding immunity not to the losing team but to the top performers may reduce the risk of high effort. The women would be especially sensitive to if they are risk averse.  In considering more closely the implications of these changes, I again compare the expected payoffs of high and low effort.

Stereotype Threat

To identify the presence of stereotype threat in this game, I locate the conditions that cause players to respond better to an incentive compatible constraint for high effort.  As in the previous analysis of BOTS2, I examine the case in which all other players exert high effort.


 SEQ MTSec \h \* MERGEFORMAT 


 MACROBUTTON MTPlaceRef \* MERGEFORMAT  MACROBUTTON MTEditEquationSection2 Equation Section (Next)(2.1)
 EV(High Effort)=ph (W) + sh(R)+(1-sh)qh* R - D

 MACROBUTTON MTPlaceRef \* MERGEFORMAT (2.2)
 EV(Low Effort)=pl (W) + sl(R)+(1-sl)ql* R - D

 MACROBUTTON MTPlaceRef \* MERGEFORMAT (2.3)
∆p(W)+∆q(R)+ ∆s*R(1-∆q ) ≥ D, where ∆p=(ph-pl) and ∆s=(sh-sl) and ∆q=(qh-ql)
In BOTS1, immunity depends on how players believe they will perform within their own team (si) rather than, in relation to the opposite gender team (pi).  This has particular implications in terms of observed gender differences, since in previous research, Gneezy, Niederle, and Rustichini (2003) found that women perform better in competition against other women than they do against men.  One reasonable explanation posits that women more directly link efforts to outcome when competing against other women, lending greater incentive to try.  This is shown in the incentive constraints by a large positive difference between sh and sl, which increases the expected value of high effort relevant to low effort.
  In the incentive compatible constraint for high effort, this difference makes the right side of the inequality negative, suggesting that given certain player beliefs, leaders can promote hard work even with a non-extreme elimination contract.  
According to past literature men do not experience the same boost from intra-gender comparison.  Hypothetically, since they are not as prone to stereotype threat, men do not perform significantly better in single sex environments.  Gneezy, Niederle and Rustichini (2003) find this result in their experimental study.  If intra-gender competition affects male this way, then the change in immunity rules would not influence their performance as positively.  This would equal the playing field between the men and the women team, potentially explaining the women’s improved performance relative to the men.          

While the effect of stereotype threat is persuasive, this explanation fails to acknowledge the variance in the probabilities of beating out other team members for immunity (si) based on the player’s ability or current rank.  If we complicate the model to consider a weak and strong player’s payoffs, the expected values of high effort would vary greatly.  For a strong player, the belief of beating out the other women to gain immunity is significantly larger than the subjective probability of beating the men in a team challenge.  On the other hand, the weak player might have little or no chance of gaining immunity which would lessen her incentive to exert effort.  

In contrast, in the case of BOTS2, both the weak and strong players faced the same probability of immunity which was dependent upon the overall team performance.  In this case, it is possible to differentiate between players by their ability, creating a situation in which the strong players stay motivated even with repeated team losses, which would potentially contribute even more to the improved performance of the female team.  
Risk Aversion 

The diminished presence of stereotype threat is not the only viable explanation for the women’s improved performance in BOTS1.  The new rules of immunity also change the expected payoffs and their probabilities at a given effort level, thus changing the risk associated with a particular decision.  This may affect the male and the female teams differently based on their level of risk preference.  In determining how female risk aversion affects their competitive performance in BOTS1 relative to BOTS2, I consider the changes in available payoffs and the level of risk associated with them.  The cost of effort (D) remains a certain negative payoff experienced with high effort.  The expected value of the challenge prize (W) also remains the same, since the reward is still based on the outcome of the inter-team competition.  However, a team loss no longer guarantees immunity (R). Once again the implications of this change are captured in the expected values of high and low effort in (2.1) and (2.2).  Manipulating these equations provides a simplified incentive constraint for high effort given risk neutrality:
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (2.4)
 ∆p(W)+∆q(R)+ ∆s*R(1- ∆q ) ≥ D, where ∆p=(ph-pl) and ∆s=(sh-sl) and ∆q=(qh-ql)

To analyze risk aversion in BOTS1, the change in expected utility of these payoffs can be examined for different risk preferences.  Figure 6 replicates the graph used to analyze of risk aversion in BOTS2.   
Figure 6 
Utility Chart for a Risk Averse Player
Utility
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As in my analysis of BOTS2, I consider how a given expected payoff of R  motivates risk averse players.  While this graph does not change the expected utility of the payoffs available to players in BOTS2,
 the structure of BOTS1 increases the probability of achieving a substantial enough reward to induce high effort.  Once again, Figure 6 illustrates that a more risk averse person needs a larger expected payoff with increasing effort in order to choose high effort, i.e., D*>D.  More specifically, equation 2.5 demonstrates that a risk averse player requires a larger difference in the expected positive payoffs between high and low effort to satisfy the incentive compatible constraint.

 MACROBUTTON MTPlaceRef \* MERGEFORMAT (2.5)
 ∆p(W)+∆q(R)+ ∆s*R(1- ∆q ) ≥ D*

where ∆p=(ph-pl) and ∆s=(sh-sl) and ∆q=(qh-ql)

In BOTS2, the rules of immunity make it difficult to achieve a large increase in payoffs from low to high effort, since winning a challenge affects the main rewards (challenge prize and immunity) oppositely, complicating a player’s motivation to exert effort in competition. 
  In contrast, the unique payoff scheme of BOTS1, helps achieve this necessary increase in the expected payoffs from effort, so that the expected positive rewards offset the decrease in expected utility from the riskier choice of high effort, even for a risk averse player who requires a larger necessary difference between these expected payoffs equal to D*.  For instance, in BOTS2 an increase in the probability of winning a challenge from low to high effort (∆p) lowers the expected value of immunity, actually decreasing the expected payoffs of high effort relative to low effort.  However, equation 2.5 shows that in BOTS1 ∆p does not have this negative effect.  In fact, in BOTS1, the expected value of immunity increases with high effort as long as ∆s and ∆q are positive, which means high effort should increase the expected value of both the challenge prize and immunity.  Therefore, for a given level of risk aversion, the conditions of the game in BOTS1 make it more feasible to achieve the required difference in expected payoffs between low and high effort, in order to satisfy the incentive compatible constraint for a risk averse player which may not have been satisfied by the expected payoffs of competition in the last show.  

According to the hypotheses regarding the affects of stereotype threat and risk aversion on gender dynamics in competition, the new competitive conditions in BOTS1 affect the male team differently.  Giving regular players immunity for good performance rather than for a team loss should influence the competitive behavior on the male team as well.  However, as more risk neutral agents, men will be less affected by a change in the probability of immunity from BOTS2, where it is guaranteed in the case of a team loss, to BOTS1, where it increases based on intra-team performance.  Furthermore, the ability to perform well among same sex team members (∆s) does not necessarily affect them positively by reducing stereotype threat, but may actually cause them to feel they have more competition.  Therefore, their incentive to compete is less likely to increase in BOTS1 due to a reduction of risk or stereotype threat.  Thus, if women are indeed more risk averse than men, they would respond more drastically to the elimination of guaranteed immunity in the case of a team loss, leading to comparatively increased motivations in competition.  This hypothesis supports the outcome of the show in which the number of female team wins improved relative to male team wins.

However, it is important to note that the competitive rules in BOTS1 do not positively affect a risk averse player without a significant ∆s, the probability of beating out other female players.  In other words, if the women do not feel more capable in competition amongst their own gender, they will not be motivated by the payoffs more in this game than in BOTS2.  Therefore the extent to which the unique competitive environment of BOTS1 explains the better female performance can possibly be attributed to both the decreased affects of risk and stereotype threat. But, it is difficult to completely differentiate between these two effects.  However, further analysis of gender dynamics in competition on The Apprentice, will help determine the power of these explanations.
Section IV: The Apprentice
NBC’s The Apprentice, also involves gendered competition.  In three of the seasons, single sex teams compete against each other for at least the first four episodes, before the two groups are combined.  This team structure once again permits the examination of gender differences in competition.  This show serves to extend the previous analysis, since The Apprentice offers a considerably different competitive environment.  Furthermore, the results of the mixed gender competition exhibit better female performance than the Battle of the Sexes seasons.  This helps determine how the differences between shows contribute to female ability in competition.  

Collectively, the women’s teams won 7 out of 14 challenges--matching the men’s record.  While enough similarities exist between The Apprentice and Battle of the Sexes to make a useful comparison, a few fundamental differences in the structure of the competition help identify potential explanations for the overall improvement in female performance from the Battle of the Sexes seasons.  These differences are demonstrated in the model shown in Figure 7.

Figure 7 

Principal-agent Model of The Apprentice

[image: image34]
I use the same principal-agent model to capture the competitive interactions within this show.  This model properly captures the team dynamic on the show, since in The Apprentice like in Battle of the Sexes, the challenges require a leader to facilitate team performance.  Once again, the leaders want to promote hard work, since they are more responsible for the success of the team.  In this game, if the team loses a challenge, the leader is automatically sent to the boardroom where he or she may be fired by Donald Trump.  Consistent with the other shows, the leaders also have influence over elimination, since after a loss they choose which member accompanies them to the board room.  They can then leverage this power to potentially encourage high effort in competition.  The presence of the leader maintains the value of the principal-agent model in considering the competitive environment of this game.  

However, there are certain distinctions in the nature of the competition on The Apprentice.  Specifically, the challenge type differs from that of Battle of the Sexes.  While in BOTS1 and BOTS2, the challenges are designed to rule out player experience, The Apprentice selects participants based on their past experience in business and creates challenges to test a specific skill set.  Furthermore, the challenges on The Apprentice are all cooperative.  BOTS2 alternates between cooperative and individual tasks and BOTS1 measures only the compilation of individual outcomes.  However, the challenges on The Apprentice—marketing a new product or running an event—are performed and judged as a team endeavor.  This could affect the differences between male and female players within the competition, by changing the player’s subjective probabilities of winning a challenge(pi) . 

A final difference involves the team leader’s role in elimination.  While the leader has some control over who is voted off in the case of a team loss (determining who accompanied them into the boardroom), Donald Trump makes the final decision.  This may influence the way players respond to a leader’s incentive contract.  In order to more specifically determine how these changes affect willingness to compete, I again consider the incentive constraints required to promote effort in competition.  

Specifying an Incentive Compatible Contract

I.  Calculating the Expected Payoffs: 

Below I list the expected payoffs available to a player for each possible strategy.  These payoffs reflect that, like in Battle of the Sexes, players receive a challenge prize (W) after a team win.Additionally, a team win guarantees immunity (R) making the outcome even more valuable than in other shows. The probability of winning depends on the aggregate level of effort exerted, specified by the probabilities pi, and .If the team loses, then players do not win a prize.  They receive immunity according to the probability that the team leaders decide not to take them into the boardroom (qi) or if taken into the boardroom that Donald Trump doesn’t eliminate them (di).  Once again these payoffs show that high effort comes with a cost of effort denoted by D.
i. [HH]= -D+(d1 (-1+q1)-q1) R (-1+p1+p2 - p3(-1++))+(R+W) (p1 +p2-p3(-1++))
ii. [HL]= -D+(d1 (-1+q2)-q2) R (-1+-p2 +p4 -p5 (-1++))+(R+W) (-p2 +p4 -p5 (-1++))
 iii. [LH (d2 (-1+q3)-q3) R (-1+-p2 +p4 -p5 (-1++))+(R+W) (-p2 +p4 -p5 (-1++))
iv.  [LL]= (d2 (-1+q4)-q4) R (-1+-p3 +-p5 -p6 (-1++))+(R+W) (-p3 +-p5 -p6 (-1++))

II. Making H a Best Response to H:

Once again, to make [H,H] a dominant strategy (so that both players exert effort in competition) then high effort must be a best response to another team member exerting high effort.

i.  [HH] ≥ [LH]

ii.   -D+(d1 (-1+q1)-q1) R (-1+p1 +p2 -p3 (-1++))+(R+W) (p1 +p2 -p3 (-1++))-(d2 (-1+q3)-q3) R (-1+-p2 +p4 -p5 (-1++))-(R+W) (-p2 +p4 -p5 (-1++))
iii. .  q1(D+d1 R (-1+p1 +p2 -p3 (-1++))-(R+W) (p1 +p2 -p3 (-1++))+(d2 (-1+q3)-q3) R (-1+-p2 +p4 -p5 (-1++))+(R+W) (-p2 +p4 -p5 (-1++)))/((-1+d1) R (-1+p1 +p2 -p3 (-1++)))}
iv. Simplifying the Incentive Constraint:  ()

I employ the former assumption that the other team will play [H,H], by setting =1.
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III. Making H a best Response to L:

For [H,H] to be a dominant strategy, high effort must also be a best response to low effort.

i.  [LH] ≥ [LL]

ii-D+(d1 (-1+q2)-q2) R (-1+-p2 +p4 -p5 (-1++))+(R+W) (-p2 +p4 -p5 (-1++))-(d2 (-1+q4)-q4) R (-1+-p3 +-p5 -p6 (-1++))-(R+W) (-p3 +-p5 -p6 (-1++))
iii. {q2(D+d1 R (-1+-p2 +p4 -p5 (-1++))-(R+W) (-p2 +p4 -p5 (-1++))+(d2 (-1+q4)-q4) R (-1+-p3 +-p5 -p6 (-1++))+(R+W) (-p3 +-p5 -p6 (-1++)))/((-1+d1) R (-1+-p2 +p4 -p5 (-1++)))}
iv. Simplifying the Incentive Constraint: ()

Assuming that the other team plays [H,H], then =1, further simplifying the incentive constraint.
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Interpreting the Incentive Constraints:


As in my analysis of BOTS1 and BOTS2, I examine the incentive constraints in detail, to determine what conditions promote competition in this game.  Equations (3.1)

 and (3.2) show the incentive compatible constraints required to make [H,H] a dominant strategy.  Once again, I reduce the set of probabilities to a probability associated with high effort and one associated with low effort, so (qi) consists of the set [qh,ql] and (di) consists of the set [dh,dl].
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As in BOTS1 and BOTS2, the incentive constraints show that decreasing the cost of effort results in a greater propensity to exert high effort.  The contract in (3.1) is more easily satisfied when p1 and p2 are high, suggesting that players are more motivated to try hard when there is a higher probability (or higher belief in the probability) of winning a challenge.  The effect of immunity (R) on the incentive constraints also depends on player beliefs.  According to equation (3.1), if (1-p1)(1-dh)<p2(1-dl)(1-ql), then an increase in R makes the incentive constraint easier to fulfill.  This requires a large difference in the probability of winning based on the level of effort exerted(p1<p2), and a higher probability of not being voted off in the board room with high effort(dh>dl).  The effect of immunity on player motivations also increases if the probability that a leader sends a low effort player to the board room (1-ql) is large.  This shows how an elimination strategy based on effort fosters an incentive compatible contract.  Equation (3.2) reveals similar information. For both the challenge prize and immunity to positively affect the player incentives, the probabilities of winning a challenge given high effort (p2 and p3) should not only be large but should vary based on the effort of the teams so that p3, the probability of winning a challenge given the other team plays [L,L], exceeds p2, the probability of winning given the other team plays [H,L].  In other words, if players believe that effort positively affects the probability of winning a challenge, then they will have more intrinsic incentive to work hard in order to gain immunity, which helps satisfy incentive constraint with a wider range of contracts. 

The lower bound of qh also decreases when the probability of getting immunity from Donald Trump (di) is higher given high effort than low effort.  So, with a large positive difference between dh and dl, players will be more motivated to exert high effort.  The latter is imaginable, assuming that effort is correlated with outcomes.  Since Donald Trump represents an external and supposedly objective authority, he should vote a player off based on performance and not some of the unrelated personal factors that team leaders may consider.  While Donald Trump is not always a reliable or omniscient authority, it is in his best interest to weed off the weaker players since the winner of the game will be running one of his companies.  

An increase in the expected payoff of the challenge prize (W) makes the incentive constraint easier to satisfy only if player beliefs of winning are strong (p1 and p2 are sufficiently high) and team efforts predict outcomes(p2<p3).  Thus, the effect of the challenge prize is identical to that of BOTS1 and BOTS2.
Explaining the Gender Differences

In general, the unique effects of the exogenous variables on this incentive constraint reveal how the conditions of this game influence the willingness to exert effort differently than in the other two shows I have considered.  Additionally, the teams may be motivated differently by these conditions based on gender.  Considering the hypotheses for gender differences in competition in the context of The Apprentice, helps determine why the female teams respond better to this competitive environment.

Stereotype Threat


So far, my analysis supports the experimental finding that people’s beliefs affect their performance in competition, and specifically that females react to stereotype threat in mixed gender situations.  Stereotype threat changes the extent to which female team believes they can beat the male team, changing the set pi within the model.  In the incentive constraints for high effort on The Apprentice, an increase in pi  enhances a player’s motivation to exert high effort.  In comparison to the other shows, the probability of winning a challenge affects both the expected value of the challenge prize positively which, holding all other effects constant, should increase a player’s willingness to exert effort.  However, once again, this only occurs if players believe that effort is positively correlated with outcome.  Comparing the expected values of high and low effort will help determine the potential affects of player beliefs in The Apprentice.  

 MACROBUTTON MTPlaceRef \* MERGEFORMAT (3.3)
  EV(High Effort)= -D + ph (W+R) + (1-ph)(R(qh+(1-qh)dh)  

 MACROBUTTON MTPlaceRef \* MERGEFORMAT (3.4)
  EV(Low Effort)= pl (W+R) + (1-pl)(R(ql+(1-ql)dl)


The belief that effort is related to competition outcome (ph > pl) clearly increases the expected value of high effort.  If large enough, this difference could outweigh the cost of effort and motivate players to work hard.  In the analysis of the other shows, particularly BOTS2 it became apparent both through interviews from the female players and the predictions of the model, that ph was sufficiently low, and not substantially different from pl , which may have contributed to their weaker performance.  In The Apprentice; however, it is possible that these beliefs were different, which may have accounted for the female team’s record.   Specifically, the challenge type and treatment of the subjects’ abilities in this show may have changed female confidence.  

The competitive environment in The Apprentice potentially reduces stereotype threat, which could explain the women’s improved performance. Like in BOTS1 and BOTS2, gender is recognized and distinguished through the dividing of teams on The Apprentice, however, women are not only identified as women but also as business people.  Contestants are chosen specifically for their expertise in some field of the business world, (i.e. financial services, marketing, etc.) and informed that this experience should assist them in the challenges.  This could counteract the presence of stereotype threat, by giving women positive beliefs about their ability in the task.  Increasing the believed effect of effort on outcome would increase their motivation from both the challenge prize and immunity. Past research on stereotype threat has shown that when subjects are identified with a group whose ability in a given activity is negatively stereotyped, they perform worse than a group who isn’t exposed to the stereotype. It also demonstrates that remedying these weak beliefs by instilling some confidence in the stereotyped group’s ability, improves their performance in a given task, (Dirk and Keller, 2003). Overall, the outcome of The Apprentice supports this trend.  
Risk Aversion


The structure of immunity also changes the expected value of the payoffs which may change the level of risk involved in competing.  To determine how the expected payoffs shed light on the female risk aversion, I analyze a simplified version of the expected payoffs, such that:

EV(High Effort)= -D + ph (W+R) + (1-ph)*dh*R  

EV(Low Effort)= pl (W+R) + (1-pl)*dl*R
Incentive constraint for high effort given risk neutrality:

ph (W) + ph (1-dh)*R + dh*R - D ≥ pl (W) + pl (1-dl)*R + dl*R- D

In this comparison I consider the change in expected payoffs from high to low effort for a constant value of qi.  This allows me to determine how the show specific exogenous variables affect the risk of the decisions, independent of the leader’s contract.  

The increase in the expected value of high effort is captured by the expression ∆p(W)+ ∆p*R*(1-∆d)+∆d(R).  If this value is larger in The Apprentice than other shows, it could explain the female’s improved performance as a function of their increased willingness to exert high effort.  In The Apprentice, a change in the probability of a team win increases the expected value of both the challenge prize and immunity.  Thus the value of a win increases from both BOTS2, in which this change in pi  affects the value of immunity negatively, as well as from BOTS1 in which it has no effect.  

In this game, the expected value of the payoffs are also determined by the actions of Donald Trump (represented by the probability set (di)), who makes the final elimination decision.  As previously mentioned, Donald Trump has incentive to vote off a poorly performing player in order to find the best person to run his company.  Conceivably, since Donald Trump represents an authority outside of the team, his verdicts would be unbiased.  While his montitoring is not perfect, he is able to observe the interactions within the teams during and outside of the challenges, so it can be assumed that he judges players based on their performance.  Thus, insofar as players believ effort affected their performance, his influence should increase the expected payoff of high effort relative to low effort.  Imaginably, this increases the difference between high effort and low effort from BOTS1, making the high effort decision more favorable especially for a risk averse person who may previously have been unwilling to pay the cost of effort unless it resulted in a significantly high probability of reward.   However, in order for the increase in expected payoffs to correct for female risk aversion, these players must have some confidence in their abilities.  Therefore, once again it is possible that the reduction in both stereotype threat and risk aversion interacted in order to improve female performance in The Apprentice. 

Section V: Empirical Analysis

Through variations on the principal-agent model, I identify how the outcomes of three reality television shows Battle of the Sexes 1, Battle of the Sexes 2, and The Apprentice, explain gender differences in competition. I summarize these findings Table 4, comparing female performance on each show with the presence of conditions that ought to affect competition.

Table 4

Comparison of Competitive Conditions across Shows

                      Female
        Elimination   Intra-gender   Previous          Change in    

                      Performance  Strategy        Competition   Experience      Payoffs from 
                                                                                                                High Effort                                             
	2 Wins out of 14
	Competition averse
	None
	Challenge #10
	EV(W)  ↑

EV(R)    ↓

	5 Wins out of 15
	Slightly less competition averse
	For immunity reward
	Challenge #7, challenge #11
	EV(W) ↑

EV(R) —

	7 Wins out of 14
	No evidence of competition aversion
	None
	All

Challenges
	EV(W) ↑

EV(R) ↑


BOTS2

BOTS1 
The Apprentice

I also study the results of the shows empirically, to determine how these conditions actually affect the performance of the female team.  I divide these conditions into 11 different variables.  I then create dummy variables for BOTS1, BOTS2, and The Apprentice, to test the extent to which the show affected the female’s ability to win a competition.  I also create a dummy variable called genre, which distinguished between the Battle of the Sexes seasons and The Apprentice, an inherently different type of reality show.  To test the effect of stereotype threat, I create a dummy variable to measure expertise. In this case I assign a value of 1 to all episodes of The Apprentice (since the challenges were designed to utilize players past skills) as well as any challenge in BOTS1 and BOTS2 in which the women had previous experience.  I also test the effect of challenge type, based on whether the competition was physical, mental, business-oriented, or requiring endurance.  Additionally, I examine whether performance changes as the episodes progress and players get closer to winning the final prize, since this could potentially affect the level of risk associated with high effort.  Finally I create a dummy variable for cooperation to determine whether female players were more successful in individual or cooperative tasks.  
Table 5  
Breakdown of Female Team Wins
	Show
	Number of Challenges
	Number of Wins
	Percentage of Wins

	BOTS2
	14
	2
	.142857

	BOTS1
	15
	5
	.33333

	The Apprentice
	14
	7
	.5


Table 5 shows that actual female performance varies by show.  A two-sample Wilcoxon rank-sum (Mann-Whitney) test of the difference in performance by show allows me to test the null hypothesis that the percentage of wins across shows is the same.  Using the rank-sum test, I reject the null hypothesis that the incidence of wins on BOTS2 and The Apprentice were the same at a p<.05 level of statistical significance.  The null hypothesis that the percentage of wins on BOTS1 and The Apprentice is the same can also be rejected at this level.  The difference between BOTS1 and BOTS2, however, is not significant, suggesting that The Apprentice had the largest performance differential from other shows.  

However, this does not address the extent to which this variation is based on the explanations I have considered in my analysis so far.  To test this, I use a probit regression for the binary variables and a linear regression to measure the affect of Episodes Until Final.  I run single variable regressions, since the low number of observations provides no significant results in a multiple regression. Table 6 shows the affect of a range of variables on the challenge performance of the female teams.
Table 6
Determinants of Female Challenge Wins
	
	
	R2

	Expertise
	.337

(.144)*
	.098

	Expertise(Excluding Apprentice)
	.474

(.283)**
	.086

	Challenge Type:

Physical

Mental

Endurance

Business Oriented
	-.300*
(.132)

.203

(.217)

-.048

(.187)
.259

(.155)**


	.085

.017

.001

.052

	Cooperation
	.021
(.147)
	.000

	Episodes Until Final
	.098
(.112)
	.086


Marginal effects are reported for coefficients

* denotes significance at the p<.05 level

** denotes significance at the p<.10 level
*** denotes significance at the p<.20 level

In general, expertise has the strongest correlation with female team wins.  I define expertise as any activity in which players have some previous experience in a task.  This includes all observations from The Apprentice, as well as a few challenges from BOTS1 and BOTS2 in which the players can prepare for the task.  For example, Challenge 10 in BOTS2, which involved pop culture trivia (cited earlier in the paper), falls into this category.  The strong effect of expertise on female performance (significant at the p<.05 level) supports the role of stereotype threat in mixed gender competition. Presumably, expertise improves the women’s beliefs, reducing the effect of stereotype.  In the model, this translates to a higher Δp, which predicts better performance especially in the competitive environment of The Apprentice. Therefore, in this case the empirical evidence reinforces the theory.  While potentially expertise just translates to an absolute advantage for the women, this is most likely not a feasible explanation, since in almost all observations the men were primed with the same beliefs in their expertise.  Furthermore, even when running expertise on wins and eliminating The Apprentice, there still exists a strong correlation, significant at the p<.10 level.  Since The Apprentice makes up most of the observations of expertise, this regression controls for the affect of other competitive conditions within The Apprentice, which could interfer with the affect of expertise.
The challenge type also has some influence over the female team’s performance.  A probit regression of challenges involving endurance or mental ability on number of wins shows no significant trends. However, number of wins is negatively correlated with physical challenges.  This result is statistically significant at the p<.05 level.  This seems to indicate that men had an absolute advantage in the physical challenges.  However, in the challenge 10 on BOTS2, women perform significantly better than men in the physical part of the challenge most likely due to their increased confidence.  Therefore it is possible that this negative correlation may be explained by stereotype threat, since men are generally considered advantaged in physical tasks.   

There are a few other notable trends involving female competitive performance.  The variable “Episodes Until Final” indicates whether the incidence of female team wins changes based on how far along they are in the game.  As discussed in the theoretical analysis, the challenge number affects the relative value of immunity (the ability to stay in the game and compete for a large final prize) and the individual challenge prize.  This potentially changes how players respond to various payoffs, since the expected value obviously varies over time.  However, this variable has no significant effect on female performance.  Conceivably, female approach to competition changes as the game progresses; however, the effect may be overshadowed by their responses to other competitive conditions. 

Cooperation is another factor of competition which was not considered extensively in the analysis.  Here I consider a cooperative challenge as anyone that involved two or more players to collaborate.  There are no visible trends involving cooperation, suggesting that it does not change female competitive performance for better or for worse.  However, this finding cannot be generalized because of how small the observation number is in this analysis.  Ultimately, more work in this area must be done to fully understand gender dynamics in competition.
Discussion
By analyzing gender interactions within these three reality shows, I seek to determine how the competitive conditions of a game affect gender differences in performance.  By using a general principal-agent model to solve for the incentive constraints that promote high effort in competition, I provide explanations for why the women performed so poorly in BOTS2, and what caused them to improve in BOTS1 and then even more in The Apprentice.  I then use empirical analysis of the competitive outcomes to support some of the potential explanations accounted for by the model.  

This examination provides a few important conclusions about female behavior in competition.  Overall, both the theoretic and empirical analysis show that female competition aversion is not constant.  Rather, certain conditions affect the competitive ability of these players for better or for worse.  Ultimately, this analysis cannot fully determine whether women were most affected by competition aversion, stereotype threat or risk aversion.  However, it is clear that their beliefs about themselves and perceptions of their own proficiency influence their performance in the shows.

The models of BOTS1 and BOTS2 reveal that the women do not employ a strictly incentive compatible contract for high effort in competition.  This immediately suggests that the leaders put less weight on the inter-gender competition, either because they don’t value it or because they don’t believe players will respond to competition-based incentives.  Thus, at a basic level females avoid linking the available rewards of the game to their competitive abilities. In contrast, the men center their elimination process around competition, rewarding the successful players and removing the weaker ones.  This reinforces findings such as Niederle and Vesterlund (2006), which suggest that even in activities where no gender has an absolute advantage, inherent preferences on average lead men to select into competitive environments while women shy away from them.  
An alternative hypothesis attributes the weaker performance to the leaders, suggesting that women are bad managers and unwilling to make the tough decisions necessary for success.  This is possible and certainly relevant to the lack of women in the highest executive positions.  Specifically in BOTS2 it appears that the elimination strategy of the women’s team significantly hindered their success.  However, there clearly existed situations in which leaders were able to manage their team successfully enough to produce a win.  This is evident in the improvement from BOTS1 to BOTS2, and even more notable in the female performance on The Apprentice.  Nevertheless, The Battle of the Sexes seasons (specifically BOTS2) demonstrate the potential negative repercussions of these preferences towards competition.  The model illustrates that without a competition-based elimination strategy players exert less effort in the task, which could result in weaker performance in the challenges even if their abilities are equal to the men’s.  
However, despite female reservations about competition, they still perform well in certain situations. Both the theoretic and empirical analysis suggests that female performance changes based on their fluctuating beliefs regarding their inherent ability relative to competitors. The results of The Apprentice illustrate this effect most clearly.  The participants on this show are identified as business people and told that their skills should contribute to their performance in the weekly tasks, thus given a different set of beliefs than those on BOTS1 and BOTS2.  While both male and female participants receive this reinforcement in The Apprentice and not in the Battle of the Sexes seasons, it improves female performance drastically relative to men.  This supports that the women were prone to stereotype threat (causing them to believe themselves inferior to men in certain tasks and thus exert less effort) and also potentially that men are overconfident in their abilities, exhibiting self-assurance whether or not they are given reinforcement or have prior expertise.
  

Once again, women simply may be inherently better at the types of challenges in The Apprentice than those in Battle of the Sexes.  However, even within BOTS1 and BOTS2, there are significant differences within similar types of challenges based on whether the women receive positive signals about their ability, either through expertise, or positive stereotypes as in BOTS2 challenge: Pop Culture Trivia.  This finding reduces the possible affect of other conditions in The Apprentice that may account for the improved outcomes of the women’s team and rather suggests persuasively that expertise and confidence play a role in determining female performance.  
Finally, evidence from the shows suggests that risk aversion decreases a female’s willingness to respond to the uncertain rewards of competition.  The women perform better in shows that provide larger payoffs from high effort relative to low effort, while the men weren’t as affected by these changes in expected value.  This suggests that women required a larger potential reward in order to pay a certain cost of effort in competition.  
It is possible that all three potential hypotheses account for the variability of female performance in these shows. Furthermore, the analysis reveals that many of these effects may overlap and build upon each other.  In BOTS1, for instance, the reliance of the rewards scheme on performance amongst other females could improve performance due to stereotype threat.  The larger expected value of the payoffs could then decrease the effect of risk aversion.  This holds for The Apprentice, in which more confidence would increase the expected payoffs of high effort for female players, and have an even greater affect on their performance if they were risk averse to begin with.  Similarly, competition aversion could work with the other possible explanations to perpetuate the female teams’ inferior performance.  A larger disutility associated with competition would lower the expected value of high effort relative to low effort, which would especially deter women if they are risk averse.  At the same time, male over confidence in mixed gender competition resulting from preexisting stereotypes could then increase their utility towards competition, making them less competition averse.  Much of the player commentary in BOTS2 reinforces this trend, since men typically state that they look forward to the competition, while women are much more negative.  The disutility they articulate often comes from the fact that they feel they are going to lose the challenge.  Before challenge 9, Tonya comments that she dreads the competition, because “the girls are sick and tired of losing.”  This illustrates how decreased confidence can cause dissociation from a task, causing an individual to value it less.  Dissociation corresponds to an increase in the disutility of competition for women, while men may actually experience no disutility at all.  In general, these different causes for female performance and their compounding effects suggest that in the real world women may experience a range of factors that inhibit their ability to compete.  This also means that improving any one of these negative influences could lessen the effect of others as well.
Once again, the setting of this examination contributes to the value of its findings.  By considering the television shows in this arena, I built upon the findings of previous studies involving gender differences in competition.  The observations consist of real competitive interactions--which are motivated by large monetary incentives and exist outside the bounds of the contrived laboratory experiment.  At the same time, using cross show comparison allows me to consider how the manipulation of specific competitive conditions affect player behavior, while keeping the same general structure of the game consistent.  

There is more work to be done in this field.  The limited number of observations restricted the generalizeability of these findings.  Thus, continuing to investigate gender issues in this type of setting would provide more insight into the theories that have been developed in past studies.  Furthermore, more information about gender dynamics could be gained by closely analyzing the dynamics of team competitions, such as cooperation.  The principal-agent model ignores an important aspect of team competition.  The framework illustrates behavior based on incentives, but does not capture those who interact based on trust or altruism.  Especially in BOTS2, the women seemed to judge players based on their own instinct rather than the player’s strict competitive performance.  This could change the classification of rational behavior in competition according to the model.  If women have more empathy, they might gain more utility from keeping certain players in the game.  This has positive implications, since it could imaginably build team unity, and contribute to success in cooperative tasks.  The analysis does not illustrate these benefits, but the possibility is important to consider when determining whether strict competitiveness is always advantageous.

Overall, the examination of gender dynamics in this unique environment reinforces the hypothesized differences in competitive approach and performance, and helps identify conditions which reduce these differences.  While this analysis does not fully explain the observed gender differences, it supports their existence and begins to consider how and why they vary, which is an important step towards resolving them.  
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W=prize for winning challenge


R=immunity


D=disutility of effort


Probabilities:


q1-q4=Probability of a single player getting immunity given the effort level exerted


p1-p6=Probability of team winning a challenge given the level of effort exerted by both players
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p1-p6=Probability of team winning a challenge given the level of effort exerted by both players





H





H





L





L





L





H





Player 1





HH





LL





HH





HL





LL





HH





HL





LL





HH





HL





LL





























Win    


Lose    






















































































� Studies include Gneezy, Niederle, and Rustichini, (2003); Price (2006); Dauenheimer and Keller (2003); Paserman (2006); Stenzel and Kubler (2005)





� On the order of $25 for 1-1 ½ hours.


� The dictator game is used in experimental economics to test other regarding behavior.  In the game, the first player, “the proposer” allocates some endowment to the second player “the receiver” who must then choose whether or not to accept it.


� The model makes no assumptions about the marginal benefit of effort except that it is greater than zero, therefore there is no way to determine the relative probability of winning given the strategy {[H,H],[H,L]} vs. {[H,L],[L,L]}.  If the team experiences decreasing marginal returns to effort, however,then p5>p2.


� Once again, under player homogeneity, I assume that the probability of winning a challenge is increasing with effort given a fixed level of effort from the other team.   





� The success of the males is consistent with their success in this endeavor.


� If a leader promises player A q1=.6, he or she would have to promise the same to player 2, which is not feasible.  


� The women themselves comment on the potential ineffectiveness of this strategy.  After challenge three, Veronica states “"Our strategies are just so stupid.”


� Although the introduction of inter-gender competition in BOTS1 may have changed the disutility of competition itself. 


� The prize decreases from $60,000 in BOTS2 to $50,000 in BOTS1.


� This is assuming player homogeneity.


� Unless ∆q=1, in which case the expected value of high effort relative to low effort could not be increased by a change in si , since a player would already be guaranteed immunity with high effort.   


� Under the assumption that the value of immunity and the challenge prize are comparable between the two shows.


� Winning a challenge guaranteed the challenge prize, but reduced the probability of immunity.


� During the first episode of BOTS2, the female player Tonya interviews “The guys team is funny.  I feel like they’re constantly just trying to show off.”
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