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Abstract

Arousal is essential for cognitive awareness, and it typically declines during prolonged
tasks. Currently, mobile devices are frequently used during breaks to relax and counteract
this decline. However, their impact on neurophysiological recovery remains poorly under-
stood. Therefore, this study compared the effects of traditional quiet rest versus a mobile
task break on cortical arousal using spectral analysis of electroencephalography (EEG)
signals in twenty healthy young females (20-25 years). Raw EEG data were transformed
using Fast Fourier Transform (FFT) to determine power spectral densities, with a state of
physiological underarousal first induced via a prolonged eyes-closed condition. Results
revealed that this state was characterized by reduced alpha/beta power and delta/theta
synchronization starting at the 4th minute. Although traditional quiet rest suppressed
delta/theta synchronization, it failed to sustain cortical arousal, with alpha and beta pow-
ers declining by the 8th minute. In contrast, passive social media browsing acted as a
potent neurocognitive stimulant, not only sustaining arousal but markedly increasing
high-frequency beta power by the 16th minute. Furthermore, preliminary network-level
connectivity analysis using Phase Locking Value (PLV) revealed that mobile tasks induced
widespread beta-band synchronization across frontal-midline regions, suggesting enhanced
functional coupling within the executive control network. In conclusion, in healthy young
females, while mobile tasks strategically counteract low arousal, they fail to facilitate the
neurophysiological disengagement necessary for true recovery. These findings underscore
the importance of digital hygiene, highlighting a distinction between alertness-boosting
activities and recovery-focused rest. The results suggest that mobile tasks may create a
subjective perception of rest despite objective signs of sustained cortical activation, imply-
ing that such activities may not facilitate genuine neurophysiological recovery within the
context of short-term neurophysiological modulation.

Keywords: EEG signal processing; power spectral analysis; Fast Fourier Transform (FFT);
arousal; social media use; digital hygiene

Signals 2026, 7, 68

https://doi.org/10.3390/signals7040068


https://crossmark.crossref.org/dialog?doi=10.3390/signals7040068&domain=pdf&date_stamp=2026-07-10
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/signals
https://www.mdpi.com
https://orcid.org/0000-0003-1944-6881
https://orcid.org/0000-0002-1465-721X
https://doi.org/10.3390/signals7040068

Signals 2026, 7, 68

2 of 14

1. Introduction

In today’s digitally driven society, short breaks from work or study are often spent
using mobile devices. This common behavior raises a critical question regarding its practical
application: does this form of digital rest truly facilitate neurophysiological recovery by
restoring attentional resources, or does it merely sustain a state of arousal while appearing
to be a break? To investigate this, it is essential to decode and understand the brain’s
underlying state of arousal. By employing electroencephalography (EEG) for real-time
neurodynamic monitoring, this study aims to determine if digital engagement prevents
genuine neural restoration. We hypothesize that such interaction sustains high levels
of mental arousal through continuous signal activation, leaving the brain in a state of
cognitive demand despite the perceived rest. This will be confirmed by analyzing EEG
data to provide an objective measure of the brain’s actual arousal levels.

In a state of wakeful rest, a particular brain state promotes cortical activation and process-
ing; this state, which contains no specific information itself, allows for the awareness of external
stimuli [1]. The energetic states of the brain are described using terms like arousal, alertness,
vigilance, and attention, which have partially different uses among psychologists, cognitive
neuroscientists, animal behavior scientists, and clinical neurophysiologists [2]. Arousal is
a foundational state of physiological activation along the sleep—wake axis. It represents a
generalized energetic state of the brain that promotes cortical processing and awareness of
external stimuli, underlying all motivated cognitive functions, emotional responses, behaviors,
and personal characteristics [3] during specific arousal states [4]. This state is dynamically
regulated by bottom—up (stimulus-driven) and top—down (goal-driven) neuronal pathways.
Bottom—up regulation begins when external stimuli from the sensory systems (visual, olfac-
tory, etc.) activate the ascending reticular activating system in the brainstem, which then
sends information to cortical areas [5]. Top—down pathways use the cortico-thalamo-cortical
feedback loop to integrate cerebral activity with vigilance states [6]. While arousal is a general
state, it is distinct from more focused cognitive states like attention (enhanced information
processing), alertness (a state of readiness for cognitive processing or phasic alertness) [7], and
vigilance (sustained attention or tonic alertness and alertness) [8].

Physiologically, arousal levels can be assessed using various techniques, including
electroencephalography (EEG), electrodermal activity, and autonomic nervous system
activity measures [9]. Although EEG provides direct insight into brain dynamics, the
complexity of neural signals requires advanced spectral analysis to distinguish subtle
psychophysiological states. Using the Fast Fourier Transform (FFT), raw signals can be
decomposed into power spectral densities (PSDs), linking high arousal to desynchronized
high-frequency oscillations (beta and gamma) and low arousal to synchronized slow waves
(alpha, theta, and delta) [10]. These objective features, such as the arousal index, are
essential for monitoring the brain’s non-stationary dynamics and validating cognitive
demand. The beta-to-alpha ratio was utilized in this study as a quantitative arousal index.
While the theta-to-beta ratio is frequently employed in ADHD and vigilance studies, the
beta-to-alpha ratio is specifically recognized in the recent literature as an effective marker for
high-frequency cortical activation and the monitoring of fatigue-related alertness decay [11].
This metric is particularly relevant when evaluating the neurodynamic shifts caused by
modern digital environments, where algorithmic platforms frequently induce structural
divided attention and global overstimulation [12].

From a functional perspective, the relationship between arousal and cognitive perfor-
mance is defined by the Yerkes-Dodson Law [13]. This law posits an inverted-U relationship
where performance peaks at an optimal point of arousal and declines if arousal becomes
excessive or remains insufficient. This framework is crucial for understanding how break
activities modulate arousal to sustain cognitive efficacy. Arousal regulation presents a critical
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dichotomy: neurocognitive recovery requires a reduction in arousal, yet prolonged cognitive
tasks often induce suboptimal low arousal (physiological underarousal). Under such under-
aroused states, the brain must exert significant top—down compensatory effort to maintain
performance, a process characterized by a marked elevation in fronto-central high-frequency
beta activity [14]. Conversely, a crucial finding in this domain is that arousal naturally declines
during extended periods of rest without a task (non-task resting states), as evidenced by
decreases in both skin conductance and spectral power signatures (EEG activity) [1]. The
primary electrophysiological difference between eyes-closed and eyes-open resting conditions
is the suppression of alpha wave activity, which occurs when the eyes are open and the visual
cortex is engaged. While maintaining tonic arousal is essential for prolonged tasks, few studies
have utilized advanced signal processing to systematically compare the neurocognitive effects
of different modern rest-break activities. This inquiry directly intersects with the Attention
Restoration Theory (ART); while viewing natural environments systematically enhances focus
by restoring voluntary attention, modern digital breaks often involve an influx of multimedia
stimuli that compete for cognitive resources [15]. Although interactive mobile frameworks
can systematically modulate user engagement and enhance the focused attention dimension
during structured activities [16], passive social media interactions during rest periods may
yield different neurophysiological costs. Recent evidence suggests that while hedonic social
media microbreaks provide temporary psychological detachment, they fundamentally fall
short in delivering full resource recovery, particularly regarding fatigue mitigation, when
compared to nature-based rests [15].

Therefore, the present study evaluates how different rest interventions modulate neu-
ral oscillations. We first induced a baseline low-arousal state through a prolonged eyes-
closed period. We then employed advanced spectral analysis of EEG signals to investigate
two distinct recovery interventions for a traditional rest (involving tandem eyes-closed and
eyes-open phases) and a digital rest (integrated social media mobile tasks). By utilizing
FFI-based feature extraction, we continuously monitored the signal dynamics of cortical
arousal. This work provides a signal-based characterization of the neurocognitive costs of
digital breaks, aiming to distinguish between alertness-boosting stimulants and true neuro-
physiological recovery for long-term cognitive sustainability. The knowledge obtained from
this study can be used to understand the neurocognitive cost of digital breaks and to mitigate
confounding effects associated with lowered frontal lobe functioning in applied settings.

2. Materials and Methods
2.1. Participants

To exclude gender, age, and circadian variation, twenty right-handed, non-clinical,
healthy female volunteer subjects aged from 20 to 25 years old (21.70 £ 0.47) were recruited
for this study. The participants’ BMIs ranged from 15.42 to 30.83 kg/m? (21.00 + 3.86).
All participants had adequate sleep prior to the experimental day at approximately 6 h.
Alcohol, smoking, tea, and coffee were forbidden for a week before the experiment and
all experiments were conducted in the same period. The protocols of this study were
approved by the Institutional Review Board, Walailak University. The approval number is
WUEC-20-035-01. In addition, all participants were informed and signed consent according
to the standard of ethical practice in research involving humans. To minimize the potential
confounding effects of hormonal fluctuations on neural activity, individuals who were in
their menstrual cycle phase at the time of recruitment were excluded from the study.

2.2. Experimental Design

Three experimental conditions were used in this study (Figure 1). Prolonged eyes-
closed (EC) conditions were carried out for 7 cycles of 4 min each. For tandem eyes-closed
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and eyes-open (ECEO) conditions, 7 cycles of ECEO were performed. Participants were
asked to perform both rest conditions and mobile task conditions in separate sessions. To
control for potential order effects, the sequence of experimental conditions was counter-
balanced across all participants. The time intervals for eyes-closed and eyes-open were
2 min, and participants were instructed to sit quietly without any task during the eyes-open
periods. For the last experiment, a mobile task was performed. Participants were allowed
to use a mobile phone to watch only any passive content of interest on the Facebook or
Instagram platform during eyes-open periods. To ensure experimental consistency, the
smartphones were set to a standardized auto-brightness level appropriate for the controlled
laboratory lighting environment. Participants were instructed to maintain a natural view-
ing distance of approximately 30—40 cm from the screen throughout the task. Furthermore,
to strictly isolate the visual and interactive components of social media scrolling, all device
audio was muted during the mobile task segments. Chat boxes via both applications were
not allowed to be used during eyes-open periods. Three epochs of 10 s intervals during
each eyes-closed segment were obtained for further processing.
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Figure 1. Experimental design of the prolonged eyes-closed condition, tandem eyes-closed and
eyes-open condition, as well as the mobile task with social media content.

2.3. Electroencephalography

The brainwaves were recorded as previously described [17]. The electroencephalogra-
phy (EEG) was recorded using a SynAmps RT 64-channel amplifier (Compumedics Limited,
Abbotsford, Australia). A Quikcap electrode cap (Compumedics Limited, Abbotsford, Australia)
was used, and nineteen channels were loaded with Quikgel to reduce the impedance. FP1, FP2,
F3, F1, FZ, F4, F8, T7, C3, CZ, C6, T8, P7, P3, PZ, P4, P8, O1, and O2 electrodes were used.
The sampling rate was 1 kHz. M1 and M2 were used as the reference electrodes. Electrode
impedance below 5 k() was accepted. The raw data during the eyes-closed segments were
then analyzed in triplicate with a 10 s epoch duration. The raw data were then processed,
filtered, and artifact-reduced using Curry 7 software version 7.0.12 (Compumedics Limited,
Abbotsford, Australia). A notch filter at 50 Hz was used. High-pass and low-pass filters were
set to 1 Hz and 30 Hz, respectively, to obtain delta, theta, alpha, and beta. Three of the 10 s
epochs of the eyes-closed period were chosen to be analyzed per interval. Eye-blinking artifacts
were removed using an electrooculographic electrode (VEO) as a probe. The frequency-domain
data were transformed from time-domain data using a Fast Fourier Transform. Power spectral
analysis was adjusted to clearly display the differences among frequencies. The total brain
response was processed and displayed.

2.4. Functional Connectivity Analysis

To evaluate the network-level cortical interactions, we conducted a preliminary functional
connectivity analysis using the Phase Locking Value (PLV). Based on our hypothesis that
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the digital task demands sustained executive control and cognitive arousal, we defined a
Region of Interest (ROI) specifically targeting the frontal and midline areas (Fp1, Fp2, E3, Fz,
F4, Cz, and Pz). Continuous EEG data were segmented into 10 s non-overlapping epochs. The
PLV was computed in the beta frequency band (13-30 Hz) utilizing the multitaper method
implemented via the mne-connectivity package in Python (version 3.10). Grand average PLV
matrices were constructed for both the resting baseline and the mobile task conditions to
quantify the degree of phase synchronization between the selected electrode pairs.

2.5. Statistical Analysis

The distribution of EEG spectral power data was assessed using the Shapiro-Wilk test,
which revealed a non-normal distribution. Consequently, the Kruskal-Wallis test, followed by
Dunn’s multiple comparisons test, was selected as a robust non-parametric approach to analyze
differences among the experimental conditions. This choice ensures a conservative estimation
given the nature of the dataset. The brainwave powers are shown as the median with the 95%
CL. Statistical differences were considered at p-values less than 0.05. EEG brainwave activities
were processed by power spectral analysis of each sub-band, including slow alpha (8-11 Hz),
fast alpha (11-13 Hz), low beta (13-15 Hz), mid beta (15-20 Hz), and high beta (20-30 Hz). The
beta-to-alpha ratio was calculated and used as an arousal index. All the statistics and graphs
were produced using GraphPad Prism 9 (GraphPad Software, San Diego, CA, USA).

3. Results

3.1. Effects of Non-Task Resting-State ECEO Intervention and Prolonged EC Condition
on Brainwaves

During the prolonged EC condition in the non-task resting state, alpha and beta wave
powers were reduced compared to baseline from the 4th minute onwards. Meanwhile, the delta
and theta wave powers were significantly increased in a time-dependent manner compared
to baseline (Figure 2). These results indicate the effect of prolonged EC conditions on the
induction of theta and delta synchronization in the brain. On the other hand, during the EC
condition in the non-task resting state with the ECEO intervention, the reductions in alpha and
beta wave powers were observed at the 8th minute, which were slower than in the prolonged
EC condition. However, the alpha wave powers in the prolonged EC condition were more
significantly reduced than in the ECEO condition compared with their baselines. Meanwhile,
the delta and theta wave powers did not significantly change from baseline (Figure 3).
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Figure 2. EEG signal of human brainwaves during eyes-closed in eyes-closed (EC) condition char-
acterized by frequencies consisting of delta, theta, alpha, and beta wave powers. The signal was
analyzed at 0 min (baseline), and at the 4th, 8th, 12th, 16th, 20th, and 24th minutes. ns, not significant;
** and **** represent no statistical differences at p < 0.01 and p < 0.0001, respectively.
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Figure 3. EEG signal of human brainwaves during eyes-closed in eyes-closed-eyes-open (ECEO)
condition characterized by frequencies consisting of delta, theta, alpha, and beta wave powers. The
signal was analyzed at 0 min (baseline), and at the 4th, 8th, 12th, 16th, 20th, and 24th minutes. ns, not
significant; *, **, **, and **** represent no statistical differences at p < 0.05, p < 0.01, p < 0.001, and
p < 0.0001, respectively.

3.2. Effects of Non-Task Resting-State ECEO Intervention and Prolonged EC Condition on Arousal
and Their Sub-Bands

Alpha and beta brainwaves are the most common type of brainwave found during the
awake state. To evaluate the effect of the ECEO intervention and prolonged EC condition
in this manner, the EEG traces were analyzed at the slow alpha (9 Hz), fast alpha (12 Hz),
low beta (14 Hz), mid beta (17 Hz), and high beta frequencies (25 Hz). The prolonged EC
condition produced a reduction in the slow alpha, fast alpha, mid beta, and high beta wave
powers, while the low beta wave powers were increased in this condition (Figure 4). The
ECEO intervention showed a decrease in slow alpha wave powers, while there was no
significant change in fast alpha. The low beta, mid beta, and high beta wave powers were
also decreased in this condition. There was no significant change in the low beta wave
powers at the 4th minute and high beta wave powers at the 4th and 8th minutes (Figure 5).
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Figure 4. EEG signal of alpha and beta brainwaves during eyes-closed in eyes-closed (EC) condition
characterized by frequencies consisting of slow alpha (9 Hz), fast alpha (12 Hz), low beta (14 Hz),
mid beta (17 Hz), and high beta (25 Hz). The signal was analyzed at 0 min (baseline), and at the 4th,
8th, 12th, 16th, 20th, and 24th minutes. ns, not significant; **, ***, and **** represent no statistical

differences at p < 0.01, p < 0.001, and p < 0.0001, respectively.
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Figure 5. EEG signal of alpha and beta brainwaves during eyes-closed in eyes-closed—-eyes-open
(ECEO) condition characterized by frequencies consisting of slow alpha (9 Hz), fast alpha (12 Hz), low
beta (14 Hz), mid beta (17 Hz), and high beta (25 Hz). The signal was analyzed at 0 min (baseline),
and at the 4th, 8th, 12th, 16th, 20th, and 24th minutes. ns, not significant; *, ***, and **** represent no
statistical differences at p < 0.05, p < 0.001, and p < 0.0001, respectively.

3.3. Effects of Non-Task Resting-State ECEO and Mobile Task Resting-State Interventions on
Brainwaves and Arousal

In the non-task resting-state ECEO condition, the reduction in the alpha and beta
wave powers decreased from the 8th minute onwards, as shown in Figure 6A. During
the mobile task, the overall brainwaves did not significantly change compared with base-
line. Interestingly, marked increases in beta wave powers were observed at the 16th
minute (Figure 6B). These results may indicate the effect of mobile tasks on arousal main-
tenance. In order to better understand the influence of non-task resting-state and mobile
task conditions on arousal, we displayed the EEG power in the ratio of beta to alpha as
the indicator of arousal (arousal index). To provide a comprehensive overview of the
neurodynamic shifts during the interventions, we calculated an arousal index represented
by the beta-to-alpha ratio. It is important to note that these values are presented as intra-
individual percentage changes relative to each participant’s baseline, an approach adopted
to normalize the substantial inter-individual variance inherent in EEG spectral data. As
such, the indices shown in Figure 6C serve primarily as descriptive indicators of the tem-
poral trajectory of cortical arousal throughout the task duration, rather than as absolute
values intended for separate point-by-point statistical comparisons between conditions at
each time interval.

3.4. Frontal-Midline Beta Functional Connectivity

The PLV analysis revealed distinct patterns of functional connectivity within the
frontal-midline network when comparing the baseline and mobile task conditions (Figure 7).
During the traditional rest, the grand average PLV matrix exhibited relatively weak phase
synchronization across the targeted regions. In contrast, engagement in the mobile task
induced a pronounced increase in beta-band connectivity, particularly among the prefrontal
and central regions. This widespread beta synchronization indicates enhanced functional
coupling within the executive control network, reflecting the sustained cognitive arousal
and high attentional demands required during social media interaction.
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Figure 6. EEG signal and arousal state during eyes-closed in non-task resting-state ECEO
condition (A) and mobile task resting-state condition (B). Brainwaves were characterized by fre-
quencies consisting of delta, theta, alpha, and beta wave powers. The signal was analyzed at 0 min
(baseline), and at the 4th, 8th, and 16th minutes. The arousal level was characterized by the percent
change in the beta-to-alpha ratio compared with baseline (C). ns, not significant; ** and **** represent
no statistical differences at p < 0.01 and p < 0.0001, respectively.
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Figure 7. Grand average Phase Locking Value (PLV) matrices in the beta band (13-30 Hz) across the
frontal-midline network (Fp1, Fp2, F3, Fz, F4, Cz, and Pz). (A) Resting baseline condition showing
lower connectivity. (B) Mobile task condition displaying enhanced beta synchronization. The color

9

scale represents the strength of phase synchronization, ranging from 0 (dark blue/purple, indicating
no synchronization) to 1.0 (yellow, indicating perfect phase synchronization).

4. Discussion

Our findings present a clear narrative contrasting three distinct neurocognitive states
characterized by their spectral power signatures. Non-task resting conditions are used
in several psychophysiological studies, such as the psychophysics of odorant or sound
stimuli. Not only are sedative or stimulating effects of stimuli observed, but also self-
synchronization may be unintentionally measured in prolonged studies. The appropriate
study duration should be carefully determined to reduce non-specific arousal reductions.
However, our results emphasize that self-synchronization of brainwaves may unintention-
ally occur during prolonged studies. In this study, the approximately 24 min EC condition
induced significant low-frequency synchronization of delta and theta activities, alongside
a decrease in alpha and beta powers commencing at the 4th minute. This established a
baseline of physiological underarousal, demonstrating the brain’s internal tendency to
enter a less alert state over time.

In contrast, the traditional ECEO rest condition, which separated EC segments with
2 min EO intervals, successfully suppressed delta and theta synchronizations. Alpha and
beta wave powers were slightly reduced at the 8th minute, which was slower than the
EC condition. This traditional ECEO rest condition established a baseline of physiological
drowsiness, where cortical arousal (alpha and beta powers) significantly decreased after
8 min, demonstrating the brain’s normal tendency to enter a less alert state over time. The
most striking observation was during the mobile task intervention, where no reduction in
cortical arousal was detected even at the 16th minute. This intervention acted as a powerful
signal modulator, completely halting the natural decay of arousal and maintaining a steady
neurodynamic state. This highlights a fundamental difference between a traditional break
and a mobile task break. It should be noted that the eyes-closed resting state is not purely
restorative; it may involve varying degrees of physiological underarousal or even the onset
of an incipient hypnagogic state, particularly during prolonged sessions. Our EEG data,
characterized by increased delta/theta synchronization and suppressed beta activity, align
with markers of reduced cortical arousal. While this confirms the state of underarousal,
future studies should incorporate concurrent polysomnographic or psychomotor vigilance
assessments to more precisely differentiate between restorative resting states and the onset
of hypnagogic transition.
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A reduction in arousal during a prolonged non-task resting state was reported by
Barry et al. [1]; we extend the knowledge using a mobile task to sustain the arousal level.
EO induces desynchronized brainwaves from the visual input [18]. While the present study
directly observed changes in EEG spectral power and beta-band connectivity, the precise
underlying neurobiological processes remain beyond the scope of direct measurement. Our
EEG findings suggest a state of sustained cortical activation that may theoretically be driven by
bottom-up pathways, where visual input stimulates the ascending reticular activating system
in the brainstem. Similarly, it is plausible to hypothesize, based on the established literature,
that orexin neurons subsequently activate noradrenergic, histaminergic, and dopaminergic
neurons, as well as brainstem cholinergic neurons. Furthermore, the modulation of beta-band
oscillations may potentially involve VIP-SST-glutamatergic principal cell disinhibition. It is
important to emphasize that these mechanisms are proposed as theoretical underpinnings
for the spectral changes observed in our participants; these specific pathways were not di-
rectly imaged in the current study [19,20]. The mobile task in this study provided light
from the mobile phone and selective content, which activate the bottom—up and top—down
pathways, respectively. For the top-down mechanism, the interesting topic chosen by the
participants will cause selective attention. Vasoactive intestinal peptide (VIP)-somatostatin
(SST)—glutamatergic principal cell (PC) disinhibition, SST-parvalbumin (PV)-PC disinhibition,
VIP-negative-based disinhibition, PC gain modulation, and SST-mediated desynchronization
are the essential drivers for cognitive arousal which increase beta and gamma powers and
reduce low-frequency synchronization [21]. In a rodent study, blue light could induce arousal
responses and sleep delay [22]. Social media use also increased cognitive arousal and was
associated with poor sleep quality in humans [23]. This continuous brain activation aligns
with the concept of digital overstimulation detailed by Fayize in 2025, which highlights that
continuous content updates demand rapid processing shifts, resulting in brain clutter and
a lack of true neurocognitive disengagement [12]. The top—down processing and arousal
state may interact with each other and increase global attention [21]. Top—down selective
attention is impaired in neuropsychiatric diseases such as schizophrenia and attention deficit
hyperactivity disorder [6,24]. These findings have significant practical implications for digital
well-being within the specific demographic tested, such as young adult students in educational
environments, and should be carefully extrapolated before applying to broader workplace
settings. Our results challenge the common perception of using social media as a form of
restorative break. This behavior often results in a subjective perception of rest, where an
individual may feel they are taking a break; however, our objective EEG findings suggest that
the brain remains in a state of heightened cortical arousal during these mobile interactions.
This neurodynamic pattern provides a clear neurophysiological mechanism that explains
recent behavioral data by Grobelny et al. [15], which revealed that brief, hedonic social media
breaks fail to yield full resource replenishment and fall short in alleviating fatigue. Although
users experience a superficial sense of psychological detachment, the ongoing cortical ac-
tivation observed in our high-frequency beta parameters demonstrates why true recovery
is obstructed [15]. These findings suggest that such digital breaks might have potential im-
plications for cumulative cognitive fatigue, reduced productivity, and sleep onset if taken
habitually or prior to bedtime; however, these remain speculative observations that warrant
future longitudinal investigation [23,25]. Our study provides neurophysiological evidence
supporting the need for more mindful break-taking strategies that allow for genuine cortical
disengagement and restoration of attentional resources. It is important to clarify that while
the mobile task effectively counters physiological underarousal, it does not replenish depleted
cognitive resources.

However, our findings do not suggest that mobile devices are uniformly detri-
mental. Instead, this sustained arousal effect can be viewed as a double-edged sword,
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highly dependent on the user’s context and goal. This duality is best explained by the
Yerkes-Dodson Law, which posits that optimal performance requires a moderate, optimal
level of arousal. On one edge (the negative side), when the goal is genuine rest or recovery
from stress, the mobile task break is counterproductive. As our study shows, it sustains
(or even potentiates) arousal far beyond the optimal level needed for rest, preventing
neurocognitive recovery. On the other edge (the positive side), in a context of low arousal
such as boredom or fatigue during a long lecture, this same mechanism becomes a strategic
tool. The stimulation from a mobile task can effectively boost a non-optimal low-arousal
state back up toward the optimal level, thereby sustaining attention and engagement for
learning or work.

Electroencephalograms can be analyzed in several ways. Frequency analysis using
a Fast Fourier Transform (FFT) is frequently used to quantify these states with precision.
Delta, theta, alpha, beta, and gamma are characterized by frequencies with a difference
in amplitude and shape. High-frequency desynchronizations of beta and gamma are
correlated with high-arousal states. Low-frequency synchronizations of theta and delta
are correlated with low arousal states [21] and are utilized in the sleep staging of non-
rapid eye movement sleep [26]. Eye closure increases alpha activity in the occipital area,
and eye opening increases beta activity. Barry et al. recommended using eyes-closed
periods in analysis [1]. We analyzed only eyes-closed segments to reduce eye-blinking
and eye movement artifacts. The arousal index is calculated by the ratio of beta to alpha
wave powers. Low arousal indicates calmness or drowsiness, which may be induced by
chemicals such as essential oils. Lavender [27] and tangerine essential oils [28] showed
sedative effects or low arousal induction which finally shortened the sleep latency. High-
arousal states showed a relationship with cognitive processing [29], memory [30], delayed
sleep latency [25], and motor performance [31].

This positive application aligns with previous findings demonstrating that smart-
phones, tablets, or laptops can be strategically utilized to raise alertness, arousal, and
attention for lecture-related contents [32]. Specifically, this is consistent with recent mobile-
learning evaluations by Herpich et al., confirming that interactive digital frameworks on
mobile devices significantly stimulate the focused attention dimension of user engage-
ment [16]. Thus, the key is not the tool itself, but the context of its use.

However, several limitations must be considered when interpreting these findings.
First, our participant pool was restricted to a modest sample of healthy females aged
20-25 years (n = 20). While this homogeneity was vital to systematically minimize inter-
individual variance and suppress confounding gender-driven electrical variations—as
empirical evidence by Rajendran et al. [11] underscores distinct spectral fluctuations be-
tween male and female students—it inherently limits the broader generalizability of our
results. Future investigations involving larger, representative mixed-gender cohorts across
diverse age groups are necessary to determine whether these digital rest dynamics are sex-
or age-dependent.

Second, to preserve the ecological validity of a naturalistic social media break, we
allowed participants to freely browse their feeds. Consequently, the uncontrolled visual
complexity, emotional valence, individual cognitive load, and ambient light intensity acted
as significant confounding variables. Therefore, the observed high-frequency beta surges
represent a generalized neurophysiological response to mixed digital stimuli. Future studies
should employ strictly controlled visual mock-ups and standardized screen brightness to
accurately dissect the specific neurophysiological contributions of cognitive engagement
versus light-induced arousal.

Third, our paradigm of inducing fatigue via prolonged eyes-closed rest may involve a
complex interplay between restoration and underarousal. Future research would benefit
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from utilizing standardized cognitive tasks to induce fatigue. Furthermore, while our
selection of 10 s artifact-free epochs ensured high-quality signal analysis at specific time
points, exploring continuous signal processing could better capture the full temporal
dynamics of neurophysiological recovery.

Finally, while the current study utilizes aggregate spectral power to characterize corti-
cal arousal, we acknowledge that this approach provides a fragmented view of complex
cognitive states and regional dynamics. As demonstrated by our preliminary Phase Locking
Value (PLV) network-level analysis, mobile tasks induce widespread beta-band synchro-
nization, highlighting the value of functional connectivity. We recognize that detailed
topographical mapping, such as source localization and advanced connectivity modeling,
is essential for spatial precision. We identify these advanced analytical techniques as a
key priority for our future longitudinal studies to expand upon the current spectral power
framework and provide a more holistic understanding of brain-wide network dynamics.

5. Conclusions

In summary, this study confirms that prolonged eye closure successfully induces a
state of physiological underarousal, characterized by a significant natural reduction in
alpha and beta spectral powers. While traditional quiet rest (ECEO) offers only a temporary
delay in arousal reduction, passive social media interaction acts as a powerful signal
modulator that maintains and increases cortical arousal. The marked rise in high-frequency
beta power and the enhanced frontal-midline beta synchronization indicate that mobile
breaks create an illusion of rest while actively demanding sustained executive control.
Consequently, these digital breaks function as a double-edged sword: they hinder genuine
neurophysiological disengagement and recovery, but they can be utilized strategically as a
tool to boost alertness when arousal levels are suboptimally low. These findings highlight
the critical role of advanced EEG monitoring in uncovering the hidden neurocognitive
costs of modern digital habits among young adults.
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The following abbreviations are used in this manuscript:

ART Attention Restoration Theory
BMI Body Mass Index

EEG Electroencephalography

EC Eyes-Closed

ECEO Eyes-Closed and Eyes-Open
ns Not Significant

PLV Phase Locking Value
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