
Guardian Cap Effectiveness on Reducing Impact
Accelerations and Enduring Player Health at the

Collegiate Football Level

by

Christopher Carratu
S.B. Finance and Computer Science, Economics, and Data Science

Massachusetts Institute of Technology, 2024

Submitted to the Department of Electrical Engineering and Computer Science
in partial fulfillment of the requirements for the degree of

MASTER OF ENGINEERING IN COMPUTER SCIENCE, ECONOMICS, AND
DATA SCIENCE

at the

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

May 2025

© 2025 Christopher Carratu. All rights reserved.

The author hereby grants to MIT a nonexclusive, worldwide, irrevocable, royalty-free license
to exercise any and all rights under copyright, including to reproduce, preserve, distribute
and publicly display copies of the thesis, or release the thesis under an open-access license.

Authored by: Christopher Carratu
Department of Electrical Engineering and Computer Science
May 16, 2025

Certified by: Anette Hosoi
Professor of Mechanical Engineering, Thesis Supervisor

Accepted by: Katrina LaCurts
Chair, Master of Engineering Thesis Committee



2



Guardian Cap Effectiveness on Reducing Impact Accelerations and
Enduring Player Health at the Collegiate Football Level

by

Christopher Carratu

Submitted to the Department of Electrical Engineering and Computer Science
on May 16, 2025 in partial fulfillment of the requirements for the degree of

MASTER OF ENGINEERING IN COMPUTER SCIENCE, ECONOMICS, AND
DATA SCIENCE

ABSTRACT

Using the Prism Neuro System and conducting impact testing, the study looked to evaluate
the effectiveness of Guardian Caps. The Prism Neuro system gave us the ability to test
proposition and visual skills of MIT Football players in season and out of season, and analyze
their performance. We quantified how in season and out of season results differed, and
compared results between players who wore Guardian Caps in games and players who didn’t.
Trends indicated that athletes experienced an improved testing performance out of season.
Building a drop contraption and conducting impact testing on helmets equipped with a
500g sensor helped provide the necessary data to determine the effectiveness of Guardian
Caps. Overall, impact testing helmets resulted in promising results in terms of the ability of
Guardian Caps to reduce maximum impact acceleration.
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Chapter 1

Introduction

The overall objective of the study is to test the e�ectiveness of Guardian Caps and understand

how they can help in mitigating the risk of traumatic brain injury (TBI). Throughout the

course of the project, we worked closely with both players and sta� on the MIT Varsity

Football Team. Utilizing the Prism Neuro system, we tested proprioception and visual skills

of players in season and out of season and analyzed their performance. We were interested in

uncovering how in season and out of season results varied, and wanted to dive further into

individual subgroups such as comparing the di�erence between players who wore Guardian

Caps in games and players who didn't. Additionally, we were able to gain an understanding

of MIT's unique experience wearing Guardian Caps by interviewing several members of the

coaching sta�. Another key portion of the study involved conducting impact testing on

football helmets with and without Guardian Caps. By repetitively dropping helmets in a

controlled manner, we were able to obtain the necessary data to determine the e�ectiveness of

Guardian Caps on reducing impact acceleration. In order to verify our results, we referenced

NFL data provided from Kaggle. The goal of the study is to use the Prism Neuro system and

impact testing in order to help reduce head injuries and concussive impacts in football at the

collegiate level. Guardian Caps are the leading soft shell helmet covers that are engineered

and designed for impact reduction. It brings a padded, soft-shell layer to the outside of the
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standard decades of hard-shell helmet and reduces the impact of hits. They are worn by

the NFL, NCAA, and high schools around the country. College football players at programs

across the nation are consistently experiencing concussive hits and head injuries every year.

College players experience a concussion incidence rate of 1.16 per 1000 athlete exposures.

Research into preventive measures is necessary in order to promote player safety and well

being.

1.1 Relevant Studies and Research

The following studies provided crucial introduction and background information to some of

the topics discussed in this study.

Leveraging football accelerometer data to quantify associations between repetitive head impacts

and chronic traumatic encephalopathy in males (2023) [1]

The study looks to analyze the relationship between components of repetitive head impacts

(RHI) and the onset of Chronic Traumatic Encephalopathy (CTE). They initially work to

develop a position exposure matrix (PEM) using sensor data from football helmets. This

data was condensed from various literature analyzing the position of players and the level

of football. The results of the study implicate repetitive helmet collision severity in CTE

pathogenesis. Additionally, using models analyzing rotational or linear acceleration are more

accurate predictors of CTE pathology compared to only using factors such as duration of

play.

The Ability of American Football Helmets to Manage Linear Acceleration With Repeated

High-Energy Impacts (2016) [2]
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The study looks to investigate how a football helmet's ability to withstand linear acceler-

ation with many collisions could potentially be associated with players sustaining traumatic

brain injuries. Their primary goal was to analyze how helmets react to linear acceleration

with the onset of many intense collisions. As a result, the study concluded that due to

multiple collisions, helmet performance had a tendency to decline. However, over the course

of the season or within a game, helmet condition alone is not a key component in the onset

of head injuries.

External Foam Layers to Football Helmets Reduce Head Impact Severity (2014) [3]

The study was interested in examining how softening the exterior of football helmets

could help in reducing impact severity. They were particularity interested in collecting data

on impact reduction potential provided by external foam on the helmet. The study involved

using a helmet with accelerometer sensors, and replicating intense collisions with another

helmet on a weighted swinging pendulum. Using the external layer of foam resulted in

signi�cantly reduced impact measurements. Therefore, the results of the study con�rm that

softening the exterior of football helmets help in decreasing the impact force.

1.2 MIT Football Coaches Guardian Cap Interviews

The MIT football program started wearing Guardian Caps during spring 2023. During the

fall 2023 season, the coaching sta� required the majority of players to wear Guardian Caps

during practices. In the most recent 2024 season, the coaches continued to insist on players

wearing Guardian Caps during practices, and many players opted to wear them during games

as well. Interviewing MIT football coaches / sta� helps provide us with additional insight on

the performance of Guardian Caps and impact on player health at the collegiate level.
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The interviews took place within coaches o�ces, we had the opportunity to speak with

three coaches individually. We began by asking three main questions: (1) What is your overall

opinion of the players on the team wearing Guardian Caps during practices and games? (2)

What has been the team's experience with players wearing Guardian Caps? (3) Do you feel

like they have helped the program over the last several years? We then transitioned to a

general discussion regarding the topic.

Brian Bubna is the Head Football Coach and Defensive Coordinator for the MIT Varsity

Football Team. During my interview with Coach Buna, he expressed thorough optimism

and positive reports about the players wearing Guardian Caps during practices and games.

He explained how there were no concussions reported during preseason of the team's �rst

year wearing the Guardian Caps in practice. The program now requires all players in every

position group to wear Guardian Caps during every practice.

Coach Bubna said that they seem to be helping in practice, and encourages players on

the team to wear them in games as well. However, when only one player is wearing them in a

helmet to helmet collision within games (MIT player wearing Guardian Cap while opposing

team does not), the additional safety factor seems to be reduced. If both teams wore them

there would be softer impacts in games, as there are during the MIT football practices.

Players who have sustained concussions in the past have a tendency to wear them during

games as they are looking to prevent any additional concussions. When wearing them, Coach

Bubna feels that players experience less risk of sustaining a concussion or cognitive injury. He

compared wearing Guardian Caps to wearing a seatbelt. Overall, he expressed that wearing

the Guardian Caps seems to make players more con�dent. The MIT football team was the

only program wearing Guardian Caps during games in Division III collegiate football this

fall. NFL players have began wearing Guardian Caps in games this past season as well.

Coach Bubna additionally identi�ed the sliding aspect of the Guardian Caps that is

supposed to help de�ect contact. This feature gives the Guardian Caps freedom to slightly

move around during contact while on the helmet, similar to the MIPS system in bicycle
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helmets. The program as a whole likes to take any preventive concussion measures in order

to keep players safe and on the �eld. They have even begun experimenting with a new lighter

football helmet on the market that has achieved record breaking results during safety tests.

Coach Bubna appeared to be a large advocate of the players wearing Guardian Caps in

general, and stated that the team will continue to wear them.

Steven Brennan is the O�ensive Coordinator and Quarterbacks Coach for the MIT

Varsity Football Team. Similar to Coach Bubna, he shared validating opinions regarding the

e�ectiveness of Guardian Caps during my interview. He explained that they were another

way the program can help players reduce the likelihood of concussions. Coach Brennan

along with the rest of the program wants to do everything they can to prevent injuries and

sub-concussive impacts from occurring. He explained that during the �rst season where the

players wore Guardian Caps, the only concussions that happened in practices were from

people not wearing them. He supports the policy that all players are now required to wear

Guardian Caps during practices.

MIT players want to be protected, and wearing Guardian Caps potentially adds another

layer of safety. Coach Brennan stated that wearing them makes players more con�dent

and helps them feel safer. He talked about how the sta� has not seen de�ning evidence

that Guardian Caps do indeed reduce impact of collisions, but they appear to help and are

bene�cial considering the MIT roster in particular is adamant about protecting their heads

and preventing concussive impacts.

Coach Brennan also discussed how players who sustain concussions often struggle to

recover in a timely manner. However, this is not due to football or the training sta�. There

are several other factors that can delay an athlete's recovery including lack of sleep, high

stress from coursework and exams, poor nutrition, and not properly hydrating.

Coach Brennan described that wearing Guardian Caps has overall been a positive experi-

ence, and there appears to be a decrease in guys going to trainers for concussions. He feels

like they have made a di�erence, and the team will continue to wear them. He also reported
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that most of the concussions that have occurred recently have been from players who were

not wearing a Guardian Cap.

Andrew Byron is the Defensive Line Coach and Strength and Conditioning Coach for

the MIT Varsity Football Team. As with other members of the coaching sta�, he had an

extremely positive outlook on players wearing Guardian Caps in both practices and games.

He was �rm on the stance that since players from NFL teams and top Division I programs

are wearing them all year round during practices, MIT football players should wear them as

well.

Coach Byron stated that there was not a single reported concussion during the team's �rst

camp while wearing Guardian Caps. Additionally, there were less complaints from the players

regarding head injuries in general. He was excited to see many players on the MIT roster

wearing them during games this past season, in particular most of the defensive linemen wore

them.

Coach Byron feels that Guardian Caps can help reduce head injuries big time. He is

in favor of taking any preventive measures necessary to help promote safety. He discussed

reducing practice time in order to try and prevent injuries among players. Coach Byron

talked about how rest is critical, and you can't perform at a high level if you're tired. He

additionally stated that he will continue to advocate for players wearing Guardian Caps

during both practices and games.

1.3 MIT Football Reference Data

28 players on the MIT Football team from the fall 2024 season opted into taking a survey

regarding their decision to wear or to not wear a Guardian Cap during games. We additionally

asked them questions regarding concussions sustained during the fall. Out of the 28 players,

all 28 wore a Guardian Cap during practice, and 20 (71%) wore them during games. 4 players

reported having a concussion this season. 3 of these concussions occurred in games - 2 of the
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players were wearing a Guardian Cap when they sustained the concussion and 1 was not. 1

of these concussions occurred during practice where the player was wearing a Guardian Cap.

Understanding the Guardian Cap and concussion statistics among the MIT Football program

this past season can help provide useful context to both the Prism Neuro and impact testing

portions of our study.
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Chapter 2

Testing Systems

2.1 Prism Neuro Background

The Prism Neuro system allows you to track, measure, and improve the most critical muscle

for movement - the brain. The system integrates the power of various brain function measures

for human body control in order to create a comprehensive view of total athlete performance

potential. Focusing on proprioception and visual skills, it provides a succession of neural

function assessments, which then allows you to evaluate multi-modal performance and process

current and potential performance capacity.

The Prism Neuro test can help us detect injuries to the head, as these types of injuries

can and usually have an impact on the movement control system. Neural pathways for

movement control are impacted by brain plasticity when an individual's movement patterns

alter because of a body injury. The complex processing of movement control signals from

the brain might not occur normally when the brain is injured, which as a result causes less

than typical movement ability. Prism Neuro's fast and accurate tests for human movement

control assessment help empower individuals to reduce risk, improve overall performance,

and experience full participation in life.

Prism Neuro works closely with various Clubs, teams, and performance managers at all
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levels in order to provide the insight necessary to protect players within an organization and

unlock full potential [4].

2.2 Prism Neuro Testing

In the Prism Neuro portion of the study, 12 MIT football players participated in both an in

season and out of season round of testing. Each of these players went out of their way to

help provide critical personalized testing data, and played a major contribution in this part

of our research.

Testing the athletes is a tedious process, and needs to be conducted and observed carefully

in order to ensure accurate data collection. The athlete �rst enters the MIT athletic training

room and signs a waiver con�rming that they understand the parameters of the test, and

provide consent that their testing results can be used for the purpose of the overall study.

We then provide the athlete with a quick overview of the Prism Neuro system before diving

in and beginning the test. The test itself is comprised of two components - a proprioception

test and a visual test. The proprioception test involves a platform containing a portion that

rotates at 5 di�erent angles. The visual test involves a virtual reality headset that tracks the

athletes eye focus abilities.

For the proprioception test, the athlete �rst stands straight up on the platform with their

left foot on the rotating portion with their head facing directly forward. Step 1 is a simple

training test, where we go through each of the angles 1 through 5. At each angle, the athlete

rotates their foot externally one time in order to get a �feel� of the angle. We repeat this

process two more times (for a total of 3 practice rounds), where we go through each of the

angles 1 by 1 for angles 1 through 5.

After the training test is complete, we move on to the proprioception test for the left

leg. During the test, the athlete is presented with a random angle. They rotate their foot

externally one time and verbally express which of the 5 angles they felt. We then record
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the athlete's answer. We repeat this process for a total of 50 times, at each round making

sure to keep track of the athletes response. Once the entire test is completed for the left leg,

we repeat the same exact process for the right leg where the athlete will run through the

training test and then the proprioception test again.

(a) Base Position (b) Rotated Position

Figure 2.1: Proprioception Test Platform

Following the proprioception test, we then move on to the visual test. For the visual test,

the athlete looks into the virtual reality headset. The visual test consists of four rounds and

tracks four di�erent eye movements / ability for the eyes to focus. (1) The athlete follows a

dot with their eyes that moves in a straight line. (2) The athlete follows a dot that moves in

a circular motion. (3) A static test where the athlete pays attention as the image changes.

(4) A dynamic test where the athlete has to locate an image.
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