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Is missing a field goal always the fault of the placekicker?

“It's Good!” An Analysis of the
Probability of Success for Placekicks

Christopher R. Bilder and Thomas M. Loughin
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One hundred sixty thousand eves were on him

The outlook wasn't brilliant -
¥"Vas his hand marked the spot on the dirt;

for the KC eleven that day;

The score stood ten to seven fﬁ:‘“ One hundred sixty thousand hands applauded
with but 4:12 to play. _ owe" % as he wiped it on his shirt.
And so when Gannon replaced Bono, :” “And when the offensive line .
and Allen came up lame, o got into their stance, )
A sickly silence fell upon o Concentration gleamed from Elliott's eyes  f_
the patrons of the game. e - as if he were in a trance. <
A struggling few got up to go o 2l ' E@rller in the day’. . e
in deep despair. The rest.. £ 5 ~ =« Elliott ‘wanted to hide, -
clung to that hope which sprmgs eternél -\ . Both from thirty- ﬁve and thirty- mne* AT
in the human breast. . : . were just wide. . -
%, .$ . R
They thought. if only Elliott : ’1 *he, 020”7 Now there was an'o ortunity to erase
Id get b ’ Yoo Ry fthe p
couid get but one more aim. K ,—“;,‘i;'; the memories of the past.
We'd put up even money, now, s A If Elliott makes the kick,
with Elliott in the game. : ”‘Z“ heroe wdl be the memory that will last.

- "The center grips the ball
. and sends it back;

The offensive line blocks
as the.defense tries to sack.

But Slaughter caught a pass, %}
to the wonderment of all, ‘“ ;:1‘} PN
And Gannon, the baek:up, . R
ran for 14 yards with the ball, [

And when the dust had dsen and-, "% And now, the holder places the ball down
the crowd could see forsure, . - ¢ and makes the ball ready to go,
KC had the ball at the Indy 25 < And now the ait 15\shattercd by
with but 56 seconds left teendure o the force of Elliott’s blow.
Then from eighty thoysandl.hroats : Oh! Some\\here in the favored land
went up a Tusty yell¥ T the suiy is shmmng bright;
It rumbled in the Missouri valley, * = ** ; Somewhere bands are playing,
it rattled thmugh the dell; 7 ' (, 3 and somewhere hearts are light;
It knocked upon the h]lltops, . o Somewhere 3 men are laughing,
and recoiled upon the parking lot, ‘;( and somewhere children play with deft;
For Elliott, placelucker Elhott; was ., L. But thare is o joy in KC,

advancing to take hls spot JOblESS E]hott misses wide left.
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The preceding poem is an adaptation
of Ernest L. Thayer's Casey at the Bat.
The poem describes the January 7,
1996, playotf game between the
Kansas City Chiefs and the
Indianapolis Colts. Lin Elliott, Kansas
City's placekicker, missed a ficld goal
at the end of the game, and Kansas
City's season ended with a three-point
loss. Shortly after the game, in which
Elliott missed two other field goals,
the Chiefs released FElliott from the
team.

In addition to the Kansas City-
Indianapolis game, many other
National Football League (NFL)
games are often decided by the foot of
a placekicker. With either a point after
touchdown (PAT) or a field goal (FG),
placekickers score points in nearly
every game. Estimated probabilities
associated with the success of a place-
kick are often thought of as propor-
tions of the time a kicker has made a
kick from a certain distance interval.
The goal of this study is to examine
the effects of many factors—for exam-
ple, distance, game pressure, and
weather—on the success probability
of a placekick using logistic regression

(see Sidebar 1 for more on logistic
regression).

Background

The objective of a placekick is to kick
the football over the crossbar and
between the two uprights of the goal-
posts to score points. Two referees
below the uprights determine if the
placekick is a success or a failure.

PAT's and FG's are the two types of
placekicks. PAT's are attempted after a
touchdown has been scored. These
placekicks are usually 20 vards in
length and worth one point (if success-
ful) to the kicking team. All other place-
kicks are field goals. These attempted
field goals can vary greatly in length (18
to 66 yards in the 1995-96 NFL regu-
lar season) and are worth three points
(if successful) to the kicking team.

Data

The study is based on data from the
1995-96 NFL regular season. The

data for individual placekick results are
trom the NFL Web site (http:/
www.nfl.com), which provides play-by-
play game summaries. Not all game
summaries have complete records for
all variables of interest, so some place-
kicks are excluded from the analysis.
Despite this, over 1,700 placekick
attempts are used for the analysis that
follows. Data involving city altitude are
gathered from the Rand McNally Road
Atlas (1992) and the World Almanac
and Book of Facts (1992).

For a variety of reasons, some
explanatory variables are transformed
prior to the analysis. For example, the
wind speed inside dome stadiums is
often not measured, although anyone
who has been inside a dome stadium
can attest that it is not 0. As a result, the
wind variable is instead considered as a
binary variable describing windy versus
nonwindy conditions at game time. The
10th percentile of outdoor placekicks,
15 mph, is used as a cutoff point for
windy versus nonwindy conditions.
Because wind conditions inside dome
stadiums are not likely to be too
extreme, all placekicks in these stadi-
ums are assumed to be attempted

Table 1—Explanatory Variables and Their Definitions
Variable Definition p-value*
Altitude Continuous variable measuring the city elevation .36
where the placekick took place
Change Binary variable for lead-change placekicks versus nonlead- <.01
change placekicks
Distance Continuous variable for the distance in yards of the placekick <.01
Dome Binary variable for outside placekicks versus those inside a dome .23
Home Binary variable for whether the placekick is on the placekicker’s 49
home field or opponent’s field
PAT Binary variable for whether the placekick is a PAT versus a FG <.01
Precipitation Binary variable for whether precipitation is falling (i.e., snow, rain, etc.. .87
at game time versus no precipitation
Surface Binary variable for placekicks on grass versus artificial turf .69
Temperature Continuous variable for temperature at game time with dome 77
placekicks assigned a value of 72 degrees
Time Continuous variable for the time remaining in the half with overtime .01
placekicks assigned a value of 0
Week Assumed to be a continuous variable that ranges from the integer 13
values of 1 to 17 denoting the week of the placekick attempt
Wind Binary variable for wind speed > 15 mph at game time versus < .10
15 mph at game time or the placekick is attempted inside a dome
* From the likelihood ratio test.
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Figure 1. Estimated probability of success for different risk factors.

under nonwindy conditions. Wind
direction would also seem to play an
important role; however, this level of
detail is not consistently available and

“but mostly because of how far they
kick compared to the typical NFL
kicker.” NFL-caliber placekickers are

given

the

same opportunities

to

attempt placckicks from distances of
55 vards or less. Not all NFL-caliber
placckickers, however, are given the
same opportunitics to attempt place-
kicks greater than 55 yards. In fact,
only cight placekickers were given the
opportunity to attempt placekicks
greater than 55 vards. With so little
data available, any model is unreliable
for attempts at these extremely long
distances.

Modeling

Following Hosmer and Lemeshow
(1989), separate logistic regression
models are fit for cach variable as an
initial sereening process to reduce the
variable pool. Table 1 contains a
description of variables considered
along with the results.

Among the variables that appear to
be important are distance and PAT.
This is, of course, not very surprising,
It is well known that the probability of
success decreases as placekick lengths
increase, and most PAT's are attempt-
ed from the relatively short distance of
20 vards.

Other variables that appear to be
important are time and change. Both
of these variables may be thought of as
a measurement of the “pressure” of the
placekick attempt. End-of-the-game or
lead-changing (meaning that the game

thus not used in the analysis.

No attempts are made to distin-
guish between any individual place-
kicker's effect on the probability of suc-
cess. One reason there is no differenti-
ation between placekickers is that
NFL-caliber placekickers are often
thought of as “interchangeable parts”
by teams. NFL teams regularly allow
their free-agent placekickers, who are
demanding more money, to leave for
other teams because other placekick-
ers are available. In the past few years
this has happened to Chris Jacke,
Chris Boniol, and Nick Lowery, for
example.

Another reason there is no differen-
tiation between placekickers is that, as
Morrison and Kalwani (1993) con-
clude, there does not seem to be sig-
nificant skill differences among place-
kickers. They do believe that some

Sidebar 1

Let X, = [1, X, X;5, ..., Xu), fori = 1, .., N. be a row vector of explanatory
variables. Let Y; be a binary response coded as a 1 to denote a success and a
0 to denote a failure. The Y; are independent Bernoulli random variables with
success probabilities P(Y; = 1]X,) = p; for 0 < p, < 1. The logistic regression

response function is

exp(f'X;]

pi= EYIX) = 0

(1)

where f§ is a vector of unknown parameters. The logit transformation is

vi ~ BX,

logit(p,}) = In
I —p

@)

where Equation (1) is solved for X;. All modeling in this study is performed
using PROC LOGISTIC in SAS (SAS Institute 1989).

placekickers are better than others.
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becomes tied or the kicking team takes
the lead if successful) placekicks are
typically thought of by most football
fans as being more difficult. Buffalo
Bills fans surely remember placekicker
Scott Norwood's famous “wide right”
field goal at the end of Super Bowl
XXV (Bills lost 20-19).

The wind and week variables appear
to be potentially important with p-val-
ues under .15 in their respective mod-
els. Under windy conditions, placekick-
ers need to compensate for the wind
speed and direction. Stadiums often
cause swirling winds that could further
affect success probabilities. The poten-
tial importance of week may suggest a
fatigue factor or pressure factor as the
$eason progresses.

Further interpretation of “how
much” these variables affect the prob-
ability of success is deferred until a
final model, including all important
variables, is developed.

Some of the most interesting find-
ings here are the variables that do not
have a significant effect. For example,
surface and dome are two of the vari-
ables that most football fans often con-
sider important. Placekickers typically
prefer to kick off of artificial turf and
inside a dome stadium. The screening
analysis suggests, however, that these
variables do not significantly affect the
probability of success.

A few of the variables that the
analysis did not find important may be
because of lack of information or data.
The Denver Broncos' Mile High
Stadium is most likely the only place
where altitude may help success prob-
abilities of long placekicks. The alti-
tude variable may be nonsignificant
because not many long placekicks are
attempted there in comparison to all
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Figure 2. Estimated probability of success with 90% confidence intervals for
lowest and highest number of risk factors.

the other stadiums combined. The pre-
cipitation variable measures the play-
ing conditions of the game, but the
variable does not make a distinction
between a blizzard or a light drizzle. In
both of those cases, the precipitation
variable is equal to 1. Moreover, the
precipitation variable only measures
conditions at kickoff. Because football

games last about three hours, these
conditions may change.

After the initial variable screening
process, the most parsimonious model
that best estimates the probability of
success is developed using modeling
techniques described by Hosmer and
Lemeshow. Table 2 shows this final
model. Note that during the model-

building process, all nontwenty-

Table 2—Final Model

A
logit(p) = 4.4984 — .0807distance + 1.2592PAT — .3306change + 2.8778wind

— .0907distance*wind

where Distance = the distance in yards ,
PAT = 1 if the placekick is a PAT, 0 if the placekick is an FG
Change = 1 if a successful placekick will cause a lead change, 0 otherwise
Wind =1 if the wind speed is > 15 mph, 0 if the wind speed

is = 15 mph or the placekick is attempted inside a dome

yard PAT's are removed from
the dataset due to a couple of
large residuals for these types of
placekicks. Because very few
PAT's are not 20 yards, there are
not enough data to determine
whether the results of these
observations are real trends or-
improbable events. Thus, the
removal of nontwenty yard
PATs slightly reduces the popu-
lation of inference; a more
detailed study would be needed
to describe these anomalies.
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Table 3—Estimated Odds Ratios |
Variable interval Odds ratio 90% Wald confidence
interval
Change 72 (.52, .99)
PAT 3.52 (1.86, 6.66)
10-yard decrease 5.55 (2.65, 11.61)
in distance with wind = 1
10-yard decrease 2.24 (1.86, 2.70)
in distance with wind = 0
wind with distance = 20 2.90 (.65, 12.96)
wind with distance = 30 1.17 (.49, 2.77)
wind with distance = 40 47 (.26, .87)
wind with distance = 50 .19 (.07, .55)
wind with distance = 60 .08 (.01, .44)

Final Model

Interpretation

The odds ratios in Table 3 measure the
effect a variable has on the probability
of success while holding the other vari-
ables constant. [Sce Sidebar 2 for fur-
ther details on the construction of the
odds ratios.]

From Table 3, the estimated odds of
a successful placekick are between
1.01 and 1.92 (1752 and 1/.99) times
higher for nonlead-change attempts
than lead-change attempts. When a
successful placckick would put the
kicking team ahead or tied, more pres-
sure mayv be placed on the placekicker
to make the placckick. Thus, the prob-
ability of success decreases for these
lead-change attempts. This result may
indicate a decrease in performance for
placekickers in “clutch” situations.

An extra first down (10 yards)
improves the chances of a successful
placekick.  When  placckicks — are
attempted under windy conditions
(wind = 1), the estimated odds of a
successful placekick are between 2.65
and 11.61 times greater for each 10-
yard decrease in distance. On the
other hand, when placekicks are
attempted under nonwindy conditions
(wind = 0), the estimated odds of a
successful placekick are between 1.86
and 2.70 times greater for cach 10-vard
decrease in distance. Windy placckick
attempts are helped more by the
reduction in distance than nonwindy
placekick attempts.
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The last five odds ratios in Table 3
further illustrate the effect that wind
and distance have on the probability of
success for specific distances. For
shorter placckicks. the wind does not
scem to play an important role in the
success or failure of the placckick:

however, for longer placekicks, the
wind does play a role. For instance, the
estimated odds of success for a 50-yard
placekick attempt under nonwindy
conditions are between 1.82 and 14.29
times (1/0.55 and 1/0.07) higher than
under windy conditions. This illus-
trates that wind plays an important fac-
tor for longer placekicks.

Figure 1 shows a plot of the esti-
mated FG probability of success versus
distance for different combinations of
the wind and change variables. The
lines illustrate how the estimated prob-
ability of success decreases as the dis-
tance of the placckick increases. The
plot further shows how the probability
of success decreases as more “risk fac-
tors” are present for the placekick
attempt. The “risk factors” associated
with a placekick describe the addition
of windy and/or lead-change condi-
tions to the attempt.

Figure 2 illustrates the difference
in estimated success probabilities

continued on page 30
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Sidebar 2

Logistic regression odds ratios measure how much greater the odds of success
are for one level of an explanatory variable when compared to another level.
For example, suppose a binary variable, X, is coded by 1s and 0s. The table
below contains a contingency table that summarizes the corresponding sim-
ple logistic regression model probabilities. The table shows that p(1) repre-
sents the probability Y = 1if X = 1, and 1 — p(1) represents the probability
that Y = 0if X = 1. Similarly, the table shows p(0) and 1 — p(0).

Y =1 Y = 0
_ _ exp[/jo + ﬁ]X] _ _____1“__
X=1|p1) " eplt BN P =) = T B TN
B ___explB] - 1
X=0 | poy = e SR Ay ey

Using the table, odds are constructed as 00) =
and O(1) = p(1)/(1 — p(1)) = explf, + B,). Thus, the odds ratio is O(1)/0(0)
= exp[f,]. Estimated odds ratios are found by replacing the parameters with
their estimates. Similar odds ratios can be constructed when there is more
than one variable in the model or when the variable is continuous.

pO)/(1 = p(0)) = exp|f,]




words.” Sure smokers die in greater numbers than
nonsmokers, but by how many?> What does this
mean in terms of length of life? What we need are
a few indications of this effect at ages at which mor-
tality begins to really matter, say age 60. Figure 1
uses the maxim, “Keep the axes away from anything
that counts.”

We can improve things by dumping these prin-
ciples of bad graphics. Return to mortality, defined
as a percent of the total sample at each age, plot
using logarithmic spacing on the left where we
expect to look for effect sizes, add the correspond-
ing log values on the right for more detailed inspec-
tion, use base 10 for logs, try evocative symbols, and
put in a few light lines to highlight the effect at age
60 in terms of both mortality and age. The result is
Fig. 2.

Visual Revelations is about communication in 0.1
the broad sense. Graphs play a key role, but words [ x i — 1
are not neglected. If you intend to buy one book to 40 50 60 70 80
help you get across the results of your statistical Age
investigations to your readers, this should probably
be it.

10.0n

5.0 N Non-Smokers

Smokers

n
o
i

Mortality (%)
5
[

0.5

Log % Mortality (Base 10)

At age 60,
10 dead N's = 18 dead S's
S at age 60 dies like .75
N at age 66

0.2

Figure 2. The mortality rates for smokers and nonsmokers at various
ages. At around age 60 smoking is equivalent to 6 years of aging, and

smokers die nearly twice as often.
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“Its Good!” Table 4—Elliott’s End-of-the-Game FG

Distance | PAT | Change | Wind p
between the case with the lowest 42 0 1 0 -69
number of risk factors (change =0
and wind = 0) and the case with the
highest number of risk factors

continued from page 24 90% Wald confidence interval

(.63, .74)

(change = 1 and wind = 1). The 90%
Wald confidence intervals for the
probability of success are included on
the plot. For placekicks greater than
38 yards, the confidence intervals do
not overlap.

Conclusion

What is the estimated probability of
success for Elliott's end-of-the-game
FG discussed in the introduction?
Assuming that play off and regular-sea-
son placekicks do not have different
success probabilities, the model pro-
duces what is shown in Table 4. The
estimated probability shows that ahout
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two out of every three FG's on average
are made in this situation.

Should Kansas City forgive Elliott
for the failure? After all, one out of three
FG's on average are missed in this situ-
ation. Maybe Elliott's FG is that one out
of three, maybe not. We cannot answer
that question here; however, Kansas
City needs to remember that, for binary
outcomes, “You're going to win some
and you're going to lose some.”
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