
Authors: Anika Soitkar, Ayush Varma, 
Mateo Shelton, Michael Zheng, Moulik 
Chatterjee, Vardaan Sinha

NFL 
Gravity 
Metric



Gravity = Actual Attention - Expected Attention

Research Question

How can we evaluate which pass 
rushers absorb the most attention 
from the opposition?

Data: Big Data Bowl 2023 via Kaggle, using game, play, and scouting 
datasets.



Defining Pass Rush Attention Scores

1. Filter to only include pass plays that are not screens, RPOs, spikes, or designed rollouts 
(true pass sets).

2. Filter to only include frames that are in our defined pass rush window (will explain later)

3. For each frame in the pass rush window, calculate a frame-level attention score for each rusher.

4. Aggregate by play to get each rusher’s attention score on each snap.

We calculate attention scores to quantify how much attention a pass rusher receives on each play.

Remember that observed attention will be used to calculate gravity:

Gravity = Observed Attention - Expected Attention

Summary of our process for calculating attention:



How We Calculated Observed Attention:
Each rusher’s frame-level attention score is the number of blockers they are occupying at frame x.

Each rusher’s attention score A(x) 

at frame x:

● #96:  A(x) = 1

● #92:  A(x) = 1

● #98: A(x) = 1

● #93: A(x) = 2

At each frame, we define each blocker’s “matchup” using a weighted distance metric:

- Weighted Distance = Actual Distance / cos(ϴ)

Whichever rusher has the smallest positive weighted distance value to that blocker is “occupying” that blocker at frame x.

* ϴ is the angle between:
        - the vector from the blocker to the rusher
        - the blocker’s orientation direction

Example:

Then, aggregate at the play-level to get each rusher’s attention score for each play:

*N is the number of frames in the pass rush window for that play



Calculating Expected Attention: Model Design

GNN XGBoost

All players influence one another 
spatially → GNN allows for better 
interaction-based modeling. 

Simple, effective model for multiple 
engineered features → able to provide a 
variety of inputs from our data 
engineering

Potential Ensemble Model → Combining GNN + XGBoost predictions to improve 
prediction accuracy.



GNN Model Architecture



Model Results

XGBoost

R^2 0.4015

RMSE 0.3813

Most Important 
Features

pos_DI, isExpectedRusher, 
euclidean_distance



Gravity Findings



Best Interior Rushers by Gravity and Production



Best Edge Rushers by Gravity and Production



Case Study: Grady Jarrett
According to PFF, Chicago Bears’ Grady Jarrett is 

widely viewed as a mid‑tier interior defensive 

lineman based on typical metrics.

● PFF Overall Grade: 56.7 (76th of 134 IDLs)

● Pass Rush Grade: 64.6 (55th of 134)

● Run Defense Grade: 44.5 (105th of 134)

However, our gravity metric shows that he draws 

more blockers than expected, indicating that he is 

treated as more of a threat than statistics show.

Across 159 plays, Jarrett had an average attention of 

1.5411, compared to an expected attention of 1.4465.
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Jarrett is double-teamed

immediately after the snap

→ only 1 blocker on #55, 

giving him a more favorable 

path to the QB

Jarrett’s double team thins

out the protection across

the rest of the line.

Even though Jarrett doesn’t 

get the sack, his presence that 

forces the double team on him 

creates the opportunity for 

#55 to get one.
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Visualizations



Future Plans + Challenges

1. Finalize and publish 
our research paper

2. Address assumptions 
and slight 
inaccuracies


