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Blast Exposure and 
Traumatic Brain Injury (TBI)

One of the most common 
effects of blast exposure is mild 
TBI, also known as concussion.



Walker et al. (2018) “Chronic Effects of Neurotrauma
Consortium (CENC) multicentre study interim analysis: 
Differences between participants with positive versus 
negative mild TBI histories”, Brain Injury, 32:9, 1079-
1089

52% of blast-exposed report hearing problems
23% of control group report hearing problems



1000 non-Blast mild TBI 
Patients Seen by OHSU 
Concussion Clinic 
(2016-2018)

49% Reported some 
level of difficulty with 
their hearing 
Theodoroff, Papesh, Duffield, Novak, Gallun, King , 
Chesnutt , Rockwood, Palandri, Hullar (2020) 
Concussion Management Guidelines Neglect 
Auditory Symptoms, Clinical Journal of Sport 
Medicine.

Any reported hearing difficulties

Rating of Hearing Difficulty

NO reported hearing difficulties



Self-Report: Hearing Handicap Inventory – Adult 
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25-item questionnaire addressing the impact of hearing-related problems on 
emotional and social functioning

 BLAST GROUP: 30 blast-exposed Veterans

Mean age: 37.3 years (sd 11.5), all with hearing thresholds within
normal limits

Average time since blast exposure: 8.0 years

Average number of blasts reported: 5.1 blasts (Range: 1-40; Median: 3)

 CONTROL GROUP: 29 age- and hearing-matched participants with no
history of brain injury. Both civilians and Veterans.



Tests abnormal (out of 5 possible)

Number of Tests with 
Abnormal Performance

Percent abnormal on 
one or more test:

Control (n=29): 21%
Blast (n=30) : 63%



Manuscript in Preparation 
- Collaboration with Laurie King and Kody Campbell

GOAL: Examine the potential effects of mTBI on auditory spatial 
processing 

PARTICIPANTS: 99 civilians with a recent history of mTBI (15-90 days) 
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Sentences of the form  "Ready [callsign] go to [color] [number] now."

32 possible keyword combinations: 4 colors (red, white, green, blue) and 
8 numbers (1 to 8) 

8 different callsigns (Baron, Charlie, Hopper, Arrow, Ringo,. 
8 talkers: 4 male and 4 female.

READY        CHARLIE       GO TO        WHITE           TWO        NOW

READY          BARON          GO TO   BLUE         EIGHT            NOW
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Jakien Gallun 2018

Larrea-Mancera et al. 2020

Current mTBI Patients
Significantly more 
patients performed in 
the abnormal region 
(2 SD above the 
mean) in the 
Separated condition 
and Spatial Release 
from Masking 
(SRM) as compared 
to two normative 
data sets. 



PART 2

• Portable Automated Rapid Testing (PART) 
• A New Approach to Auditory Processing Testing 



Portable Automated 
Rapid Testing 
(PART)

https://bgc.ucr.edu/games

https://bgc.ucr.edu/games


Recording of a single 50 ms tone pulse (2000 Hz 
carrier) produced at maximum output through iPad 
Pro and Sennheiser HD280Pro Headphones

The iPad system is capable of producing 
laboratory-grade auditory stimuli.

Gallun et al. (2018) “Development and validation of Portable Automated 
Rapid Testing (PART) measures for auditory research”, Proc Meetings 
Acoust., 33, 050002



Portable psychoacoustics with passive and active noise-attenuating headphones 

E. Sebastian Lelo de Larrea-Mancera1, Trevor Stavropoulos1, Frederick Gallun2, Eric Hoover3, David Eddins4 & Aaron Seitz1

1University of California, Riverside, Riverside, CA
2Oregon Health and Science University, Portland, OR
3University of Maryland, College Park, MD
4University of South Florida, Tampa, FL

Participants: 150 undergraduate students from the University of California, Riverside (47 male, mean age=19.3, SD=2.36)

• Experiment 1 (Sennheiser headphones in silence).- 51 participants tested with Sennheiser 280 Pro headphones. Two test sessions.

• Experiment 2 (headphone comparison in silence).- 51 participants tested twice with both Sennheiser 280 Pro headphones and 
active-noise cancelling Bose Quiet Comfort 35 headphones. Each participant was tested once with each headphone type with the 
order of sessions counter-balanced between participants. 

• Experiment 3 (headphone comparison in noise).- 48 participants tested in a noisy environment, with methods otherwise identical to  
Experiment 2. 



Noise recorded in a local coffee
shop then edited to create a 33 min
duration noise file and bandpass
filtered (20 to 20,000 Hz).

Noise was presented at an average
level of 70 dB SPL through a
loudspeaker placed 3 meters from
the center of the listening room.



Psychoacoustical Measures of Auditory Function

• Tone in Noise Detection (TN)
• Temporal Modulation (TM)
• Spectral Modulation (SM)
• Spectrotemporal Modulation (STM)
• Gap Detection (GAP)
• Monaural Frequency Modulation (MFM)
• Binaural Frequency Modulation (BFM)

• Spatial Release from Masking (SRM) for Speech in Competition





Spectral and Temporal Modulation in an Auditory Stimulus



Thresholds for spectrotemporal modulation detection were similar to those obtained 
in previous work and across all test conditions and sessions
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Thresholds (not shown) and spatial release were similar to those obtained in 
previous work and across all test conditions and sessions (Sesh01 vs Sesh02)

Session 1 Session 2



The Need for Representative Data

Among 125 clinical studies performed from 
January 1990 to July 2020 regarding hearing loss 
management, only 16 (12.8%) reported 
race/ethnicity, and 88 (70.4%) reported sex. 

Of the 16 studies that reported race/ethnicity, only 
5 included more than 30% non-White 
representation. 

Among the 88 articles that reported sex, 44 
(35.2%) reported more than 45% female 
representation.

Pittman, C. A., Roura, R., Price, C., Lin, F. R., Marrone, N., & Nieman, C. L. (2021). 
Racial/Ethnic and Sex Representation in US-Based Clinical Trials of Hearing Loss Management in Adults: A Systematic Review. 
JAMA Otolaryngology-- Head & Neck Surgery, 147(7), 656–662. https://doi.org/10.1001/jamaoto.2021.0550

https://doi.org/10.1001/jamaoto.2021.0550


Portable Automated Testing Can Help



ASA P&P Task Force on Remote Testing

http://spatialhearing.org/remotetesting

http://spatialhearing.org/remotetesting


ASA P&P Task Force 
on Remote Testing

http://spatialhearing.org/remotetesting

http://spatialhearing.org/remotetesting


ASA P&P Task Force 
on Remote Testing

http://spatialhearing.org/remotetesting

http://spatialhearing.org/remotetesting


PART 3

• LISTEN: An Auditory 
Training Experience



Spatial Frequency (above)
But also: orientation, contrast, spatial location…

Training on basic visual features results in learning that 
transfers to other domains

Basic tests of vision
Deveau, Lovick & Seitz (2014)

Performance of college athletes 
Deveau, Ozer & Seitz (2014)

Reading
Deveau & Seitz (2014)



Hypothesis: Training Basic Auditory Features will 
Transfer to Speech in Noise
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VIDEO of LISTEN STM removed to reduce file size









VIDEO of LISTEN STM removed to reduce file size





VIDEO of LISTEN Spatial task removed to reduce file size





VIDEO of LISTEN Memory task removed to reduce file size





VIDEO of LISTEN Memory task removed to reduce file size



Auditory Assessments: Basic auditory processing 

• GIN (between 2-3 ms) (Florentine et al., 1999)

• FM (M = 0.51 SD = 2.23 ) (Larrea-Mancera, 2020)

Assessments match literature at pre-test



Auditory Assessments: Basic auditory processing 

• STM (M = 0.95 SD = 0.46 ) (Larrea-Mancera, 2020)

Assessments match literature at pre-test



Auditory Assessments: Speech in Competition

• Colocated (M = 2.1 SD = 1.9) (Larrea-Mancera, 2020)

• Separated (M = -3.9 SD = 3.3) (Larrea-Mancera, 2020)

• SRM (M = 5.8 SD = 3.2) (Larrea-Mancera, 2020)

Assessments match literature at pre-test

Spatial Release from Masking



Auditory Assessments: Speech in Competition

• Digits-in-Noise (M = -8.8 SD = 0.6) (Smits et al., 2013)

Assessments match literature at pre-test



Participants kept learning until the end of trainingUp/Down Frequency Discrimination (Control)
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Even in the control 
condition, learning 
continued for the 
entire length of 
training.



Change in Performance after Training



Change in Performance after Training



Change in Performance after Training



Change in Performance after Training

Control (within)
t(14) = 1.57, p = 0.075, Cohen’s d = 0.39 

Control (within)
t(14) = 0.05, p = 0.47, Cohen’s d = 0.01 

Differences (between)
t(28) = 0.63, p = 0.27, Cohen’s d = 0.22

Mixed Train (within)
t(14) = 0.44, p = 0.33, Cohen’s d = 0.11 

Mixed Train (within)
t(14) = 2.61, p = 0.01*, Cohen’s d = 1.19  

Differences (between)
t(28) = -1.91, p = 0.03*, Cohen’s d = -0.68  

*

*



• Amount of Training
• Learning effect is not different 

at mid-test (t(14) = -0.25, p = 0.8, 
Cohen’s d = -0.06) 

• Retention
• No learning effect remains by 

follow-up (t(28) = -0.96, p = 0.17, 
Cohen’s d = -0.34) 

Change in Performance after Training



PART and Listen are free for download: https://bgc.ucr.edu
https://braingamecenter.ucr.edu/games/listen-an-auditory-training-experience/
https://braingamecenter.ucr.edu/games/p-a-r-t/

https://bgc.ucr.edu/
https://braingamecenter.ucr.edu/games/listen-an-auditory-training-experience/
https://braingamecenter.ucr.edu/games/p-a-r-t/


Thank you for 
your attention!
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Test % Abnormal

MLD: Masking Level Difference1 30%

FP: Frequency Patterns2 83%

GIN: Gaps-in-Noise3 78%

SSW: Staggered Spondaic Words4 69%

DD: Dichotic Digits4 45%

1: Jabbari et al. (1987) Auditory brainstem response findings in the late phase of head injury. Semin Hear,  8(3)
2: Musiek and Pinheiro (1987) Frequency patterns in cochlear, brainstem, and cerebral lesions. Audiology, 26(2)
3: Musiek et al. (2005) GIN (Gaps-In-Noise) test performance in subjects with confirmed central auditory nervous system involvement. Ear Hear, 26(6)
4: Mueller et al. (1987) Comparison of the Efficiency of Cortical Level Speech Tests. Semin Hear, 8(3)

Clinical Tests Sensitive to Auditory Dysfunction in 
Patients with Confirmed Injury to Auditory Cortex



Gaps In NoiseFrequency Patterns Test



Staggered Spondaic Words Dichotic Digits



Masking Level Differences
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