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Executive function skills are cognitive processes that allow humans to plan,
attention, remember instructions, and perform multiple tasks successfully. The core
mechanisms of executive functions comprise working memory, mental flexibility, and
self-control. This study aims to investigate how the human’ s central nervous system

focusing on executive functions through EEG-measured
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1. Introduction

1.1 Executive functions

Executive functions (EFs) are cognitive
processes that allow humans to plan, pay
attention, remember instructions, and perform
multiple tasks successfully. The core
mechanisms of executive functions comprise
working memory, mental flexibility, and self-
control. These functions are crucial for
learning and development. EFs are essential
processes for mental and physical health, as
executive dysfunction often leads to poor
quality of life, impulsivity, deteriorating
physiological health, violence, crimes, and
more (Broidy et al., 2003; Brown & Landgraf,
2010; Eakin et al., 2004; Miller et al., 2011).

Currently, treatments for executive
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dysfunction vary depending on the prognosis
of the psychological conditions, to which
medication or psychotherapy would be mainly
applied; however, these available
interventions are discrete and inconclusive.
Preferred medication options such as
neuroleptics, anti-depressants, or
antipsychotics are often associated with
adverse side effects (Kales et al.,, 2015;
Schneider et al., 2006). Additionally, non-
pharmacological approaches such as cognitive
behavioral therapy might not apply to
complicated cases.
1.2 Essential oils

Complementary and alternative medicine
is a cost-effective option with minimal
side effects that many practitioners have

been
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utilizing in their treatment plans for behavioral
and psychological symptoms. Among them,
aromatherapy is one of the potential
treatments for enhancing cognitive
performance. Aromatherapy is the use of
essential oils to impact the body and,
alternatively, the brain. Essential oils have
long been known to promote physical and
psychological well-being. It has been reported
to help reduce stress, improve sleeping
quality, and strengthen cognitive performance

(Louis & Kowalski, 2002; Moss et al.,
2003). Aromatherapy has shown promising
results in improving cognitive functions in
patients with neurological disorders
(Koulivand et al., 2013; Sowndhararajan &
Kim, 2016a). Although there have been
various aromatherapy studies in recent
decades, results supporting aromatherapy as
a standalone treatment for different high-
order cognitive and executive processes
(i.e., executive functions) remain subjective,
incomprehensible, and contradictory
(Bagheri-Nesami et al., 2016). Further
research is needed to ascertain the efficacy of
aromatherapy for executive dysfunction.

1.3 The relationship between executive
functions and essential oils

The objective of this study is to investigate
the effects of essential oils on executive
functions through brain activity.

Most results on essential oils have been on
physiological changes rather than cognitive
alteration. Several studies from the current
decade have focused on the impact of
essential oils on cognitive ability using

animal models
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or fMRI on humans. However, there were no
reports on the impact of essential oils
on cognitive

ability comprehensively

(i.e., executive functions) wusing a
temporal measurement (i.e., EEG). Data
collected from behavior tasks can provide
valuable insights into cognitive changes
behaviorally; however, to further understand
these cognitive changes from a
neuroscience perspective, implementing
a brain activity measurement is necessary.
EEG provides excellent temporal resolution,
capturing neural activity within
milliseconds, allowing real-time brain
process confirmation. Neural response after
essential oil inhalation can be observed
immediately. Thus, while behavioral data
from cognitive tasks is valuable, it

often provides an incomplete picture of
cognitive processing. EEG complements
behavioral measures by offering neural
perspectives, detecting subtle and
preconscious changes in cognition, and
providing real-time monitoring of brain
activity. This combination leads to a more
comprehensive  understanding of how
essential oils affect comprehensive cognitive
abilities.

To accurately collect and analyze brain
activities during executive function processes
under odor inhalation, a noninvasive and
temporal measurement of the central nervous
system, such as EEG, shall be utilized. EEG
can simultaneously access and analyze the
alteration of brain activity during essential oil
inhalation and cognitive processes. We
believe the connection between essential oils

and the high-level cognitive process of



executive functions will fill the current
literature gap with fundamental mechanisms
in healthy adults.

Therefore, while this study does not directly
offer solutions for patients, its findings are
expected to inform the design of future
studies that do. In this way, results from this
project can help strengthen the current
and executive

knowledge of olfactory

functions. Furthermore, it also plays a

significant role in clarifying the

fundamental mechanisms in healthy adults
and providing positive insights in future
clinical studies.

2. Methods

2.1 Participants

An a priori power analysis conducted via
G*Power (ver. 3.1.9.6) (Faul et al., 2009)
indicated that 54 participants were required to
achieve a power of 0.95 (1-B) for detecting a
medium effect size (f=0.25) at a significance
level of 0=.05. This calculation was based on
a repeated measures ANOVA (3 groups X 3
measurements) with an assumed correlation
of .5 among repeated measures, focusing on
the within-between interaction. To account
for potential data loss, recruitment was
increased by 10% to a target of 60 (20 per
group). Currently, data from 53 recruited
Kyushu University-affiliated members are
reported.

Of the 53 recruits, one was excluded
because the EEG headset could not be
properly fitted, leaving a final sample of 52
21.67 =+

participants (30 females; M
0.50). All

corrected vision and no history of color

participants had normal or
blindness, pregnancy, neurological

disorders, recent brain surgery, or
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psychoactive medication use. Additionally,
individuals with odor allergies, smoking
habits, or recent aromatherapy practice
experience were excluded. Participants
received a total of 2,000 yen QUO cards as
monetary compensation for participating in
the study. The study followed protocols
approved by the Kyushu University
Institutional Review Board (IRB: #202504),
and all subjects provided written informed
consent. Demographic details are reported in
Table 1.

Before the main procedure, participants
underwent two primary screening tests for
color vision and cognitive ability using the
Ishihara Color Blindness Physical Test Plates
(Ishihara, 1917) and the Mini-Cog© (Borson
et al., 2000), respectively. A short version of
the 6-plate version of the Ishihara Color
Blindness Test was used. Any discrepancies in
identification would trigger a full assessment
to confirm eligibility. The Mini-Cog© was
administered to ensure adequate cognitive
function. A cutoff score of 4 or fewer out of 5
was used to exclude participants with potential
cognitive impairment.

2.3 Experiment setup
2.3.1 Room setup

The study was conducted in a dark and
soundproofed room (1714 x 2594 x 1918 mm,
3-Tatami). Participants were seated
approximately 120 cm in front of a 32-inch
4K display monitor. Participants needed to
use a 35-key keypad to perform cognitive
tasks in this study (See Fig. 7). Odor stimuli
used in this experiment include lavender,

bay leaf



All participants N =52
Age in years £ 5D 21.67 = 0.50
Min - Max 18.00 - 32.00

N % N %
Sex Year in College
Male 22 4231 Freshman 17 3269
Female 30 5769  Sophomore & 7.69

Junior 7 1346

Handedness Senior g 173
Right-handed 47 9038  Master student g 173
Left-handed 2 3.85  PhD student 3 5.77
Ambidextrous 3 577  Non-degree student or Staff 3 5.77
Race Daily Sleeping Habit
Asian 48 923 Less than & hours 1] 0.00
White 1 1.92 4-6 hours 10 19.23
Others 1 192 &8 hours 36 69.23
Multiracial 2 3.85 more than 8 hours B 7.69
Ethnic Background Sleeping hours the night before the experiment
Japanese 33 6346  Less than &4 hours v} 0.00
Chinese 8 1538  4-6 hours 14 2692
Others & 1154 &8 hours 33 6346
Mutiple ethnic backgrounds 6 11.54  more than 8 hours 2 7.69
Highest Education Level Daily Caffeine intake
High School Degree 38 73.08
Bachelor Degree 10 19.23  Yes 17 3269
Muaster Degree 3 507 No 35 67.31
Doctorate Degree 1 1.92

** standard deviation

Table 1 Participant demographics details

laurel, and water as the control. The room was
maintained at a constant 20°C to 23°C
temperature and 30 to 35% humidity.
2.3.2 Odor stimuli

Essential oils used in this study were labeled
as 100% pure organic natural essential oils,
that were certified by the Aroma Environment
Association of Japan — AEAJ, or by USDA,
JAS, Ecocert. Previous research investigating
the effects of essential oils on aspects of
cognitive ability, such as working memory,

generally employed a broad range of oil
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stimuli between five and ten different types
(Sattayakhom et al., 2023b; Sowndhararajan
& Kim, 2016b). These

commonly utilized between subjects with two

studies were
groups: the control and an experimental
group, exposing all types of essential oils
through inhalation. To this end, in a
previously conducted study (unpublished),
we selected four essential oils: Japanese
Cypress, Citrus Yuzu, Lavender, and Bay
Leaf based on their previously reported
impacts on cognitive enhancement in

animal models. Based on the



A

Figure 1 Details for experiment setup
A:

unpublished results, Japanese Cypress and
Citrus Yuzu showed prominent influence in
behavior data, while Bay Leaf and Lavender
revealed promising results in both behavior
and physiological data obtained from EEG.
Therefore, this project would focus solely on
Lavender and Bay Leaf.

Lavender has long been known for having
positive cognitive effects following inhalation
(Liu et al., 2019; Sattayakhom et al., 2023b).
Regarding bay leaf laurel, a 2021 study
demonstrated that laurel incense enhanced
memory formation in an animal study (Brinza
et al., 2021), suggesting that bay leaf laurel
extract may act as a cognitive enhancer,
particularly in relation to memory retention.
Furthermore, another study published in 2024
also supported the hypothesis that bay leaf
laurel improved memory performance in a
mouse model of dementia (Smach et al., 2024).

Although these studies provide a valuable
and comprehensive retrospective into the
positive effects of Bay Leaf and Lavender on
memory performance, most of them were
animal models

conducted utilizing or
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environment setup; B: EEG device electrode map; C: odor stimuli

physiological measurements (i.e., heart rate
and blood flow) on humans. However, this
current project aims to further expand the
current insights and knowledge by examining
the distinct effects of each essential oil on
comprehensive abilities

cognitive (ie.,

executive functions: response inhibition,
working memory, and cognitive flexibility)
reflected through brain activity using human
participants.

This project utilized a between-subject
design with three groups: control (no
odor/pure water), lavender, and bay laurel. To
ensure a balanced distribution of participants
throughout he study, participants
of

experimental groups: control, Lavender, and

Wwere

randomly assigned to one three
Bay Leaf through block randomization. A
random allocation sequence will be

computer-generated in blocks of six, with
each block containing two assignments for
each of the three groups. The order of the
assignments within each block will be
randomized (e.g., Block 1: Lav, Con, Bay,
Lav, Bay, Con; Block 2: Bay, Lav, Lav,

Con, Con, Bay). As each



participant enrolled and was assigned a unique
ID number, they were allocated to the group
corresponding to the next position in the
predetermined block sequence. This method
guarantees that the number of participants in
each group remains balanced and prevents
selection bias, as the allocation sequence is
generated before the study begins.
2.3.3 Odor stimuli presentation

Diffuser reeds were used to release faint
essential oil stimuli in the experiment room.
According to Shi et al., 2025, odor’s release
frequency is significantly important as their
results revealed that shorter release of aroma
odor can improve memory performance, but
results are inconsistent and need further
studies. Our previous unpublished study
focused on multiple brief presentations of
odor stimuli throughout the entire experiment
using an olfactometer. In this current study, a
second phase was employed, where essential
oil stimuli will be released into the air via
diffuser reeds throughout the whole
experiment (i.e., the environment is fully
essential oil-filled). A traditional diffuser was
thought to increase the temperature and
humidity of an enclosed, sound-proofed

room, which can easily result in fatigue.

diffuser reeds were chosen for their
convenience, low maintenance, and low cost,
while maintaining room temperature and
humidity. Each essential oil will be transferred
to a colored, labelless bin to prevent bias from
participants. Four diffuser sticks were placed
inside the bottle to diffuse the odor into the
air. The odor stimulus will be placed at a
fixed unnoticeable position from the
participant. A circulator was also positioned
in the experiment room. All essential oil
bottles were stored at 10°C to maintain the
best quality and consistency of the original
condition of the odor sample. After an
experiment session was concluded, the
experiment room was deodorized and
ventilated carefully for at least 2 hours before
the next experiment session. 2.4 Cognitive
tasks

The effects of essential oils on different
domains of executive functions, response
inhibition, working memory, and cognitive
flexibility were the main interest of this
study. Each executive function domain
will be assessed by a short cognitive task
(See Table 2). The three cognitive tasks will
make a set, and one experiment session will

be conducted with three sets in total. The

" Trials . i i
Cognitive Task - Duration Executive ft.mct|on

Total Details domain

Stroop color-word test 144 trials .48 congruent Frlals, 48 . 5mins [response inhibition

incongruent trials, 48 neutral trials

Digit Span Backward 12 trials |3-5-7-9 digit sequence 4 mins |working memory
(max.) |3 trials per sequence

Wisconsin Card Sorting . . . . i, -

Task (WCST) 128 trials |8 blocks with 16 trials per block 5mins [cognitive flexibility

Table 2 Details about experimental tasks used in this study
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Figure 2 Cognitive tasks

A: Stroop color word test; B: Digit span backward; C: Wisconsin Card Sorting Test (WCST)

minute break in between sets will be carried
out to prevent mental fatigue. In total, the
experiment is expected to last for

approximately 2 hours, including the main
experiment tasks, paperwork procedure, pre-
experiment assessment, task explanation, and
All three

cognitive tasks will be available in both

setting up the EEG device.

Japanese and English. Depending on
participants’ language preferences, an English
or a Japanese version of the experiment was
chosen. Participants' language preferences
would also be applied to the study’s
explanation and distributed materials.

2.4.1 Stroop Color-Word Test
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This task’s primary purpose is to assess
response inhibition. The Stroop phenomenon
showed that it is challenging to name the color
meaning of a color word if there is a mismatch
between the ink color and the color-word
meaning. There were three types of trials
utilized in this task: incongruent (the word
RED printed in yellow ink), congruent (the
word BLUE printed in blue ink), and neutral
(non-color words printed in random color ink)
(See Fig. 2A4). In total, there were 144 trials
with 48 trials in each type (See Table 2).
Neutral trials take up about 30% of the total
trials, serving as a baseline comparison for

better observation of the interference effect. A



threshold of 5,000 ms is set in each trial; if
participants fail to give an answer within
5,000 ms, the trial would be counted as an
omission trial. The analysis parameters for the
Stroop color-word test were percent accuracy
based on each trial type, omission rate,
interference score, and a’ parameter from
Signal Detection Theory calculation.
2.4.2 Digit Span Backward Test

The Digit Span Task is mainly used to assess

working memory span. In this task,

participants were asked to remember the
presented digits (numbers) in the backward
order (See Fig. 2B). Different from the
traditional digit span, the task was configured
to only have 4 digit sequences, starting from
3-digit, 5-digit, 7-digit, and 9-digit (See Table
2). In a digit sequence, there are no repeating
numbers (i.e., 9-digit-sequence: 123456789).
There were 3 trials per digit sequence. The
sequence length was increased only after the
participant had correctly recalled two out of
three trials (e.g., increasing from 3 to a 5-digit
sequence). Otherwise, the task would stop.
The latest, most correct answer in a sequence
will be the working memory span. The
maximum possible number of trials was 12

(i.e., successfully move to the 9-digit-

sequence length). The analysis parameters for

the digit span task would be maximum span

length (best performance) and the number of

correct trials per sequence.

2.4.3 Wisconsin Card Sorting Task (WCST)
Wisconsin Card Sorting Task (WCST)

(Grant & Berg, 1948) is a cognitive reasoning

task, which is often used to measure cognitive
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Sflexibility. In WCST, participants would need
to classify cards according to different criteria:
color, shape, or quantity. Participants needed
to figure out which classifying rule (i.e., color,
shape, or quantity) to sort the card at the
bottom of the screen into the four cards at the
top of the screen (See Fig. 2C). Participants
will receive feedback indicating whether their
answer was correct. There were 128 trials in
total, with the classification rule changing
every 16 cards, making 8 blocks (See Table 2).
Participants would not know when the rule
would change, leading to 1 or 2 mistakes when
a new block starts. This task’s purpose is to
measure how well people can adapt to
changing rules. Analysis parameters used in
this study include percent correct in the whole
task.
2.5 Experiment procedure

Baseline EEG (90 seconds) was recorded
before and after each cognitive task. During
the baseline session, participants were asked
to have both hands on their laps and have their
eyes closed. When they hear a “beep” sound
(i.e., when baseline recording finishes at 90
seconds), they can open their eyes, and
continue the experiment. The three cognitive
tasks (Stroop color-word test, digit span,
WCST) completed a set, and participants
would need to finish three sets for the main
experiment (See Fig. 3). By implementing
three sets, a natural cognitive ability decline in
the third set (i.e., poorer attention, memory,
and flexibility) was hypothesized. Each
cognitive domain (i.e., response inhibition,

working memory, and cognitive flexibility)



Figure 3 Experiment procedure

after exposure to essential oils would be
assessed temporally via EEG. The order of the
tasks in each set will be completely random
with six separated lists prepared for different
order variations.
2.6 Physiological measurement

A 19-channel active dry electroencephalogram
device (EEG) called “Quick-20" (Cognionics
Inc., United States) was used to acquire
physiological data. Quick-20 is a noninvasive
device; however, placement of the EEG cap can
sometimes cause temporary, minor skin
irritations or discomfort. Participants were
informed about the discomfort prior to joining
the study. The electrode placement was
configured according to the International 10/20
system (See Fig. 1B). Electrode impedances

were consistently maintained below 500 kQ.

right mastoid (A1) and subsequently re-

referenced to the average of the left and
right mastoids (Al and A2) during offline
processing. Ground electrodes were positioned
at Fpl and Fp2. The analog data were digitized
at a 500 Hz sampling rate, applying a 0.5-30
Hz bandpass filter and a 60 Hz notch filter to
minimize power line interference.

3. Results

It should be noted that the present dataset has
not yet reached the targeted sample size.
Therefore, the current interpretation is based
on descriptive (non-statistical) analysis of
trends rather than formal inferential testing.
Once recruitment reaches the predefined
sample size, appropriate statistical analyses
(e.g., mixed-design ANOVA or linear mixed-

Figure 4 Percent accuracy for different Stroop trials. Congruent trials are those in which

both the ink color and its meaning are the same.
Neutral trials are trials in which the word is a

the ink color and its meaning differ.

Incongruent trials are those in which

non—color word but is displayed in color. For color words, participants needed to identify
the meaning of the color, and for non-color words, they needed to identify the ink color.

Signals were initially referenced online to the
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Figure 5 Interference score and A prime values when performed Signal detection Theory

Analysis

effects modeling) will be conducted to
determine whether the observed patterns reach
statistical significance and to evaluate
potential aroma-related effects more
rigorously.

3.1 Behavior results
3.1.1 Stroop Color-Word Test

First, when looking at percent accuracy, in
congruent trials, accuracy was uniformly high
across all groups and sets (approximately 95—
99%). A slight increase from Set 1 to Set 3
was observed in the Control group,
whereas Lavender and Bay Leaf remained
stable at near-ceiling levels. Performance
was lower in incongruent trials when
compared to congruent trials, but
showed modest improvement across sets for
all groups. Lavender and Bay Leaf
exhibited

Set 3, whereas the Control group showed a

slight increases from Set 1 to

small fluctuation with a minor decline at Set
3. Overall, the aroma groups tended to
maintain slightly higher accuracy in later
sets. In neutral trials, accuracy remained
high and stable across sets. A slight decrease

from Set 1 to Set 2 was
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observed in the aroma groups, followed by
stabilization. The Control group
showed minimal change (See Fig. 4).

Normalized interference decreased across
sets in all groups, indicating reduced Stroop
interference over time. The largest reduction
was observed in the Lavender group. Bay Leaf
showed a gradual decline, while the Control
group demonstrated a moderate but consistent
decrease (See Fig. 5).

A’ values were high across all conditions
(approximately 0.96 - 0.99). The Control
group showed a peak at Set 2 followed by a
decline at Set 3. Lavender remained stable,
whereas Bay Leaf demonstrated a slight
upward trend across sets (See Fig. ).

3.1.2 Digit Span Backward Test

In the 3-digit sequence, a near-ceiling
performance across all sets and groups, with
minimal variation. In the 5-digit sequence,
accuracy increased from Set 1 to Set 2 in
stabilization or

all groups, followed by

slight



Figure 6 Percent accuracy for each digit
sequence’ 3—digit, 5-digit, 7-digit, and 9-
digit
decline at Set 3. Greater variability was
observed in the 7-digit sequence. Lavender
showed a dip at Set 2 and recovery at Set 3.
Bay Leaf increased at Set 2 then
slightly declined. Control showed
gradual improvement. Lastly, in the 9-digit
sequence, performance was lowest overall,
which is consistent with the difficulty of
the designed task. Overall, the Control
group showed gradual improvement across
sets. Lavender peaked at Set 2, then
declined. Bay Leaf showed modest
improvement at Set 2 with a small decrease

at Set 3 (See Fig. 6).

For maximum span analysis, working

memory span increased from Set 1 to Set 2 in
all groups. The Control group continued to
improve at Set 3, whereas Lavender plateaued
and Bay Leaf showed a slight decline at Set 3
after peaking at Set 2. Accordingly, all groups
demonstrated positive learning rates. Control
and Lavender showed comparable mean
increases, whereas Bay Leaf exhibited a
smaller mean improvement and greater
variability (See Fig. 7).
3.1.3 Wisconsin Card Sorting Test (WCST)
Overall percent accuracy increased across
sets in the Control group, particularly at Set 3.
Lavender remained relatively stable with
minor fluctuations. Bay Leaf showed the
highest overall accuracy and a modest
increase from Set 1 to Set 2, followed by
stabilization (See Fig. 8).
3.2 Physiological data results
Physiological EEG data are not included in
the present analysis due to the current sample
size not yet reaching the predetermined target.
Comprehensive electrophysiological analyses
will be conducted once participant recruitment

is completed and the target sample size is

Figure 7 Maximum Span and Learning Rate for the digit span backward task
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achieved.

4. Discussion

Figure 8 Percent Accuracy for WCST

The present results indicate overall high
task performance across groups, with
modest practice-related improvements and
limited evidence of large aroma-specific
effects.

4.1. Stroop Performance: response
inhibition

Accuracy in congruent and neutral trials was
near ceiling across all sets and groups,
suggesting that the task difficulty in
these conditions was low and unlikely
to be sensitive to subtle modulation by
aroma exposure. In contrast, incongruent
trials demonstrated slightly lower
accuracy and modest improvement over
sets, consistent with practice-related
gains in cognitive control.

Interference scores decreased across sets in
all groups, indicating reduced Stroop
interference with repetition. Notably, the
Lavender group showed the largest reduction,
suggesting a potential facilitative effect on
conflict resolution efficiency. However, given
that the Control group also improved, the
reduction is likely driven primarily by task

repetition, with only a possible additive effect
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of aroma.

Signal detection sensitivity (A') remained
high throughout. The Bay Leaf group showed
a slight upward trend, whereas the Control
group declined at Set 3. These patterns may
suggest more stable attentional engagement
under aroma exposure, although the
magnitude of differences appears small.

4.2 Digit Span Backward Test: working
memory

Performance on shorter sequences (3-digit)
was at ceiling, indicating limited sensitivity
to detect group differences. For moderate
load (5-digit), all groups improved from Set
1 to Set 2, consistent with short-term
learning or strategy adaptation. Under
higher working memory load (7 and 9-
digit sequences), greater variability could
be observed. The Control group
demonstrated gradual improvement across
sets, particularly in the 9-digit sequence.
Lavender and Bay Leaf groups showed non-
linear patterns, often peaking at Set 2 and
slightly declining at Set 3. This may reflect
initial facilitation followed by fatigue or
reduced incremental benefit over time.

Maximum span increased from Set 1 to Set
2 in all groups, supporting a general
practice effect. Continued improvement at
Set 3 was clearest in the Control group,
whereas the aroma groups plateaued or
slightly declined, suggesting no robust
enhancement of maximal working memory
capacity.

Learning rate estimates were positive across
all groups, with comparable mean slopes in
Control and Lavender. Bay Leaf
showed somewhat lower improvement

and larger



variability, indicating less consistent learning
across participants.

4.3. Wisconsin Card Sorting Test (WCST):
cognitive flexibility

Percent accuracy in the WCST showed
modest practice-related improvement across
sets, particularly in the Control group.
Control participants demonstrated a gradual
increase from Set 1 to Set 3, suggesting
progressive adaptation to rule-shifting
demands and improved cognitive
flexibility over repeated exposure. The Bay
Leaf group exhibited the highest overall
accuracy across sets, with a marked
increase from Set 1 to Set 2 and
subsequent stabilization at Set 3. This pattern
may indicate relatively rapid adjustment to
task demands early in the session, followed
by performance maintenance. In contrast,
the Lavender group showed relatively
stable performance with minor
fluctuations, including a slight decrease at
Set 2 and recovery at Set 3. This pattern
suggests neither clear facilitation nor
impairment, but rather consistent task
engagement across repetitions.

Overall, improvements across sets are
consistent with learning or familiarization
effects inherent to repeated WCST
administration. While Bay Leaf displayed
numerically higher accuracy, group
differences appear modest at the descriptive
level. As the current dataset has not yet
reached the targeted sample size, these
interpretations remain preliminary and will
require confirmatory statistical testing once
recruitment is complete.

4.4 Overall Interpretation
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Across tasks, performance improvements
were primarily driven by repetition effects.
While minor trends suggest possible
stabilization or slight facilitation under
Lavender or Bay Leaf exposure, particularly

in interference reduction and sensitivity

measures, the effects appear modest and not
uniformly stronger than Control.
Ceiling effects in easier conditions likely

constrained sensitivity to detect aroma-

related modulation. Effects, if present, may
be more detectable under higher cognitive
load or with longer exposure durations.
Overall, without statistical analysis results,
the raw data suggest that aroma exposure
does not substantially alter any domain of
executive function in this paradigm,
though subtle modulatory effects on
conflict processing or attentional stability
cannot be ruled out. Further analysis
using inferential statistics would be
required to determine whether these observed

trends reach statistical significance.
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