UNIT 2: Is There a Home Field Advantage in the NFE2
Comparing Two Proportions

In the National Football League—and in virtuallyeey other sports league—it is assumed that
the home team has an advantage. After all, had@n@00 fanatics cheering for you can’t hurt.
This is why teams with the best records are awaptiegbff games at home—to reward their
regular season success and give them a more fdsafznce to advance into the next round. In
this Unit, we will investigate whether the homddiadvantage really does exist in the NFL.

In the American judicial system, when a persomisril, the jury is instructed to consider the
defendant innocent until proven guilty. Furthersdo declare a person guilty requires that
there is evidence beyond a reasonable doubt. Hagse principles apply when testing a
statistical claim. That is, we start by assumirgréhis no home field advantage until proven
otherwise. Furthermore, we cannot conclude trexetis a home field advantage unless we have
convincing evidence. To be convincing, it muschear that the evidence was not due to
Random Chance.

The 2008 Arizona Cardinals

One of the most surprising teams in the 2008 NFREsge was the Arizona Cardinals. Long a
laughing stock of the league, they cruised to a N¥&3t division title and then beat 3 favored
teams in a row to reach the Super Bowl. In theeB&owl they narrowly lost to the Pittsburgh
Steelers in a thrilling game. However, as exciisghe post-season was for Cardinal fans, we
are not going to include it in our analysis. lasteve will focus just on the regular season.

During the regular season, the Cardinals were 9eratl (9 wins and 7 losses) with a 6-2 home
record (winning percentage = 75%) and a 3-5 roadrde(winning percentage = 37.5%). As
always, we start the analysis with a graph to comfgiae Homéd erformance and Road
Performance of the Cardinals:

2008 Arizona Cardinals
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The graph certainly suggests that the Cardinale wdyetter team at home. However, it is
possible that the Cardinals had no eXbdity at home and the favoralferformances were
just due taRandom Chance.

Stating Hypotheses:

The claim that the Cardinals have the sa@i¢ity to win at home and on the road is called the
null hypothesis The claim that the Cardinals have a greAbglity to win at home is called the
alternative hypothesisThe alternative hypothesis describes our suspigvhat we want to
prove) while the null hypothesis describes a nésttaation.

Here are the same hypotheses written out formaiti, the null hypothesis denotad, and the
alternative hypothesis denotéd], .

H,: The 2008 Cardinals have the safdity to win at home and on the road.
H,: The 2008 Cardinals have a greahbility to win at home than on the road.

Note: Hypotheses are always stated in ternfbdfty (what we are trying to estimate) not
Performance (the data we have observed). We already knowttieaCardinal®erformed better
at home. What we want to know is if they reallyda greateAbility to win at home.

Testing Hypotheses:

When we test hypotheses, we always start by asgutimennull hypothesis is true until we have
convincing evidence otherwise. In other words stet by assuming there is no difference in
Ability until we can show the difference Rerformance was not due t&andom Chance.

The difference in their winning percentage at h@meé on the road was 75% - 37.5% = 37.5%.
We want to know how likely it is for a team thategd-7 overall to have a difference of at least
37.5% in their home and road winning percentageplyidue toRandom Chance and not any
difference inAbility. This probability is called p-value

To investigate what rolRandom Chance could have in a football team’s performance at @om
and on the road we will conduct a simulation. #-ibegin with 16 equally sized index cards. On
nine of these cards write a “W” on one side. QGndther seven cards, write a “L” on one side.
Then, turn them all upside down and shuffle them Npw, deal 8 cards into one pile to
represent the team'’s performance at home and puethaining cards in another pile to
represent the team'’s performance on the road.

This method of simulation works well because itl @ivays result in a 9-7 overall record for the
Cardinals which matches their overall performamcthe regular season. It also assumes that
there is no difference iAbility by randomly allocating the wins to the home gaare$road
games with equal likelihood.
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Here are the results of one trial:

Home: L w W w w w L record: 5-3 (.625)

Road: L w W L W L W L record: 4-4 (.500)
difference: .125

—

In this trial, the Cardinals performed better atleo but only by .125 (instead of the .375 in the
actual 2008 season). The result of this trial sked with the arrow in the dotplot below.

Here are the results of 100 simulated “seasongk variable displayed is the difference
between the home winning percentage and the roawing percentage.

This dot represents a simulated
season where the difference in
winning percentages was .125
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Simulated Differences in Winning Percentage
2008 Arizona Cardinals

In the 100 simulated seasons, the Cardinals hatesethce equal to or greater than .375 in 15 of
the 100 seasong-{alue = 0.15). Since this simulation was conduetesliming there is no
difference inAbility and a difference iRerformance of .375 was relatively common, the 2008
Cardinals do not give us convincing evidence thatd really is a home field advantage. After
all, their superior performance at home could syngd the results dRandom Chance.

Using Technology for Simulation: 2008 Carolina Patrtters

Now, let's take a look at another team, the 2008 (0@ Panthers. Overall, the Panthers were
12-4 but were an astounding 8-0 at home (and pdsb#d the road).
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This means the difference in their home and roathing percentages was 1.000 - .500 = .500.
Again, it is obvious that the Panthérarformed better at home than on the road. However, we
need to investigate if they really have a greAtglity to win at home or if theiPerformance

could have been a resultRhndom Chance.

Here are the hypotheses we will test:

H,: The 2008 Panthers have the sabgity to win at home and on the road.
H,: The 2008 Panthers have a gredtaitity to win at home than on the road.

To simulate the season for the 2008 Carolina Pasitieng a T1-84:

1. Open the list editor (Stat: Edit) and enter tweligand four O's into L1. In this case,
the 1's represent the 12 Carolina wins and thedpsesent the 4 Carolina losses.
L1 Lz Lz 1

i-:-z-:-l-l-l--l-l-

Litd6r =H

2. Next, we need to randomly shuffle these 1's andritstwo groups of eight (to
represent the 8 home games and the 8 road gafeslo this, go to the heading of
L2 and enter the following formula: Rand(16) andgsrenter (the Rand command is
in the Math:Prb menu). This puts 16 random numivgesL2.

Unit 2 4



Your L2 will look
different since the
numbers are random!

L1 =] Lz z L1 Lz Lz z ///////
" [ — 1 HTIE'I/
1 1 ETHEE
i i EEETEN
1 1 ‘1@Ea
i i EEEET
1 1 FA4LE
1 1 it
Lz =randi 1520 Lziti=, 3885389442

3. Then, from the home screen, enter the command @dttiAl) and press enter (the
SortA command is in the Stat:Edit menu). This il the random numbers in order
and shuffle the 1's and 0’s at the same time.

SortACLz.L41 20 L1 Lz L= z

e e e e e e

Lﬂﬂ=.1ﬁ2@?@1145m

4. Finally, count how many 1's there are in the fBgiositions (the home games) and
how many 1's there are in the last 8 positions {tfa&l games) in L1 and compute the
difference in the winning percentage (home — awdtyis possible that this difference
will be negative which means that the team wongaén percentage of games on the
road.

Note: In the technology appendix you will find tbede for a TI-84 program which automates
this simulation process. There are also onlindeapphat can automate this process for you.

Note: Many computer software packages, includindyéia, are programmed with a “shuffle”
option which imitates the shuffling of the indexadsused in the Cardinals example. Detailed
instructions on how to use Fathom is given in gahhology appendix.

Here are the results of 100 simulated seasonsé2@08 Carolina Panthers:
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As you can see, in 6 of the 100 simulated seasmnRanthers had a difference of .500 in
winning percentagepfvalue = .06). So, when we assume the Panthersthaxsamdbility to

win at home and on the road, it is possible tHE2-d team caerform 8-0 at home just by
Random Chance. However, just because something is possiblerdoeske it likely. After all,
6% is not a very big probability. The best conadn this situation is that we have moderately
convincing evidence that the Panthers play betteome.

Remember, the smaller tpevalue, the more convinced we are that the restdtaat due to
Random Chance. For example, if thp-value for Carolina had been .01 instead of .06, th
would mean theiPerformance at home compared to on the road is even lesy likehave
occurred byrandom Chance (and thus we have more evidence of a home fieldradge). If
thep-value is higher, such gsvalue = .15 for the Cardinals, it is possible tinet difference
between home and ro&rformance could have been due Random Chance alone (and thus
we have less evidence of a home field advantage).

Another Example: The Schilling Theory

On February 19, 2009 Tom Verducci wrote an areleéSportslilustrated.com titled “In the Age
of Baseball Parity, Pitching Health Rules.” Hesaibrief excerpt from the article:

But when you look at the depth in thelir respective divisions and the good fortune they
enjoyed last season in pitching health, you begin to understand why repeating is so
difficult. The 2008 Phillies and Rays were classic examples of The Schilling Theory: The
team that gets the most starts out of its projected rotation has the best shot at winning.

Want to see The Schilling Theory at work? Here are the only teamsin 2008 to get 30
starts fromfour starters:
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1. Phillies (Won World Series)
2. Rays (Won AL pennant)

3. Angels (Won AL West)

4. White Sox (Won AL Central)

Since 2000, 28 teams, or about three per year, wer e fortunate enough to have four
starters make 30 starts. Nineteen of those teams made the playoffs, or 68 percent of them.

Considering that only 8 out of 30 teams make tlaggifs each year, it seems that Curt Schilling
was on to something when he predicted that thedewth the healthiest starting pitching are
more likely to make the playoffs.

Here is a two-way table summarizing the data prteskin the original article:

Teams with foul Teams without fou

Since 2000 30-game starters 30-game starters Total
Teams that made 19 53 79
the playoffs
Teams that did ngt
make the playoffs 9 189 198
Total 28 242 270

Here is a comparative bar chart showing the saswdtge The graph shows the relative
frequencies (percentages) instead of the raw nwsribenake the categories easier to compare.
Using relative frequencies is usually a good i@saecially when the number of observations are
very different in the categories.

The Schilling Theory at Work
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From both the table and the graph, it appears3thailling was correct: a team with healthy
starting pitching seems more likely to make the/pifs. Specifically, the difference in the
percentages of teams who makes the playoffs is-682%6 = 46%.
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What we want to investigate is whether or not daisld have occurred simply Random
Chance. In other words, is it possible that teams havoug 30-game starters really have the
sameAbility to make the playoffs as teams with fewer than 8fisgame starters and the
difference inPerformance during the last 9 years was due to random chaff@e&nswer this
guestion we will be testing the following hypothgse

H,: Teams with four 30-game starters have the sailey to make the playoffs as

teams with fewer than four 30-game starters.
H.: Teams with four 30-game starters have a gréddi¢ity to make the playoffs

compared to teams with fewer than four 30-gaméestar

It's time for another simulation! In this case ae assuming that making the playoffs is just as
likely for teams with healthy pitching as it is filams without healthy pitching. So, we will be
taking the 72 playoff appearances and randomlygasgj them to the 28 healthy teams and the
242 unhealthy teams and then computing the difterémthe percentage of time each type of
team makes the playoffs.

For example, in one simulation, the healthy tearadarthe playoffs 32% of the time and the
unhealthy teams made the playoffs 26% of the tforea difference of 6% (or .06). The results
of 100 trials of this simulation are shown below:
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As you can see, none of the simulated differencegwen close to the 46% difference we saw in
the real data. That is, according to this simatatithep-value is 0. Since getting a difference as
high as 46% isery unlikely to happen bfrandom Chance alone, the data gives us strong
evidence that teams with four 30-game starters hayreateAbility to make the playoffs than
teams with fewer than four 30-game starters.

Caution about Causation

One of the most repeated phrases in statisti¢Association does not imply causation.” That
is, even if there is an association between twaoitsyé doesn’t mean that one caused the other.
In this case, there is a strong association betweaeimg four healthy starting pitchers and
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making the playoffs. However, having four terripiéchers pitch over and over again for the
whole season won't get you anywhere but last pl&e®. having four pitchers start at least 30
games is no guarantee. A hidden assumption i8¢hdling Theory is that the starting pitchers
on a team must be decent to begin with. Only thidrthe health of the starters increase the
probability of making the playoffs. Still, therg @ lesson to be learned for general managers:
when considering which starting pitchers to sigmatility is an important factor to consider.

Connections: Looking Forward...Looking Back

In Unit 1, we were testing if a previously estahéidAbility level has changed. It was assumed
that the previously establishédility level was a known constant (and not a variabfey.
example, we assumed that LeBron'’s true ability &dkenthree-pointers was 31.5% and then
investigated if higAbility to make three-pointers went down in the playoffs.

However, in Unit 2, we do not start with a knowility level—instead we are comparing the
estimatedAbility levels for two different contexts in the same tipsgiod. For example, we
compared the estimatédility to win at home vs. estimatédbility to win on the road during a
particular season.

In Unit 3 we will use the same methods learnedmit @ to investigate a long debated question:

are repeated trials in sports independent? Latiés will employ the same shuffling techniques
but focus on differences in numerical data rathantcategorical data.

Stats 101: The Traditional Approach

In a traditional statistics course, the tests weevperforming in Unit 1 are usually called “one
sample tests for a proportion” or “one proportietegts” and the tests we were performing in
Unit 2 are usually called “two sample tests foiiffedence in proportions” or “two proportion z-
tests.” The methods typically used to perform ¢éhests are not based on simulation, but rather
by approximating the distribution of the differenneproportions with a normal curve. To be
accurate, these tests require that there are @ tanmber of observations in each category. This
is not a requirement for the simulation approadcwéver. We will learn more about normal
curves in Unit 7.

For Practice

1. State the null and alternative hypothesesheileBron James example in Unit 1.

2. State the null and alternative hypothesedieiErvin Santana example in Unit 1.

3. On August 8, 2009, broadcasters on the Fox diegof the week noted that Yankees
outfielder Nick Swisher has his 3 home runs at ham# 15 on the road. Does this indicate that

Swisher has a great@bility to hit home runs on the road? State the nullaednative
hypotheses for this question.
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4. Describe the errors in the following sets gbdiyneses. Explain how they can be corrected.

a) H,: The University of Florida football teaRerforms equally well at home and on
the road
H,: The University of Florida football teaRerforms better at home than on the
road.

b) H,: The Boston Red Sox have a gredtaility to score runs against left handed
pitchers than against right handed pitchers.
H,: The Boston Red Sox have the saihdity to score runs against left handed
pitchers and against right handed pitchers.

5. In the 2008 NFL season, the home teams wor¥s{136/255) of their games while the road
team won only 42.7% (109/255) for a difference 4i6% (there was one tie, which is why the
total for each is 255 instead of 256). Does thig gvidence of a home field advantage in the
NFL?

a) State the null and alternative hypotheses we aeedsted in testing.

b) Describe how you could use the methods of this tdnsimulate this situation.

c) A 100-trial simulation was conducted assuming thate is no home field advantage.
The difference between the winning percentagehfefiome teams and the road teams
was calculated for each trial and the results alevih Based on these results, estimate
thep-value and make an appropriate conclusion.
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d) Why do you think that a 14.6% difference is verpwocing evidence of a home field
advantage when all NFL teams are combined but@Pe d&ifference for the Carolina
Panthers wasn’t as convincing?

6. In sports such as tennis, players often thinkakes a difference which side of the court they
are on. This could be due to differences in vigihiwind, or other factors. Suppose that in a
particular match, Kathy wins 22 of the 37 pointswliacing away from the sun but only 11 of
the 35 points when facing the sun. Does this gata convincing evidence that Kathy plays
better when not facing the sun?

a) How much better did Kathy perform when facing avrayn the sun? Calculate the

difference in the percent of points won.

b) State the hypotheses we are interested in testing.

c) Describe how you could use the methods of this tdngimulate this situation.

d) Suppose that the results of a simulation gapevalue of .01. Interpret this value.

e) What conclusion would you make based ongivalue in part (d)?
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7.

In 2007, Angels pitcher Ervin Santana was &#oae (60% winning percentage) but only 1-

10 on the road (9.1% winning percentage) for sedsifice of 50.9%. Does this give evidence
that Santana had a betfdility to win games at home compared to on the road?

8.

a) State the null and alternative hypotheses we aeedsted in testing.

b) Describe how you could use the methods of this tdnsimulate this situation.

¢) Conduct the simulation using the method you desdrih part (b). Do at least 10 trials
and record the outcomes on a dotplot.

d) Based on the results of the simulation, what canganclude about Santan®bility?

Just like in tennis, beach volleyball playeftem prefer one side to another. Suppose that

when Ashley was serving into the wind, she madefZ8l serves but while serving with the
wind she made 27 of 30 serves. Does this dataagineincing evidence that Ashley plays
serves better with the wind?

9.

a) How much better did Ashley perform when servingwmite wind? Calculate the
difference in the percent of serves made.

b) State the hypotheses we are interested in testing.

c) Describe how you could use the methods of this tdnsimulate this situation.

d) Suppose that the results of a simulation gapevalue of .16. Interpret this value.

e) What conclusion would you make based ongivalue in part (d)?

Suppose that Joe is an avid bowler and iswgesivo different ball weights: 14 pounds and 16

pounds. He rolls each of the balls 10 times ans 4estrikes with the 16 pound ball but only 2
strikes with the 14 pound ball. Does this data@gignvincing evidence that Joe has a greater
Ability to roll strikes with the 16 pound ball?

10.

a) How much better did Joe perform with the 16 poualii?b Calculate the difference in the
percent of strikes rolled.

b) State the hypotheses we are interested in testing.

c) Describe how you could use the methods of this tdngimulate this situation.

d) Conduct the simulation using the method you desdrih part (c). Do at least 10 trials
and record the outcomes on a dotplot.

e) Based on the results of the simulation, what canganclude about JoeAbility?

In the February 1, 2009, edition of #ézona Daily Star, Ryan Finley wonders what effect

a new logo has on the Arizona Cardinals. Withrtee, meaner looking Cardinal, the team is
30-37 but with the more gentle Cardinal, the teaas @6-178.

a) How much better have the CardinBixformed with the new logo? Calculate the
difference in winning percentage with the new laga with the old logo.

b) State the hypotheses we are interested in testing.

c) A 100-trial simulation was conducted assuming tha®bility of the Cardinals is the
same with either logo. The difference betweenimming percentage with the new logo
and with the old logo was calculated for each @&l the results are below. Based on
these results, estimate thevalue and make an appropriate conclusion.
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d) If a student concluded that tAgility is higher with the new logo, would it be reasoeabl
to conclude that the new logo is the caokthe increase in thability? Explain.

For Investigation:

1. Using a website such asvw.baseball-reference.comse the methods of this Unit to
investigate if a certain player or team performiédvgor worse) in particular contexts (home vs.
away, day vs. night, dark uniform vs. white uniformarly in game vs. late in game, etc.).
Simply enter a players name in the search boxckidly on “splits” will break down the
players/teams statistics 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/

2. Collect data about your own athletic perforneafar a team'’s performance at your school)
and investigate is you have a higher ability irntaercircumstances (at home, after eating
Chinese food, during the day, etc.)
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