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Temas aktualitate

* Darba atmina pasliktinas, novecojot

* Miera stavokla elektroencefalografijas (rs-EEG) mainiga - aperiodiskas
liknes slipums uzrada saistibu ar kognitivo izpildijjumu, novecojot

* Darba atmina tiek péetita ar EEG
* Nav petijumu par miera stavokla EEG un darba atminas saistibam

(Finley et al., 2024; Montemurro et al., 2024;
Pei et al., 2023; Verhaeghen et al., 2019)
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Elektroencefalografija (1)

Neinvaziva metode smadzenu elektriskas aktivitates meéerisanai

Electrode

Measured potentials
for each electrode

Amplifier

Processing

(Nagel, 2019; Rayi & Murr, 2025)
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Elektroencefalografija (2)
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Attéla avots: https://psychologyoflanguage.pressbooks.tru.ca/wp-content/uploads/sites/83/2021/12/2560px-

Main_brain_functional_imaging_technique_resolutions.svg_.png
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Elektroencefalografija (3)

* EEG signala vizualizacija

Voltage | . ™
(LV) -
|

p:// .sydneyneuro om.au/s
+ ervices/electroencephalo graphy-ee g/

Time (s)

(Beniczky & Schomer, 2020)

O g3. Latvijas Universitates
qo tarptautiska zinatniska

star a zina
(o] konference 2025




Periodiska vs aperiodiska aktivitate

* Periodiska

* ritmiska

* reakcija uz stimulu
 Aperiodiska

* neritmiska

* miera stavokli

e bezstimula

(Pacheco et al., 2024)
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Gamma waves (30Hz-100Hz)

Motor function, problem solving,
concentration

Beta waves (12Hz-30Hz)

Normal waking state,
concentration, focus, five
physical senses

0.0s 0.2s 0.4s 0.6s 0.8s 1.0s

Alpha waves (7.5Hz-12Hz)

Relaxed, light meditation, creative,
super learning, conscious

0.0s 0.25 0.4s 0.65 0.8s T.0s

Theta waves (4Hz-7.5Hz)

Light sleep, deep meditation,
creative, recall, fantasy

Delta waves (0.1Hz-4Hz)

Deep sleep, dreamless sleep,
non-REM sleep, unconscious

0.0s 0.2s 0.4s 0.6s d.s 1.0s
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Periodiska aktivitate — izsauktie potenciali (1)

- ERP characteristics W sram prooucrs
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Attélu avoti: https://psychophysiology.cpmc.columbia.edu/mmedia/General/auditoryERPaveraging.html
https://brainlatam.com/blog/eeg-erp-analysis-of-event-related-potentials-4019 %
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Periodiska aktivitate — izsauktie potenciali (2)

Event-Related Potentials (ERP)

Cz
3
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Miera stavokla EEG

* =neritmiska, bez stimula, miera stavokli

Delta peak
present
Aperiodic
only

0 2 4 6 8 10

time (s)

(Pacheco et al., 2024; Smith et al., 2023)
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Aperiodiska likne (1)

* Miera stavokla EEG mainigais

 Seko aptuveni 1/f (f = frekvence) distribucijai

1 Frekvence (f) Rezultats

4 0.25
8 0.125
12 0.083333333
36 0.027777778

[ Y

Rezultats

Frekvence
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Aperiodiska likne (2)

» Seko aptuveni 1/f (f = frekvence) distribucijai
- precizak:

)

* kurx=-eksponents, kas nosaka, cik atri elektriska jauda samazinas, pieaugot
frekvencei

e Jayx<1,likneirlézenaka

(Donoghue et al., 2020)
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Aperiodiska likne (3)

e Silikne var bt slipaka vai lezenaka

log(Power)
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(Donoghue et al., 2022)

83. Latvijas Universitates

q:>) starptautiska zinatniska

konference



Aperiodiska likne (4)

* Lezenaka likne tiek saistita
ar sliktaku kognitivo
izpildijumu un dazadam
mentalajam saslimsanam
un ar novecosanu

(Finley et al., 2024; Montemurro
et al., 2024; Pei et al., 2023)
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Darba atmina

* savstarpeji mijiedarbojosos procesu sistema (smadzenes), kas ietver
informacijas islaicigu (pagaidu) uzglabasanu un manipulaciju

kompleksu kognitivo darbibu veiksanai
(Baddeley et al., 2011)
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Badeleja darba atminas modelis

Central
Executive

Episodic Buffer -
Visuo-spatial / \_ Phonological 5
A - E
Sketchpad : : Loop =
Smell Taste [
HHPW-' Speech  Sign Music &
Lip reading Sound

Visual Spatlal

AN

Color Shape I(maesthetlc Tactile
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Badeleja darba atminas modelis

Central
Executive

{I

Visuo-spatial
Sketchpad

/ Episodic Buffer }\

Visual  Spatial Haptic

P %

|

Phonological

i i
' ' Loop
Smell Taste ‘
Speech  Sign Music &

Color Shape  Kinaesthetic Tactile

(Baddeley et al., 2011)
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Petijuma merkis

* Noskaidrot, vai miera stavokla EEG aperiodiskas liknes slipums var
kalpot par darba atminas pasliktinasanas novecojot markieri
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Petijuma jautajums

* Vai miera stavokla EEG aperiodiskas liknes slipums ir saistits ar
darba atminas izpildijjumu?
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Izlase

* N=25 gados vecaki pieaugusie
* Vecuma intervals: 56-82 gadi
* M,ccums=66.72, SD=6.89

e 68% sievietes, 32% viriesi
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Procedura

—|

._/@
Informeta
piekriSana

il

-~

Sagatavosana
EEG ierakstam

Instruesana -o_-ngJ\,.

EEG ieraksts

=SS

nBack uzdevums

3 min ar acim ciet 3 min ar acim vala
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Instrumenti

* Rs-EEG
« 32 kanali
« g.tecfirmas g.Nautilus RESEARCH EEG cepure
* atbilstosi 10-20 sistemai
 pretestiba katra kanala <50 kQ), zeleja
* nBack
* uzdevums PsychoPy vide
3 Kkartas: 0-back, 1-back, 2-back

° katré ké rté 1 80 m égi N éj um i Attéla avots: https://nbtltd.com/products/g-nautilus-research/

konference
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nBack uzdevums

3-back (Hard)
-

2-back{Marm ;I_:l_"“-h--_H
I s

e 0-back

© 4+3+0+3+3+0+8 £~ 1-3@;;;;;?\
-
e 1-back 500ms T

* 4+3+O+3+3+O+8 Button press
ML tas%: report the red number. b
i 2-ba C k 1=, 2=, and 3-back task: reparl whether e =

current number matches the one from N i ¥

e A4+3+0+3+3+0+8 numbers earlier in the trials,

(Yokota & Naruse, 2015)
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nBack uzdevums

3-back (Hard)
-

2-back{Marm FJI_:l_"“-h--_H
I s

* 0-back 1 1

¢ 4+3+0+3+3+0+8 £ 1_3;@';;_;?\
) -
° 1 _back 500ms ™ - H%x

* 4+3+O+3+3+O+8 Button press
ML tas%: report the red number.
i 2-ba C k 1=, 2=, and 3-back task: reparl whether e =

current number matches the one from N e

e A4+3+0+3+3+0+8 numbers earlier in the trials,

(Yokota & Naruse, 2015)
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nBack uzdevums

3-back (Hard)
-

2-back{Marm ;I_:l_"“-h--_H
I s

* 0-back
* 4+3+0+3+3+0+38 e .
e 1-back 500ms

1-hac th_.-_;é.?r\
T ——
“-h_____“
o -
* 4+3+O+3+§+O+8 Button press
ML tas%: report the red number.

i 2-ba C k 1=, 2=, and 3-back task: repart whether e e

current number matches the one from N i ¥

e A4+3+0+3+3+0+8 numbers earlier in the trials,

(Yokota & Naruse, 2015)
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nBack uzdevums

3-back (Hard)
-

2-back{Marm ;I_:l_"“-h--_H
I s

e 0-back

© 4+3+0+3+3+0+8 £~ 1-3@;;;;;?\
-
e 1-back 500ms T

L 4+3+0+3+3+0+8 Butlon press
ML tas%: report the red number.

o 2-ba C k /—\ 1=, 2=, and 3-back task: report whether e e .
current number matches the one from N Tl

. 4+3+0+§+3+0+8 numbers earller in the trials.

(Yokota & Naruse, 2015)
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Datu apstrades procedura

* Rs-EEG
* datutirisana EEGLAB MATLAB vide

 aperiodiskas liknes aprekinasana —ar
FOOOF algoritmu Python
(Jupiter/Anaconda)

e nBack

 PsychoPy generéta CSV faila analize
ar MATLAB skriptu
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levakto datu veidi

* Rs-EEG

* Medianais aperiodiskas liknes slipums
visos kanalos kopa

 nBack
* Precizitate (pareizas/nepareizas izveles)

* Reakecijas laiks (ms)
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Aprakstosa statistika (1)

Minimum Maximum Mean sD
Median Slope 25 23 1.38 .8266 27247
Accuracy 0-back 29 114.00 160.00 174.4000  18.03937
MeanRT 0-back 25 A3 .84 2321 09438
Accuracy 1-back 22 133.00 180.00 170.2400  12.76806
MeanRT 1-back 25 A7 82 .b0B2 08592
Accuracy 2-back 25 113.00 168.00  146.0800  14.09764
MeanRT 2-back 25 A5 1.44 .bbb2 17857
Dzimums 25 1.00 2.00 1.6800 A7610
Vecums 25 26.00 62.00 bb.7200 6.66912
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Aprakstosa statistika (2) —

N Minimum Maximum Mean sD
Median Slope 25 23 1.38 .8266 27247
_ 22 114.00 ‘IE[}.[}D- 18.03931
MeanRT O-back 20 A3 .84 2321 09438
_ 22 133.00 1 E[}.D[}- 12.76806
MeanRT 1-back 20 A7 .82 6062 08592
_ 22 113.00 1 EE.D[}- 14.09764
MeanRT 2-back 22 A5 1.44 .bbb2 J7857
Dzimums 20 1.00 2.00 1.6800 A7610
Vecums 20 26.00 82.00 6. 7200 6.68912
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Aprakstosa statistika (3)

Minimum Maximum Mean

Median Slope 25 23 1.38 .826b6b

Accuracy D-back 25 114.00 180.00 174.4000  18.03931
MeanRTO-back 25 43 84 09438
Accuracy 1-back 25 133.00 180.00 170.2400 12.76806
MeanRT1-back 25 47 82] | 082  .08592
Accuracy 2-back 25 113.00 166.00 146.0800  14.09764
MeanRT2-back 25 45 144 6662 17851
Dzimums 25 1.00 2.00 1.6800 A7610
Vecums 25 56.00 82.00 66.7200 6.88912

o}
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Spirmena korelacijas

Variables 1 2 3 4 & 6 7
1. Median Slope -
2. Accuracy 0-back 010 -
3. MeanRT 0-back 001 -.313 -
4, Accuracy 1-back -.328 541 -. 480 -
5. MeanRT 1-back -182 -515 7437 - 478 -
6. Accuracy 2-back -.1849 AR8 -.504 5977 -.306 -
7. MeanRT 2-back -.285 -.284 375 -.148 349 007 -

**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.03 level (2-tailed).
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Spirmena korelacijas

Variables 5} 6 7
1. Median Slope
2. Accuracy 0-back -
3. MeanRT 0-back -.313 -
4. Accuracy 1-back 541 _480° ;
5. MeanRT 1-back 515 743" - 478 -
6. Accuracy 2-back 4ga’ _.504° 557" -.356 -
7. MeanRT 2-back -.284 375 -148 345 007 -

**, Correlation is significh .01 level (2-tailed).

*. Correlation is significant at the 0.03 level (2-tailed).

aSp

o}

83. Latvijas Universitates
starptautiska zinatniska
konference 2025



DISKUSIJA

konference 2025

O g3. Latvijas Universitates
qU starptautiska zinatniska



Secinajums

« Saskana ar musu rezultatiem, miera stavokla EEG aperiodiska likne
nav saistita ar darba atminu
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Visparejais vs. specifiskais

Miera stavokla EEG aperiodiska likne ir vairak saistita ar visparejo
kognitivo funkcionalitati, nevis ar specifisku kognitivo funkciju

(Euler et al., 2024)

Working Memory

Attéla avots: https://www.interactivemetronome.com/how-it-works-2 % 83. Latvijas Universitates
qo konference 2025
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Mediators

Miera stavokla EEG aperiodiskas
liknes saistibu ar darba atminu
mediée cits mainigais, piemeéeram,
visparejais g faktors

(Euler et al., 2024)
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Aperiodiska likne nav saistita ar WM?

e Musu rezultati norada, ka nav saistibas, bet...

1. N=25

O 83. Latvijas Universitates
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Aperiodiska likne nav saistita ar WM?

Musu rezultati norada, ka nav saistibas, bet...

2. Darba atmina # tikai fonologiska cilpa

Sketchpad

LoL

Visual Spatial Haptic

Central
Executive

Visuo-spatial /

Episodic Buffer

\ Phonological

AA

Color Shape  Kinaesthetic

Tactile

(] ]
Smell Taste

Loop

Artic

Speech  Sign

|

Music &

Lip reading Sound
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Aperiodiska likne nav saistita ar WM?

Trail-making, Stroop, Random number
generation, Operation span task

Nonword repetition, Word

Central
Corsi / Corsi backwards, Spatial :
/ P @ span tasks, Letter-number
! sequencing

Span, Visual patterns test

: _ Episodic Buffer >

Visuo-spatial A . \ Phonological 8

Sketchpad ¥ ; Loop :
Sn:lcll I ‘

Speech  Sign Music &

Haptic
Lip reading Sound

|
NN

Color Shape  Kinaesthetic Tactile

Reading-Span tasks,

sentence Span tasks
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Aperiodiska likne - papildinformacija

* Lezenaka likne - sliktaka inhibesana zemajas frekvences (alfa (8-13Hz),
teta (4-8Hz)) = tas paaugstina jaudu augstajas frekvenceés (beta(13-30 Hz),
gamma (30-100 Hz))

* Normali-augstas frekvences (beta, gamma) tiek aktivizetas pie kognitivas
slodzes, kontrolétas aktivitates

* Betzemas frekvences (alfa, teta) — vairak miera stavoklos

* Japarak augsta aktivacija miera stavokli ir augstajam frekvencem =
sliktaka regulacija
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