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ABSTRACT

Attention deficit hyperactivity disorder (ADHD) 1is a common
neurodevelopmental disorder characterized by inattention, hyperactivity, and
impulsivity, which can interfere with learning, communication, and daily functioning.
Children with ADHD often present with speech and language difficulties; however,
attentional deficits and behavioral dysregulation may limit engagement and reduce the
effectiveness of language training. This study aimed to examine the effectiveness of a
language training program combined with essential oil inhalation on language skills,
attention, and behavior in children with ADHD. A mixed-methods design was
employed, consisting of a quasi-experimental phase to examine immediate effects
during training and a four-week randomized controlled trial. Twenty children aged 6—
13 years with mild to moderate ADHD were randomly assigned to either an
experimental group receiving language training with vetiver essential oil inhalation or
a control group receiving language training with a water-only diffuser. Both groups
participated in structured language training sessions for 30 minutes, twice weekly for
four weeks. Language outcomes were assessed using the Thai articulation test and the
Utah Test of Language Development (UTAH), attention was measured through video-
based observation of attention time during tasks, and behavior was evaluated using the
SNAP-IV scale. The results demonstrated that both groups showed significant

improvements in language outcomes after four weeks; however, the experimental group



exhibited significantly greater improvements in articulation and language scores.
Attention time increased significantly only in the experimental group, while no
significant change was observed in the control group. Additionally, SNAP-IV scores in
the experimental group decreased significantly, indicating improvements in inattention,
hyperactivity, and oppositional behaviors. In conclusion, language training improved
language abilities in children with ADHD, and the addition of essential oil inhalation
further enhanced outcomes by increasing attention and improving behavioral regulation
during training, suggesting that olfactory stimulation may serve as a complementary

approach to optimize language therapy effectiveness in this population.
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CHAPTER 1

INTRODUCTION

This study investigated the benefits of essential-oil inhalation in conjunction
with language training for children with attention-deficit/hyperactivity disorder

(ADHD), examining improvements in language skills, attention, and behavior;

1.1 Rationale and Background

In the United States, the prevalence of children (age range from 7-12 years)
diagnosed with attention deficit hyperactivity disorder (ADHD), a complex
neurodevelopmental disorder, increased from 7.8% in 2003 to 11.0% in 2011
(Danielson et al., 2022, 2024a; Visser et al., 2014) with a continuing upward trend.
Approximately one-third of them retain the diagnosis into adulthood, supporting the
recognition of ADHD as a chronic health condition (Danielson et al., 2022, 2024b;
Visser et al., 2014). Individuals with ADHD, especially if untreated, often experience
a reduced academic achievement, quality of life, social relationships and face greater
challenges in obtaining and maintaining employment compared to those without
ADHD, particularly if they did not receive treatment in childhood (Danielson et al.,
2022, 2024b; Visser et al., 2014). Thus, best practices strategies have a crucial role to
improve their abilities levels in children with ADHD.

Fortunately, more than 13.91% of them regain normal language skill after
participation in a rehabilitation program (Conti-Ramsden et al., 2001). However, the
condition of ADHD likely distorts a complex neurodevelopmental at a various degrees
depending upon levels and severity of the condition (Koutsoklenis & Honkasilta,
2023). The neurodevelopmental impairments reduce their inattention, hyperactivity,
and impulsivity, affect to increase functional, language and communication
impairments at home, school, and with friends (Cordier et al., 2009; Godfrey, 2001;
Ifdil et al., 2018). These consequences attribute significant impact on social, academic

performance and quality of life (Bellani et al., 2011; Fuermaier et al., 2024). Therefore,



their language capability is frequently limited to certain conditions such as academic
achievement, social relationship, and overall well-being (Bruce et al., 2006; Ifdil et
al., 2018). Furthermore, the current dramatic decrease effectiveness in language
training program because of hyperactivity-impulsive and inattention. Consequently, it
is important to explore the program strategy for reducing the disturbances from the
current situation of ADHD which lead to promote language and attention ability and
behaviors in these individuals.

Current language and speech training, particularly phonological therapy, has
been shown to enhance sound recognition and articulation through modeling and
practice of speech sounds and words (Almost & Rosenbaum, 1998). While semantic
interventions can also improve vocabulary, they have limited effectiveness for children
with ADHD. Furthermore, for children with ADHD, language training may require
more than two months to yield significant results, and it is often less effective
compared to training in children with only speech disorders. One plausible approach,
as part of complementary and alternative medicine, was the incorporation of
aromatherapy with essential oils during language training. Many studies reported that
aromatherapy with essential oils, being inexpensive and widely available, effectively
reduced anxiety, pain, and hypertension, and had positive effects on mood, relaxation,
sleep quality, and cognitive flexibility. These effects were observed in various groups,
including typical children, those with autism spectrum disorder (ASD), dental patients,
and children with diabetes or cancer (Triana et al., 2022). Moreover, some studies
found that essential oils could modify the electroencephalogram (EEG) patterns in the
brains of children with ADHD. Particularly, pungent scents such as vetiver were
shown to positively influence mood, attention, and brain activity. However, no studies
have used aromatherapy combine with language training in children with ADHD.
Therefore, this study evaluated the effectiveness of essential-oil inhalation during language

training on language skills, attention, and behavior in children with attention-

deficit/hyperactivity disorder.



1.2 Research Questions

Did a language-therapy program incorporating essential-oil inhalation improve
language skills, attention, and behavior in children with attention-deficit/hyperactivity

disorder?

1.3 Objectives of the Study

1.3.1 Were there significant immediate effects of language training on attention
when comparing sessions that used essential-oil inhalation with those that did not?

1.3.2 Examined the effects of a four-week language-training program
incorporating essential-oil inhalation on language skills, attention, and behavior in

children with ADHD.

1.4 Hypotheses of the Study

1.4.1 There were significant immediate effects on attention when comparing
language training with essential-oil inhalation to language training without it.
1.4.2 The four-week language training program incorporating essential-oil

inhalation improved language skills, attention, and behavior in children with ADHD.

1.5 Scope of the Study

This study examined the immediate effects of language training on attention,
comparing sessions that used essential-oil inhalation with those that did not (Study 1).
It also investigated the impact of a four-week language-training program incorporating
essential-oil inhalation on language skills, attention, and behavior in children with

ADHD (Study 2).



1.6 Terminologies Used in the Study

1.6.1 Attention deficit hyperactivity disorder (ADHD): A prevalent
neurodevelopmental disorder characterized by persistent patterns of inattention,
hyperactivity, and impulsivity.

1.6.2 Attention: The ability to focus selectively on specific information while
ignoring other stimuli.

1.6.3 Behavior: Observable actions or responses of children, which may include
impulsivity and hyperactivity.

1.6.4 Essential Oil Inhalation: The practice of breathing in the aroma of essential
oils, potentially affecting mood and cognitive functions.

1.6.5 Language Skills: The ability to understand and use spoken or written
language effectively.

1.6.6 Language Therapy: A treatment approach focusing on improving sound
recognition and articulation in language to improves your ability to talk and use

language skills.

1.7 Advantages of the Study

This study proposed a novel approach by integrating essential oil inhalation
with language therapy to address ADHD symptoms, providing potential insights into
effective treatment strategies. It delivered a comprehensive intervention targeting
language skills, attention, and behavior. The use of essential oils offered a non-
invasive, cost-effective, and accessible method, enhancing feasibility across diverse
populations. In addition, the study addressed a gap in the literature by examining this
combined intervention in pediatric ADHD, potentially supporting future research and
the development of alternative therapeutic approaches. The expected improvements in
academic performance, interpersonal relationships, and overall well-being may

contribute to an enhanced quality of life in children with ADHD.



CHAPTER 2

LITERATURE REVIEW

This chapter reviews literatures related to this study. Details in the chapter
were divided into 5 parts including attention deficit hyperactivity disorder (ADHD),
language training in children with ADHD, essential oils inhalation, mechanism of
essential oil inhalation to the brain and outcome assessments for language skills,
attention and behavior in children with ADHD. Details of each topic are described

below;

2.1 Attention Deficit Hyperactivity Disorder (ADHD)

2.1.1 Definition, incidence and prevalence of ADHD

Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental
disorder defined by impairing levels of hyperactivity, impulsivity, and oppositional
defiant disorder that interferes with functioning impairment in school or work
performance and in the activities of daily life of childhood and often persisting into
adulthood (Catala-Lopez et al., 2015). This disorder significantly impacts academic
performance, work, and social relationships, and is associated with psychiatric
comorbidities and economic burdens (Baji et al., 2023; Staley et al., 2024). ADHD is
diagnosed based on criteria outlined in the DSM-V and SNAP - IV, which has
broadened diagnostic parameters and influenced prevalence rates (Salari et al., 2023).
The cumulative incidence of ADHD diagnoses during childhood varies, with some
studies suggesting an increase due to potential overdiagnosis, particularly in milder
cases (Vuori et al., 2022). While often diagnosed in school-age children, many cases
are identified in adulthood, indicating a lifelong incidence pattern (Staley et al., 2024).
Globally, ADHD prevalence in children is estimated between 5% and 7%, with 7.6%
in children aged 3 to 12 and 5.6% in adolescents aged 12 to 18 (Salari et al., 2023;
Vuori et al., 2022). Among adults, the prevalence is approximately 3.10% globally,

with the inattentive type being most common (Ayano et al., 2023). In the U.S., around



6% of adults report a current ADHD diagnosis, with half diagnosed after age 18
(Staley et al., 2024). Despite widespread recognition and study, debates continue
regarding ADHD diagnosis and treatment, particularly concerning treatment access
challenges. Therefore, it is important to monitor and treatment in children who have
ADHD.

2.1.2 Causes of ADHD

Attention Deficit Hyperactivity Disorder (ADHD) is an abnormality or
dysfunction partial of the brain. A link between damage, or injury, to the frontal lobe
of the brain. At the present, the exact cause is still unknown. The neurotransmitters
that operate in the frontal area of the brain are predominantly dopamine and
norepinephrine. It is the biochemical system that is affected. Dopamine and
norepinephrine control attention and hyperactive (Godfrey, 2001). Research studies
for radiology find that ADHD has abnormal of structure and function the brain in area
of prefrontal cortex, basal ganglia and cerebellum including capacity of the brain less
than normal children. Researcher assume that there are four executive functions and
motivation impaired in ADHD (Cooper & Bilton, 2002) which associate with
dopamine and norepinephrine neurotransmitters in connected circuit between
prefrontal cortex and striatum.

Neurological factors studies have found abnormalities in both the structure and
function of the brains of children with ADHD. Abnormalities in frontal-subcortical
circuits were found and the brains in these areas were smaller than those of normal
children. In addition, the volume of the cortex and the overall brain volume of children
with ADHD were found to be smaller than that of normal children. Additionally,
various factors including genetic predispositions, family dynamics, environmental
influences, and dietary habits are thought to play a role in the etiology of ADHD.

2.1.3 Consequences of attention deficit hyperactivity disorder

ADHD greatly influences children, families, and society at large, impacting
various areas such as physical health, mental state, social life, and educational
achievement wherein 30-40% of children demonstrate learning disabilities although
they possess average 1Qs, leading to significant hurdles in spelling, reading, and
maintaining attention in educational settings while simultaneously creating social

challenges, including weakened relationships and an increased chance of dependency



on substances, which can be reduced by 50% with effective therapeutic interventions
(Cooper & Bilton, 2002).

In the child and family clinic under study, Love and Thompson found that
more over 67% of children with linguistic difficulties also had ADHD. However,
research by Bleitchman, Hood, and Inglis and Cantwell and Baker revealed that
between 17% and 38% of the children polled in their groups of people with speech
and language impairments also had ADHD (Damico et al., 1999).

Children with ADHD often have problems with language and speech in several
areas, including phonology, semantics, syntax and pragmatics, children with ADHD
often have trouble understanding grammar and meaning of words. Children with
ADHD often have trouble using language to communicate in social situations, such as
maintaining a conversation topic, interpreting body language, and understanding
implied meaning. Some research has found that children with ADHD have more
problems with pragmatic language skills than children with developmental language
delay (DLD), narrative skills: Children with ADHD often have difficulty telling stories
coherently and logically. Some research has found that children with ADHD's
narratives are inconsistent and lack important elements of narrative structure,
executive functioning. There is evidence that children with ADHD have problems
with working memory and cognitive flexibility, which affect their ability to process
language. Children with more severe ADHD tend to have more language problems.
Some children with ADHD have trouble learning and understanding new vocabulary.
Children with ADHD may understand basic grammar well, but as sentences become
more complex in structure (such as sentences with subordinate clauses or the passive
voice), they may start to have problems. Children with ADHD often have trouble
interpreting meaning that isn't explicitly stated, such as understanding implied
meaning in conversations, stories, or instructions that have multiple steps. Children
with ADHD often have difficulty summarizing long or complex texts (Méndez-Freije
etal., 2023).

2.1.4 Prognosis of patients with attention deficit hyperactivity disorder

In early and middle adolescence, relative deficits are seen in academic and
social functioning, attention deficit hyperactivity disorder (ADHD) symptoms remain

problematic in two thirds to three quarters of these children, and antisocial behaviors.



Compared to normal, hyperactive had much greater rates of antisocial behavior,
cigarette and marijuana usage, and poor academic performance (Barkley et al., 1990).
Expand on earlier retrospective findings showing that children with ADHD are highly
susceptible to a variety of deficits impacting several psychopathological domains,
including familial, school, interpersonal, and cognitive functioning (Biederman et al.,

1996).

2.2 Language Training in Children with ADHD

Children with ADHD exhibit higher rates of speech and language impairments
(approximately 50%) compared to the general population. Common challenges
include interrupting others, difficulty organizing thoughts, incoherent speech, and
pragmatic language dysfunctions (Ifdil et al., 2018). Language training programs aim
to improve communication, focus, and cognitive development through structured
activities targeting specific speech and language deficits. These interventions use
repetition, reinforcement, and feedback to facilitate learning. For children with
ADHD, language training enhances attention and thought organization, addressing
core symptoms of the disorder.

There are many ways to effective method to practice language training depend
on the child's age and ability, including phonological therapy for enhances sound
recognition and articulation (Almost & Rosenbaum, 1998). Expressive and Receptive
Language Therapy for improves language production and comprehension (Barratt et
al., 1992; Girolametto et al., 1995). Syntax and Pragmatics Interventions for focus on
grammatical structure and social language use (Cole & Dale, 1986; Dixon et al., 2001;
Fey et al., 1993).

In young children who do not yet have language, begin by practicing
prelinguistic intersubjective and socio-communicative skills such as eye contact, facial
expressions, vocalizations, communicative intentionality, attention, turn-taking and
social conversation skills along with early conventional and symbolic play and deictic
gestures (pointing and showing), can be encouraged because of basic forms in

symbolic play will be associated with basic forms of language (Orr & Geva, 2015;



Strazzer et al., 2023). Children who are beginning to have language, training methods
using pre-linguistic milieu teaching (PMT) techniques are used by following the
child’s lead, embedding instruction in ongoing interaction, focusing on target
behaviors, and using prompts and reinforcement to elicit and maintain communicative
behaviors (Yoder & Warren, 2002). In children who already have language, it is
stimulated by using indirect language stimulation (ILS) that form of structured input-
based intervention. In this approach, follow the child’s lead by imitating the child’s
actions, sounds, and words and provide language that matches the child’s actions and
intentions. The child chooses the topic, activity, or material and the adult comments on
the child’s focus of interest (Girolametto et al., 1995). Frome-Loeb and Armstrong
(2001) showed that ILS techniques aimed at increasing word combinations were
effective in eliciting longer utterances from toddlers with language delays (Loeb &
Armstrong, 2001).

In children with speech sound disorder must be assessed for comorbid
conditions of language impairment or reading disorder or both perform more poorly
than children with isolated speech sound disorder on measures of endophenotypes,
including phonological memory, phonological awareness, and speeded naming (Lewis
et al., 2012) and practice Auditory-perceptual training involves auditory stimulation
and discrimination tasks (Siemons-Liihring et al., 2021). Rvachew and colleagues
(2004) found greater improvements in phonemic perception and articulatory accuracy
using this approach when additional training of letter recognition, letter—sound
association, and onset-rime matching was included. No benefit was found for stand-
alone phonological awareness training (Rvachew et al., 2004). In the same way
children with speech sound disorder need to improve their speech intelligibility, and
one of the most commonly used techniques is oral-motor training, which includes
nonspeech oral exercises (Alhaidary, 2021).

In syntax and pragmatics interventions training focus on increasing the variety
of vocabulary in order to create complete sentences and used scaffolding method (e.g.,
recasts, expansions, cloze procedures, modeling), within conversation-based and
narrative-based treatment approaches, were more effective than direct imitation. For
narrative intervention such as listen to stories, answer questions, retell stories with

temporal and causal connections, retell stories including talk about goals and plans,
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use mental (think) and linguistic (say) verbs in story retells (Kaderavek & Justice,
2004).

Reid (1996) found that 10 weeks of phonological therapy yielded better
outcomes than shorter durations (Reid et al., 1996). Similarly, Girolametto (1995)
demonstrated that focused vocabulary interventions increased word usage in language-
delayed children (Girolametto et al., 1995). While language training alone may take
time to show significant improvements, it consistently outperforms no intervention in
enhancing language outcomes (Fey et al., 1993; Gibbard, 1994). The training
frequency and duration time ranges from one to two times a week to once a month, for
thirty minutes to an hour each time (Barratt et al., 1992; Cole & Dale, 1986; Dixon et
al., 2001; Sandiford et al., 2013).

Research studies have found that language training alone takes a long time to
show effectiveness, and some studies have not found any difference between before
and after language training but if we compare between practice language training and
not, there is a greater difference in practice language training (Fey et al., 1993;

Gibbard, 1994).

2.3 Essential Oils Inhalation

Aromatherapy, chiefly through inhaling essential oils, is seen as a practical
non-pharmaceutical option for addressing a spectrum of issues in pediatric
environments. Empirical evidence underscores its effectiveness in mitigating anxiety
during dental interventions, with lavender-neroli oil particularly demonstrating a
significant reduction in both anxiety levels and physiological stress indicators in
pediatric patients (Abdalhai et al., 2024). Additional research indicated that orange
essential oil markedly diminished anxiety and heart rate in children receiving dental
treatment, corroborating previous studies that reported a reduction in anxiety among
diabetic children exposed to the aroma of orange (Table D1) (Borji et al., 2017;
Jatarzadeh et al., 2013; Soni et al., 2018). In addition to the benefits of orange scent,
lavender scent also demonstrated statistically significant effects on reducing anxiety

and pain in children undergoing dental procedures (Table D1) (Arslan et al., 2020;
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Gandhi et al., 2018). These findings reinforced the therapeutic potential of essential
oils as safe, non-pharmacological interventions in pediatric care. Therefore, later
studies began to study the effects of using scents in groups of children with specific
conditions, such as using scents to help reduce pain after tonsillectomy in children,
children who need intravenous catheters, and children with burns aged 2-12 years. The
results indicated that the cohort subjected to aromatic essential oils experienced
diminished pain levels and intensity, a reduced dependency on analgesics, and a
notable decrease in respiratory rates. Moreover, upon evaluating the comparative
effectiveness of lavender and borneol essential oils, the research illustrated that the
application of lavender was associated with lower anxiety metrics and a markedly
decreased heart rate in comparison to the borneol group (Table D1) (Tripathy et al.,
2023).

Beyond anxiety and pain reduction, aromatherapy has shown potential in
broader health applications from various scents (Table D1), such as decreasing
hospitalization anxiety and managing chronic pain in pediatric cancer patients, thereby
improving relaxation and sleep quality in children aged 2 months to 12 years (Ardahan
Akgiil et al., 2021; Bikmoradi et al., 2017; Soltani et al., 2013). Previous studies
supported these findings, revealing that inhaling a blend of rose and orange essential
oils for 20 minutes before bedtime significantly improved sleep duration, morning
wake-up times, and reduced nightmares, night wakings, and daytime fatigue (Table
D1). These studies underscored the efficacy of essential oils in enhancing sleep quality
and overall well-being in children (Keyhanmehr et al., 2018; Renani et al., 2023;
Salarfard et al., 2023). Moreover, O'Flaherty et al, revealed that employing lavender or
chamomile fragrances along with a Neroli-infused massage for 10 to 20 minutes on
infants resulted in lowered heart and breathing rates. This therapeutic approach
seemingly facilitated a state of relaxation among the infants, resulting in statistically
significant enhancements in sleep quality, wakefulness and facial expressions, as well
as body temperature (O’Flaherty et al., 2012).

In addition, previous studies have also explored the effects of aromatherapy on
working memory and in specific condition cases. Moss et al. (2008) found that
children aged 9 - 11 who were exposed to rosemary scent in five minutes before

testing showed significant improvements in immediate serial word recall, sentence
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span, and counting span compared to a control group. In specific condition cases,
Friedmann (2002) examined brainwave activity in 34 children with ADHD, aged 6-12,
using lavender, cedarwood, and vetiver scents. Only vetiver and cedarwood resulted in
statistically significant changes from baseline. Additionally, Chen and Chen (2008)
studied the impact of a strong cinnamon scent combined with motor-sensory
integration and activity therapy in children with ADHD aged 2-7 over six months,
finding improved behavior scores on the SNAP IV questionnaire. There are also
studies on the use of aromatherapy in autistic children, who used lavender and other
scents such as frankincense, spearmint, cedarwood, lemon, vetiver in autistic children.
The results found that most children showed better communication behaviors, helping
children to focus on activities that require concentration for longer, such as drawing,
playing educational games, making eye contact and communicating more using body
language. They were able to remember and use newly learned vocabulary better in
real situations. It also helped reduce stress, fear and build self-confidence in children.
Children were more courageous to express themselves and talk to others more, and
they also had an increased amount of sleep (Table D1) (Christie, 2016; Kumari et al.,
2006; Williams, 2006). Furthermore, previous study in children with intellectual
disabilities with peppermint and eucalyptus scents also found that significantly
increased the alertness after inhaled (Czar, 2009).

A comprehensive literature review concerning olfactory stimuli in pediatric
populations with special needs has demonstrated that particular potent fragrances,
such as vetiver, cedarwood, cinnamon, peppermint, and eucalyptus, can profoundly
influence neurological functioning.

Despite the growing body of evidence supporting the therapeutic effects of
essential oil inhalation, there remains a lack of consensus regarding the optimal
dosage, particularly in terms of the number of drops relative to water volume, room
size, and duration of exposure in pediatric populations. Most previous studies have
focused primarily on the type of essential oil and its clinical effects, while detailed
parameters of administration, such as concentration and delivery methods, have not
been systematically standardized or clearly reported. This represents a significant gap
in the literature, as variations in dosage may influence both the efficacy and safety of

aromatherapy interventions. Furthermore, different delivery methods, including direct
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inhalation, topical application, and diffusion, may yield distinct physiological and
behavioral outcomes.

In this study, the use of a diffuser was specifically selected as the method of
essential oil administration. The diffuser allows for a gradual and consistent release of
aromatic compounds into the environment, providing a stable level of olfactory
stimulation throughout the therapy session. Importantly, this method is considered
safe, non-invasive, and appropriate for use in children, as it minimizes the risk of skin
irritation and avoids direct contact with the substance. Additionally, the use of a
diffuser does not interfere with the children’s participation in language training
activities, thereby maintaining the naturalistic therapeutic setting. Therefore, this study
not only explores the effects of essential oil inhalation but also addresses the
methodological gap by examining a practical and child-friendly mode of delivery

within a structured intervention context.

2.4 Mechanism of Essential Oils Inhalation to the Brain

From the literature review in the effect of essential oil inhalation. It is
conceivable to depict the adjustments happening in the nervous system in reaction to
olfactory cues as follows: When essential oils are inhaled the molecules of essential
oils can access the brain and influence it via two different pathways, the olfactory
system and the breathing system. Following inhalation, the essential oils molecules
would either enter the respiratory tract or directly affect the olfactory mucosa.
Different underlying mechanisms of action are suggested by these two delivery
channels (Fung et al., 2021). The study of essential oils underlying mechanisms has
benefited by the use of animals. It was discovered that the anxiolytic effects of
essential oils were linked to elevated levels of dopamine (DA) or serotonin (5-HT)
(Chioca et al., 2013; Komiya et al., 2006). A low level of the dopamine that regulates
attention and hyperactivity can be interpreted as restless boredom. Serotonin is linked
to anxiety, impulsivity, depression, and irregular sleep patterns (Godfrey, 2001).

There are three fundamental mechanisms by which essential oils (EOs) may

influence brain function: First, essential oils stimulate nasal olfactory chemoreceptors,
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transmitting signals to the brain. The olfactory system is uniquely connected, both
anatomically and functionally, to the limbic system, a brain region central to emotional
regulation. Consequently, olfactory stimuli from essential oils can significantly affect
mood. Second essential oils molecules may directly enter brain regions through the
olfactory nerve, triggering cellular and molecular processes within the brain. Third,
essential oils molecules can be absorbed via alveoli in the lungs, enter the bloodstream,
cross the blood-brain barrier (BBB), and interact with specific brain regions.
Therefore, essential oils are generally considered safe when used appropriately.
Inhalation, as a non-invasive method, poses minimal risk and has demonstrated
effectiveness in various therapeutic contexts, including improving attention, memory,
and mood in children, but there is no research that has used the scent of vetiver with
children with ADHD during language training. This study aims to address this gap by
exploring the combined effects of essential oils and language training, particularly

focusing on children with ADHD.

2.5 Outcomes Assessment for Language Skill, Attention and Behavior

2.5.1Thai articulation test

Assessments of phonological abilities: single-word speech sampling, collected
a connected speech sample, and used informal tests. Common analysis techniques
included determination of phonological processes, substitutions—omissions—
distortions—additions (SODA), and phonetic inventory. Speech and language
pathologist (SLP) selecting target sounds that were stimulable. Each intervention
approaches were frequently used: auditory discrimination, minimal pairs, cued
articulation, phonological awareness, traditional articulation therapy and core
vocabulary (Mcleod & Baker, 2014). By comparing the development of word-level
speech of Thai children aged 3-10 years (Manochiopinig et al., 1998).

This is similar to a study of Italian speech sound testing in children diagnosed
with speech sound disorder in which the Intraclass Correlation Coefficient (ICC) were
superior to 0.9 (reliability). A statistically significant improvement in test score with

age was found (construct validity) by Inter-rater reliability of the sample was
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ICC=0.92 (95%CI: 0.86—0.95), intra-rater reliability was ICC=0.98 (95%CI1:0.97—
0.99) and test-retest reliability was ICC=0.99 (95%CI: 0.98-0.99). Test scores
increased with age. The association of age with the total score (construct validity) was
significant (p<0.001) (Tresoldi et al., 2018).

2.5.2 The Utah test of language development

It is a language development screening tool for children aged 2-9 years. It
consists of 45 questions in total. It screens for expressive, semantics, syntax and
morphology by having children follow given instructions, speak according to what the
speech-language pathologist (SLP) says, name pictures they see, sing songs and tell
stories, etc. In past studies with native American children, black children were given
the Utah Test of Language Development. The order of item difficulty on the UTLD
was highly comparable across cultures, according to item difficulty research
(coefficient of concordance was 0.97) (Mecham, 1978).

2.5.3 Video time recorded for attention in ADHD

The measurement of video time recorded for attention in ADHD involves
various methodologies, each providing unique insights into attentional dynamics. The
measurement of attention in ADHD, utilizing methodologies such as virtual reality
eye-tracking, video analysis of movement, and brief video-assisted observations,
provides diverse insights into attentional dynamics, revealing both the therapeutic
effects of medication and diagnostic indicators, while underscoring the complexity
and necessity of integrating multiple approaches for a comprehensive understanding
(Kiihle et al., 2001; Lee et al., 2022).

2.5.4 The Swanson, Nolan, and Pelham-1V (SNAP-1V) scale

The SNAP-IV (Swanson, Nolan, and Pelham-IV) scale is a widely utilized tool
for assessing attention deficit hyperactivity disorder (ADHD) in children, evaluating
18 behaviors through parent and teacher reports, and serving as a critical instrument
for both diagnosis and monitoring of ADHD symptoms. The scale has demonstrated
high criterion validity and reliability, as evidenced by a study in Sri Lanka showing
sensitivity and specificity measures of 93.0% and 83.7% for primary caregivers, and
81.4% and 73.7% for teachers, respectively (Nazeer et al., 2024). Its internal
consistency is supported by Cronbach’s alphas ranging from 0.91 to 0.97 across

subscales with Thai cases aged 4-16 years (Pityaratstian et al., 2014), confirming its
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reliability in diverse settings (Nazeer et al., 2024). The SNAP-IV's performance may
be limited in children with neurodevelopmental disorders, such as autism spectrum
disorder and intellectual disability, due to its two-factor structure and certain item
limitations (Zieff et al., 2023). Therefore, the SNAP-IV remains a valuable tool for
ADHD assessment, its effectiveness can vary based on the evaluator and population,

can enhance diagnostic accuracy and objectivity in specific contexts.
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CHAPTER 3

RESEARCH METHODOLOGY

The research was divided into two phase contents in this chapter described

materials and methods of each content.

3.1 Study Design and Setting

This study employed a mixed-methods approach consisting of two
complementary phases to evaluate the effects of essential oil inhalation combined with
language training in children with attention deficit hyperactivity disorder (ADHD).

Study 1: employed a quasi-experimental to evaluate the immediate effects of
language training under two conditions (with and without essential oil inhalation) on
attention. Each participant was exposed to both conditions during the training sessions,
and attention outcomes were assessed. This design allowed for the examination of
short-term changes in attention associated with the presence of essential oil inhalation
during training process.

Study 2: was designed as a randomized controlled trial (RCT) to investigate the
effects of a 4-week language training program with essential oil inhalation on language
skills, attention, and behavior. Participants were randomly assigned to either the
experimental group (language training with essential oil inhalation) or the control group
(language training with water diffuser), and outcomes were measured at baseline and
after the intervention period.

The study was conducted at the Department of Communication Disorders,
Rajanukul Institute, where language therapy sessions for children with ADHD are

routinely provided.
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3.2 Participants

3.2.1 Sample size estimation
2(Zx+2Zp)?0?

The sample size was estimated by formula: n/group = Gnity)?
1—H2

(Chirawatkul, 2009) in which,

n = sample size / group

Zq = Z-value for the type I error

Zp= Z-value for the type II error

o? = variance

u1 - po = mean difference

The researcher applied data clinically relevant change in this group (Chen &

Chen, 2008) to estimate the appropriate number of participants for each study, with
the confidence level set at 95% (significance level at 0.05) and the power of the test
(1-B) at 80%. Thus, Zy2>was 1.96, Z, was 1.65, and Zp was 0.84 (Bhardwaj et al.,
2024). For study 2, the researcher was set a 10% dropout rate. Table 3.1 presented the
estimated number of sample sizes required for each study. In summary, study 1
required at least 10 individuals per group (individuals with ADHD), and study 2
required at least 10 individuals per group (individuals with ADHD).

Table 3.1 Estimated number of sample size requires for each study.

Outcome (Study) SNAP-1IV SNAP-IV SNAP-IV
Questionnaire Questionnaire Questionnaire
(Chen & Chen, 2008) (Huang et al., (Suwannasing et al., 2021)
2024)
o2 84.64 68.55 3.53
Qi - p2 11 8.6 6.59

n/group 10 10 1.00




19

3.2.2 Details of participants with attention deficit hyperactive disorders
(ADHD)

Individuals with attention deficit hyperactive disorders (ADHD) were included
in Study 1, while Study 2 focused solely on individuals with ADHD. Participants with
ADHD who took part in Study 1 were permitted to participate in Study 2. All
participants received Methylphenidate administered twice daily after breakfast and
lunch. The dosage and administration method were maintained consistently throughout
the study, with no changes in medication type or dosage permitted. Eligible
participants were required to provide written informed consent prior to participation.
The criteria for participant recruitment were as follows:

Inclusion criteria

1. Children diagnosed with mild to moderate ADHD aged 6-13 years who
have language problem such as speech sound disorder (Unable to pronounce at least 2
sounds, accounting for 92% of the Thai articulation test) and language skill problem
(There was 1 failed assessment item of each section) (Lewis et al., 2012; Méndez-
Freije et al., 2023).

2. Having scoring between 50 - 80 of the total possible points on each
section of the Thai semantic development test for children.

3. Participants have a normal hearing or those who had problems but have
already been resolved.

4. Participants obtained parental consent (Arslan et al., 2020; Chen &
Chen, 2008; Keyhanmehr et al., 2018; O’Flaherty et al., 2012; Salarfard et al., 2023).

Exclusion criteria

1. Having severe behavioral, emotional problems and sensory integration
problem (Jafarzadeh et al., 2013; Soni et al., 2018).

2. Having respiratory problems such as fever, cough, or a stuffy nose
(Arslan et al., 2020; Jafarzadeh et al., 2013; Soni et al., 2018).

3. Having a history of allergies to perfumes or essential oils (Keyhanmehr
etal., 2018).

4. Uncorrected or severe visual impairments, including blindness,

strabismus, or color blindness.
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5. Aggressive behavior or inability to control emotions, posing a risk to

themselves or others

3.3 Instrumentations and Setting Training Room

3.3.1 Instrumentations
1. Demographic data questionnaire
2. Thai semantic development test for children questionnaire

3. The Utah test of language development recording form
4. Thai articulation test recording form

5. SNAP-IV (Short form)
6. Aromatherapy diffuser
7. Vetiver essential oil, which has been certified by a reliable institution
from Laboratoire PhytoChemia (appendix C).
8. Digital mobile camera, Records 108 MP high-definition images, 6P lens,
f/1.75 and records 1080p HD video (1920x1080) at 30 frames per second.
Resolution 1920 x 1080 pixels.
3.3.2 Setting training room
A rectangular room sizing 1.85 x 2.6 x 2.6 meters was used. This enclosed
space was equipped with a single solid window and an air conditioner set to 25
degrees Celsius to ensure a comfortable temperature. Sufficient lighting was provided,
and noise disturbances were minimized to create a conducive environment for the
study. Inside the room, a solitary computer was placed, along with a training table and
chair positioned centrally. A diffuser was set in one corner, and a video camera was
discreetly installed in another corner to remain unobtrusive to the participants. All
equipment used during the training sessions was changed after each use and was not
be reused.
Prior to the experiment, 5 drops of vetiver essential oil were blended with 500
ml of water to achieve an average air density of 2.80 mg/m? per hour, with an odor
release rate of 0.583 mg/min. In this study, the concentration of vetiver essential oil

used in the diffuser (5 drops in 500 ml of water) was determined through a preliminary
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pilot trial conducted by the researcher prior to the main experiment. Since previous
studies have not clearly specified the appropriate number of drops of vetiver essential
oil relative to water volume or room size for inhalation during therapy sessions, the
researcher conducted a series of gradual trials by adjusting the concentration of the
essential oil in the diffuser. Different concentrations were tested to identify an
appropriate level that produced a detectable but non-irritating aroma within the
training room environment. The researcher also observed the responses and
satisfaction of children with ADHD toward the scent, ensuring that the aroma was
mild, acceptable, and did not cause discomfort or distraction during the therapy
sessions. Based on these pilot observations, the concentration of 5 drops of vetiver
essential oil diluted in 500 ml of water was selected as the optimal level for the room
size used in this study. This concentration provided a stable and noticeable scent while
remaining comfortable for participants during the 30-minute language training
sessions. 100% Pure Vetiver Essential Oil, extracted from the roots of Vetiver from
India and certified free from adulterants or dilution, was used. Its safety certification
indicated that it is safe for pregnant women, children, and pets. And the machine was
activated 5 minutes before the participants entry the room and remained operational
throughout the 30-minute language training session. After each session, the room was
thoroughly cleaned, and the door was left open to facilitate ventilation. It was noted

that this setup was not used concurrently with the control group on the same day.

3.4 Research Protocol

The eligible participants were interviewed and assessed for demographic
information (e.g., gender, age, weight, height), ADHD symptomatology, and speech
and language developmental abilities. Subsequently, they were randomly assigned
using simple random to be involved in the program of a control group (receives
standard language training without essential oil inhalation) or an experimental group
(receives language training with essential oil inhalation (vetiver oil) using a diffuser),

with outcome measurement at baseline and 4 weeks thereafter. Details of the training
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programs and outcome measured are explained below. Participants were required to
complete each study protocol.

Participants were required to sign a consent form to participate in the research
prior to entering the language training program. Participants were divided into 2
groups: the experimental group and the control group.

The experimental group completed a 30-minute training session in the
language training room with a vetiver diffuser, while the control group completed a
30-minute session in the same room with a water diffuser. Both groups received the
same therapy and experience identical environmental conditions throughout the
training. The same researcher conducted all the experiments to ensure the accuracy of
the experiments and maintain consistency of procedures in both groups.

3.4.1 Research protocol for study 1: to evaluate the immediate effects of
language training between using and not using essential oil inhalation on attention.

Participants were assessed cross-sectionally for attention during training tasks
using eye-tracking measures, movement, and facial expression analysis. Assessments
were conducted in both the experimental and control groups for 30 minutes per
session, twice a week, over a total period of 4 weeks.

3.4.2 Research protocol for study 2: to compare the effects of 4-week language
training with essential oil inhalation training on language skills, attention, and
behavior in children with ADHD.

The eligible participants were involved in the study for 4 weeks. On the first
day, participants were interviewed and assessed for their baseline demographics,
ADHD characteristics, and speech and language developmental ability. Participants
were then randomly assigned using simple randomization to either the experimental
group (language training in a room with diffused vetiver essential oil) or the control
group (language training in a room with a water-only diffuser). On the next day,
participants received language training in their respective groups for approximately 30
minutes per day, twice a week for a total of 4 weeks to assess outcomes in terms of

language skills, attention, and behavior.
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3.5 Details of Speech and Language Training

The speech and language training program consists of two components, (1)
Functional speech sound disorders (SSDs), (2) Language skill includes language
comprehension training, storytelling training. detailed as follows:

3.5.1 Functional speech sound disorders (SSDs)

Step 1: Categorical phonological perception: participants practiced
distinguishing correct from incorrect speech sounds through auditory discrimination
tasks, using minimal pairs to differentiate commonly confused phonemes (Lee &
Gibbon, 2015).

Step 2: Phoneme acquisition: Training began with the correct articulation of
isolated phonemes and progresses to syllables, words, and sentences. Techniques
include visual and verbal modeling, imitation, and articulation drills with phonetic
placement cues. For instance, the sound /k/ will be introduced through meaningless
syllables like "ka," "ku," "ki," "ko," "kai," and "kao" (Lee & Gibbon, 2015).

Step 3: Assisted generalization: The speech therapist helps participants
incorporate learned sounds into spontaneous speech through structured play and
conversation, encouraging the application of correct pronunciation in real-world
interactions with feedback and reinforcement (Lee & Gibbon, 2015).

3.5.2 Language skill includes language comprehension training, storytelling
training.

Step 1: Sentence-Level Listening Training involves participants listening to
sentences read by the researcher and responding by pointing to pictures or saying the
correct answer. For instance, if the researcher states, “I am an object in the bedroom,”
the participant should point to a picture of a pillow. Additionally, participants engage
in listening training at the short story level, where they listen to a short story read by
the researcher and then answer questions about its main idea and details (Tarvainen et
al., 2020).

Step 2: Storytelling Training focuses on teaching the essential elements of
a story, including characters, setting, events, turning points, plans, actions, and

outcomes, using picture cards and storybooks. A variety of examples were provided to
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enhance participants' understanding and retention of these elements. Participants
learned to connect vocabulary and sentence structures with the events in the story,
incorporating cause-and-effect connectors such as "because" and "therefore." They
practiced summarizing the story and answering review questions, gradually increasing
the complexity of the narratives to include complications, emotions, problems, and
problem-solving. Training began with storytelling from single pictures or words and
progressed to continuous stories, The researcher initially told a short story, after which
participants were asked to retell the story in its entirety (Gillam et al., 2018; Spencer

& Petersen, 2020).

3.6 Outcome Measures

Participants were assessed for their language skill, attention, and behavior,
which are essential for independence. The primary outcome variable was the attention
skill, while secondary outcome variables included the language skill and behavior, all
tested in a random sequence. Prior to assessment, one assessor, a qualified speech-
language therapist with over five years of clinical experience, served as the evaluator.
This assessor had extensive experience working with children and was familiar with
the procedures for administering and scoring the assessment instrument used in this
study. They had also received training on the testing procedures, using standard testing
instructions. They practiced using the tests on 5 normal individuals. Subsequently,
these raters measured the outcomes of the study 2 times: prior to the training program
(baseline assessment) and after 4 weeks. The details of each assessment were as
follows:

3.6.1 Speech and language skill outcome

3.6.1.1 Thai articulation test (speech sound) outcome

Participants were asked to look at pictures in the Thai Articulation Test and
to name the words depicted, following the picture list presented in appendix B. Their
pronunciations were recorded during the task. The number of correctly produced

speech sounds for each participant was then analyzed.
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Table 3.2 Definition of rating scale for Thai articulation test.

Score rating Definition of score
0 Pronunciation is incorrect
1 Pronounce correctly

Source Manochiopinig et al. (1998)

3.6.1.2 The Utah Test of language development outcome
Participants were assessed using the Utah Test of Language
Development, with assessment items listed in appendix B, from the first item up to the
item that corresponds to the participant's actual age. If a participant passes an item, 1
point was awarded; if the participant did not pass, 0 points were assigned.

3.6.2  Video recording for the outcome of ADHD

1. Setup: High-resolution video cameras were positioned to capture full-
body movements and facial expressions in a distraction-free environment.

2. Recording: Recording sessions were conducted in both experimental and
control settings while participants performed training tasks, capturing eye-tracking
behavior, body movement, and facial expressions.

3. Video analysis: Pixel subtraction techniques were applied to quantify
movement, analyze facial expressions and motor behaviors, and score indicators of
attention loss and altered facial expressions through video-assisted observation.

3.6.3 The Swanson, Nolan, and Pelham-IV (SNAP-IV) scale use were assessed
behavioral outcome. The SNAP-IV is an ADHD assessment tool for children,
developed by Swanson, Nolan, and Pelham 1V, and is more popular among health
professionals than the KUS-SI-ADHD, which was developed for teachers. The SNAP-
IV assesses 3 dimensions, totaling 26 items: attention deficit (9 items), hyperactivity
and Impulsive (9 items) and opposition/defiance (8 items). The scoring for each item
determined based on a predefined table 3.3. After assigning a score to each item, the
average rating score per item (ARI) for the severity of hyperactivity, impulsivity, and
oppositional defiant disorder was classified as shown in the table 3.4 (Swanson et al.,

2012).



Table 3.3 Definition of rating scale for SNAP-IV

Score rating Definition of score
0 No such behavior was found
1 Have mild behavior was found
2 Have moderate behavior was found
3 Have severe behavior was found

Source Swanson et al. (2012)

Table 3.4 The severity of hyperactivity, impulsivity, and oppositional defiant

disorder

The severity of hyperactivity and impulsivity score rating

Score rating Definition of score

< 13 points Clinically insignificant symptoms
13-17 points Mild symptoms

18-22 points Moderate symptoms

> 23 points Severe symptoms

The severity of oppositional defiant disorder

< 8 points Clinically insignificant symptoms
9-13 points Mild symptoms
14-18 points Moderate symptoms

> 19 points Severe symptoms

Source Bussing et al. (2008), Swanson et al. (2012)
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3.7 Statistical Analyses

Statistical analyses were performed using IBM SPSS Statistics for Windows,
Version 20. Descriptive statistics were used to summarize demographic characteristics
and all outcome variables. Continuous variables, including age, BMI, language scores
(UTAH and articulation test), attention time, and SNAP-IV scores, were presented as
mean + standard deviation (SD), while categorical variables, such as gender and
education level, were presented as frequencies and percentages. Independent samples
t-tests were used to compare continuous baseline variables between the control and
experimental groups, whereas chi-square (%?) tests were applied for categorical
variables. Paired-samples t-tests were used to evaluate within-group changes in
language and behavioral outcomes from baseline to 4-week assessment. Between-
group differences in language outcomes, attention time, and behavioral scores were
analyzed using analysis of covariance (ANCOVA), adjusting for baseline values.
Repeated measures analysis of variance (ANOVA) was used to assess changes in
attention time across three time points (baseline, during training, and 4-week
assessment), followed by Scheffé post hoc tests. P-value of less than 0.05 was

considered statistically significant.
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CHAPTER 4

RESEARCH RESULTS

This research evaluated the effects of language training with an essential oil
inhalation program on language skills, attention, and behavior in children with ADHD
Thus, the results were presented in three parts including (1) Participant characteristics,
(2) Language skills, (3) Attention and (4) Behavior outcome. Details of each topic

were described below.

4.1 Participant Characteristics

A total of 20 participants with attention deficit hyperactivity disorder (ADHD)
were male average age 8 years, normal BMI, and had education below the primary
level (90%) included in the study (10 participants per group) (Table 4.1). All participants
had no other underlying medical conditions, no hearing problems, no respiratory
problems, and no uncontrollable aggressive behavior. Their baseline data showed no
significant difference between the groups (p > 0.05, Table 4.1). All participants received
Methylphenidate administered twice daily after breakfast and lunch. The dosage and
administration method were maintained consistently throughout the study, with no
changes in medication type or dosage permitted. Therefore, medication effects were

controlled and were unlikely to confound the study outcomes.

4.2 Language SKkills Qutcome

All participants in the experimental group could attended in every session
language training in a room with diffused vetiver essential oil without any adverse
events. After training in both groups, these participants showed significant improvement
in all language skills outcomes (UTAH and articulation test) of after four-week training

(p <0.001, Table 4.2). When compared the data between the groups, the improvement
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in the experimental group was significantly better than that in the control group only in

UTAH and articulation test (p < 0.01, Table 4.2).

4.3 Attention Time Qutcome

During training, participants in the experimental group showed a significant
increase in attention time compared with baseline, whereas no significant change was
observed in the control group. When comparing between groups, the increase in
attention time in the experimental group was significantly greater than that in the
control group (p =0.013, Table 4.3).

After training, participants in the experimental group showed a significant
increase in attention time compared with baseline and each time (baseline, during
training, and after four weeks; p < 0.001, Table 4.5), whereas no significant
improvement was observed in the control group (p > 0.05, Table 4.5). When comparing
between groups, the increase in attention time in the experimental group was
significantly greater than that in the control group (p < 0.01, Table 4.4).

Table 4.1 Baseline demographics of the participants with ADHD (n=20)

Variable Total (n=20) Control group Experimental p -values ®
(n=10) group(n=10)

Age: year*® 8.75+2.08 8.79+£2.07 8.72+2.20 0.942
Gender: male, n (%) 19 (95) 9(90) 10 (100) 0.151
Education, n (%) 0.889
-Pre-primary education 4 (20) 2(20) 2 (20)

-Primary education 14 (70) 7(70) 7 (70)

-Lower secondary 2 (10) 1(10) 1(10)

education

BMI® 16.46 £3.45 15.34 £3.07 17.58 +3.59 0.152

(14.84-18.07)  (13.14—-17.54)  (15.01 —20.14)

Note ? The data are presented using mean + standard deviation,
® p -values from the independent samples t-test.
* The superscripts indicated significant differences with the p-value < 0.05

Abbreviations: n number: ADHD attention deficit hyperactivity disorder
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4.4 Behavior Outcome

After training, participants in the experimental group showed significant
improvements in all behavioral outcomes as measured by the SNAP-IV questionnaire.
This group found that the total SNAP-IV score improved from 42.40 t028.30
Moreover, the sub score of SNAP-IV that included inattention, hyperactivity, and
oppositional score were significantly improved (p < 0.001, Table 4.6). In contrast, no
significant behavioral improvements were observed in the control group (p > 0.05) in
each time. when compared between groups, the reductions in SNAP-IV total and
subscale scores were significantly greater in the experimental group than in the control

group (p <0.05, Table 4.6).



Table 4.2 The comparison within and between group of language outcomes (n = 20).

Variables Group Baseline 4-weeks assessment Mean Differences * p -values *
28.40 +£5.25 32.80+5.53 440+ 1.65
Control <0.001
(24.64, 32.16) (28.84, 36.76) (3.22,5.58)
28.6 £4.88 37.30 +4.16) 8.70+1.77 s
UTAH test Experimental <0.001
(25.11, 32.09) (34.32, 40.28) (7.44, 9.96)
Mean differences® 4.32+0.76 (2.72, 5.92)
p -values ° <0.001 ™"
60.7 £ 11.68 68.50 + 8.36 7.80+5.12 "
Control 0.001
(52.34, 69.06) (62.52, 74.48) (4.14, 11.406)
) : 61.40 +11.32 74.30 + 5.83 12.90 +7.33
Articulation test Experimental <0.001 ™"
(53.30, 69.50) (70.13, 78.47) (7.66, 18.44)

Mean differences ®

p -values °

5.42 + 1.63 (1.98, 8.86)
0.004 "

Note The data were presented using mean + SD (95% confidence intervals).

? The outcomes baseline and 4-weeks assessment were compared using a paired-samples t-test.

® The adjusted means from the Analysis of Covariance (ANCOVA) and the Bonferroni post-hoc (Scheffe) test was used to

compare between the groups. The covariate for adjusting the baseline pretest: Utah = 28.50, articulation = 61.05

" The superscripts indicated significant differences with the * p-value <0.05, ™ p-value <0.01, " p-value <0.001.

3



Table 4.3 The comparison between group of attention time outcomes at during training (study1) (n = 20)

Variables Group Baseline During training Mean Differences p -values ?
2.18+1.23 3.77+£2.73 1.59+0.98
Control 0.415
(1.30,3.05) (1.82,5.73) (-1.28, 4.47)
Attention time 2.39+0.88 6.58+1.42 4.19+0.37
Experimental <0.001
(min) (1.76,3.01) (5.56,7.59) (3.11,5.27)
Mean differences® 2.76+£1.00(0.65, 4.88)
p -values ® 0.013"

Note The data were presented using mean + SD (95% confidence intervals).
Abbreviations: min: minute
? The outcomes baseline and during training assessment were compared using repeated measures ANOVA.

® The adjusted means from the Analysis of Covariance (ANCOVA) and the Bonferroni post-hoc (Scheffe) test was used to

compare between the groups.
The covariate for adjusting the baseline pretest: attention time = 2.28.

" The superscripts indicated significant differences with the ™ p-value <0.05, ™ p-value <0.01, ™ p-value <0.001.
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Table 4.4 The comparison between group of attention time outcomes (study2) (n = 20)

Variables Group Baseline 4-weeks assessment Mean Differences p -values *
2.18+1.23 4.88+4.23 2.70+1.40
Control 0.087
(1.30,3.05) (1.85,7.90) (4.78, 5.88)
Attention time
2.39+0.88 13.40+5.15 11.01+1.47
(min) Experimental <0.001
(1.76,3.01) (9.72,17.09) (6.71, 15.32)
Mean differences® -8.28+£2.10(-12.71, -3.85)
p -values ® 0.001 ™

Note The data were presented using mean + SD (95% confidence intervals).
Abbreviations: min: minute
2 The outcomes baseline and 4-weeks assessment were compared using repeated measures ANOVA.
® The adjusted means from the Analysis of Covariance (ANCOVA) and the Bonferroni post-hoc (Scheffe) test was used to

compare between the groups.
The covariate for adjusting the baseline pretest: attention time = 2.28.
* The superscripts indicated significant differences with the * p-value <0.05, ** p-value <0.01, ™" p-value <0.001.
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Table 4.5 The comparison in each time of attention time outcome (n = 20).

Control group

Experimental group

Variables Time I Time J . .
Mean Differences (I-J) Mean Differences (I-J)
p -values * p -values ?
95% CI 95% CI
1.59+0.98 4.19 +0.37 er
During training 0.415 <0.001
(1.28, 4.47) (3.11,5.27)
. Baseline 2.70 + 1.40 11.02 +1.47 .
Attention After 4-week 0.260 <0.001
) ) (1.42, 6.83) (6.71, 15.33)
time (min)
During 1.11+£1.47 6.83 £1.40 e
o After 4-week 1.00 0.003
training (3.21,5.42) (2.74,10.92)

Note The data were presented using mean = SD (95% confidence intervals).

Abbreviations: min: minute

# The outcomes before, during and after 4-week training were compared using repeated measures ANOVA.

" The superscripts indicated significant differences with the “p-value < 0.05, " p-value < 0.001, ™ p-value <0.001.
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Table 4.6 The comparison within and between group of behavior outcomes (n = 20).

Variables Group

Baseline 4-weeks assessment Mean Differences p -values *
38.50 +9.85 33.90 £9.00 -4.60 +7.43
Control 0.082
(31.46,45.54) (27.46,40.33) (-9.91, 0.71)
Total SNAP-IV
) 42.40 +7.82 28.30 + 7.82 -14.10+4.33
score Experimental <0.001
(36.60, 47.99) (22.71, 33.90) (-17.20, -11.00)
Mean differences ® -8.39+£2.61 (-13.90, -2.88)
p -values ® 0.005™
16.60 +2.91 14.40 +2.99 -2.20+3.16
Control 0.055
(14.52,18.68) (12.26,16.54) (-4.46, -0.57)
Inattention ) 17.20+£2.39 11.60 £2.32 -5.60+2.07
Experimental <0.001
(15.49,18.91) (9.94,13.26) (-7.08, -4.12)

Mean differences ®

p -values ®

-3.10+1.07 (-5.43, -0.84)
0.01"
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Table 4.6 (continued)

Variables Group Baseline 4-weeks assessment Mean Differences p -values *
15.10+4.72 13.10+3.14 -2.00+3.37
Control 0.093
(11.72,18.48) (10.85,15.35) (-4.41,-0.41)
Hyperactivity ) 15.80+4.42 10.07 £ 4.45 -5.10+2.02
Experimental <0.001
(12.64,18.69) (7.52,13.88) (-6.55, -3.65)
Mean differences ® -2.87+1.08 (-5.14, -0.60)
p -values ® 0.016
6.80+4.18 6.40+4.88 -0.40+2.32
Control 0.599
(3.81,9.79) (2.90,9.89) (-2.06, 1.26)
Oppositional 9.40+3.84 6.00+2.45 -3.40£1.90 s
Experimental <0.001
(6.66,12.14) (4.25,7.75) (-4.76, -2.04)
Mean differences ® -2.54+0.97 (-4.59, -0.49)
p -values ® 0.018"

Note The data were presented using mean + SD (95% confidence intervals).
? The outcomes baseline and 4-weeks assessment were compared using a paired-samples t-test.
® The adjusted means from the Analysis of Covariance (ANCOVA) and the Bonferroni post-hoc (Scheffe) test was used to
compare between the groups. The covariate for adjusting the baseline pretest: total SNAP-IV=40.45, inattention=16.90,
hyperactivity= 15.45, oppositional= 8.10.

" The superscripts indicated significant differences with the * p-value <0.05, ** p-value <0.01, ™ p-value <0.001.
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CHAPTERS

DISCUSSION AND CONCLUSION

5.1 Discussion

This study aimed to compare the effects of a 4-week language training
combined with vetiver essential oil inhalation on language skills, attention, and
behavior in children with ADHD. The study found that, during language training with
diffused vetiver essential oil, the experimental group achieved significant
improvements in language skills (UTAH and articulation tests) after four weeks (p <
0.001), with the experimental group showing greater gains than controls (p < 0.01). In
attention, the experimental group demonstrated a significant increase in attention time
from baseline through during training and after four weeks (p < 0.001), whereas the
control group showed no significant change; between-group comparison favored the
experimental group (p < 0.01). Behaviorally, the experimental group exhibited
substantial improvements on the SNAP-IV, with total scores dropping from 42.40 to
28.30 and significant reductions in inattention, hyperactivity, and oppositional scores
(p <0.001), while the control group showed no significant changes; between-group
differences in SNAP-IV total and subscale scores were significant (p < 0.05). Overall,
the combined interventions yielded broader and more sustained benefits in the
experimental group across language, attention, and behavior.

The improvements in language skills (UTAH and articulation tests) achieved
significant improvements in both the experimental and control groups. The researchers
believe that both groups of children with ADHD received equally high-quality,
intensive basic language training over a period of four weeks. Absolutely, this resulted
in improved speech abilities in both groups, unlike the current practice of only
scheduling patient’s appointments once a month at the Department of Communication
Disorders, Rajanukul Institute. The study results clearly demonstrate that consistent,
intensive training (30 minutes per day, twice per week) can significantly improve

speech abilities in a short period of time (4-week). This result is consistent with
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previous research indicating that systematic speech and language interventions in over
4-12 week can effectively enhance articulation accuracy and expressive language
skills in children with speech sound disorders (Almost & Rosenbaum, 1998).
Articulation therapy that incorporates auditory discrimination, minimal pair contrasts,
phoneme acquisition, and structured generalization has been shown to facilitate
improvements in sound production and speech intelligibility (Lee & Gibbon, 2015).
The intervention in this study (4-week) from categorical phonological perception to
phoneme acquisition and assisted generalization aligns with established therapeutic
models in speech-language pathology. Previous literature has demonstrated that
auditory-perceptual training combined with articulatory practice improves phonemic
perception and speech accuracy, particularly when children are actively engaged in
discriminating and producing target sounds (Rvachew et al., 2004). In addition,
narrative-based and scaffolding approaches have been found to promote vocabulary
expansion and syntactic development more effectively than direct imitation alone
(Kaderavek & Justice, 2004). Therefore, the significant improvement within both
groups is consistent with the accepted evidence that speech and language training
produces measurable outcomes over time (Fey et al., 1993; Gibbard, 1994).

The experimental group showed greater improvements in both the Thai
articulation test and the Utah language assessments (p < 0.001) compared with the
control group, suggesting that inhaling essential oils may enhance the factor to
improve the effectiveness of language training. When analyzing the characteristics of
children with ADHD, they have levels of inattention, hyperactivity, impulsivity, and
oppositional defiant disorder symptoms which were the limiting factors that reduces
the effectiveness of treatment or rehabilitation in this group (Catala-Lopez et al.,
2015). Similarly, from the perspective of language therapy for this group of children,
it may reflect the ability to maintain sustained attention during comprehension tasks
such as following instructions, naming pictures, and storytelling—activities requiring
significant working memory and executive control. Children with ADHD often have
limitations in these areas (Bruce et al., 2006)

When explanation involves attentional modulation. Children with ADHD
frequently present with deficits in sustained attention and working memory, which

interfere with phonological processing and language acquisition (Cordier et al., 2009;
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Ifdil et al., 2018). Language learning requires children to pay attention to auditory
stimuli and repeatedly practice speech patterns. Even a brief lapse in attention during
therapy can reduce learning effectiveness. The observed increase in attention duration
in the experimental group supports the idea that improved attention continuity may
lead to more effective engagement in phonetic discrimination tasks, pronunciation
practice, and storytelling activities. However, in this study, the experimental group
received language training with diffused vetiver essential oil, which appears to have
enhanced attentional engagement during training only in this group, as evidenced by
the observed improvements in attention time (Table 4.5). Therefore, the experimental
group performed better than the control group.

Considering the changes in attention time in the experimental group, the
findings suggest that olfactory stimulation may have contributed to improved
attentional regulation during structured therapeutic tasks. In the study, children who
received language training in a room with diffused vetiver essential oil demonstrated
greater consistency in sustaining attention across sessions compared with the control
condition. Although neural activity was not directly measured, this behavioral pattern
is consistent with previous evidence indicating that olfactory input can influence
neural systems involved in attention and executive functioning (Fung et al., 2021), and
may help explain the attentional improvements observed in our intervention context.

Neuroanatomically, olfactory signals are known to bypass the thalamic relay
and project directly to limbic regions such as the amygdala and orbitofrontal cortex, as
well as to prefrontal networks involved in attentional control (Fung et al., 2021).
Reciprocal connections between olfactory regions and the dorsolateral prefrontal
cortex further support bidirectional interactions between sensory input and top-down
attentional modulation. While the study did not examine these pathways directly, this
anatomical organization provides a plausible explanation for how aromatic stimulation
during therapy sessions could have facilitated faster engagement or more stable
attentional control in the experimental group, particularly during cognitively
demanding speech activities.

From a neurochemical perspective, ADHD has been strongly associated with
dysregulation of dopaminergic and noradrenergic transmission within fronto-striatal

circuits (Bellani et al., 2011), systems that play a crucial role in sustaining attention,
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impulse regulation, and goal-directed behavior. Experimental findings by Matsubara
et al. (2012) showed that low-dose inhalation (0.25 pg) of volatile compounds from
vetiver roots was associated with faster reaction times and increased sympathetic
nervous system activity, suggesting modulation of noradrenergic arousal mechanisms.
In relation to our findings, such arousal-enhancing effects may have supported a more
optimal level of alertness during therapy sessions, which could partially account for
the longer attention time observed in the experimental group. Importantly, this
interpretation remains inferential, as catecholaminergic activity was not directly
assessed in this study.

Additional neurophysiological evidence supports the central effects of essential
oil inhalation. Animal studies have reported alterations in sleep—wake patterns and
electroencephalographic (EEG) activity following exposure to vetiver essential oil
(Cheaha et al., 2016). In human research, reviews have shown that essential oil
inhalation may increase alpha brainwave activity (Friedmann, 2002). Alpha brainwave
is commonly associated with a state of relaxed alertness, a neurophysiological
condition conducive to efficient cognitive processing. Reviews have also documented
that fragrances can modulate multiple EEG frequency bands, with specific patterns
corresponding to changes in alertness and cognitive performance depending on oil
type and concentration (Triana et al., 2022). Although EEG measures were not
included in the study, the gradual improvement in sustained attention across the
training period may reflect a comparable shift toward a more stable neurophysiological
state that supports task engagement. Dose may also be relevant: Matsubara et al.
(2012) noted that low concentrations enhanced performance whereas higher doses did
not provide additional benefit. The relatively low concentration used in our protocol
(<5 mL per 500 mL water) may therefore have provided sufficient sensory stimulation
to influence attention without causing overstimulation or adverse effects, which is
consistent with the absence of side effects reported in our participants.

Sustained attention is mediated by distributed large-scale networks, including
fronto-striatal and fronto-parietal systems, and dysfunction within fronto-striatal
circuitry is considered a core neurobiological feature of ADHD (Bellani et al., 2011).
Olfactory stimulation has been shown to influence activity in regions relevant to

attention regulation, including the insula and anterior cingulate cortex (Fung et al.,
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2021). In the context of our intervention, enhanced bottom-up sensory input during
therapy sessions may therefore have supported prefrontal engagement and
strengthened top-down control processes, helping children maintain focus for longer
periods. This interpretation is consistent with the observed behavioral improvements,
although the present study cannot determine the precise neural mechanisms involved.

Sensory-driven neuroplasticity offers an additional explanatory framework.
Repeated exposure to structured sensory stimuli has been shown to induce functional
and connectivity changes in cortical networks (Godfrey, 2001). In the study, attention
improvements became more evident over repeated sessions, suggesting that the effects
may not have been purely immediate but could also reflect gradual adaptation to the
combined sensory-therapeutic environment. Immediate electrophysiological changes
following essential oil inhalation, particularly modulation of alpha rhythms, have been
proposed to reflect rapid network synchronization, whereas repeated exposure may
facilitate more stable attentional patterns over time. Such a process could be
particularly relevant for children with ADHD, who typically experience difficulty
maintaining sustained focus.

Overall, the improvement in sustained attention observed in the experimental
group likely resulted from multiple interacting factors. These may include direct
olfactory—limbic influences on arousal and emotional regulation, possible
catecholaminergic modulation within fronto-striatal systems, and improved integration
between bottom-up sensory input and top-down executive control. Within the
structured context of language therapy, this combined neurophysiological state may
have enabled children to remain engaged for longer periods (Table 4.3), thereby
supporting greater participation and potentially enhancing learning efficiency.
However, these mechanisms remain hypothetical and should be verified in future
studies incorporating neurophysiological or imaging measures.

Sustained attention is a fundamental component of executive function that
supports response inhibition, task continuous, and compliance with instructions. In
this study, the experimental group demonstrated increased attention time during
training sessions, from 2.39 to 13.40 (Table 4.4), which may have enabled children to
remain engaged in structured activities for longer periods. Improved attentional

engagement likely reduced distractibility and impulsive responding, resulting in lower



42

SNAP-IV scores. This relationship is consistent with previous literature indicating that
deficits in sustained attention contribute directly to behavioral dysregulation and
functional impairment in ADHD (Biederman et al., 1996).

The greater behavioral improvement observed in the experimental group may
also be linked to the physiological effects of vetiver essential oil inhalation during
therapy sessions. Previous experimental findings have shown that inhalation of
volatile compounds from vetiver roots can increase reaction efficiency and
physiological arousal, suggesting enhanced alertness and readiness to respond. Such
increased physiological readiness may help children maintain focus, process
instructions more effectively, and participate more consistently in therapy sessions.
Improved arousal regulation is particularly relevant in ADHD, where impairments in
behavioral control and functional regulation are well documented (Barkley et al.,
1990). Therefore, the increased readiness for engagement observed in this study may
have contributed to better self-control, reduced distraction, and improved adherence to
instructions during structured learning, which were reflected in the behavioral
improvements. This finding is consistent with Bandura’s (1977) motivational model,
suggesting that children are more likely to demonstrate improved behavior when
surrounding stimuli are reduced, attention is increased, and self-regulation is
improved.

Improvements in language ability may further support behavioral regulation.
As receptive and expressive language skills improve, children are better able to
understand verbal instructions, communicate needs appropriately, and respond within
structured conversational exchanges. Enhanced communication may reduce frustration
and misunderstanding, which frequently contribute to disruptive or oppositional
behaviors in children with ADHD. In the study, the concurrent improvement in
language outcomes alongside behavioral change suggests that gains in communication
competence may have indirectly supported adaptive behavior and participation during
therapy sessions. This interpretation is consistent with evidence that functional and
behavioral outcomes in ADHD are closely related to the child’s capacity to follow
instructions and engage appropriately in structured tasks (Barkley et al., 1990)

Additionally, consistent participation in structured language training sessions

provides repeated opportunities to practice listening, turn-taking, and task completion.
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Structured intervention programs have previously been shown to support behavioral
organization and task engagement through repeated guided practice (Almost &
Rosenbaum, 1998). While this structured exposure alone may explain the modest
behavioral change seen in the control group, the significantly larger improvement in
the experimental group suggests that essential oil inhalation may have enhanced
attentional readiness and responsiveness during intervention sessions. This
interpretation is biologically plausible, as olfactory input has been shown to influence
neural systems involved in attention and executive processing (Fung et al., 2021), and
ADHD-related behavioral symptoms are linked to dysregulation within fronto-striatal
and catecholaminergic systems that govern attention and impulse control (Bellani et
al., 2011). These mechanisms together may help explain why children in the
experimental group showed more behavioral improvements during the intervention
period (Table 4.5).

Overall, the study results indicate that improved behavior in children with
ADHD is likely mediated by multiple interacting factors, including increased
attention, improved communication skills, and greater engagement during therapy
sessions. The combination of language training with vetiver essential oil inhalation
appears to support optimal arousal and sustained participation, which together may
facilitate meaningful reductions in inattentive, hyperactive, and oppositional
behaviors.

This research has some limitations including (1) although the sample size in
this study was determined based on statistical calculation and was sufficient to detect
significant effects, the number of participants remained relatively limited due to the
specific inclusion criteria and clinical setting. Therefore, the generalizability of the
findings may be constrained, particularly to children with ADHD who have comorbid
conditions such as autism spectrum disorder (ASD) or learning disabilities (LD), as
well as to those in different clinical or demographic contexts.(2) the study did not
utilize physiological or neurological measures such as electroencephalograms (EEGs)
or autonomic nervous system indicators, and therefore could not directly examine the
underlying neural mechanisms associated with the observed changes (3) The
assessment tasks shared similar structures with the language training activities, as both

involved listening, responding to verbal instructions, picture naming, and storytelling
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components. However, the assessment procedures were conducted in a standardized
and controlled manner, whereas the training activities were designed to provide guided
practice with feedback and interaction. Therefore, while the tasks were comparable in
format, they were not identical in purpose or implementation.

Future research should examine the intervention in larger and more diverse
samples of children with ADHD in order to improve the generalizability of the
findings. In addition, incorporating objective physiological and neurophysiological
measures, such as electroencephalogram (EEG) and indices of autonomic nervous
system activity, would enable a more direct examination of the neural and regulatory
mechanisms underlying the observed changes in attention and behavior, and would
help strengthen the overall explanatory power of the study and further longitudinal

studies are required to establish the long-term safety profile of vetiver inhalation.

5.2 Conclusion

This study showed that a 4-week of language training combined with essential
oil inhalation significantly improved in language abilities in children with ADHD.
Essential oil inhalation did not directly enhance speech or language performance.
However, it may have facilitated the intervention by improving attentional engagement
and behavioral regulation through creating a more supportive therapeutic environment.
The findings emphasize that structured language training is the primary mechanism
underlying language improvement, while supportive environmental approaches may

help optimize children’s participation in therapy.
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Figure B1 Demographic data questionnaire
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APPENDIX C

CERTIFICATE OF ANALYSIS -GC PROFILING

4 o
’,’-'.:.)fu-o 9:.4-&- .',-{e.:\ .-1.:-1-:1-.‘.' _I,’A‘:-a... "{-e-.a C-i".“‘t-l.-:.‘c:t&-{a

~ =

CERTIFICATE OF ANALYSIS - GC PROFILING

Date : 2024-06-27

SAMPLE IDENTIFICATION

Internal code : 24F12-PTHO4

Customer Identification : Vetiver - India-V30112R
Type : Essential Oil

Source : Chrysopogon zizanioides ct. India
Customer : Plant Therapy

Checked an approved by: ; Ez | § %
i

Alexis 5t-Gelais, Ph. D, Chimiste 2013-174

Notes: This report may not be published, including online, without the written consent from Laboratoire PhytoChemia.
This report is digitally signed, it is only considered valid if the digital signature is intact. The results only describe the
samples that were submitted to the assays.

MEérrooe crnm'&J Laboratoire

[1 702522017 PhytoChemia

Page 1/13 CERTIFIED METHOD,
628 Boulevard du Saguenay Ouest, Saguenay (Qc) G7J 1H4 | www.phytochemia.com

Figure C1 Certificate of analysis -GC profiling



Essential Qil, Chrysopogon zizanioides ct. India Report prepared for:
Internal code: 24F12-PTHO4 Vetiver - India - V30112R Plant Therapy

GAS CHROMATOGRAPHIC ANALYSIS
Method : PC-MAT-014 - Analysis of the compaosition of an essential oil or other volatile liquide by FAST GC-FID

3150
Results : See analysis summary (next pagea)

Analyst : Sylvain Mercier, M. Sc., Chimiste 2014-005

Date : 2024-06-18

PHYSICOCHEMICAL DATA

Refractive index : 1.5265 + 0.0003 (20°C)

Method : PC-MAT-016 - Measure of the refractive index of a liquid.
Analyst : Cindy Caron B. S¢c.

Date: 2024-06-14

ConCLUSION

Mo adulterant, contaminant or diluent has been detected using this method.

Laboratoire

PhtoChemia
}Oﬂuo gue des Mné\..’ée-d‘.. des consells Page 2/13
A

Figure C1 (continued)

628 Boulevard du Saguenay, Saguenay (Qc) G7J 1H4 | www.phytochemia.com
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SAFETY DATA SHEET

Revision date 11-May-2021
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y_— 4 )
Plant Therapy

ESSENTIAL OILS

Revision Number 2

[1. Identification

Product identifier

Product Name

Other means of identification
Product Code(s)

Synonyms

Vetiver Essential Qil

RMO0209

None

Recommended use of the chemical and restrictions on use

Recommended use

Restrictions on use

Consumer use

For external use only

Details of the supplier of the safety data sheet

Supplier Address

Plant Therapy, LLC

621 Washington St. S., Suite 100
Twin Falls, 1D 83301 USA

Emergency telephone number

Company Phone Number 208-735-2413

Emergency Telephone 800-917-6577

[2. Hazard(s) identification

Classification

[Category 2

ategory 2A

ateqory 1

spiration hazard

[Categary 1

Hazards not otherwi lassified (HN:
Not applicable

Label elements

Danger

Hazard statements
Causes skin irritation
(Causes serious eye irritation

Page 1/9
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RM00209 - Vetiver Essential Oil Revision date 17-May-2021

May cause an allergic skin reaction
May be fatal if swallowed and enters airways

Appearance Liquid Physical state Liquid Odor _Characteristic

Precautionary Statements - Prevention

\Wash face, hands and any exposed skin thoroughly after handling
Awvoid breathing dustfume/gas/mist/vapors/spray

Contaminated work clothing must not be allowed out of the workplace
\Wear protective gloves/eye protectionfface protection

Precautionary Statements - Response

Specific reatment (see .7 on this label)

IF IN EYES: Rinse cautiously with water for several minutes. Remove contact lenses, if present and easy to do. Continue rinsing
If eye irritation persists: Get medical advice/attention

Take off contaminated clothing and wash it before reuse

IF ON SKIN: Wash with plenty of water and soap

If skin irritation or rash occurs: Get medical advice/attention

IF SWALLOWED: Immediately call a POISON CENTER or doctor

Do NOT induce vomiting

Precautionary Statements - Storage
Store locked up

Precautionary Statements - Disposal
Dispose of contents/container to an approved waste disposal plant

Other information
Toxic to aguatic life with long lasting effects.

[3. Composition/information on ingredients

Substance

[ Chemical name [ CAS No | Weight-% | Trade secrel
| Vetiver Essential Oil | 8016-96-4 | 100 | *

*The exact percentage (concentration) of compaosition has been withheld as a trade secrel.

|4. First-aid measures

Description of first aid measures

General advice Immediate medical attention is required. Show this safety data sheet to the doctor in
altendance.
Inhalation Aspiration into lungs can produce severe lung damage. If breathing has stopped, give

artificial respiration. Get medical attention immediately. Avoid direct contact with skin. Use
barrier to give mouth-to-mouth resuscitation. If breathing is difficult, (trained personnel
should) give oxygen. Get immediate medical advice/attention. Delayed pulmonary edema
may occur. Remove to fresh air.

Page 2/9
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RMO00209 - Vetiver Essential Oil Revision date 11-May-2021

Eye contact Rinse immediately with plenty of water, also under the eyelids, for at least 15 minutes.
Remove contact lenses, if present and easy to do. Continue rinsing. Keep eye wide open
while rinsing. Do not rub affected area. Get medical attention if irritation develops and
persists.

Skin contact May cause an allergic skin reaction. In the case of skin irritation or allergic reactions see a
physician. Wash off immediately with soap and plenty of water for at least 15 minutes.

Ingestion ASPIRATION HAZARD IF SWALLOWED - CAN ENTER LUNGS AND CAUSE DAMAGE.
If vormiting occurs spontaneously, keep head below hips to prevent aspiration. Get
immediate medical advice/attention. Clean mouth with water and drink afterwards plenty of
water. Never give anything by mouth to an unconscious person. Do NOT induce vomiting.

Self-protection of the first aider Ensure that medical personnel are aware of the material(s) involved, take precautions to
protect themselves and prevent spread of contamination. Aveid direct contact with skin. Use
barrier to give mouth-to-mouth resuscitation. Use personal protective equipment as
required. Avoid contact with skin, eyes or clothing.

Most important symptoms and effects, both acute and delayed

Symptoms Itching. Rashes. Hives. Difficulty in breathing. Coughing and/ or wheezing. Dizziness. May
cause redness and tearing of the eyes. Bumning sensation.

Indication of any immediate medical attention and special treatment needed

Note to physicians May cause sensilization in susceptible persons. Treat symplomatically. Because of the
danger of aspiration, emesis or gastric lavage should not be employed unless the risk is
justified by the presence of additional toxic substances.

|§. Fire-fighting measures

Suitable Extinguishing Media Use extinguishing measures that are appropriate to local circumstances and the
surrounding environment.
Large Fire CAUTION: Use of waler spray when fighting fire may be inefficient.

Unsuitable extinguishing media Do not scatter spilled material with high pressure water streams.

Specific hazards arising from the  Product is or contains a sensitizer. May cause sensilization by skin contact.
chemical

Explosion data
Sensitivity to mechanical impact None.

Sensitivity to static discharge ~ None.

Special protective equipment for  Firefighters should wear self-contained breathing apparatus and full firefighting turnout
fire-fighters gear. Use personal protection equipment.

/6. Accidental release measures

Personal precautions, protective equipment and emergency procedures

Personal precautions Evacuate personnel Lo safe areas. Keep people away from and upwind of spillleak. Ensure
adequate ventilation. Avoid contact with skin, eyes or clothing. Use personal protective
equipment as required.

Other information Refer to protective measures listed in Sections 7 and 8.

Methods and material for containment and cleaning up

Page 3/9
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RMO00209 - Vetiver Essential Oil Revision date 11-May-2021
Methods for containment Prevent further leakage or spillage if safe to do so.
Methods for cleaning up Pick up and transfer to properly labeled containers.

|1. Handling and storage

Precautions for safe handling

Advice on safe handling Ensure adequate ventilation. In case of insufficient ventilation, wear suitable respiratory
equipment. Take off contaminated clothing and wash before reuse. Handle in accordance
with good industrial hygiene and safety practice. Avoid contact with skin, eyes or clothing.
Do not eat, drink or smoke when using this product.

Conditions for safe storage, including any incompatibilities

Storage Conditions Store locked up. Keep out of the reach of children. Store away from other malerials. Keep
containers tightly closed in a dry, cool and well-ventilated place.

|8. Exposure controls/personal protection

Control parameters

Exposure Limits The following ingredients are the only ingredients of the product above the cut-off level (or
level that contributes to the hazard classification of the mixture) which have an exposure
limit applicable in the region for which this safety data sheet is intended or other
recommended limit. At this time, the other relevant constituents have no known exposure
limits from the sources listed here.

Appropriate engineering controls
Engineering controls Showers

Eyewash stations
Ventilation systems.

Individual protection measures, such as personal protective equipment

Eyelface protection Wear safety glasses with side shields (or goggles).

Hand protection Impervious gloves. Wear suitable gloves.

Skin and body protection Long sleeved clothing. Wear suitable protective clothing.

Respiratory protection No protective equipment is needed under normal use conditions. If exposure limits are

exceeded or irritation is experienced, ventilation and evacuation may be required.

General hygiene considerations Avoid contact with skin, eyes or clothing, Wear suitable gloves and eyefface protection. Do
not eat, drink or smoke when using this product.

j9. Physical and chemical properties

Information on basic physical and chemical properties

Physical state Liguid
Appearance Liquid
Color Characteristic

Page 4/9
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RMO00209 - Vetiver Essential Qil

Revision date 11-May-2021

Odor
Odor threshold

Property

Melting point / freezing point
Boiling point / boiling range
Flash point
Evaporation rate
Flammability (solid, gas)
Flammability Limit in Air
Upper flammability or explosive
limits
Lower flammability or explosive
limits
Vapor pressure
Vapor density
Relative density
Water solubility
Solubility(ies)
Partition coefficient
Autoignition temperature
Decomposition temperature
Kinematic viscosity
Dynamic viscosity

Other information
Explosive properties
Oxidizing properties
Softening point

Characteristic
Mo information available

Values

Mo data available

Mo data available
Mo data available
100 °C | 212 °F
Mo data available
Mo data available

Mo data available

Mo data available

Mo data available
Mo data available
0.992

Mo data available
Mo data available
Mo data available
Mo data available

Mo data available
Mo data available

Mo information available
Mo information available
Mo information available

Remarks + Method
None known
None known
None known
None known
None known
None known
None known

None known
None known
None known
None known
None known
None known
None known
None known
None known
None known

Molecular weight Mo information available
VOC Content (%) Mo information available
Liquid Density Mo information available
Bulk density Mo information available
[10. Stability and reactivity

Reactivity Mo information available.

Chemical stability
Possibility of hazardous reactions
Conditions to avoid

Incompatible materials

Stable under normal conditions.

Mone under normal processing.

Mone known based on information supplied.

Strong acids. Strong bases. Strong oxidizing agents.

Hazardous decomposition products None known based on information supplied.

[11. Toxicological information

Information on likely routes of exposure

Product Information

Inhalation

Eye contact

Aspiration into lungs can produce severe lung damage. May cause pulmonary edema.
Pulmonary edema can be fatal. Specific test data for the substance or mixture is not
available. May cause irritation of respiratory tract.

Irritating to eyes. Specific test data for the substance or mixture is not available. Causes
serious eye irritation. (based on components).

Page 5/9
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RMO00209 - Vetiver Essential Oil

Revision date 11-May-2021

Skin contact

Ingestion

May cause sensitization by skin contact. Repeated or prolonged skin contact may cause
allergic reactions with susceptible persons. Repeated exposure may cause skin dryness or
cracking. Causes skin irritation. (based on components). Specific test data for the
substance or mixture is not available.

Potential for aspiration if swallowed. May cause lung damage if swallowed. Aspiration may
cause pulmonary edema and pneumonitis. May be fatal if swallowed and enters airways.
Specific test data for the substance or mixture is not available. Ingestion may cause

gastrointestinal irritation, nausea, vomiting and diarrhea.

Symptoms related to the physical, chemical and toxicological characteristics

Itching. Rashes. Hives. Difficulty in breathing. Coughing and/ or wheezing. Dizziness.

Symptoms

Acute toxicity

Numerical measures of toxicity

Component Information

Redness. May cause redness and tearing of the eyes.

Chemical name

Oral LD50

Vetiver Essential Oil
8016-96-4

>5gkg (Rat)

Dermal LDS0

Inhalation LC50

Delayed and immediate effects as well as chronic effects from short and long-term exposure

Skin corrosion/irritation

Serious eye damage/eye irritation
Respiratory or skin sensitization
Germ cell mutagenicity

Reproductive toxicity
STOT - single exposure
STOT - repeated exposure
Aspiration hazard

Other adverse effects

Interactive effects

Classification based on data available for ingredients. Irritating to skin.

Classification based on data available for ingredients. Causes serious eye irritation.
May cause sensitization by skin contact.
No information available.

Mo information available.

No information available.
Mo information available.
May be fatal if swallowed and enters airways.

No information available.

No information available.

[12. Ecological information

Ecotoxicity

Persistence and degradability
Bioaccumulation

Other adverse effects

Toxic o aquatic life with long lasting effects.

No information available.

There is no data for this product.

Mo information available.

[13. Disposal considerations

Waste treatment methods

Waste from residues/unused
products

Dispase of in accordance with local regulations. Dispose of waste in accordance with
efvironmental legislation.
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RMO00209 - Vetiver Essential Oil Revision date 11-May-2021

Contaminated packaging Do not reuse emply containers.
[14. Transport information
DOT
UN/ID no UN3082
Proper shipping name Environmentally hazardous substance, liguid, n.o.s.
Hazard class 9
Packing group 1
TDG
UN/ID no UN3082
Proper shipping name Environmentally hazardous substance, liguid, n.o.s.
Hazard class 9
Packing group i
IATA
UN number UMN3082
UN proper shipping name Environmentally hazardous substance, liguid, n.o.s.
Transport hazard class(es) 9
Packing group 1
IMDG
UN number UnN3082
UN proper shipping name ENVIRONMENTALLY HAZARDOUS SUBSTANCE, LIQUID, N.O.S.
Transport hazard class(es) 9
Packing group 1

[15. Regulatory information

International Inventories

TSCA Complies
Chemical name CAS No US TSCA Inventory listing US TSCA activefinactive
designation
Veliver Essential Oil 8016-96-4 Present Aclive

DSL/NDSL Complies
EINECS/ELINCS Does not comply

NCS Does not comply
IECSC Complies
KECL Does not comply
PICCS Complies
AICS Complies
Legend:

TSCA - United States Toxic Substances Control Act Section 8(b) Inventory

DSL/NDSL - Canadian Domestic Substances List/Non-Domestic Substances List

EINECS/ELINCS - European Inventory of Existing Chemical Substances/European List of Notified Chemical Substances
ENCS - Japan Existing and New Chemical Substances

IECSC - China Inventory of Existing Chemical Substances

KECL - Korean Existing and Evaluated Chemical Substances

PICCS - Philippines Inventory of Chemicals and Chemical Substances

AICS - Australian Inventory of Chemical Substances

Page 7/9
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RMO00209 - Vetiver Essential Oil Revision date 11-May-2021

US Federal Requlations

SARA 313
Section 313 of Titke lll of the Superfund Amendments and Reauthorization Act of 1986 (SARA). This product does not contain any
chemicals which are subject to the reporting requirements of the Act and Title 40 of the Code of Federal Regulations, Part 372.

SARA 311/312 Hazard Categories
Should this product meet EPCRA 311/312 Tier reporting criteria at 40 CFR 370, refer to Section 2 of this SDS for appropriate

classifications.

CWA (Clean Water Act)
This product does not contain any substances regulated as pollutants pursuant to the Clean Water Act (40 CFR 122.21 and 40

CFR122.42).

CERCLA

This material, as supplied, does not contain any substances regulated as hazardous substances under the Comprehensive
Environmental Response Compensation and Liability Act (CERCLA) (40 CFR 302) or the Superfund Amendments and
Reauthorization Act (SARA) (40 CFR 355). There may be specific reporting reguirements at the local, regional, or state level
pertaining to releases of this material.

US State Regulations

California Proposition 65
This product does not contain any Proposition 65 chemicals.

U.5. State Right-to-Know Regulations

U.S. EPA Label Information

EPA Pesticide Registration Number Mot applicable

[16. Other information

NFPA Health hazards 2 Flammability 1 Instability 0 Physical and chemical
properties -

HMIS Health hazards 2 Flammability 1 Physical hazards 0 Personal protection X

Key or legend to abbreviations and acronyms used in the safety data sheet

Legend Section 8: EXPOSURE CONTROLS/PERSONAL PROTECTION

TWA TWA (time-weighted average) STEL STEL (Short Term Exposure Limit)

Ceiling Maximum limit value Skin designation
Key literature references and sources for data used to compile the SDS

Agency for Toxic Substances and Disease Registry (ATSDR)

U.5. Environmental Protection Agency ChemView Database

European Food Safety Authority (EFSA)

EPA (Environmental Protection Agency)

Acute Exposure Guideline Level(s) (AEGL(s))

U.5. Enwironmental Protection Agency Federal Inseclicide, Fungicide, and Rodenticide Act
U.5. Environmental Protection Agency High Production Volume Chemicals

Food Research Journal

Hazardous Substance Database

International Uniform Chemical Information Database (IUCLID)

Japan GHS Classification

Australia National Industrial Chemicals Notification and Assessment Scheme (NICNAS)
MIOSH (National Institute for Occupational Safety and Health)
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RMO00209 - Vetiver Essential Oil Revision date 11-May-2021

National Library of Medicine's ChemID Plus (NLM CIP)

National Library of Medicine's PubMed database (MLM PUBMED)

National Toxicology Program (NTP)

New Zealand's Chemical Classification and Information Database (CCID)

Organization for Economic Co-operation and Development Environment, Health, and Safety Publications
Organization for Economic Co-operation and Development High Production Volume Chemicals Program
Organization for Economic Co-operation and Development Screening Information Data Set

World Health Organization

Revision date 11-May-2021
Revision Note Mo information available.
Disclaimer

The information provided in this Safety Data Sheet is correct to the best of our knowledge, information and belief at the
date of its publication. The information given is designed only as a guidance for safe handling, use, processing, storage,
transportation, disposal and release and is not to be considered a warranty or quality specification. The information
relates only to the specific material designated and may not be valid for such material used in combination with any other
materials or in any process, unless specified in the text.

End of Safety Data Sheet
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SUMMARY ESSENTIAL OIL RESEARCH

Table D1 Summary essential oil research.

APPENDIX D

No Author Title Year Sample Age Essential Method Measurement Main outcome
N oil

1 Friedmann Attention deficit and 2002 n=34 Age=6-12  Cedarwood Inhale three times a Real time EEG (beta- Improve brainwave
hyperactivity disorder Vetiver day, three deep theta ratios recorded) activity in cedarwood
(ADHD) Lavender inhalation for thirty and vetiver group,

days reduce the symptoms
in ADHD

2 Kumari et al. Effects of aromatherapy 2006 n==6 Age =7- Lavender Three sessions per Communicative Five from six have
on the development of 15 week for 15-20 behavior categories improve behavior
communication skills in minutes by diffuser observed
children with autism for four months

3 Hui-Ming Chen  The effect of applying 2008 n=20 Age=2-7  Cinnamon lgm cinnamon in the SNAP-IV Both scores in two

etal.,

cinnamon aromatherapy
for children with
attention deficit

hyperactivity disorder

100ml water and put
in a special bottle
with electric light

control for 30 min

Questionnaire and child

activity scales

groups were improved
after 6 months

treatment

06



Table D1 (continued)

No Author Title Year Sample Age Essential Method Measurement Main outcome
N oil

4 Kristin Czar The Effects of 2009 n=1 Age=17 years  Peppermint aromatherapy burner Frequency Tally of how High levels of
Aromatherapy on old, 1Q76, and and continuously many times the students alertness in the
Alertness in an Emotional Eucalyptus burned throughout were provided with a classroom
Inclusion Setting Behavioral the duration of the verbal cue to wake up and

Disorder class period participate

5 Christie Use of essential oilson 2016 n=1 Age =7 with 12 basic Diffuser or dropping  Parent or Caregiver increased
the development of ASD Essential and rubbing on Questionnaire openness to
academic and social Oils (blends various parts of the communicated
skills in an autistic and singles) body such as wrists more and a

child

and neck, over a six-

to-eight-month

greater willingness
to deal with
difficult situations,
reduce stress, fear
and builds self-
confidence in

children.

16



Table D1 (continued)

No Author Title Year Sample Age Essential Method Measurement Main outcome
N oil
6 Williams Evaluating Effects of 2006 n=12 Age 12-15 Lavender foot and leg massage Sleep onset, sleep sleep durations
Aromatherapy using 2% lavender oil in ~ Duration and (p <0.001) showed a
Massage on Sleep in grapeseed oil on three waking up significant difference
Children separate evenings during  at night (p <0.001) when the
with Autism: A Pilot the study period at the nights with
Study school. last 2 h before aromatherapy were
going to bed. compared with nights
without aromatherapy
7 Jafarzadeh etal.,  Effect of aromatherapy 2013 n=30 Age =6-9 Orange 2 ml of orange essential salivary cortisol and reducing salivary
with orange essential oil in electrical aroma pulse rate cortisol and pulse rate
oil on salivary diffuser for 2 min every
cortisol and pulse rate 10 min
in children during
dental treatment: RCT
8 Borji., The Effect of Orange 2017 n=60 aged 6 -12 Orange two drops on gauze Spielberger State- Decreased of anxiety,
Essence Aromatherapy inside an open box and Trait Anxiety tendency to worry

on Anxiety in School-
Age Children with
Diabetes

breathe deeply for a span
of 2 minutes 3 times a

week for two weeks

Inventory and the
Revised Children’s
Manifest Anxiety

Scale

6



Table D1 (continued)

No Author Title Year Sample Age Essential oil Method Measurement Main outcome
N
9 Soni et al., Evaluation of the 2018 n=30 Age 6-9 Orange four drops of orange ~ Sphygmomanometer for ~ Decreased blood
Efficacy of aroma blood pressure, pulse pressure, pulse and
Aromatherapy on oil in a ceramic rate and oxygen anxiety
Anxiety Level diffuser 10 minutes saturation level
among Pediatric were measured with
Patients in a Dental pulse oximeter, and
Setting: A Randomized anxiety level
Control Trial of the patient was
checked with Venham’s
picture scale
10 Arslan et al Can lavender oil 2020 n=126 aged Lavander Two drops of the face image scale No statistically
inhalation help to between 6 lavender inhaled the ~ (FIS)Face, Legs, significant
overcome dental and 12 years oil on med patches Activity, Cry, differences

anxiety and pain
in children? A
randomized clinical

trial

for 3 min

Consolability (FLACC)
the Frankl Behavior
Rating Scale.

behavior. Decrease

anxiety and pain

€6



Table D1 (continued)

No Author Title Year Sample Age Essential Method Measurement Main outcome
N oil
11 Nirmala et al Effect of Aromatherapy on 2021 n=150 Age 8-12 Lavander Two drops of Faces, Legs, Activity,  decreased the
Dental Anxiety and Pain in Orange lavender oil or three ~ Cry and dental anxiety of
Children drop of orange oil Consolability scale children and only
Undergoing Local Anesthetic inhale for 2 min (FLACC) and Faces sweet orange
Administrations: A Pain Scale-Revised could reduce the
Randomized Clinical Trial (FPS-R) pain as self-
reported by
children
12 Tripathy et al. Comparative Evaluation 2023 n =60 Age 6-12 Lavender aroma oil electric the Chotta Bheem— lavender oil group
between Lavender Essential Patchouli diffuser in waiting Chutki scale and showed lower
Oil and room for 10 minutes  pulse oximeter anxiety scores than
Patchouli Essential Oil in the Patchouli oil
Aromatherapy and Its Effect group. lavender
on group showed a
Dental Anxiety in Children significantly
greater reduction
in heart rate.
13 Soltani et al. Evaluation of the effect of 2013 n=48 Age =6-12 Lavender 4 drops on the hand ~ The frequencies of Reduction in daily

aromatherapy with lavender
essential oil on post-
tonsillectomy pain in
pediatric patients: a

randomized controlled trial

and inhale 3 min

every 6 hour

daily use of
acetaminophen,
visual analog scale

[VAS]

use of
acetaminophen
and not effect on

pain

149



Table D1 (continued)

No Author Title Year Sample Age Essential Method Measurement Main outcome
N oil

14 Marofi et al., Evaluation of the effect of 2015 n =64 Age =3-6 Damascene  one to two Toddler-Preschooler  Decreased pain
aromatherapy with Rosa Rose drops of R. Postoperative Pain
damascena Mill. on damascena Mill on Scale
postoperative pain intensity an eye pad (TPPPS)
in hospitalized children in
selected hospitals affiliated to
Isfahan University of
Medical Sciences in 2013
A randomized clinical trial

15 Bikmoradi Effect of inhalation 2017 n=060 Pediatric Lavander inhaled 5 drops of Lavander Pain Reduced pain

etal. aromatherapy with lavender patients of 2% Lavender for 20  severity: OUCHER severity

essence on pain associated preschool minutes scale
with intravenous catheter age3-6 who
insertion in preschool required
children: A quasi- the insertion
experimental study of an IVC.

16 Ardahan Akgul  Effectiveness of lavender 2021 n= 108 Age?2 Lavander 0.5 mL dripped into ~ the FLACC (The Lower pain level,

etal., inhalation aromatherapy on months-7 7.5x7.5 cm gauze Face, Legs, Ac respiratory rate,

pain level and vital years 10 or 60 min before tivity, Cry, heart rate,
signs in children with burns: the start of dressing ~ Consolability Scale)
a randomized controlled trial Pain Scale

S6



Table D1 (continued)

No Author Title Year Sample Age Essential Method Measurement Main outcome
N oil
17 Triana et al., The Effect of Aromatherapy 2022 n=20 Age 7-17 depends on ~ Maximum 4 drops Visual Analog Scale Pain scale was
Inhalation on Reducing the on clean gauze and (VAS) decreased
Chronic Pain for volunteer's then sticking it to
Children with Cancer: A Pilot preference. the patient’s chest
Study area
18 O’Flaherty etal ~ Aromatherapy massage 2012 n=71 Age=3 Lavender Massage 15 min at heart rates and Both heart rate and
seems to enhance relaxation German legs, arms, back, respiratory rates, a respiratory rates
in children with burns: an Chamomile  feet, face and/or sign of relaxation. went down and
observational pilot study and scalp, hands, Behavioral responses  behavioural effects
Neroli abdomen, neck and  (sleep/awake state, were primarily
(Citrus shoulders facial expression, positive
arantium) body posture)
19 Keyhanmehr et  The Effect of Aromatherapy 2017 n =30 Age 5-12 Rosa inhaled 5 drops of Two questionnaires. improving sleep
al., with Rosa damascena damascena Rosa damascena The first

Essential Oil on Sleep
Quality in Children

essential oil on a
cotton ball before
sleep for 20 min (2

weeks)

questionnaire
included
demographic
information (age,
gender, education,
etc.) and the

second questionnaire

was BEARS.

96



Table D1 (continued)

No Author Title Year Sample Age Essential Method Measurement Main outcome
N oil
20 Moss et al. Any Sense in Classroom 2017 n=40 Age 10 Rosemary Four drops of Immediate Serial Improve all
Scents? Aroma of rosemary oil by Word Recall, Digit performance on
Rosemary Essential Oil Aroma Stream Span, Sentence Span ~ working memory
Significantly Improves Diffuser of 5 and Counting Span tasks
Cognition in Young School minutes prior to and the
Children testing long term memory
measure Delayed
Word Recall.
21 Salarfard et al.,  The Effect of Orange 2023 n=70 Age 6-12 Orange inhaled 2 dropsona  The BEARS sleep improvement in

Essential Oil Aromatherapy
on Sleep

Quality in Hospitalized
Children

gaze for 2 min at
three time per day
(10 am, 4 pm, and at
night before
bedtime).

questionnaire

sleep quality

L6
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