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The outcomes of several football games each year
depend crucially on extra point strategy.

Refining the Point(s)-After-

Touchdown

Harold Sackrowitz

In footbal 1, after scoring a touchdown
a team is given the option of trying for
one or two extra points. Successfully
kicking the ball between the uprights
from approximately 19 yards away is
worth one point. Such an attempt is
almost automatic at the professional
level. Alternatively a team may run a reg-
ular play starting at the two-yard line.
Getting the ball into the end zone on this
play is worth two points. National Foot-
ball League (NFL) teams were suc-
cessful on 39% of two-point attempts in
1998 and 43% in 1997.

Before the 1999 NFL season was
even four hours old, one game had
turned on a conversion after touchdown
decision. With 3:53 remaining in the
third quarter, the New York Jets cut New
England’s lead to 27-22 and coach Bill
Parcells decided to attempt a two-point
conversion. He stuck with this decision
even after a penalty backed them up to
the seven-yard line. The attempt failed
and so, when a Bryan Cox interception
return for touchdown put the Jets up by
one point (28-27) with 9:34 remaining
in the game, they felt forced to make
another two-point attempt. That
attempt also failed, and the Patriots
ended up winning by two points on a
last-minute field goal. Had they simply
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kicked two one-point conversions the
game would have gone into overtime.
NFL teams collectively typically
attempt more than 100 two-point con-
versions every year. In addition there are
many other instances when the coach
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at least considered (or should have con-
sidered) trying for two points. Decisions
involving point-after-touchdown con-
versions can only affect close games —

that is, games in which the two teams
are tied or separated by only a couple of
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points at the end of regulation time.
Most games are not. Unfortunately, at a
point early in the game, we cannot reli-
ably predict the closeness of the final
score. Thus all conversion decisions
should be given proper attention. Rela-
tively few games will be impacted by
these decisions; however, a single
unnecessary loss can devastate a foot-
ball season.

To appreciate the potential impact of
these decisions, one need only look at
last season’s ultimate game, the year
2000 Super Bowl. With the score 23—16
in favor of the St. Louis Rams and 1:54
remaining in the game, the Tennessee
Titans mounted a desperation drive,
which ended on the Rams'one-yard line
as time ran out. Had they scored a
touchdown and added the extra point,
the game would have gone into over-
time. Less exciting but of greater inter-
est here is the two-point conversion
attempt by Tennessee when they were
trailing 16—6 with 14 seconds still
remaining in the third quarter. In retro-
spect we see that if they had instead
simply kicked an extra point, as sug-
gested by the analysis performed here,
then that last yard they were fighting for
would likely have given them a win
rather than just a tie.

It is easy to criticize decisions after
the fact. This article describes and illus-
trates an approach for developing reli-
able information to improve coachs’
decision making. The following sections
describe the current approach and the
issues involved. Then an approach based
on dynamic programming is described.

The Current Approach
and Limitations

Most NFL teams appear to rely on a
combination of simplistic tables and
intuition to guide their two-point con-
version decisions. Both of these tools
are flawed. The tables that most coaches
have available for advice depend only on
the current score. A decision that is cor-
rect for a given score late in the game
need not be correct early in the game
with the same score. As for intuition, it
is often based on a coach’s experiences
attheend of games. Late in a game there
is not much that can happen in the
remaining time. Thus if a decision is
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needed late in a game it is not usually
difficult to determine the correct action.
The more time remaining, the more dif-
ficult the analysis. Unfortunately spe-
cific situations with much time
remaining do not arise often enough for
even the most experienced football peo-
ple to have developed (empirically) reli-
able intuition.

Probabilistically, point-after-touch-
down conversion decisions range from
the obvious to the extremely delicate.
Any optimal strategy must depend, not
only, on (1) the current point differen-
tial but also on (2) the number of pos-
sessions remaining in the game and (3)

Most NFL teams
appear to rely on a
combination of
simplistic tables and
intuition to guide
their two-point
conversion decisions.
Both of these tools
are flawed.

the probability distribution of all possi-
ble occurrences during that time. When
all of these factors are taken into con-
sideration, some commonly made deci-
sions become questionable. We will see
how the method of dynamic program-
ming can be used to develop tables that
should be very helpful to coaches mak-
ing these decisions.

The Range of Decisions

Before beginning the analysis we look at
some situations that even the casual fan
should recognize. Let us start with the
simplest case. In a Jacksonville
Jaguar—Carolina Panther game during
the 1999 season, the Panthers scored a
touchdown with 31 seconds on the
clock to bring the score to 22—20 in favor
of the Jaguars. It did not take a rocket
scientist to realize that Carolina had to
attempt a two-point conversion. Of
course, had the score been 21-20 at that
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point, we still wouldn't need the rocket
scientist, but we would have to think a
bit. Is the probability of a successful
two-point conversion attempt greater or
less than the probability of winning in
overtime?

Bobby Ross, of the Detroit Lions,
was faced with a nearly equivalent
dilemma in the Lions game against the
Arizona Cardinals (11/14/99). With
5:26 left in the game, the Lions scored
a TD to pull within 23-19 of Arizona.
They went for two and missed. As a
result, the Lions lost 23—19 because
they could not go for a field goal (worth
three points) when they got to the Car-
dinal 10-yard line with under two min-
utes remaining. Ross had been hoping
for one more possession and for an out-
right win. Due to injuries, he said he did
not want to play in overtime. In effect
he determined that his team’s probabil-
ity of a two-point conversion was greater
than his team's probability of winning in
overtime. Despite being severely criti-
cized, he may have been correct about
that decision. Certainly he did consider
the appropriate factors. To find the truly
questionable decision (which went
unnoticed), we have to go back to the
third quarter. With 10:51 remaining in
the third quarter, the Lions scored a TD
to cut the Arizona lead to 23—-13. With
a 10-point deficit, naive tables would
tell you to go for a two-point conversion.
This would be the proper action near the
end of a game. Itis not, however, the per-
centage play early in the second half.
Had they kicked an extra point after that
TD, they also would have simply kicked
again in the fourth quarter, and they
likely would have won the game with a
last-minute chip-shot field goal.

A 12-point lead seems to provide a
great temptation to attempt a two-point
conversion at any time of the game. The
wild-card playoff game in 1998 between
the Jacksonville Jaguars and New Eng-
land Patriots provides a good illustra-
tion. When ahead 12-0 with 5:58 still
remaining in the second quarter the
Jaguars attempted a two-point conver-
sion that failed. When ahead by 12
points late in a game it is appropriate to
try for two points. Calculations show
that decision to be questionable, how-
ever, when made early in the game.
Although Jacksonville went on to win,
I'm sure they realized the needless dan-
ger they put themselves in when, with
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almost a full quarter remaining, New
England pulled to 12—-10 and seemed to
have the momentum. In 1997 Oakland
actually lost a game to the Jets partly
because they made the same decision
very early in the game.

The Goal

The examples described previously pro-
vide ample anecdotal evidence that bet-
ter decision-making tools are required.
The goal here is to develop a method that
will rely less on intuition and improve a
coach'’s decision-making ability. It is not
really possible to find exact optimal
strategies because the needed parame-
ters (e.g., scoring probabilities) are
unknown and must be estimated. Under
the best of conditions, these parameters
are difficult to estimate empirically, par-
ticularly early in a season. Furthermore,
they may vary during the season (e.g.,
due to player injuries). The coach’s
knowledge and intuition will still have
to be used. The model and approach to
be described will result in tables that can
give a coach a far more realistic sense of
the risks involved at each point in the
game.

The most perplexing issue of the two-
point conversion decision for a coach is
how to factor in time remaining. Near
the very end of a game the correct choice
is usually clear. As far as time remain-
ing, there seem to be two options. The
time can be measured in real time (i.e.,
minutes and seconds) or in possessions
(which must be estimated). If we choose
real time (which would be known
exactly), the analysis would then require
estimating a probability distribution for
the length of a possession. I have opted
to measure time in possessions.

Model and Methods

The method of dynamic programming
(or backward induction) is particularly
well suited for deriving optimal strate-
gies in games with time limits. It has
been used effectively, for example, by
the author in a Chance article (Vol. 9,
No. 1, Winter 1996) to analyze time
management in sports. The basic idea
is to determine optimal strategy, first for
the last possession of the game, then for
the previous possession, and so forth.

The key deci-
sion points are after
ateam has scored a
touchdown. It
turns out, however,
that our method
requires thinking
about each time
the ball changes
possession. Atsuch
points the game sit-
uation can be
described as (k, d,
f), where k is the
number of points
scored immedi-
ately prior to the
change of posses-
sion and prior to
any point after
touchdown attempt
(k=0 for no score,
k = 3 for a field
goal, kK = 6 for a
touchdown), d is
the lead of Team
A, and there are ¢
possessions re-
maining in the
game. The objec-
tive is to win the
game; let V(k,d,t)
be the probability
that Team A wins
given it is giving up
possession of the
ball in situation
k,d,t and both
teams make opti-
mal decisions from
this point on. Similarly V*(k,d,z) is the
probability that Team A wins given that
Team B is finishing its possession with
situation (k,d,t) and both teams make
correct decisions from here on out.
Team A wants to make V(k,d,t) as large
as possible and will make conversion
decisions accordingly; Team B wants to
make V(k,d,t) as small as possible.

‘We provide a brief description of the
dynamic programming approach here.
More details are provided in the side-
bar. Suppose we have determined the
optimal strategies for both teams and
the resulting probabilities V and V*
with # — 1 (or fewer) possessions
remaining in the game. Now suppose
Team A scores a touchdown (k = 6) to
make the lead —10 points (d = —10)
with one quarter (approximately z = 6
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possessions) remaining. Team A in this
case could be Tennessee in the 2000
Super Bowl. The situation with z— 1 or
5 possessions remaining will depend
on three things: (1) the conversion
strategy selected by Team A (one-point
or two-point), (2) success or failure of
the chosen strategy, and (3) the result
of Team B's next possession. Suppose
Team A attempts a one-point conver-
sion. Then it will be successful (with
probability .98) or not (with probabil-
ity .02). Following that, Team B will
fail to score (with probability .68), score
a field goal (three points with proba-
bility .12) or score a touchdown (six
points with probability .20). To demon-
strate the key step in dynamic pro-
gramming, consider what happens if
the conversion is successful and Team
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Table 1 — Optimal Conversion Strategy for an “Average” 1998 Team.
Entries give conversion (1 or 2 pt) to be attempted. Blank indicates it doesn’t matter.

status after total number of possessions remaining in the game for both teams combined
scoring TD O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
behind by
5 2 2 2 2 2 1 1 1 1 1 1 1 1 1
14 1 1 1 1 1 1 1 1 1 1 1 1 1 1
13 2 2 2 2 2 2 1 2 1 1 1 1 1 1
12 2 2 2 2 2 2 2 1 1 1 1 1T 1
11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1T 1
9 2 2 2 2 1 2 1 1 1 1 1 1 1 1T 1
8 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1T 1
7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1T 1
6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1 1
4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1T 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
ahead by
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1T 1
1 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1T 1
2 1 1 1 2 1 2 2 2 1 2 1 1 1 1 1 1 1 1
3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1
6 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
7 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1T 1
9 1 1 1 1 1 1 1 1 1 1 1 1 1 1 T 1
10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1T 1
11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
12 2 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1
Note T1: The status is immediately after the TD but before any conversion is attempted.
Note 2: To improve intuition we point out that a typical NFL game has approximately 6 possessions in each quarter.

B scores a touchdown. This happens
with probability (.98 x .20 = .196), and
the probability that A wins after these
two events is V¥(6,d —5,¢— 1); this is
the probability that A wins when B is
to give up possession after a touchdown
withAsleadd+1-6=d—-5andz-1
possessions remaining. But remember
we assumed that we already know all
values of V and V" with # — 1 posses-
sions remaining. Then A should evalu-
ate its strategies by computing the
expected probability of winning for
each strategy. This just requires find-
ing the probability of each possible out-
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come for the strategy (conversion suc-
cessful or failed, Team B scoring 0, 3,
6 points) and the probability of winning
after each possible outcome. See the
sidebar for additional details.

Results

Table 1 is an example of what a time-
dependent strategy table would look
like. It was constructed for two hypo-
thetical teams having the scoring char-
acteristics of two “NFL league average”
1998 teams playing against one another.
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Each team averages 12 possessions per
game. They each score on average 2.41
touchdowns per game (the probability
of a touchdown on a possession is
241/12 =~ 20), make 1475 field goals
per game (the probability of a field goal
on a possession is 1.475/12 =~ .12), and
convert 98% of their one-point conver-
sion attempts and 39% of their two-point
attempts. Similar tables can be con-
structed for particular matchups involv-
ing specified teams by applying dynamic
programming methods with different
scoring rates and conversion success
rates. One difficulty, as mentioned ear-
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Dynamic Programming for Finding Optimal
Point-After-Touchdown Strategies

The accompanying article uses dynamic programming to determine optimal point-after-touchdown conversion strate-
gies. The approach is described in more detail here. The first step is to carefully define the set of possible situations or
states. We focus on the moments during the game when the ball will change possession. Specifically, consider the moments
immediately after either team scores a field goal (FG, worth three points), immediately after either team scores a touch-
down (TD, worth six points) but before any extra points have been attempted, and immediately after a possession change
with no scoring (NS). At any of these moments we will say we are in situation (k,d,z) meaning that we have just scored k&
points (k =0, 3, or 6), there are ¢ possessions remaining in the game and Team A is ahead by d points. A negative d means
that Team A is behind. We will talk about having to make decisions in situation (k,d,z) even though a choice of options is
available only after a TD (i.e., k = 6). Note that this does ignore some rare events (e.g., a safety).

Let V(k,d,t) be the probability that Team A wins when 7éam A is to turn the ball over in situation (k,d,t) and both teams
behave optimally in this and all future situations (remember that Team A has real options only if it has scored a TD to reach
this situation). Similarly, let V*(k,d,z) be the probability that Team A wins when Team B is to turn the ball over in situation
(k,d,t) and both teams behave optimally in this and all future situations. Team A wants V(k,d,z) to be large while Team B
wants V'(k,d,t) to be small. Say that Team A has just scored a TD and is in situation (6,d,7). At this point Team A will attempt
either a one- or two-point conversion and add 0, 1, or 2 points to its score. Team B will then get the ball and during the next
possession score a TD, a FG, or nothing. Thus adding 6, 3, or O points, respectively, before the next decision situation. This
next decision opportunity would, of course, belong to Team B. The table below summarizes the possible situations with # —
1 possessions remaining.

Result of extra point attempt Result for Team B Probability that Team A wins at
by Team A in situation (6, d, t) during next possession the next decision situation
Attempt fails No score V¥, d, t-1)

FG V¥3,d-3,t-1)

TD V¥6,d-6,t-1)
Makes 1-point attempt No score VKO, d+1,t-1)

FG V3,d-2,t-1)

D V¥6,d-5,t-1)
Makes 2-point attempt No score VX0, d+2,t-1)

FG V<3,d-1,t-1)

™ VE6, d—4,t—1)

The advantage of dynamic programming is that the process begins at the end of the game. When there are zero posses-
sions left in the game, the optimal strategies for both teams and the probability of winning are clear. Next we find the opti-
mal strategies and probability of winning when one possession remains, then when two possessions remain, and so forth.
Once the values of V(k,d,t— 1) and V*(k,d, t— 1) are determined and the optimal strategy is specified for all k and d for 7 —
1 possessions remaining, then the optimal strategies are determined when there are 7 possessions remaining. I shall use sit-
uation (6, d, £) to demonstrate the process. Let p, and p, denote the probabilities, for Team A, of successful one-point and
two-point conversion attempts, respectively. Using the table above, it is easy to see that the probability Team A wins for a
given choice of conversion strategy depends only on values of V*with z— 1 possessions remaining (as well as p,, p,, and the
probability of B’s various outcomes). The key point is that values with z — 1 possessions remaining are known quantities.

Thus we compute the two probabilities:

(1) Pr(Team A wins if it tries a one-point conversion at (6, d, 7))
= p,[Pr(TD by B)V*(6,d—5,7— 1) + Pr(FG by B)V*(3,d — 2,7 — 1) + Pr(NS by B)V*(0,d + 1,¢—1)]
+ (1 — p)[Pr(TD by B)V*(6,d— 6, t— 1) + Pr(FG by B)V*(3,d—3,¢— 1) + Pr(NS by B)V*(0,d,z— 1)

(2) Pr(Team A wins if it tries a two-point conversion at (6, d, 7))
= p,[Pr(TD by B)V*(6,d—4,t— 1) + Pr(FG by B)V*(3,d — 1,2— 1) + Pr(NS by B)V*(0,d + 2,¢— 1)]
+ (1 — po)[Pr(TD by B)V*(6,d — 6, — 1) + Pr(FG by B)V*(3,d—3,¢— 1) + Pr(NS by B)V*(,d,t— 1)

If the probability in (2) is greater than that in (1), then attempting a two-point conversion is optimal for Team A in situa-
tion (6,d,2). If the probability in (1) is greater than that in (2) then attempting a one-point conversion is optimal for Team
A in situation (6 4,). If they are equal it doesn't matter.

A similar analysis will lead to Team B's optimal strategy for each k,d at time 7. Then we back up to find the optimal
strategies for all situations with 7z + 1 possessions remaining, and so forth.
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lier, is that scoring characteristics can-
not be known exactly. One way around
this problem would be to prepare sev-
eral tables using a range of scoring char-
acteristics for any game. This should
give a coach a much better sense of the
appropriateness of conversion decisions
than is now available.

Table 1 shows that, in the example
that started this article, Parcells's initial
decision to go for two points near the
end of the third quarter was correct.
Once the Jets committed the penalty
that backed them up an additional five
yards on the conversion attempt, how-
ever, the probabilities changed. Our
table no longer applies. Although penal-
ties (for or against the kicking team) on
the extra point play are rare they can
dramatically affect the probabilities
and, hence, the correct deci-
sion. With a little more
effort the preceding
methods can also be used
to develop tables to rec-
ommend strategy when a
penalty has occurred.

Incidentally, tables would
look much different for college
and high school football.
Their kicking is much less
“sure,” and two-point con-
versions are favored more
often.

An Overlooked
Strategy for a Common
Situation

An interesting finding relates to a very
familiar NFL occurrence. It suggests
the increased use of a strategy rarely
seen in the NFL. We get possession of
the ball at some point during the fourth
quarter, and we are behind by 14 points.
Other than the obvious need to score a
bunch of points, what should we be
anticipating in terms of strategy? If this
were a bridge column, the analyst would
say that we have a fairly hopeless hand
but that we should envision those dis-
tributions of cards that would permit us
to make our contract. We should then
play our cards accordingly. We employ
an analogous approach. First assume
that we will be able to outscore our
opponent by two touchdowns. Thus the
only real strategy issue is what to do, in
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terms of extra point attempts, after each
TD. How do we resolve this question?
For simplicity let’s assume that a one-
point conversion attempt is successful
100% of the time and that, if we make
it that far, the probability of winning in
overtimeis 1/2. Thus if all goes well (i.e.,
we score our two TD's and our opponent
does not score) and we go for one-point
conversions our probability of winning
the game is equal to 1/2. This seems to
be standard procedure in the NFL.
Let me propose a different plan. Go
for two points after the first touchdown.
If successful, a one-point conversion fol-
lowing the second touchdown will win
the game outright. If the first two-point
conversion attempt fails, we still
canreach overtime with a suc-
cessful two-point attempt
after the second touch-
down. Hence we
are trading some
of our chance

strategy described here. This could have
been useful information, for example,
for the 1998 Carolina Panthers who
often found themselves 14 points
behind in the fourth quarter (three times
— once against Dallas and twice against
Green Bay). They always went for one
point after scoring a touchdown. In one
of the games they actually made it to
overtime but lost. In 1999 the Eagles
suffered a similar fate in Washington.
Reaching overtime may be a full moral
victory, butitis worth only half areal vic-
tory.

Conclusion

To close we return to the 2000
Super Bowl when Tennessee scored
to cut St. Louis’s lead to 10 points
with one quarter (approxi-
mately six possessions)
remaining. Table 1 rec-
ommends a one-point
conversion. Tennessee
tried for two points and
failed. They subse-
quently scored 10 more points to
tie the game but ultimately lost.
Though we can never know for
sure what would have hap-
pened if Tennessee tried for
one point, it seems likely that
they might have earned the
lead at 17-16. What would St.
Louis have done then? It is
enough to convince me that
more attention should be paid

reaching overtime for some chance of an
outright win. In the days before overtime
was an option in professional football,
this strategy was studied by Porter
(1967) in the case of exactly four pos-
sessions remaining. In that case it turns
out that if the probability of a success-
ful two-point conversion is more than
.382 then our probability of winning is
greater than 1/2. The average success
rate for two-point conversions in the
NFL was 39% in 1998 and 43% the year
before.

Our results in Table 1 suggest a one-
point conversion after the first touch-
down (cutting a 14-point deficit to 8
points) until the last one-third of the
game at which point the recommenda-
tion changes to the two-point conversion
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“ to the conversion decision,
perhaps using the dynamic pro-
gramming approach laid out here.
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