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Abstract
Purpose: This study investigated EEG alpha rhythm spectral power in children with Specific Language Impairment (SLI) and compared 
it to typically developing children to better understand the electrophysiological characteristics of this disorder. Specifically, we explored 
resting-state EEG, because there are studies that point to it being linked to speech and language development.
Methods: EEG recordings of 30 children diagnosed with specific language impairment and 30 typically developing children, aged 4.0–6.11 
years, were carried out under eyes closed and eyes open conditions. Differences in alpha rhythm spectral power in relation to brain 
topography and experimental conditions were calculated.
Results: In the eyes closed condition, alpha rhythm spectral power was statistically significantly lower in children with specific language 
impairment in the left temporal (T5) and occipital electrodes (O1, O2) than in typically developing children. In the eyes open condition, 
children with SLI showed significantly lower alpha rhythm spectral power in the left temporal (T3, T5), parietal (P3, Pz), and occipital 
electrodes (O1, O2). There were no statistically significant differences between the groups in relation to the relative change (the difference 
between average alpha rhythm spectral power during eyes closed condition and average alpha rhythm spectral power during eyes open 
condition divided by average alpha rhythm spectral power during eyes closed condition) in the alpha rhythm spectral power between the 
conditions.
Conclusion: Lower alpha rhythm spectral power in the left temporal, left, midline parietal, and occipital brain regions could be a valuable 
electrophysiological marker in children with SLI. Further investigation is needed to examine the connection between EEG alpha spectral 
power and general processing and memory deficits in patients with SLI.
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Highlights:
•	 Alpha rhythm spectral power is associated with processing and memory.
•	 It has been previously discussed that processing and memory may be key problems in children with specific language impairment.
•	 We examined if alpha rhythm spectral power in the eyes open and eyes closed resting states differ between children with specific 

language impairment and typically developed children.
•	 Alpha rhythm spectral power is lower in the left temporal, left and mid parietal, and occipital regions in children with specific 

language impairment compared to typically developed children.
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Introduction

Children with specific language impairment are character-
ized by delayed language development in the absence of any 
apparent limitations, such as hearing disorders, behavioral or 

emotional disorders, neurological impairments, or intellectual 
disability (Plante, 1998; Stark and Tallal, 1981; Tomblin et al., 
1997b). Bishop (1992) emphasized that these children exhib-
it limited vocabulary knowledge, underdeveloped or unusual 
syntax, and impaired grammatical morphology. It is estimated 
that about 7% of all kindergarten children have this disorder 
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(Tomblin et al., 1997a ), which affects their social and future 
academic functioning. Despite the high prevalence of this dis-
order, its cause and biological basis are not completely under-
stood. Some of the key problems among children with SLI that 
are most often considered in the literature are the storage and 
general processing of information (Mainela-Arnold and Evans, 
2005; Montgomery, 2002).

Resting-state EEG has been studied as a baseline condition 
that can be conducive to understanding cognitive processes 
(Deco et al., 2011). Some authors have studied the changes 
in EEG that occur with maturation (Clarke et al., 2001; Eiser-
mann et al., 2013; Miskovic et al., 2015; Perone et al., 2018). 
In resting-state EEG, the dominant frequency in the adult 
human brain is alpha (Klimesch, 1996, 2012; von Stein and 
Sarnthein, 2000). Previous studies have focused on examin-
ing the connection between EEG characteristics and specific 
cognitive functions (Giannitrapani, 1985; Marosi et al., 1999; 
Martin-Loeches et al., 2001; Schmid et al., 2002; Thatcher et 
al., 2005). The association between EEG spectral power and 
certain cognitive and speech-language abilities has been stud-
ied in typically developing (TD) children (Kwok et al., 2019; 
Lyakso et al., 2020; Thatcher et al., 2005) and children with SLI 
(Chutko et al., 2015; Fatić et al., 2022; Nenadovic et al., 2014). 
The spectral power of the alpha rhythm is associated with 
attention, memory, language ability, and articulation skills 
(Kwok et al., 2019; Lyakso et al., 2020; Magosso et al., 2019). 
According to one dominant hypothesis, the higher synchroni-
zation of alpha spectral power during the resting state shows 
that the cognitive system is not active but ready for perception 
and processing (Lyakso et al., 2020). During cognitive tasks, 
the alpha rhythm spectral power decreased (Klimesch, 1996). 
It is known that alpha rhythm spectral power desynchronizes 
in the eyes open condition compared to the eyes closed condi-
tion (Nunez, 1995). This phenomenon is detected across the 
cortex, not only in regions that process visual inputs, which 
was interpreted as a general cortical activity by Barry et al. 
(2007). Same authors pointed out that electrophysiological 
findings of resting state in the EC condition reflect an arousal 
baseline, which is explained as the current energetic level of 
an organism. On the other hand, investigation of EO resting 
states reflects an activation baseline, which is a state in which 
a task mobilizes the energy needed to perform it (relative to a 
baseline level of arousal).

A large number of electrophysiological studies on children 
with SLI have focused on EEG abnormalities in light of epilep-
tic features (Echenne et al., 1992; Levy-Rueff et al., 2012; Pal, 
2011; Picard et al., 1998) and ERP investigations of speech and 
language processing (Epstein et al., 2014; Heim et al., 2016; 
Kaganovich et al., 2014). Studies on the characteristics of EEG 
in children with SLI, especially those concerning the resting 
state, are scarce. Such studies of resting-state EEG in the clin-
ical population of children with SLI are needed to draw con-
clusions regarding task-dependent brain changes. This cannot 
be done without knowledge of the functional specifics of the 
brain at rest (Wang et al., 2013). To the best of our knowledge, 
no studies have examined the alpha rhythm in children with 
SLI in this light.

Empirical findings show that children with SLI have dif-
ficulties in general processing and memory (Archibald and 
Gathercole, 2006; Leonard et al., 2007; Montgomery, 2002). 
Because the alpha rhythm has been associated with these 
functions, investigating them in these children could provide 
a better understanding of the underlying processes of this im-
pairment. The authors who studied the EEG characteristics of 
children with SLI revealed some specific features (Chutko et 

al., 2015; Nenadovic et al., 2014). Fatić et al. (2022) found that 
during task with word and non-word listening alpha rhythm 
activity differs between children with SLI and TD children. In 
their study of the resting state under EO and EC conditions in 
children aged five to seven, Chutko et al. (2015) found high-
er spectral power within the theta band in children with SLI 
compared to TD children. Nenadovic et al. (2014) compared 
SLI children with and without subclinical epileptiform dis-
charge. The SLI sample with epileptiform discharges showed 
an increased spectral power of slower brain rhythms compared 
to SLI children without epileptiform discharges. Kwok et al. 
(2019) studied differences in alpha power between the EO and 
EC condition in relation to language abilities in TD children. 
They found no connection between the level of alpha desyn-
chronization and language abilities. In their studies (Jausovec 
and Jausovec, 2001; Thatcher et al., 2005), authors confirmed 
that there is a connection between alpha power and the lev-
el of intelligence. Previous studies have shown an association 
between alpha rhythm and memory process (Klimesch, 1996; 
Palva and Palva, 2007; Palva et al., 2010). Farber et al. (2000) 
suggest that alpha rhythm is involved in general processing 
and memory. These functions are considered as key impair-
ments in children with SLI. Considering the above, we can con-
clude that resting state can show us some specific features in 
clinical populations. The aim of our study was to examine the 
EO and EC resting state alpha rhythm in children with SLI and 
their typically developing peers. Therefore, the first goal was to 
compare the alpha rhythm spectral power separately under EO 
and EC conditions between children with SLI and TD children. 
The second goal was to investigate whether there was a differ-
ence between SLI and TD groups regarding the relative change 
in alpha rhythm spectral power between the two conditions.

 
Materials and methods

Sample
The SLI group included 30 participants diagnosed with SLI by 
a speech-language pathologist with > 20 years of clinical prac-
tice. The Dictionary Test for Children aged 3 to 7 years (Vasić, 
1991), the Peabody Picture Vocabulary Test (Dunn and Dunn, 
1981) and Token test (De Renzi and Vignolo, 1962) were used 
for additional confirmation of diagnosis. The inclusion cri-
teria were IQp ≥85 (performance IQ) with a language meas-
ure of 1.25 below average (Tomblin et al., 1996). All children 
from the SLI group have been recruited from the Institute 
for Experimental Phonetics and Speech Pathology “Djordje 
Kostic”, where they have been admitted for speech-language 
therapy. The TD group consisted of 30 participants, recruit-
ed from a local kindergarten. All children in the SLI and TD 
groups had IQp ≥85 (performance IQ), no neurological signs, 
normal or corrected-to-normal vision, normal hearing, and 
were right-handed. Performance IQ was assessed using the 
Brine-Lezin scale (Čuturić, 1973) and WISC (Biro, 1998). The 
two groups were balanced in terms of IQ, age, and sex (Ta-
ble 1). All children were right-handed, according to the Edin-
burgh Inventory (Oldfield, 1971).

EEG recordings
During EEG recording, the children were placed in a com-
fortable sitting position in a sound proofed and electrically 
shielded room. The participants were positioned in a white box  
1.7 × 1.7 m, and the distance between their eyes and the 
curtain was 1 m. Participants were asked to minimize their 
movements (blinking/head and limb movements) as much as  
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possible to eliminate artifacts from the raw EEG trace. They 
were instructed to keep their eyes closed or open for one min-
ute at a time, resulting in a 3-minute recording for each con-
dition. As a way to avoid any influence caused by the fact that 
recoding started or ended with opened or closed eyes, the or-
der of recording condition was arranged in two ways shown 
in Fig.  1. The orders of recording were randomized between 
subjects, with 50% recordings in each order.

Table 1. Participants’ characteristics

Age* IQp** Gender

Mean SD Mean SD Male Female

SLI group 65.70   9.80 101.00 11.27 22   8

TD group 66.60 10.15 105.90   9.66 18 12

p > 0.05 p > 0.05 p > 0.05

Note: * Age expressed in months; ** IQp is performance IQ.
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Fig. 1. Scheme of the possible orders for consecutive EC and EO conditions during recording

EEG was recorded using the Nihon Kohden Corporation 
EEG 1200 K Neurofax apparatus with Electrocap, silver/sil-
ver-chloride (Ag/AgCl) ring electrodes that were filled with an 
electroconductive gel. In total, 19 EEG channels were recorded 
(Fp1, Fp2, F3, F4, F7, F8, Fz, C3, C4, Cz, T3, T4, T5, T6, P3, P4, 
Pz, O1, and O2). Electrodes were positioned according to the 
10/20 international system for electrode placement. Record-
ings were referenced to (C3 + C4)/2, the physical reference of 
the NK-1200K EEG system, with the ground electrode placed 
on the earlobes (A1 and A2). Impedance was kept below 5 kΩ, 
with not more than 1 kΩ difference between the electrodes. 
The lower filter was set at 0.53 Hz and the upper filter at 35 Hz. 
The electrooculograms were recorded to detect eyeblinks and 
horizontal or vertical eye movements. Sensors for hand move-
ment, heart rate, and jaw muscle activity were used for offline 
artifact removal. The AC filter was set to ON. The sampling rate 
was 200 Hz, with 16-bit resolution.

Data analysis
For EEG data analysis, the EEGLAB software packages 
(Delorme and Makeig, 2004) and MATLAB were used. All data 
were filtered using an FIR bandpass filter with a passband of 
1 Hz–30 Hz. All data from each child were referenced to the 
average. Data segments containing obvious eyeblinks, muscle 
noise, and other irregular artifacts, as identified by visual ex-
amination, were removed. Independent components analysis 
(ICA) was subsequently used to suppress artifacts due to eye 
movements, eye blinks, muscle movements, and heartbeats. 
The ICA results were visually inspected, and the detected ar-
tifacts were removed. Then, the data were segmented into 
two-second epochs with a one-second overlap. After remov-
ing the data with artifacts, the final number of epochs was 
40 per condition per child and 4800 in total (40 epochs × 2 
conditions × 60 children). The first 40 epochs for each child 
and each condition were selected. The loading of the EEG 
data, segmentation, alpha rhythm spectral power calculation, 
and data storage were automated using MATLAB scripts. The 
power spectral density estimate was calculated on two-sec-
ond segments using Welch’s method in MATLAB. Since the  
MATLAB function used for power spectral density estima-
tion has several options [function named pwelch()], we set 
the number of overlapping segments to 4 with 50% overlap. 

The number of discrete Fourier transform (DFT) points was 
set to 512. The spectral power for the EC and EO conditions 
was determined for alpha rhythms ranging from 8 to 12 Hz. 
The mean power spectral density was calculated as an average 
of all frequency bins greater than 8 Hz and lower than 12 Hz 
(all 10 frequency bins between 8 Hz and 12 Hz were equally 
weighted). The algorithmic description of mean power spectral 
density calculation for alpha rhythms is presented in Fig. 2. 
The average alpha rhythm spectral power was determined for 
three brain regions: the anterior (Fz, Fp1, Fp2, F3, and F4, F7, 
F8, T3, and T4), central (Cz, C3, C4), and posterior (Pz, P3, 
P4, T5, T6, O1, and O2). The relative change in spectral power 
between the EC and EO conditions was calculated using the 
following equation:

��������������� � 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 � 𝑆𝑆𝑆𝑆𝑆𝑆�
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  

where SPEC represents the alpha rhythm spectral power in the 
EC condition, and SPEO represents the alpha rhythm spectral 
power in the EO condition.

Procedures
The participants’ parents signed a written informed consent 
form for the children’s participation in the EEG recording ses-
sion and IQ assessment. The study was performed in accord-
ance with the ethical standards of the Declaration of Helsinki 
and the protocol was approved by the Ethics Committee of the 
Institute for Experimental Phonetics and Speech Pathology 
“Djordje Kostic”. The assessments were conducted in two ses-
sions, one session per day for two days in a row. During the 
first session, children completed an IQ test. EEG recordings 
were performed separately. All participants were recorded at 
approximately the same time of the day (morning hours).

Statistical analysis
Statistical analysis was performed using the IBM SPSS statis-
tical software (SPSS for Windows, version 20.0). Numerical 
data for all electrodes and regions were normalized using the 
Log10 function. All presented mean and standard deviation 
values are absolute and calculated before application of Log 
10 function. A t-test was used to estimate topographic differ-
ences in alpha rhythm spectral power between groups.
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Fig. 2. Algorithmic description of mean power spectral density calculation for alpha rhythm

 
Results

In relation to the posterior, anterior, and central regions, our 
results showed that the alpha rhythm spectral power was sta-
tistically significantly lower in the posterior region in the SLI 

group under EO and EC conditions (Table 2). A trend of lower 
alpha rhythm spectral power in the anterior and central re-
gions was observed in the SLI group. The p values for differenc-
es in anterior and central regions do not show a trend towards 
statistical significance, while p values in posterior region are in 
the range of 0.01 and 0.05 for both conditions (EC/EO). 

Table 2. Differences in alpha rhythm spectral power between EC and EO conditions across regions

Region Condition SLI mean ± SD TD mean ± SD t(58) p-value

Posterior
EC 13.56 ± 8.55 18.69 ± 10.44 2.199 0.032

EO 6.59 ± 5.03 11.22 ± 8.71 2.429 0.018

Anterior
EC 4.23 ± 2.22 4.42 ± 2.02 0.472 0.639

EO 2.92 ± 1.23 3.32 ± 1.57 0.880 0.382

Central
EC 5.78 ± 5.21 6.91 ± 5.24 0.900 0.372

EO 4.52 ± 3.54 5.58 ± 3.97 1.100 0.276

Note: TD: typical development; SLI: specific language impairment; t-value i.e., a ratio of the difference between the mean of the two sample sets and 
the variation that exists within the sample sets; exact p-value is presented. Confidence interval was set to 95%.

When looking at separate electrodes for the EC condition, 
statistically significant differences were found, with lower 
values in the SLI group for O2: t(58) = 2.423; p = 0.019, O1:  
t(58) = 2.035; p = 0.046, T5: t(58) = 2.329; p = 0.023 (Fig. 3A; 
Appendix B). There were no statistically significant differences 
for the other electrodes. In the EO condition, alpha rhythm 
spectral power was lower for all electrodes in the SLI group 
(Appendix  B), although statistically significant differences 
were found for O2: t(58) = 2.744, p = 0.008, O1: t(58) = 2.119, 
p = 0.038, P3: t(58) = 2.610, p = 0.012, Pz: t(58) = 2.002,  
p = 0.050, T5: t(58) = 2.589, p = 0.012 and T3 electrode:  
t(58) = 2.372, p = 0.021 (Fig. 3B).

One of the aims of our study was to examine whether a 
difference existed between SLI and TD groups regarding the 
alpha rhythm spectral power relative change between the EC 
and EO conditions. The results showed that there was no dif-
ference between groups regarding the relative change in alpha 
rhythm spectral power for specific brain regions (Appendix B) 
or each separate electrode (Appendix A).
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Fig. 3. Electrodes with statistically significant lower alpha rhythm spectral power in SLI group compared to TD group for (A) EC condition  

and (B) EO condition.

 
Discussion

In this study, we examined the spectral power of the alpha 
rhythm in children with SLI and compared it to children with 
typical speech-language development. The first goal was to ex-
plore whether differences existed between children with SLI 
and TD in alpha rhythm spectral power in the resting state – 
when the EC and EO conditions were examined separately. The 
results showed that in children with SLI, the alpha rhythm 
spectral power in the EC condition was lower in the left tem-
poral (T5) and occipital electrodes (O1, O2), and in the left 
temporal (T3, T5), posterior (P3, Pz), and occipital electrodes 
(O1, O2) in the EO condition (Appendix A). The second goal 
was to examine relative change in alpha rhythm spectral pow-
er between different conditions (EC/EO) and groups (SLI/TD). 
The results showed no significant differences.

Our findings indicated that, under both conditions, the al-
pha rhythm spectral power was lower in the posterior region 
of children with SLI. It is known that alpha rhythm changes 
with brain maturation (Clarke et al., 2001). Its development 
occurs first occipitally, that is, in the posterior region, followed 
by the central and anterior regions (Dustman et al., 1999; Mis- 
kovic et al., 2015; Perone et al., 2018). Therefore, given that 
no differences were found in the anterior and central regions, 
this finding cannot be explained by the general immaturity 
of electrophysiology in children with SLI. One assumption is 
that there is a specific immaturity of the posterior brain re-
gion in children with SLI. Another open question is whether 
the differences occur at the structural or neurotransmitter 
level (Segalowitz et al., 2010). When looking at the results of 
the separate electrodes, we found that, in children with SLI, 
the alpha rhythm spectral power in the EO condition was 
lower in the left temporal electrodes, left parietal electrodes, 
and both left and right occipital electrodes. The temporal re-
gions are responsible for auditory and receptive language pro-
cessing (Seikel et al., 2015). The lower spectral power of the 
alpha rhythm, which can be ascribed to memory and general 
processing, can be an expected result since these aspects are 
considered impaired in children with SLI. Children with SLI 

exhibit poor auditory processing and language comprehension 
impairments (Tallal et al., 1993; Weismer et al., 2000). Shafer 
et al. (2007) found that weaker abilities of speech processing 
in children with SLI compared to TD children could be associ-
ated with differences in specific attention to speech. Therefore, 
our finding of a lower spectral power of resting-state alpha 
rhythm could be associated with the function of attention. The 
parietal region is also associated with some speech and lan-
guage aspects, such as semantics, motor planning of speech, 
and overall integration of information from the temporal and 
occipital lobes (Bookheimer, 2002; Pulvermüller, 2013; Seikel 
et al., 2015). The lower spectral power of the alpha rhythm in 
children with SLI compared to TD children might reflect a gen-
eral processing issue that results in impaired semantics, oral 
articulation, and even motor imitation. All these aspects, typi-
cal for children with SLI, can be associated with the parietal re-
gion (Halsband et al., 2001; Vukovic et al., 2010). The parietal 
and occipital regions also play a role in written language abili-
ties (Shaywitz et al., 2002). The occipital region is responsible 
for the visual stimuli and higher visual processing (Seikel et 
al., 2015). Earlier studies have shown a connection between al-
pha rhythm spectral power in the occipital regions and written 
language abilities (Babiloni et al., 2012). Other studies have 
shown that children with SLI often have weaker visual percep-
tion and processing (Bavin et al., 2005; Menezes et al., 2007; 
Nicola and Watter, 2016). These functions are also impaired in 
children with dyslexia (Chen et al., 2019; Cheng et al., 2018; 
Eden et al., 1996; Ygge and Lennerstrand, 1997), and another 
overlap is that, compared to TD children, cortical differences 
were observed in the same regions (temporal, parietal, and 
occipital) as in our study (Babiloni et al., 2012; Klingberg et 
al., 2000; Shaywitz et al., 2002). Given that there is an overlap 
in the cognitive features of children with SLI and those with 
dyslexia, some studies have examined the differences between 
these two disorders, considering the question of whether SLI 
and dyslexia are distinct disorders or a different type of the 
same language disorder (Bishop and Snowling, 2004; Catts et 
al., 2005; Kamhi and Catts, 1986; Snowling et al., 2000). Our 
results might indicate the need for longitudinal studies to ex-
plore this issue.
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The results of our study also showed no significant differ-
ence between the study groups regarding the relative change 
in alpha rhythm spectral power between the EC and EO con-
ditions. Kwok et al. (2019) investigated these changes in the 
language ability of TD children. They found that the difference 
between the EC and EO conditions was smaller for children 
with better developed language abilities, but this association 
diminished when IQ and age were included in further analysis. 
This finding was corroborated by our study, which also has IQ, 
age, and sex, as a control variables. Thus, our results support 
the previous finding that the degree to which alpha power will 
decrease in the EO condition compared with the EC condition 
is not associated with speech and language abilities.

Due to the heterogeneity of the SLI population, studies 
with clearly defined SLI samples that differ in severity of im-
pairment or even types of SLI are needed. Our study shows 
that a difference exists in alpha rhythm spectral power in chil-
dren with SLI, and, given that similar results were found in 
studies on children with dyslexia, future research should focus 
on the longitudinal assessment of SLI children from kinder-
garten to school age to better examine alpha rhythm differenc-
es and/or similarities between these two disorders.

 
Conclusion

The study compared alpha rhythm spectral power between 
SLI and TD children. We have shown that children with SLI 
have lower alpha rhythm spectral power in the brain regions 
connected to speech and language processing. Because the al-
pha rhythm is connected to general processing and memory, 
higher values of this rhythm spectral power in the resting state 
reflect readiness for information perception and processing. 
Lower alpha rhythm spectral power in specific brain regions 
could be one of the underlying factors that lead to the difficul-
ties in general processing and memory in children with SLI.

In contrast, children with SLI showed no difference in the 
relative change in alpha rhythm spectral power between the 
EC and EO conditions compared to TD children. Our results 
support the finding that the degree to which alpha power de-
creases in the EO condition compared with the EC condition is 
not associated with speech and language abilities.

The electrophysiological characteristics obtained in chil-
dren with SLI may be helpful for future research on speech-lan-
guage and cognitive processing in this population. Further 
investigation is needed to deepen our knowledge of the con-
nection between general processing and memory deficits in 
SLI and their specific electrophysiology.
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