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INTRODUCTION

Auditory maturation

* The auditory system gradually matures from birth to adulthood.
= Developmental changes are observed in brain function and behavior.

Development of cortical auditory processing

= Cortical auditory evoked potentials (CAEPs, Figure 1) are objective
measures of cortical activity in response to sound.?!

= Amplitudes and latencies of CAEP obligatory components

(P1, and N1) index auditory maturational changes.23
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P1 amplitude and latency decrease with development. | : VY

N1 amplitude increases and N1 latency decreases with me

development.

Development of speech understanding ability

= Speech understanding in quiet and in noise develops gradually.?
= Speech reception thresholds improve with age.>

Questions

= Are there frequency specific differences in cortical auditory maturation?
= How Is cortical maturation associated with speech understanding?

Study goals
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* |nvestigate auditory development from childhood to young adulthood
= CAEPs In response to high- and low-frequency speech sounds.
= Speech understanding in quiet and in noisy conditions.
= Association between CAEPs and speech understanding.

naturally spoken /m/ & /s/ phonemes

Monaural, 65 dB SPL
80ms duration

150 trials each
1SI1:1000-2000ms

Analysis approach

N1 and P1 peak amplitudes and latencies and SRTs in quiet and noise were examined
Analyses were done with age as a continuous variable
Participants were also grouped in the following categories for comparison

Ages 13-17, N=11

Ages 5-8, N=5
Ages 9-12, N=13
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Figure 4: Waveforms and power spectra

Ages 18-24, N=8

of /m/and /s/ stimuli

RESULTS

Development in speech CAEPs

=
/s/ ¥

Stimulus onset Stimulus onset

. v . v B Children (5-8 yo)
: | : | B Children (9-12 yo)
=== Children (5-8yo0) === Children (5-8y0) 60 B Adolescents (13-17 yo)
! = Children (9-12y0) ! = Children (9-12y0) EH Adults (1 8-24 yo)
: - Adolescents (13-17yo0) : - Adolescents (13-17y0)
2 : ——— Adults (18-24yo0) ~ 2 : ——— Adults (18-24y0) —~ 50
[ [~ Yo ! A\ C i
,P1 ) 3 P | 26 ,,
i N\ s ob e /- -\ - A ¥
o aeva SR A 8%
| \ 5 | \ Y ¥ & 30
: -~ £ ! =2
) I < -2 ! N1 O _8
I ‘ I D wn 20
! ! Lo
| N1 | N S
-4 -4 10
-100 0 100 200 300 400 500 -100 0 100 200 300 400 500
Time (ms) Time (ms) 0
Figure 5: Grand average CAEP waveforms at Cz for /m/ and /s/ stimuli _ _
(combined for both ears) Quiet Front Right Left
Condition
P1 N1 *m | | . |
A; B; ®s Figure 7: Speech reception thresholds in quiet and with
=1 E! maskers that are co-located (Front) or separated to either side.
;; 4 - =-0.52 =-0.52 o
3-
S ‘ S
%_ 21 4.8 . : 4 g %_ 0 -
c C L o c
< 0- , 38°8° - <
% o ° . © 3 Pl
x 2- o , A \
-y —— A EEEEE=——— A B S C
- 5 7 9 11 13 15 17 19 21 23 < 5 7 9 11 13 15 17 19 21 23 /m/ / /
Age Age r=0.24 r=0.43 r=0.32 r=0.5
60 A
Cr-\ DA 50 1
7)) 7)) 3
£ £ 150 &
=~ 120 r=-0.32 r=-0.43 = 9 40
c ° o = S
9 90' e ® ® _lq_') 120 ﬁ 30 -
© o’ g © a4
1 L ~ 1 D .
x o0 ¥® . >$ % 90-
) T8s38 #j:rt 0 0.
O. 301 ® al
0 - - I 0- 0
5 7 9 11 13 15 17 19 21 23 5 7 9 11 13 15 17 19 21 23 Y 5 1' 2 3 ¥ g 1' 2 7

Age Age P1 Peak Amplitude (uV)

Figure 6: P1 and N1 peak amplitudes and latencies for /m/ and /s/ stimuli as a function of age

P1 Peak Amplitude (uV)

CORTICAL AUDITORY PROCESSING AND SPEECH UNDERSTANDING

Correlations between CAEPs and SRTs
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Development in Speech Reception Thresholds (SRTSs)
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Figure 8: Speech reception thresholds as a
function of age. ‘r’ values represent correlation coefficients.
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Figure 9: SRTs in CRISP task conditions as a function of P1 and N1 peak amplitudes for /m/ (Panels A & C)

and /s/ (Panels B & D) stimuli. ‘r’ values represent correlation coefficients.

DISCUSSION

1. We replicate findings of improved speech understanding in both quiet and noisy conditions

2. Age-linked decrease in P1 amplitude, increase in N1 amplitude, and decreases in P1 and N1

3. Weak to moderate correlations between behavioral measures (SRTs) and neural measures

4. Correlations between CAEP measures and SRTs were stronger for /s/ as compared to /m/,

5. With ongoing data acquisition, we anticipate comprehensive understanding of the complex
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with age.>’ (D

Maturational

latencies for /m/ and /s/ phonemes are in accordance with the literature using non-speech or
other speech sounds.8?

(reduced P1 and increased N1 amplitudes)
were observed In cortical responses to
both low- and high-frequency speech
sounds

changes

(CAEPSs) provide evidence that basic speech processing might relate to speech
understanding in both quiet and noisy conditions.
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©

possibly suggesting importance of higher frequencies in speech understanding.t0:11
guiet and |

Speech cortical processing is moderately
correlated with speech understanding in

n noise

Interplay between age, cortical auditory maturation, and speech understanding.

REFERENCES

. Gonzalez, J. E., & Musiek, F. E. (2021). The Onset—Offset N1-P2 Auditory Evoked
Response in Individuals With High-Frequency Sensorineural Hearing Loss: Responses
to Broadband Noise. American Journal of Audiology, 30(2), 423-432.

. Ponton, C. W., Eggermont, J. J., Kwong, B., & Don, M. (2000). Maturation of human
central auditory system activity: evidence from multi-channel evoked potentials. Clinical
Neurophysiology, 111(2), 220-236.

. Wunderlich, J. L., & Cone-Wesson, B. K. (2006). Maturation of CAEP in infants and
children: a review. Hearing Research, 212(1-2), 212-223.

. Leibold, L. J. (2017). Speech perception in complex acoustic environments:
Developmental effects. Journal of Speech, Language, and Hearing Research, 60(10),
3001-3008.

. Misurelli, S. M., & Litovsky, R. Y. (2015). Spatial release from masking in children with
bilateral cochlear implants and with normal hearing: Effect of target-interferer similarity.
The Journal of the Acoustical Society of America, 138(1), 319-331.

. Litovsky, R. Y. (2005). Speech intelligibility and spatial release from masking in young
children. The Journal of the Acoustical Society of America, 117(5), 3091-3099.

. Leibold, L. J., & Buss, E. (2019). Masked speech recognition in school-age children.
Frontiers in Psychology, 10, 1981.

. Pang, E. W., & Taylor, M. J. (2000). Tracking the development of the N1 from age 3 to
adulthood: an examination of speech and non-speech stimuli. Clinical Neurophysiology,
111(3), 388-397.

. Sussman, E., Steinschneider, M., Gumenyuk, V., Grushko, J., & Lawson, K. (2008). The
maturation of human evoked brain potentials to sounds presented at different stimulus
rates. Hearing Research, 236(1-2), 61-79.

10. Agung et al., (2006). The use of cortical auditory evoked potentials to evaluate neural
encoding of speech sounds in adults. Journal of the American Academy of Audiology,
17(08), 559-572.

11. Walker, E. A. 2023. The Importance of High-Frequency Bandwidth on Speech and
Language Development in Children: A Review of Patricia Stelmachowicz's Contributions
to Pediatric Audiology. In Seminars in Hearing.

This work was supported by NIH-NIDCD (R0O1 DC003083, Litovsky) and NIH-NIDCD (R01 DC019511, MPIs Litovsky, Hartley and Alexander). This study was supported in part by a core grant to the Waisman Center from the National Institute of Child Health and Human Development (P50HD105353).

Special thanks to Stephanie Sellner, Molly Osborn, Amanda Lackner and other BHSL |lab members for helping with data collection.



	Slide 1

