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ABSTRACT

This research investigates the effects of background noise,
dysphonic speech on children’s sentence comprehension
and listening effort, using electroencephalography (EEG).
Inhibitory control (IC) and working memory (WM) were
assessed to account for individual variability. Twenty-
four children (ages 8-12) completed the Test for Recep-
tion of Grammar under two signal-to-noise ratios (0 dB
and 6 dB) and two voice qualities (typical and dysphonic).
EEG analyses focused on theta and alpha frequency bands
to examine neural dynamics of listening effort. Find-
ings revealed that sentence comprehension decreased un-
der noisier and dysphonic conditions, particularly for chil-
dren with higher WM. EEG results showed heightened
theta power and reduced alpha power during dysphonic
speech, indicating increased cognitive demands, with a
positive relationship to WM and IC, respectively. This
suggests that children had to recruit additional cognitive
resources to process degraded auditory input. These find-
ings demonstrate that noise and dysphonic speech place
distinct demands on cognitive resources, hindering com-
prehension and increasing listening effort, while relying
on executive function to adapt to difficult acoustic envi-
ronments.
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1. INTRODUCTION

Listening comprehension plays a central role in chil-
dren’s academic development, enabling them to follow in-
structions, engage in discussions, and acquire knowledge
through spoken language [1, 2]. Yet, this skill can be dis-
rupted by external and internal factors—particularly poor
acoustic environments, degraded speech input, and indi-
vidual differences in cognitive abilities such as working
memory (WM) and inhibitory control (IC) [3, 4]. Many
classrooms present acoustical challenges that fall short
of recommended standards. Although guidelines suggest
that classrooms maintain a signal-to-noise ratio (SNR) of
at least +15 dB for optimal learning [5], actual measure-
ments often range much lower, from -7 to +6 dB [6, 7].
These conditions obscure speech cues and demand more
cognitive resources for accurate processing, especially for
younger children whose executive function skills are still
developing [8–12].

Compounding the effects of background noise is
the issue of poor voice quality, particularly dysphonia,
which is common among teachers due to prolonged voice
use in noisy environments [13, 14]. Dysphonic speech,
characterized by hoarseness, breathiness, or strain, de-
grades intelligibility and requires additional mental effort
to interpret [15–17]. This may reduce children’s abil-
ity to sustain attention and negatively impact their learn-
ing experience [18, 19]. While some studies indicate
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that dysphonic voices may not always reduce comprehen-
sion accuracy, they still pose processing challenges for
children—particularly when paired with noise [20, 21].
Standard comprehension assessments often overlook the
added mental effort required under these challenging au-
ditory conditions [22, 23].

Executive functions like WM and IC may help buffer
against these challenges. WM supports the retention and
manipulation of verbal input, while IC enables selective
attention to target speech in the presence of distractions
[24–26]. Research suggests that children with stronger
executive function may show improved comprehension in
difficult listening environments [27–29].

Physiological techniques such as electroencephalog-
raphy (EEG) offer promising tools for examining the neu-
ral mechanisms that support listening under strain. EEG
captures brain responses in real time and provides insight
into how children process auditory information under
varying levels of acoustic and vocal degradation [30]. Two
key frequency bands—alpha and theta—have emerged as
indicators of neural effort during auditory tasks. Alpha
oscillations are associated with attentional filtering and
inhibition of irrelevant input, whereas theta oscillations
relate to memory load and speech processing under in-
creased task demands [31–33]. Studies in adults show
that adverse auditory environments lead to decreased al-
pha and increased theta activity, reflecting the recruitment
of additional cognitive resources [34, 35]. Although EEG
research in children is more limited, early evidence sup-
ports its potential for detecting changes in neural effort in
response to difficult speech conditions [36].

This study examines how background noise and dys-
phonic voice affect speech comprehension in children
aged 8 to 12, and how EEG signals reflect these chal-
lenges. It also investigates whether individual differences
in WM and IC influence children’s ability to cope with
degraded auditory input. We hypothesize that noisy and
dysphonic speech will lead to reduced comprehension ac-
curacy and increased neural activity in theta and alpha
bands. We further expect that children with stronger exec-
utive functions will show different EEG patterns, reflect-
ing more efficient processing.

2. METHODS

2.1 Participants

Twenty-four children aged 8–12 years (M = 10.6, SD =
1.4), evenly split by gender, participated. All were native

American English speakers with normal hearing and no
reported speech, language, or hearing disorders. Informed
consent and child assent were obtained in compliance with
the University of Illinois IRB (Protocol No. 24087).

2.2 Speech Material

Stimuli were selected from six blocks of the TROG-2
test to assess grammar comprehension. Sentences were
recorded in both typical and simulated dysphonic voices
by a female speaker. A certified pathologist verified the
voice qualities using the GRBAS scale. Classroom noise
at two intensity levels (60 and 66 dB(A)) was added to
the recordings. Each block’s sentences were distributed
evenly across four conditions (2 voice qualities × 2 noise
levels).

2.3 Setup of the Room and Equipment

Testing occurred in a sound-treated booth. Speech stim-
uli were delivered via a front-facing TalkBox speaker (66
dB(A)), while ambient noise was played from two rear
speakers set at SNRs of 6 dB and 0 dB. Children sat at a
desk facing a screen, interacting only via mouse. EEG
data were collected using the Emotiv Epoc X system,
which includes 14 scalp electrodes and two references,
sampled at 128 Hz. Impedance was visually verified. Psy-
choPy software was used for stimulus presentation and
data collection.

2.4 Procedure

Children participated in the experiment in a sound-treated
booth while wearing an EEG cap. After a short baseline
recording, they listened to pre-recorded sentences pre-
sented under varying voice and noise conditions. Follow-
ing each sentence, children selected the corresponding im-
age from four options displayed on a screen. Two practice
trials preceded the test. The entire listening task lasted
approximately 10–15 minutes and was conducted using
PsychoPy software.

2.5 Signal Processing and Statistical Analysis

The final 3 seconds of each sentence were used for EEG
analysis, capturing semantic content. EEG data were pro-
cessed using EEGLAB in MATLAB. Data were filtered (1
Hz high-pass), baseline-corrected, and segmented from -
2.75 to 3.75 seconds around stimulus onset. Bad channels
were interpolated, and ICA was used to remove blink ar-
tifacts. Only participants with at least 75% usable epochs
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were retained for EEG analysis (n = 15). ERSPs were
computed using Morlet wavelet transformations. Frontal
theta (4–8 Hz) and parietal alpha (8–12 Hz) power were
extracted. Baseline correction used a gain model over a
-600 to -200 ms window. Data analysis was conducted
using R and the lme4 package. Listening comprehension
(binary), perceived effort (scaled), and EEG power (con-
tinuous) were analyzed using GLMs and linear models.
Independent variables included voice quality, SNR.

3. RESULTS

3.1 Listening Comprehension

Children’s speech comprehension was significantly re-
duced by both background noise and voice quality
(Fig. 1). At 0 dB SNR, the probability of correct com-
prehension dropped by 70% compared to 6 dB SNR (p ¡
.001). Similarly, dysphonic voice led to a 42% decrease in
comprehension accuracy compared to typical voice qual-
ity (p = .006). There was no significant influence of work-
ing memory (WM; p = .800) or inhibitory control (IC;
p = .284) on comprehension scores, indicating that chal-
lenging listening environments equally affected all partic-
ipants regardless of cognitive ability.

Figure 1. Average speech comprehension scores
across different SNRs, grouped by voice quality.
Each box represents the distribution of average com-
prehension scores per participant (ID) for a given
SNR and Dx condition.

3.2 Relative Alpha Power

Alpha power, associated with attentional processes, sig-
nificantly decreased (desynchronized) when children lis-
tened to dysphonic speech (p = .041), reflecting increased

cognitive load. No significant effect was found for SNR (p
= .541). Children with higher IC scores showed lower al-
pha power (p = .013). WM did not significantly influence
alpha activity (p = .111).

3.3 Relative Theta Power

Theta power, linked to memory demands, significantly
increased (synchronized) during listening to dysphonic
voice (p = .041), indicating greater effort. SNR again
showed no significant effect (p = .541). Higher WM was
associated with greater theta power (p = .013). IC had no
significant effect on theta activity (p = .235).

4. DISCUSSION AND CONCLUSION

This study demonstrates that both background noise and
dysphonic voice significantly impair children’s listening
comprehension. Comprehension accuracy declined in de-
graded conditions, with a notable 70% drop at 0 dB SNR
and a 42% decrease for dysphonic speech—findings con-
sistent with previous work showing that noise and reduced
vocal clarity hinder speech perception and cognitive pro-
cessing in children [17, 37, 38].

EEG analyses revealed that dysphonic voice, more
than background noise, induced marked changes in brain
activity. Decreased alpha power indicated heightened at-
tentional demands, particularly in children with stronger
inhibitory control, supporting the role of alpha oscillations
in attentional modulation [31,35]. Increased theta activity
was observed in response to dysphonic input, especially
among children with higher working memory capacity, re-
flecting greater memory-related processing load [33].

Interestingly, the relatively small difference in SNR
(6 dB vs. 0 dB) may have limited the ability to detect dis-
tinct EEG responses to noise alone. Dysphonia, however,
consistently elicited both alpha and theta modulations, un-
derlining its disruptive effect on neural processing.

These findings suggest that adverse acoustic con-
ditions increase cognitive demands even when compre-
hension remains superficially intact. Although children
with stronger executive function appear better equipped
to manage moderate challenges, their advantage dimin-
ishes under more severe degradation. Improving class-
room acoustics and supporting teacher vocal health are
therefore essential to minimize cognitive strain and op-
timize learning conditions [18, 20].
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[34] E. B. Petersen, M. Wöstmann, J. Obleser, and T. Lun-
ner, “Hearing loss impacts neural alpha oscillations
under adverse listening conditions,” Frontiers in Psy-
chology, vol. 6, p. 177, 2015.

[35] J. Obleser and N. Weisz, “Suppressed alpha oscilla-
tions predict intelligibility of speech and its acoustic
details,” Cerebral Cortex, vol. 22, no. 11, pp. 2466–
2477, 2012.

[36] P. Marsella, A. Scorpecci, G. Cartocci, S. Giannanto-
nio, A. G. Maglione, I. Venuti, F. Babiloni, I. De Lu-
cia, P. Arpaia, and F. Vozzi, “Eeg and pupil features
reveal listening effort during bilateral hearing aid use
in children with hearing loss,” Sensors, vol. 17, no. 12,
p. 2765, 2017.

[37] M. Klatte, T. Lachmann, and M. Meis, “Effects of
noise and reverberation on speech perception and lis-
tening comprehension of children and adults in a
classroom-like setting,” Noise and Health, vol. 12,
no. 49, pp. 270–282, 2010.

[38] P. Bottalico, S. Murgia, G. E. Puglisi, A. Astolfi, and
K. Ishikawa, “Intelligibility of dysphonic speech in
auralized classrooms,” The Journal of the Acoustical
Society of America, vol. 150, no. 4, pp. 2912–2920,
2021.

3985


