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YOU CAN'T MEASURE A PLAYER'S HEART

(FIRST PART)
DO NOT REDUCE THE ROLE OF STATISTICS TO A COLLECTION OF INDEXES

e are used to starting our talks on
basketball data science from the wrong

side of understanding sports analytics.
The vast majority of people believe that
Statistics in basketball can be reduced to
counting the number of shots, baskets, points, assists,
turnovers. The most skilled ones are aware of the exi-
stence of a huge amount of additional and more com-
plex indexes (available for example at NBA.com), but all
these statistics (and we now deliberately use lowercase
to distinguish it from Statistics, which is the science we
want to talk about) per se, have a more or less limited
meaning. As the famed NBA coach and executive, Red
Auerbach, quite rightly stated “/ don't believe in statisti-
¢s. There are too many factors that can't be measured. You
can't measure a ballplayer’s heart” He meant lowercase

statistics.
We do not assert that we are able to measure a player’s
heart, or the flicker of imagination that generates asen-
sational dunk or, even the stroke of luck that turns the
tide of a game. All these elements, which make our
hearts skip a beat, lift us to our feet to rejoice, fill us
with wonder - all that sports really is in our hear-
ts — fortunately, cannot be measured.

But, on the other hand, it is not correct to re-
duce the role of Statistics to a collection of
indexes trying to get the game down to a

set of numbers. For a statistician, these in-
dexes are simply the data to start from.
These data collected in large quanti-
ties and appropriately re-elaborated
— often using very complex techniques
and algorithms — can be transformed
into useful information to support te-
chnical experts in their decisions. And,

if Statistics is not able to measure a
player's heart, it is, however, able to
measure very subtle aspects, such as
the way a player interprets his role,
the impact of high-pressure game si-
tuations, the teamwork and the posi-
tive or negative influence of teammates

on a player's performance. This is not done by counting
the number of assists, points, steals. You do not need
to be an expert to understand it. Statistics can rely on a
large set of techniques, models and algorithms for data
description and visualization, multiple and complex re-
lationships detection, drivers identification, prediction.
But beyond all of this, a well-developed research line
deals with the study of latent variables, that is, all those
variables that are not concretely and physically measu-
rable. Not exactly the player’s heart, but his mental tou-
ghness, sense of confidence, leadership, sense of moti-
vation, inner desire to succeed, self-discipline, sense of
belonging, these are all psychological traits that can be
measured by Statistics and possibly studied in relation
to the player’s or the team's performance.

What we want to stress is that Statistics is a tool for
decisions and not a substitute for human intelligence.
Statistics alone does not provide decisions but sup-
ports decisions. Decisions remain up to the basketball
experts. Algorithms can never replace the human brain
when it comes to pulling together the strings of all the
evidence and formulating a final judgment, which will
be based on all the gathered information, bringing to-
gether the quantitative and qualitative issues into

a single perception. At the same time, all the
imponderable and unconscious elements,
intuitions, expertise and other
knowledge that cannot be
formalized in a structu-
red way or howsoever
measured must be ta-
ken into account. The
player's hearts must
definitely be taken
into account as well.

In doing that, the te-
amwork of the stati-
stician and the sports
expert is of paramount
importance. The expert de-
scribes the matter, by posing the
right research questions, which
allows the statistician to under-
stand the problem and narrow the
focus. Then, expertand statistician
together plan the research design:
decide which data to collect, consi-
dering constraints, practical feasi-
bility, pros and cons of each choice.
Subsequently, the analyst carries
out the analysis, using his statisti-
cal expertise, and then the ball goes

STATISTICS
ALONE DO
NOT PROVIDE
DECISIONS

back to both of them jointly for the interpretation of the
results, never forgetting the strengths and limitations
of the techniques that have been used. The information
and knowledge drawn from the data thanks to Statisti-
cs is the support for the basketball expert's decisions.
As mentioned above, he must summarize all the avai-
lable information: the quantitative evidence provided
by Statistics and the qualitative ones deriving from his
intuitions which, coming from experience, are no less
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What I1s Data Science?

Disciplin@imedat
extractingknowledge —
from data invariousforms EXPERTISE

Multidisciplinary Y ...
~ SCIENCE

Applicableto
a wide range of fields

Source: Palmer, Shelly. Data Science for the C-Suite.
New York: Digital Living Press, 2015. Print.
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Data Scilence

A é aimesat extractingknowledge from the datdr(terpretationof
resultgs extremelydelicate)

c an dangfield of humdrknowledge

é ¢ potentiallyanswerany questionif it hasthe right data
will neverbe able to describeeverything

é isnota crystalball

é doesnotprovidedecisionddut supportfor decisions

Basketball data sciendesnoambitionto replacebasketball
experts butto supportthemin theirdecisions

D~

o To To Do Ix
(D~
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The virtuous cycle of Sports Analytics

72

s Decision Question s

'

e [nterpretation gl > Research Design |
¥ ofresults
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Anatomy of a decision

Intuition

Analytics

e 3
D

Other Knowledge

Expertise
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Are stats killing the game of basketball?

~ MARC GASOL SAYS: "STATS ARE KILLING THE GAME OF
BASKETBALL'  (2017)

False

A If modernapproacheso
basketballanalyticsare used
A If we are able to integrate

Statshaveto be interpreted analyticsand technical
©Do not put O T experience
what statistics say until you S e i A |f e are able to spread the

Memphis Grizzlies center Marc Gasol made history as well, becoming the first center to

True !

A If peoplekeepthinkingthat
Statisticss merelyPPG, AST,

REB, e
A If peopled o nedrhhow

have carefully considered i e culture of Statistics

asked aboyt point guard Mike Conley's breakout season sgatistically and initially
is

what they do =H&E""S
W. W Watt) ¢« “We’ve got 43 wins. If we win (tonight), we’ll have 44. That’s

the only number you guys (media) should care about,” Gasol said.
“Stats are great, but wins and losses matter. Stats are killing the
game of basketball. Basketball is a subjective game. A lot of things
happen that you cannot measure in stats. Different things matter.
To me, the most important things in basketball are not measured by

UNIVERSITY
OF BRESCIA stats.” 35




Are stats killing the game of basketball?

e the confidenceof the personwho
showedme the data convincedme
aboutthem We were usedto seeing
Images of games, but they
transformed those images into
numbersOnce you have the data,
they help you make better
decisionge . [theyshould]o e d u c &
players on the importance and

Marc Gasol considers data very benefitsof data. Thebestthing they
important and beneficial for can do is makethe mostof themto
winning squeezeas muchas possibleout of
Sardust 0 proveadings st the Sports Tomorron Congress (NOMAN) games,as data is very important

2021 on Thursday

and beneficialfor winningo6
(2021)
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2 . Basketball Analytics: state of the art
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Basketball Analytics

/ \

Scientific
Research

Official

o Sport
Statistics ¥

Analytics
Services
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Basketball Analytics

/ 1\

Sport
Analytics
Services

Scientific
Research

Official
Statistics

TEAM LEADERS
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Basketball Analytics

/ 1\

Official S Scientific
o port
Statistics . Research
Analytics
Services

I)Q‘ Dlo

Our analyses often
integrate machine
learning tools and

experts’
suggestions




Basketball Analytics
\

Scientific Sports Science JOURNAL OF
. _ & Coaching o QUANTITATIVE.
Research ports | —— ) ANALYSIS IN-
s SC SPORTS -
>}

| s O

":’/’
m: | '”Analytics )

Scientificliterature =

International Journal of
eooni S po rts Computer Science in Sport
AR . | of

Special
Issues

.....
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Basketball Analytics
Scientificliterature

Predictingthe outcomesof a game or atournament

Determiningliscriminatingfactorsbetweensuccessfand
unsuccesshigams

Examinindghe statisticapropertiesand patternsof scoringduring
the games

Analysinga player's performanceand the impact ohisteam's
chances oivinning

Monitoringplaying patternswithreferenceto roles

Do Po  Po o Ix

<[s
UNIVERSITY BDSDGRTS E

OF BRESCIA



Basketball Analytics
Scientificliterature

A Designinghekineticsof players body movementithrespecto
shootingefficiency timing andvisualcontrol on thdéeld

A Depictinghe players movements pathways, trajectoriesand the
network of passingactions the flow ofeventsand theconnected

functionabecisions
A Studyingeams'tacticsand identifyingoptimalgame strategies
A Investigatingossiblerefereebiases

Sl
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Basketball Analytics
Scientificliterature

A Measuringsychologicallatent variables and theirassociatioto
performance

A Epidemiologyf basketballinjuries, physical, anthropometricand
physiological attributesof players hematologicaparametersor
othervitals

A Specialtraining programmesto stimulatenusclestrengthjumping
ability and physicalfitness in general

A Schedulingproblems

=i g
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Basketball Analytics
Scientificliterature

A Thidistisfar from beingcomplete
A

Therange of possiblaesearchguestionss goingto grow, thankgo

the availability of large data sets and theacresainggcomputational
power

A A completgheoryexplainingthe relationshipgmongthe variables
Involvedin basketballanalyticss stillnotavailable

A Answerindo all thosequestionss a very interestingchallenge
for Data Scientists

UNIVERSITY
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3 . Basketball data
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Basketball Data

Data are essential to Data science and Analytics, so the
procedures for obtaining and organizing data sets must be

structured and validated to guarant€@uality:
Exhaustiveness
Aceli@agy
Completeness
Consistenegy
Accessihility
Timeliness

BDspQRTs E



Basketball Data

Another important issue about dat&ientext(all the
additional information necessary to correctly interpret data):

cData without context are just nundbers

SeveralsoureégsFederations, sporting organizations,
professional socleties, asso
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Basketball Data

Theweb is a massive store of data:
A Data on payment or freely available
A Open data often require web scraping procedures

A Variety of datasetgtraditional data matrices, multidimensional
data cubes, unstructured text data, pixels from sensors and
cameras, data from wearables, mobile phones, tablets, geocode,

t i me st araquging ré&atipnal databases and
datawarehousingpols

s
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Basketball Data

We can distinguish four maimaere-categofies
A Data recorded manually
A Data detected by technological devices
A Data from psychometric questionnaires
A Other data

BDsp@rrs (]



Basketball Data

Data recorded manually, with or without technological tools
for annotation. This category includes the basic statistics from
box scores, notational analysis data, play-by-play (event-log) data,
reports filled by technical experts and coaches during training ses-
sions, opinions and experts’ evaluations that can be combined with
measurement data.

S
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Basketball Data

Data detected by technological devices. Increasingly, tech-
nology enters both the training and the games, making available
large amounts of data. Examples are the data recorded by GPS sen-
sors or other player tracking systems, which detect the positions
of the players on the court at very short time intervals (millisec-
onds), the video data coming from cameras, the platforms and all
the wearable technologies that detect postures, body movements,
vitals such as heartbeat and blood pressure.

<
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Basketball Data

Data from psychometric questionnaires administered to ath-
letes, aimed at the measurement of attitudes and personality
traits (group dynamics, interpersonal relations, social-cognitive
processes, leadership, mental toughness, personality, coping strate-

gies, ...).

UNIVERSITY .
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Basketball Data

Other data. In this residual category converge all the different
and heterogeneous data classes that can integrate the analysis from
different points of view, such as - without pretension of exhaus-
tiveness - the market analysis data, the textual data obtained by
querying the Social Networks (which can serve for example to mea-
sure the sentiment of the fans), data from Google Trends and other
tools able to monitor online searches and popularity of hashtags.

’2;@;:"‘ I
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Basketball Data

Data

i Big Data

TEAM LEADERS
Kevin Durant \evin Durant praymend oraymond Kevin Durant
#335 #35 Green Green £35
#23 #23

1.7
|

\2&8 . .83 173

R 2 421 % 2

o

TOTAL SPLITS (" splits v

PLAYER PG FPG AfTO PER

Kewvin Durant, SF 56 56 34.1 25.8 0.8 i B R 1.13 1.70 2.3 1.9 2.1 27.6

stephen curry, PG S5 53 33.4 24.7 0.6 3.7 4.3 6.4 1.65 0.20 i) 2 2.2 24.0
Wlay Thempsan sG 54 54 34.1 221 0.7 3.1 3.8 2.0 0.81 0.48 1.8 1.9 11 17.1
Dravmand Green, PF 53 53 2.9 10.2 1.4 .8 8.2 7.3 2.03 1.51 2.3 3.0 3.2 17.2
1an Clark, =le] 51 o 14.3 6.3 0.2 1.2 1.4 1.3 0.55 0.12 0.6 1.0 1.8 13.5
Andre Igucdala, SF o4 0 25.6 6.4 0.7 3.2 3.9 3.4 0.23 0.39 0.7 1.2 4.9 13.0
Javale McGes: = 51 10 9.5 6.2 1.1 2.0 3.0 0.2 0.24 0.6% 0.6 1.5 0.4 23.7
Zaza pachulia, (= 44 a4 18.8 5.9 2.1 3.9 6.0 2.0 0.95% 0.41 1.3 2.4 1.6 15.9
shaun Livingston, PG s1 1 17.3 5.2 0.4 1.6 1.9 1.7 0.47 0.22 0.8 1.6 2.1 10.1
pavid West, PF 42 0 11.5 4.1 0.6 2.1 2.7 2.1 0.67 0.43 1.0 1.4 ol 16.6
patrick MeCaw, PG 46 2 12.4 3.3 .2 0.8 1.0 1.0 0.38 0.22 0.5 0.8 2.0 7.8

Kevon LoDNEY. SF 43 9.3 2.3 0.8 1.7 2.6 0.6 0.30 0.37 0.3 1.4 1.9 14.5

3
Jan‘\estchaEl Mchdm, SF 29 1] 9.1 2.8 0.4 1.1 1.5 0.4 0.24 0.52 0.4 0.9 1.0 11.6 WWW e
Briante Wweber, PG 5 o 8.2 1.6 0.0 0.8 0.6 1.0 0.40 0.20 0.4 0.6 2.5 5.0 | |
Damian Jones, c 8 0 5.6 1.4 2.8 0.6 1.4 0.0 0.12 0.25 0.6 1.1 0.0 5.0 u
1 .. ! . .
t . C
: El | |
WWW I ' b a
. I C
| |

/7

Anderson wareiao, © 14
Totals 56 = 118.2 8.8 35.7 44.5 31.0 9.55 6.57 14.4 19.2 2.2 =
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Basketball Data

Data

Big Data

Year z016-17 E

IE!IIIIIIIIEE’!!!!!I
- REBOUNDS Draymend Green
wevin Durant Green #23
Kevin Durant #23

1.7
|

473 424 1

#35 ;353
‘ 25.8 i | 8.

)
(" splits
TOTAL SPLITS

L —

play-by-play

PER
ppG  TPG  FPG A/TO

27.6
70 23 I
X 113 W s o 22 24.0
20 8
£R a3 54 16 o 18 1.9 1t v
PLAY! — 0 3.7 . 081 046 : : i 7.2
Kewin Durant, 5 55 S8 07 31 © > o 1m 23 20 125
Y ZEmE - : WEB SCRAPING
stephen Curry, PG 54 54 N 8 8.2 2 oss 012 08 wo s 13.0
- d ! 5
iay Thompson: S& . 53 53 o 2 - . oss 03 7 1'2 04 28.7 y , S
reen, P { 4 : 1.5 - '
Draymond Green 10 72 o & 08 8 - ; =
56 : o .o 02 o2t 0 L. 16 15.9 ; b0
1an Clark, 54 0 11 2.0 3 095 NEA ALL-STAR GAME y treom n()
K . 2.0 - i
andre 1guodala, SF 51 10 . ) 50 2 ; oar Finat s
Ges, © 8 & - CIES " Dod 2347 W Conf All-Sta
1a\Vale MeGeeS, 4 44 1.5 IS v 192 ‘estern Con rs
e 4 . 52 0.4 - 2.1 0.67 .
zaza Pachuliac 5 1 17.3 e 2.1 2.7 s
. 5 PG 5 41 - 1.0 -39
Shaun Livingston o i y 1.0 -
. g a2 25 2 0.8 0.6 0.30 -~ 1stQuarter
pavid West: a6 2 124 e 1.7 2.6 02t
patrick MeCaw, PG o 3 93 238 0‘4 1 15 0.4 .40 TIME  TEAM PLAY SCoRE
Kevon Loonev, SF s 0 8t 2.8 - o 0.6 1.0 = 1200 @  LeBroniamesvs. Anthony Davis (Stephen Curry ains po:
. 0.0 - 0.3
James Michae! Meadoo, SF SR ve 0.6 14 00 :x 145 @  AnthonyDavis makes 21 foot jumper 0-2
4 o . 0.2
Griante Webel, PG 8 0 5.6 1 o 1.1 1.9 o7 5 133 @ DeMar DeRozan bad pass (Kawhi Leonard steals)
s, C it 8 31.0  95¢
pamian Janes € g |4 |98 1182 88 357 445 125 @  Kawnileonard makes dunk o-
varejat, - N - - i
Anderson 56 1m1s @ Giannis Antetokounmpo makes dunk (Jimmy Butler assists) 2-a
tals
T2 110 @ AnthonyDavis misses three point jumper
108 @) LeBronJames defensive rebsund
10z @) LeBron James makes 27-foot three point jumper (DeMar DeRozan assists) 5-4
1051 @  StephenGurry mskes26-fost three point jumper 5-7
10:42 @) JimmyButler makes dunk (DeMar DeRozan assists) F=7
10:20 @  Anthony Davis makes layup 7-2
1002 @  Kyrie Irving makes 25 foot three point jumper (DeMar DeRozan assists)
w00 &

Kewin Durant misses layup

10-9
10:00 @  Kyrie Iving defensive rebound
53 @

o5z @

LeBron James misses layup

Kawni Leanard defensive rebound
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Basketball Data

Data

Year z016-17 E

TEAM LEADERS

Draymond Kevin Durant

\;raymcnd

EVERY SHOT COUNTS 5 S ensor

Shot ) WATCH VIDED

TOTAL SPLITS (“splits G &)

PLAYER PG FPG A[TO PER
Kevin purant, SF . 25.1 1.13 1.70 2.3 1.9 2.1 27.6
stephen curry, PG 0.6 3.7 4.3 6.4 1.65 0.20 i) 2 2.2 24.0
wlay Thempson sG 0.7 3.1 .8 o 0.81 0.48 1.8 1.9 1.1 17.1
praymond Green, PF 1. .8 8.2 3 2.09 1.51 2.3 3.0 3.2 17.2
1an Clark, =le] 0. 2 1.4 0.55 0.12 0.6 1.0 1.8 13.5
4 0.93 0.39 0.7 1.2 4.9 13.0

Andre Igucdala, SF X A .
Javaie McGes, © : 1L 20 a0 02 o2 08 0s 15 04 237
Zaza PEC."U“B, c 2 8 2.4 3.9 6.0 2.0 .95 - 7.4 1.6 15.9
<haun Livingston, PG 1 s 5 0.4 16 1.9 1.7 0.47 PALDING SHOTR
David West, PF Rl EERES 0.6 24 2.7 21 087 s AL STaR G ACKER BALL

. SENSORS ST © =
patrick MeCaw, PG A6 3 12.4 3.3 .2 0.8 1.0 1.0 0.35 E
9 43 53 23 0.8 17 .6 06 030 ~ 1 @ . : NSORS | INSTALLED

st Quarter 5 s :

Kevon Looney, SF 3
James Michae! Meadoa: SF s 0o 81 28 0.4 11 i5  oa 02
e
ariante Weber, PG SR 0.0 0.6 o | | TEAM PLAY
12:00
bamian Jones: © s o 58 M4 0.8 0.8 ja 0o 03 @  Lesronsamesvs. Antno
. 145 Anthony Davis (Stephen G
anderson Vareiao: C Rl 0.8 11 be o7 o2 45 @ Anthony Davis makes 217 e
Totals s6 -~ 1182 88 457 eas 310 gse L33 @ DeMarDeRozenbad e seone
eRozan bad pass (Kawhi
129 whi Leonard steals)
@  KawhilLeonard makes dunk als) .
118 [ B
Giannis Antetokounmpo makes dunk (.
nwo & unk (Jirlhy Butler
o-

Anthony Davis misses thr

108
@) LeBronJames defensi
LeBron James make:

o2 & B 3
o e
- e ni¥imp! - Der 3N assists) |
- < 26-MBt three point jumper i
m
w Butler makes dunk (DeMar DeRozan assist:
ssists)

10:51
@  stepnencurymske
@  Anthony Davis makes layup §
102 4
@ Kyrie lving makes 2 ‘ * .
< 25-fool g " v \
& ) ; LS

1042 @
t thire 0
e point jumper (DeMar DeRozan ass
assists) o

10:00
&  Kevin Durant mi

layup
w000 @
Kyrie Irvi s
ng defensive rebound =

253 @  LeBronJames

< layup

Kawhi Leo
wihi Leanard defensive rebound
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4 - Introduction to the R package
BasketballAnalyzeR
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BasketballAnalyzeR

BasketballAnalyzeR is an R package that accompanies the book:

P. Zuccolotto and M. Manisera (2020) Basketball Data Science - With Applications in R, Chapman
and Hall/CRC. ISBN 9781138600799.

It has been developed by Marco Sandri, Paola Zuccolotto, Marica Manisera (Big&Open Data
Innovation Laboratory BODal-Lab, University of Brescia) and provides functions for analysis and
visualization of Basketball Data.

This web page gives details and information about the package.

DATA SCIENCE SERIES

BASKETBALL
DATA SCIENCE

Supplementary material for the book WITH APPLICATIONS IN R
Codes for reproducing the case studies presented throughout the book with
BasketballAnalyzeR - R code checked under R-3.5.3 for Windows (64 bit)
and for Mac OS X 10.11
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Install R and BasketballAnalyzeR

How to install BasketballAnalyzeR
BasketballAnalyzeR ison CRAN and github.

Step 1 - Installing R
* Download the latest version of R from CRAN

* |nstall R following the instructions of the installer (you can safely use the default settings and just keep clicking Next
until R starts installing)

* |fyou have experienced problems with the installation, read for example here or here

Step 2 - Installing Basketball AnalyzeR
There are three alternative procedures, that can be optionally chosen by the user.

PROCEDURE 1 - STANDARD INSTALLATION FROM CRAN
® OpenR

® \Write install.packages("BasketballAnalizeR") and then press Enter
* Wait until the package is installed
* Toload the BasketballAnalyzeR package, write Library(BasketballAnalyzeR) and then press Enter

® Totestthe package, write example(shotchart) and then press Enter

PROCEDURE 2 - INSTALLATION FROM LOCAL ZIP FILE
* Download the package's zip file

* |nstall it from local zip file {from the R menu: Packages -> Install package(s) from local files ->
BasketballAnalyzeR_0.5.0.tar.gz)

* Wait until the package is installed (it can take several minutes)
* Toload the BasketballAnalyzeR package, write Library(BasketballAnalyzeR) and then press Enter

* Totestthe package, write example(shotchart) and then press Enter

PROCEDURE 3 - INSTALLATION OF DEVELOPMENT VERSION

With this procedure the user can install the |latest version of the package, with the most recent updates in
development version, not yet implemented in the CRAN version of the package.

® OpenR
® \Write install.packages("devtools") and then press Enter

* Todownload and install the BasketballAnalyzeR package, write
devtools::install github("sndmrc/BasketballAnalyzeR") and then pressEnter

* Wait until the package is installed (it can take several minutes)

UNIVERSITY * Toload the BasketballAnalyzeR package, write library(BasketballAnalyzeR) and then press Enter B D S peRTS
OF BRESCIA
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Data
data(package="BasketballAnalyzeR")

Data sets in package ‘BasketballAnalyzeR’:

Obox Opponents box scores dataset - NBA 2017-2018
PbP.BDB Play-by-play dataset - NBA 2017-2018

Pbox Players box scores dataset - NBA 2017-2018
Tadd Tadd dataset - NBA 2017-2018

Tbox Teams box scores dataset - NBA 2017-2018

A Tboxd T e a ms stords 0 x NBA Regular Season 17/18
A Obox & Opponent§ b o x 82 games

scores
A Pboxd Player§ Isaopes Play-by-play: 82 games played by
the Champions, Golden State Warriors
A PbP.BDB Play-by-play data (made available byBigDataBall

www.bigdatalall.con)

A Tadd & Additionalinformation

UNIVERSITY
OF BRESCIA

‘} PbP <- PbPmanipulation(PbP.BDB)

disi


http://www.bigdatab/
http://www.bigdataball.com/

Data
data(package="BasketballAnalyzeR")

1. Teams box scores. In this data frame, called Tbox, the cases
(rows) are the analyzed teams and the variables (columns) are re-
ferred to the team achievements in the considered games.

2. Opponents box scores. In this data frame, called Obox, the cases
(rows) are the analyzed teams and the variables (columns) are re-
ferred to the achievements of the opponents ot the in the considered

games.

3. Players box scores. In this data frame, called Pbox, the cases
(rows) are the analyzed players and the variables (columns) are
referred to the individual achievements in the considered games.

BDsp@rrs (]
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Data
data(package="BasketballAnalyzeR")

4. Play-by-play data. In this data frame, called PbP.BDB, the cases
(rows) are the events occurred during the analyzed games and the
variables (columns) are descriptions of the events in terms of type,
time, players involved, score, area of the court.

5. Additional information. In this data frame, called Tadd, the
cases (rows) are the analyzed teams and the variables (columns)
are qualitative information such as Conference, Division, final
rank, qualification to Playofis.

UNIVERSITY .
UNIVERSITY BDsp@rrs ]



Data

Boxscoregl., 2., 3.) and Additional information(5) are about all the
teamsand players of the 82 games in the regular seasorof the NBA
championship2017/2018

Play-by-play data are relative to the 82 gamesplayed by Gelden
State Wariiiors (the championsgluring the regular season(data made
available by BigDataBall wwwbigdataball.con)

18/19 NBA bexseetesand play-by-play data of Clevéelantl Cavaliers
(17/18) are available at

https : //bdsports . unibs . it/basketballanalyzer/
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Data
data(package="BasketballAnalyzeR")

Variable  Description Tbox Obox Pbox Tadd Variable Description
Team Analyzed team X x X X game_id Identification code for the game
(long name) data_set Season: years and type
team Analyzed team X (Regular or Playoffs)
E}sho;‘t name) date Date of the game
C°‘_‘f?r?n°e onlerence x al ...ab;hl...h5 Five players on the court
Division  Division X .
(away team; home team)
Rank Rank (end season) X . - . o
Plavoff  Plavoff qualificati . period Quarter (> 5: over-time)
yo ayoll qualiication B .
(Yes or No) away_score; home_score  Score of the away/home team
Player Analyzed player < remaining_time ’(I}‘lime left)in the quarter
GP Games Played X X X JINESS
MIN Minutes Played x X X elapsed Time played in the quarter
PTS Points Made X X X (hmm:ss)
W Games won X X play_length Time since the immediately
L Games lost X X preceding event (h:mm:ss)
P2M 2-Point Field Goals ~ x X X play_id Identification code for the play
(Ma(.le) . , team Team responsible for the event
P2A QAPmnt Flelld Goals X X X event_type Type of event
( ttgmptgc) \ assist Player who made the assist
P2p 2-Point Field Goals X X X I . .
) away; home Players for the jump ball
(Percentage) Plaver who blocked the sh
P34 3-Point Field Goals  x  x  x block ayer who blocked the shot
| entered; left Player who entered/left the court
(Made)
P3A 3_Point Field Goals x x % num Sequence number of the free throw
(Attempted) opponent Player who made the foul
P3p 3-Point Field Goals — x X X outof Number of free throws accorded
(Percentage) player Player responsible for the event
FTM Free Throws X P X points Scored points
(Made) possession Player who the jump ball is tipped to
FTA Free Throws x x X reason Reason of the turnover
(Attempted) result Result of the shot (made or missed)
FTp Free Throws x * x steal Player who stole the ball
(Percentage) type Type of pla
OREB Offensive Rebounds X x hot g‘Pt FYFl)d 1 I?L('yd' " from the basket
DREB Defensive Rebounds X X X i _S ot_ais e}nge 1e S 10ts: 1_5 ance lom € haske
AST Assists « % w original_x ; original_y; coordinates of the shooting player
TOv Turnovers % % % converted_x ; converted_y original: tracking coordinate system
STL Steals x x x half court, (0,0) center of the basket
BLK Blocks X P X converted: coordinates in feet
PF Personal Fouls X P X full court, (0,0) bottom-left corner
PM Plus/Minus X X x description Textual description of the event

Variable Description
periodTime Time played in the quarter (in seconds)
totalTime Time played in the match (in seconds)
playlength Time since the immediately preceding event
(in seconds)
ShotType  Type of shot (FT, 2P, 3P)
oppTeam  Name of the opponent team

BDspQRTSs E
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R script

bdsports.unibs.it /| basketballanalyzer /

B i e e
July 2019

The following R code allows to replicate all the analyses and examples

in the book "Basketball Data Science" (by P. Zuccolotto and M. Manisera),
forthcoming as a CRC Press publication.

It is based on the "BasketballAnalyzeR" package developed with M. Sandri.
See

https://bdsports.unibs.it/basketballanalyzer/

for further explanations and updates

HHHHHHH AR AR

HHHHHHFHFHR®

rm(list=1s())

# install.packages("devtools", repos="https://cran.stat.unipd.it/")
# devtools::install github("sndmrc/BasketballAnalyzeR", force=TRUE)
library(BasketballAnalyzeR)

HHHHHHH AR AR AR AR A
HHHHHHHHAHAHAA AR AR A A
# CHAPTER 2 #
# Data and Basic Statistical Analyses #
HAHHHAA BTN AR AR A A A AR
HAHHHAA BTN AR AR A A A AR
#data(package="BasketballAnalyzeR")

#PbP <- PbPmanipulation(PbP.BDB)

HHAHAHAA AR A AR
# 2.2 BASIC STATISTICAL ANALYSES
HHAFARAARHAAAA A AR AR

feacacaaassasasosassssd

# 2.2.1 Pace, Ratings, Four Factors
feacacaaassasasosassssd
rm(list=1s())

tm <- c("BOS","CLE","GSW", "HOU")
selTeams <- which(Tadd$team %in% tm)
FF.sel <- fourfactors(Tbox[selTeams, ], Obox[selTeams, ])

UNIVERSITY plot(FF.sel) )
OF BRESCIA EEDS[)RTS E
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