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Lavender Essential Oil Inhalation Improves Attentional Shifting and
Accuracy: Evidence from Dynamic Changes of Cognitive Flexibility and

Power Spectral Density of Electroencephalogram Signals

Abstract

Background: Cognitive flexibility, a vital component of executive function, entails the utilization of
extended brain networks. Olfactory stimulation has been shown to influence various brain functions,
particularly cognitive performance. Method: To investigate aroma inhalation's effects on brain
activity dynamics associated with cognitive flexibility, 20 healthy adults were recruited to complete
a set-shifting task during two experimental conditions: no aroma stimuli vs. lavender essential oil
inhalation. Using Thomson's multitaper approach, the normalized power spectral density (NPSD) was
assessed for five frequency bands. Results: Findings confirm that aroma inhalation significantly affects
behavioral indices (i.e., reaction time (RT) and response accuracy) and electroencephalogram (EEG)
signatures, especially in the frontal lobe. Participants showed a tremendous increase in theta and alpha
NPSD, associated with relaxation, along with beta NPSD, associated with clear and fast thinking
after inhaling the aroma. NPSD of the delta band, an indicator of the unconscious mind, significantly
decreased when stimulated with lavender essential oil. Further, participants exhibited shorter RT and
more accurate responses following aroma inhalation. Conclusion: Our findings revealed significant
changes in oscillatory power and behavioral performance after aroma inhalation, providing neural
evidence that olfactory stimulation with lavender essential oil may facilitate cognitive flexibility.

Keywords: Cognitive flexibility, electroencephalogram, lavender essential oil, power spectral
density, task-switching paradigm
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effects on brain activity and cognitive
functions. Inhaling lavender oil before
bedtime has been found to effectively reduce
trait anxiety levels in patients treated with
chemotherapy!”? and prevent depression in the
postpartum period.®) Another study indicated
that lavender oil has a positive impact on
sleep electroencephalogram (EEG) patterns
and the occurrence of slow-wave sleep,
ultimately leading to an improvement in
the overall quality of sleep.”? Furthermore,
a comprehensive analysis demonstrated
that lavender essential oil inhalation yields
favorable outcomes in terms of cognitive
enhancement, specifically through reduced

Introduction

Aromatherapy involves applying extracted
oils from plants through inhalation or
external employment to treat physical and
mental illnesses.!! Its efficacy has been
recognized since ancient times, such that
aromatic baths and massages were used as
treatment approaches.” Numerous studies
have demonstrated that aromas significantly
affect brain activity and physiological
responses. For instance, rosemary fragrance
has been shown to improve executive
functions such as working memory and
cognitive flexibility.l’! Essential oils have
also shown positive effects in animals,

. . . . arousal levels and heightened sustained
including antidepressant demonstrations o)
. attention.
following the exposure of rodents to green
tea.! Findings have illustrated that pleasant and

unpleasant smells influence different brain

Lavender oil stands out among the various rhythms and EEG spectrum values. A study

types of essential oils,”! having beneficial
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has shown that exposure to pleasant aromas can elicit
positive emotions in the left frontal brain region, while
exposure to unpleasant ones activates negative emotions
in the bilateral frontal region and other brain areas.!'""! The
outcomes of another study revealed that directed attention
significantly influences the perception of olfactory stimuli,
particularly plant essential oils, as evidenced by distinct
alterations in EEG characteristics.'” Three frequency
bands, namely, theta, alpha, and gamma, are involved in
olfactory processing, and inhaling the least liked fragrance
led to increased values of these frequency bands in the
frontal and central brain regions compared to the most
liked fragrance.!'}]

Recent findings showed that exposure to various inhaling
conditions directly impacts cognitive abilities.'" For
instance, there is a significant correlation between the
cognitive processing speed, as measured by the letter-digit

substitution test, and odor identification  scores
derived from the Scandinavian odor-identification
test.l'”)  Specifically, studies have reported significant

positive associations between olfactory function and
cognitive flexibility.'" Cognitive flexibility, a vital
component of executive functions, refers to the ability to
shift between different tasks and mental sets to adapt to a
continuously changing environment.!'”! In a study involving
healthy participants, there was a significant correlation
between olfactory performance (using the “Sniffin” Sticks
Screening 12” test) and set-shifting, as measured by the
trail-making test A/B (TMT-A/B).['8)

Despite the possible impact of aromatherapy on cognitive
performance, there is still some controversy in these
findings. For instance, a review of aromatherapy for stress
management found limited evidence despite indications
that it reduces stress.['”) Furthermore, most of these studies
focused on the brain at the resting state. The present
study aims to examine the impact of aromatherapy on
brain functions and cognitive flexibility during a specific
task, highlighting its novelty and contribution to the
existing literature. Given the crucial role of olfactory
stimuli in cognitive function and their direct impact on
the nervous system and prefrontal cortex, we expected to
see a relationship between neural oscillations power and
aroma inhalation while performing different switching
and nonswitching mental tasks. We evaluate the cognitive
flexibility of twenty healthy individuals using normalized
power spectral density (NPSD) and behavioral performance
differences following olfactory stimulation. The findings
point to more efficient brain function for cognitive
flexibility. Aromatherapy presents an effective alternative
for increasing cognitive flexibility in individuals engaged
in mental activities who may not have sufficient time for
exercise or require immediate cognitive flexibility.

The remaining sections of this paper are structured as
follows: Section 2 will provide a brief overview of the

2

aroma inhalation effects on cognitive functions and brain
activity. In section 3, we will detail the experimental
materials as well as the analysis methods, including
computation of NPSD by Thomson’s multitaper approach
and statistical analysis. The findings and interpretations
will be presented in sections 4 and 5, respectively. Lastly,
section 6 will discuss the conclusions drawn from this
study.

Literature review

Previous studies that examined the effect of aroma
inhalation on neural activity reported significant changes
in brain rhythms and cognitive performance. Notably, an
increase in the spectral power of relatively high-frequency
EEG components (11-25 Hz) suggests the activation of
cognitive mechanisms. Conversely, a reduction in the
spectral power of low-frequency EEG components was
observed (6-11 Hz), which could be attributed to the
absence of specific tasks that actively engage mechanisms
of selective attention and memory.'"? Seo et al. found that
binasal inhalation of Abies koreana (AEO) increases the
absolute alpha value in the left frontal and right parietal
regions and also the fast alpha value in the right parietal
regions, indicating enhanced relaxation. In contrast,
uninasal inhalation of AEO decreased the absolute beta and
theta values in the right frontal and left and right parietal
regions, indicating enhanced alertness and attention.?”!

Research has revealed that there are links between olfactory
ability and both cognitive functions and behavioral
measures. In a study on the elderly, olfactory exposure
to lavender oil was examined for its impact on cognitive
functions (measured by the blessed orientation memory
concentration test) and daytime sleepiness (measured by
the Epworth Sleepiness Scale). The findings demonstrated
that using lavender oil reduced daytime sleepiness
and significantly improved cognitive function in older
adults.?""  Additionally, olfactory dysfunction has been
widely recognized as a prominent predictor of various
neurodegenerative  disorders.’? In individuals with
Alzheimer’s disease, using the university of pennsylvania
smell identification test and the odor memory test, Ward
et al. proposed that olfaction is a strong predictor of
memory recall and changes in odor-induced brain activity
and may represent an early functional brain marker for
cognitive decline in these population.i?*!

Subjects and Methods
Experimental procedure

Twenty people aged 22-42 participated in this study,

comprising eight females (M = 27.625, standard
deviation [SD] =4.688) and 12 males (M = 29.5,
SD = 6.557). All participants had normal or

corrected-to-normal vision and reported no odor allergies
or COVID-19 history in the past 6 months since this virus
can cause olfactory dysfunction.** Participants were asked
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not to drink coffee or consume energy drinks on the day of
the experimental session. Before the experiment, they were
also asked to maintain their usual daily activity and sleep
rhythms. The participants were given an oral description
of the experimental protocol, including information about
recording their brain activity. Following this, they provided
their informed consent by signing a document approved
by the Ethics Committee of Tabriz University of Medical
Sciences.

The participants were comfortably seated in an
electrically-shielded room, approximately 80 cm from
a computer screen. Following a brief overview of the
experiment, an EEG cap was affixed to their heads and
they were provided with instructions to optimize task
performance and minimize EEG artifacts during data
acquisition. Participants then completed a practice block
of the task to ensure comprehension of the instructions.
Next, participants completed a task-switching paradigm
using MATLAB (R2010b, The MathWorks, Inc., Natick,
MA, USA)®! while their brain responses were recorded.
After this task, participants inhaled lavender essential oil as
an olfactory stimulus. We provided the bottle of lavender
essential oil (manufactured by atre tabib perfumery company,
4 g) near the subject’s nose and asked them to inhale it five
times by taking deep breaths before repeating the procedure.

We measured reaction time (RT) and response accuracy
to evaluate the impact of aroma inhalation on subjects’
behavioral performance. RT 1is the duration between
stimulus presentation and the subject’s response. Any
responses that exceeded 1500 ms were excluded from the
analysis.

Task-switching paradigm

Task-switching paradigm is a common method to investigate
cognitive flexibility since it encompasses various cognitive
processes, including perceiving and recognizing stimuli,
updating task sets, reallocating attention, and detecting and
monitoring response conflicts.?**® During task-switching
experiments, participants are directed to perform two
distinct tasks: Task A and task B. In single blocks, only
one task is presented exclusively, while in mixed block,
both tasks are performed following a prespecified task
sequence (e.g., AABBAABB...). As a consequence,
the combination of tasks leads to switching between
tasks or repeating the same task in consecutive trials. In
this paradigm, two types of performance effects can be
evaluated. The first is mixing effects, which compares the
average performance in repeated tasks of mixed block to
that of single-task blocks. The second is switch effects,
which compares performance between task switch trials and
task repetition trials within mixed block.?*3% Therefore, the
current study adopted this particular cognitive task.

The visual stimuli in this task consisted of a white digit
presented on a black background and enclosed by either a
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solid or dashed square. The task comprised three blocks:
Two single blocks and one mixed block. In the first single
block, the square surrounding the digit was solid and
participants were required to indicate whether the digit
was more or <5 (excluding the digit five). Responses were
made using the left key for numbers <5 and the right key
for numbers >5. The second single block involved a dashed
square and required participants to indicate whether the digit
was odd or even, with the left and right keys corresponding
to odd and even numbers, respectively. Each of the single
blocks consisted of 64 trials. The mixed block comprised
256 trials, divided into four blocks of 64 trials each, and
required participants to switch between the less/more and
odd/even tasks. Participants were instructed to respond as
quickly and accurately as possible, using the index finger of
both hands to press one of the left or right keys. The digit
was displayed on the screen for 1500 ms and participants
were expected to respond within this period. The subsequent
trial began 500 ms after the previous one, with a 2-min
break provided between each block. The sequence of tasks
in the mixed block is illustrated in Figure 1.

Electroencephalographic recording

EEG activity was recorded in the central laboratory of
Tabriz University. Continuous EEG signals were recorded
on 64-channel with waveguard™ cap (ANT Neuro,
Enschede, Netherland), configured to 10-10 international
systems. All signals were referenced to the mean activity of
two mastoids and digitized at a rate of 1000 Hz. Electrode
impedance was kept below 10 KQ.

After performing the task-switching paradigm, participants
were asked to inhale the lavender oil as odor stimuli five
times with their maximum breathing capacity. Then, the
task-switching paradigm was repeated by subjects.

Electroencephalogram data preprocessing

EEGLAB open-source toolbox was used to preprocess
EEG data.’! Initially, EEG signals were re-referenced with
average reference and passed through a bandpass filter from
0.5 Hz to 45 Hz. Independent component analysis (ICA) was
performed to remove artifacts such as eyeblinks and muscle
artifacts. Then, data was divided into segments of 0-1500
ms from stimuli presentation. A prestimulus period of 200
ms was subtracted as a baseline. Only the behavioral and
EEG data corresponding to correct responses were analyzed.

Power spectral density analysis

The data was processed in MATLAB (version R2022b). In
the present study, we focused on analyzing the prefrontal
and frontal regions of the brain due to the evident impact
of olfactory stimulation and cognitive flexibility procedure
on these areas.”’??! The following are the electrodes that
were studied: FP1, FPz, FP2, F7, F3, Fz, F4, F8, FCS5,
FC1, FC2, FC6, AF7, AF3, AF4, AF8, F5, F1, F2, F6,
FC3, FCz, FC4, FT7, FT8. Power spectral density (PSD)
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Figure 1: The sequence of tasks in a mixed block

of the signals recorded by these electrodes was estimated
for five frequency bands (Delta = 1-4 Hz, theta = 4-8 Hz,
alpha = 8-13 Hz, beta = 13-30 Hz, gamma = 30-45 Hz)
using Thomson’s multitaper approach.”*! In this method,
several different windows or tapers from the family of discrete
prolate spheroidal (slepian) sequences are chosen. The key
features of these tapers are orthogonality and time-frequency
concentration, making the multitaper a well-known method in
signal processing.**! Each taper is applied to the whole data
and a periodogram is calculated by fast fourier transform. After
that, the periodograms are averaged to produce the multitaper
PSD estimate. The area under the curve is calculated by
integrating PSD in the five frequency bands corresponding
to delta, theta, alpha, beta, and gamma power. Finally, these
values were normalized and considered as NPSD.

Statistical analysis

To investigate the mixing and switch effects, two-way
repeated measures analysis of variance (ANOVA) was
conducted on the values associated with NPSD in five
frequency bands, RT, and response accuracy. ANOVA is
a statistical tool that is widely employed in psychological
experiments and compares the variances among the means
of different groups.’ The normality of residual values
was checked using the Shapiro-Wilk test. We conducted
2 (condition: Before and after aroma inhalation) by 3 (block:
less/more, odd/even, and mixed) repeated measures ANOVA
to investigate the mixing effects. In addition, the switch
effects were analyzed by conducting 2 (condition: Before and
after aroma inhalation) by 2 (trial: Switch and nonswitch)
repeated measures ANOVA. Note that in our model always
the assumption of sphericity was met. The ANOVA outcomes
are reported through F-statistics, degree of freedom (df),

P value, and effect size (nf} ). F-statistics is the ratio of two
variances and is denoted by F (df, n), where n represents the

4

sample size. Also, the correlations between RT and response
accuracy before and after aroma inhalation were examined by
Spearman’s correlation coefficients. The statistical analyses
were performed using IBM SPSS software (IBM Corp.
Released 2020. IBM SPSS Statistics for Windows, Version
27.0. Armonk, NY: IBM Corp) and results with P < 0.05
were considered statistically significant.

Results

The results of mixing and switch effects are presented
separately for both EEG data and behavioral performance.

Electroencephalogram data
Mixing effects

First of all, the values associated with NPSD in the delta,
theta, alpha, beta, and gamma frequency bands were
averaged across the 25 electrodes to investigate the overall
changes in the frontal region. The repeated measure ANOVA
revealed a significant effect of condition in all frequency
bands. Figure 2 represents the average values of NPSD
in the frequency bands across tasks and conditions. After
inhaling lavender essential oil, delta NPSD significantly
decreased in the prefrontal and frontal brain areas (F[1,19]
= 14.701, P = 0.001, 772 = 0.436). On the other hand,
there was a significant increase in the theta NPSD in the
prefrontal and frontal regions of the brain after aroma
stimulation (F[1,19] = 10.995, P = 0.004, 77,2, = 0.367).
Additionally, inhaling lavender essential oils significantly
increased alpha NPSD across the prefrontal and frontal brain
areas (F[1,19] = 30.211, P < 0.001, n,i =(.614). Beta NPSD

also increased considerably in the frontal lobe after aroma
inhalation (F[1,19] = 8.275, P = 0.01, 7712, = 0.303). Gamma
band did not represent significant changes for different tasks
and conditions (F[1,19] = 0.113, P = 0.74, 77129 = 0.0006).
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Figure 2: Mean of normalized power spectral density in frequency bands across conditions and tasks for the mixing effects (**P < 0.01, ***P < 0.001).

NPSD: Normalized power spectral density

Table 1 illustrates detailed information about ANOVA results
in relation to each electrode and frequency band.

Switch effects

In the switch and nonswitch trials of the mixed block,
as shown in Figure 3, there was a noticeable shift in
the mean NPSD of selected electrodes across the delta,
theta, alpha, and beta frequency bands after inhalation of
lavender essential oil. The results of the repeated measures
ANOVA indicated that the inhalation of lavender essential
oil resulted in a significant decrease in delta NPSD in
the prefrontal and frontal regions of the brain (F[1,19] =
11.68, P = 0.003, 1M, = 0.381). Conversely, theta NPSD
significantly increased in the prefrontal and frontal brain
areas after inzhaling lavender essential oil (F[1,19] =7.268,
P =0.014, M, = 0.277). Furthermore, a significant increase
in the alpha NPSD was observed in the prefrontal and
frontal regions of the brain following the inhalation of
the aroma (F[1,19] = 26.278, P < 0.001, 1, = 0.58). Beta
NPSD also increased considerably in the frontal lobe after
aroma inhalation (F[1,19] = 6.553, P = 0.019, nf, = 0.256).
However, no significant changes were observed in gamma
power after inhaling the aroma (F[1,19] = 0.534, P = 0.474,
77,2, = 0.027]. Table 2 provides detailed information about
ANOVA results in relation to each electrode and frequency
band.

Behavioral data

Mixing effects

Response accuracy and RT were measured to investigate
the effect of aroma inhalation on cognitive flexibility.

Journal of Medical Signals & Sensors | Volume 14 | Issue 4 | April 2024

Figure 4a shows both response accuracy and RT for each
block and condition. The results of repeated measures
ANOVA revealed that subjects responded more accurately
after inhalingzlavender essential oil (F[1,19] = 32.265,
P < 0.001, M, = 0.629). In addition, RTs following the
aroma inhalation were significantly shorter (F[1,19] =
31.168, P < 0.001, M, = 0.21).

Switch effects

The repeated measures ANOVA revealed that subjects
responded more accurately in both switch and nonswitch
trials of mixed block after inhaling lavender essential
oil (F[1,19] = 24.246, P < 0.001, 17127 = 0.561). In addition,
RTs following the aroma inhalation were significantly
shorter in switch and nonswitch trials (F[1,19] = 43.566,
P <0.001, Tli = 0.696). Figure 4b shows both response
accuracy and RT for switch effects across conditions.

Correlation

Spearman’s correlation coefficients suggested that there is a
significantly inverse association between RT and response
accuracy in odd/even task (», = —0.377, P = 0.016), switch
trials of mixed block (» = —0.568, P < 0.001), and nonswitch
trials of mixed block (r, =—0.369, P = 0.019). However, the
correlation between RT and response accuracy in less/more
task was not significant (», = —0.93, P = 0.56]. Figure 5
depicts that as RT decreased after aroma inhalation, the
number of correct responses increased. In addition, the
dispersion of correct responses (indicated by red circles)
decreases across all tasks following olfactory stimulation,
showing more accurate responses by participants. Also,
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Table 1: Repeated measures analysis of variance results for the mean of normalized power spectral density associated
with mixing effects for each electrode

Electrodes Delta Theta Alpha Beta
F(1,19) P n,’ F(1,19) P n,’ F(1,19) P n.? F(1,19) P n?

FP1 17.083 <0.001  0.473 38.214 <0.001  0.668 35238  <0.001 0.65 6.011 0.024 0.24
FPz 9.919 0.005 0.343 29.811 <0.001  0.611 24985  <0.001  0.568 3.151 0.092 0.142
FP2 8.479 0.009 0.309 9.987 0.005 0345 24129  <0.001  0.559 1.433 0.246 0.07
F7 2.646 0.12 0.122 7.691 0.012 0.288  20.671 <0.001  0.521 0.234 0.634  0.012
F3 9.784 0.006 0.34 4.056 0.058 0.176 19.333  <0.001  0.504 3.984 0.06 0.173
Fz 14.804 0.001 0.438 4.75 0.042 0.2 21403  <0.001 0.53 8.438 0.009  0.308
F4 8.99 0.007 0.321 4.875 0.04 0.204 19.934  <0.001  0.512 5.457 0.031 0.223
F8 3.777 0.067 0.166 7.013 0.016 0.27 16.871 <0.001 0.47 0.962 0.339  0.048
FC5 4.623 0.045 0.196 5.156 0.035 0.213 15336  <0.001  0.447 3.465 0.078 0.154
FC1 12.836 0.002 0.403 2.36 0.141 0.111 15.021 0.001 0.442 11.401 0.003 0.375
FC2 13.882 0.001 0.422 2.301 0.146 0.108 19.474  <0.001  0.506 9.228 0.007 0327
FCeé 5.852 0.026 0.235 12.449 0.002 0.396  25.156  <0.001 0.57 2.701 0.117 0.124
AF7 1.723 0.205 0.083 22.962 <0.001  0.547 25294  <0.001 0.571 0.054 0.818 0.003
AF3 12.985 0.002 0.406 12.214 0.002 0.391 24498  <0.001  0.563 2.524 0.129 0.117
AF4 16.167 <0.001 0.46 12.062 0.003 0.388  20.792  <0.001  0.523 10.224 0.005 0.35
AF8 6.398 0.02 0.252 9.744 0.006 0.339  21.201 <0.001  0.527 1.568 0.226  0.076
F5 15.575 <0.001 0.45 17.545 <0.001 0.48 30473  <0.001 0.616 9.714 0.006  0.338
F1 14.48 0.001 0.433 4.586 0.045 0.194  26.049 <0.001 0.578 8.903 0.008 0.319
F2 12.647 0.002 0.4 6.173 0.022 0.245 24.64 <0.001  0.565 7.017 0.016 0.27
F6 7.73 0.012 0.289 11.199 0.003 0.371 29.328  <0.001  0.607 4.39 0.05 0.188
FC3 27.61 <0.001  0.592 8.687 0.008 0314  31.839  <0.001 0.626 22727 <0.001  0.545
FCz 20.021 <0.001  0.513 3317 0.084 0.149 20962  <0.001  0.525 224 <0.001  0.541
FC4 9.056 0.007 0.323 3.612 0.073 0.16 18.347  <0.001  0.491 5.191 0.034  0.215
FT7 7.418 0.013 0.281 6.073 0.023 0.242 12.857 0.002 0.404 6.021 0.024  0.241
FT8 1.967 0.177 0.094 6.981 0.016 0.269 13.277 0.002 0.411 1.221 0.283 0.06

there is a leftward shift in RT, indicating a decrease in the
amount of time required to complete the task.

Discussion

In this study, the psychophysiological responses of olfactory
stimulation using aroma oil were examined in healthy
adults. We investigated the changes in cognitive flexibility
indexes associated with task-switching performance
after inhaling lavender essential oil, regarding NPSD
and behavioral measurements. Task-switching paradigm
can assess both the mixing effects (i.e., the difference in
performance between single and mixed blocks) and the
switch effects (i.e., the difference in performance between
switch and nonswitch trials in mixed block).* These
effects are based on different concepts. The mixing effects
are believed to indicate the difficulty of keeping task sets
in working memory, while the switch effects reflect the
cognitive flexibility in task sets.*®! Therefore, we focused
on switch effects in this study. The results revealed
considerable changes in frequency bands, shorter RTs, and
higher accuracy after participants inhaled lavender essential
oil.

The impact of olfaction on mood, cognition, behavior,
and emotions has been well documented in previous
research.[*”) The current study’s findings on the positive

6

effects of lavender on cognitive function align with
previous studies, confirming improvements in cognitive
function following lavender oil inhalation alone or in
combination with other essential oils. As an example,
a study suggested that lavender essential oil positively
impacts cognitive performance during a working memory
task under acute stress conditions.®

The analysis of EEG alterations in the current study was
centered on the prefrontal and frontal cortex, a region of the
brain mainly associated with cognitive processing, flexibility,
and olfaction. After stimulation with lavender essential oil,
the EEG results indicated significant increases in theta and
alpha, which are physiological markers of relaxation.*”!
Similarly, there was a significant increase in beta, an indicator
of brain activity."”) Based on the spectral changes of rhythms
during olfactory stimulation, our findings suggest that states
of relaxation and concentration can co-occur to some extent,
consistent with previous studies.*! Furthermore, inhaling
the aroma significantly decreased delta waves, commonly
associated with the unconscious mind.

Out of the five frequency bands, the alpha band exhibits
the highest number of significant features during all tasks
and conditions. Our study found that NPSD of the alpha
wave was significantly higher in the frontal and prefrontal
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Figure 3: Mean of normalized power spectral density and scalp topography maps of frequency bands across conditions for the switch effects (*P < 0.05,
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regions of the brain after participants inhaled lavender
essential oil. Alpha waves have been associated with
reduced mental stress, increased relaxation, and improved
memory in previous findings.*44 As an example, research
investigating EEG power changes has demonstrated that
aroma inhalation can significantly increase alpha waves,
reducing academic stress among students.*) Increased
alpha activity indicates active preparation of the cortical
system for complex information processing, thus enhancing
the state of readiness to perform a task.*® Therefore, higher
alpha activity is associated with favorable behavioral
outcomes, including faster and more precise responses
as well as improved performance on cognitive tasks that
require focused attention and target detection.*”**! Our
study discloses that the overall increase in alpha activity
is consistent with prior research, demonstrating that
concentration and relaxation are possible during cognitive
tasks. Apart from alpha waves, a noteworthy increase
in NPSD of theta waves was also detected in the current
study, indicative of a relaxation state. These findings are
in line with a previous study that documented a significant
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rise in alpha and theta waves following exposure to
lavender essential oil, indicating a stress reduction.’” Our
findings suggest that the inhalation of lavender essential oil
may promote cognitive flexibility by enabling individuals
to perform cognitive tasks in a focused and relaxed manner
due to the apparent connection between them and the
aforementioned frequency bands.

Besides theta and alpha bands, herein, we showed that
NPSD of the beta band significantly increased following
aroma inhalation. This finding aligns with previous research
indicating that beta waves originating from the frontal
cortex primarily reflect cognitive processes such as stimulus
evaluation and decision-making,®!! concerning associated
attention and concentration.®” In line with our current
findings, previous studies have also suggested a positive
correlation between higher beta-wave activity and enhanced
attention.®™ Our results further support this notion by
demonstrating that inhaling lavender essential oil resulted in
greater beta wave values, which may enhance attention and
improve cognitive flexibility to a greater degree.
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Table 2: Repeated measures analysis of variance results for the mean of normalized power spectral density associated
with switch effects for each electrode

Electrodes Delta Theta Alpha Beta
F(1,19) P n,’ F(1,19) P n,? F(1,19) P n,’ F(1,19) P n?
FP1 6.318 0.021 0.25 32.713 <0.001  0.633 21.337 <0.001  0.529 2.475 0.132 0.115
FPz 6.019 0.024 0.241 18.458 <0.001  0.493 20.301 <0.001  0.517 2.194 0.155 0.104
FP2 2.097 0.164 0.099 8.361 0.009 0.306 13.22 0.002 0.41 0.329 0.573 0.017
F7 3.188 0.09 0.144 3.107 0.094 0.141 16.196 <0.001 0.46 0.518 0.48 0.027
F3 7.088 0.015 0.272 4.961 0.038 0.207 18.297 <0.001  0.491 2.435 0.135 0.114
Fz 13.356 0.002 0.413 5.472 0.03 0.224 16.849 <0.001 0.47 11.575 0.003 0.379
F4 7.952 0.011 0.295 6.04 0.024 0.241 17.509 <0.001 0.48 5.853 0.026 0.236
F8 4.537 0.046 0.193 5.311 0.033 0.218 14.212 0.001 0.428 2.009 0.173 0.096
FC5 2.678 0.118 0.124 1.249 0.278 0.062 5.781 0.027 0.233 1.119 0.303 0.056
FCl1 10.837 0.004 0.363 2.226 0.152 0.105 13.563 0.002 0.417 12.776 0.002 0.402
FC2 14.222 0.001 0.428 2.132 0.161 0.101 19.251 <0.001  0.503 11.812 0.003 0.383
FCo6 3.301 0.085 0.148 12.808 0.002 0.403 19.925 <0.001  0.512 0.843 0.37 0.042
AF7 4.639 0.044 0.196 15.625 <0.001 0451 21.753 <0.001  0.534 0.678 0.421 0.034
AF3 3.259 0.087 0.146 6.845 0.017 0.265 18.557 <0.001  0.494 0.405 0.532 0.021
AF4 13.093 0.002 0.408 6.781 0.017 0.263 21.199 <0.001  0.527 8.551 0.009 0.31
AF8 9.104 0.007 0.324 10.444 0.004 0.355 26.628 <0.001  0.584 4.778 0.042 0.201
F5 7.19 0.015 0.275 7.346 0.014 0.279 14.819 0.001 0.438 3.12 0.093 0.141
F1 11.843 0.003 0.384 4.766 0.042 0.201 18.742 <0.001  0.497 8.409 0.009 0.307
F2 8.973 0.007 0.321 4.683 0.043 0.198 17.015 <0.001 0.472 5.676 0.028 0.23
Fo6 4.994 0.038 0.208 5.29 0.033 0.218 16.579 <0.001  0.466 3.555 0.075 0.158
FC3 18.607 <0.001  0.495 3.943 0.062 0.172 16.547 <0.001  0.465 19.921 <0.001  0.512
FCz 17.094 <0.001 0.474 3.758 0.068 0.165 22.281 <0.001 0.54 14.543 0.001 0.434
FC4 11.933 0.003 0.386 1.778 0.198 0.086 16.001 <0.001  0.457 7.525 0.013 0.284
FT7 5.027 0.037 0.209 1.266 0.275 0.062 5.909 0.025 0.237 3.172 0.091 0.143
FT8 1.67 0.212 0.081 6.158 0.023 0.245 10.661 0.004 0.359 0.916 0.351 0.046
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Figure 4: Mean of response accuracy and reaction time across conditions for (a) Mixing effects and (b) Switch effects (***P < 0.001)

In the current study, NPSD of the delta band decreased

significantly after aroma

8

inhalation.

Since the

delta

manifestation follows the unconscious state and typically
develops through deep sleep,* present findings suggest
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Figure 5: Correlation plots between reaction time and response accuracy across tasks and conditions (*P < 0.05, **P < 0.01)

that the reduction in the delta band can result in alertness
and conscious processing. Some situations that elicit high
stress or anxiety levels, such as public speaking, panic,
and fear, significantly increase gamma band power.5*5]
However, our observation showed no significant changes in
the gamma band, suggesting that participants were relaxed
during the study.

The behavioral results of the current study suggest that
inhaling lavender essential oil results in increased response
accuracy and declined RT, meaning an enhancement in
cognitive flexibility. These are along with the previous
studies which reported faster RT and improved accuracy
after lavender essential oil inhalation.!!”’

The analysis of EEG changes and behavioral performance
in the current study suggests that olfactory stimulation
with  lavender essential oil effectively induces
psychophysiological relaxation and enhances cognitive
flexibility.

Conclusions

This study aimed to evaluate the impact of olfactory
stimulation using lavender essential oil on the cognitive
responses of healthy individuals. The results indicated that
the stimulation led to increased stability and relaxation
in the prefrontal and frontal cortex as well as enhanced
brain activity and cognitive flexibility. Furthermore, the
participants were able to complete the task-switching
paradigm more accurately and in less time, which may be
a marker for attentional increase. Therefore, we suggest
that conditioning with lavender essential oil may improve
students’ and employees’ concentration levels and cognitive
flexibility and increase their efficiency. However, further
research is necessary to broaden the scope of application
by exploring the effects of different types of aroma stimuli
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on various conditions and diseases, using other methods
such as event-related potentials.
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