Reality Math

Dot Sulock, University of North Carolina at Asheville

Basketball Probability

1.  Hack-a-Shaq and the Probability Tree

In December 2000, Shaquille O’Neil had a season free-throw shooting percentage of 38% and opposing teams sometimes employed the strategy of fouling him every time he got the ball.  This strategy came to be called “Hack-a-Shaq,” and later, less poetically, “Hack-a-Rodman” when Dennis Rodman had the same low free-throw shooting percentage.   Let’s learn how to determine the probability that a 38% free-throw shooter will make 0, 1, or 2 free throws if the player gets two opportunities.
A probability tree will help think about this.


                                    miss 0.62                make 0.38
                                                                                           miss 0.62
                make 0.38

                                make 0.38                  miss 0.62

The lowest sun at the bottom of the tree represents the first shot of the player.  The probability of making is 0.38 and of missing is 0.62.  The left branch represents making and the right branch missing.  So 38% of the time Shaq would make the first shot and get to the top left sun which represents the outcomes of the second shot after making the first shot.  

We need to assume that Shaq is unaffected by success on the first shot and is still a 38% free throw shooter on the second shot.  That assumption is called independence.  Independence would mean that the probabilities stay the same for the second shot and do not depend on the success or failure of the first shot.

Now 38% of the time Shaq will make the first shot, and 38% of that 38% of the time Shaq will make the second shot also. So what is 38% of 38%?  What does the “of” mean in that question? Should we add, subtract, multiply, or divide to find the answer?  Let’s answer that question by thinking of an easier example. 

1.  
(a)  What is 
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(b) 
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(c) 
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(d) 
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(e) 
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How many ½’s in ½?


(f)  So to find 
[image: image6.emf]








   

1

2

of

1

2

, should you add, subtract, multiply or divide?

“of” usually means multiply in math
2.  
(a)  Determine the probability that Shaq will make both shots, 



by finding 38% of 38%.

 
(b)  Find the probability that Shaq will miss both shots.
The probability that Shaq will make one shot can be determined in two ways.  

First off, how much probability is left?  You can find the probability of making one shot by subtracting the probabilities of “missing both” and “making both” from 100% since one of these three things must happen:  miss both, make one, or make both.  



(c)  Find the probability that Shaq will make exactly one shot by 



subtraction.

Alternatively you can add the probabilities for miss then make and make then miss.  



(d)  Find the probability of miss then make



(e)  Find the probability of make then miss



(f)  Find the probability that Shaq will make exactly one shot by



adding the probabilities in (d) and (e)
These two methods must give you the same answer!



(g)  Are your answers to (c) and (f) the same?



(h)  Do the probabilities of “miss both,” “make both,” and “make one”




add up to 100%?

3.  For Shaq’s two free throws 


(a) were “miss both,” “make one,” and “make both” equally likely?  


(b) Which is most likely?
LeBron James has a career free-throw percentage of 75%

4.  If LeBron has two free-throws, what is the probability of



(a) making both



(b) missing both



(c) making exactly one


(d)  Do these three probabilities add up to 100%?
Back to the Shaq story.  The Lakers hired Ed Palubinskas, a 99% free throw shooter, to coach Shaq and Shaq improved to a 68% free throw shooter toward the end of the season.  Wow!  Remember that it is possible to improve at something you haven’t been good at!

5. In this improved state, when Shaq had two free throws to attempt, what was his 
likelihood of 



(a) making both 



(b) missing both  



(c) making one 



(d)  Do these three probabilities add up to 100%?


2.  One-and-One Probabilities 


In college basketball, when a team has had 7 fouls in a half and makes another foul (on a player not in the act of shooting), the fouled player has a “one-and-one” free throw shooting opportunity.  If the player makes the first shot, he or she gets a second shot.  If the player misses the first shot the free throw opportunity ends.
Tyler Hansbrough of UNC-Chapel Hill at one point in 2009 had made 733 of 945 attempted free throws playing for Chapel Hill giving him a 77.6 % free throw shooting percentage.

          0.224




0.776


                        0.776             0.224                                                          


6.  Hansbrough has a one-on-one free throw shooting opportunity.  



(a) What is the chance that he will miss the first shot?  



(b) What is the chance that he will make the first shot and miss the second 


shot? 



(c) What is the chance that he will make both shots?



(d)  Do all these three probabilities add up to 100%?

3.  Free-throw Shooting in the NBA
“Since the mid-1960s, college men’s players have made about 69 percent of free throws. In 1965, the rate was 69 percent. This season, as teams scramble for bids to the N.C.A.A. tournament, it was 68.8. It has dropped as low as 67.1 but never topped 70.

In the National Basketball Association, the average has been roughly 75 percent for more than 50 years. Players in college women’s basketball and the W.N.B.A. reached similar plateaus — about equal to the men — and stuck there.

The general expectation in sports is that performance improves over time. Future athletes will surely be faster, throw farther, jump higher. But free-throw shooting represents a stubbornly peculiar athletic endeavor. As a group, players have not gotten better. Nor have they become worse.

“It’s unbelievable,” Larry Wright, an adjunct professor of statistics at Columbia, said as he studied the year-by-year averages. “There’s almost no difference. Fifty years. This is mind-boggling.”

There are measures in other sports that have shown similar consistency, like golf scores or batting averages, but none of them are as straightforward as lobbing a ball toward a basket.

The consistency of free-throw percentages stands out when contrasted with field goal shooting over all. In men’s college basketball, field-goal percentage was below 40 percent until 1960, then climbed steadily to 48.1 in 1984, still the highest on record. The long-range 3-point shot was introduced in 1986, and the overall shooting percentage has settled in at about 44 percent.” http://www.nytimes.com/2009/03/04/sports/basketball/04freethrow.html

7.  If an average player has to make two free throws to win the game, what is the 
approximate chance of winning the game 



(a) in the NBA? 



(b) in college basketball?


4.  Should You Foul the Shooter?

If a player is shooting an ordinary 2-point field goal and is fouled by the opposition to prevent the player from making the shot, usually the fouled player will get two free-throw attempts, each worth one point.    Fouled in the act of shooting a 3-point shot gets the player three free-throw attempts.


8.  Using the 1984 FG% for college, find


(a) the probability of making a field goal to get 2 points.


(b)  the probability of making both of 2 free throws to get 2 points


(c)  the probability of making 1 free throw



(d)  the probability of getting either 1 or 2 points at the free throw line



(e)  Reflect.  Which is greater (a) or (d).  Should you intentionally foul an 


average shooter in the act of shooting?


9.  Tony Parker of the San Antonio Spurs has a career playoff free-throw 



percentage of 73% and a 3-point shot percentage of 30%.  He is 



attempting a 3-point shot to tie a playoff game with only 2 seconds 


remaining.  



(a)  What is his chance of making the 3-point shot?



If he is fouled in the act of shooting,



(b)  What is his chance of making all three free throws?



(c)  Reflect.  If you are the coach of the team playing against the Spurs, 


should you tell your team to intentionally foul Tony in this situation?  


Explain.


10.  Al Hoford of the Atlanta Hawks had a 2012-13  FT% of 64% and a 3-point 


shot percentage of 50% (very high).  He is attempting a 3-point shot to tie 


a playoff game with only 2 seconds remaining.



(a)  What is his chance of making the 3-point shot?



If he is fouled the act of shooting,



(b)  What is his chance of making all three free throws?



(c)  Reflect.  If you are the coach of the team playing against the Hawks, 


should 
you tell your team to intentionally foul Al in this situation?  


Explain.
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