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ABSTRACT

Background: Oscillations, action, and postsynaptic potentials in glial-neuronal ensembles integrate the spectral power (SP) of 
electroencephalographic (EEG). Our objective is to propose SP indicators of healthy brains (control groups) based on the default 
mode and their modifications by habituation and visual-motor association (VM-asso), to support diagnostic and rehabilitation 
processes. However, important differences seem to exist between men and women. Therefore, we aim to analyze EEG characteristics 
in a female sample. Subjects and Methods: In the current study, EEG was recorded at rest with closed eyes before and during 
repeated photostimulations (RPh) and before (pre) and during association of RPh with switch pressing (VM-asso) in 70 female 
adults. EEG was analyzed using UAM/INR software, which removes artifacts, identifies corresponding signals, selects 20 samples 
(2-s) from each condition, applies Welch’s periodogram to calculate and average the absolute power (AP; AAPs) of ᵹ, θ, α, and β, 
before and during learning, and emits data to a spreadsheet. Differences in each condition were evaluated using non-parametric 
tests. Results: The AAPs were different; in habituation, ᵹ and θ increased significantly in fronto-frontal (FF) and frontocentral and 
decreased in the other leads. During association, they increased in FF and decreased in the other three regions. α AAP decreased in 
all leads except in FF during habituation, and the decrement was lower in the association. β AAP increased in all leads during both 
learning conditions. Conclusion: The SP and the topographic distribution are descriptive parameters of habituation and VM-asso; 
we propose them as EEG indicators.
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Habituation alpha inhibition. Visual-motor association. Beta increases. Evoked/event-related oscillation.
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INTRODUCTION

Our main objective is to describe the electroenceph-
alographic (EEG) spectral power (SP) parameters to 
identify and propose indicators (possible EEG bio-
markers) in normal subjects of different ages and 
similar economic-cultural situations to use them to 
compare EEG parameters of the healthy brain or that 
disorganized by neurological diseases. To this end, we 
have been publishing the results of samples of both 
men and women1,2. However, there are publications 
that indicate important differences between women 
and men that could lead to misinterpretation in clini-
cal diagnosis3,4. Beta frequency has been shown to be 
different in women than in men when responding to 
faces5. A recent study in a very large sample describes 
an increased frequency and higher absolute power 
(AP) of alpha range in women6. Therefore, the aim of 
the current work is to describe EEG characteristics in a 
sample of adult women.

The graphic representation of the AP of diverse fre-
quency bands of the SP density results in topographi-
cal profiles. A set of profiles is proposed as a basis to 
regulate the mechanisms of behavior7-9.

The cognitive processes that result from the activity 
of multiple glial-neuronal ensembles constituted in 
networks are tuned by the electrotonic diffusion of 
the field potentials, and in turn, synchronize neuronal 
excitability. Varela et al.10 proposed that synchronized, 
rhythmic changes in excitability are relevant for sus-
taining long-range neuronal communication, comple-
menting with neuronal coding of short and long con-
nections. Furthermore, the neighboring neurons are 
also tuned by the electrotonic diffusion of membrane 
oscillations with the possible participation of astro-
cytes; both processes constitute a communications 
system among circuits and an integrating process that 
regulates the balance between excitatory and inhibi-
tory functions of neuronal-glial ensembles11,12.

In this way, multiple glial-neuronal ensembles become 
specialized as cortical columns and layers in subcor-
tical nuclei with a given topographical organization13. 
Further, these organizational networks can be related to 
specific behaviors such as hand movements14. Through 
this process, a greater number of attuned neurons 
results in a field potential with greater intensity15,16.

Repetition of these processes generates oscillations at 
a specific frequency and power that will dynamically 
integrate the glial-neuronal network in multiple brain 
areas. We propose that normal function occurs within 
a given range of AP of a glial-neuronal circuit. Thus, 
the behavior will be normal within a specified range of 
AP and tuned to one or several possible frequencies17. 
In the past scenarios, the subject evoked oscillations, 
bursts of action, and synaptic potentials in multiple gli-
al-neuronal ensembles, which are within the networks 
that are integrated in a SP, generating the “basal” EEG 
condition, also described by functional magnetic reso-
nance imaging analysis18.

We can infer the morphofunctional integrity of neu-
rons and their connections by analyzing the EEG’s AP 
and the attuned profiles of those frequencies while 
the subject is at rest with closed eyes, as proposed by 
many authors, including Catani and Ffytche19.

The profiles can be obtained by quantifying the spec-
tral power density of the EEG in four frequency bands 
(ᵹ, θ, α, and β) which integrate the basal, i.e., default 
condition, as well as when these bands are modified 
by photostimulation alone or by its association with a 
specific hand movement.

We present the characteristics of the EEG’s SP with 
its topographic distribution in the default condition, 
as well as during habituation and visual-motor asso-
ciation (VM-asso), in a sample of 70  female college 
students.

SUBJECTS AND METHODS

Different groups of students were briefed on the study 
goals, procedures, and risks. Those interested in par-
ticipating signed an informed consent letter issued by 
the National Institute of Rehabilitation of Mexico. The 
Institutional Research and Ethics Committee, following 
the guidelines of the Declaration of Helsinki, approved 
the research with protocol number 10/13.

A total of 70 healthy female college students (average 
age 21.5 ± 2.5 years) with similar economic and social 
status participated in the study. All recordings took 
place in a Faraday chamber that was dimly illuminated 
and sound attenuated. Each participant was placed in 
dorsal decubitus resting position and asked to remain 
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as motionless as possible without falling asleep (we 
continuously observed both behavior and recordings to 
verify the “awake” condition). Recordings were made 
with an EEG (Nicolet one) with the electrodes placed 
at the 10/20 distribution, and special attention was 
paid to the interelectrode distance. The impedance 
was maintained between 5 and 10 kΩ for the entire 
study. Recording electrodes were placed on the outer 
side of the eyes to register the eye and eyelid move-
ments. For analysis, bipolar leads were used in the 
parasagittal left (Fp1F3, F3C3, C3P3, and P3O1) and 
right (Fp2F4, F4C4, C4P4, and P4O2) hemispheres. 
The EEG recording paradigm was as follows: A no-task 
and eyes-closed condition followed by a 20-times 
repeated photostimulation (RPh, Habi), each at 5 Hz, 
during 2 s at variable intervals of 20-25 s, applied with 
a Nicolet lamp placed at 70 cm from the subject’s face 
(the subjects were unaware of the application of pho-
tostimulations). Then, second eyes closed condition 
was recorded followed by a similar photostimulation 
procedure but with the addition of an indication to 
press a switch (normally open) when perceiving the 
light and to hold the switch until the end of the series 
of flashes (VM-asso).

Statistical analysis

A computer program (UAM/INR) was used to remove 
eyelids, ocular, and electromyography (EMG) artifacts 
using the blind separation sources and the algorithm 
FastICA20. It eliminated electromorphograms with 
intensities higher than two standard deviations, by 
applying Shapiro–Wilk tests with windows of 1 s for 
each independent component21. Then, the program 
identified the flashes’ signal and took 20 pre-stimu-
lation samples (pre-Habi) of 2-s duration and samples 
from each series of 20-RPh. The software identifies 
the flashing signal, takes 20 pre-stimulation sam-
ples (pre-VM-asso), as well as the signal of voluntary 
motor response, and takes 20  samples of VM-asso 
and measures their response latency.

By estimating the power spectral density using Welch’s 
method (with 256 Hz sample rate), the program inte-
grates the AP data per frequency (ᵹ [1.6-4  Hz], θ 
[4.5-8 Hz], α [8.5-13 Hz], and β [13.5-30 Hz]), cal-
culates the averages of the AP (AAP) for each of the 
samples per frequency and lead, and transfers the 
data into Excel® spreadsheets. Statistically significant 

differences were calculated using ANOVA and Kruskal–
Wallis analysis corrected by Dunnett’s test (p ≤ 0.05). 
The software used for these analyses was Prisma® 
(GraphPad Prism version 6.00 for Windows, GraphPad 
Software, La Jolla, CA, USA).

RESULTS

Comparison of the AAP of the four 
frequencies in closed eye condition 
(default mode) to that obtained in the 
condition before RPh (habituation) and 
before VM-asso

Fig. 1 shows the AAP of ᵹ in parasagittal leads in the 
basal condition. Note, its significant decrement from 
fronto-frontal (FF) to fronto-central (FC) leads in the 
left hemisphere and from FF to centro-parietal (CP) 
in the right hemisphere (Fig. 1 - upper part), and the 
increase in parieto-occipital (PO) leads, in both hemi-
spheres. Besides, a greater AAP was observed in the 
right FC and PO leads, indicating a significant inter-
hemispheric asymmetry.

In the condition before RPh, we recorded lower AAP 
of ᵹ as compared to those described for the basal 
condition. Differences among FF, FC, and CP were sig-
nificant; the increase in P3O1 was significant versus 
C3P3, whereas the increase in P4O2 was significant 
versus F4C4 and C4P4.

In the condition before the VM-asso, AAPs lower than in 
the basal condition were recorded, and the decrease in 
F3C3 and C3P3 was significantly different from that 
recorded in F1F3 and P3O1; the decrease in F4C4 
was significant as compared to F2F4 and P4O2. The 
interhemispheric asymmetry was no longer recorded 
during both previous conditions (Fig. 1 - lower part).

Theta activity (AAP) in the basal condition is shown in 
Fig. 2. The AAP was similar in the first three leads, but 
it was higher in P3O1, yielding significant differences 
with F3C3 and P3O1 and of P4O2 with Fp2F4 and 
C4P4. Again, a larger AAP was recorded in C4P4 and 
P4O2 as compared to the similar left leads, indicating 
significant interhemispheric asymmetry.

In theta activity before RPh, the AAP showed a dis-
crete increase with respect to the basal activity and 
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greater AAP in both POs so that it differed signifi-
cantly from the other three leads (Fig.  2 -  middle 
part).

In theta activity before VM-asso, discrete increases in 
the AAP of θ were recorded as compared to basal AAP, 
predominating in both POs, yielding a significant dif-
ference as shown in the lower part of Fig. 2. No asym-
metry was recorded in the two conditions before Habi 
and VM-asso, as described for the basal condition. 

Regarding alpha activity in the basal condition, AAP 
increased from frontal to occipital so that the differ-
ence was significant among FF, CP, and PO in both 
hemispheres and between F4C4 and P4O2 (Fig. 3). In 
this frequency, in contrast to delta and theta, no inter-
hemispheric asymmetry was recorded.

In alpha activity before RPh, the AAP increasing pat-
tern from frontal to occipital was maintained, but in 
this condition, significant differences arose practically 
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Figure 1. Average the absolute power (AAP) with standard deviations (SD) of ᵹ in the basal condition (upper part), before Habi 
(middle part), and before visual-motor association (lower part). Note the AAP diminution, with an increase in differences among 
leads, which are significant for the two pre-conditions. On learning, no more interhemispheric asymmetry was recorded. Asterisks 
indicate significant differences *p ≤ 0.05, **0.01, ***0.001, ****0.0001 (this applies to all similar figures).
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among all leads in both hemispheres, as shown in the 
middle part of Fig. 3.

Alpha activity before VM-asso was very similar to that 
recorded in the pre-RPh condition (Fig. 3 - lower part).

Regarding beta activity in basal condition, the AAP 
diminished significantly in the left hemisphere from 
Fp1F3 to F3C3 but increased in P3O1; thus, it was 
significantly different from F3C3, whereas in the right 
hemisphere, β decreased from Fp2F4 to F4C4 and to 
C4P4 but increased in P4O2, giving a significant dif-
ference from F4C4 to C4P4. In this frequency, a higher 

voltage was recorded in F4C4 than in F3C3 and in 
P4O2 than in P3O1, yielding a significant asymmetry.

Beta activity in pre-RPh showed a similar pattern 
described for the basal condition but at least inten-
sities, and the AAP difference becomes significant in 
the left hemisphere between C3P3 and P3O1. In the 
right hemisphere, the AAP diminution in Fp2F4 elimi-
nates the significant difference with respect to F4C4 
recorded in the basal condition (Fig. 4 - middle part).

For beta activity in the pre-VM-asso condition, the 
recorded pattern followed the same characteristics 
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Figure 2. Average the absolute power (standard deviation) of θ in the basal condition (upper part), before habituation (pre-Habi; 
middle part), and before visual-motor associations (pre-VM-asso; lower part).
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described for the basal condition except that the sig-
nificant difference between leads FF and FC was main-
tained in both hemispheres (Fig. 4 - Lower part).

Modification of the AAP of ᵹ, θ, α, and 
β during habituation and VM-asso as 
compared to the before condition

During habituation, the AAP of ᵹ increased in FF and 
FC of both hemispheres and diminished in the other 
two leads. Similar changes occurred during VM-asso; 

however, the AAP’s decrease was lower than that 
recorded during habituation (Fig.  5). The AAP of θ 
increased in FF of both hemispheres during both habit-
uation and VM-asso; the change was higher during 
VM-asso. In all other leads, the θ AAP diminished 
during both learning conditions, with less decrement in 
associations, particularly in PO (Fig. 5).

During habituation, the AAP of α increased in FF of 
both hemispheres and diminished in all other leads. 
During associations, α diminished in all leads, as shown 
in Fig. 6.
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Figure 3. Average the absolute power (standard deviation) of α in the basal condition (upper part), before habituation (pre-Habi; 
middle part), and before visual-motor associations (pre-VM-asso; lower part).
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The AAP of β increased significantly in all leads, except 
in P4O2, during habituation; however, during associa-
tions, the increase was only significant in CP of both 
hemispheres (Fig. 6).

DISCUSSION

Cognitive neuroscience now leaves little or no doubt that 
cognitive processes require the transient integration of 

numerous, widely distributed, constantly interacting 
areas of the brain.

The most plausible mechanism for such a large-scale 
integration is the formation of dynamic links by oscil-
latory synchrony as well as bursts of action poten-
tials generating multiple frequency bands in a specific 
range of AP in the brain network, which participate in 
sensation, perception, memory, as well as somatic and 
vegetative responses1,22-24.
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Oscillations in ᵹ, θ, α, and β frequency bands are 
involved in a broad variety of cognitive processes25.

Thus, the average AP (AAP) of the four analyzed fre-
quencies behaved differently in each cortical region 
before and during habituation (RPh) or before and 
during VM-asso.

During habituation, the AAP of δ increased (synchro-
nization) in FC cortical regions and decreased (desyn-
chronization) in the other two parasagittal cortical 
regions. In addition, during VM-asso, synchronization 
occurred in FF and FC regions of both hemispheres, 
and desynchronization was recorded in the other two 
regions. These spectral δ power modifications likely 
participate in controlling the neurovegetative activity 
that occurs as a part of the responses in both learning 
processes. The synchronization of δ could represent 
an inhibitory process, as proposed for α25, suggest-
ing that the δ rhythm contributes to the modulation 
of those circuits intervening in vegetative responses26; 
however, the activity increment in the medial and pos-
terior cortical region could be related to its participa-
tion in attention, sensory, and/or motor integration 
processes27-29. Furthermore, other studies on human δ 
(0.5-3.5 Hz) have shown its involvement in perception, 
attention, learning, decision, and working memory30.

These interpretations pose a dilemma, as δ is the EEG 
activity described most frequently in the presence of 
cerebral lesions31. However, a different function could 
be an explanation in relation to the distribution of del-
ta’s power. For instance, a gradual decrease of δ occurs 
in healthy subjects as compared to subjects with mild 
cognitive impairment and Alzheimer’s disease patients; 
furthermore, the decrease in the δ response is also sig-
nificant in bipolar disorder and schizophrenia13.

Interestingly, during VM-asso, δ synchronization was 
recorded in frontal regions and desynchronization in 
PO regions with a trend toward significance. We were 
expecting larger changes induced by VM-asso, and 
thus, we interpret that less inhibitory processes are 
necessary during VM-asso but higher in other cortical 
regions to support the attention processes.

The AAP of θ increased (synchronization, meaning 
inactivation of neuronal activity) during habituation as 
well as during VM-asso, and in FC regions with desyn-
chronization in the PO regions (neuronal activation of 

θ frequency), this could be the way to become attuned 
to other glial-neuronal ensembles. Coupling of slow-
wave oscillations was found to occur over large dis-
tances, even between widely separated cortical areas, 
and to involve subcortical regions such as the thala-
mus or striatum32,33. Thus, we related the modification 
in theta activity to memory processes necessary in 
both types of learning.

The AAP of α showed a small increment in the FF 
region and diminished (desynchronization) in the other 
regions, during pre-Habi, and diminished in the four 
leads before VM-asso, compared to the basal condi-
tion. The α activation could be the neural process used 
to identify and analyze the meaning of the RPh and 
the expected scenario during association, resulting 
in feedback activation of the descending circuits, the 
reticular-thalamic-limbic-basal ganglia, as well as to 
facilitate motivation, vegetative, and motor networks 
responsible for the orientation reflex and sympathetic 
activation. All of these actions are manifestations of 
the descending regulatory function of α rhythm9,34,35.

In both types of simple learning, habituation, and 
VM-asso, the first stimulations produce α activation of 
different circuits of the visual pathway and the mes-
encephalic-reticular-thalamic-cortical system. This 
activation increases the state of vigilance, including 
the frontal cortical and limbic circuits of association 
that participate in the integration of the meaning of 
the sensory stimulation36-38. Similar desynchroniza-
tion has been described as stimulus expectation39. We 
expected that, in the same scenario, the responses 
would decrease when repeating the stimulation with-
out important changes in the organism’s homeostasis, 
such as the orienting reflex. Thus, this information is 
rated as “non-significant,” and the organism learns not 
to respond; this process was called “habituation” by 
Sokolov in 196340.

Decreased α-desynchronization (or α-started syn-
chronization) will occur during habituation, and during 
VM-asso, desynchronization will persist. However, 
the AAP was lower in both learning processes. 
Nevertheless, the average did not show the temporal 
evolution of the AP changes in each pre- and learning 
condition; hence, we applied linear regression analysis 
to establish the possible desynchronization/synchro-
nization slope (activation/inactivation) during each 
pre- and learning process. In addition, the average of 
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the other frequencies also masked the evolution of the 
AP in each pre-stimulation and during learning.

The AAP of β increased in both habituation and 
VM-asso with a greater intensity during habituation; 
the latter could indicate either an increase in the atten-
tion filtering processes, attempting to concentrate the 
activity in specific networks to diminish the non-sig-
nificant responses, or to retain the gating control of 
different circuits in the VM-asso. However, we were 
expecting higher β modifications during VM-asso, but 
only a significant increment was observed in the right 
CP region, probably related to the motor response. The 
possible explanation of less change of beta activity is 
that, during the VM-asso, beta’s gating activity has to 
be more localized to cortical regions. Furthermore, it is 
important to analyze the evolution of the AP in the 20 
learning responses.

The descriptions presented herein provide support 
to the hypothesis that, when beta syntonizes in the 
different cortical regions, it coordinates the attention 
and sensory-perception processes and motor func-
tions32,38,41,42. Other authors have described this con-
dition, as the manifestation of the up-down regulation 
of organisms43.

Tuning the different frequencies of the circuits 
involved in behavior could result from activation of 
thalamic nuclei and cortical-thalamic feedback circuits; 
this could also hold for the condition of suppressing 
non-specific, irrelevant responses. All of these changes 
are complemented with the “functional connection” 
to the pyramidal and extrapyramidal motor modules, 
which are concatenated in the regulatory processes 
of the still unknown reticular-thalamic-cortico-corti-
cal-thalamic-basal nuclei; these are mechanisms that 
regulate the sensory-motor information in learning 
processes and are reflected in the modifications of the 
EEG power spectrum. In these circuits, the profile of 
the electrical activity could represent the characteris-
tics of the different scenarios, similarly to what occurs 
during space representation44.

A limitation of the present study is that we did not 
identify the origin and sequence of the SP modifica-
tions. Therefore, we recognize the low capacity of the 
EEG to identify the source of electrical changes and 
the necessity to use other computer analyses, such as 
coherence. A  major weakness is that EEG recordings 

represent changes in the local field potentials of thou-
sands of neurons of diverse circuits, which may have 
different functions and times of participation that are 
inherent in the changes in the EEG rhythms. However, 
we insist that the quantitative EEG is more applicable 
than neuroimaging studies because it is safe, does not 
have medical contraindications, is easier to perform in 
different subjects (even children) and patient’s condi-
tions, and is less expensive.

For neurorehabilitation programs, recognizing the 
proposed markers will help to improve the diagno-
sis of acquired and chronic neurological diseases. For 
instance, Conway et al.45 describe synchronization 
between motor cortex and spinal motoneuronal pool 
to maintain a motor task in man.

Brain oscillations in multiple frequency windows may 
be used as physiological markers for the recognition 
and progression of diseases or to improve rehabilita-
tion effects, as shown in simple learning processes 
like habituation and association of a sensorial signal 
and a voluntary motor response. Spatial coherence 
in diseases may be helpful in analyzing integrative 
brain functions, and thus, are important for the future 
research.
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