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Abstract: This study probes into the application of big data technology in NBA events and
analyzes the impacts of big data on NBA players, the teams, and the team's performance. The
research result shows that elaborate statistics of NBA events not only allow a search of
information on individual players but enables comparison of two players and their respective
performance in attack-defense. The Sports VU's extensive data system makes sports data a
hot cake again. Big data technology provides a tool for coaches to guide and train the players
and NBA trade. NBA can also share the information with broadcasters to bring in marketing
benefits. Big data will go a long way to international communication in the NBA.

Keywords: big data, NBA, players, coaches, broadcasters

1. Introduction and Statement of Problem

The problem we are trying to solve is the positive impact of data analytics on NBA teams. The Na-
tional Basketball Association (NBA) is one of the top professional sports leagues in the US and Can-
ada. The league has 30 clubs, 29 based in the US and one in Canada. It is the world's top men's
professional basketball league. At the same time, relevant technologies have developed significantly
recently. Analyzing data collections to identify trends and make judgments about the information
they contain is known as data analytics (DA). Data analytics is increasingly carried out using special-
ist hardware and software.

This is an issue because, in most people's opinion, athletes' training is essential to the sports indus-
try. However, with the development of the times and technology, even the sports industry data can be
counted, quantified, and analyzed. This can help athletes, teams, and management reach their goals
more efficiently. We have already seen some success stories in the sports industry using advanced
data analytics technology. For example, Golden State Warriors have used data to help the players and
the management board to make beneficial decisions through the 2010s. As a result, the team has won
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4 championships since 2010. Thus, we also believe that data analytics could provide various ad-
vantages to the entire association in different ways, such as helping the players, managers, and broad-
casting companies.

2. Research Methods

To find out the improvements and differences the data tools brought to the NBA, we look for the
current application of the original extensive data statistics and data mining system in the NBA and its
effects.

2.1. Main Discussion

Since the 1980s, the American Professional Basketball League (NBA) has used data management
technology [1]. All players' on-site data, such as scores, rebounds, assists, blocks, steals, errors, and
fouls, are listed [2][9]. The detailed data statistics of the NBA can provide not only the query work
of a single player but also compare the performance of two players, including the performance of two
players in opposing positions. For example, James can get 28 points per game, and Kobe can get 27
points. However, when the two meet, Kobe can get 30 points per game, and James can only get 24
points [11].

One way to collect the statistics is by using the Sportive camera system, which is installed in
basketball arenas to monitor the location of the players and the ball 25 times per second in real time.
Stats Perform the first organization to provide optical monitoring to the professional sports business
and the NBA. In addition, the latest edition of Sportive has breakthroughs in computer vision and
interactive learning, contributing to the company's market leadership.

After more than 30 years of accumulation and improvement, the NBA's data statistics and man-
agement are more mature and prosperous. Moreover, it can also provide analysis, including on-field
efficiency and scoring area. In 2013, the NBA used the Sportive extensive data system and turned
data into hotcakes [1]. The Sportive system, initially used for military purposes, has now appeared in
the NBA arena. It can track the basketball-related actions of all players on the court, such as shooting,
passing, touching the ball, covering, and running distance, and it presents these actions in the form of
data. Unexpectedly, basketball also needs technology. Through the creation of the Sportive system,
basketball players have become stronger and stronger. When this technology was born, the Mavericks
first cited it and successfully reached the finals one year later in the 2005-2006 season. Then Sportive
gradually became known to all basketball teams, and sportive was also accepted [1]. In 2009, the
Spurs, Rockets, and Thunder successively applied the sports system to training and competitions. The
same year, during the NBA Finals between the Lakers and the magic, the magic installed this system
at their home. This was the first time the sportive system was introduced in the NBA finals. This
means that the sportive system has been accepted by the NBA and has become exclusive to the NBA.
This technology provides a basis for coaches to guide, train, and select players and allows sharing of
data with broadcasters. The seemingly useless data can be valuable assets to bring considerable mar-
keting value. [3]

Another illustration is how the Golden State Warriors reversed their fortunes after a multiyear span
of relatively dismal performance. The Warriors were able to turn their fortunes around and improve
their win-loss records after partnering with an analytics business to analyze data gathered from the
arena's player-tracking cameras [10]. One of the most crucial findings is that the more three-point
shots Warriors star guard Stephen Curry attempted from around the court, the greater the team's
chances of winning [11]. The Warriors won NBA titles in 2015, 2017, and 2018, but in the 2019-20
season, cut short due to the coronavirus, they ended with the league's worst record. Despite this, the
Warriors won each of these three championships.
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The Warriors rely significantly on various data analysis tools, but Stats Performs among their fa-
vorites. Basketball coaches and analysts benefit from the capacity to monitor data, and Statistics may
provide advanced statistics based on various variables, such as speed, distance, player separation, and
ball control. They combine a vast historical database with player and ball tracking, yielding the most
comprehensive and sophisticated basketball statistics. [8]

Similarly, to the Warriors, the Los Angeles Clippers have their favorite data analysis system. The
Clippers CourtVision program offers a real-time depiction of basketball plays, the ability to enter a
shot based on the probability of a ball passing through the hoop, and more. Because of these features,
spectators may have a deeper understanding of the game, and Clippers CourtVision can simulate the
experience of watching a live game. Due to the development of innovative technologies such as Clip-
pers CourtVision, the franchise value of the Los Angeles Clippers has increased dramatically during
the last five years. Big Data and Predictive Analytics were not considered essential until 2014, and
there are now many work opportunities in this field. In 2015, the Los Angeles Clippers significantly
focused on data analytics and technological innovation, and the club took a substantial stride forward
by purchasing Clippers CourtVision. The Los Angeles Clippers currently generate roughly two bil-
lion six hundred million dollars annually. [7]

SportRadar is another company that collects and analyzes data and provides it to the NBA for
reference. SportRadar is a full-service sports data, betting, trading, and player management platform
company that collects and analyzes data and then creates services for media, oddsmakers, and sports
leagues worldwide. SportRadar also offers real-time statistics and live game results. It also owns
BetRadar, a platform of tools for bookmakers, including in-game and pre-match odds suggestions,
results, market monitoring, and trading service. NBA and SportRadar have a long-term partnership
so that the NBA would provide data to SportRadar, and also SportRadar themselves have data jour-
nalists on the court to collect data in each NBA game.

We can tell that the NBA pays much attention to using data to analyze their games and players.
There are many stat's NBA uses to analyze the performance of their players, for example, Player
Efficiency Rating (PER), Win Shares (WS), Offensive/Defensive Efficiency, etc. Data calculate all
these stats. Below are some stats NBA uses to analyze their players. [3]

2.2. Player Efficiency Rating (PER)

Its goal is to measure a player's productivity per minute. Its statistical point value system adds all of
a player's positive contributions to the team and subtracts all negative ones. Its advantage is that it
considers a player's time and pace of play in a game to make it easier to compare different players.
Its disadvantage is that there is no reliable defensive data to enter the formula. It is well known that
steals and blocks cannot 100% define a player's influence on defense in a basketball game. For ex-
ample, Alan Iverson was a three-time steals leader in NBA history (2001,2002,2003) [6]. However,
he was only 6'0", liked to steal by gambling, and was not considered a defensive player in his whole
career. Therefore, under the system of PER, an excellent offensive player can usually get a higher
PER value than a good defensive player.
The formula below shows the calculation of uPer. Super is a big segment of PER. The value of
PER=aPER * (15/lgapEr)- (aPER = (pace adjustment) * uPER) [13].
uPer = (1/MP)*
[3P +2/3 * AST + (2 — factor * (team_AST / team_FQG)) * FG
+(FT * 0.5 * (1 + (1 —team_AST / team_FQG)) + (2/3) * (team_AST / team_FGQG))
-(VOP * TOV — VOP * DRB% * (FGA — FG)
-VOP * 0.44 * (0.44 * (0.44 + (0.56 * DRB% )) * (FTA —FT)
+VOP * (1 - DRB%) * (TRB — ORB) + VOP * STL + VOP * DRB% * BLK
-PF * ((lg_ FT /1g_PF)—0.44 * (Ig_ FTA /lIg_PF) *VOP)]
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A good player usually has a high PER value (Figure 1). However, overall, PER does not map the
player's abilities, especially on the defensive end. In most cases, as a team coach or boss, PER can
usually only be used as reference data, but it is not crucial.

GP MPG TS% AST TO usG ORR DRR REBR PER VA EWA
74 33.5 661 24.5 11.8 0.0 0.0 0.0 0.0 32.94 825.7 27.5
67 32.9 633 17.7 10.0 0.0 0.0 0.0 0.0 32.12 0.0 0.0
68 338 616 13.0 9.8 0.0 0.0 0.0 0.0 31.24 707.4 236
56 37.2 619 18.2 10.2 0.0 0.0 0.0 0.0 26.25 0.0 0.0
55 37.2 .634 19.1 10.4 0.0 0.0 0.0 0.0 25.69 0.0 0.0
76 349 .603 26.1 10.7 0.0 0.0 0.0 0.0 25.48 0.0 0.0
65 35.4 .571 229 118 0.0 0.0 0.0 0.0 25.13 0.0 0.0
66 321 732 8.1 13.3 0.0 0.0 0.0 0.0 24.76 448.2 14.9
57 33.1 575 19.8 10.1 0.0 0.0 0.0 0.0 24.53 0.0 0.0
74 33.4 640 14.1 11.8 0.0 0.0 0.0 0.0 24.21 495.3 16.5

Figure 1: 2021-22 PER rank [13].
2.3. Win Shares (WS)

WS is used to calculate how many victories players contribute to the team. WS can be divided into
OWS (Offensive Win Share) and DWS (Defensive Win Share). Its advantage is that it reflects the
player's influence on the offensive end, defensive end, and team wins. It is an easy value to under-
stand, but no stats are perfect; it does not mean the high Win Shares player always be the best player
on the team.

OWS and DWS formulas could be found below. And WS = OWS + DWS.

Formula of OWS:

(points produced) — 0.92 * (league points per possession) * (offensive possessions)

0.32 * (league points per game) * ((team pace) / (league pace))

(marginal offence) / (marginal points per win)

Formula of DWS:

(player minutes players / team minutes played) * (team defensive possessions) *

(1.08 * (league points per possession) — ((defensive rating) / 100))

0.32 * (league points per game) * ((team pace) / (league pace))

(marginal defense) / (marginal points per win)

Even if a good player does not have an incredible stat but is making an excellent contribution to
his team's wins, his WS value could not be low. For example, as team management, the WS has more
reference value than PER. For example, Memphis Grizzles traded Rudy Gay to Toronto Raptors in
2013. At that time, Rudy Gay was considered the best player in Memphis Grizzlies by most fans and
media, but few of them noticed that Rudy Gay's WS was only 4.0 in his last season at Memphis
Grizzlies [4].

2.4. Actual Shooting Percentage (TS%)

Actual Shooting Percentage refers to the number of points a player gets with each shot, which includes
two-pointers, three-pointers, and free throws. The advantage of TS% is that it considers free throws
compared to Field Goal Percentage. In the modern NBA, players are better at taking advantage of the
rules to create fouls. Hence, free throws become a significant proportion of the total scores of a player.
For example, James Harden is considered one of the best scorers in the NBA, and he is also a good
player at creating free throws. In the 2016-17 season, James Haden made a total of 881 free throws.
[4]

The TS% formula is in figure 5 below. We can see that this formula gives different weights to 2-
pointers, 3-pointers, and free throws, which also makes TS% more able to reflect a player's scoring
efficiency and ability.
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_ PTS X100
TS = S X (PGA+(0.44 X FTA))

PTS = Total Points Scored
FGA = Field Goals Attempted (2PT and 3PT)
FTA = Free Throws Attempted

Figure 2: Formula of true shooting percentage.

TS% is simple data. Hence, if a team needs a good scorer, TS% is one of the best values to consider.

2.5. Shot Locations/Shot Charts

This stat can be used to look at a player's shooting percentage in different basketball court areas.

45.5% I
10/22

36.1%
44122

35.4%
35/99

Figure 3: Lebron James Shot chart in 2022-2023.

Even though it is just a simple chart, the shot chart has been used a lot in the tactical design of
NBA coaches. For example, in figure 6, the Lebron James shooting percentage on the left side of the
court was significantly higher than on the right. Hence, Frank Vogel devised many offensive tactics
for Lebron James from the left side in the 2022-23 season.

3. Conclusion

We also believe that big data technologies will significantly aid the NBA in the future. For example,
the team could use the data analytics model to predict the ticket strategy. At the same time, more
advanced indexes could be invented so that the players' performances could be better measured.
Moreover, players can wear special equipment to monitor their physical conditions in training and
games. In the future, we expect the team to recognize the risks of potential injuries, as the figure
below shows.
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Mechanical Load X BMI for Prediction of Concussion
100.0%

80.0%

60.0% 54.5%

BMI < 26.5
40.0% =g BM| 2 26.5

20.0%

Percent of Concussed Participants

0.0% 0.0%

Mechanical Load < 100.09 Mechanical Load = 100.09

Figure 4 shows the relationship between the prediction of concussion and the mechanical load &
BMI. Again, this kind of analysis could help teams recognize potential injuries.

The NBA has been processing data on the field utilizing data analysis technology since the 1980s.
The specific NBA data allow players to compare their performance in addition to looking up statistics.
The NBA again made big data famous in 2013 using SportVU technology. Big data technology allows
for sharing the data with broadcasters and gives coaches a foundation on which to direct, develop,
and choose players. In addition, the seemingly meaningless data can be transformed into priceless
resources to generate significant marketing value. Thus, data analytics could help those NBA players,
teams, and broadcasting companies.
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