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ABSTRACT: This study investigates how absolute spectral power and power ratios in the alpha frequency band in frontal and
parietal regions, as measured through electroencephalograms (EEGs), vary in individuals with Alzheimer’s disease compared to
healthy controls. Identifying quantitative biomarkers of Alzheimer’s is crucial because this would allow for greater objectivity
and accuracy in diagnosis, as opposed to relying on questionnaires such as the Mini-Mental State Examination (MMSE), which
may be influenced based on patient demographics. A dataset with the EEGs of 65 subjects (divided into control or Alzheimer’s
participant groups) published in 2023 on OpenNeuro was analyzed through MATLAB, calculating the absolute spectral power in
the Fz and Pz electrodes as well as the Fz: Pz power ratios for each participant. Statistical analysis revealed significant differences
between Alzheimer’s and control groups in spectral power at the Fz (p = 0.005) and Pz (p = 0.0006) electrodes, as well as the
power ratios between them (p = 0.0025). These findings demonstrate that reduction of alpha power and an increase of Fz:Pz ratio,
suggesting a proportional increase of frontal activity or decrease of parietal activity in individuals with Alzheimer’s, are notable
trends and a potential biomarker of Alzheimer’s disease.

KEYWORDS: Behavioral and Social Sciences, Neuroscience, Alzheimer’s Disease, Electroencephalograms, Diagnostic

Biomarkers.

B Introduction

Alzheimer’s disease (AD) is the most common form of de-
mentia (a neurodegenerative disorder) affecting around 6.9
million Americans above the age of 65." At its more severe
stages, AD can degrade the quality of life of many individuals
by impairing cognitive skills such as memory, complex think-
ing, communication,and the capacity to conduct daily activities.
Current AD screening commonly involves cognitive tests eval-
uating memory, orientation, and attention, the most common
being the Mini-Mental State Examination (MMSE). The
MMSE has been a prominent tool in assessing patients for
potential dementia, comprising 11 questions that, on average,
take less than 10 minutes to complete. Though the MMSE has
proven both accessible and efficient, its accuracy may be limit-
ed to only certain groups of individuals as a result of cultural,
academic, and linguistic barriers, producing less reliable results
for some patients.” This examination has also been shown to
lack precision and nuance in diagnosing specific stages or pro-
gressions within AD.* The MMSE and other cognitive tests,
therefore, present numerous limitations because of insufficient
standardization and a lack of specificity of diagnosis.

Thus, quantitative or biological metrics have shown promise
in the diagnosis of neurodegenerative disorders. An electroen-
cephalogram (EEG) is one test used to generate parameters/
quantitative characteristics to detect and analyze disorders.
To conduct an EEG, electrodes are placed on the scalp of the
patient in a standardized 10-20 method, and the brain’s elec-
trical activity (brain waves) is recorded. Commonly assessed
frequency bands of brain waves include delta (0.5-4 Hz), theta
(4-7 Hz), alpha (8-12 Hz), and beta (13-30 Hz) waves.* An

increase in research of EEG applications in evaluating of neu-

rodegenerative disorders such as AD has been observed over
previous years due to the technology’s value as an accessible,
quantitative resource easily facilitated by healthcare providers.
One useful EEG measurement observed in studies is absolute
spectral power, referring to the total power in microvolts pres-
ent in a specific range of frequency. Absolute spectral power is
a useful and notable measure because it allows for the individ-
ual analysis of each frequency band’s objective power activity.
Previously, studies have discovered deviations in spectral pow-
er measurements in AD patients compared with healthy
controls, typically involving an increase of delta®'? and theta
spectral activity” '™ and a reduction of alpha®*™ and beta
power.>*8!! Additionally, power ratios have been employed in
previous works as common analytical measures in EEG studies
for dementia and neurodegenerative disorders, furthering our
understanding of how brain dynamics shift as disease progress-
es. Frontal and parietal regions may be particularly useful
monitors for AD because of their individual roles in cogni-
tive functioning. The frontal lobes are involved in processes
of decision-making, adaptive reactions, and memory,®® while
the parietal areas drive linguistic abilities,’ attention,? visual
processing, spatial awareness, and orientation.”® Considering
the potential of power ratios as diagnostic measures and the
common deterioration of AD patients’ abilities to conduct
higher-level functions governed by frontal and parietal regions,
assessing spectral power dynamics (both individual spectral
power and power ratios between regions) in frontal and parietal
regions is a promising target area for research that motivated
the present study. The Fz and Pz midline electrodes were se-
lected to examine frontoparietal dynamics as a biomarker for
AD to minimize the effects of lateralization, taking into ac-
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count that previous studies show that hemispheric asymmetry
varies from subject to subject based on handedness and other
individual differences.?*

Despite these extensive findings, there is a lack of literature
specifically analyzing how spectral power measures and power
ratios vary in the alpha band for frontal and parietal electrodes
in individuals with AD. In addition to this, the efficacy of us-
ing these particular EEG parameters (both spectral power and
power ratios) as tools for AD diagnosis is unclear.

Therefore, in alignment with these prospects, the objec-
tive of the study was to examine the deviation in resting-state
EEG spectral power and ratios of the alpha frequency band for
AD individuals compared to controls. This reveals diagnostic
differences in both the strength of the alpha wave and the pro-
portional power of frontal and parietal regions of the brain in
AD compared to healthy control subjects. In the examination
of the relationships between these variables, the study aims
to help identify quantitative biomarkers in the AD screening
process, to aid in objectively and more specifically diagnosing
individuals through quantitative analysis of spectral features.

B Methods

Dataset Description:

To answer the research question, a dataset was identified to
analyze the variation in the absolute spectral power of the al-
pha frequency band in AD patients compared with controls
(CN). The data was found on OpenNeuro, published in 2023
by Andreas Miltiadous ef al.,” containing the resting-state
EEGs of 88 subjects. 36 of these individuals were diagnosed
with AD, 29 were healthy controls, and 23 were diagnosed
with frontotemporal dementia. The 23 individuals with fron-
totemporal dementia were excluded from the present study to
maintain focus on the metrics of patients with AD. The mean
MMSE score for the AD group was 17.75, ranging from 4
to 23, indicating inclusion of patients with cognitive decline
ranging from mild to severe degrees. The control participants
all maintained scores of 30, the maximum score possible on the
examination. The average ages between groups were approxi-
mately matched, with the AD group’s mean being 66.4 years
(SD =7.9) and the CN group’s being 67.9 years (SD = 5.4).

Neurologists at the 2nd Department of Neurology of AHE-
PA General Hospital of Thessaloniki facilitated the recording
collection. The EEGs were conducted in accordance with
standard resting-state conditions (subjects sitting and closing
their eyes) and the 10-20 system of electrode placement. The
average recording for an AD subject was 13.5 minutes, while
that of the CN group was 13.8 minutes. The data’s sampling
rate was 500 Hz, and its resolution was 10 pV/mm.

Preprocessing:

The EEGs of the subjects were downloaded and uploaded
to the EEGLAB toolbox within MATLAB for pre-processing
and analysis. A zero-phase Hamming-windowed sinc Finite
Impulse Response (FIR) band-pass filter with a lower edge of
8 Hz and a higher edge of 12 Hz was applied to all datasets
to limit the signals recorded to the alpha frequency band. This
filter is available in the graphic user interface (GUI) of MAT-

LAB’s EEGLAB toolbox. Subsequently, the raw channel data
were examined to identify artifacts, such as those caused by
physiological processes (eye blinking, muscle movement) or
external sources (poor electrode contact, technological lapses,
electrode pops). The artifacts were then manually rejected to
filter out these irregularities. The data was referenced to elec-
trodes Al and A2, which were placed over the mastoids, a
commonly employed neutral reference point for EEGs.%

Feature Extraction:

The absolute spectral power values for each subject were
calculated using the Signal Processing Toolbox in MATLAB,
offering the bandpower command. The command is written in
the format p = bandpower(x, fs, freqrange), where inputting the
signal data x, the sampling rate fs (500 Hz), and the frequency
range vector freqrange (8-12 Hz) yields the signal’s power val-
ue of p in microvolts. It does so by taking the time series signal
x and integrating the power spectral density (PSD) estimate
calculated using a modified periodogram with a default Ham-
ming window, returning the average absolute spectral power
within the specified frequency range. Specifically, the powers
for the Iz (electrode 17) and Pz (electrode 19) were calculated
to assess the alpha band’s spectral dynamics in the frontal and
parietal lobes. A Fz: Pz power ratio was also calculated for each
subject to assess the power activities between frontal and pari-
etal regions within the alpha frequency band. Figure 1 shows
the code box depicting this process.

%% Open EEGLAB
eeg. lab
%%% Set Parameters

fs = 500 % Sampling frequency
freqrange = [8 12] % Frequency range
%% Load Structures of Data
subjlchl7? = EEG.data(17, :);
subjlchl9 = EEG.data(19,:);

9 bpslcl7? = bandpower({subjlchl7, fs, fregrange);
10 bpslcl9 = bandpower(subjlch19, fs, fregrange);
11 %% Save variables
12 save(sl, 'subjlchl7','subjlch19',"'.mat")

OO A WN =

Figure 1: A code box visualizing the computational sequence that was used
to calculate the first subject’s EEG data using code and commands. This was
repeated for all 65 subjects. In setting appropriate parameters that fit the
data (500 Hz sampling frequency and 8-12 Hz alpha frequency range) and
calculating electrode power at specific channels (17 and 19), variables were
successfully saved in EEGLAB for subsequent analysis and comparison of
spectral power across subjects.

Statistical Tests:

After calculating the power values for all 65 subjects, an
independent sample t-test was conducted to analyze the sig-
nificance of the data between the AD group and the CN group.
This type of test was selected because the data points of the
same variable (alpha spectral power, alpha power ratios) were
compared between two different groups that were indepen-
dent of one another. Three t-tests were conducted comparing
the AD and CN groups: the Fz electrode, the Pz electrode, and
the Fz: Pz ratio. The t-tests returned the mean values, degrees
of freedom (df), and p-values for these comparisons between
the AD and CN groups.

The flow chart below conveys the collective data collection
and analysis process, which was repeated for all 65 participants’
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datasets for channels 17 (Fz) and 19 (Pz). Figure 2 shows a

sample of how the code would function for the first subject.

Start

v

{ Load data (EEGLAB) ;

v

Declare variables subjlch17 and subjlch19

Calculate power using
bandpower function

|

Data processed (Excel)

v

Stop

Figure 2: Flow chart depicting the process of computational feature
extraction and analysis. After loading the data, establishing variables, and
calculating spectral power, the data points were assessed for statistical
significance in Excel.

B Results and Discussion

Fz Electrode:

For the Fz electrode in the AD group, spectral powers be-
tween 7.2967 to 32.4324 microvolts were found, with the
median at 11.1418 and the interquartile range (IQR) between
9.1962 and 13.8774. Additionally, for the CN group, the spec-
tral power ranged from 9.6325 to 66.9747 microvolts, with a
median of 17.0038 and an IQR between 10.6529 and 27.3586.

The independent sample t-test conducted for the Fz elec-
trode between the AD and CN groups presented several
statistics comparing the two groups’ spectral measurements.
The average spectral power of the AD group was 13.077, while
that of the CN was 21.383. The df was found to be 37. Fur-
thermore, a p-value of 0.005 was calculated. The spread of the
datasets and the t-test are displayed in Figure 3.

A
Fz alpha power in AD and CN groups
2,
AD CN
B AD CN

Mean 13.077194 21.383017
Variance 37.830933 197.53363
Observation
s 36 29
Hypothesize
d Mean
Difference 0
df 37
t Stat -2.9621435
P(T<=t) one-
tail 0.0026561
t Critical one-
tail 1.6870936
P(T<=t) two-
tail 0.0053121
t Critical two-
tail 2.0261925

Figure 3: Data analysis of Fz alpha absolute spectral power (uv) in AD and
CN groups. (A) Box plots depicting the spread of Fz spectral data in the AD
and CN groups. (B) The independent sample t-test was used to compare
the significance of the difference between the AD and CN groups. The test
reveals a statistically significant reduction of alpha spectral power in the AD
group compared to the CN group (p=0.005), which may also be seen in the
box plot data.

Pz Electrode:

The AD patients exhibited spectral power values from
6.5408 to 35.393 microvolts in the Pz electrode, with a me-
dian of 10.4192 and an IQR from 8.5807 to 14.4895. On the
other hand, spectral powers were within the range of 9.4289 to
90.5023 in the CN group, the median being 22.6552, and its
IQR from 12.8027 to 40.9584.

Moreover, an independent sample t-test was also conducted
for the Pz electrode. The mean powers were 13.346 for the AD
participants and 29.42 for the CN participants. The df was 34,
and a p-value of 0.0006 was calculated. Figure 4 represents the
qualities of the data as box plots and the t-test as a table.
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A
Pz alpha power in AD and CN groups
£
AD CN
B AD CN

Mean 13.3457139 29.4203793
Variance 58.1373787 470.045479
Observation
s 36 29
Hypothesize
d Mean
Difference 0
df 34
t Stat -3.8075601
P(T<=t) one-
tail 0.00028004
t Critical
one-tail 1.69092426
P(T<=t) two-
tail 0.00056009
t Critical
two-tail 2.03224451

Figure 4: Data analysis of Pz alpha absolute spectral power (uv) in AD and
CN groups. (A) Box plots demonstrating the spread of Pz spectral datapoints
across the AD and CN groups. (B) The independent sample t-test was
conducted to assess the significance of variations between the two groups of
patients. The t-test reveals a statistically significant decrease in alpha spectral
power in the AD group compared to the CN group (p=0.0006), which is also
reflected in the box plot data.

Fz: Pz Power Ratio:

The ratios between Fz and Pz electrodes ranged from 0.5337
to 2.1847 for the AD participants and 0.3682 to 1.7823 for the
CN participants. The AD group’s median ratio was 1.0228,
with an IQR from 0.86265 to 1.194475, while the CN group’s
median ratio was 0.79, with an IQR of 0.64305 to 0.96465.

The independent sample t-test conducted comparing the
AD and CN ratios noted that the AD participants had an av-
erage Fz: Pz power ratio of 1.051, and the CN participants
had an average of 0.825. The df equaled 61, and a p-value of
0.0025 was calculated. In Figure 5, the ratio dataset’s charac-
teristics and the t-test are visually represented.

F2:Pz alpha power ratio in AD and CN groups

Alpha power (mi

A0 en
B AD CN
Mean 1.05090556 0.82475517
Variance 0.08473189 0.08090874
Observation
s 36 29
Hypothesize
d Mean
Difference 0
df 61
t Stat 3.15328252
P(T<=t) one-
tail 0.00125239
t Critical
one-tail 1.67021948
P(T<=t) two-
tail 0.00250478
t Critical
two-tail 1.99962358

Figure 5: Data analysis of Fz: Pz alpha absolute spectral power ratios in AD
and CN groups. (A) A box plot depicting the spread of Fz: Pz spectral ratios
in the AD and CN individuals. (B) The independent sample t-test assesses the
statistical significance of the ratio differences between the two sample groups.
The t-test demonstrates a statistically significant increase in power ratio in the
AD group compared to the CN group (p=0.0025), which can also be observed
in the box plot data.

Discussion:

The present study was conducted to identify whether alpha
power in individuals with AD, compared to CN subjects, could
be used as a biomarker of AD. While earlier studies have ex-
plored alpha power reduction in patients with AD compared to
CN subjects, they have not specifically evaluated the activity of
frontal and parietal electrodes and the ratios of alpha power be-
tween them. The current study addressed these gaps in the field
by thoroughly examining both absolute spectral power and the
ratio of power between frontal and parietal electrodes in the
alpha frequency band compared to healthy controls.

The results of the study demonstrated that there was a re-
duction of alpha spectral power in individuals and an increased
Fz: Pz ratio with AD compared with their corresponding con-
trols. With p-values less than 0.05 (alpha value), the t-tests
suggested this reduction was significant in both the Fz (p =
0.005) and Pz (p = 0.0006) electrodes. These values, therefore,
support the significance of alpha spectral power reductions in
distinguishing between AD and CN individuals. Similarly,
with a p-value of 0.0025 between the Fz: Pz ratios for the AD
and CN groups, the t-test aligns with the notion of a signifi-
cant increase in the Fz: Pz ratio for individuals with AD.

Based on this analysis, these conclusions align with the ma-
jority of previous findings. Many studies reported a significant
decrease in spectral power in the alpha frequency band in sub-
jects with AD compared with controls.** Though no studies
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to our knowledge have specifically maintained focus on the
alpha power ratio between Fz and Pz electrodes, other reports
have found significant associations between increased upper/
low alpha power ratio and cognitive decline'®'* as well as in-
creased alpha3/alpha2 ratio and incipient AD development.'”
Studies have also shown abnormal fronto-parietal pairing of
the delta and alpha rhythms in less severe AD,*” demonstrat-
ing the significance of fronto-parietal alpha band activity in
assessing AD. Thus, the current study was able to elaborate
upon previous notions in specifically investigating alpha band
dynamics in frontal and parietal regions. A reduced power in
a higher-frequency brainwave, like the alpha band, which is
connected to orientation, attention, and focus,”® may indicate
greater cognitive dysfunction. Observing this effect in individ-
uals with AD is reasonable, as it may correlate with a decreased
neurological aptitude for the higher-level processing activities
that AD subjects often experience challenges with. Moreover,
an increased Fz: Pz ratio may indicate proportionally increased
frontal alpha activity or reduced parietal activity in individu-
als with AD. Both of these concepts align with common AD
symptoms. Increased frontal alpha power is correlates with de-
pressive moods, negative emotions, and self-consciousness.?’
Decreased parietal alpha power may be related to psychotic
symptoms,® deteriorating motor abilities,* and reduced at-
tention and focus.*> Considering how approximately 40% of
AD patients experience depression, 30% have psychotic symp-
toms, and many commonly experience motor problems in the
later stages of AD * and attention difficulties during earlier
periods of the condition,** the increase in Fz: Pz ratio may
agree with numerous observed characteristics of AD.

There were a few limitations to this study. Greater catego-
rization in dividing the total sample into various AD severity
stages and age groups might have been able to reveal the ef-
fects of certain demographical nuances. Additionally, a larger
sample size overall would have enabled this trend to be proven
across groups worldwide. The small sample size may have af-
fected the calculated p-values. Future studies should aim to
explore multiple electrodes in the frontal and parietal regions,
as well as how factors such as age, severity, education level, and
other comorbidities may affect spectral power dynamics.

B Conclusion

These findings, therefore, notably demonstrated that re-
duced alpha spectral power in the frontal and parietal regions
(Fz and Pz electrodes) and increased Fz: Pz spectral power ra-
tios may be significant biomarkers of AD (p<0.05), presenting
an alternative means of diagnosis on a quantitative basis. This
research contributes significant data to an ongoing field in-
vestigating accessible and scientific methods for the diagnosis
of neurodegenerative conditions, potentially holding clinical
value and enabling earlier and more objective diagnosis.

B Acknowledgments

I would like to acknowledge and thank my mentor, Dr.
Amparo Gliemes Gonzélez, and my teaching assistant, Belquis
Haider, for their continued guidance throughout this research
project.

B References

1. 2022 Alzheimer’s Disease Facts and Figures. Alzbeimers and De-
mentia 2022, 18 (4). https://doi.org/10.1002/alz.12638.

2. Carnero-Pardo, C. Should the Mini-Mental State Examination
Be Retired? Neurologia (English Edition) 2014, 29 (8). https://doi.
org/10.1016/j.nrleng.2013.07.005.

3.Iancu, I.; Olmer, A. The Minimental State Examination - An up-
to-Date Review. Harefuah. 2006.

4. Nayak, C. S.; Anilkumar, A. C. EEG Normal Waveforms. In: Stat-
Pearls. StatPearls 2020.

5. Bennys, K.; Rondouin, G.; Vergnes, C.; Touchon, J. Diag-
nostic Value of Quantitative EEG in Alzheimer’s Disease.
Neurophysiologie Clinique 2001, 31 (3). https://doi.org/10.1016/
S0987-7053(01)00254-4.

6. Besthorn, C.; Forstl, H.; Geiger-Kabisch, C.; Sattel, H.; Gasser,
T.; Schreiter-Gasser, U. EEG Coherence in Alzheimer Disease.
Electroencephalogr Clin Neurophysiol 1994, 90 (3). https://doi.
0rg/10.1016/0013-4694(94)90095-7.

7. Fonseca, L. C.; Tedrus, G. M. A. S.; Prandi, L. R.; Almeida, A.
M.; Furlanetto, D. S. Alzheimer’s Disease: Relationship between
Cognitive Aspects and Power and Coherence EEG Measures.
Arq Neuropsiquiatr 2011, 69 (6). https://doi.org/10.1590/s0004-
282x2011000700005.

8. Kwak, Y.T. Quantitative EEG Findings in Different Stages of Alz-
heimer’s Disease. Journal of Clinical Neurophysiology 2006, 23 (5).
https://doi.org/10.1097/01.wnp.0000223453.47663.63.

9.Meghdadi, A. H.; Karic, M. S.; McConnell, M.; Rupp, G.; Richard,
C.; Hamilton, J.; Salat, D.; Berka, C. Resting State EEG Biomark-
ers of Cognitive Decline Associated with Alzheimer’s Disease and
Mild Cognitive Impairment. PLoS One 2021, 16 (2 February).
https://doi.org/10.1371/journal.pone.0244180.

10. Moretti, D. V.; Babiloni, C.; Binetti, G.; Cassetta, E.; Dal For-
no, G.; Ferreric, F,; Ferri, R.; Lanuzza, B.; Miniussi, C.; Nobili, F;
Rodriguez, G.; Salinari, S.; Rossini, P. M. Individual Analysis of
EEG Frequency and Band Power in Mild Alzheimer’s Disease.
Clinical Neurophysiology 2004, 115 (2). https://doi.org/10.1016/
S$1388-2457(03)00345-6.

11. Simfukwe, C.; Han, S. H.; Jeong, H. T.; Youn, Y. C. QEEG as
Biomarker for Alzheimer’s Disease: Investigating Relative PSD
Difference and Coherence Analysis. Neuropsychiatr Dis Treat 2023,
19. https://doi.org/10.2147/NDT.S433207.

12. Wang, R.; Wang, J.; Yu, H.; Wei, X.; Yang, C.; Deng, B. Power
Spectral Density and Coherence Analysis of Alzheimer’s EEG.
Cogn Neurodyn 2015, 9 (3). https://doi.org/10.1007/s11571-014-
9325-x.

13. Czigler, B.; Csikés, D.; Hidasi, Z.; Anna Gadl, Z.; Csibri, E.; Kiss,
E.; Salacz, P.; Molndr, M. Quantitative EEG in Early Alzheimer’s
Disease Patients - Power Spectrum and Complexity Features.
International Journal of Psychophysiology 2008, 68 (1). https://doi.
org/10.1016/j.ijpsycho.2007.11.002.

14. Jelic, V.; Shigeta, M.; Julin, P; Almkvist, O.; Winblad, B.;
Wahlund, L. O. Quantitative Electroencephalography Power
and Coherence in Alzheimer’s Disease and Mild Cognitive Im-
pairment. Dement Geriatr Cogn Disord 1996, 7 (6). https://doi.
0rg/10.1159/000106897.

15. Kuskowski, M. A.; Mortimer, J. A.; Morley, G. K.; Malone, S. M.;
Okaya, A. J. Rate of Cognitive Decline in Alzheimer’s Disease Is
Associated with EEG Alpha Power. Bio/ Psychiatry 1993, 33 (8-9).
https://doi.org/10.1016/0006-3223(93)90108-P.

16. Leuchter, A. F,; Cook, I. A.; Newton, T. F.; Dunkin, J.; Walter,
D. O.; Rosenberg-Thompson, S.; Lachenbruch, P. A.; Weiner, H.
Regional Differences in Brain Electrical Activity in Dementia: Use
of Spectral Power and Spectral Ratio Measures. Electroencephalogr

74

DOI: 10.36838/IJHSR84.70



ijhighschoolresearch.org

Clin Neurophysiol 1993, 87 (6). https://doi.org/10.1016/0013-
4694(93)90152-L.

17. Moretti, D. V. Increase of EEG Alpha3/Alpha2 Power Ratio
Detects Inferior Parietal Lobule Atrophy in Mild Cognitive Im-
pairment. Curr Alzheimer Res 2017, 15 (5). https://doi.org/10.2174
/1567205014666171030105338.

18. Moretti, D. V.; Paternico, D.; Binetti, G.; Zanetti, O.; Frisoni, G.
B. Electroencephalographic Upper/Low Alpha Frequency Power
Ratio Relates to Cortex Thinning in Mild Cognitive Impairment.
Neurodegener Dis 2014, 14 (1). https://doi.org/10.1159/000354863.

19. Moretti, D. V.; Paternico, D.; Binetti, G.; Zanetti, O.; Frisoni,
G. B. EEG Upper/Low Alpha Frequency Power Ratio Relates to
Temporo-Parietal Brain Atrophy and Memory Performances in
Mild Cognitive Impairment. Front Aging Neurosci 2013, 5 (OCT).
https://doi.org/10.3389/fnagi.2013.00063.

20. Collins, A.; Koechlin, E. Reasoning, Learning, and Creativity:
Frontal Lobe Function and Human Decision-Making. PLoS Bio/
2012, 70 (3). https://doi.org/10.1371/journal.pbio.1001293.

21. Brownsett, S. L. E.; Wise, R. J. S. The Contribution of the Pari-
etal Lobes to Speaking and Writing. Cerebral Cortex 2010, 20 (3).
https://doi.org/10.1093/cercor/bhp120.

22. Cabeza, R.; Ciaramelli, E.; Olson, I. R.; Moscovitch, M. The Pari-
etal Cortex and Episodic Memory: An Attentional Account. Nature
Reviews Neuroscience. 2008. https://doi.org/10.1038/nrn2459.

23. Loftus, B. D.; Athni, S. S.; Cherches, I. M. Clinical Neuroanatomy.
In Neurology Secrets 2010. https://doi.org/10.1016/B978-0-323-
05712-7.00002-7.

24. Ocklenburg, S.; Friedrich, P.; Schmitz, ].; Schliter, C.; Geng, E,;
Guntiirkiin, O.; Peterburs, J.; Grimshaw, G. Beyond Frontal Alpha:
Investigating Hemispheric Asymmetries over the EEG Frequency
Spectrum as a Function of Sex and Handedness. Laterality 2019, 24
(5). https://doi.org/10.1080/1357650X.2018.1543314.

25. Miltiadous, A.; Tzimourta, K. D.; Afrantou, T.; Ioannidis, P;
Grigoriadis, N.; Tsalikakis, D. G.; Angelidis, P.; Tsipouras, M. G;
Glavas, E.; Giannakeas, N.; Tzallas, A. T. A Dataset of Scalp EEG
Recordings of Alzheimer’s Disease, Frontotemporal Dementia and
Healthy Subjects from Routine EEG. Data (Basel) 2023, § (6).
https://doi.org/10.3390/data8060095.

26. Lopez, S.; Gross, A.; Yang, S.; Golmohammadi, M.; Obeid, L.; Pi-
cone, J. An Analysis of Two Common Reference Points for EEGS.
In 2016 IEEE Signal Processing in Medicine and Biology Sympo-
sium, SPMB 2016 - Proceedings, 2017. https://doi.org/10.1109/
SPMB.2016.7846854.

27. Babiloni, C.; Ferri, R.; Binetti, G.; Cassarino, A.; Forno, G. D;
Ercolani, M.; Ferreri, F.; Frisoni, G. B.; Lanuzza, B.; Minius-
si, C.; Nobili, F; Rodriguez, G.; Rundo, F,; Stam, C. J.; Musha,
T.; Vecchio, F; Rossini, P. M. Fronto-Parietal Coupling of Brain
Rhythms in Mild Cognitive Impairment: A Multicentric EEG
Study. Brain Res Bull 2006, 69 (1). https://doi.org/10.1016/.brain-
resbull.2005.10.013.

28. Klimesch, W. Alpha-Band Oscillations, Attention, and Controlled
Access to Stored Information. Trends in Cognitive Sciences. 2012.
https://doi.org/10.1016/j.tics.2012.10.007.

29. Gollan, J. K.; Hoxha, D.; Chihade, D.; Pflieger, M. E.; Rosebrock,
L.; Cacioppo, J. Frontal Alpha EEG Asymmetry before and after
Behavioral Activation Treatment for Depression. Bio/ Psychol 2014,
99 (1). https://doi.org/10.1016/j.biopsycho.2014.03.003.

30. Candelaria-Cook, F. T.; Schendel, M. E.; Ojeda, C. J.; Bustillo, J.
R.; Stephen, J. M. Reduced Parietal Alpha Power and Psychotic
Symptoms: Test-Retest Reliability of Resting-State Magnetoen-
cephalography in Schizophrenia and Healthy Controls. Schizophr
Res 2020, 215. https://doi.org/10.1016/j.schres.2019.10.023.

31.Manor, R.; Cheaha, D.; Kumarnsit, E.; Samerphob, N. Age-Relat-
ed Deterioration of Alpha Power in Cortical Areas Slowing Motor
Command Formation in Healthy Elderly Subjects. In Vivo (Brook-
lyn) 2023, 37 (2). https://doi.org/10.21873/invivo.13128.

32. Benedek, M.; Schickel, R. J.; Jauk, E.; Fink, A.; Neubauer, A. C.
Alpha Power Increases in Right Parietal Cortex Reflects Focused
Internal Attention. Neuropsychologia 2014, 56 (1). https://doi.
org/10.1016/j.neuropsychologia.2014.02.010.

33. Yan, J. H,; Zhou, C. L. Effects of Motor Practice on Cognitive
Disorders in Older Adults. European Review of Aging and Physical
Activity. 2009. https://doi.org/10.1007/511556-009-0049-6.

34. Malhotra, P. A. Impairments of Attention in Alzheimer’s Disease.
Current Opinion in Psychology. 2019. https://doi.org/10.1016/j.co-
psyc.2018.11.002.

B Authors

Morgan K. Synn is a student at Kent School in Kent, Con-
necticut. She is an avid scientific researcher deeply interested
in neuroscience and psychology, specifically neurodegener-
ative diseases and neurotechnology. She is also the Founder
and President of the Butterfly Project, a service club dedicat-
ed to supporting neurodiverse communities, including veteran
residential homes and day-support programs for people with
neurodevelopmental conditions.

DOI: 10.36838/1JHSR84.70

75



