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Abstract 
Auditory processing in children diagnosed with speech and language impairment (SLI) is atypical and characterized by reduced 
brain activation compared to typically developing (TD) children. In typical speech and language development processes, frontal, 
temporal, and posterior regions are engaged during single-word listening, while for non-word listening, it is highly unlikely that 
perceiving or speaking them is not followed by frequent neurones’ activation enough to form stable network connections. This 
study aimed to investigate the electrophysiological cortical activity of alpha rhythm while listening words and non-words in children 
with SLI compared to TD children. The participants were 50 children with SLI, aged 4 to 6, and 50 age-related TD children. 
Groups were divided into 2 subgroups: first subgroup – children aged 4.0 to 5.0 years old (E = 25, C = 25) and second subgroup 
– children aged 5.0 to 6.0 years old (E = 25, C = 25). The younger children’s group did not show statistically significant differences 
in alpha spectral power in word or non-word listening. In contrast, in the older age group for word and non-word listening, 
differences were present in the prefrontal, temporal, and parieto-occipital regions bilaterally. Children with SLI showed a certain 
lack of alpha desynchronization in word and non-word listening compared with TD children. Non-word perception arouses more 
brain regions because of the unknown presence of the word stimuli. The lack of adequate alpha desynchronization is consistent 
with established difficulties in lexical and phonological processing at the behavioral level in children with SLI.

Abbreviations: MMN = mismatch negativity, NWL = non-word listening, SLI = specific language impairment, SP = spectral 
power, TD = typically developing, WISC = Wechsler intelligence scale, WL = word listening.

Keywords: SLI, spectral signal analysis methods, word/non-word listening

1. Introduction

Specific language impairment (SLI) is a deficit in language com-
prehension and production that cannot be ascribed to hearing 
loss, intellectual disabilities, or neurological deficits.[1] One of 
the suspicions is that SLI underlies in “low/level impairment” in 
auditory perception.[2,3] Electrophysiological studies have doc-
umented that auditory processing in children with SLI is atypi-
cal[4] and significantly poorer than that in children with normal 
speech and language development, showing temporal auditory 
deficits.[5–7] Temporal auditory deficits are hypothesized to be 

caused by deferred and abnormal auditory maturation[6,8–10] 
and may include perceptual difficulties during phonological 
developments.[11] These difficulties mainly include supraseg-
mental disabilities that may affect the perception of speech 
rhythm and syllable stress words.[12] An additional factor of 
auditory discrimination impairment in SLI could be attention 
problems.[13] Many studies on mismatch negativity (MMN) 
responses have shown that perception and discrimination defi-
cits for speech and non-speech sounds occur in children with 
SLI.[3,4,9] Children with SLI show activation in the right hemi-
sphere during the perception of non-native stress words.[14–16] 
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More specifically, studies have reported higher activation in 
the right temporal lobe and lower activation in the left tem-
poral lobe, which is not the case in typically developing (TD) 
children. In addition, there is evidence that children with SLI 
activate only the left hemisphere during listening compared to 
TD children.[17] Bishop[18] showed atypical language lateraliza-
tion in adults with SLI, which may be explained as a compen-
satory or maladaptive mechanism in SLI brain functioning.[19] 
According to Badcock and colleagues,[19] SLI children mani-
fested reduced brain activity in the left frontal gyrus compared 
to their TD peers. Reduced brain activity was found bilaterally 
in the superior temporal sulcus,[20] superior temporal gyrus,[21] 
and left parietal regions.[22]

Evidence suggests that TD children show left activation 
during auditory perception in the inferior frontal regions,[23] 
posterior temporal,[23,24] and parietal regions.[24,25] However, 
other studies have shown bilateral activation of the anterior 
and posterior superior temporal lobe during auditory percep-
tion of speech[26–28] and the inferior frontal gyrus in the TD 
population.[29]

From the aspect of brain waves, lower-alpha oscillations 
are included in different mental processes, such as attention, 
whereas higher alpha oscillations occur during semantic pro-
cessing.[30] Studies on adults have documented the presence of 
slow alpha oscillations in occipital regions during word listen-
ing.[31] According to Straus et al,[32] listening to ambiguous non-
word stimuli is associated with theta wave activation in the left 
frontal and right middle temporal regions, while non-semantic 
non-word listening is associated with alpha wave activation in 
parieto-occipital regions compared to meaningful words. In 1 
study in which the task consisted of listening and repetition of 
non-words, 9- to 11-year-old SLI children showed activation of 
subcortical regions (thalamus and globus pallidus) in contrast 
to age-matched TD children, who showed cortical activation 
localized in the bilateral posterior and superior temporal gyrus 
and frontal gyrus.[33] Similar results were achieved in a study 
with passive story listening and story listening with a required 
response, showing activation in the bilateral temporal gyrus and 
left frontal gyrus.[34] Chen and colleagues,[35] in a study with 
MMN responses on toddlers with “delayed expressive language 
development” (authors defined as “late talkers”), showed signif-
icant differences in central regions (Fz-Cz) electrodes according 
to other brain electrodes during perception of Mandarin lexical 
tone stimuli. These results were obtained for children aged 3 to 
5 years, while the differences disappeared at later ages, that is, 
6-year-old children.

Electroencephalography (EEG) studies have shown synchro-
nization in the theta band and desynchronization in the alpha 
band in different memory and perception tasks.[36] Ordinarily, 
spectral power decreases in alpha brain waves in occipital and 
parietal regions, while spectral power increases in theta waves 
in fronto-central regions while performing more or less complex 
tasks.[36,37] Magnetoencephalographic studies have reported the-
ta-alpha activation in auditory predictive processing in hippo-
campal and auditory prefrontal regions.[27] Lower brain wave 
frequencies occur during auditory perception of concrete words 
(nouns) with a high contribution to EEG coherence between 
posterior electrodes positioned bilaterally, while higher fre-
quency waves (beta waves) occur during auditory perception 
of verbs and abstract words with an EEG coherence pattern 
in frontal regions.[38] Studies on TD children have shown that 
theta waves are dominant in the anterior brain regions during 
speech perception in 0 to 3 years old children, while in pre-
schoolers, they are dominant in the posterior regions.[39] During 
different visual tasks, theta waves are activated in the left pari-
eto-temporal regions of younger children.[40] In adults, theta is 
mostly linked with attention, working memory[41–43] and cog-
nitive skills.[44,45] The amplitude of theta frequencies decreased 
with age, whereas beta waves increase.[40] Alpha rhythm fre-
quencies increase with brain development during infancy from 

10 months, reaching up to 9 Hz[46] until 4 years.[47] During the 
period from 7 to 11 years, the alpha rhythm reaches up to 10 
Hz in the posterior regions,[48] while another study showed that 
posterior alpha increased up to 9 Hz between the ages of 3 and 
9.[40] Event-related alpha desynchronization occurs during the 
identification of auditory presented words in memory tasks, 
while synchronization occurs during coding auditory presented 
words.[49] In resting-state conditions with eyes open, the frontal 
beta band is higher than alpha and theta, while alpha is higher 
in the closed eyes condition.[48]

Studies with resting-state in SLI children showed higher val-
ues of spectral power in low alpha and theta waves and lower 
values of spectral power in high alpha and beta waves compared 
to SLI children with subclinical EEG discharges.[50]

Our study has been focused on listening stimuli without any 
verbal task demand.

Based on previous studies, there is a large amount of data on 
EEG differences in auditory processing between children with 
SLI and TD children. One of the frequency bands highly sensi-
tive to auditory perception and attention of verbal stimuli which 
is essential for language acquisition is the alpha frequency band. 
Therefore, our aim was to examine the activation of the alpha 
band and its topography between word and non-word listen-
ing in a clinical sample of children with SLI compared to their 
TD peers. Developmental EEG studies on clinical samples are 
scarce. Variability in the developmental changes of the alpha 
rhythm is present in the TD population and is caused by the 
interaction of maturation processes and environmental influ-
ences. Indeed, different desynchronization and topography of 
alpha rhythm have been hypothesized to be involved in different 
listening tasks (words and non-words), including resting-state as 
a baseline condition between groups, which can be our specific 
goal in this study.

2. Methods

2.1. Participants

The sample consisted of 100 participants, divided into 2 groups: 
an experimental group (E) consisting of 50 children with specific 
language impairment (SLI) and a control group (C) consisting of 
50 children with typical speech and language development TD 
(Table 1). Both groups were divided by age into 2 subgroups: 
first subgroup-children aged 4.0 to 4.11 years old (E = 25, 
C = 25); second subgroup, children aged 5.0 to 5.11 years old 
(E = 25, C = 25). Children with typical speech-language devel-
opment were recruited from a local community (kindergarten 
and personal contacts). Children with SLI were recruited from 
the Institute for Experimental Phonetics and Speech Pathology 
“Đorđe Kostić “in Belgrade. SLI children were diagnosed by 
speech and language pathologists, and they did not have any 
speech or language therapy services before. The inclusion cri-
teria for the final sample were as follows: all participants were 
native speakers of the Serbian language, with; normal or cor-
rected-to-normal vision; normal hearing, no neurological 
impairments; no use of any medications that may affect EEG 
processing; and normal non-verbal intelligence (existence of a 
large scatter between performance and verbal IQ coefficients for 
children with SLI). The inclusion criteria were a performance IQ 
of 85 or higher, with a language measure 1.25 standard devi-
ations below average.[51] All the participants were boys. The 
reason for this is the significantly higher presence of speech-lan-
guage pathology in boys than in girls.[52] All participants were 
right-handed, according to the Edinburgh Inventory.[53] The 
study was approved by the scientific council and ethics com-
mittee of the Institute for Experimental Phonetics and Speech 
Pathology and conducted in accordance with the Helsinki dec-
laration on ethical principles and scientific experiments involv-
ing Humans. All participants (their parents/guardians) provided 
written informed consent to participate in the study.
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2.2. Procedure

2.2.1. Speech-language, intelligence, and handedness 
assessment.  Speech-language skills were examined in both 
the experimental and control groups of children before EEG 
recording. The test material consisted of the following tests: 
Dictionary test for children from 3 to 7 years old;[54] Peabody 
Picture Vocabulary Test;[55] and Token test.[54,56] Wechsler 
intelligence scale [57] and the Brunet-Lezine Scale[58] were used to 
evaluate cognitive abilities in children and to determine a drop 
in test achievement on the verbal scale (a high scatter between 
verbal and performance IQ) which is an important diagnostic 
criterion for SLI. Handedness measures were obtained with the 
Edinburgh handedness inventory with the 10 items version: 
writing, drawing, throwing, using scissors, using a toothbrush, 
using a knife (without a fork), using a spoon, holding a broom 
(upper hand), striking a match (hand holding the match), and 
opening a box/lid.[59]

2.2.2. Stimuli for EEG recording.  It has been used as an 
auditory stimulus from an existing stimulus database called the 
EEG protocol for auditory-verbal processing (otherwise used 
in the laboratory for cognitive neuroscience in Research and 
Development Institute “Life Activities Advancement Center” 
situated in Belgrade, Serbia). Stimuli in the EEG protocol 
consist of words, non-words, sentence questions, and narrative 
discourse (short known and unknown stories). Words and non-
words were used in this study.

The most frequent feminine nouns in the Serbian language 
(words with the highest frequency of occurrence in the stan-
dard Serbian language) according to the Children’s Frequency 
Dictionary[60] were used as final stimuli in word listening. The 
final number of selected stimuli words was 5 2-syllable and 5 
3-syllable words with consonant-vowel structures. All words 
were balanced in length (4 sounds per 2-syllable word and 6 
sounds per 3-syllable word).

Non-words are words that follow the phonological rules 
of the Serbian language but do not have semantic meaning in 
Serbian. When forming the non-word, the frequency of sounds 
in Serbian as well as the consonant-vocal-consonant-vocal 
structure were considered. In addition, the sounds that appeared 
in the word lists were uniform according to the frequency of 
occurrence in the list of non-words. The final list for each task 
included 5 2-syllable and 5 3-syllable words, and 5 2-syllable 
and 5 3-syllable non-words.

Stimulus words and non-words were spoken by a professional 
male speaker, who read the stimuli 1 by 1 without variation in mel-
ody, rhythm, and emotional expression. All stimuli were recorded 
at a sampling frequency of 44.1 kHz with 16 bits resolution. The 
stimuli were recorded in a sound-attenuated room using a Handy 
Recorder H4N (serial number 00217460, ZOOM Corporation, 

Japan) placed 20 cm from the speaker’s mouth. Recordings were 
saved as WAV files at 44.1 kHz sampling frequency and 16 bits 
amplitude resolution. Their average duration was 500 ms (range: 
485–525 ms). Individual recordings were used to generate stimuli. 
The stimuli were presented to the participants binaurally using 
earphones with earplugs at a sound pressure level of 50 dB.

2.2.3. EEG recordings with data acquisition.  Before the 
experimental procedure, the participants’ parents were informed 
of the experiment. EEG was recorded using a Nihon Kohden 
Corporation EEG 1200 K Neurofax apparatus with an electrocap 
and silver/silver-chloride (Ag/AgCl) ring electrodes filled with 
electro-conductive gel. Nineteen EEG channels were recorded 
(Fp1, Fp2, F3, F4, C3, C4, P3, P4, F7, F8, T3, T4, T5, T6, O1, 
O2, Fz, Cz, and Pz). The electrodes were positioned according 
to the 10/20 international system for electrode placement. The 
reference was set as (C3 + C4)/2, which is the NK-9100K EEG 
system physical reference, with the ground electrode placed on 
the forehead. The impedance was maintained below 5 kΩ, with 
no more than 1 kΩ between the electrodes. The lower filter was 
set at 0.53 Hz and the upper filter at 35 Hz. Electrooculograms 
were recorded to detect eye blinks and horizontal or vertical 
eye movement. Heart-rate sensors were used for online artifact 
removal. The AC filter was set ON. The sampling rate was 200 
Hz.

During the experimental procedure, the participants were 
seated in a comfortable position in a sound, electrically shielded 
room, more precisely, in a square-shaped cube made of white 
nontransparent curtains to eliminate visual stimuli that may 
influence the experimental tasks. The experimental procedures 
were performed at approximately noon (12 am ± 2 h). An expe-
rienced researcher set up the EEG cap on the child’s head. The 
parent/legal guardian was present during electrode placement. 
When the technical requirements for recording were fulfilled, 
verbal instructions were given to the children at the beginning 
of each EEG recording.

The first part of the experiment was a 2 minutes resting-state 
EEG recording (with the possibility of shorter periods of record-
ing depending on children’s attention). The participants’ task 
was to keep their eyes open for 1 or 2 minutes to minimize their 
movements (eye blinking, head, and limb movement) as much 
as possible during the resting state and each other task to min-
imize artifacts in the EEG trace. The 1-minute resting-state was 
used as a baseline for comparisons with the auditory processing 
tasks.

The second part of the experimental procedure was the 
recording of the EEG signal during the listening task with 2 
different stimuli: words and non-words. Word listening (WL) 
involved listening to 10 different words, while non-word listen-
ing (NWL) involved listening to 10 non-words. In total, there 
were 20 stimuli in the listening task for each participant, with 

Table 1

Participants characteristics.

 Age (m) PIQ

Mean SD Mean SD 

4 to 5-yr-old
TD group 55.76 4.196 103.28 7.950
SLI group 53.88 4.816 100.48 4.691
t(48) 1.472 1.517
P .148 .136
5- to 6-yr-old
TD group 68.04 2.606 103.56 8.632
SLI group 67.20 3.329 100.12 10.030
t(48) 1.046 1.300
P .301 .200

PIQ = performance intelligence coefficient, P = exact P-value is present (based on Student t-test), SD = standard deviation, SLI = specific language impairment, TD = typical development.
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random presentation of words and non-words. The duration of 
the inter-stimulus interval was 1.5 seconds. All stimuli, in ran-
domized order, were encoded and annotated using stimulus pre-
sentation software.

Duration of the experimental procedure was about 30 
minutes.

2.2.4. EEG signal pre-processing.  The recorded EEG signals 
were visually inspected for rough artifacts. These segments were 
removed from further analyses. Hart-rate artifacts were removed 
simultaneously during EEG recording using an implemented 
electrocardiogram filter.

The raw files were then converted to EEG format to be 
imported into the EEGLAB software working on a MATLAB 
platform[61] for further analysis. All continuous data were fil-
tered using the FIR band-pass filter with a pass band from 1.6 
Hz to 30 Hz. The data were re-referenced to the average. This 
means that re-referencing occurs in all channels, on average. 
Independent component analysis was performed to remove 
eye blinking and muscle activity artifacts from selected EEG 
segments.

Subsequently, a database of EEG segments for each task and 
trial was created. For resting-state conditions, data were seg-
mented into 10 seconds epochs. The number of epochs included 
in further analysis was 5 per resting-state condition per child, 
which resulted in a total of 500 EEG epochs. For WL or NWL, 
marked data in the EEG trace were segmented in 1-second 
epochs. Separately, WL and NWL had 10 trials per participant, 
resulting in 1000 EEG epochs per task. All data were saved 
in.set file format. For statistical analysis, we used participants’ 
average values of 5 trials of resting-state condition and average 
values of 10 trials for each WL and NWL condition.

2.2.5. EEG signal analyses (power spectra analysis).  We 
used MATLAB. (2021).version 9.10. (R2021a). Natick, 
Massachusetts: The MathWorks Inc. script and EEGLAB 
software for spectral analysis and graphical presentation. The 
power spectral density estimate was calculated using Welch’s 
method implemented in MATLAB. The spectral power for the 
resting-state condition, WLT, and NWLT was determined for an 
adult alpha rhythm ranging from 8 to 12 Hz.

2.3. Statistical analysis

Descriptive statistics were calculated for baseline demographic 
and clinical features. Data are presented with as mean (95% 
confidence interval). The statistical significance between the 2 
groups in listening tasks and resting-state conditions was evalu-
ated using independent sample t-tests. Levene’s test for equality 
of variances was used to assess variance homogeneity, and the 
equal variances not assumed test or equal variances assumed 
test were applied. Differences between WLT and NWLT (with 
normalized values for each individual concerning the values of 
his resting state) were obtained using 2-way analysis of vari-
ance. The normalized values of relative alpha spectral power 
during WL and NWL were normalized using the following 
equations:

WordNormalisation =
rest −word

rest
and

NonWordNormalisation =
rest − nonword

rest

where rest is the relative change in alpha spectral power (SP) 
during the resting state, word is the relative change in alpha 
SP during WL, and non-word is the relative change in alpha SP 
during NWL.

The level of significance was set at P < .05. Statistical anal-
ysis was performed using SPSS 21 (IBM, Chicago, IL) 2012 
package.

3. Results

3.1. Age group 1 (4 to 5 year)

In all 19 electrodes, the SP of the alpha wave in the resting state, 
WLT, and NWLT, as well as differences in WLT and NWLT 
between the 2 groups, were examined using an independent 
samples t-test. No statistically significant difference was found 
in the mean value of the alpha SP.

3.2. Age group 2 (5 to 6 year)

Comparison of mean values of alpha SP in 3 conditions: rest-
ing-state, a task with WL, and with NWL between 2 groups at 5 
to 6-year-old were revealed with an independent samples t-test.

Our results (see Table S1, Supplemental Digital Content, 
http://links.lww.com/MD/H951, which demonstrates differ-
ences in alpha SP mean values of resting-state, normalized mean 
values of alpha SP during WL and normalized mean values of 
alpha SP during NWL between the TD and SLI groups), regard-
ing resting-state, indicate, statistically significant differences in 
15 electrodes in alpha SP between SLI and TD children aged 5- 
to 6-year-old in Fp1 t(51) = 3.474 P ˂ .001, Fp2: t(51) = 3.304, 
P ˂ .002, F3: t(51) = 2.044, P ˂ .046, F4: t(51) = 2.035, P ˂ .048, 
P3: t(51) = 3.418, P ˂ .002, P4: t(51) = 3.152, P ˂ .003), 
O1: t(51) = 2.145, P ˂ .037, O2: t(51) = 3.108, P ˂ .004, 
F7: t(51) = 2.376, P ˂ .021, F8: t(51) = 2.095, P ˂ .041, T3: 
t(51) = 2.655, P ˂ .011, T5: t(51) = 3.264, P ˂ .002, T6: 
t(51) = 2.620, P ˂ .012, Fz: t(51) = 2.588, P ˂ .013 and Pz: 
t(51) = 3.664, P ˂ .001.

Because there was a difference in mean resting-state alpha 
SP between the SLI and TD groups, we compared normalized 
values of SP alpha in WL (in the formula given above). The 
results with alpha SP in WL indicate a statistically significant 
difference (see Table S1, Supplemental Digital Content, http://
links.lww.com/MD/H951, which demonstrates differences 
in alpha SP mean values of resting-state, normalized mean 
values of alpha SP during WL and normalized mean values 
of alpha SP during NWL between the TD and SLI groups) 
with descriptive statistics in Fp1: t(48) = 3.086 P ˂ .003), 
Fp2: t(48) = 2.584 P ˂ .013), P3: t(48) = 2.328 P ˂ .024), 
O2: t(48) = 2.569 P ˂ .013), F7: t(48) = 2.768, P ˂ .008), T3: 
t(48) = 2.549 P ˂ .014) electrodes. During WL children with 
TD showed lower values of alpha SP compared with SLI chil-
dren (Fig.  1). Similar results with more pronounced alpha 
desynchronization in the TD group were also observed in the 
task with non-word listening (Fig. 2).

In addition, the normalized values of alpha SP in NWL were 
compared and indicated significant differences in (see Table 
S1, Supplemental Digital Content, http://links.lww.com/MD/
H951, which demonstrates differences in alpha SP mean val-
ues of resting-state, normalized mean values of alpha SP during 
WL and normalized mean values of alpha SP during NWL 
between the TD and SLI groups) Fp1: t(48) = 3.403 P ˂ .001), 
Fp2: t(48) = 3.230 P ˂ .002), P3: t(48) = 2.773 P ˂ .008), 
P4: t(48) = 2.022 P ˂ .049), T3: t(48) = 2.072 P ˂ .044), 
T5: t(48) = 3.356 P ˂ .002), T6: t(48) = 2.786 P ˂ .008), 
Fz: t(48) = 2.122 P ˂ .039), and Pz: t(48) = 3.583 P ˂ .001) 
electrodes.

The normalized values of mean alpha SP between WL 
and NWL were compared using 2-way analysis of variance 
(Table  2), and the group effects were statistically signifi-
cant. This indicates that TD and SLI children differ in WL 
and NWL. There were no statistically significant differences 
in the mean values between the stimuli groups (word-non-
word). However, it has been shown that there is no interaction 
between the stimuli and group (stimulus * group, P > .05 in 
all electrodes). Hence, this report concludes that there is no 
difference between word and non-word processing in any of 
the groups.

http://links.lww.com/MD/H951
http://links.lww.com/MD/H951
http://links.lww.com/MD/H951
http://links.lww.com/MD/H951
http://links.lww.com/MD/H951
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4. Discussion

The present study aimed to examine potential differences in EEG 
alpha rhythm spectral power during WL and NWL between chil-
dren with SLI and their peers with TD. There was no statistically 
significant difference in alpha spectral power during the rest-
ing-state and tasks (WL and NWL) in age group 1 (4‐5 years) 
between TD and SLI children. The absence of a statistically 
significant difference in age group 1 (younger children) while 
listening to words and non-words could be explained by the 
possible immaturity of brain regions.[11,18] Studies have shown 
the presence of a dominant left-hemispheric theta rhythm in dif-
ferent cognitive tasks[62] while the alpha rhythm is still in the 
maturation process.[63] In the resting-state condition with eyes 
open, there were statistically significant differences between TD 
and SLI age group 2 (5‐6 years), in almost all brain regions (14 
of 19 electrodes: prefrontal, anterior temporal, mid-temporal, 
posterior temporal, parietal, and occipital regions). Activations 
of heterogeneous regions in the resting state are linked with 

results of studies by de Bie and collegues[64] where activations 
include anterior and posterior connections, that is, sensorimo-
tor, audio, and visual regions.

Furthermore, this study showed statistically significant dif-
ferences in alpha SP between TD and SLI children during WL 
and NWL. The group effects demonstrated that alpha desyn-
chronization occurred more frequently in the TD group. Results 
showed that alpha rhythm SP during WL differs between the TD 
and SLI groups in prefrontal regions bilaterally, left anterior and 
mid temporal regions, and right posterior temporal and occip-
ital regions. During NWL, the differences between the SLI and 
TD groups were more pronounced. Differences were observed 
in the prefrontal, mid-temporal, posterior temporal, and parie-
to-occipital regions. WL and NWL within these brain regions 
demonstrated activity of the frontotemporal neural basis of the 
articulation loop (phonological decoding) strand. Similar find-
ings were reported by Karunanayaka et al[65] regarding Wernicke-
Broca loop with an indirect connection to parietal regions 
involved in listening to speech. Studies with preschoolers have 

Figure 1.  Graphs for the statistically significant differences between TD and SLI group during WL task. SLI = specific language impairment, TD = typically 
developing, WL = word listening.
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documented that stable alpha rhythm is localized in the occip-
ital and parietal,[27,66] as well as in fronto-parietal regions.[67] 
Furthermore, in the left frontal region, a stable alpha rhythm 
occurs during auditory attention.[23] We found an activation of 
the alpha rhythm in both the left and right temporal regions in 
TD children during WL and NWL. This finding is in line with 
other studies that documented brain oscillatory activation in 
the anterior temporal gyrus during word processing[68] and in 
the mid-and anterior temporal gyrus during non-word process-
ing.[69] Alpha activation in parietal and occipital regions during 
non-word processing is similar to other reports, which found 
alpha rhythm activation in parieto-occipital regions during non-
word compared to meaningful word perception,[32] and during 
memory training tasks.[70] Bilateral parietal and temporal alpha 
activation during NWL could be explained by the presence of 
a long-term mental lexicon in parietal regions[71] and Wernicke 

area activity, localized in multifarious parts of the temporal and 
parietal regions.[72]

Our findings are in contrast to those of other EEG studies 
with similar experimental designs, but on different developmen-
tal disorders. For example, children with epilepsy had a trend 
of greater alpha desynchronization in the occipital regions com-
pared to their TD peers, but without statistically significant dif-
ferences.[73] In a study on healthy adults, Strand et al[74] did not 
find any relationship between alpha activity in parietal regions 
and auditory attention.

Our results indicate a certain lack of alpha desynchro-
nization during WL and NWL in children with SLI com-
pared to TD children, especially in regions responsible for 
auditory attention and perception (temporal and frontal). 
It is well-documented that children with SLI have difficul-
ties in phonological processing,[12,13] learning new words,[75] 

Figure 2.  Graphs for the statistically significant differences between TD and SLI group during NWL task. SLI = specific language impairment, TD = typically 
developing, WL = word listening.
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non-word repetition,[76] adequate selective attention,[77,78] and 
poor vocabulary.[79] Our study sheds light on electrophysi-
ological EEG alpha activity in regions involved in auditory 
processes examined in previous behavioral studies. EEG might 
serve as a useful tool to provide comprehension of specific 
deficits in children with SLI and preschoolers, such as deficits 
in selective auditory attention which has been explored more 
on behavioral level.[80,81]

5. Conclusions
Alpha activity in heterogeneous brain regions triggered by 
NWL compared to WL might indicate that non-word percep-
tion arouses more brain regions because of the presence of an 
unknown stimulus. When the brain perceives a known word, 
it activates the regions related to the mental lexicon. However, 
when non-word is perceived (a semantically unknown con-
struct) there might be “whole brain activity”-perception, finding 
semantic background, its position in the mental lexicon, phono-
logical structure (articulation loop), et cetera This finding might 
be used as an objective marker of SLI, knowing that non-word 
repetition (or perception) is a strong behavioral diagnostic tool 
for children with SLI.[76]

The lack of alpha desynchronization in the listening task at 
the neurophysiological level is consistent with established diffi-
culties in lexical and phonological processing at the behavioral 
level in children with SLI. The diversified results in SLI children 
may give conclusions about atypical brain functioning,[18] vari-
ability patterns in different processing tasks, or the explanation 
that SLI children have “compensatory or maladaptive reorgani-
zation.”[19] The cogitations presented here have heterogeneous 
suggestions that are promising for future research. Future 
research will explicate and illuminate our findings in a larger 
number of stimuli and in combination with other measure-
ment tools in signal processing, such as event-related potential 
or functional magnetic resonance imaging (fMRI). Our study, 
despite many advanced measurement tools for recording brain 
activity, using EEG as a noninvasive measurement tool and 
power spectra analysis provides fundamental neurophysiologi-
cal information that will help in understanding speech and lan-
guage processing, especially in children with SLI.

6. Limitations
A limitation of this study is that only boys were examined. 
However, boys have a higher risk of inadequate language 
performance than girls.[82] Therefore, our findings should be 
interpreted with caution. A second limitation is the design of 
this study, in which 2 stimuli were included: words and non-
words, while pseudo-words, used in a variety of studies, were 
not used.[16,74,83] This was chosen (as mentioned before) because 
non-word repetition (or perception) is a strong diagnostic tool 
for SLI children.[76] The third limitation also refers to the EEG 
design study regarding the use of spectral power only. A major-
ity of studies[3,49,84,85] that explored the neural basis of auditory 
processing have used even-related potential measures and mea-
sures with MMN response.
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Table 2

Group effects in WL and NWL task for all 19 electrodes.

  

Effect of group Effect of stimulus Effect of group* stimulus       

F P F P F P

Fp1 20.811 .001 .469 .495 .010 .921
Fp2 16.598 .001 .340 .561 .039 .843
F3 2.928 .09 .079 .779 .192 .663
F4 1.142 .288 .051 .823 .009 .923
C3 .014 .907 .570 .452 .829 .365
C4 .630 .429 .616 .434 .052 .821
P3 12.799 .001 .069 .793 .005 .945
P4 .985 .323 .258 .612 .490 .486
O1 .024 .878 .001 .992 .326 .569
O2 6.915 .010 .522 .472 .108 .743
F7 7.436 .008 .042 .837 .037 .849
F8 4.025 .048 .032 .858 .001 .987
T3 10.774 .001 .006 .941 .296 .588
T4 2.493 .118 .012 .911 .896 .346
T5 13.398 .001 .009 .924 .999 .32
T6 10.783 .001 .121 .729 .180 .673
Fz 3.396 .068 .048 .827 1.734 .191
Cz 3.518 .064 1.097 .298 .057 .812
Pz 3.159 .079 1.743 .19 1.742 .19

NWL = non-word listening, P = exact P-value is present (based on Student t-test), F value is present, WL = word listening.
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