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ABSTRACT

Mango ranks among the most widely consumed tropical fruits worldwide, following bananas,
oranges, and pineapples. At present, more than 1,000 mango cultivars have been identified; however, only
a limited number are cultivated on a commercial scale in the global market. Prominent examples include
‘Alphonso’ (India), ‘Carabao’ (the Philippines), ‘lrwin’ and ‘Kent’ (United States), ‘Kensington Pride’
(Australia), and ‘Nam Dok Mai’ (Thailand). These cultivars are generally characterized by a balanced
sweet—sour flavor profile and relatively low fiber content, although such traits are not unique to them and
can also be observed in other varieties. Consequently, distinct aroma attributes are likely a key determinant

of consumer preference, as discussed in this review.

KEYWORDS: Ester, Mangifera indica, Polyembryony, Terpene
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Fruits constitute a fundamental component of the
human diet, ranking just after cereal crops in terms
of global importance. Widely consumed fruits can
generally be classified by their growing
environments into temperate species such as
apples and pears, and tropical species, including
bananas, oranges, pineapples, and mangoes. With
advances in cultivation practices, fruit production
has expanded across diverse agroecological regions
worldwide.

This report focuses on mango (Mangifera indica L.),
a species extensively cultivated at multiple scales,
ranging from small household gardens to intensive
commercial  plantations. Mango belongs to
Mangifera, a genus comprising approximately 30
species within the family Anacardiaceae, widely
recognized as the mango family. Several species
within this genus yield edible fruit; however, the
majority  of cultivated trees commercially
recognized as mangoes are attributed to M. indica.
The remaining edible Mangifera species, which
produce fruit of comparatively inferior quality, are
collectively referred to as wild mangoes (Derese et
al,, 2017).

A key challenge in commercial mango production
lies in varietal selection. In Thailand alone, more
than 100 mango cultivars have been reported;
however, only a limited number are commercially
promoted, including ‘Nam Dok Mai’, ‘Kiew Sawoey’,
‘Nang Klang Wan’, ‘Maha Chanok’, and ‘Ok Rong’.
Among these, ‘Nam Dok Mai’ is the predominant
cultivar in export markets.

Globally, mango diversity exceeds 1,000 cultivars,
yet only a small subset has achieved international
commercial  significance. Prominent
(India),
Philippines), ‘Irwin’ (USA), ‘Kent’ (USA), ‘Kensington

Pride’ (Australia), and ‘Nam Dok Mai’ (Thailand). The

examples

include  ‘Alphonso’ ‘Carabao’  (the

successful penetration of these cultivars into

global markets suggests that they meet widely
accepted consumer quality standards.

A critical determinant of mango marketability is fruit
quality, particularly sensory attributes
encompassing flavor, defined as the integration of
taste and aroma. For instance, the Thai cultivar
‘Nam Dok Mai’ is characterized by a distinctive
fragrance reminiscent of citrus and floral notes,
combined with a balanced sweet-sour taste profile.
Interestingly, this profile differs from local consumer
preferences in Thailand, where ‘Ok Rong’-noted for
its higher sweetness, lower aromatic intensity, and
greater fiber content-is often favored.

These observations suggest that international
consumers tend to prefer mangoes with a
harmonious balance of sweetness and acidity,
content-traits

accompanied by low fiber

shared across several globally traded

cultivars. Nevertheless, the continued

¢

popularity of cultivars such as ‘Alphonso’,
‘Carabao’, ‘Irwin’, ‘Kent’, ‘Kensington Pride’,
and ‘Nam Dok Mai’ indicates that aroma
characteristics likely play a pivotal role in
shaping consumer acceptance and preference
in the global marketplace.

From a reproductive standpoint, mango cultivars
are broadly categorized into two distinct groups
according to their embryonic characteristics.
Monoembryonic cultivars possess a single zygotic
embryo and are predominantly associated with
Indian  and  Burmese germplasm, whereas
polyembryonic cultivars harbor multiple embryos
that are largely nucellar in origin, a trait
characteristic of Philippine and Southeast Asian
types. In terms of seedling development,
monoembryonic seeds give rise to a single offspring
that is genetically distinct from either parent,
while seeds

polyembryonic simultaneously
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Table 1 Flavor components of various commercially cultivated world mango varieties.

Embryonic Taste Major aroma components
Cultivar name Origin
development Sweet Sour Terpene Ester Ref
‘Alphonso’ India Monoembryonic ++ ++ B—Ocimene Ethyl butanoate 1,2
Linalool Ethyl hexanoate
‘Carabao’ The Philippines Polyembryonic +++ +++ QOl-Pinene Ethyl (2)-5-octenoate 3,4
A3-Carene
Y-Terpinene
Ol-Terpinolene
Cadinene
‘Irwin’ USA Monoembryonic ++ + OL-Terpinolene (2)-3-hexen-1-yl acetate 4
6-3-Carene
‘Kensington Australia Polyembryonic ++ ++ OL-Terpinolene Ethyl butanoate 56
Pride’ Ethyl octanoate
‘Kent’ USA Monoembryonic ++ ++ Limonene Violaxanthin dibutyrate 7
Q-Terpinolene
‘Maha Chanok’ Thailand Polyembryonic ++ ++ OL-Terpinolene Ethyl butanoate 8
6-3-Carene Ethyl 3-
Limonene methylbutanoate
‘Nam Dok Mai’ Thailand Polyembryonic +++ ++ B—Ocimene Not detected 9,10
6-3-Carene
O-Cymene

Caryophyllene
Humulene

Germacrene D

References: 1. Idstein and Schreier (1985); 2. Kulkarni et al. (2012); 3. Naef et al. (2006); 4. Kuroki et al. (2021); 5. Lalel et al., (2003); 6. MacLeod

et al. (1988); 7. Bonneau et al. (2016); 8. Laohaprasit et al. (2012); 9. Laohaprasit et al. (2011) 10. Tunsakul et al. (2021)

generate numerous seedlings, the majority of which
are genetically identical to the mother plant -a
property that makes them particularly well-suited
for producing uniform rootstock populations.
The two groups also differ markedly in their climatic
adaptability. Monoembryonic cultivars demonstrate
comparatively  greater resilience to  low-
temperature conditions with respect to both
vegetative growth and fruit set, whereas
polyembryonic cultivars require warmer thermal
regimes and exhibit heightened sensitivity to cool
weather during critical reproductive  stages.
Prominent monoembryonic varieties in commercial
production include ‘Kent’, and ‘Irwin’, while ‘Nam
Dok Mai’” and ‘Carabao’ represent widely cultivated
examples among polyembryonic types (Meurant et

al,, 1999; Ochoa et al., 2012; Ali et al., 2025).

Mango ranks among the most commercially

significant  tropical fruits ¢lobally, prized by
consumers for its distinctive balance of sweetness
and acidity, complemented by a characteristic
aromatic profile. At full maturity, the fruit — typically
medium in size— develops vivid yellow-orange
pigmentation in both the peel and mesocarp, traits
that substantially influence its market appeal and
export value. To broaden our understanding of
intraspecific diversity among elite commercial
the review systematically

cultivars, present

characterizes information on two fundamental
biological attributes: embryo type (monoembryonic
versus  polyembryonic) and volatile organic
compound (VOC) composition. A comparative
assessment of these parameters across globally

traded mango varieties is presented in Table 1.
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Among the monoembryonic cultivars examined,
‘Alphonso’, ‘Irwin’, and ‘Kent’ share a common
volatile profile dominated by two principal
classes: and esters. In

chemical terpenoids

‘Alphonso’, the aroma complexity arises from the
interplay  of B—ocimene - a monoterpene
responsible for fresh green nuances - with linalool,
a terpenoid alcohol contributing distinct floral
character, alongside the fruity ester fraction
comprising ethyl butanoate (pineapple-like note)
and ethyl hexanoate (reminiscent of fresh apple).
The volatile of ‘lrwin’ s

profile notably

differentiated by O-terpinolene, imparting a
resinous, pine-like quality, in combination with &-3-
carene, which confers an earthy undertone, and (2)-
3-hexen-1-yl acetate, associated with a crisp green
apple character. In contrast, ‘Kent’ exhibits a
comparatively simpler terpene-dominant bouquet,
wherein  limonene  contributes  citrus-orange
nuances while Ol-terpinolene again provides a
characteristic piney note, suggesting that this
compound may serve as a shared aromatic marker
across certain monoembryonic genotypes.

Within the polyembryonic cultivar group — which
includes ‘Carabao’, ‘Kensington Pride’, ‘Nam Dok
Mai’, and ‘Maha Chanok’ - two varieties have
attained  particularly

widespread = consumer

acceptance across Asian markets: ‘Carabao’,
originating from the Philippines, and ‘Nam Dok Mai’,
a premium Thai cultivar. Despite sharing broadly
comparable fruit morphology and external
coloration, these two cultivars diverge substantially
in their volatile composition and resulting aromatic
profiles. The aroma of ‘Carabao’ is governed by a
terpenoid-ester synergy, in which Q-pinene and
Ol-terpinolene collectively generate a resinous,
pine-like character, Y-terpinene contributes a fresh
citrus-ime quality, and an octanoate ester

herbaceous green nuances and p-cymene providing

a lime-like freshness; notably, ester
compounds are entirely absent from ‘Nam Dok
Mai’ cultivar's volatile fraction, representing a
chemotypic distinction that clearly
differentiates it from its Philippine counterpart.
The remaining two polyembryonic cultivars
exhibit equally distinctive aromatic signatures.
‘Maha Chanok’, another commercially prominent
Thai variety with a well-established presence in
the Japanese export market, presents a terpene-

dominant fragrance at the pre-ripe stage, wherein

Ol-terpinolene confers a characteristic resinous,
pine quality and limonene contributes bright
citrus notes. Upon reaching full maturity,
however, the volatile profile undergoes a marked
compositional shift toward ester predominance,
with  ethyl

butanocate and  ethyl  3-

methylbutanoate collectively generating a
pronounced pineapple-like aroma - a ripening-
associated transition that may hold practical
relevance as a non-destructive maturity indicator.
Similarly, ‘Kensington Pride’, a leading Australian

export cultivar, is defined by a terpenoid—-ester

mosaic in which Q-terpinolene again provides the

foundational piney character, while ethyl
butanoate introduces tropical pineapple nuances
and ethyl octanoate imparts a distinctive peach-
like facet, yielding a multi-layered aromatic
complexity that likely underpins its strong
international market performance. Terpenes are
synthesized during mango fruit development,
with their accumulation progressively increasing
as the fruit advances toward maturity and
ripening.  These compounds are widely
recognized as the primary contributors to the
characteristic aroma of mango (MacLeod et al,,
1988; Pandit et al, 2009). Notably,

the composition of terpene compounds varies
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Figure 1 Putative pathways of terpenoid and ester biosyntheses in mangoes: 13-HPL (13-Hydroperoxidase lyase), 13-LOX (13-Lipoxygenase), AAT

(Alcohol acyltransferase), ACS (Acyl-CoA synthase), ADH (Alcohol dehydrogenase), ALDH (Aldehyde dehydrogenase), DMAPP (Dimethylallyl

diphosphate), FPP (Farnesyl diphosphate G-3-P (Glyceraldehyde-3-phosphate), GGPP (Geranyl geranyl diphosphate), GPP (Geranyl diphosphate),

IDI (Isopentenyl-diphosphate delta-isomerase), and IPP (Isopentenyl diphosphate).

across different ripening stages. For instance, in
‘Kensington Pride’, limonene and p-cymene are
predominantly present during the pre-climacteric
phase, whereas QO-terpinolene (a monoterpene)
becomes more prominent during the climacteric
stage. In addition, ester compounds such as ethyl
octanoate are mainly detected at the fully ripe
stage (Lalel et al., 2003).

In ‘Alphonso’, the volatile profile is dominated by
mono- and sesquiterpenes, with Z- and E-ocimene
identified as the principal constituents (Idstein and
Schreier, 1985). In addition, compounds such as
pentanoic  acid and  5-hydroxy-2,4-di-tert-

butylphenyl esters have also been reported
(Tandel et al., 2023). A distinct lactonic note,
attributed to 2,5-dimethyl-4-methoxy-3[2H]-
furanone, has also been detected in ‘Alphonso’
(Hunter et al., 1974).

By contrast, the aroma profile of ‘Carabao’ is largely
characterized by terpenoid compounds, including
Ol-pinene, A3-carene, Y-terpinene, Q-terpinolene,

and cadinene, alongside ester groups such as

hexanoate and octanoate derivatives. This cultivar
also exhibits a characteristic sulfurous nuance,
primarily ~associated with the presence of
2-propanethiol (Naef et al.,, 2006). However, even
within the same cultivar, aroma composition can
vary depending on the country of cultivation,
reflecting the strong influence of environmental
factors such as climate and soil conditions on
volatile compound expression (Kulkarni et al,
2012).

perspective,

From a physio-biochemical

monoterpenes are synthesized within plastids
through the methylerythritol phosphate (MEP)
pathway, utilizing pyruvate and slyceraldehyde-3-
phosphate (G-3-P) as primary precursors (Figure 1).
In contrast, sesquiterpenes are produced in the
cytosol via the mevalonate (MVA) pathway, where
acetyl-CoA serves as the initial substrate.
Meanwhile, the majority of ester compounds
identified in mango are short-chain esters, which
from intermediates

originate  predominantly

generated during fatty acid catabolism.
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ABSTRACT

Mobile applications are increasingly used to support children with autism spectrum disorder (ASD). This systematic
literature review analyzed studies published between 2018 and 2025 on mobile app development for children with ASD.
Using PRISMA guidelines, 78 records were identified from Scopus and IEEE Xplore databases, and 15 met the inclusion criteria.
Study quality was evaluated using the CASP checklist, with 47% (7/15) achieving high quality scores. The findings showed
geographic diversity, with many studies conducted in Asia, and varied methodological quality. Several design approaches
were used, including User-Centered Design, Applied Behavior Analysis, TEACCH, gamification, and artificial intelligence.
Intervention-based studies reported positive outcomes in communication, emotional regulation, daily living skills, and user
engagement. However, many studies relied on small sample sizes and short testing periods, limiting generalizability.
Applications combining multiple therapeutic and design approaches demonstrated higher usability and effectiveness than
single-method systems, with usability scores reaching up to 97/100. This review provides evidence-based guidance for
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1. INTRODUCTION

Autism  Spectrum  Disorder (ASD) is a
neurodevelopmental condition characterized by
persistent deficits in social communication and social
interaction, alongside restricted and repetitive
patterns of behavior, interests, or activities (American
2013). Recent

Psychiatric Association,

epidemiological estimates indicate that
approximately 1 in 36 children are diagnosed with
ASD (Maenner et al., 2023), while national data from
Thailand suggest a prevalence of around 15 per
1,000 children under the age of 15 (Deeon, 2025).
Because ASD is a spectrum disorder, children can
have very different symptoms and needs. Some
children need only a little support, while others
need much more help. The DSM-5 delineates three
severity levels: Level 1

(requiring  support),

characterized by difficulties initiating  social
interactions and inflexibility in behavior; Level 2
(requiring substantial support), marked by notable
deficits in verbal and nonverbal communication; and
Level 3 (requiring very substantial support), defined
by severe impairments in communication and highly
restricted, repetitive behaviors (American Psychiatric
Association, 2013). Early intervention is widely
recognized as a critical determinant of long-term
outcomes, with evidence indicating that intervention
during early developmental periods particularly
between ages 2 and 6 can significantly enhance
language development, social interaction, and daily
living skills.

In recent years, mobile technologies have emerged
as promising tools for supporting children with ASD.
Smartphones and tablets provide accessible,
portable, and relatively low-cost platforms capable
of integrating visual, auditory, and interactive
elements that align with the learning preferences of
many autistic children. Unlike traditional clinic-based
therapies that

depend heavily on specialist

availability, mobile applications can be implemented
across home, school, and community environments,
thereby increasing flexibility and continuity of
intervention. Mobile applications provide several
advantages over traditional approaches, including
accessibility, engagement, and consistency (Liu et al.,
2023). They also support objective data collection,
can reduce costs by limiting intensive one-on-one
clinical time (Mahmoudi et al., 2024), and allow
personalized experiences through adaptive features
tailored to each child’s needs.

Several therapy methods have been integrated into

mobile apps:

® Applied Behavior Analysis (ABA) a well-
established behavioral intervention that
employs systematic reinforcement and task
decomposition to develop communication,
social, and adaptive skills (Xu et al., 2025;
Mruzek et al., 2019).

® Augmentative and Alternative
Communication (AAC) is a set of strategies
and tools designed to supplement or
replace natural speech for individuals with
complex communication needs
(Castellanos et al., 2022; Laubscher et al.,

2019).

® Picture Exchange Communication System

(PECS) is a structured communication
system that utilizes picture symbols to
enable non-verbal or minimally verbal
children to express needs and intentions

(Castellanos et al., 2022).

® Treatment and Education of Autistic and
Communication

(TEACCH)

related

Children

Handicapped
Apps show visual
schedules and step-by-step instructions
(Rojas & Chavarriaga, 2023; Shminan et al,,

2020).
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Table 1 Search string development (IEEE Xplore).

Step  Search terms Results

1 "Autism mobile application 122
development"

2 ("Autism mobile application 100
development") AND ("child")

3 ("Autism mobile application 73
development") AND ("child")
AND ("communication"”)

4 ("Autism mobile application 40

development") AND ("child")
AND ("communication”) AND

("behavior")
® \Video Modeling Demonstrating target
behaviors  through  video  examples

(Laubscher et al., 2019; Kalantarian et al.,

2019).
Many apps also use game features like points and
rewards to keep children interested. Some use
newer technology like machine learning to adjust to
each child or augmented reality for practicing social
skills in a safe environment.
However, despite the thousands of autism-related
applications available in app stores, relatively few
have undergone rigorous scientific evaluation (Liu et
al, 2023). This creates a significant challenge for
parents, educators, and clinicians seeking evidence-
based tools to support children with ASD. This review
examines mobile apps for children with ASD,
focusing on design, target skills, implementation, and

effectiveness. The review answers four questions:
® RQI: What are the main trends in mobile
app development for autism?

® RQ2: What design methods are most

commonly used?
® RQ3: How are apps tested in real situations?

® RQ4: What results are reported from using
these apps?

By addressing these research questions, this review

offers

guidance for advancing evidence-based

mobile interventions for autism.

2. MATERIALS AND METHODS
2.1 Research Design

This study is a Systematic Literature Review (SLR)
using a clear, step-by-step method to review
research on mobile apps for children with ASD,
ensuring the process is systematic and repeatable.
PRISMA guidelines were followed through four
stages: Identification, Screening, Eligibility, and
Inclusion. Only peer-reviewed publications from
2018-2025 were included, comprising journal
articles and full conference papers (>4 pages) from
established technical venues such as IEEE and ACM,
due to the increased focus on autism mobile
technologies, especially with the rise of Al and
machine learning.

2.2 Search Strategy

2.2.1 Database Selection and Rationale

This SLR used two complementary databases:
Scopus and IEEE Xplore. Scopus was selected for its
broad multidisciplinary coverage, as it indexes
substantially more peer-reviewed journals than
notable

Web of Science, with strengths in

engineering, computer science, and applied
domains (Falagas et al., 2008; Mongeon & Paul-Hus,
2016). IEEE Xplore was included to capture high-
impact technical publications in computer science,
artificial intelligence, and biomedical engineering,
providing access to IEEE journals, conference
proceedings, and technical literature (Franco et al,
2021). The Scopus search yielded 38 records, while
I[EEE Xplore returned 40 records, resulting in a
combined total of 78 records prior to screening. Of
the 40 IEEE records, full-text access was available
for four studies. After screening and removing one
duplicate, three |EEE studies met the inclusion
criteria and were incorporated into the final
analysis.

2.2.2 Boolean Search String Development

Table 1 shows the evolution of the search string:
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Table 2 Search string development (Scopus).

Step Search terms Results

1 "Autism mobile application 277
development"

2 ("Autism mobile application 219
development”) AND ("child")

3 ("Autism mobile application 96
development”) AND ("child")
AND ("communication")

a4 ("Autism mobile application 38

development") AND ("child")
AND ("communication") AND

("behavior")

The Boolean search string was adapted to the syntax
of each database. In Scopus, field-specific tags were
applied using the Advanced Search interface: (TITLE-
ABS-KEY ("Autism mobile application development")
TITLE-ABS-KEY("child") TITLE-ABS-
TITLE-ABS-

AND AND
AND

IEEE Xplore, the Advanced

KEY("communication")
KEY("behavior"). In
Search interface was used with the "All Metadata"
field, applying equivalent keywords: ("Autism mobile
application development’) AND ("child") AND
("communication") AND ("behavior"). Both searches
were executed on 27 January 2026.Total Records
Identified: 78

2.3 Inclusion and Exclusion Criteria

We included peer-reviewed articles and conference
papers 2018-2025 about mobile apps for children
aged 0-18 with autism that help with
communication, behavior, emotions, or daily skills,
written in English. Studies were excluded if they
focused on adults (19+ years), used non-mobile
technologies (e.g, desktop-only applications),
addressed only diagnosis or academic skills without
intervention components, or were limited to parent
education without direct child engagement. Short
conference abstracts (<2 pages) and non-peer-
reviewed gray literature were excluded to ensure
methodological rigor. However, full conference

papers (=4 pages) from established technical

venues (e.g., IEEE, ACM conferences) were included

if they:
® Underwent peer review
® Provided sufficient methodological detail

® Reported empirical data or design

validation

® Addressed the research questions directly

This inclusive approach was adopted because:

® Mobile application development research
is frequently published in high-quality
technical conferences (IEEE, ACM)

® Conference papers in computer science
often contain rigorous technical

contributions equivalent to journal articles

® Fxcluding all conference papers would
omit significant technical innovations in

this rapidly evolving field

® Precedent exists in systematic reviews of

technology-mediated interventions

One study (Zamry et al,, 2022), although classified
as a literature review, was retained as a justified
exception because it presented an original
methodological contribution: a religiously-aligned
Istamic guideline framework for autism mobile
application development derived from systematic
literature synthesis. This exception was explicitly
noted and consistently applied throughout the
review process. Unlike Liu et al. (2023) and
Concepcion Patino et al. (2022), which provided
descriptive surveys of existing applications or AR
interventions without novel frameworks, Zamry et
al. developed and validated a structured guideline
that directly informs mobile application design
This innovation

processes. methodological

analogous to design science research outputs
warranted inclusion as it addresses RQ2 (design
evidence-based

methodologies) by proposing
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Records identified from
database:
Scopus (n=38)

IEEE Xplore (n=40)
Total (n=78)

l

duplicates removed
(n=4) Records excluded :

(n=59)
= Not mobile: 10
Records screened

]-' =SLR:2
- Adults: 6
(n=74) - Not ASD: §

l - No full-text in IEEE: 36

Identification

Screening

|

l

Total: 10+36+6+5+2 = 59

Full-text articles dfor
eligibility

(n=15) Note on exclusion

i

Eligibility

AlL15 met eligibility criteria otal ex

|

v
Studies included in primary
analysis
(n=15)

Inclusion

Scopus (12) | IEEE (3)

Figure 1 presents the PRISMA flow diagram summarizing the study

selection process.

design  principles absent from conventional
development approaches.

2.4 Quality Assessment

The Critical Appraisal Skills Programme (CASP)
checklist was used to assess the methodological
quality of included studies (Critical

Appraisal Skills Programme, 2018). CASP is a widely
recognized tool for evaluating research studies in
systematic reviews, as it allows for systematic
assessment of trustworthiness and quality across
various study designs. Each study was evaluated
across eight CASP criteria: (1) clarity of research
aims, (2) appropriateness of methodology, (3)
research design, (4) recruitment strategy, (5) data
collection methods, (6) consideration of researcher-
participant relationship, (7) ethical considerations,
and (8) rigor of data analysis. Each criterion was
scored as 1 (Yes) if adequately addressed or 0
(No/Unclear) if not sufficiently reported. Total
quality scores ranged from 0 to 8. Studies scoring
7-8 were classified as high quality, 6 as medium-
high, 5 as medium, and 1-4 as low quality. Quality
assessment was conducted by the primary reviewer
(H.S.),

with a second reviewer independently

verifying assessments for 30% of studies to ensure

consistency; discrepancies were resolved through
discussion. The CASP Qualitative Checklist was
selected for its structured approach to evaluating
methodological transparency across diverse study
designs.  Although  originally developed for
qualitative health research, its criteria are broadly
applicable to the heterogeneous designs included
in this review, consistent with its use in mixed-
methods systematic reviews of technology-
mediated interventions.

2.5 PRISMA Flow Diagram

The PRISMA diagram illustrates the overall study
selection process. Searches conducted in Scopus
and IEEE Xplore identified a combined total of 78
records (38 from Scopus and 40 from IEEE Xplore).
Figure 1 illustrates the study selection process. A
total of 78 records were identified through database
searching (38 from Scopus and 40 from IEEE Xplore).
Four duplicate records were removed, including
three repeated entries within Scopus and one
overlapping record between Scopus and IEEE
Xplore, leaving 74 records for screening. After title
and abstract screening, 59 records were excluded
for the following reasons: 10 did not involve mobile
applications, 36 records were excluded due to the
unavailability of accessible full-text versions during
the screening process, 6 focused exclusively on
adult populations, 5 were not related to autism,
and 2 were systematic literature reviews. Fifteen
full-text articles were assessed for eligibility, all of
which met the inclusion criteria and were included
in the primary analysis (12 from Scopus and 3 from
IEEE Xplore). Screening and eligibility assessment
were conducted independently by two reviewers,
with  high inter-rater One

agreement. study

(Zamry et al, 2022) was retained despite

being classified as a literature review, as it met
criteria  described

the predefined inclusion

in Section 2.3.
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Table 3 Overview of selected studies.

No. Journal / Year Country Study Type Primary Focus RQ Addressed

1 Zamry et al. (2022) Malaysia SLR + Guideline Religious boundaries for autism RQ2
Religious Guideline Development apps (Islamic guidelines)

2 Rojas & Chavarriaga Chile/Spain Design, Development & Dynamic activity design for RQ1, RQ2, RQ3, RQ4
(2023) Usability Evaluation autonomy (TEAutonomia app)
TEAutonomia

3 Yap et al. (2019) Malaysia Design, Development & Pilot ~ Emotion recognition with heart rate  RQ2, RQ3, RQ4
AppdAutism Study monitoring (AppdAutism)

[ Shminan et al. Malaysia Design, Development & Caregiver training for TEACCH RQ2, RQ3, RQ4
(2020) Multi-Stage Evaluation implementation (AutiTEACCH)
AutiTEACCH

5 Bir et al. (2023) India ML System Design + Machine learning for emotion RQ2
ML Emotion Algorithm Development recognition

6 Xu et al. (2025) China Framework Development + Adaptive multimodal serious games ~ RQ1, RQ2, RQ3
Adaptive Games Prototype with DDA algorithm

7 Castellanos et al. Taiwan/Chin  System Design + Architecture  Deep mobile linguistic therapy (NLP RQ2
(2022) a Documentation + Speech)
Deep Mobile

8 Purnama et al. Indonesia Design, Development & Educational software for cognitive RQ2, RQ3, RQ4
(2021) Squizzy Evaluation skills (Squizzy)

9 Laubscher et al. USA Single-Case Experimental Video visual scene displays for play ~ RQ2, RQ3, RQ4
(2019) Design (Pilot) communication
Video VSDs

10 Kalantarian et al. USA System Design + Algorithm Crowdsourcing emotion data via RQ2, RQ3
(2019) Guess What? Validation charades game (Guess What?)

11 Mruzek et al. (2019) USA (Multi- Pilot Randomized Controlled iOS-based toilet training app with RQ2, RQ3, RQ4
- i0S Toilet Training site) Trial moisture sensor

12 Hussain et al. (2023) India System Design loT-based monitoring system (EEG +  RQ2
loT System sensors)

13 Arbaoui et al. (2024)  Morocco Design & Development Context-aware PECS mobile app for ~ RQ2, RQ3
- PECS App communication

14 Chistol et al. (2023) Romania Single-Case Experimental Personalized attention strategies in RQ1, RQ2, RQ3, RQ4
- Autism Assistant Study tablet-based learning app

15 Chinchay et al. Colombia/ Single-Case Experimental Personalized attention strategies in RQ2, RQ3, RQ4
(2024) - Attention Spain Study tablet-based learning app

3. RESULTS AND DISCUSSION

3.1 Overview of Selected

Table 3 summarizes the characteristics of the
15 primary studies included in this review, while
Table 4 provides detailed methodolosgical
and technical information for each study. The 15
studies came from diverse geographic regions: 8
from Asia (53%) including Malaysia, India, China,
5 from the Americas

Indonesia, and Taiwan;

(33%) including the United States, Chile, and

Colombia; 1 from Europe (7%) from Romania;
and 1 from North Africa (7%) from Morocco. Several
collaboration

This

involved cross-national

Chile/Spain

studies
(e, and Colombia/Spain).
geographic diversity, extending beyond previous
reviews to include Latin America, Eastern Europe,
and North Africa, reflects the growing global interest
ASD The studies

in  mobile interventions.

were published between 2019 and 2025.
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No. Sample Size Age Range Duration Platform Framework/Approach Primary Outcome
1 SLR: 35 autism N/A N/A Mobile apps Istamic guidelines for 24 design guidelines (11 multimedia
+ 26 religious autism apps 13 features)
app papers
2 12 children 3-8 years 4 weeks Android tablet TEACCH, UCD SUS 97.08/100 (Grade A+), high
with ASD usability, parent satisfaction
3 10 children 7-12 years 3 sessions Android Gamification, emotion Improved emotion recognition,
with ASD (smartphone +  recognition acceptable heart rate monitoring
smartwatch)
a4 Stage 1: 2 N/A 3-stage Android TEACCH, ADDIE, FRAME, SUS 77.5/100 (Grade B), IMMS
experts (Caregivers) evaluation Behaviorism satisfaction 3.98/5
Stage 2: 5
caregivers
Stage 3: 24
caregivers
5 Not specified 6-14 years N/A Mobile app Machine learning (SVM, Proposed ML framework (not tested
RF, NN) with users)
6 30 children 3-6 years 8 weeks Android tablet ABA, Gamification, DDA Improved social skills, communicatic
with ASD algorithm attention span
7 No users Children N/A Android + iOS NLP, PECS, AAC, Speech System architecture validated (no us
(age not Recognition testing)
specified)
8 10 children + 5 5-15 years Short-term Android tablet Cognitive therapy Positive feedback, reduces therapist
therapists + 5 workload, portable
parents
9 1 dyad (1 ASD 8 years 2 months iPad (GoVisual AAC, Video VSDs, Peer- Large effect (Tau-U=0.8), +5.8 to +11
+ 1 peer) (30 sessions)  app) mediated turns per session
10 8 children with Mean 90-second Smartphone Video modeling, Al High emotion labeling: Disgust 94%,
ASD + 2 raters 8.5+1.85 sessions (charades classifiers Surprised 92%, Neutral 81%
years game)
11 32 children (16 3-6 years 12 weeks + iOS (iPod + ABA, Rapid Toilet 84% retention, WMP achieved simila
WMP, 16 SBT) 3-month moisture Training outcomes with less daily time
follow-up sensor) (p=0.02)
12 No users Children N/A loT-based EEG, heart rate NOT implemented, NOT tested
(age not monitoring monitoring
specified) system (EEG +
sensors)
13 Not specified Children N/A Mobile app PECS, Context- Personalized PECS with contextual
(design study) (age not (Android) awareness, UCD picture adaptation based on locatior
specified) and activity
14 60 stakeholders  Children Cross- Mobile ABA, HCD (Double High user satisfaction; supports parer
(parents, (age not sectiona (Android) + Diamond), UCD as co-therapist in home-based ABA
teachers, specified) Web therapy
therapists) +
children with
ASD
15 5 children with 5-18 years Multiple Android tablet Personalized attention Improved attention and autonomy;
ASD sessions (Samsung strategies, UCD, auditory + visual stimuli effective for
(baseline + Galaxy Tab S4,  Multiple-baseline desi ASD engagement
intervention web-based)
+ post-

intervention)
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Table 5 CASP Quality Assessment

NO. Aims Method Design Recruit Data Relationship Ethics Analysis Total
1 1 1 1 1 1 1 1 1 8/8
2 1 1 1 1 1 1 0 1 7/8
3 1 1 1 1 1 1 0 1 7/8
4 1 1 1 0 1 1 0 1 6/8
5 1 1 1 1 1 1 0 1 7/8
6 1 1 1 0 0 1 0 0 4/8
7 1 1 1 0 1 1 0 1 6/8
8 1 0 1 0 0 1 0 0 3/8
9 1 1 1 0 1 0 0 0 4/8
10 1 1 1 0 1 0 0 1 5/8
11 1 1 1 1 1 1 1 1 8/8
12 1 1 0 0 0 1 1 0 4/8
13 1 1 1 0 1 0 0 1 5/8
14 1 1 1 1 1 1 0 1 7/8
15 1 1 1 1 1 1 1 0 7/8

Table 4 summarizes key characteristics of the 15

studies, including sample sizes, age ranges,
intervention durations, platforms, frameworks, and
primary outcomes.

Study types included seven design and evaluation
studies involving users (47%), one randomized
controlled trial (7%), three single-case experimental
studies (20%), one systematic literature review (7%),
and three design-only proposals without user testing
(20%). Sample sizes varied considerably across the
empirical studies, ranging from small groups of children
to mixed samples involving caregivers, therapists, and
experts. One study involved 32 children, whereas
several design-oriented and system-architecture studies
did not include participants. Testing durations ranged
from brief single-session evaluations to multi-week
interventions lasting up to eight or twelve weeks. Most
empirical studies reported relatively short evaluation
periods, typically under eight weeks, while a few studies
did not specify the duration.

3.2 Study Quality

Table 5 presents the CASP quality assessment for all 15
studies. Seven studies achieved high quality (7-8

points), two medium-high (6 points), two medium (5

points), and four low qualities (1-4 points), with an
average of approximately 6 out of 8

Most studies clearly stated their aims and
employed appropriate methodological approaches,
as reflected in the overall CASP scores. However,
the quality assessment revealed notable patterns
of methodological weakness. The most frequently
absent criterion was ethical reporting, which was
inadequately addressed in 11 of 15 studies (73%),
raising concerns

about participant protection

standards in  technology-mediated  pediatric

research. Recruitment transparency was also
problematic, with 8 studies (53%) failing to clearly
describe their selection

procedures, limiting

replicability. Notably, the two highest-quality
studies (Zamry et al. and Mruzek et al.) were those
that combined rigorous theoretical frameworks with
systematic evaluation procedures, suggesting that
methodological quality is associated with the
integration of established intervention protocols
rather than technological complexity alone.

3.3 Research Trends (RQ1)

Several in  mobile

important trends emerged

application development for autism.

® The first trend is the shift from

communication-focused tools to
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applications targeting multiple
developmental skills, including emotional
regulation, daily activities, social
interaction, attention, and independence.
Chinchay et al. specifically targeted
attention assessment through personalized
digital strategies, while Chistol et al
developed a home-based ABA platform
enabling parents to support therapy
outside clinical settings. For example, the
TEAutonomia application developed by
Rojas and Chavarriaga supports daily
routines and autonomy in addition to

communication.

The second trend is the adoption of
context-aware and adaptive frameworks.
Arbaoui et al. introduced a context-aware
PECS application that adapts picture cards
dynamically based on the user's location
and activity,

representing a significant

advancement in PECS-based

communication tools.

The third trend is the increased use of
multimodal feedback. Most applications
integrate visual, auditory, and occasionally
tactile elements to enhance engagement
and support learning. Prior research
indicates that effective autism applications

rely on multiple feedback

typically

modalities. For example, Xu et al
incorporated visual, auditory, and tactile
responses within their adaptive game-
based intervention, demonstrating how
multimodal feedback can improve user

interaction and task performance.

The fourth trend is the growing integration
of artificial intelligcence. Al and adaptive

techniques  were  incorporated in

approximately  nine  studies  (60%),

including adaptive difficulty systems,

context-aware personalization, and
emotion recognition. Machine learning for
emotion detection was implemented in
three studies (20%), while one study
applied natural language processing for

speech-based interaction.

® The fifth trend relates to cultural
considerations. Only one study explicitly
addressed cultural and religious factors,
developing design guidelines aligned with
Istamic values, highlighting the limited
attention given to sociocultural adaptation

in current applications.

® The sixth trend is increased parent
involvement. Several intervention-based
applications incorporated caregiver
participation through training, monitoring
tools, and communication features. For
instance, AUtiTEACCH was designed to
support caregiver training, while another
intervention integrated parent-clinician

communication to facilitate remote
support.

3.4 Design Methodologies (RQ2)

Table 6 summarizes the technological features and
development approaches adopted across the
included studies. The findings highlight the
multidisciplinary nature of mobile application
development for children with autism spectrum
disorder, frameworks,

combining  therapeutic

software engineering practices, and interactive
technologies. User-Centered Design emerged as
one of the most commonly applied approaches,
particularly in studies involving usability testing and
iterative development. Behavioral and structured
learning frameworks were also widely integrated,
including Applied Behavior Analysis and TEACCH,
intervention-based

especially in applications.
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Gamification elements such as rewards, challenges,
and interactive activities were frequently used to
increase engagement and motivation. Artificial

intelligence and adaptive techniques were
incorporated in several studies (60%), primarily for
emotion recognition, adaptive difficulty adjustment,
and speech-based interaction. Machine learning
was used for facial emotion detection, while
natural language processing supported speech

and language-based interventions. These
implementations ranged from conceptual system
designs to validated applications. In terms of
interaction design, touchscreens represented the
dominant input modality across most applications,
reflecting their accessibility for children with ASD.
Additional interaction methods included camera-
based facial recognition (27%), voice and
microphone input, and physiological sensors
such as heart rate or moisture detection
(13%). These multimodal interfaces supported
personalized and

adaptive learning

experiences. Most applications were
developed for mobile platforms, with Android
being the most common operating system,
followed by iOS and cross-platform solutions.
Tablets were frequently used in intervention
contexts due to their suitability for structured
learning and  visual interaction.  Regarding
connectivity, many applications were designed to
function offline (40%), supporting accessibility in
home and therapy settings. A smaller number relied
on cloud-based services, Bluetooth connectivity, or
for data

hybrid architectures synchronization,

remote monitoring, and clinician communication.

Overall, the results indicate a shift toward
integrated, adaptive, and user-focused
technological ~ solutions, where  therapeutic
frameworks are combined with interactive
design  and emerging artificial  intelligence

10

capabilities to support learning, communication,
and daily functioning in children with ASD.

3.5 Implementation and Testing (RQ3)

Ten studies (67%) evaluated their applications with
end users, including children, parents, therapists,
and occasionally teachers or peer participants.
Testing was conducted across multiple contexts,
including home, school, clinical, and laboratory
environments, with several studies combining more
than one setting. Participant involvement varied,
with parents participating in many intervention-
based applications,

followed by therapists,

teachers, and peer-supported interventions.
Sample sizes were generally small, with most
studies involving fewer than 30 children and only
one study including a larger cohort of 32
participants. Testing durations ranged from single-
session evaluations to extended interventions

lasting up to 12 weeks, with most studies
conducted over short-term periods. This represents
a critical  methodological  limitation:  short
evaluation windows are insufficient to assess skill
generalization, maintenance of gains, or potential
adverse effects of prolonged app use. Furthermore,
the predominance of small samples and single-site
designs limits the external validity of reported
outcomes. Notably, only Mruzek et al. included a
follow-up assessment beyond the intervention
phase, highlighting the urgent need for longitudinal
evaluation designs in future research. Development
processes typically followed iterative cycles of
prototype development, user testing, feedback
collection, and system refinement. Attention and
engagement improvements were also reported,
with Chinchay et al. observing reduced need for
specialist  interventions and improved task
completion times following personalized attention
strategy implementation. Usability assessment was

explicitly reported in two studies using the System
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Usability Scale. One application achieved an
excellent usability score of 97/100, while another
reported a good score of 77.5/100, both exceeding
the standard SUS benchmark. Across studies,
parents played a central role not only in supporting
children during app use but also in reinforcing
learned skills within daily home routines.
3.6 Reported Impacts (RQ4)
Eight studies implemented intervention-based
applications and reported measurable outcomes
for children with ASD. Percentages in this section
are calculated based on these intervention studies
only.
® Communication Skills (4 studies, 50% of
intervention studies) Mobile applications
improved children’s ability to express
Laubscher et al

needs and interact.

reported an increase from 2 to 12

communication attempts per session
(approximately 500% improvement) using
video visual scene displays, with a large
effect size (Tau-U = 0.8). The study also
found that picture-based communication
did not reduce natural speech. Rojas and
Chavarriaga observed improvements in
self-expression and task completion, while
Purnama et al. reported positive feedback

from children, parents, and therapists.

and Behavioral Control (3

38%)

® Emotional

studies, Applications  supported

emotion recognition and stress awareness.
Yap et al. demonstrated improved
emotion recognition using training activities
and heart-rate monitoring. Kalantarian et
al. achieved accuracy rates between 81%
and 94% using machine learning for facial
emotion detection (Disgust 94%, Surprised
81%). Visual schedules

92%, Neutral

developed by Rojas and Chavarriaga also
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helped reduce anxiety by increasing
predictability.

® Daily Living Skills (3 studies, 38%) Apps
supported independence in daily routines.
Mruzek et al. found that a toilet-training
application required significantly less daily
training time compared with traditional
methods (p = 0.02) while achieving similar
learning outcomes, with 84% skill retention
after 12 weeks. Additional improvements
were reported in dressing and hygiene

routines, along with reduced therapist

workload.

® Parent Satisfaction (5 studies, 62%) Parents

reported high satisfaction with mobile
interventions. reached
97/100

Chavarriaga and 77.5/100 in Shminan et al.

Usability
in  the

scores
study by Rojas and

In the study by Mruzek et al,
approximately half of parents reported
being “very satisfied.” Parents particularly
valued  progress  tracking, increased
confidence in supporting their children,

and reduced stress levels.

4. DISCUSSION

4.1 Key Findings and Limitations

This systematic review of 15 peer-reviewed studies
indicates a clear shift in mobile application
development for children with autism spectrum
disorder toward integrated, theory-driven
interventions combining therapeutic frameworks
with interactive and adaptive technologies. User-
Centered Design was reported in about one-quarter
of the studies (27%), while structured therapeutic
approaches such as Applied Behavior Analysis
(20%), TEACCH (13%), and PECS (13%) were
incorporated to support learning, communication,

and daily functioning.
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Table 6 Technology features and technical specifications.

No. Platform Input / Output Al/Adaptive features Framework / Connection type
Development tools
1 Mobile apps N/A (Guidelines) / Recommendations for  Literature synthesis, thematic Offline-first recommended
(general) Multimedia (visual, adaptive content analysis
audio, text,
animation)
2 iOS, Android, Touch, voice, gesture Some apps use Systematic review, app analysis  Varies (online/offline)
Web / Visual cues, audio adaptive difficulty framework
feedback, rewards
3 Android tablet Touch / Visual Dynamic difficulty Java/Kotlin, Android Studio, Offline
schedules, step-by- adjustment SQLite, MVC architecture
step guides, rewards
q Android + Touch, camera (facial) ~ Emotion recognition Java, Android Studio, Bluetooth  Bluetooth
smartwatch / Visual emotion algorithms API, Client-server
feedback, haptic
alerts
5 Android Touch / Video Manual customization Java, Android Studio, SQLite, Offline
tutorials, visual by caregivers Modular design (3 modules)
guides, progress
tracking
6 Mobile Camera (facial) / ML-based emotion Python, scikit-learn, Requires processing power
(unspecified) Emotion labels recognition (SVM, RF, TensorFlow, ML pipeline
NN)
7 Android tablet Touch, microphone / DDA (Dynamic Unity C#, Game engine, Visual Offline
Visual/audio rewards, Difficulty Adjustment) Studio
animations algorithm
8 Android + i0S Voice, microphone / NLP for language React Native, Python backend, Cloud-based
Speech synthesis processing Google Cloud Speech API,
(TTS), PECS images Cloud database
9 AR devices Touch, gesture, gaze /  Some reviewed apps VOSviewer, systematic review Varies (camera-based AR)
(phones, tablets, AR overlays, 3D use adaptive AR tools
smart glasses) objects, animations
10 Android tablet Touch / Visual Manual difficulty Android Studio, Java, graphic Offline
rewards, audio selection design tools
feedback
11 iPad (GoVisual Touch (hotspots on Videos customizable iOS (Swift/Objective-C), Offline
app) videos) / Speech by therapist GoVisual app, video editing
output, video
playback
12 Smartphone Camera (video), touch ML classifiers (CNN, React Native, Python, scikit- Online (crowdsourcing)
(iI0S/Android) / Real-time feedback,  SVM) learn, TensorFlow, Cloud
emotion labels storage
13 Android mobile Touch input / Context-aware React Native, Android Studio, Online (context/location AP
app Contextual picture content adaptation PECS framework, UCD
cards (location-based)
14 Android + Web Touch / ABA Adaptive therapy Unity, React, ABA protocols, Online + Offline
(React) exercises, video, content based on Double Diamond HCD
rewards progress
15 Android tablet Touch / Visual timers,  Personalized attention Web technologies Offline

(Samsung Galaxy
Tab S4)

audio cues,

animations

configurations
(inactivity timer,

difficulty)

(HTML/CSS/JS), multiple-

baseline design

12
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focused tools to multifunctional applications

addressing  emotional  regulation,  attention,
independence, and daily living skills, often involving
caregivers in home-based intervention contexts.
Artificial intelligence and adaptive mechanisms
were present in approximately 9 studies (60%),
mainly for emotion recognition, personalization,
and adaptive learning. Android emerged as the
most commonly used platform, followed by iOS
and cross-platform solutions.
CASP  quality assessment indicated moderate
methodological rigor, with an average score of 6/8
and 47% of studies rated as high quality. However,
several limitations were evident: 71% of studies
with real user samples (10 of 14) involved fewer
than 30 participants, 79% were conducted over
short intervention durations of under eight weeks,
and most lacked comparison groups or longitudinal
evaluation. Overall, the field is progressing toward
user-centered and adaptive intervention models,
yet significant gaps remain in  long-term
effectiveness, comparative validation, and real-
world implementation. Future research should
prioritize rigorous experimental designs, multi-site
trials, and standardized outcome measures to
strengthen the evidence base.

4.2 Limitations of This Review

This review has several limitations. First, although
two databases were used (Scopus and [EEE Xplore),
full-text access in IEEE Xplore was restricted to only
4 of 40 identified records, which may have resulted
in the exclusion of relevant studies indexed in other
databases such as PubMed, Web of Science, or
PsycINFO, although Scopus provides broad
multidisciplinary coverage. In addition, only English-
language publications were included, which may
relevant research

have excluded potentially

conducted in other languages.
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Second, the heterogeneity of the included studies
limited direct comparison and prevented meta-
analysis or pooled effect size calculation. The
studies varied considerably in research design,
sample size, intervention duration, and outcome
measures, ranging from single-case studies to
randomized controlled trials, and from single-
session evaluations to interventions lasting up to 12
weeks.

Third, this review did not evaluate the technical
quality, data security, or privacy practices of the
included which critical

applications, are

considerations  for real-world implementation,

particularly for pediatric populations.  Cost-
effectiveness analysis was also beyond the scope
of this review.

Additionally, potential publication bias may exist, as
studies reporting negative or non-significant findings
are less likely to be published. This may lead to an
overestimation of the effectiveness of mobile
interventions for children with ASD.

4.3 Future Directions

Future research

should prioritize longitudinal

evaluations, standardized usability assessments,
and stronger collaboration between clinicians,
developers, and  caregivers to  enhance
effectiveness and real-world applicability. Studies
with larger sample sizes (n > 100), randomized
controlled designs, active comparison groups, and
long-term follow-up periods of at least 6-12
months are needed to produce stronger evidence.
Greater geographic and cultural diversity is also
essential. Future work should include low- and

middle-income  countries,  culturally  diverse
populations, and the development of culturally
adapted interventions that reflect different family
values and care practices. Data privacy and security
require urgent attention. Since mobile applications

often collect sensitive data such as videos, photos,
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and behavioral records of children, future research

should establish clear privacy frameworks,

encryption standards, and ethical guidelines
tailored for pediatric digital health tools. Emerging
technologies present additional opportunities.
Future studies may explore virtual reality for social
skills training, wearable sensors for physiological
monitoring, and voice-based interfaces for more
natural interaction. Machine learning models
should also be validated across diverse populations
to reduce bias and ensure equitable performance

across different user groups.

5. CONCLUSION

This systematic literature review synthesized 15
peer-reviewed studies published between 2018 and
2025 on mobile application development for
children with Autism Spectrum Disorder, following
PRISMA guidelines and dual-database searches. The
findings demonstrate a clear evolution in mobile
autism intervention technologies toward integrated,
user-centered, and adaptive solutions. Eight studies
involved user-based intervention or evaluation, all
reporting positive outcomes across multiple
developmental domains, including communication
(4 studies), emotional regulation (3 studies),
attention (2 studies), and daily living skills (3
studies).

Applications integrating therapeutic frameworks
such as Applied Behavior Analysis, TEACCH, and
PECS with user-centered design approaches were
consistently associated with improved usability and
Recent studies also

intervention  outcomes.

introduced technological innovations, including

context-aware communication systems, home-
based intervention platforms supporting caregiver
participation, and adaptive applications targeting
attention and autonomy. These developments

reflect a shift from clinic-centered tools toward
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more holistic and ecologically valid interventions
embedded within everyday environments.
Contribution to the Literature

This review advances the existing literature in three
primary ways. First, it focuses exclusively on peer-
reviewed primary research studies and applies

structured quality appraisal using the CASP

framework, moving beyond descriptive reviews of

commercially — available  applications  toward

evidence-based evaluation of development

approaches and intervention outcomes.

Second, the integration of technical and

interdisciplinary sources enabled the identification
of emerging methodological innovations, including
adaptive  systems, personalized intervention
models, and context-aware application design,
which are often underrepresented in traditional
health-focused reviews.

Third, this review explicitly examines the
relationship between development methodologies
and reported outcomes, highlighting  the
importance of participatory design, stakeholder
engagement, and therapeutic grounding in
improving usability and intervention effectiveness.
Comparison with Previous Reviews

The findings both corroborate and extend prior
systematic reviews. Previous work has highlighted
of autism-related mobile

the rapid growth

applications and  the  predominance  of
communication-focused tools; however, this review
demonstrates a broader shift toward
multifunctional interventions addressing emotional,
behavioral, and daily living domains.

Consistent  with earlier reviews, methodological
limitations remain evident across the field, including
small sample sizes, short intervention durations,
and limited longitudinal evaluation. In the present
review, 71% of studies with real user samples

involved fewer than 30 participants, 79% of studies
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reporting intervention duration were conducted
over short-term periods, and only one study
included follow-up assessment beyond the
intervention phase. These patterns suggest that,
despite technological advances, the empirical
evidence base remains at an early stage of
development. Implications for Research and
Practice

For researchers, the findings highlight the need for
more rigorous evaluation designs, including larger
samples, comparison conditions, and longitudinal
assessment of intervention outcomes. The recurring

association between stakeholder involvement and

improved usability outcomes suggests that
participatory and user-centered development
approaches should be considered essential

components of autism technology design.

For practitioners and caregivers, the review

underscores the importance of selecting empirically
validated applications rather than relying solely on

commercially popular tools lacking research

support. The emergence of home-based

intervention platforms indicates strong potential for
technology to improve accessibility and continuity
of care, particularly outside clinical settings.

Final Remarks

considerable

Mobile applications demonstrate

promise for supporting children with autism

spectrum  disorder  across  communication,

emotional, behavioral, and daily functioning

domains. However, realizing this potential requires
sustained commitment to rigorous research
methodologies, interdisciplinary collaboration, and
long-term evaluation of real-world implementation.
By synthesizing current evidence and identifying
critical methodological gaps, this review provides a
research and

foundation for advancing both

practice in technology-mediated autism

intervention and supports the development of
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more effective, accessible, and evidence-based

digital tools for children with autism.
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ABSTRACT

Effective monitoring of health and development in children under five is essential for timely detection, informed
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practices in under-five monitoring, with attention to both opportunities and methodological constraints. The review identified
15 eligible studies, covering applications in respiratory infection monitoring, malaria risk prediction, nutrition and growth
surveillance, and developmental assessment, drawing on national survey microdata, clinical records, and imaging or audio
modalities. The review concludes by outlining implications for researchers, practitioners, and educators, and by highlighting
priorities for stronger evidence—particularly external validation, transparent leakage safeguards, and evaluation aligned with

clinical purpose.
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1. INTRODUCTION

1.1 background of the study

Machine learning is revolutionising several sectors,
including child health and development, by
providing innovative solutions to challenging issues.
Specifically, Random Forest supervised machine
learning algorithm which is a “tree-based” technique
in which several decision trees are constructed from
a random set of covariates and used to predict an
outcome label for a subset of samples (Fenta et al,,
2021), The algorithm is the ensemble of a large
number of individual decision trees, and the final
classification or prediction is obtained from the class
with the most votes (Okagbue et al, 2021). It
functions by creating and combining several decision
trees derived from various bootstrap samples of the
dataset, which helps to enhance predictive accuracy
and reduce the risk of overfitting (Mthethwa &
Melesse, 2025). Additionally, one of the major key
features of the random forest is that it is able to deal
with high-dimensional datasets and handle missing
data with minimal preprocessing. Another notable
strength of Random Forest is its capability to
estimate feature importance (Mthethwa & Melesse,
2025).
Within  under-five health and development
monitoring, Random Forest has been repeatedly
adopted because it performs reliably on the
dominant data structures in this area—particularly
mixed tabular predictors combining clinical,
anthropometric, household, and sociodemographic
factors—while also offering a practical pathway for
identifying influential determinants through variable-
importance outputs (Fenta et al,, 2021). Alongside
recent work extends

survey-style prediction,

Random Forest to engineered feature

representations derived from chest X-ray images and
respiratory audio. In pneumonia detection from

chest X-rays, Random Forest is commonly

embedded  within  classical  machine-learning

pipelines built on handcrafted or engineered
features rather than end-to-end deep learning,
sometimes reporting very high internal performance
(Panda & Das, 2025; Brindha et al, 2024). In
respiratory sound screening, however, Random
Forest can exhibit a clinically important precision—
recall trade-off when applied to high-dimensional
embeddings, where high precision may coincide with
low sensitivity for the positive class (Ehtesham et al.,
2025). This variation highlights that Random Forest
performance cannot be interpreted meaningfully
without attention to the clinical purpose (screening
versus diagnosis), the representation type (tabular
versus embeddings), and the preferred error profile.
Evidence from population-level risk prediction
further suggests that Random Forest is frequently
competitive but not consistently optimal when
compared  with  well-tuned  boosting-based
ensembles. In Acute respiratory infections (AR)I
prediction using Bangladesh Demosgraphic and
Health Survey (BDHS) microdata, Random Forest
performs strongly after imbalance handling but can
be surpassed by gradient boosting methods (Hasan
et al, 2024). By contrast, in NMIS-based malaria
prediction, Random Forest is reported as a
comparatively balanced model when evaluated
across discrimination metrics and confusion-matrix
trade-offs (Mthethwa & Melesse, 2025). In nutrition
and growth monitoring, Random Forest appears
particularly persuasive when outcomes align with
rules

established measurement and clinically

proximal  predictors, including anthropometric
indices and indicators of severity (Fenta et al., 2021,
Momand et al, 2022). Across developmental
monitoring tasks, Random Forest is widely used as a
baseline and, increasingly, is situated alongside

explainable modelling approaches that aim to make
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risk factors transparent for policy and practice
(Hossain et al., 2023; Mim et al., 2025).

Despite this breadth of use, the literature remains
fragmented. Studies differ substantially in dataset
scale (large national surveys versus small hospital
cohorts), data modality (tabular versus image/audio
representations), imbalance handling (e.g., SMOTE or
oversampling), validation design (simple hold-out
splits versus cross-validation, and how tuning is
separated from evaluation), and metric choice
(accuracy versus AUROC and recall-focused
reporting). These differences restrict cross-study
comparability and make it difficult to generalise
claims about the conditions under which Random
Forest should be preferred, the reliability of reported
performance, and the extent to which variable-
importance results are stable and transferable across
contexts.
Accordingly, this systematic literature review
synthesises the evidence on Random Forest for
monitoring health and development outcomes in
children under five years. It aims to contribute to the
body of knowledge already available on the
application of Random Forest machine learning

algorithm in children under-five:

® RQI- How is Random Forest operationalised
in under-five health and development

monitoring systems?

® RQ2- What data regimes and input
representations are used in Random Forest-
based under-five monitoring?

1.2 Objectives

This systematic literature review aims to consolidate

and critically synthesise evidence on the use of

Random Forest for monitoring health and

development outcomes in children under five years.

Specifically, the review seeks to map how Random

Forest has been deployed across diverse endpoint

families—respiratory conditions, malaria, nutrition

and growth outcomes, and developmental
monitoring—and to categorise its recurring roles as a
primary predictive model, a benchmark comparator
within multi-model evaluations, and a determinant-
oriented tool that supports interpretation through
variable-importance ranking. In doing so, the review
also characterises the dominant data regimes
underpinning these applications, including large-
scale national survey microdata, smaller clinical and
hospital datasets, and high-dimensional sensor or
repository modalities such as chest X-ray images and
respiratory audio.

A second objective is to evaluate the
methodological quality and comparability of the
Random Forest evidence base by examining dataset
size, validation design, and evaluation metrics, with
particular attention to how class imbalance is
handled. The review therefore analyses the extent
to which reported model performance is shaped by
differences in hold-out splits versus cross-validation,
separation of tuning from evaluation, and the use of
such as SMOTE or

resampling  techniques

oversampling. By linking these methodological
choices to the observed performance patterns—
especially clinically consequential error profiles in
screening contexts (e.g, sensitivity/recal)—the
review aims to identify robust conclusions, clarify
where evidence may be optimistic or context-bound,
and propose future research priorities such as
external  validation,  distribution-shift  testing,
calibration and threshold reporting, and stability

analysis of variable-importance results.

2. MATERIALS AND METHODS

2.1 Research Design

To achieve the objectives mentioned above,
drawing on available suggested steps and
recommendations for reporting (Moher et al., 2009),

this work adopts the PRISMA in conducting a
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systematic literature review (SLR) of Random
Forest machine learning algorithm application for
children under-five. The research took place on
28/2/2026.

First, this study identified the related articles
"focuses mainly on peer- reviewed research
articles

published in reputable journals or

conference proceedings, which specifically
address Random Forest application for children
uner-five. Scopus databases had been used
through relevant search terms, and within specific
scope of computer science, engineering, & social
Prior studies  have

science. comparative

demonstrated that Scopus indexes a larger
number of peer-reviewed journals and provides
more  comprehensive  citation  coverage,
especially for journals published outside North
Americaand Western Europe (Falagas et al., 2008;
Mongeon & Paul-Hus, 2016). Mongeon and Paul-
Hus (2016), in a large-scale analysis published in
Scientometrics, empirically showed that Scopus
coversapproximately 60-70% more journals than
WoS, with particularly strong representation in
engineering, computer science, and business-
related disciplines. Given the inherently
multidisciplinary nature of Machine Learning
algorithm (i.e., Random Forest), the use of Scopus
is therefore methodologically justified and
consistent with systematic studiesin this research
area. Next, the article titles and abstracts were
screened to identify potentially eligible studies
according to the inclusion criteria. Finally, eligible
articles were investigated thoroughly for further
synthesis.

2.2 Inclusion criteria

The inclusion criteria were articles that are (a)
written in both English, and Bahasa Indonesia,
(b) published

anytime in the scope of

computer science, engineering, and social

science, and finally, (c) it matches the search
string:

( TITLE-ABS-KEY ( "Random Forest" ) AND TITLE-
ABS-KEY ( "child" ) AND TITLE-ABS-KEY (
classification ) AND TITLE-ABS-KEY ( under-five
) ) AND ( LIMIT-TO ( SUBJAREA , "COMP" ) OR
LIMIT-TO ( SUBJAREA , "ENGI" ) OR LIMIT-TO (
SUBJAREA , "SOCI" ) ). The studies included in
this review focused on the application of
Random Forest algorithm for children under-
five scope. The inclusion criteria were: studies
that employed Random Forest algorithm,
studies that reported guantitative
performance metrics, and studies published in
peer-reviewed  journals. Studies were
excluded if they did not involve Random
Forest algorithm in the developed model in
the study, or were not published in peer-
reviewed journals.

2.3 Screening Procedure and Eligibility
Assessment

The retrieved articles were brought using
Scopus databases were 18 articles. A
discussion within the research team has done
further investigation for the retrieved articles.
Firstly, a thorough review of the articles title,
abstract, and keywords conducted based on
the inclusion of Random Forest, children,
under-five keywords, & there were 18 included
further

articles as the last outcome for

investigation. Finally, one retrieved paper
where a book chapter and it was inaccessible,
two papers were non-related as one of it did
not implement Random Forest, while the
second were a pure data mining not machine
learning, thus remaining 15 papers for further
1 for

investigation. (see Figure a PRISMA

flowchart of the entire procedure).
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Figure 1 Flowchart of systematic literature review, adapted from Moher et al. (2009).

3. RESULTS AND FINDINGS

Across the 15 included studies, Random Forest is
consistently presented as a practical “workhorse”
classifier rather than a purely theoretical option. It
is repeatedly chosen because it performs robustly
on the data types that dominate child-health and
child-development

research—especially mixed

tabular inputs that combine clinical,
anthropometric, and sociodemographic variables.
More recently, it is also being applied to engineered
feature representations extracted from signals or
images, where it remains a dependable baseline
and, in some cases, a strong primary model.

3.1 Data Extraction and Synthesis

Across the included studies, Random Forest was
used in three recurring roles within under-five

monitoring tasks: (i) as the primary classifier, (i) as a

benchmark comparator in multi-model evaluations,
and (iii) as a feature-importance or variable-ranking
tool to support determinant-focused interpretation.
The researchers organised the evidence by
endpoint family—respiratory infection, malaria,
nutrition/growth, and developmental monitoring—
and summarised each group in terms of data
modality (tabular survey/clinical records versus
engineered features from images or audio), dataset
scale, validation approach, and the evaluation
metrics reported.

3.2 Type of System

Across the respiratory studies, RANDOM
FOREST is mainly used as a classical ML
classifier, but its behaviour varies sharply
depending on the input representation and

the screening objective.
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In CXR-based pneumonia work, RANDOM FOREST is
embedded in engineered-feature pipelines rather
than end-to-end deep learning. One edge-feature
approach reports 98.72% accuracy after explicit
class balancing (oversampling from 5,863 to 8,340
images) and feature fusion (e.g., Canny-Sobel). A
second CXR workflow—Dbuilt around simpler image
vectorisation for non-CNN  classifiers—reports
RANDOM FOREST outperforming baseline models
such as decision tree and kNN, with 92.9% accuracy.
In audio-based pneumonia screening, respiratory
sounds are converted into 512-dimensional
embeddings derived from short (2-second) clips and
then classified using standard ML models including
RANDOM FOREST. Here, RANDOM FOREST shows a
clinically problematic error profile: it achieves high
positive-class precision (0.90) but very low positive-
class recall (0.13), with the confusion matrix
dominated by false negatives—an outcome that is
difficult to accept in a screening context where
sensitivity is typically prioritised.

For ARI prediction using survey microdata, RANDOM
FOREST is evaluated alongside multiple classifiers
on a BDHS sample of 11,157 under-five children
After  SMOTE-based

RANDOM

with  2.5% prevalence.
balancing and missingness

FOREST reaches 0.889 accuracy,

handling,
but XGBoost
performs better at 0.910, reinforcing the broader
pattern that boosting-based ensembles can surpass
RANDOM FOREST in large tabular prediction tasks.

In NMIS 2021 malaria prediction (n = 10,655 under-
five children tested by RDT), RANDOM FOREST is
presented as the most balanced model. It achieves
0.79 accuracy and 0.80 AUC, with the confusion-
matrix results described as showing a favourable
trade-off between false positives and false
negatives compared with competing approaches.

Finally, in the nutrition and growth domain,

RANDOM FOREST appears most persuasive when

predictors are clinically proximal and the outcome
aligns closely with established measurement rules.
In undernutrition determinant modelling using
EDHS-scale data (n = 29,333 children aged 0-59
months), RANDOM FOREST is reported as the
strongest model (AUC =~ 0.761) and is also used to
rank covariates through its importance measures. In
hospital-based oedematous malnutrition severity
prediction, RANDOM FOREST performance increases
substantially after SMOTE, with reported post-
SMOTE accuracy reaching 97.149%, illustrating both
RANDOM FOREST’s ability to exploit strong clinical
signal and the sensitivity of reported performance
to resampling design in imbalanced clinical
datasets.

3.3 Data sources

The evidence base falls into three main data
regimes.

First, nationally representative survey

microdata ~ dominate  population-level  risk
prediction, typically with large samples (roughly
10,000-30,000

observations) and  recurring

applications to malaria, ARI, undernutrition
determinants, and mortality-related tasks. Second,
clinical and hospital datasets are usually smaller
and site-specific, and are more often used for
severity classification and decision-support settings
where predictors are closely tied to clinical
workflows.  Third, repository- or sensor-like
modalities—notably CXR images and respiratory
audio—support high-dimensional inputs, either as
engineered feature sets or foundation-model
embeddings, paired with clinically annotated
labels.

3.4 Validation Designs and Evaluation Metrics
Most studies relied on internal validation, typically
using a hold-out split (often 80/20) and, less

consistently,  cross-validation.  Where  cross-

validation was used, its purpose varied: some

papers applied CV mainly for hyperparameter
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tuning, while others incorporated repeated CV into

the main evaluation and then reported

performance again on a separate held-out test set.

Evaluation metrics also varied with the endpoint
and the degree of class imbalance. Several studies
reported AUROC, sensitivity/specificity,
precision/recall, F1, and agreement statistics such
as Cohen’s kappa, whereas others emphasised
accuracy as the headline result. In strongly
imbalanced problems (for example, ARl prevalence
of 2.5%), many studies explicitly applied resampling
strategies—most commonly SMOTE or random
oversampling—to rebalance the training data prior

to model fitting.

4. DISCUSSION and FUTURE WORKS

Across endpoints, a clear pattern is that RANDOM
FOREST is repeatedly chosen because it performs
robustly on heterogeneous, mixed-type predictors
and can support both prediction and determinant-
style interpretation through its internal importance
measures. However, the comparative evidence
suggests that RANDOM FOREST is more often
competitive than consistently optimal—especially
in large, tabular benchmark settings where well-
tuned boosting methods are included. Taken
together, this supports positioning RANDOM FOREST
as a strong, interpretable benchmark model, rather
than treating it as the default best-performing
choice.

The most consequential source of heterogeneity
across studies is data modality. In CXR-based
pipelines, RANDOM FOREST often benefits from
engineered feature sets that align well with tree-
based partitioning, and this can translate into very
strong internal

performance. By contrast, in

embedding-driven  audio  pipelines, RANDOM

FOREST may default to a more conservative

decision boundary—seen in high precision but low
recall—unless it is explicitly optimised for

sensitivity and imbalance-related costs. This
reinforces a key implication for under-five screening:
performance should not be judged on accuracy
alone. The clinically relevant question is often
whether the model meaningfully reduces missed
cases, given the high cost of false negatives in
screening-oriented deployment.
Cross-study comparability is limited by three
recurring methodological differences. First, studies
vary in validation rigour—including how train-test
splits are constructed, whether repeated cross-
validation is used, and whether hyperparameter
tuning is clearly separated from final evaluation.
Second, comparability is affected by metric choice:
papers that foreground accuracy are not directly
comparable to those that emphasise AUROC or
recall/sensitivity,  particularly ~ for  screening
endpoints. Third, results are sensitive to imbalance
SMOTE  or

handling, as oversampling can

substantially alter the reported performance
profile.

As a result, exceptionally large post-resampling
gains should be interpreted cautiously unless
studies transparently report leakage controls—such
as patient-level separation where relevant,
resampling performed only within training folds,
and nested cross-validation (or equivalent
procedures) to prevent optimistic bias.

Future work can strengthen the evidence base by
designing models around the clinical purpose rather
than treating performance as a single, generic target.
For screening applications, the evaluation should
prioritise sensitivity/recall, supported by threshold
calibration and transparent reporting of the
resulting false-negative burden. For determinant-
oriented monitoring, studies should go beyond

point estimates of importance and report the
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stability and robustness of variable rankings (for
example, across resamples, folds, or alternative
specifications).

More broadly, stronger claims about real-world
utility will depend on external validation and
explicit distribution-shift testing. This is particularly
important for repository-based imaging pipelines
and device-dependent audio systems, where
differences in acquisition conditions, hardware, and
clinical settings can materially change model

behaviour even when internal validation appears

strong.

5. CONCLUSION

This  systematic  literature review targeted

Scopus-indexed, peer-reviewed studies that
applied Random Forest methods to under-five
child health across computing, engineering, and
social science disciplines, retrieving English and
Bahasa Indonesia articles that met the predefined
search string and inclusion criteria. Fifteen studies
were eligible, deploying Random Forests for
respiratory infection surveillance, malaria risk
prediction, nutrition and growth monitoring, and
developmental assessment using national survey
datasets, clinical records, and imaging/audio
repositories. Reported model performance was
frequently encouraging and several works
demonstrated prototype web deployments, yet the
exhibits  substantive

corpus methodological

limitations:  evaluation metrics were often

mismatched to clinical intent, external validation
was infrequent, potential data-leakage pathways
were insufficiently mitigated, and stability of
variable-importance rankings was rarely assessed.
For Random Forest applications to mature into
reliable, generalisable tools for under-five health,
future research must align model design and metric

selection with explicit clinical objectives (e.g.,

prioritise sensitivity and calibrate thresholds for
screening), routinely quantify the robustness of
determinant rankings across resamples and model
specifications, and undertake external validation

and  distribution-shift  testing—especially  for

models built on heterogeneous imaging and

device-dependent audio data.
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ABSTRACT

This study aims to assess the greenhouse gas emissions from concrete blocks in comparison to three alternatives:
concrete blocks with 100% bottom ashes as a replacement of aggregate (BA100), concrete blocks mixed with 10% hemp
(HF10), and concrete blocks mixed with 10% pineapple fibers (PF10) as additional materials by volume of sand. The
assessment was evaluated based on the cradle-to-gate, which included the process of extracting and processing materials,
transportation of materials to the concrete production plant, and concrete block production. The results found that concrete
blocks 1 m? in size, 70 x 190 x 390 mm, weigh not more than 7 kg, according to the TIST 58-2560 Concrete. The compressive
strength of the concrete blocks varies from 4.15 to 5.37 MPa, and their density is classified as that of a general concrete block
aged 28 days. The greenhouse gas emissions for the general blocks, BA100, HF10, and PF10, were 194.86, 169.97, 202.45, and
202.56 kgCO,e, respectively. The key emission hotpot comes from raw materials (cement), accounting for 62-74%, followed
by the concrete block manufacturing process at 26-36%. The replacement of bottom ash can contribute to efforts in reducing

greenhouse gas emissions by 12.77%.
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(Portland cement) iutanneasisoransiilyiuseng
uns e an Saaurmivifanisdaesn s
asuaulaenlennianssuvesnseilaniiumnla
5@%@8?18 5-8 (Salas et al., 2018)

WL EIRU Kurda et al. (2018) las1891uAIY
sﬁyaqmﬁﬁ,vm%‘mw{aq'ﬁ 4,400 a1UKY WATAIAIDE
Wuauidu 6,000 anusiu gu%mu@?ﬁé’méaummﬁqmﬁa
leufue Bl vaenunvesnounie wazlasiilminnis
Uassmamsueulaeenlaavilaniinninsesay 5 ael
(Kurad et al., 2017)

MnUsuidutenaviluaianisneasisennisia
LU?wrzﬁuiﬂqjmwaﬂLmemiﬁﬁ’&ﬁu Tnunsznini
mma?wé’mamwﬁ%mimamiﬁwm FauanIsane
fanavlvaufivtumounissida msinagnsideanly
maaGm%%3mimamiﬂ'aagwﬁwmmﬁfwﬁ“zyiums

o

u5iqﬂawu§q§um6491ﬂw3 N5EUIUNSNOEs TS sy
maif{aﬁl,ﬁmmaﬂszwwia?qLméyauﬂaaﬁqm Tuieaun
TudumounsuananSFELNUYI WARADADIDS
FAnlasansiauaUsyanasosas 80 vasnsUansn e
Founszan wavmslandsnulunianisneasisanunsa
vnUseneviuduneunsiiuanureeinisia lu

= a ' A ° a
ANSANINRIULN WU Tnsimealulad wleune was

wmsny/welulaflva 4 wluiteannisuassnisiieu
nszanlugenisaduany (Sentman et al., 2008;
Reber, 2009; Furr, 2009) ﬁﬂﬁydmimuqmmsam
NanTENUABAIINa L LTINS AN TRANLAZNS
ﬂ'aa;’ldﬁﬁﬂ’g’mzﬁﬁ“ﬁglml,wyﬂ”u (Zhang et al., 2023)
Faduntswanndnsuniiiufinsmedwnaeulngesu
awalaiuuntu (Souza et al., 2021)
madenvilslunmsanamansznunedwnaey (E)
Y99ABUNTA A0 NITUNUT Y uTiuunLazulasiy
ﬁ'ﬁimwaﬁ?wi’a@ﬂizmma?u i L1008 (Fly ash, FA)
(NRMCA, 2014; Tait and Cheung, 2016) 178574
ABUNI M3 LLAR (recycled concrete aggregates, RCA)
(Marinkovi¢ et al, 2010; Tosi¢ et al,, 2015) lay
WMsAnwINanIENuYesUTUIM RCA g4 uay FA Mo
A1 El vasraunin wazn1slaiominunudiinasiy
dwiuasundafidranismyadined denisunuiinge
sepay 50, 70 waz 100 lastndn viluiinaai
Aenened wanaouuosiian 1eiineunIndd
Fnsnau W/C asil m‘umﬁmm%aag 0, 30 uag 50
Tagrmiin ﬁﬂ,ﬂ;tﬁmmmL?lamwiaﬁmmgauﬁaaﬁqm
(Pushkar, 2019)
vioneeunindutaniluduialulugrannssunis
noase dnmauifianzd Lo mi‘ﬁyugmﬂugﬂma
ATINVIUY ATUMULUY Uar AL LTS unnmaiy
é’m%umﬁ%muluqmamﬂﬁumiﬁaa;ﬁaﬁLLmﬂshﬂﬁ’u
aeslsfimy nsnamudenaounislaninennssssud
FIULN LU 1289 (N9 wazTiun) wardiun
(Souza et al,, 2021) %amﬁ%ﬂju%muﬁlﬁﬂuﬁmﬁu
danaon ilosniimslondsemanniiululussmng
msmé‘mgu%mué wazfimsuassneensueulasenlen
warn1edeunszans un Wusuaunan nslensie
withuniiulasaidenatsssnsnednaeuuas
Fopw Taufsnuuuifiantu Yunanifianas uavns
anWugvesdeifinluidn dedunisaumamauny
Qu%mué waznsekuingdlauanuaulessisn
TurgluATfinN (Sathiparan et al., 2022)
vdenAounInfinaiAwiannansinens 1wy 103
fqlan nnoes WaonurNiN uazidendanig o

(faas Nam3le 19atm waziawativ) visaiuduuia
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A5197 1 ETUNANYBIVADNABUNTA (WA 70 x 190 x 390 L) UazA1 emission factor (EF)

Snyanunanudenaounin il wmiinsesay 100 Lz;uiaﬁzym;amax 10 wuledulzsasesas 10 EF (keCO,e/v1nt)

(BA100) (HF10) (PF10)

gufﬁmué (nn./nau) 0.7 0.7 0.7 0.7 0.912*

w38 (/o) 14 0 14 14 0.0037

fiuru (nn/nev) 42 0 42 42 0.0003021%*

il (nn./nevw) 0 6.0 0 0

wnilafiggus (n/now) 0 0 0 0.56

wledussn (An/nev) 0 0 0.56 0

s (a/nv) 0.63 042 0.69 0.69 0.5410

1WV;|,’1 (kWh/f;IE]u) 4.92x10° 4.92x10° 4.92x10° 4.92x10” 0.5986

Sﬂé‘uii*/jﬂ 4 ae YuALdn awuuund 50% Loading (1l) iWeindsiiea ﬁmﬂﬂussuﬂqaqm 1.5 fu 0.3805

mémw‘m 4 a0 WAL FsuuUUNR 0% Loading (11ndy) Weunadiea ﬁmﬁnmmnqaqm 1.5 ¢ 0.2415

U8R, AT EF 81983991n93AN1US NI 9T ounTEan (un1vw) damsu CFPnsngian 2565 8ni3u* 8198939105 u Climatig

https://www.climatiq.io/data/emission-factor/a7 a8 ae3 6 - 6 6 d5 - 4 1 ff-ad d6 - 0 3 al €9 9 3 b9 7 a; ** 8 9 990U Climatiq

https://www.climatiq.io/data/emission-factor/b4daaed0-a8f1-4e2d-a870-8f2ac9edec5a (Lﬂjﬁﬁﬂ{agatﬁlafuﬁ 13/9/68)

a ‘o = Lo a 3 o o
M990 2 FTYLNNNITVUENEINTUNSANYINITURBYNIULIDUNTLINVBIUGBNABUNIA (lU*ﬂﬁ'U)

UsgLaningiiu

TEYENNEMTUNITVUEN (NLL.)

uSenaeundaTily uApnABUNSA BA100 udonApuNIA HF10 uAenABUNSA PF10

Yuiiun 6.4 16.2 22 a4.2

N3y 6.4 0 22 44.2

sy 147 0 121 64

i 0 14.2 0 0

il 0 0 822 0

wuleduyan 0 0 0 734

sz 0 0 0 0

a < = Y o
A19199 3 B9AUTENBUMAATIVBLAINUN

asnUsznaumaAdl gu%wuéﬁa%mauﬁ miinilrlunuided wmfnannanuiiu
(Ali, Ouni & Kurda, 2022) (Bai et al., 2005)
SiO, 19.6 45.13 61.80
Cao 61.8 18.64 3.19
ALO, 54 12.73 17.80
Fe,0, 2.7 4.24 6.97
MgO 12 230 134
SO, 3.1 0.99 0.79
Na,O 0.07 0.77 0.95
K,O 0.38 0.22 2.00
Alkalinity (Na,0+0.658K,0) 0.32 091 n/a
o, 0.25 n/a 0.88
P,Os n/a n/a 0.20
Ay 0.19 3.14 n/a
USnasiinnsuuuns 3.60 (45 lulasiums) 95.96 (45 lulasiums) 60 (42.5 lulpsiums)
AR NE 3.11 248 1.58
MIgadennmsgasia (LOD 1.6 10.10 3.61

e n/a et lusiveya

508z Ul AULT ST BINDATINILLINTFIU
ASTM LLamh&JU%"UU@mmuﬁumwmyaulmyé‘ﬂmyw
oenalsfinnu Lﬁaamﬂi’a@Lwéﬂﬁﬁﬂﬁmmwiuuaxmi
aaduian mTessIud Sesnudunesuiuaimay

U U

98193237n58 T (Shaikh et al,, 2025) Tne Akhtar &

Malkawi (2025) Lo simurudenaouninlagunud
JuTunUosniaunsssuasosay 30 APAILNALTDY
Fanuasudiun (10aeBToUAY 15 %ﬁﬂwgm;ﬁ)aaz 10
wazsunasuandensluAasosay 5) faanuuduse

Fuuse8ngaan 7.6 MPa Fannnaudenaeuninialy
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sevay 2.7 uarannisuassnieaisveulnoenlyn
6.48 x 107§y @7y Souza et al. (2021) lvvoudenis
nsineas (Waesnnuw funinees) WudanaSuuss
ﬂfaaﬂ%’wqa@mauﬂ’ﬁmﬂmamw LFING LATNIIAINY
SouvBIUdDNABUNIA Fan1nesyseas 5 unuiiiuun
iﬁmmi@m%’uﬁwﬁﬁﬁqm mmmLL%’?@LLiQ%’ULLsﬂé’mqnqm
LLazﬁqmamﬁamqmm%@umqmummsﬁmmg’mmq
ASATTaLR

SneuideinuInvesnuEIde nuannisleian
winunuiisiasuviladanunuinuus dawalvd
Yuednun ﬁﬁwﬁuﬂisﬁwéﬂﬁﬁmmu;awi"wqm WA
mwmummul,mé’mammLw{é’maasﬂumm%mmgm
wARSuMgAAaMNTTN 10N.58-2560 (s afwnyms
waz uel¥nn Wuw, 2564) waznslumvaulefoe
uaziaulodudzadifioun 12 u. Lﬂui’ama%;ﬁmas
10 uaneUszansamnsaaduides (Kongkeaw et al,,
2026) sendlsinudlulafinisuseidunsuasenie
FounszanaInMsHanUSenAsuN3ARINaT?

Fafy uaTeivinisdssiunisuasenimiSou
nAszannsHaRudsnaeunsnIlUlUSsuTisufuugen
ABUNIATINGELLATN warUEenAaUNSATINALLAwEUlY
Fyvasidauloduzsn losvidouisnisussdu
m%uaumqlmw%@émﬁmﬁ’m% (psAnsuIsdanisne
\$PUNTEIN DIANITUNITY, DUN) WA ISO 14067
(2018)

2. JHUaISNS
2.1 789
fanilalun1sfnuidvsznouaisfiuunlensosn
naouiaziden fudu auledyee auledulzen
wmdnuasissun Yuliualeasedniiledquauds
AIUNINTIIU ASTM C1157 (2008) flanunisdimg
2.95 loduansBoune luruzdiings wihazdoauay
fufuladusnasay farunisdume 245 uay 2.77
AUEAY
m‘tﬂ,aﬁ’ﬁymiﬁ”%umsaﬁuawmﬂmamﬁmﬁﬁﬁmmmm

WHUIIamAIguBNUIUIENTIY (Wedlng Useina

Tne) Tuvuen awlodulesalauianniannin ayuey

]

ada o

nsganwledulesauiuaslunaul (UsEaiuAsdus

Uszimelng) saaulelnduunn 12 11, (Suwansaard,

Kongpun, & Khemkhao, 2022)
wntinlasuauoyasigianlsunivesyaes

yugukazudalina Sandnguie vinisiesien

29AUSTNOUNIALAL

2.2 dA51d KAz ITIATINUAINABUNTA
vBenaeuniadilrlunisineidd 4 uwuu laun (1)
USenasun3aly Iﬂgé’mwéuwaagu%muﬁ: Nn319: A
du Alafie 1: 2: 6 Tnsvwiin ledhussunsesas 10 Tng
Uminuewnasiy (2) uienaeuniawin (BA100)
avlata mdnunuiuiasiuanue 1 esanlunan
ﬁuﬂszﬁw%awﬁwmm%uﬁwqm (uns DANMAYAT WAy
uel$au v, 2564) (3) uenaounimauludou
seuaz 10 (HF10) uaz (4) uionaeuninevledulzsn
sevay 10 (PF10) aglyiAwavlofidouin 12 wu. 1y

o

méau;aaas 10 TngUsunsvense Lﬁ@ﬂﬁ]”lﬂiv?ﬂl’l
MFsfunsadanazuseilugesadninuesaiaiuau
(Kongkeaw et al., 2026) Tngaunauuandlumsei 1

Tnevuinvesudenaeuniniilslunisdne (Aay
VI X ATIUEN X AIHET) AR 70 x 190 x 390 w3l
mmgmmémﬁ’m%qmammsm (uen.) 58-2560 wuuly
Suhwiin ¥§e9INUEENABUNTABBNIINLUUNADLA"
avuadunan 28 Su neunIsNAREUMNAUIILLL
mmﬂmsﬁ’uuy"w wazmassan el (uon. 58-2560;

ASTMC129

2.3 nrsAImArsUauWaWSUSYasNEnTasudan
ABUNTH
2.3.1 Wi (Goal) wazvaulun (Scope)
aunaslunisnanudonasuniavianuaarUsifiuna
ﬂiszﬂi@UﬂquﬂizU’)uﬂﬁ@?ﬂLLG]I mﬂﬁymmaﬁaq
UAINTTUINIHANTTS991Y (Cradle-to-Gate) Geagly
fivsanuansznulurasnislosuuarnisiinrhane
mmﬁwmmqmﬂ%mu FovimsUsziiumun g
ISO14067 (2018)
I¥nnUszasnifiovssiiumsassnmieunseaniy

sumeasuaulaeenleafisuin (COe) vaiNIs
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Materials extraction & processing
- Cement

- River sand

- Bottom ash

- Hemp fiber waste

|

|

|

|

|

|

- Dust stone |
|

|

|

Pineapple fiber waste I
|

|

U7 1 veuiaszULTRIsANwINSUAssM T TaunsEINTeUdBNADUNSA

nanuSenpaunIahluiieuiuudenasunsa B100,
HF10 ua PF10 @098 HansenUAIuE 1W2na 01v09
nandumanzUsyiuniunisnelminnanylansou
Wty
2.3.2 18591971 (Functional Unit) 3899113981
o ﬂWimﬁmuﬁaﬂﬂauﬂ%mﬂéauwau 1 au.4. (Ali et
al, 2023) IngaylaudennsunInduiu 92-94 nou/
AU (A5797 1) $MU"8 28,000-30,000 Now/iieu
(Kulsoon et al., 2025)
2.3.3 YdUlURTEUU (System boundary)
YBUIANISAIUINNANTENUAILINABY B auAn1sarn
wazuUsgUTanluaudanisudnuiionmounin (Cradle-
to-Gate, A-C) 91U1INIFIU 1ISO14067 (2018) lae A
wnefa MsadauazuyssuTanvdn wu Yuduun
510 TRy i uasavanle B vneds n1svuas
Tagavludalsenundnudonaounia uay C nuneda
N5EUIUNISNANUEDNABUNTA AILANISHANLATATS
wa Rl ﬁy‘uqmﬁ'ﬂmsmwumiswmmﬁmuﬁaﬂ

Aounin lnendndumtuganeaziduudonaeunini

'
=]

wyaulyau (Ui 1)

2.3.4 MINAAUADNABUNTH

Tednsraiuniuve 2.2 lvidseurlunisnaunenalud
a a a ° )

LAS BINAN TUYULTI LAS DINAY (3U 2n) @ T unan

Togavlyindudiea nasnuaningiuuad dndes

Transportation of raw materials

Concrete block manufacturing
- Mixing

- Moulding by machine

- Curing & stacking

- g 3

Water & Electricity

s

AIUNALAIDAT BN (3U 29) luFunTesdauden
ApuN3A (U 20) AeunInanazgniuguiduvdentaely
LSS AUADnABUNSRENINSaNERLA 5,000 nou/Su Ty
i1 wdsaniieenainiadesudnudenuan (3 29)
vdenazgnuududune 3 Yu uarfsanlufisuauasy
28 fu vienazgninSesoudu uazwieudaadlagly
AoIUITYRuvIe (3U 24)
2.3.5 nMs3avinUyBs1ens (Life cycle inventory, LCI)
Tunsfinuniisusuveyadsil

(1) voyavUgund o1fivu veyanslyluviainiade
Snlansodin aenuddse siaaiesszuulansedn
Fuleasedin waruewmesifvinasey Yiumnisly
hsgU Uinaingaviily wu Yufwusnssuani
furju iomdnuaziawauls (nsedl 1) iieluveya
szezmsnsvuaadusssudmivudenasuninunay
UstAn 81983588M1997M google map TnanIuiing
y9en156anUEonaouninialy og 7l suamaten
FanTauasugu vdenaounin HF10 oy 7 suady
fnvnu miadoslu vdenasunin PF10 agiidne

Ao

WIRY TanTAUTEIVASTUS @7UlsIUREAUdan

& 13

ABUN3A BAL00 ayfidnaiiiodgiin Jawiagiin d4

Jugiuun nerewiiiagiiuuiuinannurastivung

3
a a

ety AatuszagnlunsruaringAugniansanlag

Y

Tofuwnuaiiansds (m15199 2)
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(1)

i i
o fhnmmugfm

)

U7 2 nswdnudenasunin

150
o B Raw material [ Transportation [ Process
£ 125
CDN
S0 1+
&
c 75 4
kel
£ 50 1
(0]
o 25 4+ I
T
© 0 4 . —
nly BAL00 HF10 PF10
Uselanudenaaunin

$UT 3 msvasunigiSeunszanuaIuiennaunin

() %ayjavgﬁaqﬁ vinefls AdulszansnisUase
516&1@9%53% (emission factor, EF) 984058 UUNT
aﬁ’m/uﬂigﬂ’i’aquéawﬁm IINNITVUAIVOITAUA AL
Uszian a1nnnslaliin dhusedn @an (ansneit 1) lu
ms@nwil e EF vaamein Lﬂngulﬂﬁ@%ﬂLLangulﬂ
Fulzsadndureadeidonilanssmsdassnwidou
nszanudugue
2.3.6 MsfwamansUasneiiounszan

GHG emission (CO,e) = Activity Data x EF x GWP (1)

1Ay GHG emission Ao UsunanisUaseniasou
n589n (CO,e); Activity Data A® ﬁzjuayjaﬁaﬂﬁu; EF Ao
AduUszansnsUansnvEeunszan (keCOe/Mu38);

GWP @ denmmsiAnnnglansou (GWP100 = 1)

3. NAANS
3.1 99AYsznaunruadvaadminainlsalnila
VILYNYY
’eNﬂ“UiSﬂ’e]‘U‘VINLﬂﬁLg’mﬁﬂﬁ]’mINVJ’l‘Uﬁwﬁu‘UU
%’Wﬁfmlﬁmamiumiwﬁ 3 WU21 aerUsENoUAA
win e Faneulasenlen (S0, sesawnduuwnaide
sanlaa (Ca0) LLazazqﬁLﬁ&Juaanlws (ALO,) #
wuniifeueenlen (MeO) Fawlaslnsennlan (SO,)
wazoanlenvesdanilan (Na,0, K,0) iuswnusznaun
\ATlT9 ﬁﬁ']mm%uhjqqmﬂagﬁ;aaas 3.14 wazdlen
msqagtﬁ'amnmiqmmﬁﬂ (loss on ignition, LOI)
WU 10.10 Taedad LOI qmi%ﬁ”wﬁ’ﬂmmﬁuﬁu
2.8 1M LLasgu%LuuéUai‘mLLauﬁ 6.3 v Tuvaugian
wiinananuiiu 1 sio, 1dussruszneundnuasia
mmmﬁLz:iymﬁ’ﬂmmﬁxaﬂaﬂaasqmu Snwad ALO,
\Jussnusznousesasn muﬁwmﬁﬂ(lll)aaﬂhﬁ n38
wassnoenlan (Fe,0,) LﬁaLﬁﬂuﬁ’UQu%muﬁUa{m
waun 3981 Ca0 1ussrUsznaundn sesasundu Sio,

waz ALO; MUY

3.2 auvfvasnaaunin

Snuazitaluvesudenaeuninaslufuamin
AUNIATEIU WA, 58-2560 ADIUTIAIINTOLLANT I
vaenmeuniavilufitwiniedeneneuesyd 6.48 nn.
danadslnaidestuudenaounin HF10 way PFL0
wafitmiiniad snenougenaudonaounia BAL0O
9yl 1.1 (37197 4) vdenasunInsialufiaany
MUY 2,371.33 n./aU.4. Fanesniuienneunin
HF10 wag PF10 luwn undanuinnitudenasunin
BA100 1.3 1011 N139adut1m0sudonAounIn BALOO
wag PF10 fiangeqnsosay 7.79 osaauniduudon
ABUNIH HF10 aruudennaunimialudainian
ATUAIATIUALTULSISA WU fleanaTiugnunud
aaviamidn uagdiawiaulowt uigwviln
AUAIUNIULSSAYBIUE BNADUNTAAAAY UAEIAS
ﬁﬂ‘uﬁulﬂmummgmmaq ASTM C129 (2017)
fifvunlaf 4.14 MPa uAZLASEIY 18N, 58-2560
fsualail 2.45 MPa
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AMAN YUY

Wy

BA100

HF10

PF10

ANUAUILUY (N./aU.98.)

2,371.33 £ 0.26

1,776.08 £ 24.54

2,391.10 £ 0.28

2,390.72 £ 0.22

mm@ﬂ:ﬁw‘l&gﬂ (sevar) 6.47 £ 0.05 779117 6.72 1 0.02 7791001
mmLsIER (VMPa) 5371011 4311 0.80 4.1510.19 427+ 0.19
thwifn (nn./new 6.48 £ 0.04 5851 0.11 6.37 £ 0.03 6.44 +0.03
ﬂ']i’l\iﬁ 5 ﬁﬂéaummL*u"mszjumaqm%‘uaumnmsmﬁmuﬁaﬂﬂaun?m
udenABUNIA Whly BA100 HF10 PF10
Yan)
keCO,e/noU 0.66 0.64 0.66 0.66
kgCO,e/nn. 0.09 0.09 0.10 0.10
ﬂﬁ‘lluﬁﬂ
keCOLe/noU 0.02 0.02 0.03 0.03
kgCO,e/nn. 2.55x10° 2.88x10° 3.88x10” 4.17x10”
ATINER
kgCO,e/noU 0.34 0.23 0.38 0.38
kgCO,e/nn. 0.05 0.03 0.05 0.05
Gl’]i"l\iﬁ 6 msﬂéaﬂ;wﬁauni:ﬁmmﬂmimﬁmuﬁanﬂauﬂ%m
vfenaeunin YU (N X Bx &) . nsUassmeiaunsyan NBLAG)
(keCOe/aual)  (kgCOe/now)  (keCO,e/nn.)
uSonaouninhly 70 x 190 x 390 196.21 1.02 0.15 AN
vAonAounsn BA100 171.40 0.89 0.12
uienAaunIn HF10 204.18 1.06 0.15
udonAaunIn PF10 204.56 1.06 0.15
Concrete block 190 x 190 x 390 1.76 Dahmen et al.
Architectural concrete block 217 (2018)
Stabilized soil block 0.95
Alkali-activated block 1.03
Control 100 x 60 x 200 357.84 Ali et al. (2023)
GGBS5 344.59
GGBS10 331.34
GGBS15 318.09
GGBS20 304.84
GGBS25 291.59
GGBS30 278.34
uSonaouninihly 67X7"x12” 186.42 Kulsoom et al.
ufenasuniavialy 6”x8"x12” 186.76 (2025)
ufenasuniavialy 47x87x12” 165.19

= — -
MBI GGBS fie xnsumvasumanuaazidealuwnuiiyudiuun

3.3 nmsuaseivSaunszanvasuaanaaunsn

a

UN 3 wanIN1SUAREN1YTaUNTLANVDIUABNADUNTA

fa10gTur29 171.40-204.56 keCOe/m’ § 411910

v
a

MOAUTOYAY 62-72 TBIAIUIABNTTUIUNITHANDY

e

e o)

a

seuaz 26-36 lwvziinsvuasianAndusesas 1.7-
27 w1y lagnisudenaouniad dn1sii uaule
dulzsn waziauledgussovaz 10 dn1sUanUansnie

= < a Ao ¥
LiQUﬂigﬁ]ﬂfﬂﬂaaﬂ VULNUADNABUNINNUNTIINENLAN

wiinunud uaasausesas 100 fn1sdassniwdou
ﬂsmﬂﬁ’wqm Tngudennauniniialy BA100, HF10 uaz
PF10 §7121 1 now vw1a 70 x 190 x 390 . avasy
Maseaunszaninfu 1.02, 0.89, 1.06 ua1.06 keCOe
Audy uisAndunisUasenimiSeunsyanne 1
Alansulanafu 0.15, 0.12, 0.15 wag 0.15 kgCO,e

ANAIRU (MN51991 5)
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4. 15U
dleUsina Sio, fu ALO; way Fe,0; lutamiinsaud
sovay 62.10 FevhlviinaaniRenuiutanUoleary
PIUNTFIU ASTM C618 (2003) Aifmualalusiingd
seway 50 Wosamwiu Ca0 uanilvivsinais see
ag 80.74 lng 5102ﬁmam'aﬂmauﬂ’ﬁLﬁ'ummuﬁum
aﬁu (@10) %?ayjuﬁunfﬁl’mL‘Wumwmv‘ﬁum AIUNUNIUY
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ABSTRACT

Dementia, particularly Alzheimer’s Disease (AD), is characterized by the extracellular accumulation of Amyloid-B (AB)
and intracellular Tau hyperphosphorylation, both of which trigger neuroinflammation and neuronal apoptosis. This study
investigated the efficacy of Cannabidiol (CBD) combined with three terpenes including a-Pinene, Linalool, and B-Caryophyllene
as potential adjuvants to mitigate ABy.4,-induced neurotoxicity. Using the MTT assay on SH-SY5Y neuroblastoma cells, the
optimal non-toxic concentrations were determined to be 150 uM for CBD, a-Pinene, and Linalool, and 100 puM for B-
Caryophyllene. Synergistic testing revealed that the combination of CBD with Ol-Pinene and CBD with Linalool significantly
reduced cell mortality (p < 0.01) when administered post-AB;.4, accumulation, demonstrating a potential curative effect.
However, pre-treatment with these combinations failed to provide a preventive effect against subsequent AB, 4, insult. Notably,
the combination of CBD with B-Caryophyllene, or the administration of more than two compounds simultaneously, resulted
in increased cytotoxicity and significantly higher rates of cell death. These findings suggest that while certain cannabinoid-
terpene combinations offer therapeutic potential, their application is limited by specific chemical interactions and timing.
Further research into precise formulations and intervention windows is essential to develop safe and effective cannabis-based

treatments for Alzheimer's Disease

KEYWORDS: Alzheimer, CBD, Terpenes, Prevention and Treatment, Cellular Apoptotic from amyloid-B1-a2.
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luidusesndn nulanalvlulwneug uuazivnseu

danunununeanmunaeslad fywlsznounie
3 @8N U ﬁ:‘wauﬂﬁa Sativa, Indica ha¥ Ruderalis
(Tendwa et al., 2025) Sefipumaidnuazainu Tu
Lwazaen wonanimuesnUsznoumaaiuinnan
500 ¥iln InelanznauuALUITussn (Cannabinoids)
oS u (Terpenes) wazvalausea (Flavonoids)
(El-Hammadi et al,, 2025) lag# arewus Indica
agnu CBD luvsmamnniian aauluanewus Sativa
9gnuUTII THC Axniige @2 Ruderalis agnu
U3 CBD way THC fuseTaingnlvlunisinwnas
PaAeRusTU Indica uay Sativa ileUiuuzsaeug
arsdrdyi nuludyyiuenann THC way CBD 74
AnauTAluNIgNEALNTS LAY siumauadaﬁaiz uay
ANUNNSANBTBILTAR e 19TUSEANE AW (Yang et al,,
2025) Ssfianslunguinesivu (Terpenes) Fufervasiu
nawlufia wulnunlunentye Tnewumes iula
11nn21 150 oila wesiuinulauinlusyulawn
Tysau (Myrcene), alufiu (Limonene), ndlu (Pinene),
la‘ma“a (Linalool), A5 ToWad 1 (Caryophyllene),
§413U (Humulene) uaz wasdludu (Terpinolene)
ﬂa“'mmmas‘ﬁuﬁ’ﬂqﬂﬁ'mﬂsuyl,ﬁ'amm'auﬂma
ALASER Snvianesiunateriaausaeengns iy
AIUEU 9 LU N13AANITENLEY, myﬂuaugaﬁasz,
AuLzid, musuafissuandos uay iuasiula
LA Lﬁmyu (Levy et al,, 2025) uanmﬂ‘ﬁmiﬂszﬂau
an9q Tudgedaimsvinusuiuludnvazgrdiasy

a v v

(Synergistic effect) wiovi g snfulude Entourage

Y

a

effect’ & 1981 uUszdniamlun1sfnuinazan
NAUNABIWBIESH 7 LU CBD mmsaaaﬂqm%‘@?ﬂu
(Antagonistic effect) 1#i eanen 15U R 1UTzaIAN
THC o Tuwaigflines fuurssilnassrsiasugnsnis
ausnaulABety (L et al, 2022) dsmlunsdnend
Sefnwnsiasugrsvieaugvsvesasatna Nty
dsenavu mya ¢ CBD, o-Pinene, Linalool 1@ ¢
B- Caryophyllene MONITANTATINITAILVELTAE
(Cellular Apoptosis) bagUTUT1UNITALANYDI AB
Tuigaa SH-SY5Y (Neuroblastorna) figninfietiilia
an1z20915A8alYLN05 31NNITALANVOL ARy

NIUANIZIINDULATUAINTALAUVDI AB, 4,
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JUT 1 nsmuananaves CBD sauriu Terpene 1 wfinnednsin1ssendin
veuyaan AB1-42 Wisuiisuiuwaaiignivilesilminnisnieves
waalae AB1-42 uazwaaniuan AR : Aewaaigninilenilminnis
mevoswaalay AB1-42 , CBD+PI/AR : waaila$u CBD way A-pinene
Y Lol . .
wardsgninileniilnifinnisaevewwaalay ABL-42 , CBD+LVAB :
Ay Yo . Y = d' oa ¥ a <
waafilasu CBD uaw Linalool wadwgnnienluianismevesyaa
iy o
T AB1-42 , CBD+Ca/AB : 1waatilnsu CBD way B-caryophyllene
Y = d  og¥a “ P
umdsgninilenhluiansmevesvaalay AB1-42 , Untreated : 1waa
fiegluan1izdnd (ns : luunnaisesefitoddyn1ada p >0.05, *:
N ' Ao o w aad ! ' Aw o o
umnaseelld Ay Neadnn p <0.05, ** : uanaseesdiduddaymnig
#if9 p <0.01)
1204
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3U#t 2 nsmiuanasiaves CBD 571U Terpene 2 vlianadnsinissendin
YauTann AB1-42 LU‘%&ULﬁaUﬁULmaéﬁQﬂmﬁmﬁw‘lﬁgﬁmmimﬂmm
waalng AB1-42 uamwaamiuay AR ﬁamaéﬁgnmﬁmﬁﬂﬂﬁmmi
meveusaninyg ABL-42 , CBD+PHLI/AP : waailasu CBD, Ol-pinene
uay Linalool uaadsgninieathlminmsmevensaalay AB1-42,
CBD+PI+Ca//—\B waadilasu CBD, Q-pinene uag B—caryophytlene
uadsgninilenilmAnnismevonsadiag AB1-62 , CBD+LI+Ca/AB :
waadilasu CBD, Linalool way P-caryophyllene Lmyﬁﬂqmwﬁmﬁﬂﬁ
nnsaneveeaalay AB1-42 , Untreated : waéﬁasﬂuamwﬂnﬁ
(ns : luuanasogefiveddgynieada p >0.05, * : uana190819dl
Woedyneadff p <0.05, ** : unnasesnsfited1Ayn1aadddi p

<0.01)

2. YenuazIdnNIs
2.1 iWNIALUYAT
JUNDUNTNAADIN NUALATUNITNINTUINUNIY

lAeANENITUNITITETTIUNITITY Aus U UANS

walulagddanmuaziaidining nerunalulad
uminendemaluladnszesunamszuasivie waa
SH-SY5 Y human neuroblastoma cell lines
(ATCCCRL-2266) filalunisfnwiilla¥unisatuayu
J1nAdwgas L 8155 BuNITaOUTDINIAT Y1
walulagdinin ﬂmz%‘wmmam%ﬁzqﬂéwﬁwmé’a
waluladwszaouinanszuasiuie nsandunis
wwzidsagaasuaduluauuwaimeauUasase
meinnaglusinreadinsun1sidelunasanaaes
Cannabidiol (CBD) #lslumsnaaadlnduaruativayu
NN SenFyAans umnInendese@n o-Pinene (P-
450-1), Linalool (P-1120-1) wag B-Caryophyllene (P-
610-1) 91AUT¥N Agilent Technologies (Santa Clara,
CA, USA) 1waa ba sunisimzid sdluenmsidoseaa
Dulbecco’s modified Eagle’s medium (DMEM) g, n
\a5un e fetal bovine serum (FBS) 10%, penicillin
/streptomycin 100 U/ml 1%, wag L-Glutamine 1%
Lﬁymﬁqmmﬁ 37°C luussemafidanuduuas CO,
5%

2.2 NAFOUNITIASUG NSRS Vaea15aiADIN
Agydanistasiuyaavinnisnelaglusiv As, .,

W& I9INLA B9L988 IUAUMUI UL 80-90% a7
L%aa‘%ﬁlﬂ sub culture aslu 96 well plate 97u2u
20,000 waamega ANt lUiAssigungd 37°C Tu
UssemaRiiauduay Co, 5% Luan 24 4lus
LLe:ﬁQﬁmmmaaUImeaﬁaﬁmmﬂﬁ’ﬁyﬂm (CBD 150 uM,
a-Pinene 150 pM, Linalool 150 pM WL a ¢ B-
Caryophyllene 100 pM) 1waan 24 F3lua 1 easu
mmnmﬁﬁmuméﬁamaauim ABigp 10 UM 1y
a1 26 Falu
2.3 NAFaUNIESUGNENI IR g NEvaeE15aAAIN
Ayviden1sinyuvaanasaInnsnszgunisaielng
Tusiy A8,

W& 99N B9L988 IWATUNUILUY 80-90% a7
L%a5%3Qﬂ sub culture aslu 96 well plate 91u2Y
20,000 Lmaééawqu mﬂﬁuﬁﬂlm?ﬁymﬁqmmgﬁ 37°C Tu
UssEMARiiaTuLay CO, 5% unan 24 $alug
a3 sunageulaeLiy AB, L, 10 uM 1 utaan

24 1l uadweasulaeasainainigyan (CBD 150
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sonTinvesaanin AB1-42 Wisuilsuiuaangnnileniilnianis
. . . D L.
mevougaalny AB1-42 uaziwaamuau AR : Aewaafignniivndilv
a ‘. . . Tav Yo
Wnnnsanevenwaalang AB1-42 , CBD+Li+Pi+Ca/AB : 1waatilnsu
CBD, Linalool, Q-pinene uag charyophytlene LLm?NQﬂLVﬁEnﬁﬂW
an1smevenaalng ABL-42 , Untreated : lwaatiogluaniizuni
(ns : luwanmeeg 19l ded1Agyni1ead @ p >0.05, * : uann1998 198l
v o W aad ! ' N v o W aad
Jod1ayn19adfian p <0.05, ** : uann1ve 19 dudrAyn19adai

p <0.01)
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204

U 4 nsmluanseaues CBD 331U Terpene 1 wilanadnsinissen
. ; D N
Finveawaannmsmenignimileniiles AB1-42 Wisuifluiugaai
d‘ o9 ¥a < ¢
gnwilgniinienismeveswaalay AB1-42 waziwaaniuau AB1-42
‘o { o ¥ o “a a
AB : wanfignuniloniluuansannizvedsadalywesiiiaan AB1-42,
AB /CBD+Pi : wanfigninilenilmiinnisnevewvaalas AB1-42 uan
39la5u CBD uay Q-pinene, AB /CBD+Li : waatigniieniimiinns
mevenwaalny AB1-42 uaiislaiu CBD uaz Linalool, AB /CBD+Ca
o { o Y a s ¥ Yo
s waafignmilenilnAemsmevensaalas AB1-42 uaialadu CBD
g - ‘
(55 charyophytlene, Untreated : Lﬂlaamagluﬁﬂﬂaxﬂﬂm (ns:lu
N ' a e o W aa N ! S o W
usnasegnsiitudAyneedia p >0.05, * : uanaveyaldudidynie

#0591 p <0.05, ** : uanAeEliddAYNINERAN p <0.01)

UM, o-Pinene 150 pM, Linalool 150 uM W @ ¥

B-Caryophyllene 100 uM) wWuiaan 24 F3lus

2.4 nsIN1559aTInYeasvas
densumunaniiveaeuluthveil 2.2 ez 2.3 uan

U @

WININIINTTONTINVOUTAALAYID MTT assay LSUAU

INNIRAF1T08NIN 96 well plate walaansavane
MTT 100 pl i luusfigaunandl 37°C Tuusserniail s
AuAuLes CO, 5% Tudiilaidunan 3 $alus Wensu
mmaamaya@,ﬂmsazma MTT penualazalsnan
formazan A28 DMSO 100 pl 9niudsTaanisgndu
Wadsv 570 nm my?‘a A5 89 Microplate Reader
(Molecular Devices SpectraMax iD5, USA) Im%m@
%QmmﬂﬂugﬂLLUULU@%Léfjuéﬁmmﬂﬁiaﬂ%mmamaé
(% Cell Viability) 1l eL3suiisuiuiwaatignnsznu
e ABy 4P UGFATANTAUIUIIATFIU
2.5 iaUsu1a4 Amyloid-8 Aaenuaila cytochemistry
staining
MFIINNITNAAOUSATINITTOATINVOUTAA A7
SnaeuNTazauues A Inalasswaauy cover slide
Tu 12 well plate Tuu3na 100,000 Lwaaneviquam
svavnalutvedl 2.2 uay 2.3 mﬂﬁ?uqmmiaaml,ga
ASaaalagiis 1 ml voe 4% Paraformaldehyde 11
wanlunauy shaker titeln Paraformaldehyde &uia
fuwaaperahiuduam 10 wifl antuaasaane
PBS 1 ml 7191 3 A¥s uadseeudiwaanis Congo red
1 ml lUanauu shaker wiioln Congo red dulanu
waaesahidaduan 3 und war3men Immersion
oil wardseu DAPI asuualan 11 cover slide #iiliwaa
foeuduainnnsuy side umssdnveu slide uahly
maa‘ummL%maqﬁﬁlﬁwﬁuﬁaaﬂgaaa;ammﬂ (Nikon
Eclipse Ci-L Plus, Japan) LLayau"ﬂliJiJﬁsmamaIm 3
TUsunsu ImageJ (ImageJ 1.54p)
2.6 ANUIUNNEAA
n1snaasett anuale gTunisvngn 3 asa
(n=3) vl olniiulaluprnuudefovostoya n1s
Fiaszvin1ead dandunislanely one-way
analysis of variance (ANOVA) aelUsunsa SPSS
version 16.0 (IBM Corp., Armonk, NY, USA)
W BLUT B UL BUAILLANA 195E1M2 19N UNAAD Y
msﬁ’wLauamyagalugﬂLLUUﬂﬁWLLamMLaﬁ"a +
d7uLT 89LUUNIATEIU (mean + SD) LA
msagﬂqLLmuqﬁLwiwﬁ’%ﬁumsﬁwiﬂmmm GraphPad
Prism version 10.0 (GraphPad Software Inc., San

Diego, CA, USA)
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Y sy Yy ) . ) ‘o
waldalasu CBD, O-pinene Wag Linalool, AB /CBD+Pi+Ca : lwaangn
. Dl . o
waafigninileailianismeveasaalag AB1-42 uaa3alasu CBD,
) ) ‘o ‘o
O-pinene uay B—caryophytlene E AB /CBD+Li+Ca : Wwaangniwaangn
PN o g ¥ a 5 Y xuw ¥y .
wilgathlninnisaevengaalae AB1-42 uaaislasu CBD, Linalool
A ! a '
way B-caryophyllene, Untreated : wwaa il og luan1izund (ns: lu
N ' a o o W aa N ' a v o W
unnaeeelidedidgyveadi p >0.05, * : unnasessiideddeynig

abA p <0.05, ** : uananseensitudRyN1ERAN p <0.01)
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JUR 6 nsmiuansraves CBD 59U Terpene 3 ilanon1sinvisaa
snmamefignviisatlag AB1-42 Wisuifisuiuwaaignnieth
Iminnisnievonsaalag ABL-42 uazivaaniunu AR : waaign
wil prhlnuananiizvedlsasalaiuesiifinen ABL42 | AR
/CBD+Li+Pi+Ca : waafignivilonthlvuansannzvedlsasalaesiiin
910 Amyloid-B wa 29 ¢la su CBD, Linalool, Olpinene waz P-
caryophyllene, Untreated : L%aéﬁaﬂuﬁmnﬂﬂﬁ (ns - TuuAnmaEIe
fidpdnAgyneada p >0.05, * meﬁmaﬁmiﬁaﬁﬁmmﬂaaﬁﬁ p <0.05,

* . uanaeiitudAgyvneadan p <0.01)

o/ 4
3. NAAND
3.1 HaYaNAISANANANSZYT19 CBD Iag terpene
widane q fanislasAuigas ainnsnieiide i

selusiu A8,

Tun1snAdeuNaved CBD SaufULMBs WY CBD,
B-caryophyllene, a-pinene Wag Linaloo a¢gnnagday
a1uLd Ui v (Cytotoxicity) ¥o1a15aR A oLYaa
SH-SY5Y Tnsluwnazaisannazyinisnadaui Ay
\wuYY 0, 50, 100, 150, 200, 250, 300, 350 kAT 400
UM wazlynarlunisnaaey 0,3 12, 24 ¥2luq
ANUETU WU21 CBD Flmnaaauy 150 LM, o-Pinene
AruEaLy 150 pM, Linalool fiAawuvy 150 uM
g B-Caryophyllene ﬁlmmmymjlu 100 uM Tunns
naaeud 24 $alue luaawansznunesnsnissendia
yaaa SH-SY5Y epnslied faynieadn p >0.05 3¢
IADNANLILTLLAE SEEE A INa LT BN S AN
aely

Tun1snadeunaTes CBD saufumesiiu 1 viiame
msﬂﬂﬂyaalfzjaéﬁaugﬂmﬁmﬁ'ﬂﬂ;l,ﬁmaﬂnzé’alemmg
91nlUSAY ABLy, 9nNanIsnadevlunIng 1 wuan
nsnAEeUNaved CBD saufumesiiuvsaule waa
ﬁﬁmawm%sam%’imﬁiﬁLLmﬂ@mmnLeuaa‘ﬁa;mj”alemuaﬁ‘
muANegsiiuddyneadi (o >0.05) Tnannsley CBD
590U a-pinene waaions1nssonTing 68% nsley
CBD 59wy Linalool 1waailsnsin1ssendini 69%
waznsly CBD 5auAy B-caryophyllene \waaiisns
n155009307 60% Aatlulunisnaaeud n1sley
CBD saufumesiiusausdaluuaniaauaiunse
Tuni1sUosfuleas wioUnUedwan9Inan12zves
sndaluwesiinnsavanues A, muuile

Tun1snndeunaTes CBD saufumasiiy 2 viinne
msﬁaaﬁ’umaéﬁgﬂmﬁmﬁﬂﬁlﬁmmimaﬁuawzﬁaa“lma
TUSAU ABLy, Tunmd 2 LLaﬂﬂiﬁLﬁuﬁlﬂuﬂﬂﬂﬁ

VAFOUNUINIAALSNTINTTOATINNAININTAR UNAY

'
a

Apnwienihluinn1saelaglusiu AB, 4, W8I0

Y

o w

Wenesiideddyneainnseiu p <0.0 1 Tnonsly
CBD 571U a-pinene ¥a¥ Linalool 1#aa il §n51n13
s0aT3a7 13% n13ly CBD 591U a-pinene uay B-
caryophyllene 1waaildns1n1550nTind 3% Asle
CBD 521U Linalool wa B-caryophyllene Lﬁzjaa‘ﬁ
Sns1n3sending 29% safuainnisnadeunisle CBD

sufumesiiu 2 vlaluynnisneaeuluainsoyiely
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Linalool waa39gnnd saluiianisaieveswaalag AR,

Yo Y = =) o
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)

v . g -
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v o @ aaa ! ' A v o o aad
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3UTl 8 dnvarvenvaauazUSualusiuviiialudlonagovaisania 2
a ! ™~ a da & ¥ < ) =) o
wianeUSinailusfuiiintuvesnisdasiueaaannisaedignnieati
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. .l Lo

ABL, waziwaamuauAB, ., AR : waafignnilsnilminnisneves
waalag AP, 4, , CBD+PI/AB : waaiilasu CBD uaz O-pinene waids
gnwilgnilminnsmevensaalay AR, , CBD+LI/AB : waaiilnu
CBD uaz Linalool umiwgninilenilmaanismevensaalae AB,., ,
CBD+Ca/AB : wwaafiln$u CBD uag B-caryophyllene waniagninileai
Y a “ o a
ImAnnsmevensaalag AR, , Untreated : waaiiegluannzund
(ns - luunnasee el dodAynieada p >0.05, * : uanan9ee19dl
Jod1Agyn19adAf p <0.05, * : upnn 19 T dod1Ayn1ad av
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U @
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WaadnAY

Tun1sVAEeUNATes CBD saufumesiiu 3 wila
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v
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yesansatanowaauniy Inelolvansatnsufuid
yipawalmisaaiidnanisnieaniign dennaneiu
ANSVINABIUDY Rasic wagmale (2024) finusasnissen
Finveseaaiiioluans CBD sy citrinin luwaa SH-
SY5Y walunudnwazn1ssentiafianadlueas HepG2
war HEK293 wanslmfudnuasnisuanioonvasdns
CBD Funnansluaaneiiniu
3.2 NaYDNA1TAAANANTEYTIN CBD ae terpene
vilnd1e 9 dan1sinwivasnainisiuigaifae
U6y A8,

Tunsvadounates CBD saufumesiiu 1 viane
mi%’ﬂmLﬂjaéﬁgﬂmﬁmﬁﬂﬁ;ﬁmmimsmﬂiﬂiau ABL
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Y
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aad o LA = a 1Y) a
NNANRNTEAU p <0.01 ALLDLUIBU WBUNUNTLETY
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’
d

gn31n1558n T 07 luuana1eiueaafinlun el
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a-pinene waailsnsn1ssendini 81% nsly CBD
59uRU Linalool 1waailsnsinssendand 85% way
n15ly CBD 5wy B-caryophyllene \waa i onsINIg
senT3ad 71% 5euandluiiunaves CBD S2uAY
a-pinene Wag CBD 59uAU Linalool #Auanunsalu
mMsansnsINseveamaaanlUsiuivilminsals
asndeanlusiusanaainnisazaunieluwaale
Tuve? naved CBD 52uAU B-Caryophyllene lu
LLammamsaﬂé“m']msmwmmaéﬁ'qﬂﬁﬂﬂﬁﬁﬂ
anmedalowesanlusiu A, ., 1n Tidonaaasiunis
NAABIVDY Laws hag Smid (2024) 7 uanINavs B-
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Yo . . o = oq ¥ a
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. Y - 4
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a =) o q ¥ a “ Y =
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(ns: oy p )

aal

Wod1Aayn1eadfii p <0.05, * : upnn1eee19ii Todrdynisadfi

p <0.01)
TunsAnwisguudszam lneionsin155endinves
waasfigaloifisufuimesiunindug

Tunsnageunaves CBD saufumasiiy 2 viane

33N L%aéﬁgﬂmﬁmﬂﬂﬁlﬁmmsmsmrﬂ:dsﬁu ABy.
5 AnanslunInd 5 Fnaeunaves CBD, a-pinene
ey Linalool Navuay CBD, a-pinene Wag
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ABSTRACT

This study aimed to collect data regarding online teaching tools and the satisfaction of faculty members from the
Department of Agro-Industrial, Food, and Environmental Technology, Faculty of Applied Science, King Mongkut's University
of Technology North Bangkok, Bangkok, Thailand. The study encompassed 30 faculty members across three disciplines: 1)
Agro-Industrial Technology, 2) Food Science and Technology, and 3) Environmental Science and Technology. Additionally,
the study examined the grouping of online teaching tool usage in theoretical and practical courses. Data collection and
statistical evaluation included frequency, mean, standard deviation, and one-way ANOVA analysis using IBM® SPSS® Statistics
Version 28.0.0.0. The study's key findings revealed that there was no significant difference in satisfaction with online teaching
tools between theoretical and practical courses. Faculty members from all three disciplines demonstrated similar levels of
efficiency in utilizing these tools. The overall satisfaction with online teaching tools was found to be very high. However,
when the tools were categorized by service provider, a statistically significant difference at P-Value < 0.05 level was observed
among professors. This difference could be attributed to the varying convenience and compactness of course content

provided by each service provider.
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