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The impact of psychological traits on performance in sequential tournaments: Evidence from a 

tennis field experiment  

 

Abstract 

Extant research has analyzed the impact of player position (first- versus second-mover) on individual 

performance in sequential tournaments. However, it remains unclear whether the first- or second-mover 

experiences an advantage in such tournaments. We argue that prior literature has ignored heterogeneity of 

psychological traits and incentive schemes. We conducted a tennis field experiment using the ABBA 

sequence, in which we do not find a first- or second-mover advantage on game level. However, on shot 

level (taking into account single moves) we observe, on average, a second-mover advantage. Analyzing 

the impact of psychological traits, we find that subjects with high self-esteem faced a second-mover 

advantage whereas subjects with low self-esteem faced a first-mover advantage on shot level. We do not 

observe significant moderating influences of individual, team, or tournament incentive schemes.  

Keywords: Performance under pressure; experiment; psychological traits; second-mover advantage; 

tennis; sequential tournaments; theory of core self-evaluation 

JEL: C93, D81, Z20, M52 

PsychInfo: 3020, 3630, 3720, 2360 

Highlights 

We conducted a tennis experiment with various incentive schemes  

On average, we observe a second-mover advantage on shot level 

Self-esteem determined whether first- or second-mover advantages existed  

We do not observe any significant effect of different incentive schemes 
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1. Introduction 

Economic agents often need to compete in sequential tournaments, exposing them to perform under 

psychological pressure (e.g., Kocher et al., 2012). While sequentially observing their competitor’s 

performance, individuals need to perform at their best in such tournaments in order to prevail. Whereas 

some agents thrive in these highly competitive environments and perform at their best, others “choke”1 

and underperform (González-Díaz et al., 2012 vs. Otten, 2009). In a wide debate on individuals’ 

performance in competitive environments, findings are contradictory. Some studies suggest that first-

movers in sequential tournaments perform better (Klaasen and Magnus, 2014), while other studies find the 

opposite (Feri et al., 2013). Findings from a third group indicate that there is no evidence for or against a 

first-mover advantage (Kocher et al., 2012). We suppose that one possible explanation for contradictory 

findings in the literature lies in the unobserved heterogeneity of individuals’ psychological traits and the 

variation in incentive schemes individuals are exposed to in tournament settings. These sources of 

heterogeneity may determine whether individuals thrive or choke in competitive environments and 

decisively influence the relationship between player position (first- vs. second-mover) and individual 

performance in sequential tournaments. Moreover, research suggests that alternating first- and second-

mover between competitors within a sequential tournament (Prouhet-Thue-Morse sequence, or the closely 

related ABBA sequence) will eliminate any first-mover advantage or disadvantage (Cohen-Zada et al., 

2018; Thue, 1912). The ABBA sequence is, for example, applied in the TV debates in the race to the U.S. 

presidential election or in recent soccer penalty kick formats. We examine its proposed effect on the 

fairness of the game outcome and disentangle first- and second-mover positions in detailed analyses on the 

single move level2 (see Figure 3). Thus, we try to understand better how the ABBA sequence supposedly 

eliminates advantages of the player position in single moves in order to achieve fair winning probabilities 

in the overall sequential tournament. 

We conducted an experiment in a setting where individuals could earn monetary payoffs in sequential 

tournaments while performing a task familiar to them. In the experiment, we use three incentive schemes: 

individual, team, and tournament (winner takes all) payment. Not all types of tournaments need to 

explicate in their incentive scheme that two individuals compete against each other. For example, many 

companies use an incentive scheme that rewards individuals based on their group’s performance, 

although, at the end of the day, employees compete for promotion. Similarly, in sports settings, some 

individuals are incentivized based on their group performance (e.g., soccer, basketball) and others based 

on their individual performance (e.g., golf, tennis).  

                                                      
1 We follow Hill et al. (2009, p.206) and define choking as "a process whereby the individual perceives its resources 
as insufficient to meet the demands of the situation, and concludes with a significant drop in performance". 
2 The single moves and associated first- and second-mover positions are illustrated in Figure 3.  
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The experimental subjects are non-professional tennis players that participate in a tennis serve-task 

organized during five official tennis tournaments in the years 2015 to 2018. We go beyond prior sports 

tasks observing performance in competitive environments. First, we observe the heterogeneity of 

individuals in competitive settings by taking into account information on individuals’ psychological traits, 

with a specific focus on traits from the theory of core self-evaluation (Judge et al., 1997). Second, to 

broaden the narrow view of competitive environments, we vary the incentive schemes (individual, team, 

and tournament incentives), thereby changing the degree (and the kind) of psychological pressure 

individuals may feel during their performance. As a result, we offer new insights if different incentive 

schemes in sequential games influence individual performance. Third, in many real-life settings – such as 

two employees competing for promotion inside the same team – individuals may alternate player 

positions, being first-mover (with their own performance observed by their competitor) or second-mover 

(observing their competitor’s performance). We acknowledge this fact by alternating the first- and second-

mover within the same competition. This alternating scheme is typical for tennis players since it replicates 

a tennis tiebreak situation. 

We find that the starting position in the alternating sequence of first- and second-mover (ABBA sequence) 

has no significant impact on the overall probability of winning the game. However, when analyzing the 

effects of player position on performance on the shot level, we find a significant second-mover advantage 

in our experiment. This shows that while the effect of player position on performance remains significant 

on the shot level, due to the alternation of first- and second-mover within the game, no first- or second-

mover advantage remains on the game level. Regarding the incentive schemes, we find no statistical 

support for a moderating effect on the relationship between player position and individual performance. 

With regard to the impact of heterogeneity in psychological traits, however, we find that individuals’ self-

esteem has a fundamental impact on the relationship between player position (first- vs. second-mover) and 

individual performance. We find that individuals with high self-esteem performed better as a second-

mover within sequential tournaments, while individuals with low self-esteem performed better as a first-

mover in our setting. This finding is a first step in explaining contradictory results of earlier studies on the 

effect of player position on performance in sequential tournaments. Furthermore, it contributes to 

distinguishing the effects of different incentive schemes, contest structures, and tasks (see Dechenaux et 

al., 2015, for an overview) from the effect of psychological heterogeneity.  

Our paper is organized as follows: Section 2 summarizes the related literature on psychological pressure in 

competitive environments. Section 3 describes our study design, specifically the experiment and 

questionnaire design, as well as additional data from a national tennis database. Section 4 provides 

descriptive statistics and results from our econometric models including robustness checks. Section 5 

concludes and discusses our study’s implications. 
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2. Related literature 

In the following, we will outline relevant literature for our research setting and explain why we expect that 

player position, individuals’ psychological traits and the type of pressure induced by group versus 

individual incentives may have a decisive influence on individual performance in sequential tournaments. 

Figure 1 depicts our research setting, with a focus on the influence of psychological traits and incentive 

scheme on the relationship of player position (first- versus second-mover) and individual performance in 

sequential tournaments. 

----------------------------------------------------- 

>> Insert Figure 1 about here << 

----------------------------------------------------- 

2.1. First- vs. second-mover advantage under psychological pressure 

A recent line of empirical research has analyzed psychological pressure in competitive environments, 

focusing on whether player position (first- vs. second-mover) affects performance. Theoretically, Dixit 

(1987) shows that the favorite of a contest exerts less effort in a simultaneous game than as a first-mover 

in a sequential tournament. In line with this argument, Gill and Prowse (2012) find, in a sequential real 

effort experiment, a discouragement effect of second-movers observing high effort of first-movers. While 

the model of Dixit (1987) takes into account the probability of winning the contest (higher or lower 50%), 

we argue that in sequential games with a binary outcome task, a scoring probability that is higher (lower) 

50% induces a first- (second-) mover advantage. Considering possible advantages that arise from player 

position (first- vs. second-mover), a first-mover advantage may lie in putting pressure on the second 

player after scoring (Apesteguia and Palacios-Huerta, 2010). Possible second-mover advantages can arise 

if the first-mover scores, as well as if she does not. If the first-mover did not score, the second-mover gets 

the opportunity to put pressure on the first-mover. Moreover, the second-mover can be more relaxed if the 

first-mover did not score; something especially relevant with a scoring probability below 50% (e.g., Kolev 

et al., 2015). If the first-mover did score, this might motivate the second-mover and foster her motivation 

(Berger and Pope, 2011). 

Apesteguia and Palacios-Huerta (2010) made the analysis of psychological pressure in sports popular 

among economists. Analyzing 129 penalty shoot-outs in soccer from 1976 until 2003, they found a strong 

first-mover advantage: 60.5% of teams who started the shoot-out eventually won. The authors argue that 

psychological pressure on the second team is high because they are in most cases, one goal behind the first 

team. However, Kocher et al. (2012) revealed that Apesteguia and Palacios-Huerta (2010) used a biased 

sample. Kocher et al. (2012) could not replicate the first-mover advantage in a data set containing all 

penalty shoot-outs from 1976 until 2003, in which the order of kicks is known (=540 shoot-outs). They 
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found a 53.3% winning probability for the team who kicked first, which was not significantly different 

from 50%. Palacios-Huerta (2014, chapter 5) extended the dataset of Apesteguia and Palacios-Huerta 

(2010) to 1001 shoot-outs from 1970 until 2013 and again found a winning probability of the starting team 

of 60.6%. Yet in chapter 10, Palacios-Huerta (2014) argues to find rather small support for a second-

mover advantage analyzing the season 1988/89 in Argentina, in which a shoot-out decided every tied 

league game (131 games): 45.8% of the beginning teams won, which was, in accordance to Kocher et al. 

(2012), not significantly different to 50%. Furthermore, Palacios-Huerta (2014, chapter 5) complemented 

the study of Apesteguia and Palacios-Huerta (2010) by conducting a penalty kick field experiment with 

professional Spanish soccer players in three treatments: the standard alternating order of kicks (ABAB…), 

the “tennis order” (ABBAA…, see also section 3.3.), and the Prouhet-Thue-Morse (PTM) sequence first 

mentioned by Prouhet (1851) (ABBABAAB…). While Palacios-Huerta (2014) replicates a first-mover 

advantage in the first treatment (61% winning probability of the first team), this advantage is less clear in 

the tennis order (54%), and gone in the PTM sequence (51%). 

Kolev et al. (2015) analyze penalty shoot-outs among National Hockey League (NHL) teams. Before the 

2006/2007 Season, home teams had to start second in penalty shoot-outs. From the 2006/2007 season 

onwards, home teams have been able to decide if they want to start first or second. Kolev et al. (2015) 

observed that 76% of home teams decided to start first until the 2011/2012 season. However, home teams´ 

winning probability was significantly lower after the rule-change than before, indicating a second-mover 

advantage and overconfidence of home teams. A survey among 233 hockey fans discovered that fans were 

more aware of the second-mover advantage than the professional players, 76% thinking that home teams 

should start second (Kolev et al., 2010). 

Klaassen and Magnus (2014) find a first-mover advantage in Wimbledon tennis singles matches from 

1992 until 1995, but only for the first game in the first set. Irrespective of quality and gender of a player, 

the server of the first game in the first set had a 6 to 8 percentage point higher probability of winning the 

game compared to his or her other service games in the match.  

The subjects in the studies previously discussed are among the highest paid professionals in the world, and 

their success or failure in their tasks (e.g., kicking the penalty) most likely has large monetary 

consequences. Apesteguia and Palacios-Huerta (2010) argue that for this reason findings of their natural 

experiment can be generalized to business settings. We do not fully agree with their argument. The highest 

paid soccer players are preselected professionals with a very high level of mental strength who are very 

familiar with highly competitive situations. We think that this subject pool can be compared to highly paid 

managers in top positions. However, what about “normal” employees with a greater variance of mental 

strength who also find themselves in competitive environments? To gain a broader understanding on the 
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effect of psychological differences, we add insights of amateur players to the literature of pressure in 

competitive surroundings. 

Feri et al. (2013) conducted a basketball free throw shootout with 57 amateur basketball players. Two 

players shot five free throws each in an AAAAABBBBB sequence. If the score was tied, they 

alternatingly shot one free throw each until there was a winner (ABAB). Feri et al. (2013) could not find a 

first-mover advantage. In contrast, the second-movers performed slightly better than the first-movers, 

especially in the tiebreak. We extended the field experiment of Feri et al. (2013) by paying our subjects 

according to their performance in three different treatments - Individual (baseline), Team, and 

Tournament. The advantage of being first or second-mover is likely to vary in different incentive schemes. 

Moreover, we can observe psychological traits on the individual level. Apesteguia and Palacios-Huerta 

(2010) list psychological reasons for a possible first-mover advantage in a competitive framework; 

however, a team setting could reverse their reasoning in favor of a second-mover advantage: Whereas one 

may feel pressure after seeing the opponent score, one could be encouraged by seeing the teammate score. 

2.2. Performance under psychological pressure and the role of psychological traits  

Previous studies did not or could not take into account the impact of psychological traits on the 

relationship between player position in sequential tournaments and individual performance. We try to fill 

this gap by measuring subject´s psychological traits that are likely to influence performance under 

pressure and integrate the self-evaluation traits from the theory of core self-evaluation (Judge et al., 1997) 

into a model explaining individual performance in sequential tournaments.  

Gigerenzer and Todd (1999) argue that heuristics and automatic processes (bounded rationality) lead to 

better performance under time pressure than trying to maximize the outcome of one´s behavior (as 

opposed to satisficing, see Simon, 1955). Baumeister (1985) adds that situational, psychological pressure 

interferes with automatic processes that are activated without awareness and finds that self-consciousness 

is mediating this effect: In a game of skill, he observes that high self-conscious subjects performed, on 

average, worse than low self-conscious subjects. However, Baumeister (1985) finds evidence for chocking 

under pressure, especially for subjects with low self-consciousness. Thus, it is likely to observe 

performance decrements in situations in which subjects try to perform very well – especially if they are 

not self-conscious. Baumeister (1985) argues that high pressure is induced by lagging slightly behind in 

the score. However, he ignores the behavioral phenomenon of loss aversion (Pope and Schweitzer, 2011), 

which is at present when players lead in the score. Being slightly in the lead may also induce 

psychological pressure.  

Cohen-Zada et al. (2017) take into account gender differences in performance under psychological 

pressure. They explain their finding that male tennis players choke more under pressure than female 
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players with biological evidence that the level of cortisol, which impedes performance, rises especially for 

men in achievement-related challenges (see, e.g., Lautenbach et al., 2014). Cohen-Zada et al.’s (2017) 

proxy for choking under pressure is losing a service game in tennis. In contrast, Paserman (2010) observes 

that female tennis players make significantly more unforced errors at important points, whereas he cannot 

find this effect for men. However, Paserman (2010) finds that winning a point against an average player 

decreases for women and men if the point is important for her or him. In experimental auctions, women 

typically bid more than men (see also Ham and Kagel, 2007, Chen et al., 2015, Price and Sheremeta, 

2015). Whereas less risk-taking among women compared to men (Croson and Gneezy, 2009) may explain 

lower preferences for tournament incentives as well as higher bids in auctions of women, Chen et al.’s 

(2013) experimental results rather speak for a higher valuation of winning among women in auctions. 

Jordet et al. (2007) observe for soccer shoot-outs (World Cup, European Championships, and Copa 

America) that kicks that are more immediately decisive for the game outcome (kicks #4-9) are missed 

more often than initial kicks (kicks #1-3), speaking for choking under pressure. In their study, variables 

intended to measure psychological pressure explain better why players miss or hit than proxies for skill 

and physiology (fatigue): Whereas the importance of the tournament and the number of the kick were 

negatively associated to the goal percentage of the penalty, players´ position (forward, midfielder or 

defender), playing time, and age had no significant impact on goal percentage in a multivariate analysis. 

McGarry and Franks (2000) use a computerized probability simulation on the basis of penalty shoot-out 

data from the World Cup (and one European Championship tournament) and suggest that the best penalty 

kicker should take the last of the first five kicks, the second best should kick number four, and so on. The 

authors argue that players´ anxiety increases from kick to kick as later kicks are likely to be more 

important for the outcome of the game (see also González-Díaz et al., 2012, for a measurement of the 

importance of tennis points, Section 2.1.). Jordet et al. (2007) add that the level of players´ anxiety is 

likely to be higher than their optimal level (Hebb, 1955) even in the first kick so that further increases of 

anxiety in later kicks result in performance decrements.  

Analyzing the relationship between psychological traits and individual performance under psychological 

pressure, we concentrate on the self-evaluation traits from the theory of core self-evaluation (Judge et al. 

(1997). Based on the theory of core self-evaluation, we selected the three psychological traits that have 

been found to have the strongest impact on job performance (see meta-analysis by Judge and Bono, 2001): 

self-esteem, self-efficacy and locus of control3. Self-esteem indicates the overall subjective value that 

individuals place on themselves as a person (Judge and Bono, 2001). Wallace and Baumeister (2002) do 

                                                      
3 Judge et al. (1997) have shown that the self-evaluation traits can be grouped together as higher order construct. We 
therefore decided that it is not necessary to display all of them, nevertheless keeping some variation by selecting 
more than one. 
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not observe any effect of self-esteem on students’ performance in arithmetic problem-solving tasks. Yet 

applied to job performance, Baumeister et al. (2003) suggest that individuals who feel better about 

themselves perform better. Lautenbach et al. (2014) find that self-esteem is negatively correlated to 

second serve faults of tennis players. Although Judge and Bono (2001) find a positive relationship of self-

esteem and job performance in their meta-analysis, it is important to mention that potential reverse 

causality may be an issue in many purely correlational and non-experimental studies.  

Self-efficacy relates to Bandura’s (1977, 1997) concept of perceived self-efficacy and the social-cognitive 

theory with the underlying notion that individuals are heterogeneous in the extent to which they associate 

success and failure with their abilities and competencies. Individuals with high self-efficacy are theorized 

to set higher objectives, create discrepancies and outperform individuals with low self-efficacy (Bandura, 

1997; Sitzmann and Yeo, 2013). Findings of meta-analyses on the direct effect of self-efficacy on 

individual performance are mixed. While Judge and Bono (2001) find a positive effect of self-efficacy on 

job performance, Sitzmann and Yeo (2013) find no or – at best – weak evidence for such a relationship 

when taking into account linear trajectories. Apart from the direct impact on individual performance, there 

is evidence that self-efficacy is an important moderator in contexts with individual performance as a 

dependent variable. Raub and Liao (2012) find a positive effect of the interaction of initiative climate at 

the establishment level and self-efficacy on employee performance; Lu et al. (2016) also find a positive 

moderation effect of self-efficacy on the relationship between challenge stressors and job performance. 

Locus of control displays the extent to which individuals believe to have control over outcomes (e.g., 

Rotter, 1966). Low values indicate an individual’s external locus of control (control over task outcomes 

depends very much on external factors), while high values indicate an individual’s internal locus of 

control (control over task outcomes depends very much on own ability and performance). Spector (1982) 

suggests that an internal locus of control is associated with individual success in organizations. Chen and 

Silverthorne (2008) find that a high internal locus of control predicts high levels of individuals’ job 

performance.  

2.3. Incentive schemes 

Different types and structures of incentive schemes may favor first- or second-movers in sequential 

tournaments. Malueg and Yates (2010), e.g., find evidence for strategic momentum in best-of-N-contests: 

Winners of the first round have a higher value of winning the tournament than losers of the first round (see 

Rosen, 1986). Thus, the tournament structure may potentiate a possible first- or second-mover advantage. 

Furthermore, tournament incentives could induce higher psychological pressure than individual piece-rate 

incentives. Team incentives, as opposed to individual incentives, may reduce the degree of competition on 

the one hand but increase the degree of peer pressure on the other hand. 
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Individual vs. tournament incentives 

The seminal work of Lazear and Rosen (1981) theoretically shows that the effort of risk neutral agents 

should be equal under individual vs. tournament incentive schemes. In the lab experiment of Hannan et al. 

(2008) with a cognitive task, performance in tournaments was, in general, better than individually paid 

performance. However, participants performed, on average, worse in tournaments compared to the 

individual incentive scheme if they obtained precise feedback on their relative performance. Bull et al. 

(1987) find in two-person guessing games that the variance of effort levels under tournament incentives is 

much larger than under piece-rate incentives. Similarly, van Dijk et al. (2001) observed in their cognitive 

real effort experiment that performance is higher but more variable in tournaments than with individual 

payment. High variance of tournament performance indicates that personal characteristics seem to 

influence performance. Our sports economics field experiment complements the literature by analyzing 

how personal traits influence performance in sequential games with individual vs. tournament incentives.  

Individual vs. team incentives 

In a lab experiment with a perceptual motor task, London and Oldham (1977) found that subjects perform 

better when they are individually paid compared to a payment according to the average performance of 

two subjects. In contrast, the results of Ladley et al. (2015) indicate that team performance is better under 

group vs. individual incentives in an agent-based model simulation. In a real effort task, van Dijk et al. 

(2001) find evidence of free riding in teams but also increased effort by the majority of team members. 

Differences between individuals´ and teams´ average performance were not statistically significant. In a 

sports economics context, Frick (2003) finds that team bonuses increase team performances in the German 

Bundesliga. However, this result indicates that variable payment induces more effort or better 

performance than a fixed payment and does not compare variable individual vs. variable team incentives. 

By implementing team incentives in sequential tournaments, we broaden the literature on performance in 

sequential games in which typically tournament incentives are analyzed. 

3. Design of the study and data4 

In order to enrich the evidence of individual performance in sequential tournaments, we derive our sample 

from a rich database, consisting of four single data sets from different sources. We collected primary data 

at five amateur tennis tournaments (three indoors and two outdoors tournaments) from 2015 to 2018 

certified by the German Tennis Federation (Deutscher Tennisbund e.V.- DTB). We surveyed participants 

of these tournaments in the years 2015 to 2018 in advance of the event on their psychological traits, more 

precisely self-esteem, self-efficacy, locus of control, risk- and competitive preferences. We matched the 

                                                      
4 The instructions and the questionnaire can be found here: http://dx.doi.org/10.17632/4kr6ft36ps.1 
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primary data of these well-established psychological scales with primary data from a tennis experiment 

with three different incentive schemes that we conducted during the given tournaments. Lastly, we 

matched our data with match data from the tournaments, and secondary data on career performance data 

from a national information database of the German Tennis Association. 

3.1. Questionnaire 

Before competing in the tournament and participating in the experiments, players were asked to complete 

a questionnaire on a voluntary basis. All participants of the questionnaire received a 2€-discount on the 

tournament fee. Participants were informed that we matched the questionnaire data with data from the 

experiments and the national information database of the German Tennis Association (from 

mybigpoint.tennis.de). On the first page of the questionnaire and also in the person of the experimenter, 

we informed participants that after merging the datasets, we were going to anonymize all data before 

further analyses, i.e., we deleted their player identifier of the German Tennis Association from the dataset. 

In all tournaments, 94 individuals who were at least 16 years old, completed the questionnaire. The 

questionnaire contains information on demographic characteristics (job position, education) as well as 

measures of psychological traits, which are outlined in detail in the variables section. 

3.2. Experiment 

After each tennis tournament match, players were asked to participate in one of the three “service 

exercises” described below. In total, we have conducted 131 experiments within the five tournaments. 

This means we have observations of the same player in different treatments and with different opponents. 

Thus, our experimental data allows for between- and within-subject comparisons. The task for Player X 

was to hit serves from the deuce side in a 1.5 m2 big field on the backhand side of a right-handed opponent 

(see Figure 2). The second bounce of the ball had to be behind the baseline in order to demand an 

appropriate speed of the serve. The player who won coin toss could decide to start the experiment first or 

second. Every player had ten serves; we applied the same alternation as in tennis (match-)tiebreaks 

(ABBA, Figure 3). Thus, a possible first- or second-mover advantage is alternating from player to player 

on shot level. Player A has one single first move and one single last move. Players might evaluate this as 

an advantage. However, it can also be regarded as a disadvantage as most players’ believe it is easier to hit 

more serves in a row than single serves. In the remaining moves, players have two consecutive serves: The 

first one as a second-mover and the second as a first-mover (see Figure 3).  

----------------------------------------------------- 

>> Insert Figure 2 and Figure 3 about here << 

----------------------------------------------------- 
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The alternation of a possible first-mover advantage used in our experiment seems to fit certain real-life 

business situations better than a strict setting where the second-mover can screen the first-mover’s overall 

performance before having to perform in the competition herself. In many real-life situations, like 

competing for a promotion in a job, or as the very prominent example the TV debates in the US 

presidential elections, it is more likely that being first- or second-mover is alternating from time to time. 

This implies that strictly having one individual perform a task before the other individual does, like in 

soccer shoot-outs (Apesteguia and Palacios-Huerta, 2010, Kocher et al., 2012) or Feri et al.´s (2013) 

basketball free throw field experiment, may not be comparable to certain real-life situations. While there 

are also real-life scenarios were classical ABAB sequences fit better (e.g., research and development races 

between companies, cf., Kocher et al., 2012), our study contributes by mirroring scenarios like our above-

given examples. Likewise, possible psychological pressure due to witnessing the opponent’s performance 

before performing oneself does not only affect the second player but both players in alternating ways. 

Also, in sports settings, the alternating ABBA sequence becomes more popular. Besides being applied in 

tennis tiebreaks, the Union of European Football Associations (UEFA) has currently tested the ABBA 

sequence in penalty kicks in the 2017 UEFA European Women's Under-17 Championship (UEFA, 2017). 

In the following, we describe our treatments. 

Individual Incentive Scheme 

In the individual treatment, players received an individual incentive. Every subject got 1 € (resp. 0.50 € in 

our first tennis tournament)5 per scored shot. This treatment serves as a baseline and should induce a 

medium degree of competition between the two players. 

Team Incentive Scheme 

In the team treatment, players received payments according to a team incentive scheme. Both players 

formed a team, and the team payoff was divided equally. For every scored shot of a player, the team got 1 

€ (resp. 0.50 € in our first tennis tournament). The team treatment should induce the lowest degree of 

competition between the two players in our experiment. Yet it can be argued that players might feel more 

peer pressure in comparison to the individual treatment. 

Tournament Incentive Scheme 

In the tournament treatment, the incentive scheme induced a highly competitive environment: The player 

who managed to score most was rewarded with 6 € (resp. 5 € in our first tennis tournament), the other 

player received no reward. In the case of a tie after 10 serves each, we conducted a tiebreaker in which the 

players alternatively served once until there was a winner. Based on our tennis specific alternation 

                                                      
5 We thank an anonymous referee for suggesting us to adjust the size of the incentives. 



12 

described above, the second player would start the tiebreak. The tournament treatment clearly has the 

highest degree of competition between the two players in our experiment. 

Compared to the monetary incentives and the small material prizes of the tennis tournaments (see section 

3.2.), the monetary incentives of the experiment were salient and usual to the subjects. The average payoff 

was 3.40 € and the experiment lasted approximately ten minutes, resulting in an average expected payoff 

per hour of over 20 €.  

3.3. Tournament data 

For the five amateur tennis tournaments (three indoors and two outdoors tournaments) from 2015 to 2018 

certified by the German Tennis Federation (Deutscher Tennisbund e.V.- DTB) we obtain information on 

the previously played matches. Within the tournament, players competed split by gender and received 

small material prizes, and in two tournaments the winners obtained prize money (in total 425 € and 300 € 

respectively). After having played a match in the tournament, player-pairs (the two opponents within the 

match) were approached to participate in the experiment. Since previous match results may influence our 

analyses, we control for information from these matches in our regression analyses.  

3.4. Secondary data from the information database of the German Tennis Association 

We used secondary data from the official information database of the German Tennis Federation 

(mybigpoint.tennis.de) to draw information on players’ objective playing performance level, their age, and 

gender to enrich our analyses further. The information database provides information on players’ profiles 

and match statistics for all official matches (tournament and league matches) played in the past. Our 

subjects knew that we matched their experimental data with tournament data and data from their tennis 

career profile and that we anonymized our dataset after the matching process by deleting their tennis 

profile ID´s (see also 3.1.). 

3.5. Variables  

3.5.1. Individual-level variables 

Self-esteem was measured using the Self-Esteem Scale by Robins et al. (2001) translated to German. The 

single-item scale is designed as an alternative measure to the Rosenberg self-esteem scale (Rosenberg, 

1965) and measures respondents’ global self-esteem. The predictive validity is very similar to the 

Rosenberg scale (Robins et al., 2001). The scale in the questionnaire was presented on a 7-point Likert-

scale (De Cremer et al., 2005). 

Self-efficacy was measured using the German version of the general perceived self-efficacy scale 

(Schwarzer and Jerusalem, 1995, 1999). It measures the optimistic self-efficacy: An individual’s belief in 
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its own competencies to cope with difficult situations and achieve goals. Although Bandura (1997) has 

argued for contextualizing self-efficacy, general beliefs are useful when intending to reflect personality 

differences (Urbig and Monsen, 2012). The construct consists of ten single items. We use the average of 

responses to these items to construct our variable when at least eight items contained information. Factor 

analysis indicates high scale reliability (α= 0.80). The mean (3.05) and standard deviation (0.32) of self-

efficacy in our sample is comparable to those of most samples in the literature (mean divided by ten 

approx. 2.90, sd. approx. 0.40) (Schwarzer and Jerusalem, 1999; Schwarzer, et al., 1999), indicating 

reliability of our questionnaire data. 

Locus of control (LOC) was measured using items from a scale, which has been used in the SOEP survey 

waves of 2005 and 2010 and is based on a scale by Rotter (1966) and Krampen (1981). The scale used in 

the SOEP has been the basis for numerous literature on locus of control (e.g., Caliendo et al., 2015; Piatek 

and Pinger, 2010). Each of seven items was measured on a 7-point Likert scale, ranging from 1 

(completely disagree) to 7 (completely agree). We constructed a single uni-dimensional factor capturing 

the participants’ internal locus of control averaging across the seven items when at least five items 

contained information. Scale reliability of α=0.61 is relatively high for Rotter’s locus of control scale. 

Risk preferences were assessed following questions from the German Socio-Economic Panel (SOEP) (e.g., 

wave 31, year 2014). Using these questions is useful because the survey instruments have been validated 

in experiments (Dohmen et al., 2011). We surveyed participants on their risk preferences in various 

domains of life (driving, leisure and sports, professional career, health, and trust in other people) on a 7-

point Likert scale ranging from 1 (completely disagree) to 7 (completely agree). We averaged the response 

across all items when information was given for at least three items. The multi-item construct has internal 

scale reliability of α=0.64. To control for confounding effects of individual’s risk preferences, we add this 

measure as a control variable to our analyses. 

We assessed participants’ competitive preferences (competitiveness) expanding the single-item of the 

Flash Eurobarometer Survey on Entrepreneurship 2009 (No. 283) of the European Commission (“I like 

situations in which I compete with others”) (e.g., Bönte, 2015) to a multi-item variable. Factor analysis 

reveals the highest scale reliability (α=0.71) for the following four domains: “…in general”, “… in 

personal life”, “in professional life”, and “… in leisure and sports”, when at least three obtain 

information. The items on competitive preferences were constructed with a 7-point Likert scale from 1 

(completely disagree) to 7 (completely agree). To control for confounding effects of an individual’s 

competitive preferences, we add this measure as a control variable to our analyses. 

The variable playing level indicates a player’s tennis playing ability and past performance. The German 

Tennis Federation (DTB) categorizes all tennis players that participate in official tennis tournaments and 

official league matches into one of 23 levels (called Leistungsklasse - LK) depending on their level of 
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performance in the past year. LK1 stands for the best performing players, LK23 is the lowest level. 

Players who are categorized with LK1 are part of the German Top 700 tennis ranking of the German 

Tennis Federation. (See http://wtv.de/lk-systemlk-turniere for a detailed description in German). For our 

analysis, we transformed the playing ability so that the highest variable value (23) relates to the highest 

performance level (LK1). This way the coefficient of playing ability can intuitively be interpreted without 

in-depth knowledge of the German Tennis LK-system. We also calculate a variable difference playing 

level that contains the difference in playing level between the focal player and the opponent, since the 

opponent’s playing ability (which is in most cases known to the focal player) might influence the focal 

player’s performance. We thus capture the gap between both players’ ability levels.  

Gender takes the value 1 if the player is female, and 0 if the player is male. Age calculate the player’s age 

at the time when participating in the tournament (16 to 60 years old) at the natural logarithm. Both 

information are taken from the tennis database.  

3.5.2. Experiment (game)-level variables  

We employ dummy variables Incentive, taking the value 1 if the subject was treated with the specific 

incentive scheme (individual, group, and tournament, respectively) and 0 otherwise.  

Previous match close is a dummy variable, taking the value 1 if the official tennis tournament match in 

which both players competed before participating in the experiment, was a close match, and 0 otherwise. 

We define close matches as matches that are decided by a final third set (which in the analyzed official 

tennis tournaments was a tiebreak until 10) or in which at least one set had an intermediate score of 5-5. 

This definition is similar to Cohen-Zada et al. (2017). Different definitions of close matches (e.g., with 

sets in which each of the players won at least 4 games) yield to the same qualitative results. 

Won previous match is a dummy variable, taking the value 0 if the focal player won the official tennis 

tournament match in which both players competed before participating in the experiment, and 0 otherwise. 

We employ dummy variables coin toss that capture whether the focal player had won the coin toss and 

selected not to being (won, do not begin), had lost the coin toss (lost), or had won the coin toss and 

selected to begin (won, begin). 

Moreover, we employed tournament dummies as fixed effects at the tournament level to control for 

heterogeneity caused by, e.g., the courts played on (indoors vs. outdoors), or the year in which the 

tournament took place (see, e.g., Hickman and Metz, 2015).  

3.5.3. Shot-level variables  

Shot number indicates the number of the serves from the focal player within one experiment (game).  
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We employ dummy variables player’s previous shot, and opponent’s previous shot that indicate whether 

there has not been a previous shot within the game (no shot), the previous shot has been successful 

(scored) or not successful (missed) by the respective player.  

The variable score difference displays the score difference between the focal player and the opponent 

before the focal player takes the shot (successful shot of focal player – successful shots of opponent). The 

variable takes on positive values if the focal player is in the lead before taking the shot, and negative 

values if the opponent is in the lead. The variable takes on value 0 if the score is tied.  

Worthy is a dummy variable that distinguishes between shots that were still relevant for the monetary 

payoff of the participants (worthy shots) and shots that were no longer related to the potential outcome 

(see also Feri et al., 2013). It takes the value 1 if the upcoming shot is still relevant for the monetary 

payoff, and 0 otherwise.  

First-mover is a dummy variable taking the value 1 if the focal player’s upcoming serve is the first within 

the two players’ pair of serves, and 0 if the focal player is the second-mover and has been able to observe 

the performance of the other player within the pair of serves. 

4. Results6 

4.1. Descriptive analysis  

Our final sample consists of 1,995 shots, observed in 122 games (experiments) with 114 player-pairs 

(focal player and opponent) and 86 single players. The number of single players is therefore above 

comparable studies in the literature (e.g., Feri et al., 2013 with 58 individuals). The deviation of the final 

sample from the total number of completed questionnaires (94) and total number of games (131) derives 

from missing values in some questionnaires and the matching process of experimental and questionnaire 

data (some players did not participate in both). We randomized the order of treatments: In our final 

sample, we observe 30.5% of the shots in the individual, 32.6% in the group, and 36.8% in the tournament 

incentive scheme. One-sided Binomial tests confirm that these percentages do not differ significantly from 

33.3%. The experimenters prepared an experimental task sheet with a randomly drawn treatment before 

going to the court to conduct the experiment with the tennis players. Since the experiment was voluntary, 

some players denied participation (e.g., due to injury). Players did so before knowing what incentive 

treatment was chosen, and experimenters shredded the pre-filled sheets afterward. This explains why the 

percentages can slightly deviate from 33.3%. We allowed participants to take part in more than one game. 

Table 1 summarizes the number of observations by treatment and gender.  

                                                      
6 Our data and do-file can be found here: http://dx.doi.org/10.17632/4kr6ft36ps.1 
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----------------------------------------------------- 

>> Insert Table 1 about here << 

----------------------------------------------------- 

Table 2 reports the summary statistics and Table 3 contains the correlation matrix for our final sample. All 

variable-specific and average inflation factors are all well below two, and do not point to multicollinearity 

as a potential problem within our data (cf., Belsey et al., 2005).  

----------------------------------------------------- 

>> Insert Table 2 and 3 about here << 

----------------------------------------------------- 

4.2. Multivariate analysis  

We conduct multivariate analyses to estimate the effects of player position on performance as well as the 

potential moderating effects of psychological traits and incentive schemes.  

To ensure the robustness of our findings, we apply a set of different estimation and test procedures. To 

account for the hierarchical structure of our data and the fact that we have repeated measurements for the 

same statistical unit (several shots within a game with two fixed players, i.e., player-pairs), we estimate a 

multilevel mixed-effects model7 (Graubard and Korn, 1996) with a random intercept at the player-pair 

level. This is a conservative estimation approach because we account for effects of the focal player in 

interaction with a specific opponent who is most likely to influence the behavior of the focal player. The 

use of a mixed-effects model allows us to account for the fact that multiple repetitions (in our case shots) 

from the same subject with a specific opponent should not be regarded as independent observations: e.g., 

by using random effects for subjects (Winter, 2013). Additionally, we take into account past shot 

performance to our models, more specifically the players’ and the opponents’ previous shot success, 

which can be interpreted as further dynamic fixed effects in our model8. This accounts for additional 

heterogeneity among individuals and controls for potential effects caused by momentum (Lehman and 

Hahn, 2013). Furthermore, we added fixed effects at the tournament level to control for heterogeneity 

caused by, e.g., the courts played on (indoors vs. outdoors), or the year the tournament took place (see also 

Hickman and Metz, 2015). Since our dependent variable shot success is binary, we estimate probit mixed-

effects models as our main models (Tables 4 and 5). Nevertheless, we also estimate regular probit models 

(Table 6) with standard errors cluster at the player-pair level, to check the robustness of our results. 

                                                      
7 In a mixed-effects model, both fixed effects as well as random effects for the unobserved heterogeneity (e.g. of 
individuals) are estimated. These models are also known as multilevel models or hierarchical linear models.  
8 Including past performance as dynamic fixed effects is for example done in research on firm performance (Grimpe 
and Sofka, 2016). 
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Model 1 (in Table 4) includes all control variables, the different incentive schemes, and psychological 

traits. As expected, players’ playing level has a statistically significant influence on shot success. Players 

with higher tennis skills perform better in the experiment: Averaged across all individuals, an increase of 

one skill level, ranging from 1 to 23, increases the success probability by 1 percentage point. Thus, players 

with the best skill level have a 22 percentage points higher shot success than players with the lowest skill 

level. The success rate of the first shot of a game (previous shot = no shot) is significantly smaller than the 

rest of the shots, indicating a learning effect for players in the serve task at least for the first shots. The 

variables measuring individuals’ self-esteem, self-efficacy, risk- and competitive preference, as well as 

internal locus of control, allow us to observe heterogeneity in the players’ psychological traits. Individuals 

with a high locus of control perform better in the experiment than individuals with lower levels, yielding 

the only statistically significant direct effect of psychological traits on performance in our setting. 

Regarding the incentive schemes, we do not observe any significant effect: Comparing team incentives, as 

well as tournament incentives, to the reference category individual incentives, reveal no significant 

differences in shot success.  

----------------------------------------------------- 

>> Insert Table 4 about here << 

----------------------------------------------------- 

In the following models, we keep the incentive scheme dummies in order to control for the effects of 

teamwork and competition induced by our incentive schemes. Nevertheless, we concentrate our analysis 

on the main effect of player position on performance, and the interaction effects of psychological traits 

with player position on performance. Model 2 (in Table 4) adds the effect of a player’s position (first- 

versus second-mover) to our analysis. The first-mover effect is negative and statistically significant at 

p=0.020, which is in line with studies finding a second-mover advantage on shot level in sequential 

tournaments with scoring probabilities lower than 50% (Kolev et al., 2015) or close to 50% ( Feri et al., 

2013). Averaged across all individuals, the chances of scoring go down by five percentage points if the 

individual acts as a first-mover (or vice versa go up by five percentage points if the individual moves 

second). The size of this effect is considerably large given our average scoring probability of 37%. Yet in 

our ABBA sequence, the second-mover advantage is eliminated at game level: First-movers win the game 

in 57.58%, which is, however, not significantly different from 50% (p=0.134, see Apesteguia and 

Palacios-Huerta, 2010 and Kocher et al., 2012). Probit models at game level controlling for playing 

quality, incentive schemes, and psychological traits confirm this result. This means that, in line with the 

results of Palacious-Huerta (2014) and Cohen-Zada et al. (2018), we find that the ABBA sequence 

produces fair outcomes, in our case by alternating second-mover advantages across players. 
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Table 5 introduces the interaction terms of psychological traits as well as incentive schemes with player 

position. Model 3 includes the interaction effect of player position (first-mover) and self-esteem on shot 

success. The coefficient of the interaction term is positive and statistically significant (p=0.047). The 

coefficient of self-esteem is also statistically significant (p=0.009) and positive. Figure 4 graphically 

illustrates the interaction effect at predictive margins, with low self-esteem plotted in a range between 

minimum and maximum value (cf., Williams, 2012)9. First-movers are represented as a solid red line and 

second-movers as a dashed blue line. Individuals with high self-esteem performed seemingly better in our 

experiment. This is consistent for both player positions (first- as well as second-mover). While, however, 

individuals with low self-esteem perform better as first-movers, individuals with high self-esteem perform 

better as second-movers. In accordance with Apesteguia and Palacios-Huerta´s (2010) reasoning, subjects 

with low self-esteem seem to feel psychological pressure when performing after their opponent´s 

performance. However, subjects with high self-esteem take it as an advantage to perform after their 

opponent. Figure 4 illustrates that depending on the level of a psychological trait, specifically self-esteem, 

individuals experience either a first- or a second-mover advantage. This implies that when analyzing a 

sample consisting only of individuals with a certain dimensional peculiarity in a psychological trait (e.g., 

professional sports athletes), one might find a significant impact of player position, which is biased by the 

sample selection.  

----------------------------------------------------- 

>> Insert Table 5 and Figure 4 about here << 

----------------------------------------------------- 

Models 4 and 5 (Table 5) contain the interaction effects of participants’ self-efficacy, and locus of control 

respectively, with player position. Model 6 adds the interaction effect with different incentive schemes. 

Unlike expected, we find no support for a potential moderation effect of self-efficacy, locus of control, or 

incentive schemes on the relationship between player position and individual performance. These 

specificities do not seem to affect the relationship between player position and individual performance in a 

sequential tournament. Model 7 includes all interaction terms in one final model and corroborates the 

findings from Models 3 to 6.  

We designed our field experiment in a way that allowed us to analyze three effects (player position, 

psychological traits, and incentive schemes) with one data set. Only with this procedure, we can address 

our research questions and analyze the interactions of the effects. The weakness of this approach is, that 

we ended up with two final econometric models (Model 2 and Model 7), in which some of the 

                                                      
9 In a multilevel mixed-effects probit and logistic model the Inteff-command (cf. Ai and Norton, 2003) to investigate 
interaction effects in non-linear models, cannot be used. We, therefore, follow the alternative approach of Williams 
(2012).  
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significances could be partly chance results. In order to reduce the uncertainty of our results, we 

conducted robustness checks of our main models with a different estimator (regular probit models for the 

final models, clustering the standard error at the player-pair level): Our results do not change in these 

robustness checks (see Models 8 and 9 in Table 6).  

----------------------------------------------------- 

>> Insert Table 6 about here << 

----------------------------------------------------- 

5. Conclusion and discussion 

This paper has analyzed individual performance in sequential tournaments. We conducted a field 

experiment that allowed us to analyze the effects of psychological traits and varying pressure (different 

incentive schemes) on the relationship between player position (first- versus second-mover) and individual 

performance. The potential for a first- versus second-mover advantage in sequential tournaments has been 

widely debated in the literature (e.g., Cohen-Zada et al., 2018; Feri et al., 2013; Kocher et al., 2012). 

However, previous studies have neglected the potential impact of heterogeneity in psychological traits and 

different incentive schemes on the performance as a first -vs. second-mover. In our study, we combine 

methods used in economics, psychology, and sports science. On average, we observe a statistically 

significant effect of player position on individual performance, showing that in our setting, with a scoring 

probability lower than 50%, subjects experience on average a second-mover advantage on shot-level. 

Moreover, we find that individuals with high levels of self-esteem perform better as second-movers, while 

individuals with low self-esteem should rather start first.  

The first contribution of our study to the literature is that we were able to replicate the finding of Palacios-

Huerta (2014) and Cohen-Zada et al. (2018): Mixing the condition of being first and second-mover 

(following an ABBA sequence) indeed yields to no significant first- or second-mover advantage for the 

whole sequential tournament (on game level). Yet, we go beyond their analysis, by investigating the effect 

of player position at the shot level, and we can explain further why the player position has no impact on 

the probability of winning the competition on game level in ABBA sequences. Specifically, we find strong 

evidence for a second-mover advantage within our sequential tournament on shot level. Our analysis 

contributes to Feri et al. (2013)’s field experiment, in which they analyze basketball free throws with an 

average scoring rate around 50% on shot level and find a second-mover advantage. Our result on shot 

level is also in line with Kolev et al. (2015), who find a second-mover advantage with a scoring rate much 

lower than 50%, on average 33%, in NHL shootouts which is very similar to the scoring rate of 37% in 

our field experiment. In fact, we might even underestimate the height of the psychological second-mover 

advantage in our experiment: The serve of the second-mover is always the first of two serves in the ABBA 
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sequence. Technically, it should be easier to hit the second serve as players can adjust it according to the 

outcome of the first serve. Observing a second-mover advantage in our setting speaks for the importance 

of psychological factors explaining performance in sequential tournaments. However, since the player 

position alternates on the shot level in ABBA sequences, the second-mover advantage on shot level does 

not affect the overall outcome of the competition.  

As our second contribution, we observe interesting relationships between player position (first- vs. 

second-mover) and psychological traits, especially the most prominent concepts of core self-evaluation 

(Judge et al., 1997). Whereas, for example, individuals with high self-esteem have a second-mover 

advantage, individuals with low self-esteem perform better as first-mover. Our study is only a first step 

towards better understanding the influence of psychological traits on individual performance in sequential 

tournaments. We do not find statistically significant support for a moderation effect of self-efficacy or 

locus of control. However, our findings may help to arouse a better understanding of contradictory results 

from earlier studies on the effect of player position on performance in sequential tournaments (e.g., Feri et 

al., 2013; Klaasen and Magnus, 2014; Kocher et al., 2012). Depending on the peculiarities and variance of 

individuals’ psychological traits in a study sample, one may find either first- or second-mover advantages. 

For instance, psychological traits of professional sports athletes and amateurs may systematically differ. 

The third contribution of our experiment is that its design varies the type of pressure by introducing three 

different incentive schemes – Individual, Team, and Tournament – and thus distinguishing between 

pressure induced by teammates vs. pressure induced by opponents. We do not find significant effects 

when comparing team or tournament incentives to the baseline individual incentives. In both experimental 

incentive schemes, at least two opposing effects could play a role - in the team incentive scheme: team 

spirit vs. peer pressure or free riding; in the tournament incentive scheme: “performing best when it 

matters the most” (González-Díaz et al., 2012) vs. choking under psychological pressure (Cohen-Zada et 

al., 2017). The designs of future (field) experiments could try to disentangle the opposing effects of 

different incentive schemes further. Tennis (or similar sports) is a good test object for these questions as it 

is an individual sport that is also played in a team.  
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Figure 1. Research setting within sequential tournament (ABBA sequence).  
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Figure 2. Set-up of serve-task.  

 

 



Figure 3. Alternating first and second mover advantage (ABBA sequence). 

 

 



Figure 4. Interaction of Self-esteem and Player Position (First mover).

 

Note: Interaction effects calculated on basis of the multilevel mixed-effects model (Table 5) and predictive 
margins. Dependent (Shot success) is displayed at the fixed portion of its linear prediction.  

 



Table 1. Frequencies and cell percentages for incentive schemes by gender (N=1,995). 

Incentive Schemes
Individual Group Tournament Total

Gender
male frecuency (n) 480 460 559 1,499

cell percentage 24.06 23.06 28.02 75.14

female frecuency (n) 130 190 176 496
cell percentage 6.52 9.52 8.82 24.86

Total frecuency (n) 610 650 735 1,995
cell percentage 30.58 32.58 36.84 100

Note: Within the incentives schemes, several individuals participated in more 
   than one game - Individual: 14 subjects, group: 12 , and tournament: 16.

 

 



Table 2. Summary statistics for regression sample (N=1,995). 

Variables Mean sd Min Max
1 Shot success 0.37 0.48 0 1
Individual-level variables
2 Playing level 10.36 7.31 1 23
3 Gender (female) 0.25 0.43 0 1
4 Age (ln) 3.41 0.36 2.77 4.09
5 Difference play. Level -0.07 4.64 -14 14
6 Self-esteem 4.88 1.07 1 7
7 Self-efficacy 3.05 0.32 2.30 4.00
8 LOC 5.26 0.71 3.57 6.86
9 Risk 3.91 0.83 2.60 5.80
10 Competitiveness 4.83 0.90 2.00 7.00
Experiment-level variables
11 Previous match close 0.21 0.41 0 1
12 Won previous match 0.50 0.50 0 1
13 Incentive (individual) 0.31 0.46 0 1

Incentive (group) 0.33 0.47 0 1
Incentive (tournament) 0.37 0.48 0 1

14 Coin toss (won, do not being) 0.18 0.38 0 1
Coin toss (lost) 0.51 0.50 0 1
Coin toss (won, begin) 0.31 0.46 0 1

15 Tournament 1 0.49 0.50 0 1
Tournament 2 0.08 0.26 0 1
Tournament 3 0.09 0.28 0 1
Tournament 4 0.15 0.36 0 1
Tournament 5 0.19 0.39 0 1

Shot-level variables
16 Shot number player 10.67 5.92 1 30
17 Player's previous shot (missed) 0.57 0.50 0 1

Player's previous shot (no shot) 0.10 0.30 0 1
Player's previous shot (scored) 0.33 0.47 0 1

18 Opponent's previous shot (missed) 0.64 0.48 0 1
Opponent's previous shot (no shot) 0.05 0.21 0 1
Opponent's previous shot (scored) 0.32 0.47 0 1

19 Score difference -0.17 1.44 -7 7
20 Worthy 0.92 0.27 0 1
21 First mover 0.50 0.50 0 1
Note:  n=1,995  

 



Table 3. Correlation table for regression sample (N=1,995). 

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 a 13 b 13 c 14 15 16 17 18 19 20
1 Shot success 1
2 Playing level 0.17* 1
3 Gender (female) -0.05* -0.32* 1
4 Age (ln) -0.09* -0.34* 0.28* 1
5 Difference play. level 0.07* 0.31* -0.05* -0.09* 1
6 Self-esteem 0.07* -0.04 -0.22* -0.04 0.06* 1
7 Self-efficacy 0.02 -0.08* -0.08* 0.11* 0.08* 0.35* 1
8 LOC 0.04* 0.06* -0.08* 0.06* 0.09* 0.06* 0.23* 1
9 Risk 0.03 0.17* -0.31* -0.27* 0.01 -0.08* 0.05* 0.04 1
10 Competitiveness 0.05* 0.24* -0.32* -0.38* 0.05* 0.17* 0.12* 0.10* 0.35* 1
11 Previous match close 0.02 0.01 -0.09* -0.01 0.02 0.02 -0.01 0.14* 0.04 0.04* 1
12 Won previous match 0.04 0.23* -0.04 -0.08* 0.56* 0.02 0.06* 0.12* 0.09* 0.15* 0 1
13 a Incentive (individual) 0.00 -0.07* -0.05* -0.12* 0.07* -0.06* 0.00 -0.04 0.03 0.08* 0.09* 0.03 1
13 b Incentive (group) 0.02 0.00 0.07* 0.04 -0.05* 0.11* 0.04 -0.02 -0.07* -0.10* -0.22* -0.04 -0.46* 1
13 c Incentive (tournament) -0.03 0.06* -0.02 0.08* -0.01 -0.05* -0.04 0.06* 0.04* 0.01 0.13* 0.01 -0.51* -0.53* 1
14 Coin toss 0.03 0.19* -0.07* -0.13* 0.08* 0.05* 0.14* -0.13* 0.06* 0.07* 0.00 0.04 -0.08* 0.02 0.06* 1
15 Shot number player 0.05* 0.00 0.00 0.00 0.00 0.00 -0.01 -0.01 -0.01 0.01 0.02 0.00 -0.02 -0.02 0.04 0.00 1
16 Player's prev. shot 0.09* 0.17* -0.07* -0.09* 0.06* 0.08* 0.02 0.04 0.03 0.05* 0.02 0.03 0.00 0.03 -0.03 0.03 0.00 1
17 Opponent's prev. shot 0.04 0.12* -0.10* -0.13* -0.03 0.06* -0.06* -0.01 0.05* 0.05* -0.02 0 0.04 0.01 -0.05* 0.01 0.00 0.07* 1
18 Score difference 0.02 0.01 0.03 0.04 0.17* 0.04 0.14* 0.07* -0.02 0.05* 0.08* 0.08* -0.01 0.01 0.00 0.06* -0.01 0.31* -0.32* 1
19 Worthy -0.02 -0.02 -0.03 -0.03 0.01 0.01 0.03 -0.01 0.05* 0.04 -0.02 0.01 -0.01 0 0.01 -0.01 -0.40* -0.04 -0.04 -0.01 1
20 First mover -0.05* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -0.07* 0.03 0.02 0.13* 0.05* 1
Notes : n=1,995; * indicates significant correlations at p<0.05; In order to increase readability, all categorial variables except for the incentives variable were displayed as continuous and tournament
   dummies were not displayed. When including those variables as categorials and including tournament dummies, there are no indications of multicollinearity problems.Results are available upon request.  

 

 

 



Table 4. The effects of player position (first vs. second mover) on individual performance. 

Model 1 Model 2
meprobit margins meprobit margins 

Fixed effects
   Individual-level variables

Playing level 0.03*** (0.01) 0.01*** (0.00) 0.03*** (0.01) 0.01*** (0.00)
Gender (female) 0.03 (0.10) 0.01 (0.03) 0.02 (0.10) 0.01 (0.03)
Age (ln) -0.01 (0.12) -0.00 (0.04) -0.00 (0.12) -0.00 (0.04)
Self-esteem 0.07 (0.04) 0.02 (0.01) 0.07 (0.04) 0.02 (0.01)
Self-efficacy -0.05 (0.12) -0.02 (0.04) -0.05 (0.12) -0.02 (0.04)
LOC 0.11* (0.05) 0.04* (0.02) 0.11* (0.05) 0.04* (0.02)
Risk 0.02 (0.05) 0.01 (0.02) 0.02 (0.05) 0.01 (0.02)
Competitiveness -0.01 (0.05) -0.00 (0.02) -0.01 (0.04) -0.00 (0.02)

   Experiment-level variables
Previous match close 0.04 (0.09) 0.01 (0.03) 0.03 (0.09) 0.01 (0.03)
Won previous match 0.02 (0.07) 0.01 (0.02) 0.02 (0.07) 0.01 (0.02)
Group incentive 0.00 (0.09) 0.00 (0.03) -0.00 (0.09) -0.00 (0.03)
Tournament incentive -0.06 (0.09) -0.02 (0.03) -0.05 (0.09) -0.02 (0.03)
Coin toss (lost) -0.04 (0.09) -0.01 (0.03) -0.05 (0.09) -0.02 (0.03)
Coin toss (won, begin) 0.00 (0.11) 0.00 (0.04) -0.01 (0.10) -0.01 (0.04)

   Shot-level variables
Shot number player 0.00 (0.01) 0.00 (0.00) 0.00 (0.01) 0.00 (0.00)
Player's previous shot (no shot) -0.34* (0.15) -0.11* (0.05) -0.43** (0.16) -0.14** (0.05)
Player's previous shot (scored) 0.06 (0.07) 0.02 (0.03) 0.06 (0.07) 0.02 (0.03)
Opponent's prev. shot (no shot) 0.05 (0.20) 0.02 (0.07) 0.20 (0.21) 0.07 (0.08)
Opponent's prev. shot (scored) -0.00 (0.07) -0.00 (0.03) 0.01 (0.07) 0.00 (0.03)
Score difference -0.01 (0.03) -0.00 (0.01) -0.00 (0.03) -0.00 (0.01)
Worthy 0.02 (0.12) 0.01 (0.04) 0.03 (0.12) 0.01 (0.04)
First mover -0.15* (0.06) -0.05* (0.02)

   Tournament dummies Included Included Included Included

   Constant -1.56* (0.65) -1.45* (0.65)
Random effects

var (difference play. level) 0.00*** (0.00) 0.00*** (0.00)
var (constant) 0.03*** (0.02) 0.03*** (0.02)

Statistics 
Wald chi2 (p) 87.91 94.14***
Log likelihood -1251.52 -1248.82
LR test vs. probit model, chi2(p) 5.66 5.02
N of clusters (player pair) 114 114
N of  observations 1995 1995

Note: Standard errors in parentheses; average marginal effects reported in margins column; 
   significance levels: *** p<0.001, ** p<0.01, * p<0.05 ; base groups: treatment (invidiual incentive scheme); 
   coin toss (won, begin second); player's previous shot (missed); opponent's previous shot (missed) 

Dependent variable: Shot success

 



Table 5. The interaction effects of player position and psychological traits, resp. incentives, on 

individual performance. 

Model 3 Model 4 Model 5 Model 6 Model 7
Fixed effects
   Individual-level variables

Playing level 0.03*** (0.01) 0.03*** (0.01) 0.03*** (0.01) 0.03*** (0.01) 0.03*** (0.01)
Gender (female) 0.02 (0.10) 0.02 (0.10) 0.02 (0.10) 0.02 (0.10) 0.02 (0.10)
Age (ln) -0.00 (0.12) -0.00 (0.12) -0.00 (0.12) -0.00 (0.12) -0.00 (0.12)
Self-esteem 0.12** (0.05) 0.07 (0.04) 0.07 (0.04) 0.07 (0.04) 0.14** (0.05)
Self-efficacy -0.05 (0.12) -0.12 (0.15) -0.05 (0.12) -0.05 (0.12) -0.21 (0.16)
LOC 0.11* (0.05) 0.11* (0.05) 0.12 (0.07) 0.11* (0.05) 0.13 (0.07)
Risk 0.02 (0.05) 0.02 (0.05) 0.02 (0.05) 0.02 (0.05) 0.02 (0.05)
Competitiveness -0.01 (0.04) -0.01 (0.04) -0.01 (0.04) -0.01 (0.04) -0.01 (0.04)

   Experiment-level variables
Previous match close 0.03 (0.09) 0.03 (0.09) 0.03 (0.09) 0.03 (0.09) 0.03 (0.09)
Won previous match 0.02 (0.07) 0.02 (0.07) 0.02 (0.07) 0.02 (0.07) 0.02 (0.07)
Group incentive -0.00 (0.09) -0.00 (0.09) -0.00 (0.09) 0.05 (0.12) 0.03 (0.12)
Tournament incentive -0.05 (0.09) -0.05 (0.09) -0.05 (0.09) -0.00 (0.11) -0.01 (0.11)
Coin toss (lost) -0.05 (0.09) -0.05 (0.09) -0.05 (0.09) -0.05 (0.09) -0.05 (0.09)
Coin toss (won, begin) -0.02 (0.10) -0.01 (0.10) -0.01 (0.10) -0.01 (0.10) -0.02 (0.10)

   Shot-level variables
Shot number player 0.00 (0.01) 0.00 (0.01) 0.00 (0.01) 0.00 (0.01) 0.00 (0.01)
Player's previous shot (no shot) -0.42** (0.16) -0.43** (0.16) -0.43** (0.16) -0.43** (0.16) -0.43** (0.16)
Player's previous shot (scored) 0.07 (0.07) 0.06 (0.07) 0.06 (0.07) 0.06 (0.07) 0.07 (0.07)
Opponent's prev. shot (no shot) 0.21 (0.21) 0.20 (0.21) 0.20 (0.21) 0.20 (0.21) 0.21 (0.21)
Opponent's prev. shot (scored) 0.01 (0.07) 0.00 (0.07) 0.01 (0.07) 0.01 (0.07) 0.01 (0.07)
Score difference -0.00 (0.03) -0.00 (0.03) -0.00 (0.03) -0.00 (0.03) -0.00 (0.03)
Worthy 0.04 (0.12) 0.03 (0.12) 0.03 (0.12) 0.03 (0.12) 0.04 (0.12)
First mover 0.40 (0.28) -0.55 (0.58) -0.06 (0.44) -0.08 (0.11) -0.18 (0.67)
First mover * Self-esteem -0.11* (0.06) -0.14* (0.06)
First mover * Self-efficacy 0.13 (0.19) 0.31 (0.21)
First mover * LOC -0.02 (0.08) -0.03 (0.09)
First mover * Group inc. -0.10 (0.15) -0.06 (0.15)
First mover * Tourn. inc. -0.10 (0.14) -0.08 (0.15)

   Tournament dummies Included Included Included Included Included

   Constant -1.73** (0.66) -1.25 (0.71) -1.49* (0.68) -1.48* (0.65) -1.45* (0.72)
Random effects

var (difference play. level) 0.00*** (0.00) 0.00*** (0.00) 0.00*** (0.00) 0.00*** (0.00) 0.00*** (0.00)
var (constant) 0.03*** (0.02) 0.03*** (0.02) 0.03*** (0.02) 0.03*** (0.02) 0.03*** (0.02)

Statistics
Wald chi2 (p) 97.77*** 94.67*** 94.18*** 94.69*** 100.50
Log likelihood -1246.85 -1248.58 -1248.80 -1248.52 -1245.50
LR test vs. probit model, chi2(p)4.95 4.98 5.01 5.00 4.83
Number of groups 114 114 114 114 114
N of observations 1995 1995 1995 1995 1995

Note: Standard errors in parentheses; meprobit models;  significance levels: *** p<0.001, ** p<0.01, * p<0.05 ;   base groups: 
   treatment (invidiual incentive); coin toss (won, begin second); player's previous shot (missed); opponent's previous shot (missed) 

Dependent variable: Shot success

 



Table 6. Robustness check with probit regression models. 

Model 8 Model 9
probit margins probit margins 

Individual-level variables
Playing level 0.03*** (0.01) 0.01*** (0.00) 0.02*** (0.01) 0.01*** (0.00)
Gender (female) 0.03 (0.10) 0.01 (0.04) 0.03 (0.10) 0.01 (0.04)
Age (ln) -0.01 (0.12) -0.00 (0.04) -0.00 (0.12) -0.00 (0.04)
Difference play. level 0.00 (0.01) 0.00 (0.00) 0.00 (0.01) 0.00 (0.00)
Self-esteem 0.08* (0.04) 0.03* (0.01) 0.15** (0.05) 0.05** (0.02)
Self-efficacy -0.06 (0.12) -0.02 (0.04) -0.22 (0.13) -0.08 (0.05)
LOC 0.10 (0.05) 0.04 (0.02) 0.12 (0.07) 0.04 (0.02)
Risk 0.02 (0.04) 0.01 (0.02) 0.02 (0.04) 0.01 (0.01)
Competitiveness -0.02 (0.04) -0.01 (0.01) -0.02 (0.04) -0.01 (0.01)

Experiment-level variables
Previous match close 0.01 (0.10) 0.00 (0.03) 0.01 (0.10) 0.00 (0.03)
Won previous match 0.02 (0.08) 0.01 (0.03) 0.02 (0.08) 0.01 (0.03)
Group incentive -0.03 (0.08) -0.01 (0.03) 0.00 (0.11) 0.00 (0.04)
Tournament incentive -0.06 (0.08) -0.02 (0.03) -0.02 (0.10) -0.01 (0.04)
Coin toss (lost) -0.06 (0.10) -0.02 (0.04) -0.06 (0.10) -0.02 (0.04)
Coin toss (won, begin) -0.04 (0.11) -0.01 (0.04) -0.04 (0.11) -0.01 (0.04)

Shot-level variables
Shot number player 0.00 (0.01) 0.00 (0.00) 0.00 (0.01) 0.00 (0.00)
Player's previous shot (no shot) -0.41** (0.16) -0.14** (0.05) -0.42** (0.16) -0.14** (0.05)
Player's previous shot (scored) 0.11 (0.07) 0.04 (0.03) 0.12 (0.07) 0.04 (0.03)
Opponent's prev. shot (no shot) 0.22 (0.22) 0.08 (0.08) 0.22 (0.22) 0.08 (0.08)
Opponent's prev. shot (scored) 0.03 (0.07) 0.01 (0.02) 0.04 (0.07) 0.01 (0.02)
Score difference 0.02 (0.03) 0.01 (0.01) 0.02 (0.03) 0.01 (0.01)
Worthy 0.01 (0.12) 0.00 (0.04) 0.02 (0.12) 0.01 (0.04)
First mover -0.15** (0.06) -0.05** (0.02) -0.19 (0.60) -0.07 (0.21)
First mover * Self-esteem -0.14** (0.05) -0.05** (0.02)
First mover * Self-efficacy 0.32 (0.18) 0.11 (0.06)
First mover * LOC -0.03 (0.09) -0.01 (0.03)
First mover * Group inc. -0.07 (0.14) -0.02 (0.05)
First mover * Tourn. inc. -0.08 (0.13) -0.03 (0.05)

Tournament dummies Included Included

Constant -1.30* (0.63) -1.31* (0.66)
Statistics 

Wald chi2 (p) 147.2*** 157.5***
Log likelihood -1251.33 -1247.91
N of clusters (player pair) 114 114
N of observations 1995 1995

Note: Standard errors in parentheses; average marginal effects reported in margins column; 
   significance levels: *** p<0.001, ** p<0.01, * p<0.05 ; base groups: treatment (invidiual incentive scheme); 
   coin toss (won, begin second); player's previous shot (missed); opponent's previous shot (missed) 

Dependent variable: Shot success
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