UNIT 1. Did LeBron James Choke in the Playoffs?
Exploring Categorical Data

In the 2008 playoffs, NBA basketball star LeBroméa of the Cleveland Cavaliers was
criticized in the media for not performing up t® hisual standards. Was this a fair criticism or
was the media being too harsh?

To begin to answer this question, we need to coenpiarperformance in the playoffs with his
performance in the regular season. There are mvayyg to assess a basketball player’s
performance, such as points, rebounds, assistgvers, and shooting percentage. Many of the
articles during the 2008 playoffs focused on hig &hooting percentage, so that is what we will
focus on as well. Specifically, we will focus ois lthree-point shooting percentage and ask:
“Did LeBron James’ three-point shooting ability degse in the playoffs?”

In each unit of this course, we will open with ateresting sports question and then attempt|to
answer it with an investigative process that inesl¥our components:
1. Formulating Questions
2. Collecting Data
3. Analyzing Data
4. Interpreting Results

These four components are discussed in great dettie document “Guidelines for Assessment antiuoson
in Statistics Education” which is endorsed by theekican Statistical Association. For more inforinatsee:
www.amstat.org/education/gaise/

To answer the question “Did LeBron James’ threexpsinooting ability decrease in the
playoffs?” we need to collect some relevant da#tacording towww.basketball-reference.com
LeBron James made 31.5% of his three-point attemgtee 2007-2008 regular season.
However, in the 2008 playoffs, he only made 25.7%i® three-point attempts (18 made shots
in 70 attempts).

Graphing Cateqgorical Data

To begin the analysis of the data, we will leafewa different ways to visualize it using graphs.
In fact, looking at graphs of the data should alsvag the first step of any data analysis. Itis
also one of the best ways to communicate the dditeother people.

Data such as these are calbategorical datg since the outcomes fall into categories. For
example, in basketball the result of a shot istagmical variable (made or missed). In baseball,
the outcome of an at-bat is a categorical varifite out, walk, etc.) Other types of data are
callednumerical data, since the outcomes are numerical in nature (tartte a golf ball

travels, the number of rebounds a person has, etc.)



There are several ways to graph categorical datsimple way is with a pie chart. Here are two
pie charts, one for LeBron’s three-point performamcthe regular season and one for LeBron’s
three-point performance in the playoffs.

Three-Point Shooting Percentages for LeBron Jag@®33|

Regular Season Performance Playoff Performance

Missed Missed
68.5% 74.3%

When making pie charts, especially when making @mspns, it is important to clearly label
each chart, each category, and use consistenscdkar example, in both pie charts the same
color should be used to represent a made shob, &is pie charts should be the same size for
easy comparisons.

Finally, the charts should not violate the areag@ple. Thearea principle says that the area
representing each category should be proportionidle number of observations in that category.
A common type of pie chart that violates the Aread?ple is a 3-D pie chart such as the one
below. In this chart, the proportion of the chthst is colored purple is way more that 68.5%
because of the 3-D view. So, avoid the temptatomake fancy looking graphs—they can be
deceptive!



Three Point Shooting Percentage for LeBron Jan&33(2

Playoff Performance

Missed -

74.3%

Because of this edge,
the proportion of the
graph that is colored
purple is much
greater than 74.3%

A rectangular version of a pie graph is calledgnsented bar chart. Instead of dividing an area
of a circle into regions proportional to the date, divide a rectangle instead. This is much
easier to do by hand and allows the graphs tolibiéeacloser together and easier to compare.
Remember not to violate the area principle by mgkine bars look 3-D!
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The final way to graph categorical data is withea ¢hart. In this type of chart, each category is
given it's own bar and the height of the bar cquoesls with the proportion of observations in
that category. When comparing distributions, ieially important that thproportionin each
category is displayed (rather than the number eéplations in each category) so the graphs are



on the same scale. Here is a comparative bar shawing LeBron’s distributions for the
regular season and for the playoffs.

Three-Point Shooting Percentages for LeBron Jag@®33|
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Note: All of these graphs were made using MicitoBgtel. Please see the Appendix for further tetai
how to construct these types of graphs.

Modeling Athletic Performance

Looking at the graphs, a simple and straight fodaanclusion is easy to draw: LeBron James
did shoot worse in the 2008 playoffs that he dithimregular season. However, this only
focuses on LeBron’Berformancen the playoffs. It doesn’t tell us if hisbility also decreased.

Understanding the difference betweadnility andPerformancds central to any sophisticated
analysis of sports data and will be the foundatibeach unit in this course

Consider a simple example: A basketball playar39% free-throw shooter. Suppose that
during a game she gets fouled while attemptindgntmsand is awarded two free throws. When
she steps to the line, she misses both of thenes ros mean that hébility as a free throw
shooter has decreased from 50% to 0%? Of coutselias simply illustrates a fact that every
athlete has experienced at one time or anotRerformanceasn’t the sameasAbility.

In this course, we will use the following model wiheddressing the issue Pérformanceversus
Ability:

Performance = Ability + Random Chance



A model is simply a way to represent a particulaerqpmenon. In this case, we are trying to
represent—or model—an athlet®srformance
» Performancas what an athlete actually does in an athletitest or series of contests.
This is what is typically referred to as an athketsatistics.
» Ability is a concept that imagines what an athlete woald diven an unlimited number
of opportunities at a specific point in the athletareer.
» Random Chances an acknowledgement that there is variabilitgtimleticPerformance
In other words, even in identical conditions, atigafar athlete’erformancewill not
always be the same.

To illustrate these concepts, let’s return to tkeneple of the 50% free throw shooter. The 50%
in this context refers the shooteRbility. To say that the shooteigility is 50% means that if
this shooter were to be given the opportunity ke tats and lots of free throws, she should
expect to make about 50% of them.

To simulate this shooterRerformancewne can flip a coin letting heads represent a nfigse
throw and tails represent a missed free-throwssuisng it is a fair coin, the coin has Wbility
to land on heads 50% of the time just like the sfiobas thé\bility to make 50% of her free
throws. Of course, th&bility to land on heads 50% of the time does not guagahtg the
results of a series of coin flips will be exactly%s.

For example, here are the results of 10 consecilipgeof a fair coin:
HHHTHTHHHH

As you can see, tHeerformanceof the coin was 80% heads even whenAhgity of the coin to
land on heads was only 50%.

Here are the results of another 10 consecutive:flip
TTTHHTHTTT

In this case, thPerformanceof the coin was only 30% heads. This highlighte of the most
important factors in any statistical analysis: thie ofRandom ChanceBelow are the results of
100 sets of 10 consecutive coin flips. Each dptegents the proportion of heads in a particular
set of 10 flips.
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As you can see, the coinPerformancewnas exactly 50% in only 21 of the 100 sets.
Furthermore, in some cases Berformanceof the coin was quite different than 50% (in 3lod
sets, the coin’®erformancewvas only 10% heads).

However, 10 flips (or 10 free throws) is not vergmy attempts. If we were to flip a coin many
more times, itferformancewill typically be much closer to it&bility.

Here are the results of 100 consecutive flips abia:

HHHHTHHTHTHT
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—— -
—— -
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—— -
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For this set of 100 flips, the coinPerformancevas 46% heads (not very far from 50%).

Here are the results for 100 sets of 100 coin.fligach dot represents the proportion of heads in
a particular set of 100 coin flips.
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As you can see, when flipping a coin 100 time$&#gsformancas typically much closer to its
Ability than when we flipped the coin only 10 times, etlmugh the coin’$erformancevas
rarely exactly 50%.

Relating this to sports, in the long-run, an atikPerformanceshould be very similar to his or

herAbility. However, in a small number of trials (shotshats, passing attempts, shots on goal,
etc.), an athlete’Rerformancecan vary quite a bit from his or ha&bility.

Back to LeBron

We are now ready to address the question thaedtdre unit: “Did LeBron James’ three-point
shootingAbility decrease in the playoffs?”

Although it is impossible to know LeBron’s trédility, we will assume his trugbility to make
three-point shots is 31.5%, which was his percenbaghe regular season. What we want to
know is how much variability we should expect tonr@fromRandom ChanceTo find out, we
need to simulate 70 shots (the number of threetdiempts LeBron had in the playoffs)
assuming he has a 31.5% chance of making eaclftebatame success rate as the regular
season). Since there is no coin that will landheads 31.5% of the time, we need another way
to represent LeBron’s shots.

One way to do this is with a spinner. Below igmser with 2 regions: one with an area of
31.5% (representing a made shot) and the otheramittrea of 68.5% (representing a missed
shot).



To simulate LeBron’s playofPerformancewe will spin the spinner 70 times and keep traick
the number of shots made. Here is one examplerf¥aee the shot, N = did not make the shot):

NNNYN YNNNN YNNNN NNNNY YNYNN YYNYN NYNNN
YNNNY NNNNN YYYNY YNYNN YYYYY NNYNN NNYNN

In this example, LeBron made 25 of 70 three-pdiuts which is 35.7% . HBerformancewvas
slightly better than hig\bility and certainly better than Hierformancen the actual 2008
playoffs (25.7%). Of course, this result is juse@ossibility for a shooter with a 31.58bility

to make three-pointers. To see what other reaudtpossible, we can do many more sets of 70
spins. Each dot in the plot below represents thieame of a series of 70 shots for a 31.5%
shooter. In other words, each dot represents addtl havehappened in the 2008 playoffs
LeBron’sAbility stayed the same as in the regular season.

Simulated Distribution oProportion of Made Shots
in 70 Three Point Attempts
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Even though we assumed LeBron James has a 3y to make three-pointers for each set
of 70 shots, hi®erformancevaried quite a bit (from 17% to 46%). This illtedes what can
happen in a short series of games such as the2ap&fs.

In the graph above, the red dots represent sé8 shots where LeBronRerformancewvas
25.7% or less, which was his act&arformancean the 2008 playoffs. Since 20 of the 100 the
dots are red, we can conclude that shooting 25s7/BOT an unusual outcome. In fact, we
would expect him to shoot the same—or worse—in ahaut of every 5 playoff appearances
even if hisAbility remained a constant 31.5%.

So, we are finally able to answer the question gpasehe beginning of the unit, although it may
not be a very satisfying answer. We asked “Did logBlames’ three-point shootiAdpility
decrease in the playoffs?” Our analysis tellshas while it is clear that hiBerformancewvas
lower than hidAbility, it is quite possible that hability didn’t decrease and the sub-par
Performancevas due tdiRandom Chanceln other words, we do not have convincing evaden
that hisAbility decreased.

A quick word of caution: saying that we don’'t haavincing evidence that WMsility

decreased is NOT the same as saying thallgy has stayed the same. For example, consider
a man on trial for murder. If there is not conwngcevidence that he is guilty, the jury must
declare that he is not guilty. This does not mbanthe defendant is innocent of the crime, it
just means there is not enough evidence to cohinct Similarly, it is possible that LeBron’s
Ability did decrease in the 2008 playoffs, but not endaghs to have convincing evidence of

the decrease.

This conclusion brings up a new question: Whatld/twe convincing evidence that LeBron’s
Ability has decreased? Looking at the graph abovepdtssible that LeBron could shoot as
poorly as 17% even when MAdility remained at 31.5%. Thus, aRgrformancdower than

17% would be fairly convincing evidence that the jeercentage is due to something more than
Random Chaneeit would indicate that higbility to make three-pointers really did decrease in
the 2008 playoffs.

Even though we have already exonerated LeBron Jaomashe criticisms he faced in the 2008
playoffs, there is another factor that we ignoredur analysis that works in his favor. During
the playoffs, the opponents faced are, on avetsgeer than the opponents faced in the regular
season since only the better teams make the ptay8#, it wouldn’t be surprising at all to find
that a player’s playofPerformancewas slightly worse that his regular seaBemformance
Adding this factor to the previous analysis giveBton another reason not to worry.

Conducting Simulations with Technology

Using a spinner to simulate 70 shots can be a t#illious, especially when you want to do many
sets of 70 shots. Fortunately, we can use tecggdthelp us make this process a little easier.



One way to do this is with a random number generadorandom number generator works like
drawing numbers out of a hat. For example, supgoséiad 10 ping pong balls in a hat and
each had a number from 0 to 9. Then mix up this bddaw one out at random, write the
number down, and replace the ball. Then repeaftfticess over and over again. The results
may look something like: 944783920394... If a randammber generator is working correctly,
then each number has an equal chance to show agieen draw regardless of what numbers
were drawn previously. In statistical languageés theans that each number is independent of
the others.

To simulate LeBron JameAbility to make three-pointers, we can use the numbe@9Q-1If a
number from 1-315 comes up, this will representin@k three-pointer and if a number from
316 to 1000 comes up, this will represent missitig@e-pointer. This way, there is still a
31.5% chance LeBron will make a three-pointer, Whscwhat we assumed Hdbility was
based on his regular season statistics.

On the TI-84, we can generate random numbers tisenBandom Integer command. Press
Math: Prb: 5 Randint:

: Fandiarme
rirandBind

For example, entering Randint(1,1000) will geneeagingle integer from 1 to 1000.

randIntcl. 1H8A
. 134

Doing this repeatedly can produce results sucheset Of course, your calculator will probably
give you different random numbers!
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FandIntol. 18688
1 3@A| «—— Madesho
T549| <—— Missed shot
29[| <—— Made shot
Z2E| <— Made shot
52| <— Missed shot
142| <—— Made shot

|

If we want to generate 70 integers at a time wel@venter Randint(1,1000,70). Rather than
having all 70 numbers scrolling across the homeestrit may be easier to store these values to
a list by entering the command RandInt(1,100670). The arrow can be found just above the
On button (it is called Sto for store). L1 is theme of a specific list and can be found by
pressing the® button followed by the number 1.

andInt{l. 18688, 7
pE I
298 285 215 43.

FrandIntcl., 18868, 7 -
Aol 5}
i
[ |

To view the list, press the Stat button and pregerg&o choose Edit. This will display the first 3
lists: L1, L2, and L3 (scrolling to the right wikkveal 3 more).

_EHLE TESTS L1 Lz L= z
it
?: Sortht N
3% SortDr i
JiClrlist £3q
S:SetlrEditor gﬂ

Lzii=

Scrolling down this list will reveal all 70 randomumbers. To find out how many he made,
simply count how often the numbers 1-315 showethupe list.

To make the counting easier, it is possible to adidt so the numbers are in order. To do this,
press Stat and scroll down to SortA. This willtgdbe chosen list in ascending order (smallest to
largest). For example, entering SortA(L1) willtsthre values in list 1 from smallest to largest,
making it much easier to count the number of maubss

11



%EEg_EHLE TESTS SortACL1 2
sbEdit... Oone

SaortAL

s SortOc
d:ClrList
a:SetUrEditaor

L1 Lz L z L1 Lz L 1
zE o ______ zB7

4z 206

£7

CE]

9z *CH

it 3P0

13t El:

Lziii= L1018 =34

Note: Since the largest random number less thaqual to 315 was in the i osition
in the list, we can tell that LeBron made 19 of fieshots in this trial.

Another way to generate random integers is onrttegnet:http://www.random.org/integers/

Example: Ervin Santana, 2007 Los Angeles Angels

At the beginning of the 2007 season, fans of the Aisgeles Angels were excited about the
prospects of one of their young pitchers, Ervint8aa. In 2005 Santana won 12 games while
losing 8 (12-8) and in 2006 he improved to 16 vénd 8 losses (16-8). However, in 2007 he
took a big step backwards winning only 7 gamesevaising 14 (7-14).

As always, we begin our analysis with a graph:

12
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It is obvious that hi®erformancan 2007 was worse than expected, but did Santaialgy to
win games decrease in 2007? To continue our @ealys need to make an assumption about
Santana’#bility to win games. Based on his 28-16 W-L record in $&asons in the major
leagues, we will assume he has Mmlity to win 64% (28/44) of his games. Of course, ihis
really just arestimateof his trueAbility, but it is the best estimate we have.

Next, we need to simulate Santana’s 21 games iAG8& season. Using random numbers from
1 to 100, we will let 1-64 represent a win (sinea@na had a 64% chance of winning) and 65-
100 represent a loss. Now, we will generate 2@lgeanmnumbers from 1 to 100 to represent one
possible season:

24 W 35 W 94 L 44 W 73 L 1I5W 11W
33 W 40 W 26 W SW 65 L 4 W 36 W
11w 92 L 100 L 70 L 30 W 31W 91L

In this simulated season, Santana won 14 gamekosinoinly 7, which was much better than his
actualPerformancen 2007 (7 wins and 14 losses).

To finish the simulation, we need to repeat thcpss many times to see how unusual it would

be to win only 7 games in 21 decisions. Here laeaé¢sults of 100 simulated seasons, assuming
a 64%Ability to win games:

13
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Note: In this exampléumber of Winss recorded instead of tiRercentage of Wins.
The graphs would look identical, except for theesca the x-axis.

In 100 simulated seasons, the wdétstformancevas 9 wins and 12 losses. In 2007, Ervin
Santana was still 2 wins short of even the lowaiievwe got byrRandom ChandeThis analysis
indicates that it wasn’t juftandom Chancthat caused SantanaRerformworse than
expected. Rather, we must conclude thafbidity to win games had decreased in 2007.

Still, we need to be careful about rushing to bl&@aatana. There are many reasons why his
Ability may have decreased. It may have been poor coniditj or a poor mental approach
during the 2007 season. However, it could have l@eundisclosed injury (many young players
try to “tough it out” so as to not look wimpy orske their place in the lineup) or it could have
been poor support from his teammates. After @ayin games the offense needs to score runs
and the defense needs to make outs. It is poskélie¢he Angels as a team were less supportive
in 2007 than in the previous two seasons.

Connections: Looking Forward...Looking Back

In every unit of this course there will be a settitedicated to making connections with other
parts of the course, both in the past and in thedu Since this is unit 1, we can’t really look
back! However, we can look forward to future units

A recurring theme in future units will be our modie athleticPerformance

Performance = Ability + Random Chance
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We will continue to use this model as a basis forsamulations and a way to explain the
variability we see in athletiberformances

Also in the future, we won't limit ourselves to cparing a single categorical variable to an
assumed value. We will also learn how to comparedategorical variables with each other
(such asVinning Percentage at Honws. Winning Percentage on the Rgalow to compare
two quantitative variables (such Rsns Scored with a Designated Hittes: Runs Scored
without a Designated Hitt¢rand how to analyze relationships between vaglduch as
Average Driving DistancandScoring Averagén the LPGA).

Stats 101: The Traditional Approach

In every unit of the course there will also be etisa dedicated to making the connection
between what we learned in the unit and how it miighpresented in a more traditional statistics
course. This way, things won't look so differeigou have ever taken another statistics course
or if you may take another statistics course inftitere. Remember, the reasoning is the same,
it's just that some of the vocabulary and methody ve different.

For example, in a traditional statistics courseingmortant distinction is made between a
parameter and a statistic. parameter is the true value of some quantity, such as themme
weight ofall US college students or the true proportiolbtUS high school students with a
tattoo. Unfortunately, without doing a censush# éntire population, parameters are generally
unknowable. Instead, we take a sample of the jadipnl and calculate statistic—an estimate

of the true mean weight or true proportion witlatido. This estimate will probably not be
exactly correct, but it should be reasonably clbsee collect data in a proper way.

Hopefully this sounds somewhat familiar. In therMaf sports, the true value (parameter) we
are interested in is an athlet&bility. Like other parameters, we can never know aretgls|
true Ability since we can never fully eliminate the effectkahdom ChanceHowever, to
estimate an athlete&bility we can use his or h@erformancegust like we use data from a
sample to estimate a parameter. This also meahsui estimate of an athletéility is also
probably not exactly correct, but reasonably closte truth.

Another concept we covered in this unit is tasv of Large Numberswhich says that our
estimates will typically be closer to the truth whge have a larger sample of data. Quoting
from earlier in the text: “Relating this to spoiitsthe long-run, an athleteRerformanceshould
be very similar to his or hebility. However, in a small number of trials (shotshats, passing
attempts, shots on goal, etc.), an athlddgdormancecan vary quite a bit from his or her
Ability.”

Finally, simulations are not the only way to estienow likely it is to see certain events such as
LeBron James making 25.7% or fewer of his threevygos. The Binomial Distribution is one
way to calculate the probability of this kind oftoome (see box below). Another way is to
approximate the Binomial Distribution with a Norniiktribution and do a “One sampdest

for a proportion” also called a “one proportiptest.”
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MATH NOTE: The Binomial Distribution

Instead of using simulations to estimate the proipathat a basketball player makes a certain
number of shots, we can use the Binomial DistrdyutiTo use this distribution, 4 conditions
must be satisfied:

1. There are a fixed number of trials (in the caskaBron James, a fixed number of shots:

n=70)

2. There are only 2 outcomes for each trial (in tlse; he either makes the shot or he
doesn't)

3. Each trial is independent (in this case, this melaaisthe probability he makes a shot is
affected by the results of previous shots. Whetherot this is a safe assumption is
investigated more thoroughly in unit 3)

4. The probability of success remains the same (gdase, we assume that Alility to
make three-pointers is not changing and alwaysle@1a5%)

If these conditions are all satisfied, then thebptulity a player makes x shots is given by the
following formula where p = the probability of sess and n = the number of attempts.

P(X =X :(Zj p(1- P~ Where(nJ -_m

x) x{(n-2x!

For example, to find the probability that LeBronkes exactly 20 three-pointers in 70 attempts

we would calculate:

0-20

P(X = 20)=(;gj 0.31%°( + 0.31p = 0.091

To do this calculation on the TI-84, press DISTE {2ARS): 0 binompdf(70, .315, 20)

R binorFdf (78; . 313
N Ipdfl i .A911895761

birnomEdf s
binomcdf

The TI-84 and many computer software packages lsarrandomly generate values from a
binomial distribution. For example, to simulate tiumber of shots LeBron makes in 70
attempts on the TI-84, go the Math:Prb menu andrd®andBin(70,0.315). The output of this
command will be the number of made shots in 70rgite. This is a much quicker, but more
abstract, method than spinning a spinner 70 timéso&ing at 70 random numbers.

D
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For Practice

1. In the 2007 season baseball player Alex Rodadut 54 homeruns in 583 at-bats. In the
2007 playoffs, he hit 1 homerun in 15 at-bats. Bls@ppropriate graphical display to compare
thesePerformances Make the display by hand or use computer soéwar

2. Over his career in the regular season, hockaikgeper Patrick Roy saved 25,807 shots in
28,353 attempts. In his career in the playoffssdned 6565 shots in 7149 attempts. Use an
appropriate graphical display to compare tHeésdormances Make the display by hand or use
computer software.

3. Over his football career, quarterback Peytomiiag has completed 64% of his pass
attempts. Explain how you would simulate a fodtbame where he makes 34 pass attempts.
Give an example of one simulated game.

4. In 2008, golfer Annika Sorenstam had a drivaeguracy of 71%. That is, on par 4 and par 5
holes, her tee shot landed in the fairway 71% eftitme. Explain how you would simulate a
round of golf where she attempts 15 drives. Givexample of one simulated round.

5. Here are the results of 100 simulated footpathes where Peyton Manning attempts 34
passes, assuming he hasAldity to complete 64% of his passes. Note: The Nurober
Completions is recorded here instead of the peagendf completions so the values on the
horizontal axis will be integers.

Simulated Distribution oNumber of Completions
in 34 Attempts
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a) In the 100 simulated football games, what was MagisibestPerformanc€ Worst
Performance@
b) In this context, explain the difference betwdsdiility andPerformance
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Suppose that in his first actual game next seasamiMg attempts 34 passes and
completes 25 of them. Would this be a surprigtegformanc@ Explain.

Suppose that he completed only 10 of his 34 attemgtis first actual game next season.
Would this be a surprisingerformanc@ Explain.

What actual outcomes would lead you to believe Meining’sAbility had changed?
Based on the results of this suppose that you deébat Manning’$Ability has changed.
What are some possible causes of this change?

6. Here are the results of 100 simulated roundptifwhere Annika Sorenstam attempts 15
drives, assuming she has #higility to hit 71% of her drives in the fairway. NoteheTNumber
of Completions is recorded here instead of thegragage of completions so the values on the
horizontal axis will be integers.

Simulated Distribution oNumber of Drives in Fairway
in 15 Attempts

-| 00000 00000000000
-| 00000 0000000000 COO0O 00000000
-| 0000000

'5 - 0000000000 CO000 0000
K\) - 0000000000 00000

8
Number of Drives in Fairway

In the 100 simulated rounds, what was Sorenstagstaerformanc@ Worst
Performance@

In this context, explain the difference betwednlity andPerformance

Suppose that in her next actual round Sorenstaampts 15 drives and lands 12 of them
in the fairway. Would this be a surprisiRgrformanc@ Explain.

Suppose that she lands only 5 of her 15 drivekarfdirway in her next actual round.
Would this be a surprisingerformanc@ Explain.

What actual outcomes would lead you to believe 8maenstam’&bility had changed?
Based on the results of this suppose that you debat SorenstamAbility has changed.
What are some possible causes of this change?

7. Suppose that a high school volleyball playex made 85% of her serves so far this season.
In a particular match, she only makes 5 of herek@es and is criticized by her coach. Is the
criticism deserved? Use the methods of this enfibtmulate a response.
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8. Suppose that a high school basketball playgniede 60% of his free throws this season. In
a particular game, he only makes 1 out of 5 amtliticized by his coach. Is the criticism
deserved? Use the methods of this unit to forrawdatesponse.

9. Returning to the LeBron James example fronbdginning of the unit, suppose that he
attempted 210 three-point shots in the playoffstéad of 70) and made 54 (instead of 18). This
results in the same shooting percentage as thal&008 playoffs (25.7%). Assuming LeBron’s
Ability is still 31.5%, how likely is it for hi®erformanceo be 25.7% or lower? To help answer
this question, 100 trials of a simulation were amtdd. For each trial, 210 shots were simulated
assuming that there is a 31.5% chance of makinig gaat. Then, the proportion of made shots
was recorded.

a) Based on the results of the simulation below, po#sible that LeBron’Ability stayed

the same and his poBerformancewas just due to random chance? Explain.

Simulated Distribution oProportion of Shots Made
in 210 Three Point Attempts
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b) How did the increase in the number of attemptsffit® to 210) change the chances that
LeBron makes 25.7% or fewer shots?

c) Based on your answer to (b), what would you corelaigout LeBron’s ability if he made
only 257 shots in 1000 attempts?

For Investigation:

Using a website such asvw.baseball-reference.coamd the methods of this unit, investigate if
a certain player performs better (or worse) inipaldr circumstances (such as the playoffs or
against a certain team). Simply enter a playensenia the search box. Once you have found
that players home page, you will see all sortgatistics, including regular season and playoffs.
Clicking on “splits” will break down the player’'satistics into many subcategories.
Other similar websites include:

* www.pro-football-reference.com

* www.basketball-reference.com

* www.hockey-reference.com

* www.sports-reference.com/olympics/
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Making Pie Charts on Microsoft Excel:
Using LeBron’s Regular Seas@erformancg31.5% Made and 68.5% Missed):

1.

5.

6.

Enter the data so it looks like the following:

A B
1 315 Made
2 68.5 Missed

Highlight the numbers in column A and press ther€Wazard Icon or open the Insert menu and
choose Chart. This will open up the Chart Wizard.

Choose Pie from the list of Standard Types andcs#ie first chart sub-type. Press Next.

In step 2, select the Series Tab at the top attikibhox for Name, enter “Regular Season
Performance”. Also, in the box for Category Labekse your cursor to highlight the cells in
column B (Made, Missed). Press Next.

In step 3, select the Data Labels Tab and check#tegory Labels and Percentage boxes. Press
Next.

In step 4, press Finish.

Here is what your graph should look like:

Regular Season Performance

Made
32%

O Made
B Missed

Missed
68%

Making Segmented Bar Charts on Microsoft Excel:
Comparing LeBron’s Regular Season Performance 8hfade, 68.5% missed) with his Playoff
Performance (25.7% made, 74.3% missed):

1.

Enter the data so it looks like the following:

A B

1| 315 25.7
2| 685 74.3
3 | Regular| Playoffg

Highlight the numbers in rows 1 and 2 and pres$inart Wizard Icon or open the Insert menu
and choose Chart. This will open up the Chart Wiza

In step 1, choose the first Standard Chart typduf@o) and the third Chart sub-type (100%
stacked column). Press Next.

In step 2, select the Series tab at the top. W8elges 1 is highlighted, enter “Made” in the Name
box. Now, highlight series 2 and enter “Missedthie Name box. At the bottom, in the box for
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6.

Category (X) axis labels, use your cursor to higtlthe names in row 3 of the spreadsheet.
Press Next.

In step 3, enter “LeBron’s Performances” in thdeTRox and “Percent” in the Value (Y) axis
box. Choose the gridlines tab and turn the gridlioff. In the Data Labels tab, check the boxes
for Series Name and Value. For the Separator,sghblew Line. Press Next.

In step 4, press Finish.

Here is what your graph should look like:

LeBron's Performances

80% -

60% 1 B Missed
40% A OMade

Percent

Made
315

20% -

Made
25.7

0%

Regular Playoffs

Making Comparative Bar Charts on Microsoft Excel:
Comparing LeBron’s Regular Season Performance 8hfade, 68.5% missed) with his Playoff
Performance (25.7% made, 74.3% missed):

1.

6.

Enter the data so it looks like the following:

A B

1| 315 25.7

2| 68.5 74.3

3 | Regular| Playoffg

Highlight the numbers in rows 1 and 2 and presiart Wizard Icon or open the Insert menu
and choose Chart. This will open up the Chart Wiza

In step 1, choose the first Standard Chart typéuf@o) and the first Chart sub-type (clustered
column). Press Next.

In step 2, select the Series tab at the top. VW8elges 1 is highlighted, enter “Made” in the Name
box. Now, highlight series 2 and enter “Missedthie Name box. At the bottom, in the box for
Category (X) axis labels, use your cursor to higtlithe names in row 3 of the spreadsheet.
Press Next.

In step 3, enter “LeBron’s Performances” in thdeTRox and “Percent” in the Value (Y) axis
box. Choose the gridlines tab and turn the gridiaff. In the Data Labels tab, check the boxes
for Series Name and Value. For the Separator,sghblew Line. Press Next.

In step 4, press Finish.

Here is what your graph should look like:
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LeBron's Performances

) Missed
80 Missed 743

685
70 -

60 -
50 - Made

40 | 315 Made
30 | 257
20 -
10 -

O Made
B Missed

Percent

Regular Playoffs

Note: If you double click on the graph, you caamye other aspects of the display, including coletis
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