Rethinking 2-Point Conversions and
4t & Short

Patrick Walsh
~ April 2020

P

=

'i I 2
R~
-,\i ¢ .
l -

e ; ‘l" = ‘

><
XXX X 2
Eoo 4 S

O



Patrick Walsh

About Me

 Background in Business Administration
(Business Analytics & Finance)

 Work Experience: Kearney, Routinely (NYC
rental workout clothing startup),
Binghamton University Student Association

 Leadership Experience: HS Football Captain,
VP Pledge Education for Delta Sigma Pi

* Life-long competitor and sports fan

 Grew up playing football, basketball, and
gaming (interest in Esports), working towards
first marathon
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Presentation Overview

* This presentation was designed to further explore NFL Data while
honing my skills in SQL, Tableau, and Excel

 The findings are useful for NFL coaches, sports journalists, fans, and
others looking to research NFL data

 The data was compiled by a group of Carnegie Mellon researchers
and is available on Kaggle:

1- Appendix Exhibit 1 (Kaggle Data)



Experimental Procedure

Questions

* Are teams becoming more
aggressive on 4th and short & in
2-point conversion situations?

* What are the play call
tendencies in these situations?
Has it changed over time? Does
the situation in the game
influence it?

* Is there a more successful play
type in these short yardage
situations?

1- Appendix Exhibit 2 (Pressure Scale)

2- Appendix Exhibit 11 (4th and 1 by Pressure and Field Position Over Time)

Analysis

* Time series analysis of attempts
by season and as a % of total
opportunities (2-point
attempts/touchdowns, & 4th
down attempts/total 4th and
short opportunities)

* High level breakdown of
pass/run frequency and
conversion in each situation,
followed by deep dive factoring
game-state pressure1 and field
position2

Findings

* 2018 2-point conversion attempts
are 2.28x that of the 2009-2014
average, and 1.49x the 2015-2017
average

4th and short was attempted more
often in 2018 despite fewer
opportunities

Passes are heavily favored (75%) in
2-point conversion and 4th and 2
situations, runs in 4th and 1
situations (73%)

Increased pressure leads to higher
likelihood of passing

Runs are more effective on all play
calls, yet are called far less often
than pass plays on 4th and 2 and
2-point conversions

PATRICK WALSH
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Definitions

Play Type/Play Call - Run or Pass

Play Type Frequency — Number of times a play was called out of all attempts in a given situation (stated as
a rate or % —i.e. pass plays had a frequency of .7 or 70%)

Total Opportunities/Instances — Total number of times given situation occurs (1000 would indicate there
were 1000 plays in which the offense faced a 4" and 1), or the sum of attempts and non-attempts

Conversion Rate — The number of successful attempts/total attempts

Growth Rate/% Growth — (Current Period — Previous Period)/Previous Period

Pressure! — An assigned value (low, medium, high) accounting for the score differential and quarter in the
game (A team trailing by 10 in the 2"¥ quarter would be in a medium pressure situation, whereas a team
trailing by 5 in the 4t quarter would be in a high pressure situation

Opp — Opponent’s side of the field (within 50 yards of the endzone)

Scramble? — A called pass play in which the quarterback decides to run the ball after the play breaks down

PAT — Point after touchdown

1- Appendix Exhibit 2 (Pressure Scale)
2- Appendix Exhibit 13 ( QB Runs on 2-point Conversions)
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The number of 2-point conversion attempts is rapidly increasing, and 120
attempts in 2018 is double that of the average attempts prior to 20151

2-Point Attempts by Season
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2-Point Attempts — Ratio Analysis

2-Point 2009-2014 | 2015-2017

2018

Attempts | (Average) | (Average)

# of Attempts 52.67 80.67 120.00 48.76%
1281.33 1275.67 1279.00 0.26%

Attempts as a
% of 4.11% 6.32% 9.38% 48.37%

Touchdowns

Attempts per 1.65 2.52 3.75 48.76%
Team

Excludes touchdowns scored in overtime as these conclude the game and no PAT is attempted

Changes in rules (moving back the PAT kick in 2015) was a catalyst for the initial surge in attempts, and teams have seemed willing to

further experiment in the subsequent years

Data shows surge in attempts is not tied to an increase in the # of opportunities (touchdowns), rather more willingness to go for 2

2-Point conversions attempts have skyrocketed, and on average, teams will face a total of 4.2 more attempts per 16 game regular %
season than in the years prior to 2015 (2.1 offensively, 2.1 defensively)

Appendix Exhibit 4 (2-Point Conversion Ratios)

2
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There was growth in 2-point attempts throughout all situations in a game,
though low and medium pressure! situations saw the highest % change in 20181

2-Point Attempts Over Time — By Pressure

. 2009-2014 2015-2017 2018 % Growth
2-Point Attempts (Average) (Average) A LI (From 2015-2017)
L M H L M H L M H

L M H

# Of Attempts 2.67 6.67 43.33 7.00 17.33 56.33 17.00 28.00 75.00 142.86% 61.54% 33.14%

Touchdowns 540.00 407.33 334.00 512.00 416.33 347.33 556.00 379.00 344.00 8.59% -8.97%  -0.96%

Attempts Per TD by Pressure

0.49%  1.68% 13.04% 1.37%  4.16% 16.22% 3.06%  7.39% 21.80% 123.64% 77.45% 34.43%
Total Attempts Per TD 4.11% 6.32% 9.38% 48.76%

% Growth from Previous Period 53.84% 48.37%

L = Low Pressure
M = Medium Pressure
H = High Pressure

The dramatic uptick in attempts during low and medium pressure situations implies the growth is primarily driven by more aggressive
play-calling early in games (going for it when not necessary to catch-up or build a lead) and not a product of the “need” to go for 2-point
conversions in close games

] ]10]

|
PATRICK WALSH -

1- Appendix Exhibit 2 (Pressure Scale)
Appendix Exhibit 4 (2-Point Conversion Ratios) @
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There is an overwhelming tendency to throw the ball when attempting a 2-point
conversion despite a glaring difference in the conversion rate of each play type

2-Point Play Call Frequency and Conversion 2-Point Attempts — Team Breakdown

0.8 TeamslPass - Fail |Pass = SuoeesslTotaI Passeisun - Fail ‘Run - Success |Tota| Runs |Tota| Attempts ‘% Passesl% Runs |Pass Success (%) ‘Run Success (%) |Total Success
.75 CHI 5 15 20 2 6 8 28 1% 29% 75% 75% _
LAC 5 8 13 0 2 2 15 87%  13% 62% 100% 67%
PHI 7 7 14 2 10 12 26 54%  46% 50% 83% 65%
0.7- LA 3 9 12 5 5 10 22 55%  45% 75% 50% 64%
NYG 6 2 8 1 10 11 19 42%  58% 25% 91% 63%
. PIT 13 19 32 1 3 4 36 89%  11% 59% 75% 51%
. fallure MIN 6 7 13 2 5 7 20 65%  35% 54% 71% 60%
0.6- BAL 6 3 12 2 1 6 18 67%  33% 50% 67% 56%
. SUCCess BUF 7 6 13 3 6 9 22 59%  41% 46% 67% 55%
DAK 8 10 18 1 0 1 19 95% 5% 56% 0% 53%
NO 6 3 9 4 8 12 21 43%  57% 33% 67% 52%
0.5- Hou 5 3 8 1 3 4 12 67%  33% 38% 75% 50%
MIA 7 5 12 1 3 4 16 75%  25% 42% 75% 50%
IND 11 9 20 2 4 6 26 7% 23% 45% 67% 50%
NE 6 5 11 1 2 3 14 79%  21% 45% 67% 50%
04- DAL 7 6 13 1 2 3 16 81%  19% 46% 67% 50%
CAR 9 g 17 1 1 2 19 89%  11% 47% 50% 47%
SF a a 8 2 1 3 11 73%  27% 50% 33% 45%
CIN 8 3 11 0 3 3 14 79%  21% 27% 100% 43%
0.3- CLE 12 7 19 3 4 7 26 73%  27% 37% 57% 42%
2 5 WAS 10 g 18 4 2 6 24 75%  25% 44% 33% 42%
. JAX 13 8 21 3 3 6 27 78% 2% 38% 50% 1%
GB 14 10 24 2 1 3 27 89%  11% 42% 33% 1%
0.2- 42(y DEN 6 5 11 7 3 10 21 52%  48% 45% 30% 38%
: (0] SEA 11 6 17 1 1 2 19 89%  11% 35% 50% 37%
ATL 12 8 20 a 1 5 25 80%  20% 40% 20% 36%
ARI 10 5 15 3 2 5 20 75%  25% 33% 0% 35%
DET 18 11 29 5 0 5 34 85%  15% 38% 0% 32%
0.1- 58(y TB 18 9 27 3 2 g 35 77%  23% 33% 25% 31%
() TEN 9 a 13 2 1 3 16 81%  19% 31% 33% 31%
NY) 12 2 14 0 2 2 16 88%  13% 14% 100%
0.0 KC 10 3 13 1 0 1 14 93% 7% 23% 0%
- Totals 284 221 505 73 100 173 678 74%  26% 44% 58% a7%

Pass Run

Pass plays account for 75% of all 2-point conversion attempts, yet they are not nearly as successful as run plays (44% vs. 58% conversion)

Only 2 teams rushed the ball more than 50% of the time, indicating the distribution of pass/run is a league-wide preference, making
game planning for these situations a bit easier

This figure can potentially slightly underestimate the pass total as not all QB runs could be confirmed as scrambles or designed runslg 5

-
ww PATRICK WALSH

Appendix Exhibit 3 (2-Point Conversion Attempts)
1- Appendix Exhibit 13 (QB Runs on 2-Point Conversions) -1
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An analysis revealed that the 2-point attempt pass/rush play call frequency and
effectiveness vary given the pressure of the situation in the game

2-Point Play Call Frequency and Conversion by Pressure
Low Medium High

o.8

o.7 .69 .69

o6

M failure
M success

o.5

O .4

23
38%

62%

Pass Run Pass Run Pass Run

The disparity between pass and run play calls grows as the pressure mounts from low to high (pass frequency increases from 69% to
77%), but the effectiveness of passes decreases (51% to 43%) while the effectiveness of runs increases with pressure (41% to 62%)

Teams are adamant to place the ball in their quarterback’s hands in crucial situations despite lower conversion
Q Q

-
PATRICK WALSH -

Appendix Exhibit 3 (2-Point Conversion Attempts) @



Patrick Walsh 12

Contents

Overview
2-Point Attempts
Ath Down Attempts

Takeaways



Patrick Walsh 13

Analysis revealed a staggering difference in play calling tendencies and
effectiveness on 4" and 1 vs. 4t and 2 situations

4t and Short Play Call Frequency and Conversion by Distance
4% and 1 4t and 2

oO.8

B failure
B success

Pass Run Pass Run
1779 4th and 1 attempts & 541 4t and 2 attempts
On 4t and 1, 73% of attempts were rushes, converting 69% of the time (passes had a 55% conversion)
On 4t and 2, passes accounted for 76% of play calls, converting 50% of the time (runs converted 59%)

Key Takeaway — 1 yard makes all the difference in play calling — but why? @ @

-
PATRICK WALSH -

Appendix Exhibits 5 & 6 (4th and Short Attempts) @
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League-wide totals were broken down by team to better understand the
distribution of pass/run plays and to identify potential outliers

4th and 1 Attempts — Team Breakdown 4t and 2 Attempts — Team Breakdown

Teams Pass-Fail  Pass-Success Total Passes Run-Fail Run-Success TotalRuns  Total Attempts %Passes  %Runs  PassSuccess (%)  RunSuccess (%) Total Success Teams Pass-Fail  Pass-Success Total Passes Run-Fail Run-Success Total Runs  Total Attempts % Passes % Runs  PassSuccess (%)  Run Success (%) Total Success
ARI 3 7 10 6 23 2 39 26% 4% 70% 7% 7% DET 5 9 11 0 6 6 20 70% 30% 64% 100% 75%
CAR 6 8 14 8 35 43 57 25% 75% 57% 81% 75% CIN 3 6 9 1 5 6 15 60% 40% 67% 83% 3%
CLE 7 5 12 8 31 2 54 2% 78% 42% 81% 2% PIT 1 7 8 2 0 2 10 80% 20% 88% 0% 0%
NY) 1 7 8 14 32 46 54 15% 85% 88% 70% 2% ATL 5 14 19 1 0 1 20 95% 5% 14% 0% T0%
TEN 4 14 18 1 23 34 52 35% 65% 8% 68% 1% NO 4 12 16 3 4 7 23 70% 30% 75% 57% 70%
PHI 7 1 18 18 49 67 85 21% 79% 61% 73% 1% IND 2 5 7 2 3 5 12 58% 42% 1% 60% 67%
SEA 7 6 13 7 27 34 47 28% 2% 46% 79% 70% LAC 3 7 10 2 3 5 15 67% 33% 0% 60% 67%
CIN 4 4 8 14 38 52 60 13% 87% 50% 3% 0% LA 2 5 7 1 1 2 9 78% 2% 1% 50% 67%
DAL 3 5 8 15 36 51 59 14% 86% 63% T1% 69% CAR 3 8 1 3 2 5 16 69% 31% 3% 40% 63%
NO 6 8 14 15 39 o4 68 21% 79% 57% 2% 69% NE 4 8 12 1 0 1 13 92% 8% 67% 0% 62%

NE 6 10 16 15 36 51 67 2% 76% 63% 1% 69% MIA 6 7 13 0 1 1 14 93% 7% 54% 100% 57%
KC 5 8 13 14 31 45 58 2% 78% 62% 69% 67% DEN 6 6 12 2 4 6 18 67% 33% 50% 67% 56%
SF 7 12 19 13 29 42 61 31% 69% 63% 69% 67% PHI 6 7 13 2 3 5 18 72% 28% 54% 60% 56%
DEN 7 13 20 11 2 33 53 38% 62% 65% 67% 66% SF 6 8 14 2 2 4 18 78% 22% 57% 50% 56%
MIN 5 1 16 13 2 37 53 30% 0% 69% 65% 66% CLE 6 10 16 3 1 4 20 80% 20% 63% 25% 55%
CHI 6 8 14 12 27 39 53 26% 4% 57% 69% 66% BAL 3 8 16 2 3 5 21 76% 2% 50% 60% 52%
PIT 4 12 16 13 21 34 50 3% 68% 75% 62% 66% NYG 10 13 23 2 0 2 25 92% 8% 57% 0% 52%
LA 9 11 20 10 2 34 54 3% 63% 55% T1% 65% TEN 7 4 1 1 4 5 16 65% 31% 36% 80% 50%
HOU 5 14 19 18 27 45 64 30% 0% 2% 60% 64% NY) 4 6 10 2 0 2 12 83% 17% 60% 0% 50%
BAL 6 8 14 18 34 52 66 2% 7% 57% 65% 64% DAL 7 5 12 0 2 2 14 86% 1% 42% 100% 50%
JAX 12 5 17 16 43 59 7 22% 78% 29% 3% 63% MIN 8 5 13 0 2 2 15 87% 13% 38% 100% 47%
BUF 7 3 10 9 23 R 42 24% 76% 30% 2% 62% TB 8 5 13 0 2 2 15 87% 13% 38% 100% 47%
LAC 2 4 6 1 22 36 a2 14% 86% 67% 61% 62% ARI 11 5 16 0 4 4 20 80% 20% 3% 100% 45%
TB 7 7 14 15 26 41 55 25% 75% 50% 63% 60% KkC 9 ] 13 1 4 5 18 72% 28% 31% 80% A1%
WAS 10 8 18 1 22 33 51 35% 65% 4% 67% 59% WAS 12 10 22 3 1 4 2% 85% 15% 45% 25% 42%
OAK 9 9 18 15 2 39 57 32% 68% 50% 62% 58% HOU 7 4 1 3 3 6 17 65% 35% 36% 50% 4%
ATL 14 8 2 1 25 36 58 38% 62% 36% 69% 57% JAX 7 1 8 1 4 5 13 62% 38% 13% 80% 38%
GB 3 8 16 14 21 35 51 3% 69% 50% 60% 57% CHI 7 5 12 1 0 1 13 92% 8% 42% 0% 38%
DET 12 5 17 1 24 35 52 33% 67% 29% 69% 56% GB 9 2 1 4 5 9 20 55% 45% 18% 56% 35%
MIA 7 4 11 16 25 a1 52 2% 79% 36% 61% 56% BUF 12 7 19 3 1 4 23 83% 17% 3% 25% 35%
NYG 7 7 14 13 16 29 43 33% 67% 50% 55% 53% SEA 3 2 10 2 3 5 15 67% 33% 20% 60% 33%
IND 12 12 24 10 13 23 4 51% 49% 50% 57% 53% 0AK 9 3 12 3 2 5 7 71% 29% 25% 40% 29%
Grand Total 215 262 4717 408 895 1302 1779 21% 73% 55% 63% 65% Grand Total 205 208 413 53 75 128 541 76% 24% 50% 59% 52%

Only one team passed on the majority of their 4t and 1 attempts (Colts passed 51% of the time, and they had the worst conversion
rate), indicating a league-wide preference to run the ball in this situation (76% of all attempts)

No teams ran the ball more than 50% of the time on 4th and 2

Teams can better prepare for these situations in the beginning of the season knowing the league-wide preference in play call

PATRICK WALSH
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Though the total number of 4t and 1 attempts showed no clear trend, there
was a noticeable increase in attempts as a % of total opportunities in 2018

4th and 1 Attempts by Season
220
200
180
160
140
120
100
80
60
40

20

0
2009 2010 2011 2012 2013 2014 2015 2016

League-wide data (1779 attempts)

A stark increase in the attempts per opportunity indicates more aggressive play calling and/or more critical situations on 4t and 1

4th and 1 Attempts — Ratio Analysis
4th and 1 2009-2017

Attempts (Average)

# of Attempts 176.00 195.00 10.80%
Total 420.33 350.00 -16.73%

Opportunities

AU [ 41.87% 55.71% 33.06%

Opportunity

Attempts per 5.50 6.09 10.80%

Team

Total Opportunities = Total Number of 4t and 1 situations
FY = Forward Year Estimate

234.19

420.33

55.71%

7.32

If the 2018 rate were to stay constant, and if total opportunities returns to the average amount, it is fair to expect an increase of nearly

40 attempts in a given year

@®
Key Takeaway - 4t and 1 situations will become increasingly important for defenses to prepare for, and teams will likely face 3.64 =
more attempts on average (1.82 offensively, 1.82 defensively) per 16 game season than in the previous 9 years

Appendix Exhibit 11 (4th and 1 by Pressure and Field Position Over Time)

wn PATRICK WALSH
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A deeper dive revealed changes in willingness to attempt 4t and 1 opportunities
given the pressure of the situation and the position on the field

4t and 1 Attempts as a % of Total Opportunities — by Pressure and Field Position

m 2009-2017 Average 2018 Values 2018 % Change from Average

Low Medium High Total Low Medium High Total Low Medium High Total

ORI 460%  4.20%  27.19% 10.73%  7.69% 5.88%  33.33% 15.09% 67.40%  40.14%  22.59%  40.68%
Own 40-49 16.88%  17.74%  51.72% 27.41% 28.00%  42.86%  63.64% 40.00% 65.85% 141.56%  23.03%  45.93%
Opp 41-50 50.00%  52.21%  70.09% 56.64% 84.62%  95.00%  87.50% 90.24% 69.23%  81.97%  24.85%  59.32%
Opp 31-40 80.67%  82.31%  84.75% 82.56% 77.78%  85.71%  75.00% 78.57% -3.59%  4.14%  -11.50% -4.83%
Opp 21-30 68.47%  52.68%  75.00% 64.89% 63.64%  87.50%  75.00% 74.07% -7.06%  66.10%  0.00%  14.15%
Opp 11-20 47.96%  51.96%  59.78% 53.08% 66.67%  85.71%  60.00% 71.05% 39.01%  64.96%  0.36%  33.85%

Opp 1-10 65.16% 59.81% 69.79% 64.79% 86.67% 92.00% 85.00% 88.33% 33.01% 53.82% 21.79% 36.34%

Total 35.86% 36.33% 55.63% 41.87% 44.63% 61.48% 61.68% 55.71% 24.44% 69.22% 10.89% 33.06%

Opp = Opponent’s side of the field Appendix Exhibit 7 (Pressure and Field Position Analysis)

Team’s willingness to attempt a 4" and 1 has increased at almost all points on the field with the biggest spike between the 40s
(intuitively, this makes sense, as this is too far to kick a field goal, and punts will net fewer yards when kicked from here)

When considering pressure, the largest % changes occurred in medium and low pressure situations (69% and 24% increase from
average), indicating the increase in relative attempts is the result of more aggressive play calling and not due to a close game

PATRICK WALSH

Teams need to prepare to defend against 4t and 1, as it is becoming increasingly common to go for it, especially around mid field
Appendix Exhibit 11 (4th and 1 by Pressure and Field Position Over Time)



Patrick Walsh 17

Like 2-point conversions, pressure is a large influencer on play call tendencies
and conversion rate for 4t and 1 situations

4th and 1 Play Call Frequency and Conversion by Pressure
Low Medium High

o8

o - failure
M success

oS
o5
O_<

o3

0_2 -20
38%

24
41%

62% 59%

Pass Run Pass Run Pass Run

Play calls greatly shift with pressure (80%-20% run/pass when low vs. 66%-34% run/pass when high)
Pass conversion seems to be more influenced by pressure (62% to 50% for passes, 70% to 68% for runs)
Teams should be more confident in running the ball — especially in crucial situations

e

-
PATRICK WALSH -

Appendix Exhibit 5 (4t and 1 attempts) Y—@Y
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The ratio of pass to run plays has remained fairly steady over 10 years with a
slight increase in the relative number of pass plays in recent years

4th and 1 Play Call Frequency by Season 4th and 1 Attempts — Conversion over time

08
———— P A 20092017 | o 0 2018 %

—_———

028 O ~—X ot (Average) Growth

Average

0.26 T~/

0.24 0.6

022 % Pass Attempts 26.45% 29.76% 12.44%
0.20 0.5

0.18

e o % Run Attempts 73.55% 70.24% -4.48%
0.14
0.12 0.3 .
0.10 B Pass Pass Conversion 53.94% 62.07% 15.07%
0.08 M Run 0.2
0.06
0.04 0.1
002 Run Conversion 67.81% 76.64% 13.02%
0.00 0.0

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Pass on left axis and run on right axis

In 2018, the split of runs to passes was 70%-30% indicating a shift towards passes relative to the 9 year average of 74%-26%

Interestingly, the conversion rate of each play type is at a 10-year high (77% for runs vs. 68% 10 year average, and 62% for passes vs. 54%
10 year average)

Teams are becoming more successful in 4t and 1 situations and should continue to increase aggression 2 %

=
ww PATRICK WALSH

Appendix Exhibit 7 (4th and 1 Over Time) @
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Total 4t and 2 attempts has been slowly rising since 2014, and there was a
nontrivial increase in attempts as a % of total opportunities in 2018

4th and 2 Attempts by Season 4th and 2 Attempts — Ratio Analysis

65

5 4thand 2 | 2009-2017 2018 %
55 Attempts (Average) Growth

50

45 # of Attempts 53.22 62.00 16.49%
40

. gl 299,00 234.00 -21.74%
30 Opportunities
25

Attem r

& ttempts pe 17.80%  26.50% 48.85%
15 Opportunity

10

5

) A (P 1.66 1.94 16.49%

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Team

League-wide data (541 attempts) Total Opportunities = Total Number of 4t and 2 situations

FY = Forward Year Estimate

79.22

420.33

26.50%

2.48

Despite 22% fewer 4t and 2 opportunities, the total attempts rose 16% and attempts per opportunity rose nearly 49%, signaling more

aggressive play calling and/or more critical situations when a team faced 4t and 2

If the 2018 rate stays constant, and if total opportunities returns to average, it is fair to expect an increase of 17 attempts in a given year

Key Takeaway - 4t and 2 situations are attempted more frequently now, and teams will likely face this situation on average

4.96 times a year (half offensively, half defensively), 49% more frequently than the 9 year average of 3.33 times a year
Appendix Exhibit 12 (4th and 2 by Pressure and Field Position Over Time)

©
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A deeper dive revealed changes in willingness to attempt 4t and 2 opportunities
given the pressure of the situation and the position on the field

4t and 2 Attempts as a % of Total Opportunities — by Pressure and Field Position

m 2009-2017 Average 2018 Values 2018 % Change from Average

Low Medium High Total Low Medium High Total Low Medium High Total

Inside own 40 IR 2.03% 16.88% 5.39%  2.63% 6.90% 35.71% 9.88% 763.16%  239.08%  111.54%  83.36%
Own 40-49

Total

Inside own 40

_ 3.01% 6.99% 24.78% 10.19%  0.00% 11.11% 60.00% 20.00% -100.00%  58.89%  142.14%  96.28%
12.22%  16.19% 50.60% 25.18% 33.33%  50.00% 80.00% 52.17% 172.73%  208.82%  58.10%  107.20%
40.74%  51.81% 60.47% 51.20% 85.71% 0.00% 72.73% 66.67% 110.39%  -100.00%  20.28%  30.21%
24.73%  12.50% 34.67% 24.17%  0.00% 9.09% 71.43% 26.09% -100.00%  -27.27%  106.04%  7.95%
8.43% 14.08% 34.18% 18.88%  0.00% 50.00% 75.00% 41.18% -100.00%  255.00%  119.44%  118.05%
7.91% 14.50% 41.67% 21.74% 16.67% 15.79% 44.44% 23.53% 110.61%  8.86% 6.67% 8.24%
Total |

9.29% 12.67% 33.79% 17.80% 12.05% 18.68% 58.33% 26.50% 29.75% 47.48% 72.66% 48.85%
Opp = Opponent’s side of the field

Team'’s willingness to attempt a 4™ and 2 has increased at all points on the field, and on the aggregate, in all situations in the game

When considering pressure, the largest % changes occurred in high and medium pressure situations (73% and 47% increase from 9 year
average), indicating the increase in relative attempts is the result of more aggressive play calling in crunch time

Defenses should take note as coaches are showing more confidence on 4t and 2, especially In higher stakes situations

PATRICK WALSH

Appendix Exhibit 12 (4th and 2 by Pressure and Field Position Over Time)
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Pressure creates the largest disparity in play type frequency but has less
influence on the conversion of play types in 4t and 2 situations

4t and 2 Play Call Frequency and Conversion by Pressure

o.8

.70

o.7 _
M failure

o6 M success

.5
O.4

0.3

.18

43%
57%

Pass Run Pass Run Pass Run

.2

O.1

0.0

Passes are overwhelmingly preferred with increased pressure (66%-34% pass/run split when low vs. 82%-18% when high)

Though runs become less effective with pressure on 4th and 2, pass conversion seems to not be greatly influenced, and the relationship
is less clear (51% to 50% pass conversion when pressure is low vs. high, and 68% to 57% run conversion)
Q Q

Teams are leaning heavily on passing the ball (perhaps too much, and telegraphing their decision in high pressure situations), -

yet runs are still a very viable and underutilized option in this situation and should be used more often
Appendix Exhibit 6 (4th and 2 Attempts) @
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While difficult to identify a clear trend over the past 10 years, passes have
accounted for % of all attempts over the past 10 years on 4t and 2

4th and 2 Play Call Frequency by Season 4th and 2 Attempts — Conversion over time

th and 2 2009-2017 2018 %
\ 0.30 4™ an - ()

7 b /\ A o Attempts (Average) 2018 Growth

0.26
0.70 /< N /\ A\/9< 0.24
0,60 — \/ 0.22 % Pass Attempts 76.78% 73.77% -5.53%
0.20

v o % Run Attempts 23.28% 26.23% 18.32%

040 0.14

0.30 812 Pass Conversion 49.18% 60.00% 21.99%
M Pass 0.08

ve M Run 0.06

0.10 gg;‘ Run Conversion 57.66% 64.71% 12.22%

0.00 0:00

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Pass on left axis and run on right axis

In 2018, the split of passes to runs was 74%-26% with a 9 year average of 77%-23% (fairly steady)

The effectiveness of both runs and passes has risen substantially above their 10 year averages (60% conversion for passes in 2018 vs 49%
average, and 65% for runs vs. 58% average)

Teams are becoming more successful in 4t and 2 situations and should look to be more aggressive 2 %

=
ww PATRICK WALSH

Appendix Exhibit 8 (4th and 2 Over Time) @
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Offensive coaches should alter their approach to short yardage situation

Data shows growing success on 4t and short situations, so continue to exploit this opportunity until defenses

Be More improve in these situations

Aggressive

The distribution of play calls is often 75%-25% (pass/run in 4™ and 2 and 2-point conversions, and 73% run on

Reconsider Play 4t and 1) which becomes predictable, especially if your offense heavily relies on a few players

Mix

Has proven to be more successful in all short-yardage situations outlined in this study, yet is only the preferred

When in doubt, play call on 4t and 1 situations

Run the ball!l!

PATRICK WALSH



Defensive coaches should leverage data to prepare for short yardage situatio

2-Point & 4% and short attempts will become increasingly important

Attempts have skyrocketed recently on a % basis and totals will rise in the future, so this play should be a bigger part in game plans

=_

Identify opposing team’s tendencies

These are not coin-flip scenarios, data suggests the offensive team will heavily favor a play call in these situations

Reconsider personnel and schematic approach for these situations

An optimal roster can be built to defend in these situations, and defensive alignment and play calling can be enhanced for these
scenarios (more data can be useful here —i.e “4-man front, B-gap blitz, other schemes that prove effective against these plays)

PATRICK WALSH
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Potential Next Steps

 The procedure and findings serve to guide further analysis to reveal
additional insight (either league-wide or team-specific)

* Analysis such as player utilization, route distance, preferred side to
target with the ball (right/left/middle) can all be performed (both in
and outside of these short yardage situations)

 Happy to follow up with more information

patjwalsh35@gmail.com
https://www.linkedin.com/in/patrick-walsh-540a01138/



mailto:patjwalsh35@gmail.com
https://www.linkedin.com/in/patrick-walsh-540a01138/
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Data

Exhibit 1 — Kaggle Data

@ Dataset

L

Detalled NFL PIay-by-Play Data 2009-2018

nflscrapR generated NFL dataset wiith expected points and wln prbabmty

vy Max Horowitz « updated a year ago (Version 6)

Tasks Kernels Discussion Activity Metadata

(D

The data can be found at (https://www.kaggle.com/maxhorowitz/nflplaybyplay2009t02016)
The data has been updated since its creation to include 2017 and 2018 values



https://www.kaggle.com/maxhorowitz/nflplaybyplay2009to2016

100% |

@ Results @i Messages

game_id home_team away team posteam posteam_type defteam  side_of field vardline_100 game_date quarter_seconds_remaining  half_seconds_remaining game_seconds_remaining game_half quarter_end  drive A
1 | 2009082001 DET MIN DET  home MIN  DET 66 2008-08-20 00:00:00000 348 1248 1248 Half2 0 5
2 2009092001 DET MIN DET home MIN DET 58 2009-08-20 00:00:00.000 307 1207 1207 Half2 0 15
3 2009092001 DET MIN MIN away DET MIN 7 2009-09-20 00:00:00.000 293 1193 1193 Half2 0 16
4 2009092001 DET MIN MIN away DET MIN ?1 2009-09-20 00:00:00.000 259 1159 1159 Half2 0 16
5 2008092001 DET MIN MIN away DET MIN 74 2009-08-20 00:00:00.000 216 1116 1116 Half2 0 16
6 2009092001 DET MIN MIN away DET MIN 80 2009-09-20 00:00:00.000 192 1092 1092 Half2 0 16
7 2009092001 DET MIN DET home MIN DET 63 2009-09-20 00:00:00.000 183 1083 1083 Half2 [} 17
8 2009092001 DET MIN DET home MIN DET 56 2009-09-20 00:00:00.000 149 1049 1049 Half2 1] 17
g 2009092001 DET MIN DET home MIN DET 51 2009-08-20 00:00:00.000 115 1015 1015 Half2 0 17
10 2660 2009092001 DET MIN DET home MIN MIN 43 2009-09-20 00:00:00.000 91 991 991 Half2 0 17
1 2681 2009092001 DET MIN DET home MIN MIN 42 2009-09-20 00:00:00.000 55 955 955 Half2 0 17
12 2703 2008092001 DET MIN DET home MIN MIN 42 2009-08-20 00:00:00.000 49 949 949 Half2 0 17
13 2730 2009092001 DET MIN MIN away DET MIN 83 2009-09-20 00:00:00.000 41 941 941 Half2 0 18
14 2754 2009092001 DET MIN NA NA NA MIN NULL 2009-09-20 00:00:00.000 O 900 900 Half2 1 18
15 2770 2009092001 DET MIN MIN away DET MIN 77 2009-09-20 00:00:00.000 900 900 900 Half2 1] 18
1R 27584 0nanaPnn NFT MIN MIN AWAY NFT MIN /7 2009-NG-2000-00-00 000 BAN REN REN Half? n 18 v
< I >

@ Query executed successfully. ' DESKTOP-99JT234\SQLEXPRESS ... DESKTOP-99)T234\patjw .. master ' 00:00:43 449,371 rows




After narrowing the focus to a few experimental questions worth
exploring, the dataset was queried and prepared for analysis

NFL Football 2009-..99)T234\patjw (531))* +# X
HSelect Top (1000)

SQLQuery2.sql - DE..2JT234\patjw (62))*

SQLQuery1.sql - DE..9/T234\patjw (59))

Select * Fron dbo. [NFL Data 209-2618] lihere [doun] TII (4);

[play.id] asc; |
n
Select * From dbo. [NFL Data 2009-2018] Where [tuo point cony result] Il ('success', 'failure')
n
100% -
B Results g Messages
p\ay_\_d_game_id home team  away team posteam  posteam_type defiesm side of field yardline_100 game_date
12482 2009092001 DET MN DET  home MIN - DET 5 2008-03-20 00:00:00.000
2 57 2009092001 DET MN MN - away DET  MN il 2008-09-20 00:00:00.000
100% - 3 203 2009092001 DET MN DT home MN - MN 2 2009-09-20 00:00:00.000
BR Resuls g Messages 4 273 2009092001 DET MN MN - away DET  DET 28 2009-09-20 00:00:00.000
conds_femaining  game_seconds_remaining  game_half quarter_end drve sp qrr down goal_to_go time ydin  ydstogo ydsnet desc play_type yards_gained shotg A 5 2612 2009092009 BUF T8 BUF home T8 BUF 57 2009-09-20 00:00:00.000
1 37 Half2 0 20 4 NI O 1899-12:300527.00000 BUF2 0 80 (Passformation) TWO-POINT CONVERSION ATTEMPT.BL.. pass 0 ; "
2 1 Half2 0 210 4 NULL O 1699-12-3000:11:00.000 CIN2 0 87 (Passformation) TWO-POINT CONVERSION ATTEMPT.K...  pass 0 6 ZE 2050909 BUF T8 TE anay BETE & A0S0 W00
3 919 Half2 0 B0 3 NUL O 1899-12-3000:18:00000 JAC2 O 80 TWO-POINTCONVERSION ATTEMPT K Collins passtoAC.. pass 0 0 7 910 2009092009 BUF T8 BUF home T8 BUF % 2009-09-20 00:00:00.000
4 08 Half2 0 2 1 4 N O 1899-12:300528.00000 JAC2 0O 77 TWO-POINT CONVERSION ATTEMPT. C.Johnson rushes le...  run 2 0 bW 00NN EUF B i vy WF B 2 20000820 00.00:00000
5 26 Half2 0 7 0 4 NUL O 1899-12-30 05:26:00000 WAS2 0 8 TWO-POINTCONVERSION ATIEMPT. M Stafford pass toB... pass 0 0
5 554 Half2 0 B 0 4 NUL O 1899-12-30 091400000 PT2 0 85 (Passformation) TWO-POINT CONVERSION ATTEMPT CP.. pass 0 0 § 4205 2009062709 BUF NO NO away BUF  BUF 17 2009-09-2700:00:00.000
7 14 Half2 0 B 1 4 NULL D 1899-12-3000:14:00000 PIT2 0 71 (Passformalion) TWO-POINT CONVERSION ATTEMPT.C.P..  pass 2 0 10 4333 2009082709 BUF NO BUF home NO BUF 8 2008-08-27 00:00:00.000
8 2 Half2 0 180 4 NUL 1 1899-12:300340.00000 MINT 0 9  TWO-POINTCONVERSIONATTEMPT. ARodgers passtoR... pass 0 0oue SN CLE Bl YT 0E B 5 S00041-16 000000000
9 il Half2 0 241 4 NLL O 1699-12-3001:71:00.000 CHIZ 0 72 TWO-POINTCOMVERSIONATIEMPT. ARodgers passtoG.. pass 2 0
10 867 Halt2 ) 15 0 4 NUL O 1899-12-30 110700000 ND2 0 5 TWO-POINT CONVERSION ATTEMPT. MJones Drew rush..  run ] ] 12 %79 2009111600 CLE BAL BAL  away CE  BAL 5% 2009-11-16 00:00:00.000
n 566 Half2 0 20 0 4 NULL O 1899-12-30 09:26:00.000 NYG3 0 48 TWO-POINT CONVERSION ATTEMPT. M.Cassel rushesup... run 0 0 13 393 2009171600 CLE BAL CLE home BAL (LE 4] 2009-11-16 00:00:00000
12 12 Half2 0 21 4 NULL O 1899-12-30 015200000 SEAZ 0 71 TWO-POINTCONVERSIONATTEMPT. JCutler passto E.Be... pass 2 0 y
13 831 Half2 0 o1 4 NUL O 1899-12-30 1351:00000 STL2 0 82 TWO-POINTCONVERSION ATTEMPT. M Stafford pass to M. 2 0 14 %7 RN OlE B By UE CE ¥ 0116 U000
" 126 Half2 0 % 0 4 NUL O 1899-12:300206:00.000 BUF2 0 81 TWO-POINTCONVERSIONATTEMPT TBradypasstoBW.. pass 0 0 15 1891 2009101100 BAL N BAL home N CIN 4 2008-10-1100:00:00.000
15 50 Half2 0 B0 4 NUL O 1899-12-30 0050:00.000 BUF2 0 31 TWO-POINTCONVERSIONATTEMPT. TBradypasstoRM... pass 0 0 % ORD 09It RAI N Al home o R % 0081011 00D
1R 1052 Half? n 18 0 3 Nulbon 1R99-12-30 M232-0 000 DFT2 0 B8 (Kick formation) TWO-POINT CONVFRSION ATTFMPT IRy nass 0 0 v

< >

© Query executed successfully. DESKTOP-9JT234\SQLEXPRESS .. DESKTOP-09JT234\patjw... | TestDB | 00:00:00 | 696 rows ) Query executed successfully.

quarter_seconds_remaining  half_seconds_remaining  game_seconds_remaining game_half quarer_end dr A

7 1207 1207 Half2 0 1
192 1092 1092 Half2 0 1t
4 9 My Half2 0 ¥
601 601 601 Half2 0 t
697 1597 1597 Half2 0 1t
509 1499 149% Half2 0 it
“ 130 1340 Half2 0 1t
n 10 120 Half2 0 1
205 A5 05 Half2 0 L
145 145 145 Half2 0 L
n £ 0 Half2 0 2
b 29 bt Half2 0 2
a7 a7 a1 Half2 0 L
% i % Half2 0 L
b i 1806 Halft 0 §
™ 1633 1633 Half? 0 1
)

DESKTOP-00IT234\SQLEXPRESS ... DESKTOP-09/T234\patjw... TestDB  00:00:03 39,644 rows

PATRICK WALSH
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Score differential and time remaining in the game were assessed to assign the
“pressure” associated with each potential scenario in a game

Exhibit 2 — Pressure Scale

Pressure Scale
Quarters
Point Differential
1 2 3 g
Trailing by >=15 pts Low Medium High High
Winning by >=15pts Low Low Low Low
Trailing by between 9-14 pts Low Medium Medium High
Winning by between 9-14 pts Low Low Medium Medium
Trailing by <=8pts Low Medium High High
Winning by <=8pts Low Medium Medium High
Game is Tied Low Low Medium High

Score differential and time remaining in the game were assessed to assign the “pressure” at each

potential scenario in a game
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2-Point Conversion Attempt Analysis

Exhibit 3 — 2-Point Conversion Attempts

Metric
Success
Pass
Run

Failure

Pass

Run

Total

%% Success

% of all attempts that are Passes
% of all attempt that are runs

% of Passes Successful

% of Runs Successful

Low Medium High

26
15
7

28
18
10
L4
48.15%
68.52%
31.48%
51.35%
41.18%

56
37
15

64
46
18
120
46.67%
69.17%
30.83%
44.58%
51.35%

239
166
73

265
220
45
504
47.42%
76.59%
23.41%
43.01%
61.86%

Total
321
222

aq

357
284
73

678
47.35%
74.63%
25.37%
43.87%
57.56%

Exhibit 4 — 2-Point Conversion Ratios (Continued)
2009-2014 Average

Grand Total

Low Medium High

67800 411 1022 &7
1211600 52656 40011 250
1279400 53067 41033 338
530% 077% 249% 140

4.85%

[= =]

=5

s ted  CT

=R == R |

Tota
62.00
121744
1279.44
4.85%

Low
16.00

3224.00

3240.00

0.4%%

Medium  High
4000  260.00
280400 174400
l|'l|'.|' M ﬂﬂ.f M
e T T L0 Fy RIS

164%
4.11%

1257%

Overall

316.00

3-I| M

[ 8

411%

Exhibit 4 — 2-Point Conversion Ratios

Touchdowns and 2-Point Attempts By Pressure By Year
Touchdowns by Pressure By Year

Row Labels 009 2010

Touchdowns Lo 1275

High 286 335

Low 520 511

Medium 364 418

Grand Total 1170 1275

2-Paint Attempts "Went for it" 2009 2010

High 43 43

Low 2 1

Medium 10 2

Grand Total 55 4

"Did nat ga for it" 009 2010

High 243 292

Low 518 520

Medium 354 417

Grand Total 1115 129

2009 2010

Attempts Per Touchdown 470% 3.61%

% Growth from Previous Period B5%

Attempts Per Team 1712 14

2015-2017 Average

low  Medium High Overall Low Medium

2100 5200 16900 24200 12364% 7745%
151500 119700 87300 3585.00
153600 124900 104200 3827.00

137%  416%

6.32%

16.22%

b.32%

2011
1247
347
539
361

1247

2011
37
3
5
45

011
310
536
356

1202

2011
3.61%

141

012 2013 2014 2015
1373 1335 1288 1238
3/ 367 317 365
584 5% 551 498
437 443 40 375
1373 1335 1288 1238
2012 2013 2014 2015
41 56 40 59
4 2 4 6
9 B [ 16
54 66 50 B1
012 2013 2014 2015
311 311 T 306
580 523 547 492
428 435 414 358
1319 1269 1238 1157
2012 2013 2014 2015
393% 494% 3.8B% 6.54%
0.02% B99% 25.70% -21.48% 68.54%

169 206 156 253
ch  Overa

Hi

MA3h  48.37%

2016
1285
342
512
431
1,285

2016
60

2

2016
282
504
410

119

2016

6.93%
5.86%
118

2017 2018 Grand Total 2009-2014 2015-2017 2009-2014 Average 2015-2017 Average % Growth in 2018
1304 1279 12794 7688 380 128133 1,275.67 0.26%
3 MW 3390 7 20047 L4 33400 34733 056%
56 556 5327 3407 153% 540.00 51200 855%
43 31 402" 144" 1049 073 416.33 BT
1304 1279 12794 7,688 3827 128133 127567 0.26%
007 2018 GrandTotal 2009-2014 2015-2017 2009-2014 Average 2015-2017 Average % Growth in 2018
0 7 504 7 2607 169 4333 56.33 33.14%
7 7 40 6" bl 267 7.00 142.86%
5 2% mw " 40" 52 667 17.33 6154%
n 1w 8 " 316" M 5267 80.67 48.76%
017 2018 Grand Total 2009-2014 2015-2017 2009-2014 Average 2015-2017 Average % Growth in 2018
IR 1886 L7 [3E] 29067 38100 156%
58 53 58 314 1515 531.33 505.00 673%
48 31 3952 1AM L1497 40067 392,00 1203%
1232 1189 12116 7372 3585 1229 1195  -301%
017 2018 Grand Total 2008-2014 2015-2017 2009-2014 Average 2015-2017 Average % Growth in 2018
552 038%  5.30% 411% 6.32% 48.37%
-20.28% 48.37% 53.84% 4837%
15 15 2 165 48.76%

PATRICK WALSH



22 of all attempts that are Passes
%% of all attempt that are runs

% of Passes Successful
%o of Runs Successful

o

Exhibit 7 -4t and 1

4th and 1 Conversion Over Time
Success
Pass
Run

Failure

Pass

Run

Total

% Success

% of all attempts that are Passes
% of all attempt that are runs

% of Passes Successful

% of Runs Successful

VE
2009 2011 2014 2015
133 130 81 106 122 107 9% 11 121 11 1157

9 5 20 27 7 24 7 26 21 36 262
110 105 el 79 95 83 72 85 100 105 895

7 58 67 58 69 56 54 64 65 54 622
7 21 18 20 23 17 22 26 19 22 215
50 37 49 38 46 39 32 38 45 32 407
216 188 148 164 191 163 153 175 186 195 1779
64% 69% 55% G65% 64%  66% 65% 63% 65N T2%  65%
25.93% 24.47% 25.68% 28.66% 26.18% 25.15% 32.03% 28.71% 2151% 28.74% 2681%
7407% 7553% 74.32% 71.34% 73.82% 74.85% 67.97% 70.28% 78.49% 70.26% 73.19%
51.79% 54.35% 52.63% 57.45% 54.00% 58.54% 55.10% 50.00% 52.50% 62.07% 54.93%
68.75% 73.54% 55.45% 67.52% 67.38% 68.03% 69.23% 69.11% 68.49% 76.64% 68.74%

578
128
450

329
109
220
8907
64%
26.13%
73.87%
54.01%
67.16%

579
134
445

293
106
187
&7
66%
2752%
72.48%
55.83%
70.41%

TTRITTNEr

1016
216
780

568
193
375
1584
64%
26.45%
7355%
5354%
67.81%

112.89
2511
87.78

63.11
2144
4167
176
64%
26.45%
73.55%
53.94%
67.81%

2016 2017 2018 Total 2009-2013 2014-2018 9 Year Total 9 Year Average Change from Average

24.90%
43.36%
19.62%

-14.44%
2.5%%
-23.20%
10.80%
12.73%
12.44%
-4 48%
15.07%
13.02%

2% of all attempts that are Passes
2o of all attempt that are runs

2% of Passes Successful
e of Runs Successful

4thand 2 Conversion Over Time 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
21 32 30 29 26 25 33 7 38
14 26 19 17 20 21 29 12 7
7 ] 1 12 [ 4 4 5 1

Total 2009-2013 2014-2018 9 Year Total 9 Year Average Change from Average
283 134 149 245 1.2 39.59%
208 39 119 181 2011 34.25%
75 45 30 64 711 54.69%

35
5
10
56 64 53 46 44 51 55 54 62 541
% Success 38%  50% 57% 63% 5% 49% 60% 50% 61% 5%
% of all attempts that are Passes 69.64% 78.13% 76.79% 75.47% 69.57% 81.82% B6.27% 74.55% 79.63% 72.58% 76.34%
%of all attempt thatareruns  30.36% 21.88% 23.21% 2453% 3043% 1818% 13.73% 25.45% 20.37% 27.42% 23.66%
% of Passes Successful 35.80% 52.00% 30.23% 4750% 5313% 5556% 47.73% 70.73% 51.16% 60.00% 50.36%
% of Runs Successful 41.18% 42.86% 69.23% B462% B571% 75.00% 57.14% 2857% 45.45% 64.71% 58.59%

2
4
8

23
21
2

17
15
2

18
16
2

26
23
3

22
12
10

7
21
6

24
18
6

258
205
53

141
115
26
5
49%

117
90
27
266
56%

234
187
47
419

26,00
2078
521
53.22
51%
76.83%
2317%
49.18%
57.66%

-1.69%
-13.37%
14.89%
16.49%
19.83%
-5.53%
1832%
21.99%
12.22%



4t and Short Analysis

Exhibit 9 - 4t and 1 By Pressure Over Time

2009 2010 2012 2013 2014 2015 2016
4th and 1 by Year w/Pressure Low Medium High Low Medium High Low Medium High Low Medium High Low Medium High Low Medium High Low Medium High
54 36 49 49 36 45 20 27 34 37 34 35 31 33 58 31 31 a5 37 28 34 29 a5 37

ar Total

Success

Pass 13 5 11 5 9 11 E 8 7 8 E 14 E 3 19 & 2 10 = 10 11 4 13 9

Run 41 31 38 44 27 34 15 19 27 28 29 21 26 30 39 25 23 35 31 18 23 25 32 28
Failure 30 15 32 14 18 26 21 13 33 12 16 30 19 21 29 11 16 29 20 16 18 15 28 21
Pass 8 4 15 5 4 12 3 3 12 2 4 14 7 4 12 1 7 9 5 4 13 3 13 10
Run 22 11 17 9 14 14 18 10 21 10 12 16 12 17 17 10 9 20 15 12 5 12 15 11
Total 84 51 81 63 54 71 4 40 67 49 50 65 50 54 87 42 47 74 57 44 52 44 73 58
9% Success 64%  71%  60% 7B8%  67%  63% 49% 68% 51% 76%  68% 54% 62%  61% 67% 74% 66% 61% 65% 64% 65% 66% 62%  64%
% of all attempts that are Passes 25%  18% 32% 16% 24% 32% 20% 28% 28% 20% 18% 43% 24% 13% 36% 17% 32% 26% 19% 32% 46% 16% 36% 33%
% of all attempt that are runs 75% 82% 68% B84% 76% 6B% 80% 3% 72% BO%  B2% S57% V6% BV 64% 83% 68% 74% Bl%  68% 54% B4%  64% 67%

% of Passes Successful 62% 56%  42% 50% 69%  48% 63% 73% 3% B0% 56% 50% 42% 43% 61% B86% 53% 53% 55% 71%  46% 57% 50% 47%
% of Runs Successful 65% 74%  69% B83% B6%  Tl% 45% bE%  56% V4% 71%  57% 68% Bd%  TO0% V1% 72%  64% 67% 60%  B2% 68% 6B%  T72I%

Exhibit 10 - 4t and 2 By Pressure Over Time

2009 2010 2012 2013 2014 2015 2016 10 year Total
4th and 2 by Year w/Pressure Low Medium High Low Medium High Low Medium High Low Medium High Low Medium High Low Medium High Low Medium High

Success 3 5 13 2 13 17 7 5 0 10 5 15 7 7 15 5 6 15 3 4 18 5 10 18
Fass 1 2 11 z 10 14 4 3 G 4 4 11 3 3 11 3 4 13 3 3 15 4 3 17
Run 2 3 2 3 3 3 2 4 6 1 4 4 4 2 2 2 1 3 1 2 1
Failure 6 20 8 8 16 4 9 21 4 3 16 2 ] 9 3 4 11 ] 3 17 5 5 12
Fass 3 5 17 3 5 11 3 =) 18 3 z 16 1 G 3 3 z 11 5 3 15 3 1 8
Run 3 3 3 5 1 3 1 1 1 1 2 1 2 2 4 4
Total a9 14 33 10 21 33 11 14 31 14 8 31 9 13 24 8 10 26 9 7 35 10 15 30
% Success 33% 36% 39% 20% 62% 52% 64% 36% 32% 71k 63% 48% 7T8% 54% 63% 63% 60% 58% 33% 57% 51% 50% 67% 60%

% of all attempts that are Passe 44%  50% B5% 100% 71% 76% 64% 86% T7% 50% 75% 87% 44% G9%  79% 75% 60% 92% B89% 86%  86% T0% 60%  83%
% of all attempt that are runs  56%  50%  15% 0% 29% 24% 36% 14%  23% 50% 25% 13% 56% 31% 21% 25% 40% 8% 11% 14%  14% 30% 40%  17%
% of Passes Successful 25%  29%  39% 20% 67% 56% 57% 25%  25% 57% 567% 41% 75% 33% 58% 50% 67% 54% 38% 50% 50% 57% 89% ©68%
% of Runs Successful 40% 43% 40% 0% 50% 38% 75% 100% 57% B6% 50% 100% B0% 100% 80% 100% 50% 100% O% 100% 60% 33% 33% 20%

PATRICK WALSH
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Data was analyzed on a year-to-year basis as we
4t and 1 opportunities

Exhibit 11 — 4t and 1 by Pressure and Field Position Over Time

4th and 1By Position on Field and Pressure

Inside Own 40
Attempts Inside Oun 4
Did nat go farit
Total instances inside own 40
Aetempts as a X of Tatallnstances By Pressure
Al Rtrempts 35 3 X of Fotallnstances

Bemween gwn 47 ana' 43
Attempts Inside between own 40 and 43
Did nat go farit
Total instances between own 40 and 43
Aetempts as a X of Tatallnstances By Pressure
Al Rtrempts 35 3 X of Fotallnstances

Between Oggonent §1-50
Attempts Inside between oppanent 41-50
Did nat go farit
Total instances between opponent 41-50
Aetempts as a X of Tatallnstances By Pressure
Al Rtrempts 35 3 X of Fotallnstances

Bewween Oppanent T4
Attempts Inside between oppanent 31-40
Did nat go farit
Total instances between opponent 31-40
Attempts as 4 X of Total lnstances By Fressure
Al Beempts a5 3 % of Fatal lastanses

Bewween Oppanent 2150
Attempts Inside between oppanent 21-30
Did nat go farit
Total instances between opponent 21-30
Attempts as 4 X of Total lnstances By Fressure
Al Beempts a5 3 % of Fatal lastanses

Berween Opponent 11-28
Attempts Inside between oppanent 11-20
Didnot go farit
Total instances between opponent 11-20
Aetempts as a X of Tatallnstances By Pressure
A Ritemgts 35 3 7 of Fotal lnstances
lnsidz Opponent 18
Btempts Inside inside opponent 10
Did notga farit
Total instances inside oppanent 10
Arempts a5 2 % of Totallnseances By Pressure

i Aetempts a5 a X of Total lnstances

Cumulative Total
Total Attempts “WENT FOR T
Total Did not g for it
Total Instances
Aetempts as 3 % of Totallnstances By Pressure

Ml dwempts a5 a X of Tatatlnstances

2009

Low

36

16.282

17
35292

7

1

18
944z

i

T

20
65.00z2

13
46.15%

2

4
8.05%

i)

b

112
48.84%

2009
Hedium

% 15.38%

25.40%

&

1

23
34781
44.64%

.18z
80.74%

13
61.54%
60.57%

16
68.75%
64.29%

-]
57.89%

10.11%

il

ki

150
34.00%

46.85%

2009
High

26.83%

3

8

17
5294

il

5

16
68.75%

n

1

12
6T

n

2

3
84.622

n

3

3
76.92

1

3

2
66.67%

il

54

133
58.21%

2010

Low

a1

2.38%

1
23
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51.61%

]
2
36.36%

5L.38%

L]

%

133
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Hedium

4.76%
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76.92%
81.58%
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53.85%
63.16%

o

23.08%
44.12%

1

B
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46.43%

60.29%
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123
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2012
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2118z

T
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35.002
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60.00:2
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12.00
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2750%
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50.00%
58.33%

7
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83.67%

L3
53.33%
53.85%

26
65.38%

39.74%

W
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2013
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T0.00%
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L]
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80.95%
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2015

Medium

16.67%
26.53%
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75.00%
68.09%
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100.00z2
82.86%

50.00%
50.26%

25.00%
59.09%

k|

7

20
65.00%

66.07%

4
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120
36.67

12.74%

2015
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33.33%
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10
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1
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57.14%

L3
60.00%
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Figh
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Data was analyzed on a year-to-year basis as well as by pressure levels for
4t and 2 opportunities

Exhibit 12 — 4t and 2 by Pressure and Field Position Over Time

dth and 2 By Paosition on Field and Pressure 2003 2003 2003 2010 20010 7000 @ ZOM 201 201 2012 2012 2012 2013 2013 2013 2014 2014 2014 2015 2015 2015 2016 2016 2016 | 2017 2017 2017

ing 9 Year Average

Lov  Medium High Lov Medium High | Low  Medium High  Low  Medium  High  Low Medium High Lov Medium High Lov Medium High Low Medium High | Low  Medium  High Low  Medium  High Law Medum  High  Oueral
Inside Own 40
#utempts Inside Oun 40 - 1 3 - 4 3 4 1 1 7 - - [ - - 3 - 5 - 1 2 - 5 1 H 5 2 a 4 54 0 0BT 433
Did not ga forit 30 28 71 37 36 2 44 7 30 4 33 L 36 35 22 4z 8 bl kil k] 22 3 30 14 33 35 kil 3 27 5 360 6 20 881 3633 32T 213
Tatal instances inside own 40 30 29 24 37 36 28 44 32 k] 42 3 26 k] 35 28 42 28 24 H 35 27 33 31 16 33 5 24 38 29 W 366 324 245 935 844 3278 2567
Awrempts a5 3 7 of Total lnstances By Fressore. 0.00%  3.45% 1250% 0.00x 000x W.29% 000x 938x 1.76x 238% 294% 2692x 0.00% 000% 2143% 000% 000% 1250% 000% 000% 1652% 000x 323« 1250% 000x 000% 2083% 263 690x 3570 0554 247% 17.96% 578% 0.30% 2.03% 16.88% T6316% 239.08% T.54% B3.36%
i devempss as @ % of Toeal instanses 4.82% 3.96% 6.36% 882% 6.06% 3.19% 5.38% 375% 543% 9.88% 578% 539%
Botwsen own 40 and 45
Aitempts Inside between own 40 and 43 1 2 4 - 2 3 - - 1 - - 3 - 2 1 1 1 3 - 2 4 - 1 [ 3 - 3 - 1 g 5 1 ) 50 058 T 31
Did nt ga forit LE] 1B 3 13 El 3 20 ® 3 19 16 g |4 13 | 23 14 3 18 ® 8 1 5 3 20 LE] ] L 8 4 it W 89 407 A3 Wi au
Total instances between own 40 and 43 20 17 7 13 1 12 20 1 10 19 16 1 12 15 13 24 15 12 18 ] 12 17 1 13 23 13 17 16 9 0 B2 152 123 457 1844 1589 1256
Atrempts 35 3 % of Total lnstances By Pressare 5.00%  TLT6Z ST.W% 0.00% 18182 25.00% 000X 000% 10.00% 000X 0.00% 27.27% 0.00% 13.33% 7.69% 4.17% 667% 2500% 0.00% 1.70% 33.33% 0.00X 625% 3158% 13.04% 0.00% 17.65¢ 0.00% T.M% 60.00X 275« 724% 2764x 1094x 301« 699% 2478% -10000% 5883% 14214% 96267
A Aevempts a5 3 % of Tatatinstances 15.91% 13.89% 217% 652% 7.50% 9.80% 12.50% 13.46% 10.17% 20.00% 10.94% 10.19%
Between Oppanent 41-50
Attempts Inside between appanent 4150 z 1 1 1 3 7 - H z 1 1 4 - - 5 z H 3 H 1 3 H 4 5 1 3 & 2 & 4 1 2 48 82 122 183 47
Did rot garfarit E] g 7 10 1l k] 12 7 2 g g g 3 16 7 12 10 4 5 1l 2 g g 2 g 10 H 4 & 1 83 % 42 219 a7 978 456
Total instances between opponent 41-50 1 7 8 1 1 16 12 k] 4 9 10 10 8 16 12 " 12 10 7 12 8 [ 12 7 0 13 [ 6 12 5 96 17 88 301 000 fET 3z
Atrempts a3 2 % of Total listances By Pressare 18.18% 14.29% 1250% 9.09% 2143x 43.75% 0.00x 22227 50.00% 1.1z 10.00x  40.00% 0.00% 0.00% 41677 14.29% 16.67% 60.00x 28.57% 8.33% 75.00x 2500% 33.33% 7143z 10.00: 23.08% 75.00% 33.33% 50.00% B0.00Z 13.54% 1966% 52.27% 27.24% 12.22% 16.19% 50.60% TW273x 208.82% 58.10% 107.20%
A Aetempts a5 a % of Totallnstances 15.38% 26.83% 16.00% 20.69% 13.89% 27.78% 33.33% 40.74% 32.26% 52.17% 27.24% 25.18%
Between Oppanent 31-40
Attempts Inside between opporent 31-40 1 g 3 4 g 3 ] 7 [ 7 1 4 4 7 5 z 5 5 3 2 4 2 4 5 H 5 4 & - 8 3 43 &0 W2 367 478 578
Did rot garfarit 3 2 2 H 3 4 7 4 2 2 g 2 1l g 4 7 2 5 5 5 3 g 4 5 5 5 7 1 3 3 43 43 37 29 533 444 378
Total instances between opponent 31-40 q [ 10 ] L] 13 15 1 10 L] 7 [ 15 16 3 9 7 10 8 7 7 [ [ 10 7 10 1 7 3 1 ] 86 97 27 a00 922 3%
Arempts a3 2 % of Total lnstances By Pressare 25.00% 75.00% 80.00% 66.67% 66.67: 69.23% 53.33% 63.64% 80.00x 77.78% 14.29x  B6.67% 26.67x 43.75x 55567 22.22% V143x 50.00% 37.50% 28.57% S57.M% 2500% 50.00% 50.00% 28.57% 50.00x% 36.36% 85.71% 0.00% 727374 44.32x 50.00x 6186% 52.40% d40.74% 51.81% 6047« 110.39% -100.00% 20.28% 30.21x
A Aevempts a3 a % of Tatabinstances 68.18% 67.86% 63.89% 54.55% 40.00% 46.45% 4091% 4231% 39.29% 66.67% 5240% 51.20%
Between Opganent Z1-38
Attempts Inside betwreen appanent 21-30 3 2 5 3 3 4 H - 3 4 - 4 - - 2 H 1 1 3 - 3 4 2 1 H 1 3 - 1 5 23 10 3 64 25 10 283
Did ot ga forit G 4 3 4 3 4 7 0 3 1l g 5 10 g g 4 g k] ] 9 [ g 7 G L] ] 5 5 10 2 I3 7 51 199 778 T0 54
Total instances between opponent 21-30 9 [ 8 7 [ L ] 0 1 k] 1 0 k] 7 16 9 8 5 bl 7 98 83 a2 263 1033 800 833
Attempts 45 3 % of Total lnstances By Pressare 33.33% 33337 62.50% 42.86% 50.00% 50.00% 22.22% 0.00x 50.00% 26.67% 0.00x 4444z 0.00x 0.00% 2500% 33.33% 1Mz 10.00% 27.27% 0.00% 27.27% 40.00% 22.22% ¥W.29%z 1250% 1% 37.50% 0.00x 9.09% 7143% 23.47x 12.05¢ 37.80x 20.33% 24.T3x 1250x 34.67« -100.00% -27.27x 106.04% T.95x
A Aevemps a5 3 % of Totatinstanses 43.48% 47.62% 20.00% 25.00% 8.33% 16.00% 19.35% 26.92% 18.18% 26.09% 24.33% 24.17%
Between Opponent 11-20
Antempts Inside between opponent 1120 - - 3 1 2 3 1 - 5 1 2 4 2 2 1 1 - 4 - - 3 1 1 2 - 3 2 - 4 3 7 W 0] 51 07 i3
Did rot garfarit o g 2 B g ] 7 8 7 12 7 3 5 8 3 & 4 6 10 8 7 5 5 [ 1 7 H 5 4 1 al 65 53 99 844 B 570
Tatalinstances between opponent 11-20 10 8 5 9 8 1 8 ] 12 13 9 7 7 10 10 7 4 10 10 ] 10 [ & 10 13 10 4 5 8 4 ] 9 83 790 322 783 &7
Atrampts a5 3% of Total bnstances By Pressre 0.00%  0.00% 60.00% 11T 25.00% 27.27% 1250% 0.00x 4167% T.69% 2222x 5T.W% 28.57x 20.00x 10.00x 14.29x 0.00% 40.00x 0.00x 000x 30.00x 1667« 16.67% 20.00x 0.00x 30.00x 50.00x 0.00x 50.00% T5.00x 7.95¢ 17.72% 36.14% 2040% 643z 1408 34.18x -100.00% 255.00% T119.44% 118.05%
A Aevempts as 2 % of Totalinstances 13.04% 21.43% 21.43% 24.14% 1852% 2381% 10.71% 18.18% 18.52% 41.18% 2040% 18.88%
inside tppanent I
fttempts Insideinside oppanent 10 2 2 3 1 5 3 - 2 § - 3 3 3 2 4 - 1 4 1 2 1 1 2 3 3 - g 1 3 4 ¢ 2 I B % 1z i BE
Didnot gaforit 1l 7 1l i W 5 2 b3 1 13 1 16 9 1l 1 13 2 k] 17 g 7 1 1 3 7 2 1 5 1 5 ioomom sl 3|0 ux o M In
Total instances inside apponent 10 13 k] 20 Fi] 1 8 4| 7 ] 15 1 2 1 13 i) 13 23 13 18 1] i 1 12 ] 1] 12 5 ] 1 3 3 ¥ 0 183 448 44 WE K0
Autempts a5 3 % of Totallistances By Pressure 15.38% 22.22% 45.00% 3.85% 26.32% 3750 0.00% 1.76x% d4d.4dx 000x 18.75% 23.81x 25.00% 15.38% 2857x 0004 4.35% 30.77% 5.56% 2000% 5882« 9.09x 16.67« 50.00% 30.00x 0.00% 5333« 16.67% 15.79x d4d.d4dz dddd B28% 1467% 4183% 2188% 791X W50% 4167 T061%2 886% 6672 B824%
M Aeempts as 3 % of Total instanzes 30.85% 16.98% 17.86% 15.38% 23.08% 10.20% 28.89% 29.27% 29.13% 2353% 21.88% 2L.14%
Cumulative Total
Total Atempts “WENT FOR T 3 14 1 10 i 3 12 1 M L] i kil 3 1 i) i 0 i 3 7 kil 1 1 i 1l 12 il 10 17 i R 1A 7 o 1 # kil
Total Did not go forit i) 0 43 5 73 g3 11 i f3 108 2 5] Eil i il o i) f3 M 3 ar g3 i a 1 i 6 3 i) ] &% BB %2 2384 % &7 £l
Total Instances 9 LiL] g2 13 106 % 130 0 [ 74 100 0 100 m L] 115 38 89 103 k] 92 3 9 87 12 108 7 LiK] a 60 60 1064 992 BM 2925 109 100 90
Attempts a5 3 % of Totallstances By Pressare 3.287 16.677 40.24% 9177 2264% 34.38% 9237 1188% 35.05% 1148%  B.00x  3dddx 9.00x 1Tz 2553% 6967 1020 2920 8747 7072 3804 10.75% 15.96x 34482 9.82% 1.11x 3563% 12.052% 10.68x 58337 sg33x 9597 1331 35.70% 1850% 9297 167 1379z 275% 4748z 7266% 48.85%
Al Artempts as 2 % of Totallnstances 21.29% 21.54% 17.68% 16.99% 15.08% 14.57% 17.35% 2007% 1759% 2650% 18.63% 17.80%
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Quarterback runs were further inspected (replays watched when possible) to
clarify if the play was a designed run or a scramble on a pass play

Exhibit 13 — QB Runs on 2-Point Conversions

description -~ | play_ty] ~ [Pass" Pl Run_ plzs QOB_Scramble Designed_QB_ Run

(Pass formation) TWWO-POINT COMNWERSIOM A2 EMPT. K.Orton pass to B.Marshall is incompl¢d pass
TWWO-POINT COMNYWERSIOMN A ENMPT. I.McCown pass to T.Benjamin is incomplete. & EMNMPT | pass

TWVWO-POINT COMNWERSIOMN & ENVMIPT. J.Flacco pass to J.Forsett is incomplete. A EMNMIPT FAILY pass

TWWO-POIMNT COMNWERSIOMN A EMPT. J.McocCowwn pass to A Hawkins is complete. A EMPT S| pass

TWO-POIMNT COMNMWERSIOM A ENMPT. J.Cutler pass to M.Forte is complete. A EMPT SIUCCEH pass

TWO-POINT COMNMWERSIOMN A ENMPT. L. Jones pass to A.Browwn is incomplete. & EMNMPT FAILS| pass

TWWO-POINT COMNWERSIOMN A EMNMIPT. C.Kaepernick pass to A.Boldin is incomplete. A EMPT | pass

{(Pass formation) TWO-POIMNT COMWERSIOM A EMPT. L.McCoy rushes right guard. ATTEMPT| run

TWWO-POINT COMNWERSIOM A ENVMIPT. B.Hoyer pass to J.Grimes is incomplete. A EMNMPT FAILY pass

TWO-POINT COMNMWERSIOMN A ENMIPT. P.Rivers pass to L.Green is complete. A EMPT SILICCEHRH pass

TWO-POINT COMNWERSIOM A EMNIPT. P.Rivers pass to L.Green is complete. A EMPT SLICCEH pass

TWWO-POIMNT COMNYWERSIOMN A EMNMPT. J.Flacco pass to MN.Boyle is complete. A EMNMPT SIUCCEH pass

TWWO-POINT COMNWERSIOM A ENIPT. MN.Foles pass to J.Cook is complete. & EMPT SUCCEEL pass

{(Pass formation) TWO-POINT COMNWERSIOMN A EMPT. T.Gurley rushes right guard. ATTEMPT | run

O[O |1 | b [ [ (bt O [ (bbb | o [ [ i ]
=|=|0|C|c|o0m|O|lO|O|C|0|0 O]

TWVO-POIMNT COMNWERSIOMN A EMMPT. T.Bridgewater rushes right end. A EMPT SUCCEEDS. run

(Pass formation) TWO-POIMNT COMNWERSIOM A EMPT. A.Rodgers pass to D.Adams is complet no__play ML O LA

(Pass formation) TWO-POINT COMNWERSIOM & EMPT. M.MNMariota pass to D.Walker is complg pass

{(Pass formation) TWO-POINT COMNWERSIOMN A EMPT. B.Roethlisberger pass to De.Williams i| pass

(Pass formation) TWO-POINT COMNWERSIOM A EMPT. J.WWinston pass to R.Shepard is incom pass

TWWO-POIMNT COMNYWERSIOM A ENMPT. J.Langford rushes up the middle. A EMPT SIUCCEEDS. | run

TWWO-POINT COMNYWERSIOMN A ENMPT. A.Rodgers pass to D.oAdams is incomplete. & EMMPT FA| pass

TWVVO-POIMNT COMNWVWERSIOMN A ENVMIPT. B.Bortles pass to A.Hurns is incomplete. A EMNMPT FAIL] pass

TWWO-POIMNT COMNWERSIOMN A EMMPT. J.Flacco pass to K oAiken is incomplete. A EMPT FAILS. | pass

{Pass formation) TWO-POINT COMNWERSIOM A2 EMPT. B.Roethlisberger pass to A.Brown is cd pass

=|lC|0|0|o|o|c|o|0|0|C|0|o|Cc|o|ol0|o|c|olc|o|olo ol
ololololololciolololr|ololciololololalolclolololof?!

QIR |(R|{R|R|OR|m |k
=lololo|olk|ololo

{(Pass formation) TWO-POINT COMNWERSIOMN A EMPT. B.Osweiler rushes up the middle. & Hrun

Highlighted above are 2 plays, one of which was determined to be a QB scramble that was wrongly classified as a run
play, which was later converted to a pass, and the other a designed QB run (correctly called a run)

Many of the designed runs were QB draws, zone reads, or jumbo formations used on the goal line
There were roughly 20 plays with no video found, in which case, the original classification was kept

So What? The pass total could be higher than indicated, closer to 80% rather than 75% on 2-point conversions
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