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• 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 Kaggle1

Presentation Overview

1- Appendix Exhibit 1 (Kaggle Data)
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• 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?

• 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

• 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

Questions Analysis Findings

Experimental Procedure

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

Pressure1 – An assigned value (low, medium, high) accounting for the score differential and quarter in the 
game (A team trailing by 10 in the 2nd quarter would be in a medium pressure situation, whereas a team 
trailing by 5 in the 4th quarter would be in a high pressure situation

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

Scramble2 – A called pass play in which the quarterback decides to run the ball after the play breaks down

PAT – Point after touchdown 

Definitions

1- Appendix Exhibit 2 (Pressure Scale)
2- Appendix Exhibit 13 ( QB Runs on 2-point Conversions)
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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)

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

2009-2014 
(Average)

2015-2017 
(Average)

2018 
2018 % 
Growth

# of Attempts 52.67 80.67 120.00 48.76%

Touchdowns 1281.33 1275.67 1279.00 0.26%

Attempts as a 
% of 
Touchdowns

4.11% 6.32% 9.38% 48.37%

Attempts per 
Team

1.65 2.52 3.75 48.76%

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

2-Point Attempts by Season 2-Point Attempts – Ratio Analysis
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There was growth in 2-point attempts throughout all situations in a game, 
though low and medium pressure1 situations saw the highest % change in 20181

2-Point Attempts
2009-2014 
(Average)

2015-2017 
(Average)

2018 Values
2018 % Growth 
(From 2015-2017)

Pressure 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%

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 

2-Point Attempts Over Time – By Pressure

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

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

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 runs1

56%

44%

.25

.75

58%

42%

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

Pass Run

Appendix Exhibit 3 (2-Point Conversion Attempts)
1- Appendix Exhibit 13 (QB Runs on 2-Point Conversions)
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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

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

.69 .69

.77

.23

.31.31

38%

62%

57%

43%
49%

51%

55%

45%

41%

59%

49%

51%

Pass Pass PassRun Run Run

Low Medium High

Appendix Exhibit 3 (2-Point Conversion Attempts)
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Analysis revealed a staggering difference in play calling tendencies and 
effectiveness on 4th and 1 vs. 4th and 2 situations 

55%

45%

.27

.73

69%

31%

.76

50%

50%
.24

59%

41%

4th and Short Play Call Frequency and Conversion by Distance

On 4th and 1, 73% of attempts were rushes, converting 69% of the time (passes had a 55% conversion)     

On 4th 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? 

Pass Run Pass Run

4th and 1 4th and 2

1779 4th and 1 attempts & 541 4th and 2 attempts

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

Only one team passed on the majority of their 4th 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 

4th and 1 Attempts – Team Breakdown 4th and 2 Attempts – Team Breakdown
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Though the total number of 4th 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

2009-2017 
(Average)

2018
2018 % 
Growth

FY

# of Attempts 176.00 195.00 10.80% 234.19

Total 
Opportunities

420.33 350.00 -16.73% 420.33

Attempts per 
Opportunity

41.87% 55.71% 33.06% 55.71%

Attempts per 
Team

5.50 6.09 10.80% 7.32

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

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 - 4th 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

4th and 1 Attempts by Season

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

League-wide data (1779 attempts)

4th and 1 Attempts – Ratio Analysis
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A deeper dive revealed changes in willingness to attempt 4th and 1 opportunities 
given the pressure of the situation and the position on the field 

4th and 1 
2009-2017 Average 2018 Values 2018 % Change from Average

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

Inside own 40 4.60% 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

Team’s willingness to attempt a 4th 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

Teams need to prepare to defend against 4th and 1, as it is becoming increasingly common to go for it, especially around mid field

4th and 1 Attempts as a % of Total Opportunities – by Pressure and Field Position

Appendix Exhibit 7 (Pressure and Field Position Analysis)
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Like 2-point conversions, pressure is a large influencer on play call tendencies 
and conversion rate for 4th and 1 situations

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

4th and 1 Play Call Frequency and Conversion by Pressure

70% 69%

30%

59%

41%

62%

38%

.20

.80

.24

.76

31%

51%

49%

.34

68%

32%

.66

Low Medium High

Pass Pass PassRun Run Run

Appendix Exhibit 5 (4th and 1 attempts)
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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

2009-2017 
(Average)

2018
2018 % 
Growth

% Pass Attempts 26.45% 29.76% 12.44%

% Run Attempts 73.55% 70.24% -4.48%

Pass Conversion 53.94% 62.07% 15.07%

Run Conversion 67.81% 76.64% 13.02%

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 4th and 1 situations and should continue to increase aggression

4th and 1 Attempts – Conversion over time

Appendix Exhibit 7 (4th and 1 Over Time)
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Pass on left axis and run on right axis



Total 4th 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

2009-2017 
(Average)

2018
2018 % 
Growth

FY

# of Attempts 53.22 62.00 16.49% 79.22

Total 
Opportunities

299.00 234.00 -21.74% 420.33

Attempts per 
Opportunity

17.80% 26.50% 48.85% 26.50%

Attempts per 
Team

1.66 1.94 16.49% 2.48

Despite 22% fewer 4th 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 4th 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 - 4th 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

4th and 2 Attempts by Season

Total Opportunities = Total Number of 4th and 2 situations
FY = Forward Year Estimate 

4th and 2 Attempts – Ratio Analysis
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League-wide data (541 attempts)



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

4th and 2 
2009-2017 Average 2018 Values 2018 % Change from Average

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

Inside own 40 0.30% 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 3.01% 6.99% 24.78% 10.19% 0.00% 11.11% 60.00% 20.00% -100.00% 58.89% 142.14% 96.28%

Opp 41-50 12.22% 16.19% 50.60% 25.18% 33.33% 50.00% 80.00% 52.17% 172.73% 208.82% 58.10% 107.20%

Opp 31-40 40.74% 51.81% 60.47% 51.20% 85.71% 0.00% 72.73% 66.67% 110.39% -100.00% 20.28% 30.21%

Opp 21-30 24.73% 12.50% 34.67% 24.17% 0.00% 9.09% 71.43% 26.09% -100.00% -27.27% 106.04% 7.95%

Opp 11-20 8.43% 14.08% 34.18% 18.88% 0.00% 50.00% 75.00% 41.18% -100.00% 255.00% 119.44% 118.05%

Opp 1-10 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 4th 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 4th and 2, especially In higher stakes situations

4th and 2 Attempts as a % of Total Opportunities – by Pressure and Field Position

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 4th and 2 situations

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)

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

4th and 2 Play Call Frequency and Conversion by Pressure

68%

32%

.34

.66

49%

51%

.30

46%

54%

49%

.70

51% .18

43%

57%

.82

50%

50%

Pass Pass PassRun Run Run

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 ¾ of all attempts over the past 10 years on 4th and 2

4th and 2 
Attempts

2009-2017 
(Average)

2018
2018 % 
Growth

% Pass Attempts 76.78% 73.77% -5.53%

% Run Attempts 23.28% 26.23% 18.32%

Pass Conversion 49.18% 60.00% 21.99%

Run Conversion 57.66% 64.71% 12.22%

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 4th and 2 situations and should look to be more aggressive

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

Appendix Exhibit 8 (4th and 2 Over Time)

Pass on left axis and run on right axis
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Offensive coaches should alter their approach to short yardage situations

Be More 
Aggressive

Data shows growing success on 4th and short situations, so continue to exploit this opportunity until defenses 
improve in these situations

Reconsider Play 
Mix

The distribution of play calls is often 75%-25% (pass/run in 4th and 2 and 2-point conversions, and 73% run on 
4th and 1) which becomes predictable, especially if your offense heavily relies on a few players

When in doubt, 
Run the ball!!!

Has proven to be more successful in all short-yardage situations outlined in this study, yet is only the preferred 
play call on 4th and 1 situations



Identify opposing team’s tendencies

Reconsider personnel and schematic approach for these situations
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Defensive coaches should leverage data to prepare for short yardage situations

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

2-Point & 4th 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

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)



• 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/

Potential Next Steps
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Data

The data can be found at (https://www.kaggle.com/maxhorowitz/nflplaybyplay2009to2016)
The data has been updated since its creation to include 2017 and 2018 values

Exhibit 1 – Kaggle Data
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Started with a dataset of 255 columns and 450k rows and multiple  
questions to explore
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After narrowing the focus to a few experimental questions worth 
exploring, the dataset was queried and prepared for analysis
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Score differential and time remaining in the game were assessed to assign the “pressure” at each 
potential scenario in a game 

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
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2-Point Conversion Attempt Analysis 

Exhibit 3 – 2-Point Conversion Attempts

Exhibit 4 – 2-Point Conversion Ratios (Continued)
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Exhibit 4 – 2-Point Conversion Ratios



4th and Short Analysis 

Exhibit 5 – 4th and 1 Attempts Exhibit 6 – 4th and 2 Attempts
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Exhibit 7 – 4th and 1 Over Time Exhibit 8 – 4th and 2 Over Time



4th and Short Analysis 
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Exhibit 9 - 4th and 1 By Pressure Over Time

Exhibit 10 - 4th and 2 By Pressure Over Time



Data was analyzed on a year-to-year basis as well as by pressure levels for 
4th and 1 opportunities

Exhibit 11 – 4th and 1 by Pressure and Field Position Over Time
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Data was analyzed on a year-to-year basis as well as by pressure levels for 
4th and 2 opportunities

Exhibit 12 – 4th and 2 by Pressure and Field Position Over Time
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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

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


