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Abstract

A sports game is about competition. The competitivenessgainae is important in terms
of fan interest as a non-competitive game will cause famrndihg a game to lose interest and
be more likely to leave the game early. Fans viewing the gaweenlill find another activity
to do. Teams ahead or behind in a non-competitive game mayalmore likely to substitute
reserve players to reduce risk of injury to key players ongaiperience for lesser-used players.
Changes in how a team plays in a non-competitive game alsadnggcondary competitions
such as betting or fantasy sports due to player behaviorggsaim a non-competitive game.

In this work we examine the competitiveness of games in sifggsional sports leagues.
We obtain the list of scoring events for each game and map@amtt into a discrete segment,
based on minutes played or outs recorded, for each game. nifisimt advantage of our
approach is that all sports are analyzed in the same mantiettva only difference between
leagues being the number of segments into which each gameidedl By dividing each
segment number by the total number of segments for the leagusan compute a common
percentage-based timeline to compare the competitiveoiedgferent leagues through the
course of a game.

A distinguishing feature of our work is that we explore a n@mbf potential measures of
competitiveness using our data. These measures includinevteeteam is leading, whether a
team is leading by more than a given number of scores, whatte&am is in the lead and wins
the game, whether a team is in the lead for good, whether a é¢@ady winning goes on to
win or stay ahead for good, and the probability that a tearh giien lead at a given point in
the game will win.

We analyze the games in each professional sports leagug esam of these competitive-
ness metrics and find that MLB games are clearly the least ebtive compared with games
from each of the other leagues in our study. MLB games havaititeest percentage of game
segments that are played in less competitive situationsS bihd BPL games tend to be the
most competitive in general; largely because about halbaigtime for these leagues is spent



with the game tied. However, if a team does take the lead inobtigese leagues then they,
along with MLB, have the highest chance that this team willrebnquish the lead. Results for
the NFL and NHL show that their games are neither relativieymost or least competitive.
We believe variation in the competitiveness of the leaguesis because of the nature of the
sports in terms of how they are played and scored as well aspibgfic leagues themselves.

We go on to find that NFL home teams spend the most amount of ¢jameeahead for
good and NHL home teams spend the least. Using this aheapbdéal metric, there is the
most amount difference for home and away teams in MLS whéegtlis the least in MLB.

Finally we use this same ahead-for-good metric to evalusecompetitiveness perfor-
mance of all teams across the six leagues in our study. Thedb&moncos of the NFL spent
the most game time ahead for good of all professional teanile Whelsea of the BPL spent
the least amount of time behind for good. The Golden Stateitvarof the NBA and the
New England Patriots of the NFL had the most dominant gam@imeance based upon the
difference in ahead-for-good versus behind-for-good gtime.



1 Introduction

A sports game is about competition. The competitivenessgafrae is important in terms of fan
interest as a non-competitive game will cause fans attgnaligame to lose interest and be more
likely to leave the game early. Fans viewing the game livd fmd another activity to do. A
non-competitive game also affects how the teams themsplagselative to the norm. A team
that is behind by a large margin might resort to more riskyptaorder to get back and make the
game competitive while a team ahead by a large margin maytresoonservative play to retain
its margin, particularly when the game includes a clock.

Teams ahead or behind in a non-competitive game may also teelikedy to substitute reserve
players to reduce risk of injury to key players or gain expede for lesser-used players. These
portions of the game are referred to as “garbage time” in &tsll or a “blowout” in baseball.
Previous work on shooting decisions by players in NBA ganxgditly ignores garbage time in
its analysis [13].

These changes in how a team plays in a non-competitive gasnempact secondary compe-
titions such as betting or fantasy sports due to player behaelkanges in a non-competitive game.
Experienced betters are well aware of the “back door covéréne meaningless points are scored
to at the end of the game which do not affect the game outcoutaftect the gambling spread.
Similarly, meaningless plays in a non-competitive gamedfplayer statistics used for fantasy
sports, but do not affect the game outcome.

Given its importance, what does it mean for a game to be nompetitive? Fans and players
have an intuitive sense of what it means, but one contribuwifoour work is to quantify potential
metrics in a way that can be compared between sports as theoesingular metric for measuring
it. Does it mean that the team ahead is certain to win? Likelwin? Does it mean that the
game is decided in that the team ahead will stay ahead? Otitkrhas looked at the idea of win
probability for a particular sport where the likelihood ofemm winning is evaluated at each point
of the game [17, 6, 2]. Win probabilities are a potential niea®f competitiveness where a high
win probability implies a non-competitive game, but we abalso have games where one team is
ahead and ultimately wins, but the game itself is still cotitipe. The other problem with work on
win probabilities is that they take into account informatgpecific to each sport or use different
methodologies making it difficult to compare the resultasrsports.

Rather than investigate a single metric for competitivenesr approach allows us to we ex-
plore a number of metrics for measuring it. We then use thesgkipte metrics to analyze the
competitiveness of games across different professiomatsfeagues. Is one league or sport inher-
ently more or less competitive than another and does it makiéesience depending on the metric
that is used? Our approach is to focus on intra-game cornyaeetess using actual game data from
recent league seasons.

Using the gathered game data we explore different metriceasuring the competitiveness
of a game. We do so in a manner that allows us to not only exacamgetitiveness in games of
a single sport, but to compare the competitiveness acrogs sports leagues in North America
and Europe. This approach provides insight on the most aasl tompetitive sports and sports
leagues.

Our work makes a number of contributions relative to presiaork in that we perform our
analysis:



of competitiveness throughout all portions of game,

for multiple sports,

using multiple metrics of competitiveness,

in a way to allow direct comparison of competitiveness asgmmes in different sports, and

for individual teams as well as home/away teams across ésagu

In the remainder of this paper we describe our methodolo@eiction 2 and use it to examine
results for different measures of competitiveness in $a@i. We summarize the competitiveness
results in Section 4. In Section 5 we use our competitive icgeto examine additional per-season
and per-team results. We describe related work in Sectiondécanclude with a summary and
future work in Section 7.

2 Methodology

In our work we choose to analyze the competitiveness of games< professional sports
focused on the five major North American sports leagues ielal basketball, football, hockey
and soccer as well as the English professional soccer ledjeehoose these leagues for variety
and added a sixth league to compare two separate profeskagaes in the same sport.

In analyzing each sport we first obtained the scoring evergach game played in one or more
seasons of each sport league. These events were obtaimedb sites providing game informa-
tion for baseball [1], basketball [3], football [20], hogkEL4] and soccer [10]. A summary of the
data for each league are shown in Table 1 with the number gbssaanalyzed a function of the
number of games within each league season. Data from onlyemeat season were obtained for
the MLB, NBA and NHL leagues because teams play relativelyengames. Data from multiple
seasons were obtained for the NFL, BPL and MLS because arseassists of relatively fewer
games. As shown in the table, more than 1000 games were adalyall but one of the soccer
leagues and those are close that number.

Table 1: Analyzed Professional Sports Leagues

League Abbrev. | Season(s) # Games
Major League Baseball MLB | 2015 2429
National Basketball Association NBA | 2014-15 1310
National Football League NFL | 2012, 2013, 2014, 2015 1068
National Hockey League NHL | 2014-15 1319
Barclay’s Premier League BPL | 2012-13, 2013-14, 2014-15 1089
Major League Soccer MLS | 2013, 2014, 2015 814

Appropriate scripts were developed to download and exthetist of scoring events for each
game in each sport. Each scoring event documents which teameds how much (in sports where



a score is a variable number of points) and at what point (gélgetime) in the game. For our
analysis we divided games into discrete minute-long segsnieased on the game clock. For
baseball, the one sport we analyzed without a clock, we éd/ial game into segments based on
the current inning and number of outs. The resulting numibsegments for each game is 54 for
MLB (9 innings of 6 outs each), 48 for the NBA (4 quarters of 1ihates each), 60 for the NFL
(4 quarters of 15 minutes each), 60 for the NHL (3 periods ofritButes each) and 90 for the
BPL and MLS (2 halves of 45 minutes each). Our data also imciobring events for extra time
or extra innings, but we assume any extra play is always ctitiveeand only use these events to
determine the winner (if the game has one).

Our analysis is done by analyzing the state of the game atrileoeeach segment where
the effect of all scoring events within a single segment ensttate of the game are combined. We
examine the current score margin at the end of each segmegdegending on the competitiveness
metric may also examine the remaining scoring events antbom# of the game. We are aware of
the home and away team in our analysis, but most results asempted independent of whether it
is the home or away team that is leading.

A significant advantage of our approach is that all sportsaar@yzed in the same manner
with the only difference between leagues being the numbsegients into which each game is
divided. By dividing each segment number by the total nundfesegments for the league, we
can use a timeline for games for all sports from 0% (beginwifiipe game) to 50% (halftime) to
100% (end of the regulation game) and have a common timadicernpare the competitiveness
of different leagues through the course of a game.

3 Competitiveness Results

In this section we use our data for each game in each sportlorexthe competitiveness of
each game using a number of metrics. The use of multiple osedtiows us to compare how the
different leagues perform under each metric. Results usaatp metric are determined and shown
over the timeline of all games for each league as well as sumeathfor comparison.

3.1 Competitiveness Based on One Team Leading

A game with the score tied is by definition a competitive garedéhee outcome is not known.
Therefore a game in which one team is ahead is less compefiigure 1 shows the results for the
percentage of games in which one team is in the lead througheuimeline of a game for each
of the six professional leagues.

The figure shows that more than 90% of NBA games have a teaneife#id from close to
the beginning of the game. The percentage of NFL games wigarm in the lead also grows to
over 90% with a jump right before half-time. MLB has the neighest percentage of games with
a team in the lead followed by the NHL. Not surprisingly, ThelBand MLS have close to the
same results and have the lowest percentage of games wheamastin the lead throughout the
timeline of a regulation game.

The results at the right edge of Figure 1 show that 94% of NB& @8% of NFL games end
regulation time with a team in the lead and therefore winnB&fo of MLB games have a winner
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Figure 1. Games with Team Leading Throughout the Timeline Game

after nine innings. The remaining three leagues have \liytigentical results for a winning team
in regulation with 75% for the NHL, and 76% for each of the msdional soccer leagues.

Figure 2 summarizes the team-in-the-lead results of Fifjung summing the area under each
of the curves in that figure. This summarization approaclp@apriate because it represents the
total amount of game time that is played with one time ahealtlaerefore in a less competitive
situation. We will employ a similar summarization approdoh other metrics that we use to
evaluate competitiveness.
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Figure 2. Summary Percentage of Game Time with a Team in thd Le

As expected, 95% of the total time of NBA games is played wiik team in the lead with
81% of NFL game time. The BPL and MLS have the lowest percengagust over 50%. These
summary results for all leagues show that if a team being énl¢lad is used as the measure of
competitiveness then the NBA is the least competitive leaghile the two soccer leagues are the
most competitive. We investigate additional metrics of petitiveness in the remainder of this
section.



3.2 Competitiveness Based on Number of Scores Behind

One team being in the lead is probably not the best measurevoitbhmpetitive a game is, but
considering the number of scores that would be needed tb cgtby the trailing team may have
merit. However the point value of a “score” varies betweeaglees.

In baseball, hockey and soccer a score is a single run or §aaore in football and basketball
is harder to determine as each sport has multiple scoring @ach resulting in a different number
of points. For our analysis we treat a score in football asuahidown and kicked extra point for
seven points. In basketball we use a three-point basketnthemum value, as a score. Using
these values for a score in each sport, Figure 3 shows themqgage of games with a team in the
lead by more than one, two, three and four scores throughgairee.
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Figure 3: Games with Team Leading by More than Given NumbeBaires Throughout the
Timeline of a Game



The relative results mimic those for a team in the lead showiigure 1. The NHL results for
being behind by more than one score in Figure 3 jump at the Eretjalation as teams trailing by
a goal pull their goalie for an extra skater in an attempt toadige the score and in doing so give
up another goal. We note that Figure 1 does show a slight dielicentage of games with a team
leading at the end for NHL games where teams also succeedhigthtrategy.

Figure 4 shows summary results for the percentage of gameedpant with a team ahead by
more than a given number of scores. Like results in FigureeNBA is again the least competitive
with the highest percentage of game time with a lead moredltgaren number of scores, but MLB
is now second for each number. Again the BPL and MLS are the coospetitive by this metric.
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Figure 4. Summary Percentage of Game Time with Team Leadimddre than Given Number of
Scores

3.3 Competitiveness Based on Game Outcome

Rather than investigate metrics involving the size of ttael]eve next consider metrics that take
into account the outcome of the game. During an actual gamediicome is not known, but

our data allows us to know the outcome of each game. The firdtesle metrics determines the
frequency in which a team is currently in the lead and goeawin the game. For this analysis
we count games ending in a tie as a half win so that all gamescasidered. The left graph of

Figure 5 shows game timeline results for this metric. Fomepde, if we examine the mid-point

of games for each league then the NBA has the highest pegeenfayames (71%) where a team
is in the lead and goes on to win. As shown, the NBA consistédrat the highest percentage of
games of any league across the timeline of a game. The pageent such games for the NFL
and MLB tend to be the next highest across the timeline of aggaith 70% and 66% of teams

having a lead at the midpoint of games and going on to win. IFirthe two soccer leagues have
the lowest percentage of such games throughout the timefiagame.
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Figure 5: Games with a Team Ahead that Wins and is Ahead-tadG hroughout the Timeline
of a Game

While this ahead-and-wins metric has merit as a measurernopettiveness, we believe it is
not the best measure of a competitive game. The problem Whishntetric is a team ahead that
wins in the end could be tied or even trail along the way in \whiase we would consider the
game to be competitive. We believe a more appropriate mistticnot simply look at the outcome
of the game, but to examine the nature of scoring betweenutrerd point in the game and the
final outcome.

The result is to examine a “ahead-for-good” metric whereaaés in the lead and this team is
not tied or does not trail at any subsequent point in the gdrhe.right graph of Figure 5 shows a
timeline of games with the percentages being where a teaheedafor good. Overall the graphs
shows is less variation in the results for each league, aithdMLB tends to generally have the
highest percentage of such games across the entire tinedlmgame. For example if we again
examine the mid-point of games then 56% of MLB games havera &eead for good at this point
in the game. At half-time, the NFL is next at 54% followed by tNBA at 46% (substantially
smaller than the 71% in the left graph of Figure 5). At the game-point, the remaining three
leagues have approximately 40% their games with a team ile#tiefor good.

Figure 6 summarizes area-under-the-curve results in Eiftdior each of the two metrics. Over
70% of NBA game time is played with a team in the lead that wiressgame, which is the least
competitive league for the metric. On the other hand, 55% bBNMame time is played with a
team ahead for good, which is the least competitive leagudifometric. Again the soccer leagues
are the most competitive using either metric, although thi. s close in competitiveness using
the ahead-for-good metric.

3.4 Competitiveness Based on Team Already Leading and Gameu@ome

The previous metrics count games where one team is in thealehdither goes on to win or be
ahead for good. These metrics are therefore directly afteby the percentage of games that are

8
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tied and as shown in Figure 1 this percentage varies by leagueetter understand the impact of
tied games, Figure 7 shows the percentage of games won and wheam is ahead for good, but
only considers points in games where one team is alreadylalAeaexpected, the percentages in
each graph are higher than the corresponding graphs ind-ljuiThe increased volatility at the
beginning of games (closer to 0% on the timeline) in eachlyrapecause there tend to be fewer
games where a team is leading early in the game.

These results also allow us to compare against an early wopgtexicting professional sports
game outcomes from intermediate game scores [8]. In tha? 1@®k, the authors examined the
frequency in which teams leading in “late-game” situatiohglifferent sports go on to win. In
their work “for basketball and football, the late point igtend of the third quarter; for baseball, it
is seven innings; for hockey it is two periods.” They found Blteams leading in these situation
win 93% of games, NBA teams win 79% of games, NFL 77% of gamda\dtlL 81%. The left
graph of Figure 7 contains these percentages at the samiegbdie game as previously studied
with MLB at 92% the NBA at 84%, the NFL at 82% and the NHL at 83%e$e percentages are
generally a bit higher than found in the previous work. THedeaph of Figure 7 also allows us
to uniformly compare all six of our leagues at the three-tgramark on the game timeline with
MLB at 91%, the NBA at 84%, the NFL at 82%, the NHL at 86%, the BR191% and the MLS
at 90%. The results show that the NBA, NFL and NHL have moreeatmanks by a team losing at
the three-quarter game mark while MLB, the BPL and MLS hawefecomebacks.

Figure 8 summarizes the results in Figure 7 across the eydinge where a team is leading.
There is less game time at the beginning of games and more a&nith when a team is already
leading. The results show that MLB, BPL and MLS games are é¢hstlcompetitive using this
metric because once a team is in the lead there is the leastefa the trailing team to comeback.
In contrast, the NBA is the most competitive by either metfior example, only 51% of NBA
game time with a team already leading has that team stayitingitead for good.



Pct. of Games with Team Already in Lead

100

80

60

Tean{ is Aheéd and Wins

Pct. of Games with Team Already in Lead

100

80

60

Tean{ is Aheéd for Good

Mool

o oC >

40 . 40 R/
MLB —— i e
NBA -~ | 2 W e NBA e
NFL oo ¢ < NFL =

20 NHL g T 20 F o NHL weme
BPL 5 BPL
MLS ---e i MLS ---e

0 1 1 1 1 0 1 1 1 1

0 20 40 60 80 100 0 20 40 60 80 100

Figure 7: Winning and Ahead-for-Good Percentages Duringi&tor Teams with Lead

Timeline (Pct.) of Regulation Game

HOEEON
IWzZz2z2z22
O T

wrrrr>m

Timeline (Pct.) of Regulation Game

100 T

o]
o

(o)}
o

I
o

N
o

AlreadyLeadingAndWinsAlreadyLeadingForGood
Metric

Pct. of Team—Already—-In-Lead Game Time

Figure 8: Summary Percentage of Game Time where Team Alieddyad Wins or Stays Ahead

10



Score Margin Score Margin

Score Margin

c
o
©
=
g
o
(8]
)
20 40 60 80 100 0 20 40 60 80 100
Timeline (Pct.) of Regulation Game Timeline (Pct.) of Regulation Game
c
=
[
=
g
o
[}
n
NHL
L L L L 0 L L L L
20 40 60 80 100 0 20 40 60 80 100
Timeline (Pct.) of Regulation Game Timeline (Pct.) of Regulation Game
c
=
[
=
g
o
[}
n
MLS
L L L L 00 L L L L
20 40 60 80 100 0 20 40 60 80 100
Timeline (Pct.) of Regulation Game Timeline (Pct.) of Regulation Game

Figure 9: Lead For Good Maps at 80%, 90% and 100% Levels obeyt

11



3.5 Competitiveness Based on Predicted Outcomes

Rather than use the known outcome of a game as we did for theopsstwo metrics, the last set
of competitiveness metrics we investigate use the pratlittelihood of game outcomes. For this
analysis we focus on the metric of whether a team is in thedealds likely to stay ahead for good
in the game. As a precursor to this analysis, we first comghedikelihood that a team will stay
ahead for good for each combination of game segment and sw@otgn in our data. The resulting
“maps” are then post-processed to do limited averaging aftnecombinations as well as to fill in
combinations with no data. Previous work did a similar as@lyor college basketball using the
metric that the team in the lead goes on to win the game [21is Whrk considered, but did not
explore the metric that a team is ahead for good.

The resulting maps of each league for the likelihood of a tetaying ahead for good at any
given point in a game with a given score margin are shown inifei@. The maps show segment
and score margins where a team has at least a 100%, 90% and0fitecof staying ahead for
good. Lower likelihoods are not shown. In order to be ableisoally compare these maps across
the sports despite the varying scoring margins in each keaga use the 98th-percentile of final
scoring margins in each league as the maximum y-axis valtheigraphs.

In general, the maps are as expected with a larger lead ne¢died beginning of a game to
have the same level of outcome certainty as later in the gdmeking at the maps for a few
specific leagues, we see that at the mid-point of a game a M shead by four runs has at least
a 80% chance of staying ahead for good. At this same poineigdme, a MLB team leading by
six runs has at least a 90% chance of staying in the lead faf god a MLB team in the lead by
nine runs has a 100% chance of staying in the lead for goodihgsm the data.

For a NBA games, a team leading at half-time by 16 points hdsast an 80% chance of
staying in the lead for good. An NBA team leading at half-tiye20 points has at least a 90%
chance of staying in the lead for good and an NBA team leaditngié-time by 24 points has a
100% chance of staying in the lead for good. Similarly for Nfdmes, a team leading at half-time
by 17 points has at least an 80% chance of staying in the leagbfud. An NFL team leading at
half-time by 28 points has at least a 90% chance of stayinigeretad for good and an NFL team
leading at half-time by a greater margin has a 100% chanceyihg in the lead for good.

Using the maps for each league in Figure 9, Figure 10 showgdrmentage of games that are
at least 100% and 80% certain of the leading team being aloeaddd. As expected, results (not
shown) for 90% lie between these two sets of curves.

Figure 11 summarizes the results in Figure 10 where 9% of dangsn MLB and NBA games
is a situation where the team that is ahead is 100% likelyap ahead. If we look at at results for
80% likelihood of the outcome then MLB is by far the largesB&% of game time with the NFL
and MLS the smallest at 19% of game time. These summary sesudfgest that games in MLB
are the least competitive, while those in the other leagteemare competitive using the 80% level
of certainty.

4 Summarization of Competitiveness Results

Section 3 examines competitiveness results of games imthafessional sports leagues using
different metrics. In this section, we summarize the resoflthese metrics to examine the relative

12
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competitiveness of games in these leagues. Figure 12 ogritaiee scatter graphs showing pair-
wise comparison of metric results from Section 3. In eacle ¢hs ahead-for-good metric results
from Figure 6 are shown on the x-axis of each graph.
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Figure 12: Summary Percentage of Game Time with Lead for Gamdpared with Three Other
Summary Competitiveness Metrics.

The graph in the upper-left of Figure 12 compares the summparyentage of game time with
the lead for good against the percentage of game time wheredm in the lead goes on to win.
These results are taken from Figure 6. The graph is augmexrite@xplanatory arrows indicating
leagues with results that are closer to the upper-righteroane relatively less competitive while
those closer to the lower-left corner are relatively momnpetitive. Results from these two metrics
indicate that games in the NBA and MLB are relatively less petitive while those in the MLS
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and BPL are relatively more competitive.

The graph in the upper-right of Figure 12 compares the sumpencentage of game time with
the lead for good against the percentage of game time whegait already in the lead and stays
in the lead for good. These results are taken from Figuresd&8amThis pairwise comparison of
results show that MLB games are the least competitive whé l§james are the most competitive
because teams trailing in an NBA game have the best chanegabficg up at some point in the
remainder of the game.

Finally the graph in the bottom of Figure 12 compares the samrpercentage of game time
with the lead for good against the percentage of game-timerevh team is ahead and has at least
an 80% chance of staying ahead for good. These results & fedkm Figures 6 and 11. This
pairwise comparison of results show that MLB games are th&t leompetitive while results from
the other leagues tend to be bunched with MLS having the noospetitive games for this pair of
metrics.

The outcome of these pairwise comparison of metric ressittsat games from MLB are clearly
the least competitive compared with games from each of therdeagues in our study. MLB
games have the highest percentage of game segments thktyee ip less competitive situations.
MLS and BPL games tend to be the most competitive in geneariely because about half of
game time for these leagues is spent with the game tied. Haywiéa team does take the lead in
one of these leagues then they, along with MLB, have the Bigtteance that this team will not
relinquish the lead. Results for the NFL and NHL show thay thee neither relatively the most
or least competitive. We believe variation in the competitiess of the leagues occurs because of
the nature of the sports in terms of how they are played anekdas well as the specific leagues
themselves.

5 Additional Competitiveness Results

Our metrics afford us the opportunity to investigate adaitii competitiveness results. In each of
these cases we use the ahead-for-good metric introducettio8 3.3 as the basis for our analysis.

5.1 Competitiveness Variation by Season

A natural question is the degree to which game competitsenaries across seasons. While we
did not examine multiple seasons of data for all leagues, eveave four seasons worth of data
for the NFL. In addition, a New York Times article written tavds the end of the 2015 season
indicates that through 13 weeks of that regular season té&aiting in fourth quarter had rallied
to win at a near-record seasonal number of times [18].

While we do not directly examine this statistic we can corepaur competitive metrics for
each of the four NFL seasons. Results for the set of metriogpeaoed in Section 4 are shown in
Figure 13 for the 2012 to 2015 NFL seasons.

The results in Figure 13 show that there is not a large varat competitiveness metric results
between the four NFL seasons. In particular, based upon etrigs, the 2015 season did not result
in more competitive games than in the previous three seasons
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5.2 Competitiveness of Home and Away Teams

Another natural question that our metrics allow us to exasrthe impact of home-field advantage
in the various leagues. As a baseline, home teams win moreaway teams in all six of the
leagues we studied. The specific percentages for the homewaaning (again we count a tie
game as a half win) in each league are: MLB 54%, NBA 58%, NFL 5R¥L 54%, BPL 58%
and MLS 64%.

Whether the home team wins or loses a game does not necgsstett the competitiveness
of the game. Again using the competitiveness metric of game spent with a team ahead for
good, Figure 14 shows the percentage of game time that the loohaway team in each league
spend in the lead for good.

The results show that NFL and NBA home teams spend around 3@fanee time ahead for
good—more than other leagues. NHL home teams spend theade®sint of game time in the
lead at 23%. MLB away teams spend the most amount of game tithe lead at 26% and MLS
away teams the least at 12%. The difference between homevemdtaam performance on this
competitiveness metric is the least for MLB and the most fatSViThese results suggest that
home-field advantage has the least impact on competitigdoedILB and the most the MLS.

5.3 Competitiveness of Specific Teams

Another advantage of our analysis approach is that we campamarof results of different teams
not only within the same league, but across leagues. In fl@ving we examine results for all
teams in each of the six leagues for the seasons in our dataset

For each team in each league we compute three values—thenpage of game time that a
team is in the lead for good, the percentage of game timelieattam is behind for good and the
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percentage of game time in which neither condition is trueaning the game is still undecided.
Results for each team in the MLB, NBA and NFL are shown in Fegl with results for teams
in the NHL, BPL and MLS shown in Figure 16. In all graphs teames@dered based upon the
percentage of game time that the team is in the lead for gobatiwis the size of the bottom of
the three bar segments for each team.

The results show that across the six leagues, the three wimghe highest percentage of
game time spent in the lead for good (size of the bottom bagdch team) are the Denver Broncos
(DEN) of the NFL (45%), Golden State Warriors (GSW) of the NB¥%%) and the New England
Patriots (NE) of the NFL (43%). The three teams with the ldvpescentage of game time spent
in the lead for good are Cardiff City (CAC) of the BPL (5%), thiégnnesota Timberwolves (MIN)
of the NBA (5%) and the Queens Park Rangers (QPR) of the BPL. (6%

The three teams spending the lowest percentage of game éinedofor good (size of the top
bar for each team) are Chelsea (CHE) of the BPL (4%), Maneh&ity (MCI) of the BPL (6%)
and the Seattle Seahawks (SEA) of the NFL (7%). At the othéoéthe spectrum, the three teams
with the highest percentage of game time spent behind fod go® the New York Knicks (NYK)
of the NBA (46%), the Minnesota Timberwolves (MIN) of the NEA5%) and the Jacksonville
Jaguars (JAX) of the NFL (44%).

The three teams spending the most amount of game time in whitter they or their opponent
is in the lead for good—Iargest middle bar for each team aadtbst competitive games—are the
Philadelphia Union (PHI) of MLS (70%), Ottawa Senators (T the NHL (70%) and Stoke
City (STK) of the BPL (68%). The three teams spending the raasbunt of game time either
ahead or behind for good—smallest middle bar for each teairtlanleast competitive games—
are the Cleveland Indians (CLE) of MLB (39%), the Houstonalex (HOU) of the NFL (40%)
and the Milwaukee Brewers (MIL) of MLB (40%).

Finally, the three teams with the most dominant performathagng games—those with the
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largest positive percentage difference between game tiayeg@ ahead for good against behind for
good are the Golden State Warriors (GSW) of the NBA (+35%@ Nlew England Patriots (NE) of
the NFL (+34%) and the Denver Broncos (DEN) of the NFL (+33%de least-dominant teams
with the largest negative percentage difference betwesregame played ahead for good against
behind for good are the Minnesota Timberwolves (MIN) of tH&AN(-40%), the New York Knicks
(NYK) of the NBA (-38%) and the Jacksonville Jaguars (JAX}loé NFL (-36%).

6 Related Work

Related work of different types has been previously donenglwith providing statistics about
games, Web sites such as Pro-Football-Reference.com g6irmine a running win probability
throughout the course of game [17]. Other work has computedprobabilities for all NBA
teams [6]. Bashuk generated a Win Probability Index for NCi#esketball [2]. Polson and Stein
start with the point spread for a game and calculate the edplolatility of a sports game [19].
These works take into account more information for a singleg than the score margin analysis
in our work, but our approach allows us to easily accumulaselts across games and sports along
with considering more metrics of competitiveness than $ympn probability.

Other work has examined the likelihood that a team will wisdzh upon leading at various
pointsin a game [8, 21] or scoring the first goal in hockey [Ate-game reversals are subsequently
modeled in [12]. Part of the work in [11] examines intra-ntatginning probability in French
football. Another paper conjectures that the winner of arANfaime can be predicted if the lead
grows larger than the number of minutes remaining in the gfibg Stern modeled a sports
contest as a Brownian motion process to predict the progifessores in NBA games [23]. Work
in [16] models within-game scoring dynamics to predict gamutomes.

In terms of work on competitiveness, Ben-Naighal examine the competitiveness and parity
among teams within professional sports leagues by examgame results and season-end stand-
ings [4, 5]. These works do not examine intra-game competigss. Work in [24] also seeks
to use game results to correctly predict games from priaxltes[9] models the overall compet-
itiveness of a sports league rather than of individual ganiesly work by Stern examined the
probability of winning a football game [22].

7 Summary and Future Work

In this work we have examined the competitiveness of gam&is professional sports leagues. We
obtained the list of scoring events for each game and mappade@/ent into a discrete segment,
based on minutes played or outs recorded, for each game niisant advantage of our approach
is that all sports are analyzed in the same manner with thedfierence between leagues being
the number of segments into which each game is divided. Bigidiy each segment number by
the total number of segments for the league we can computemoa percentage-based timeline
to compare the competitiveness of different leagues thralig course of a game.
A distinguishing feature of our work is that we explore a n@mnbf potential measures of

competitiveness using our data. These measures includéerizeteam is leading, whether a team
is leading by more than a given number of scores, whethema i the lead and wins the game,

20



whether a team is in the lead for good, whether a team alreadying goes on to win or stay
ahead for good, and the probability that a team with gived Eaa given point in the game will
win.

We analyze the games in each professional sports leagug esam of these competitiveness
metrics and find that MLB games are clearly the least conmipetompared with games from each
of the other leagues in our study. MLB games have the higlesseptage of game segments that
are played in less competitive situations. MLS and BPL gateerd to be the most competitive
in general; largely because about half of game time for themgues is spent with the game tied.
However, if a team does take the lead in one of these leageesthiey, along with MLB, have
the highest chance that this team will not relinquish the l&esults for the NFL and NHL show
that their games are neither relatively the most or leastpaiitive. We believe variation in the
competitiveness of the leagues occurs because of the radttive sports in terms of how they are
played and scored as well as the specific leagues themselves.

We go on to find that NFL home teams spend the most amount of §ameeahead for good
and NHL home teams spend the least. Using this ahead-fat+gedric, there is the most amount
difference for home and away teams in MLS while there is thstien MLB.

Finally we use this same ahead-for-good metric to evallrtedmpetitiveness performance of
all teams across the six leagues in our study. The Denverddsoof the NFL spent the most game
time ahead for good of all professional teams while Chel$éheoBPL spent the least amount of
time behind for good. The Golden State Warriors of the NBA #me New England Patriots of
the NFL had the most dominant game performance based upatifteeence in ahead-for-good
versus behind-for-good game time.

The study has a number of directions for future work. An olbgidirection is to examine other
leagues playing the same sports analyzed in this work. Tihekele additional professional soccer
leagues from around the world and American college sportge dnalysis can also be extended
to any sport where games have a fixed duration with identdigbbring events such as rugby or
lacrosse. Analysis of other sports such as volleyball andigsecould be done, but matches are
not a fixed length as they end once a team (player) wins a giuerbar of games (sets). This
variable game length would need to be accounted for. A gakeechiess is even more challenging
in identifying scoring events and dealing with resignatiyna player, which is a clear sign of a
noncompetitive game. Finally we have even done prelimimagk on applying our approach to
video games where we have analyzed League of Legends gatmieb, vas required identifying
scoring events and handling resignation.
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