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Prior shared success predicts victory in team

competitions

Satyam Mukherjee

Debate over the impact of team composition on the outcome
of a contest has attracted sports enthusiasts and sports sci-
entists for years. A commonly held belief regarding team
success is the superstar effect; that is, including more tal-
ent improves the performance of a team'. However, stud-
ies of team sports have suggested that previous relations
and shared experiences among team members improve
the mutual understanding of individual habits, techniques
and abilities and therefore enhance team coordination and
strategy?”. We explored the impact of within-team relation-
ships on the outcome of competition between sports teams.
Relations among teammates consist of two aspects: qualita-
tive and quantitative. While quantitative aspects measure
the number of times two teammates collaborated, qualita-
tive aspects focus on ‘prior shared success’; that is, whether
teamwork succeeded or failed. We examined the association
between qualitative team interactions and the probability of
winning using historical records from professional sports—
basketball in the National Basketball Association, football
in the English Premier League, cricket in the Indian Premier
League and baseball in Major League Baseball—and the mul-
tiplayer online battle game Defense of the Ancients 2. Our
results show that prior shared success between team mem-
bers significantly improves the odds of the team winning in all
sports beyond the talents of individuals.

“The idea of star players is a notion everywhere but nonsense
in Germany, said the football analyst Hienric Spencer after the
dominant performance of Germany in the 2014 FIFA (Fédération
International de football Association) World Cup'’. Spencer’s state-
ment questioned the commonly held belief about the association
between higher team performance and the presence of highly skilled
players in a team'’. Sports history is, indeed, littered with plenty of
instances in which teams with great players have failed. Various fac-
tors determine the success of a team. Prior research on team suc-
cess revealed a positive correlation between cognitive ability and
team performance'?, and a link between individual talents of ‘core’
members of a team and team performance’. However, to win in
professional sports such as soccer (English Premier League (EPL)),
baseball (Major League Baseball (MLB)), basketball (National
Basketball Association (NBA)) or cricket (Indian Premier League
(IPL)), a team requires not only highly skilled players but also coop-
erative teammates. A prevalent saying related to the success of a
team is “a team is only as strong as its weakest link,” enforcing the
idea of building teams with close-knit teammates'*.

Within-team relationships may enable more successful col-
laboration, which is vital for team performance. Information about
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relations within a team is useful and facilitates teamwork'>'°. A qualita-
tive, longitudinal field study of three virtual global teams over a period
of 21 months found that effectiveness increases if a team has a series
of adequate communication incidents’. Previous studies have shown
that personal relationships and previous collaborations improve the
performance of teams with complex tasks*>'7-%’. Similarly, the success
of sports teams depends on inter-player coordination®*. Earlier stud-
ies of player interactions have predicted the individual performance
of football players in the 2008 Euro Cup®, basketball players in the
2010 NBA playoffs’, cricket matches played between 1877 and 2010%,
and soccer players in the 2014 FIFA World Cup®. However, these
studies focused on directly observable player coordination activities
during the game (for example, passes in football).

Prior collaboration among team members consists of qualitative
and quantative aspects that accrue over time®. While quantitative
aspects measure the number of times individuals collaborated in the
past for specific tasks, the qualitative aspect captures the outcome
of the task (that is, whether teamwork was a success or failure).
Psychological experiments and field research point towards mea-
suring shared wins as a way to understand how teammates learn
from experience and provide insights into one another. Positive
emotions and psychological states such as pride improve the ability
of a person to recall complex information and experiences®, intri-
cacies about their own behaviour, and to be open to sharing and
learning from others. Conversely, negative emotions such as anger,
enhance the vulnerability of person to incur losses’'. A related study
measuring instant messaging coordination among teams of finan-
cial decision-makers found that negative emotions arise in teams
in response to financial losses®. Once the negative emotions arise,
team members then tend to ‘turtle up, and complex cognitions,
mindfulness and team communications are reduced. The opposite
effects are seen when teams make financial wins.

Building on the earlier research on successful teamwork and
work experience, we determine how prior experience of playing
together affects the future performance of a team. In this work, we
propose that when the goal of a team is to defeat another team, the
attributes of team members and their successful prior interactions
directly determine the outcome of the team. We investigate the ele-
ments of team success in the context of sports by focusing on the
successful prior interactions among team members. In other words,
when two teams consisting of highly skilled players are competing
against one another, what are the chances of the team with greater
prior success among its members? In sports and online games,
people often play many matches together as part of different teams,
and their successful collaborative experiences facilitate relationship
building. The number of times they have played with one another
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on teams indicates the strength of their relationship, and the density
of the relationship network in a team represents the extent to which
the team members have frequently played together. Therefore, we
propose the following hypothesis to examine the impact of team
relations on team outcomes: when teams with highly skilled players
compete, the team with higher successful prior interactions among
teammates is more likely to win.

For this study, we collected sports data from the earliest avail-
able date for basketball, football, baseball and cricket matches. Our
objective was to obtain the prior shared success for a particular sea-
son (year) and to the check robustness of the results for another
season (year). Specifically, for every sport, we constructed the skills
of players and prior shared success based on game statistics between
seasons 2002-2003 and 2012-2013 (in the NBA and the EPL) and
years 2002-2012 (MLB) and years 2008-2012 (the IPL). We then
studied their impacts on team outcomes of sports matches in season
2013-2014 (year 2013). To ensure reliable statistical estimates, we
obtained the data of prior shared success within the past 10 years,
resulting in an analysis for the season 2013-2014 (year 2013). For
the multiplayer online battle game Defense of the Ancients 2 (Dota2),
we constructed measurements of players based on the game log in
the first week of December 2011 and studied their impacts on 4,357
short matches (up to 30 min) in the following week.

In sports, scores in a match typically measure the performance
of a team. In NBA, EPL and MLB games, the team score is the
number of points, goals or runs, respectively, a team scores in a
contest. In the IPL matches, the ‘run rate, that is, the ratio of the
number of runs scored to the number of overs (each over being
the equivalent of six pitches in baseball) played, measures team
performance. For example, if 140 runs are scored in 20 overs,
the run-rate score is 7. We chose the difference of the run rate as
the dependent variable in IPL matches, since it serves as a sur-
rogate for batting strategy*. Compared to sports such as football
or basketball, whereby players compete to score simultaneously,
in cricket, a team sets a target in the first innings and the oppo-
nent team then chases the runs in the second innings. Frequently,
the outcome of a contest is decided by the run rate of the team
batting second. The fielding captain changes the fielding strategy
depending on the run-rates of two teams, and the opponent cap-
tain decides whether an aggressive or defensive batting strategy
is desirable”. In Dota2, the number of towers demolished is a
meaningful indicator of team performance, since a team needs to
destroy the defending towers of the opponent before taking over
their stronghold and winning the game.

In each of the five sports, the team with the higher score wins
a match. Therefore, we used the difference in the scores of the two
teams to measure the outcome of a match. The dependent variable
8dv!* for match i is defined as follows:

8dv}* = score] — score?

where score; and score? are the team scores for Team 1 and Team
2, respectively. For NBA, EPL and MLB games, Team 1 refers to the
home team (which hosts the game) and Team 2 to the away team
(which is visiting the host). For IPL matches, Team 1 is the team
that started batting first, and Team 2 is the second. In Dota2, Team 1
and Team 2 indicate the Radiant and Dire teams, respectively, which
take different territories of the game map. A positive value of 5dv;”
means that Team 1 has a higher score and wins the match.

In Fig. 1 we illustrate a team as a collection of individuals. The
relational perspective of teams considers a team as a network of
individuals whereby the weight of each connection equals the num-
ber of times two players have played together in which they were
winners (Fig. 1a). In other words, we counted the number of times a
pair of players was part of the same winning team. We measure wins
because wins parsimoniously capture the relevant conditions under

Team interactions b

Team skills

Fig. 1| Team as an aggregation of players and relationship among players.
a, The links represent the successful prior repeated interactions among

the players, with the thickness of a link being proportional to the number
of such interactions. Prior shared success is measured as an average of
successful prior repeated interactions. b, Every team member possesses
individual attributes, such as skills. The colour of the nodes corresponds to
thye individual skills of every player. Team skill is measured as the average
of individual skills, with stronger teams having a higher average.

which players are likely to recall significant information about the
strengths and weaknesses of the opponent and their own effective
and ineffective strategies for confronting an opponent. In addition,
these states make it more likely for any player to share their insights
and to be open to learning from others.

Some teams perform better than others due to the success-
ful relations among team members. For each team, we define the
weighted density of its network of past successful interactions (S) of
teammates; that is,
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members k and j played together and won in the past. For the season
2013-2014 (year 2013), we checked the number of times two players
k and j played successfully between seasons 2002-2003 and 2012-
2013 (in NBA and EPL games) and years 2002-2012 (MLB games)
and years 2008-2012 (IPL matches). We estimated the number of
successful prior interactions only among teammates who played in
that particular match. Therefore, each team may have different val-
ues of past successful interactions for every match.

The prior shared success variable 5S;> measures the difference
of past successful interactions of two teams in a match i as follows:

581'12 _ Sil_ S,-Z

where S and S} are the average numbers of past successful inter-
actions in Team 1 and Team 2, respectively. We summarize the
dependent variable and the independent variable for all sports in
Supplementary Table 1. Given the importance of individual skills in
professional sports, we used team skills as a control for the average
skills of all team members. Figure 1b illustrates the skills of team
members, with nodes coloured according to the different levels of
skill. Control variables are defined in the Methods.

Linear regression models were used to examine the impact of
prior shared success on the outcome of a match, controlling for
the skill factors and team fixed effects. The fixed-effect model is
described a follows:

8dv!?=0,+0,5C |} +0,6C,} +0:5C,} + 0,552

+ z }/}Teamlﬁ + Z ;/;Teamzﬁ
f f

NATURE HUMAN BEHAVIOUR | VOL 3 | JANUARY 2019 | 74-81| www.nature.com/nathumbehav 75


http://www.nature.com/nathumbehav

LETTERS

Table 1| Descriptive statistics of NBA season 2013-2014 games

NATURE HUMAN BEHAVIOUR

All teams Home team Away team Winning teams Losing teams
Score 100.94 (11.85) 102.28 (11.86) 99.61 (11.69) 106.34 (10.48) 95.49 (10.56)
BPM —1.05 (1.03) —-1.05 (1.04) —-1.06 (1.03) —0.88 (0.99) —-1.23(1.05)
Points 917 (1.54) 917 (1.52) 9.16 (1.56) 9.29 (1.45) 9.04 (1.62)
Assists 1.98 (0.44) 1.99 (0.44) 198 (0.44) 2.03(0.42) 1.94 (0.46)
Prior shared success 20.97 (21.66) 21.29 (22.22) 20.62 (21.08) 24.73 (24.49) 17.20 (17.62)
N 2,630 1,315 1,315 1,315 1,315

Data represent mean (standard deviation).

where 6,_, are the coefficients we wanted to estimate, specifically
the strength and significance of #,. Since the same teams played on
multiple occasions in basketball, football, cricket and baseball, the
regressions also included sets of fixed effects for each of the teams in
these sports for which the binary indicator variables Team1; equals
1 if fplayed as Team 1 in match i, and Team2; are the indicators for
Team 2. We assumed that the fixed effects are different for play-
ing Team 1 or Team 2; for example, playing home or away in NBA,
EPL and MLB games, and the team batting first or second in IPL
matches. The teams in Dota2 are one-off, and no team fixed-effects
were included in our analysis.

First, we considered a baseline model with the control variable
and team fixed effects and estimate their impacts on the match
outcome. Next, we added the prior shared success variable to the
baseline model and estimate the contribution of team prior shared
success by the increase in R and decreases in Bayesian information
criterion (BIC) statistics. To estimate the robustness of our findings,
we applied logistic (logit) regression models with dependent binary
variables being whether Team 1 wins the match. That is

logit(Pr(5dv;*> 0))

=ay+a,0C 7 +a,0C,} +a6C5}

+a,882 + 2 ﬂflTeamlﬁ + 2 [}fZTeamZﬁ
f f

where a,_, are the coefficients of the control variable, and indepen-
dent variable, and £ are the coefficients of the team fixed effects.
Table 1 shows raw data relationships of all the variables for win-
ning, losing, home and away teams in NBA season 2013-2014. The
average winning team score is 106.34 & 10.48, while the average score
of losing teams is 95.49 +10.56. As expected, winning teams have a
significantly higher score compared with losing teams (Wilcoxon
signed-rank test, z=10.153, P<0.001). We also observed that home
teams win ~58% of the matches, with the average score of Home
teams significantly greater than away teams (Wilcoxon signed-
rank test, z=—6.950, P<0.001). The difference of average ‘box
plus/minus (BPM)’ is significantly higher for winning teams com-
pared with with losing teams (Wilcoxon signed-rank test, z=7.757,
P <0.001). We also observed a higher value of difference of ‘average
points’ (Wilcoxon signed-rank test, z=3.876, P<0.001) and differ-
ence of ‘average assists’ for winning teams (Wilcoxon signed-rank
test, z=4.365, P<0.001). The winning NBA teams had a signifi-
cantly higher value for the number of times their players had pre-
viously played in games they won (prior shared success) than the
losing teams (Wilcoxon signed-rank test, z=10.153, P<0.001).
Conversely, there was no significant difference in prior shared suc-
cess between home and away teams (Wilcoxon signed-rank test,
z=-0.122, P=0.9030). Supplementary Table 3 shows the product
moment correlation for NBA season 2013-2014 and the higher
correlation between the difference of the average of successful
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past interaction and the difference of team scores. Statistics for
EPL season 2013-2014, IPL 2013, MLB 2013 and Dota2 are pre-
sented in the Supplementary Information (Supplementary Tables
2-39). No significant difference in skills was observed between
winning and losing teams in EPL 2013-2014 (Wilcoxon signed-
rank test; goals: z=-0.342, P=0.7327; shots: z=-0.325, P=0.7451)
and IPL 2013 (Wilcoxon signed-rank test, batting ‘strike rate’:
z=0.337, P=0.7363; bowling ‘economy rate’: z=1.807, P=0.0707)
(Supplementary Tables 4-21). In MLB 2013 matches, difference in
‘wins above replacement (WAR)’ was significantly higher for win-
ning teams (Wilcoxon signed-rank test, z=3.289, P=0.0010), while
there was no significant difference in ‘on-base plus slugging (OPS)’
between winning and losing teams (Wilcoxon signed-rank test,
z=-1.196, P=0.2316). Finally, in Dota2 matches, the difference in
average deaths was significantly higher for winning teams than the
losing teams (Wilcoxon signed-rank test, z=-4.867, P<0.001).
Table 2 illustrates the predictive power of prior shared success
in NBA season 2013-2014, EPL season 2013-2014, IPL 2013, MLB
2013, and Dota2 games. First, we examined the contribution of
the skill variables (team skills) on match outcomes. In NBA sea-
son 2013-2014, there was no significant association between the
following variable on the ‘difference of team scores’: the difference
of (BPM) (d.f.=1,314, P=0.197, effect size statistic=0.862, 95%
confidence interval (CI)=-0.449 to 2.174); difference of ‘mean
assists’ on difference of team scores (d.f.=1314, P=0.571, effect
size statistic=0.270, 95% CI=-0.665 to 1.206); and difference of
‘mean points’ (d.f.=1314, P=0.719, effect size statistic=0.477, 95%
CI=-2.122 to 3.076). When we added the independent variable
(prior shared success) to the baseline model, we observed a modest
increase in R? from 24.4% to 25.6%, and the BIC decreased from
10,648 to 10,635. Nevertheless, we observed a significant impact of
prior shared success on team performance (d.f.=1314, P<0.001,
effect size statistic=0.126, 95% CI=0.069 to 0.182). The strength
and significance tests of estimated coefficients of the skill variables
8C,, 8C, and 8C;, suggest that they have no significant impact on the
difference of team scores given the impact of prior shared success.
We found a different pattern for football matches played in the
EPL. In the EPL season 2013-2014 models, the difference of ‘mean
goals’ scored had a positive effect on the difference of team scores
(d.f.=379, P=0.038, effect size statistic=0.185, 95% CI=0.010
to 0.359). Conversely, the difference of ‘mean shots’ and differ-
ence of ‘mean assists’ had no effect on the difference of team scores
(mean shots: d.f.=379, P=0.329, effect size statistic=0.066, 95%
CI=-0.066 to 0.199; mean assists: d.f. =379, P=0.059, effect size
statistic=—1.157, 95% CI=—2.358 to 0.043). the inclusion of prior
shared success resulted in a modest increase of R? from 28.4% to
31%, and a reduction in the BIC from 1,660 to 1,652, reflecting an
improvement in the model fit to the data. The prior shared success
of a team had a positive and significant impact on the difference
of team scores (d.f. =379, P=0.001, effect size statistic=0.078, 95%
CI=0.033 to 0.122). Interestingly, we also observed a significant
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Table 2 | Impact of the prior shared success on the difference of team scores

NBA 2013-2014 EPL 2013-2014 IPL 2013 MLB 2013 Dota2
Independent variables (prior shared success)
8S (P value) [95% 0.126 (< 0.078 0.1Mm 0.083 (< 1401 (<
Cl] 0.001) (0.001) (0.003) 0.001) 0.001)
[0.069, [0.034, [0.038, [0.069, [1.055,
0.182] 0.123] 0.183] 0.098] 1.746]
Control variables (skills variables)
Excl. ind. Incl. ind. Excl. ind. Incl. ind. Excl.ind. Incl.ind. Excl.indvar. Incl.indvar. Excl.indwvar.  Incl.ind.var.
var. var. var. var. var. var
8C, (P value) 0.862 0.401 0.185 0.231 0.0001 —-0.005 0.112(0.281) 0.068 —-4102 (< —4.057
[95% Cl] (0.197) (0.546) (0.038) (0.007) (0.985) (0.565) [-0.091, (0.492) 0.001) (0.001)
[-0.449, [-0901, [0.010, [0.063, [-0.015, [-0.022, 0.315] [-0.127, [-5.430, — [-5.376, —
2.174] 1.705] 0.359] 0.399] 0.016] 0.012] 0.264] 2.772] 2.736]
8C, (P value) 0.270 0.470 0.066 0.088 0.344 0.325 -0.078 —0.891 2182 (< 1144
[95% Cl] (0.571) (0.315) (0.329) (0177) (0.298) (0.324) (0.938)[— (0.365) 0.001) (0.063)
[-0.665 [-0447, [-0.067, [-0.040, [-0.312, [-0.329, 2.040,1.884] [—2.819, [0.995, [-0.062,
1.206] 1.388] 0.199] 0.216] 1.000] 0.979] 1.038] 3.368] 2.349]
8C; (P value) 0.477 1.223 —1.158 —1.358 NA NA NA NA NA NA
[95% Cl] (0.719) (0.354) (0.059) (0.024)
[-2122, [-1.366, [-2.358, [-2.533,
3.076] 3.813] 0.043] —-0.184]
Team fixed-effects Yes Yes Yes Yes Yes Yes Yes Yes No No
R? 0.244 0.256 0.284 0.310 0.269 0.425 0.064 0.105 0.009 0.023
Prob>F <0.0001 <0.0001 <0.0001 <0.0001 0.021 0.0001  <0.0001 <0.0001 <0.0001 <0.0001
BIC 10,648 10,635 1,660 1,652 336 322 14,270 14,167 40,507 40,453
N 1,315 1,315 380 380 74 74 2,422 2,422 4,357 4,357

obs

Prior shared success displays a significant positive effect on the difference in team scores for matches in NBA season 2013-2014. The explanatory power of the independent variable (ind. var.) remains
significant when we controllled for the skill variables and team fixed effects (P < 0.001). The significance of the explanatory power of prior shared success on the difference of team scores was observed
consistently in EPL season 2013-2014 (P=0.001), IPL 2013 (P=0.003), MLB 2013 (P < 0.001) and Dota2 (P < 0.001). Note that for IPL 2013, the dependent variable is the difference of team run-rates.
The skill variables were as follows: in NBA games, they were the difference in average BPM (8C)), the difference in average points (8C,) and the difference in average assists (8C,) in the last three seasons;
in EPL games, they were the difference in average goals scored (8C,), the difference in average number of shots, and the difference in average number of assists in the last three seasons; in IPL 2013, they
were the difference in average batting strike-rate (8C,) and the difference in average bowling economy rate (8C,) in the previous 3 years of Twenty 20 cricket; in MLB 2013, they wre the difference in
pitcher (WAR)n (8C,) and the difference in batting OPS (8C.); in Dota2, they were the difference in the mean death rate (8C;) and the difference in mean assist rate (8C,). Interestingly, we also observed a
significant effect of the mean death rate on the difference in tower scores in Dota2 (P< 0.001). NA, not applicable.

contribution from skill variables 8C, (d.f.=379, P=0.007, effect
size statistic=0.231, 95% CI=0.063 to 0.399) and 8C, (d.f.=379,
P=0.024, effect size statistic=—1.358, 95% CI=—2.532 to —0.183).

In the IPL 2013 models, the difference of the mean strike-rate of
batsmen and the difference of the mean economy-rate of bowlers
had no effect on the difference of team run-rates (mean strike rate:
d.f.=73, P=0.298, effect size statistic=0.0001, 95% CI=-0.015
to 0.016; mean economy rate: d.f. =73, P=0.985, effect size statis-
tic=0.344, 95% CI=—-0.312 to 1.000). The skill variables along with
team fixed-effects explained 26.9% of the variance. Once we added
prior shared success variable to the baseline model of skill variables,
we observed that R? increased from 26.9% to 42.5%. There was a
significant positive impact of the prior shared success variable on
the difference of team run-rates (d.f. =73, P=0.003, effect size sta-
tistic=0.111, 95% CI=0.038 to 0.183). The BIC in the full model
with controls and the prior shared success variable decreased from
336 to 322, suggesting an improvement in the model fit to the base-
line model*.

Next, we tested our hypothesis in baseball games and compared
the prediction power of the baseline model with the full model for
matches in MLB 2013. Controlling for the skill variable of team
members and team fixed effects, we observed that prior shared
success of teams displayed a positive and significant association
with the difference of team scores (d.f.=2,421, P<0.001, effect
size statistic=0.083, 95% CI=0.069 to 0.098). Moreover, the with
BIC reduced from 14,270 to 14,167 and R? increased from 6.4% to
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10.5%. Given the positive and significant impact of prior shared suc-
cess, the impacts of the difference of mean pitching WAR and dif-
ference of mean OPS had no significant effect on the difference of
team scores (mean pitching WAR: d.f. =2,421, P=0.492, effect size
statistic=0.068, 95% CI=-0.126 to 0.263; mean OPS: df=2,421,
P=0.365, effect size statistic=-0.890, 95% CI=-2.819 to 1.037).

Finally, for Dota2 games, there were significant associations
between the skill variables 8C, and 8C, and the outcomes of the
match. Teams with a lower death rate and a higher mean assist rate
than their opponent were more likely to win. However, when the
prior shared success variable was included, the effect of the mean
assist rate disappeared. Again, prior shared success had a significant
positive impact on the outcomes of a match. That is, teams with
more successful previous co-play relations than their opponents
were more likely to win (d.f.=4,356, P<0.001, effect size statis-
tic=1.401, 95% CI=1.055 to 1.746). Once we extended the baseline
model, the BIC reduced from 40,507 to 40,453, and R* increased
from 0.9% to 2.3%. Although the overall explanatory power is quite
modest, the results clearly indicate a strong impact of prior shared
success of teams.

Table 3 shows the estimates from the logistic model, indicating
that the impacts of prior shared success on the probability of win-
ning were robust in all five models. We also measured the overall
rate of correct classificationn; first with the control variable model
and then comparing the estimates with the full model. For NBA sea-
son 2013-2014, the skill variables correctly predicted 69% of the
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Table 3 | Impact of prior shared success on the probability of winning
NBA 2013-2014 EPL 2013-2014 IPL 2013 MLB 2013 Dota2
Independent variables (prior shared success)
8S (P value) 0.021 (< 0.093 0.210 0.057 (< 014 (<
[95% Cl] 0.001) (0.007) (0.005) 0.001) 0.001)
[0.009, [0.025, [0.063, [0.047, [0.084,
0.032] 0.161] 0.356] 0.066] 0.143]
Control variables (skills variables)
Excl. ind. Incl. ind. var. Excl. ind Incl. ind. Excl. ind. Incl. ind. Excl. ind. Incl.ind. var. Excl.in.var. Incl.ind. var.
var. var. var. var. var. var.
8C, (Pvalue) 0.320 0.251 0.234 0.302 0.0008 -0.008 0.064 0.036 -0.347 -0.35(<
[95% Cl] (0.018) (0.067) (0.075) (0.026) (0.950) (0.621) (0.195) (0.475) (<0.001) 0.001)
[0.054, [-0.017, [-0.023, [0.036, [-0.024, [-0.039, [-0.032, [-0.063, [-0.456,— [-0.459, —
0.586] 0.518] 0.491] 0.568] 0.026] 0.023] 0.161] 0.135] 0.237] 0.239]
8C, (P value) 0.034 0.062 0.007 0.087 0.017 —-0.103 -0.729 -1.322 0182 (< 0.102
[95% Cl] (0.720) (0.509) (0.968) (0.652) (0.976) (0.868) (0149)[-  (0.012) 0.001) (0.043)
[-0.150, [-0.121, [-0.367, [-0.292, [-1123, [-1.318, 1.719,0.261] [-2.349,— [0.086, [0.003,
0.217]1 0.245] 0.382] 0.466] 11571 113] 0.295] 0.278] 0.200]
8C; (Pvalue) —0.262 -0.125 -0.586 —-0.791 NA NA NA NA NA NA
[95% Cl] (0.322) (0.640) (0.511) (0.388)
[-0.780, [-0.648, [-2.335  [-2.586,
0.257] 0.398] 1.163] 1.004]
Team fixed Yes Yes Yes Yes Yes Yes Yes Yes No No
effects
BIC 1922 1915 607 604 163 155 3737 3582 6012 5959
Pseudo-R? 0.158 0.166 017 0.196 0.20 0.32 0.038 0.086 0.013 0.032
Prob > Chi?  <0.0001 <0.0001 0.0016 0.0010 0.27 0.026 <0.0001 <0.0001 <0.0001 <0.0001
Games 69 71 73 76 71 78 59 65 54 56
correctly
predicted
(%)
Nops 1,315 1,315 380 380 74 74 2,422 2,422 4,357 4,357

Prior shared success displays a significant positive effect on thee match outcome for matches played in NBA season 2013-2014. The explanatory power of the independent variable remained significant
when we controlled for the skill variables and team fixed effects (P < 0.001). The significant explanatory power of prior shared success the on match outcome was observed consistently in EPL season
2013-2014 (P=0.007), IPL 2013 (P=0.005), MLB 2013 (P<0.001) and online game (Dota2). In MLB 2013, we observed significant contributions from the difference in batting OPS on the match outcome
(P=0.012). We also observed a significant effect of the difference of mean death rate and difference of mean assist rate on the probability of winning in Dota2 (P < 0.001).

games, while the full model including prior shared success and skills
correctly predicted 71% of the games. In EPL season 2013-2014, the
skill variables correctly predicted ~73% of the games. The addition
of the independent variable to the skill variables increased the per-
centage of games correctly predicted to ~76%. During IPL 2013, the
skill variables correctly predicted 71% of the games, while the inde-
pendent variable together with the skill variables correctly predicted
78% of the games. In MLB 2013, we observed that the skill variables
correctly predict 59% of the games, while the full model correctly
predicted 65% of the games. For games played in Dota2, the skill
variables correctly predict 54% of games, while independent vari-
able and skill variables together predicted 56% of the games. These
results suggest that although prior shared success explains the sig-
nificant variance in the odds of a team winning, these interactions
are also dependent on the type of sports. That is, while the increase
in explained variance and percentage of correct classification in bas-
ketball, football, DotaZ2 is modest, we observe a much stronger effect
in cricket and baseball.

We performed several analyses to test the robustness of our find-
ings. The effect of prior shared success on team performance was
consistent across different sports and over time. We observed that
the skill variables pitching WAR and OPS in MLB (Supplementary
Tables 40, 43 and 49), the skill variables BPM and assists in NBA
season 2012-2013 (Supplementary Tables 44-46), and the skill

variables strike rate and economy rate in IPL 2012 (Supplementary
Tables 45 and 47) had a significant impact on team performance.
However, we also observed that including prior shared success in
the model explained the significant variance in the difference of
team scores above and beyond the difference of skill variables. This
suggests that when teams have similar skill levels in elite-league
competitions, differences in skills do not consistently predict match
outcome consistently. Prior shared success steadily explains the sig-
nificant variance in team performance.

Next, we varied the skill variables by aggregating individual sta-
tistics in different time windows and estimated the strength and
significance of the independent variable (Supplementary Tables
40-49). First, we measured the skill variable for more recent events
by aggregating the individual statistics of players in the precced-
ing season for NBA and EPL, and the preceeding year for IPL and
MLB. Furthermore, we aggregated the skill variables of players in
the past five-seasons (5 years) and conducted additional analyses to
assess the robustness of our results (see tables in the Supplementary
Information). In the main text, for MLB games, we considered
pitching WAR and OPS as skill variables for our models.

We also ran additional analyses with a combination of ‘earned
run average’ and OPS to assess the strength and significance of prior
shared success (Supplementary Tables 50-55). The past relationship
of in-field players (position at first baseman (1B), second baseman
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(2B), third baseman (3B) and shortstop (SS)) in baseball plays a key
role in team selection. We tested whether successful past relation-
ships of in-field players had any significant effect on the difference
of team scores. Our results showed that there was no significant
effect of such prior relations among in-field players in MLB 2013,
although a weak effect was observed with logistic models in MLB
2012 (Supplementary Tables 56-61). Evidently, the effect of in-field
players is not consistent, the only consistent effect coming from suc-
cessful past relationships between all the players in the game. Our
results reveal that prior experience of successful interactions among
team members is important to the success of a team. In four out
of five datasets (that is, with the exception of Dota2), talent plays
the largest role in determining team success: skill variables explain
between 6.4% and 28.4% of the variance in team success. The pres-
ence of highly talented players in a team does not necessarily guar-
antee a team’s success in a competition, however. In all five datasets,
prior shared success explained an additional 1.2-15.6% of the vari-
ance in team success, above skill.

Sports enthusiasts believe that individual skill plays an impor-
tant role in the outcome of competitive games; therefore, individual
player performance statistics have been widely used in predict-
ing sports performance in baseball’®. The common belief of the
effect of talent on team success'' suffered a setback when Germany
defeated Brazil in the semifinal of the 2014 FIFA World Cup, set-
ting an example of the triumph of teamwork over individual bril-
liance. As experts build and maintain teams, the debate between
team relations and individual capability is a classical one’. Except
for anecdotal evidence among sports fans and commentators, the
role of prior interactions in team competitions remains unexplored
and unclear. Prior successful interactions represent social bond-
ing among team members that facilitates collaboration. Our study
explored the impact of prior shared success on the outcomes of
competition between sports teams. Compared with prior research
on teamwork, we adopted a more nuanced approach by consider-
ing the dyadic relationship of teams in team-versus-team compe-
titions. We demonstrated how past successful interactions (prior
shared success) significantly improved the odds of a team winning
in basketball (NBA), football (EPL), baseball (MLB), cricket (IPL)
and online games (Dota2).

Our results reveal that prioxperience of successful interactions
among team members is critical to tsuccess of a team. The presence
of highly talented players in a team does not necessarily guarantee
the success of a team in a competition. One possible explanation is
that franchise owners in the IPL, and managers in the NBA, MLB
and the EPL, select the top available players resulting in teams of
similar strength and individual talent. Let us consider the perfor-
mance of the Kolkata Knight Riders team in the 2008 and 2009
seasons of the IPL, the French national football team in the 2010
FIFA World Cup, the Brazilian football team in the 2014 FIFA
World Cup, and Miami Heat in the NBA 2010-2011 season. Indeed,
Germany in the 2014 FIFA World Cup did not rely on individuals
but demonstrated a better team effort than other teams. In the 2014
FIFA semi-final, the Brazilian national football team had super-
stars including Neymar da Silva Santos Jonior, David Louis, Maicon
Douglas Sisenando, Dante Bonfim Costa Santos and Marcelo Vieira
Silva Jonior, yet failed against the better team effort by the German
team. Later, in the final match of the 2014 FIFA World Cup, while
the Argentine players depended on Lionel Messi, efficient coordi-
nation among Thomas Muller, Miroslav Klose and Mario Gotze in
the German team resulted in Germany’s victory. In IPL 2008, IPL
2009 and IPL 2010, The Kolkata Knight Riders had hired star play-
ers such as Ricky Ponting from Australia and Brandon McCullum
from New Zealand but still failed to qualify for the quarterfinals.
Conversely, the Chennai Super Kings team in the IPL routinely
recruited individuals who had played together regularly for the
Indian cricket team and dominated. The team won IPL 2010 and

IPL 2011, finished as runners-up in IPL 2008, IPL 2012 and IPL
2013, and reached the semifinal in IPL 2009. These examples sug-
gest that n such elite-league competitions, in which all competing
teams have highly skilled players on their sides, the difference in
skills is possibly not a consistent differentiator for the success of a
team. Our analyses suggest that selecting players who have teamed
up together successfully in the past increases the odds of a team
winning a competition. Prior shared success of a team explains the
significant variance in the difference of team scores beyond the dif-
ference of average skills of teams.

It is noteworthy that the consistency of our empirical evidence
transcends the idiosyncratic characteristics of basketball, base-
ball, football, cricket and online games. Although our analysis is
restricted to sports and online games, it could be extended to other
competitive environments.

The positive effects of successful prior interactions on the out-
come of competition may provide broader managerial implications
for business, politics, academia and creative industries. If repeated
positive interactions between team members have a significantly
stronger effect than individual expertise, it may be prudent to con-
sider coherence when bringing in new members.

This study advances our understanding of the factors that con-
tribute to the competitive advantage of team. Prior research has
focused on the role of individual skills in making teams more com-
petitive. This study demonstrates the competitive advantage derived
by a team based on the prior shared success among team mem-
bers. According to Moneyball, Billy Beane (the general manager of
Oakland Athletics) built a successful team on the notion that play-
ers work together to increase the probability of scoring runs*. The
empirical evidence provides guidelines for relation-based incentives
in firms, sports franchises and academic laboratories. Rather than
solely focusing on the skills of people, company cheif executive offi-
ciers, sports coaches and managers should concentrate on the ability
of someone to work consistently as part of a team. Prior interac-
tions among team members also help in identifying members who
are self-centred; that is, members who are passive in coordinating
effectively with other teammates. It remains with the leadership of a
team to decide whether to replace such a player or to change tactics
while maintaining team productivity. In practice, a coach in football
or a captain in cricket looks for the best possible team combinations,
even at the cost of excluding some star players. For example, in the
2012 FIFA World Cup Brazil’s coach Luiz Felipe Scolari excluded
their star player Romario de Souza Faria from the team.

Even though our study has limitations, it has a lot of potential for
further research. Our analysis is limited by the macroscopic inter-
actions among the team members. Due to lack of available data we
were unable to quantify the intricate details of positive interactions.
For example, our study did not capture the football or basketball
passes between specific players. One might examine the connection
between skills and individual relations in a team. The understand-
ing of who has what skills could be more important than the skill
statistics themselves when people need to work together.

The process of discovering the person-specific and team-level
skills and knowledge in a group is referred to as transactive mem-
ory systems”**. If transactive memory systems can be quantified in
sports, they might not only advance our understanding of why prior
shared success between team members have large effects but also
how those effects can best predict outcomes and be used to value
individual talent above and beyond physical talents on the field.

One could argue that in baseball games team members operate
independently of each other** compared to sports such as football,
basketball and cricket as well as Dota2, where team members have
to be more interdependent. Our resultss provide initial evidence of
the intricate link between the ability (skill) of a player and interde-
pendent behaviour. For example, in football and basketball, a valu-
able player is one who can not only score for the team (skill) but also
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effectively pass the ball, thus maximizing the likelihood of the team
winning a contest'’. A previous study*’ has demonstrated that in
EPL, the ball-passing rate between the football players is positively
correlated with the number of times they have played together.

This also leads to the question of the ‘too much talent effect’ in
sports; that is “when teams need to come together, more talent can
tear them apart”'. Future research should explore whether excess
talent hurts the interpersonal relationships among team mem-
bers. For example, talented players may not coordinate effectively
with less skilled team members. Another promising area of future
research would be to investigate the so-called ‘Shane Battier Effect,
named for a well-known US basketball player on intra-team rela-
tionships. The Battier Effect refers to an interesting phenomenon:
Battier’s personal statistics for key indicators (points, assists and
rebounds) were not phenomenal, but the statistics of his teammates
were significantly better when he was on the court than when he
was on the bench. Furthermore, the statistics of the opposing teams
worsened when he was on court than when he was on the bench.
The intuition of individuals making others on their team perform
better is widely accepted, but less is known about the specific, poten-
tially network-related mechanisms that explain this phenomenon.
Additionally, our prior winning relationships approach indicates
the importance of competitive knowledge transfer of individual and
team-level capabilities by players who move between teams. The
increased use of digital sensor technologies in sports makes it possi-
ble for future research to leverage these data to analyse microscopic
interactions to further advance our understanding of the impact of
team relations on performance.

Methods

Sports and e-Sports data. To test the hypothesis, we used data from four sports
(basketball, football, cricket and baseball) and an e-Sport (Dota2). The following
paragraphs provide a brief description of each dataset.

NBA. A preeminent men’s professional basketball league in North America,
comprising 30 national-level teams. Our dataset includes the ESPN game statistics
of all NBA basketball matches played between seasons 2002-2013 and 2013-2014.

EPL. An English professional league for men’s football, comprising 20 clubs.
Our dataset includes the ESPN game statistics of all EPL football matches played
between seasons 2005-2006 and 2013-2014.

IPL. Known for its short cricket game format (Twenty20), comprises 8
franchise teams (IPL 2008-IPL 2010), 10 franchise teams (IPL 2011) and 9
franchise team (IPL 2012-IPL 2013). Cricket is a popular bat-and-ball game in the
erstwhile English colonies, and Twenty20 matches are usually played for
3 hours. Our dataset includes the game statistics of all IPL matches played between
2008 and 2013, as well as international and country-level Twenty20 matches
played between 2006 and 2013 from the Cricinfo website, an online information
repository of every professional cricket match.

MLB. A professional baseball organization in North America, comprises 30
teams. Our dataset includes the ESPN game statistics of all MLB matches played
between 2002 and 2013.

Multiplayer online battle arena game Dota2. An e-Sports game, whereby each
match has two competing teams, called Radiant and Dire, with five players each.
Each player chooses a character, which evolves during a match and can die but
revives after a certain period. To win a match, a team has to kill the opponents’
characters and destroy their stronghold. Each match starts from the begining,
and there is no fixed length. Our dataset includes the game log of all Dota2
matches in 2011%.

Control variables—team skills. What are the chances of winning for a team
with highly skilled players? Intuitively, one may assume that teams with better
players are more likely to win, and that the skills statistics of team members
have a significant explanatory power on the outcome of a game. As illustrated
in Fig. 1b, the compositional view of teams considers a team as a collection of
individuals with attributes or skills. For example, in our case, the skills of a team
member refer to his average points and assists in basketball. For each team, the
mean statistics over all team members represent the skill factor of the team. Thus,
based on the common belief and earlier works on the abilities of the member
and team performance'>", a team with higher skill statistics is stronger in a
competitive environment.

We used the average of individual skill statistics of all team members as the
measurement of team skills. For the season 2013-2014 (year 2013), we estimated
the skills of players based on their game statistics between seasons 2002-2003 and
2012-2013 (in NBA and EPL) and years 2002-2012 (MLB) and years 2008-2012

NATURE HUMAN BEHAVIOUR

(IPL), and in the first week of December 2011 for Dota2. The skills statistics
are different in different sports. For games played in the NBA, we used BPM,
points per game and assists per game as indicators of the skills of players. Unlike
basketball, there is not a wealth of individual statistics football**. For football
matches played in the EPL, we used the number of goals per game, the number of
shots per game and the number of assists per game as indicators of the individual
skills of a football player. For cricket matches played in the IPL, we used the
batting strike rate and the bowling economy rate as quantifiers for the individual
performance of players. For a batsman, the batting strike rate is defined as the
average number of runs scored per 100 balls faced, while the bowling economy
rate is defined as the average number of runs conceded per 6 balls (analogous to
6 pitches in baseball) for a bowler. In matches played in MLB, we used pitching
WAR for pitchers and OPS for hitters as the skill variables for baseball players.
As a robustness check, we also included the earned run average of pitchers as an
indicator of individual skill. For Dota2, we used the death rate and the assist rate;
that is, the number of times a player was killed divided by his or her total kills
and the number of times a player assisted a teammate divided by his or her total
kills, respectively. Supplementary Table 1 summarizes the skill statistics used in
the different sports. Note that the bowling economy rate, the earned run average
the and death rate are negative measures of skills. The lower the bowling economy
rate, the better the bowler is in cricket; the lower the earned run average, the
better the pitcher is in baseball; and the lower the death rate in Dota2, the better
the online player.

The compositional variables 5C;> measure the differences in the skill factors of
two teams in a match i:

8C;* = skill} — skill}

where skill} and skillf are the team skill measures of Team 1 and Team 2,
respectively. In our analysis, we considered the skill of players in the previous 3
years (three seasons). Additionally, we use dummy variables to control for team
fixed effects.

Statistical analysis. Exclusion of data points. For IPL 2013, there were 72

games, 2 qualifiers, 1 eliminator and 1 final, resulting in 76 matches. However, 2
games in IPL 2013 did not yield an outcome and were not included, yielding 74
observations. In MLB season 2013, there were are 8 matches that did not have
any data from the ESPN MLB webpage (for example, http://www.espn.com/mlb/
boxscore?gameld=330916120). Such matches were automatically excluded during
data extraction, resulting in 2,422 observations.

Normality and equal variances. Mean and standard deviations of scores, skills
and prior successful interactions were calculated for losing teams, winning teams,
home teams and away teams in all the sports data. We implemented F-tests for
comparing the variances, wherein we failed to reject the null hypothesis of equality
of variances for all sports data. We tested the normality hypothesis against the
non-normality for every sports data implementing the Shapiro-Francia test. If
the normality hypothesis was rejected, we compared the difference of means for
losing-winning teams and home-away teams by implementing the Wilcoxon
signed rank-test (see Supplementary Tables 2-39 for descriptive statistics). The
distributions of skill variables and prior shared success were assumed to be normal
(Supplementary Figs. 1 and 2).

Power analysis. No statistical methods were used to pre-determine sample
sizes. Our sample sizes were larger than the recommended sample sizes for 80%
power and 5% type-I error rate'.

BIC. The BIC is a criterion for model selection, with preference given to the
model with lowest BIC. Formally, the BIC is defined as follows:

BIC =In(n)k — 2In(L)

Where, 7 is the number of observations, k denotes the number of parameters in the
model and L is the maximum value of the likelihood function for the model.

Reporting Summary. Further information on research design is available in the
Nature Research Reporting Summary linked to this article.

Code availability. Python codes used to generate the skill variables and the
independent variable, as well as Stata codes supporting this study, are available
at the GitHub repository: https://github.com/smukherjee0305/Skills_Shared_
Success_Sports/tree/master/Codes. The Stata codes used for regressions are also
provided in the are Supplementary Methods (see Supplementary Information).

Data availability

Raw data of NBA, EPL and MLB games are available from the ESPN website.

IPL data are available from the Cricinfo website. Derived data used in the

study are available at GitHub: https://github.com/smukherjee0305/Skills_Shared_
Success_Sports.
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Data collection Match-level data and profiles of players were directly downloaded from ESPN website. Data for Indian Premier League were accessed
from Cricinfo website.

Data analysis The variables in the model were created in Python2.7. The regression and distribution plots were done in Statal4
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Research sample Our study consists of comprehensive database of matches in NBA, EPL, IPL, MLB, and Dota2. We downloaded data of 15382 matches and
1800 players between NBA season 2002-3003 and season 2013-2014. For EPL we downloaded score information for 5104 matches and
profiles of 2988 soccer players (season 2005-2006 through 2013-2014). In MLB we gathered data of 29160 matches and 4001 players,
played between 2002 and 2013. For Dota2, our dataset includes the game log of all Dota2 matches in 2011. For cricket we downloaded
data for 404 matches played during IPL 2008 and IPL 2013. We also downloaded data for International and country-level 5123 720
matches played between 2006 and 2013. Overall we gather data of 220 players who played T20 matches between 2006 and 2013.

Sampling strategy We construct players’ skill and prior shared success based on game statistics between season 2002-2003 and 2012-2013 (in NBA),
between season 2005-2006 and 2012-2013 (in EPL), and years 2002-2012 (MLB) and years 2008-2012 (IPL). To ensue reliable statistical
estimates, we get the data of prior shared success within the last 10 years, resulting in analysis for the season 2013-2014 for NBA and
EPL, and year 2013 for IPL and MLB. For Dota2, the game started in November 2011. Therefore, we used the matches in the first week of
December 2011 to construct the measures and used the second week of December to test the models. Number of observations for NBA
2013-2014, EPL 2013-2014, IPL 2013, MLB 2013, and Dota2 are 1315, 380, 74, 2422, and 4357 games respectively.

Data collection NBA data was directly downloaded from http://www.espn.com/nba/ and https://www.basketball-reference.com/players/ (for box plus/
minus information). Soccer data were downloaded from http://www.espn.in/football/league/_/name/eng.1/; baseball data: http://
www.espn.com/mlb/; IPL data: http://www.espncricinfo.com/indian-premier-league-2013/engine/series/586733.html;

The Dota2 data set was retrieved from Steam and Dota2 using their Web APIs:

- Steam web api. https://developer.valvesoftware.com/wiki/Steam_Web_API

- Dota2 web api. https://wiki.teamfortress.com/wiki/WebAPI#Dota_2

It was retrieved in XML and was afterwards migrated to a local PostgreSQL data base. The data set was made public by the community of
Dota?2 players, and contains the match history as well as details of the matches that were played in the year 2011. Our work is not a
randomized experiment.

Timing Downloading of sports data started on Fall 2014 and completed on Spring 2015. Dota2 data were accessed on December 2012

Data exclusions 2 games in IPL 2013 didn’t yield outcome and are not included, yielding 74 observations. In MLB season 2013, there are 2430 matches, 8
matches didn't have any data information from the ESPN MLB web-page, resulting in 2422 observations.

Non-participation There are no participants in this study.

Randomization Our work is data driven, not a random experiment
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