
Introduction
Noise-induced hearing loss remains an issue in the US Army despite 

the usage of Hearing Protection Devices (HPDs) to mitigate this risk. 
Currently, noise induced hearing loss is reported by 7.5% of all Soldiers 
(Wells, 2015), and costs the US military over 1.2 billion dollars annually 
(Yankansas, 2013). HPDs are meant to reduce the threat of the excess 
occupational noise soldiers are exposed to whenever possible; however, 
improper fitting of HPDs often leads to an illusion of safety.

Currently, US Army Soldiers are often issued a one size fits all pair of 
foam earplugs when expected to be exposed to possibly damaging noise 
levels. The levels of noise reduction received by the user varies based on 
the insertion and sizing of the HPD, so the actual noise protection 
received by the user can often be unacceptably low, such as in Figure 1. 
The most common error, and most easy to manipulate and fix, is how a 
user inserts their earplugs, which often occurs out of neglect
or unawareness of how to properly insert HPDs. For this reason, users’ 

Personal Attenuation Ratings (PARs) are 
calculated to determine if individual 
Soldiers are appropriately protected. 
Because the PAR is specific to each 
individual, it can drastically differ from the 
listed Noise Reduction Rating (NRR)—the 
number of dB an HPD can theoretically 
reduce a noise by. As a result, it was 
hypothesized that both short and long term 
training is essential to improved hearing 
protection effectiveness, therefore reducing 
hearing loss and tinnitus—a ringing in the 
ears—in the Army.
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The trained group received a short and thorough explanation from the 
experimenter on how to use their ear plugs, while the control group 
received no training. Both groups received guidance on taking the 
FitCheck test. Subjects were often initially unable to fully insert the 
earplugs into the ear canal, which was usually corrected by instructing 
subjects to roll the earplugs especially tightly, pull their ear up (in order 
to straighten the ear canal), and hold earplugs in place for 15 seconds. 
From this group, five subjects were unable to be used in subsequent 
tests. In most cases, this was due to subjects' inability to pass the test, 
likely due to an especially curved ear canal (usually corrected with pre-
formed earplugs). In one case, a subject intentionally deceived the test. 
To determine the long term effects of training, the trained group was 
split into a monthly retrained group (n = 12) and a control group which 
received no further trainings (n = 12). Each was tested once a month for 
the following three months.

Validity of alternate procedures, in which subjects raise an inaudible 
test sound until indicating it to be barely audible, were investigated 
using paired, within-subject tests. COVID-19 prevented the completion 
of these test but 12 subjects (from the trained group) started with the 
standard procedures, and nine performed the alternate test taking 
procedures first.

Materials and Methods
Randomly assigned student volunteers from Aberdeen High School 

were broken into an untrained control group (n = 37), a trained group (n 
= 29), and a alternate procedures group (n = 20). Each subject’s hearing 
protection effectiveness was measured using the FitCheck SoloTM: a 
hearing test which measures differences in occluded and unoccluded 
minimum hearing attenuations at five frequencies ranging from 250 to 
4,000 Hz, by instructing users to decrease a pulsing test sound’s volume 
until they can barely hear it in order to determine PAR (Figure 2). Each 
subject was administered a pair of medium Sound Guard foam earplugs  
(Figure 3) with an NRR of 29 dB..

Materials and Methods (cont.)
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The proportion of subjects with a passing PAR in the trained and 
untrained groups was found to be significantly different using a two-
sample z-test (z = 2.577, p = 0.009). A Cochran’s Q-test failed to 
statistically prove that time has an effect on subjects ability to receive a 
passing PAR in the control (Q = 0.400, p = 0.818) and retrained group 
(Q = 0.200, p = 0.367) (Graph 1). COVID-19 prevented the completion 
of the procedures comparison; however the alternative procedures 
resulted in average lower PARs (16.877 dBs) than the current procedures 
(20.165 dBs) in the paired group (Graph 2).
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Graph 2 (below): Displays difference in 
PAR values between both procedure 
types for each subject.

Graph 1 (below): Displays the average 
PAR of retrained and one time trained 
subjects over time.

Figure 1: An example of a 
Soldier in the field with 
inadequately fitted earplugs

Figure 3 (below): The Foam 
earplugs which were used for 
testing.Figure 2 

(right): 
Depicts a  fit-
check being 
administered 
to a trained 
subject.
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It was concluded that training had a positive impact and could 
therefore protect Soldiers’ hearing and reduce noise-induced hearing loss 
and tinnitus if implemented properly. A significant difference between 
the passing rates in the trained and untrained group’s passing PARs 
(greater than 29 dBs) was established. Furthermore, the necessity of 
repeated training was suggested to be beneficial over the course of three 
months, but statistically significant results were not found. Results also 
indicated that the alternate testing procedure, yielded lower average PAR 
values, suggesting that these FitCheck procedures are more conservative 
than the standard FitCheck procedures. Unfortunately, COVID-19 
prevented the completion of the paired and longitudinal tests, so stronger 
or varying results may have otherwise been found.

All results could likely be generalized to both military and civilian 
populations to protect anyone who may be lacking training for how to 
properly use their HPDs; however, these generalizations may need to be 
confirmed in future studies. Furthermore, variations in intensities and 
frequencies of trainings could yield different results and will also need to 
be investigated further.


