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Introduction

Methods and Data Collection

Transcranial Alternating

Electroencephalogram (EEG)

Figure 1. Participant with EEG 
cap

• Non-invasive neuroimaging technique that 
measures electrical activity in the brain

• Neural oscillation patterns move at 
different speeds (alpha, gamma, etc.) 

• Gel is placed under each electrode to 
maximize contact and ensure quality 
signaling 

Transcranial Alternating Current 
Stimulation (tACS) 

Devices

Actiwatch 
The Actiwatch is a small, wrist-
worn device used to monitor 
activity levels and sleep 
patterns. 
• Provided insights into into 

participants’ activity patterns 
and sleep-wake cycles

• Helps correlate self-reported 
sleep and wake times and the 
ULTEEMNite recordings

 

ULTEEMNite
The ULTEEMNite is a device 
worn by participants while they 
slept. 
• Dry electrodes measure 

electrical brain activity 
between the temples 

• Spectrogram displays sleep 
spindles and slow wave 
activity without interference 
from the power line frequency 
(50 Hz) 

• Cognitive decline is a prevalent concern in aging populations 
• Alterations in gamma activity during sleep may contribute to deficits in 

declarative memory
• Large-scale synchronization of gamma activity is essential for memory and 

perception processes during wakefulness.
• Investigated the impact of transcranial alternating current stimulation 

(tACS) at gamma frequency (40 Hz) and control frequency (21 Hz) on 
bilateral temporal cortices

• Hypothesized that gamma frequency tACS would improve memory 
consolidation, leading to improved memory recall the morning after 
stimulation

Discussion

• Gamma oscillations facilitate the transmission of sensory 
information to the hippocampus during memory encoding; 
crucial for the formation and retrieval of episodic memories

• Episodic memory formation relies on long-term potentiation 
(LTP), with gamma oscillations involved in spike timing-
dependent plasticity (STDP)

• We expect memory consolidation to improve due to the findings 
of 'Long-lasting, dissociable improvements in working memory 
and long-term memory in older adults with repetitive 
neuromodulation,’ (Grover et al., 2022) whose results 
suggested that memory function can be improved in older 
adults through modulation of gamma rhythms.

• Results of this paper demonstrated that selective improvements 
in working memory (WM) and long-term memory (LTM) were 
observed in older adults through entrainment of gamma 
rhythms in the dorsolateral prefrontal cortex (DLPFC). 

• Targeting the temporal cortices is motivated by their critical 
role in memory and sleep processes, including regulation of 
sleep—wake cycles

Future Directions

• Future investigations should employ larger and more 
diverse participant samples
 à Pilot study (n=12)

• Longitudinal studies with extended follow-up periods 
could provide insights into the sustainability of 
cognitive improvements and potential implications for 
real-world functioning

• The integration of tACS with cognitive testing 
demonstrated feasibility and safety in an older 
population.

     à Post-stimulation, participants completed a 
Stimulation Side Effect form to assess side effects, 
and notably, no adverse effects or major discomfort 
were reported during or after the stimulation 
sessions.

• Non-invasive brain stimulation that has been used to 
alter neural oscillatory patterns 

• Neural entrainment, the phase synchronization of a 
population of neurons to an external rhythmic 
stimulus, is a fundamental mechanism

     à Computational modeling and human studies 
suggest that tACS modulates oscillations by 
entrainment

• Stimulation targeted bilateral temporal lobes due 
to functions in visual processing and memory 
formation 

This sequence is repeated the following week for 
the respective other stimulation condition.

Figure 2. Neural oscillation patterns for alpha, theta, and delta 
frequencies  

• Administers a 
sinusoidal 
alternating current to 
the scalp, influencing 
the synchronization and 
functional connectivity 
of cortical neurons

Figure 3. Depiction of tACS neural entrainment 
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