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ABSTRACT
TITLE : THE DEVELOPMENT OF MATHEMATICAL CONNECTION SKILL ON
COACHING AND MENTORING
AUTHOR o KITTI KITSUPATDECHAKORN
DEGREE : MASTER OF SCIENCE
MAJOR : MATHEMATICS EDUCATION
ADVISOR : ASSOC. PROF. RATTANAKORN WATTANATAWEEKUL, Ph.D.
KEYWORD : MATHEMATICAL CONNECTION SKILL, COACHING AND MENTORING

This research sought to study the process of building coaching and mentoring
system that affects and improves mathematical connection skills for leamning
parabolas for students taught by using the process of coaching and mentoring system
compared with 60 percent taught through normal learning management. Using quasi-
experimental research, they were divided into an experimental group and a control
group, each with 32 people selected randomly from grade 9 students at Pathum
Ratchawongsa School, Pathum Ratchawongsa District, Amnat Charoen Province, during
semester 2 of the Academic Year 2021. The research was conducted by having both
groups take a mathematical connection skill test before class. The experimental
group employed the coaching and mentoring system process that was developed,
while the control group used normal learning management methods. The research
tools consisted of a lesson plans and an assessment of mathematical connection
skills before and after studying. Data were analyzed using basic statistics and t-tests.
The results showed that students taught through the coaching and mentoring
process, the post-study scores on mathematical connection skills for the lesson on
parabolas were higher than the pre-test and higher than those who were taught
according to normal teaching and learning processes, and was statistically significant

at the .05 level.
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ABSTRACT
TITLE : THE DEVELOPMENT OF MATHEMATICAL COMMUNICATION SKILL
ON 4 MAT LEARNING
AUTHOR : NATTAPON WONGWIEN
DEGREE : MASTER OF SCIENCE
MAJOR : MATHEMATICS EDUCATION
ADVISOR : ASSOC. PROF. RATANAKORN WATTANATAWEEKUL, Ph.D.
KEYWORDS : MATH COMMUNICATION SKILLS, 4 MAT LEARNING MANAGEMENT

This study aimed to investigate mathematical communication skills with a 60%
confidence level threshold for 7th-grade students at Ban Rai School, Sri Muang Mai
District, Ubon Ratchathani Province, during the second semester of the 2021
academic year. This was done through the integration of 4 MAT teaching strategies
using a quasi-experimental design in a lesson on a single variable linear equation and
to compare this with regular teaching methods. Fifty participants were divided into an
experimental group and a control group (25 students per group). The study was
conducted by assessing students' mathematical communication capacities before
teaching the lesson. The experimental group learned by using 4 MAT learning
management, while the control group used regular procedures. Research tools
consisted of a learning management plan, and a pre- and post-test. Data were
analyzed using basic statistics and t-tests. The results demonstrated that students in
the experimental group had post-test scores higher than the pre-tests and had
mathematical communication skills higher than the control group who received
regular instruction with a .05 level of statistical significance which passes the 60%

threshold for statistical significance at the 0.05 level.
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ABSTRACT
TITLE : THE IMPLEMENTATION OF LEARNING ACTIVITIES TO PROMOTE
MATHEMATICAL MODELING COMPETENCY OF GRADE 11 STUDENTS
AUTHOR : SARAWUT JINO
DEGREE : MASTER OF SCIENCE
MAJOR : MATHMATICS EDUCATION
ADVISOR : ASST. PROF. SUPOT SEEBUT, Ph.D.
KEYWORDS : MATHEMATICAL MODELING, MATHEMATICAL MODELING PROCESS,

MATHEMATICAL MODELING COMPETENCY

Designing learning activities to enhance mathematical modeling competency by
using problems that arise in everyday life is a learning activity that will encourage
students to develop analytical and problem-solving skills. This objective research
sought to study the mathematical modeling competency among 30 grade 11
students at Hatyai Wittayalai School, Songkhla Province, during the second semester
of academic year 2021. Using a volunteer selection method, the total experimental
time was 26 hours, divided into 24 hours for activities and 2 hours for testing. The
study’s tools were comprised of 1) a pre-test mathematical modeling competency (1
item); 2) 8 lesson plans for promoting mathematical modeling competency; 3) a 2-
item post-test mathematical modeling competency test.

The study found that after the learning activities, the students' mathematical
modeling competencies were as follows: Competence 1: Understanding - the
problem situation was at a very high level with an average score of 3.66 (pre-test =
0.96) because before performing the activities, most students did not write to explain
what they understood from the problem. Competence 2: Searching- mathematical
competence was at a very high level with an average score of 3.56 (pre-test = 2.06)
because before performing the activities, most students did not create a
mathematical model in the form of a function because they thought that the
information they had was sufficient to draw a conclusion. Competence 3: The

competency of using mathematics was at a high level with an average score of 3.35



B

(pre-test = 2.60) because the students could explain results better. Competence 4:
The competency of explaining the results was at a high level with an average score of
2.93 (pre-test = 2.93) because the students described the results in the same way and
the level of satisfaction in organizing learning activities to promote mathematical
modeling competency was at a high level. The mean score was 3.94 and the
standard deviation was 0.84. From the above data, it can be concluded that the
designed activities can enhance students' mathematical modeling competency, and

the level of satisfaction with the learning activities as a whole was at a high level.
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ABSTRACT
TITLE : THE DEVELOPMENT OF MATHEMATICAL REASONING SKILL ON
PROBLEM-BASED LEARNING (PBL)
AUTHOR : SUJITTRA SANGNGERN
DEGREE : MASTER OF SCIENCE
MAJOR : MATHEMATICS EDUCATION
ADVISOR : ASSOC. PROF. RATTANAKORN WATTANATAWEEKUL, Ph.D.
KEYWORDS : PROBLEM-BASED LEARNING MANAGEMENT, MATH REASONING

SKILLS, RETENTION IN LEARNING MATH

This research sought to develop mathematical reasoning skills by using problem-
based learning management with a 60% confidence level threshold and to study
learning retention. This research employed a single-group study with a pre- and post-
study test to measure learning retention. The sample consisted of 20 grade 5
students from Nonkalong School selected by purposive sampling during the 2021
academic year. The research tools consisted of a problem-based learning
management plan, a pre-test, and post-test, retention test, and interviews. Data were
analyzed using basic statistics and a t-test.

The results showed that students after being taught through problem-based
learning acquire higher math reasoning skills, greater than the 60% threshold with

statistical significance at the 0.05 level along with student learning retention.
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Learning management design that enhances mathematical modeling
competency using modeling problems: It is a problem that is in the context of the
real world or that occurs in the daily life of the learners. This is a problem situation
that students may not have encountered with mathematic problems in general
textbooks. As a result, the learners have shown the potential to think critically to find
ways to solve problems by integrating mathematical knowledge or other knowledge
to solve problems with hands-on practice and practice working together as a group.
Learning management that promotes mathematical modeling competency is
consistent with learning management in the 21 century.

The objectives of this research were 1) to study the mathematical modeling
competency of grade 12 students, 2) to enhance problem-solving abilities in a real-
world context, and 3) to study satisfaction with learning activities by using modeling
problems to enhance mathematical modeling competency. The sample of this
research were 36 room 1 grade 12 students, during the second semester of Academic
Year 2020, at Phanasuksa School in Amnat Charoen Province. The research tools
consisted of 1) 8 lesson plans that promotes mathematical modeling competence
were used for modeling problems and the total learning management time was 16
hours; 2) a mathematical modeling performance test which was a subjective test with

2 items; 3) a 25-item test for problem-solving abilities in a real-world context; 4) a 13-
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item satisfaction assessment form regarding these learning activities using modeling
problems to promote mathematical modeling competency.

The results showed that:

1) The results of the assessment of the students' mathematical modeling
competency found that the average score was 2.82 for Competency 1: Understanding
real problem situations; Competency 2: Mathematical modeling, and Competency 3:
Solving model interpreting and examination of results had a mean value of 2.61.1,
and the standard deviation for all 3 competencies were 1.96, 1.86, 18.6, respectively.
The overall picture was at a fair quality level. Then, the evaluation results of the
mathematical modeling process were classified by activities. It was found that the
students were able to use the mathematical modeling process with an average of
25.17, with a standard deviation at 5.03, which was at a good level. 2) The results of
the assessment of the ability to solve problems in a real-world context for grade 12
students showed that the mean score was 25.08 out of a full score of 50, the
standard deviation was 7.12, the highest score was 42 points, and the lowest score
was 8 points. 3) The satisfaction assessment results for learning activities using
modeling problems to enhance mathematical modeling competencies of grade 12
students found that the overall satisfaction of the students was at a high level, with a
mean of 4.25 and a standard deviation of 0.76. The item with the highest average
rating: "Teachers facilitate some materials for use in solving problems" was equal to
4.58, at the highest level of satisfaction, while the item that received the lowest
average score: "The mathematical modeling process is easy to understand and is not
difficult to use" was equal to 4.58, at a high level of satisfaction. The feedback section
suggested it was a good learning activity. The students had actually solved the
problem and applied their mathematical knowledge to solve the problem. Some
activities were too difficult and the time for doing the activities was quite short. In
addition, the students encountered problems that were not the same as they had

studied in the classroom making them “think outside the box.”
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TITLE : CHEMICAL MODIFICATION OF NATURAL RUBBER LATEX FOR
CEMENT MORTAR APPLICATIONS
AUTHOR : KANCHANA SAPPRASERT
DEGREE : MASTER OF SCIENCE
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CO-ADVISOR : SANSANEE SRICHAN, Ph.D.
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This research studied the properties of natural rubber grafted co-polymerization
with  3-(trimethoxysilyl) propyl methacrylate (NR-g-TMSPM) using di-tert-butyl
peroxide/tetraethylene pentamine (DTBP/TEPA) as a redox initiator. The reaction time
was varied from 1-6 hour (s), and the DTBP content was varied from 0.1-0.8 and the
TMSPM content was varied from 5-25 phr. The reaction condition was performed
under nitrogen atmosphere at 85 °C. The properties of natural rubber grafted co-
polymerization with sodium acrylate (NR-g-NaAA) were also investigated using
ammonium persulfate (APS) as initiator. The reaction time was varied from 1-6 hour
(s), and the APS and NaAA was varied from 1-5 and 5-25 phr respectively. The
polymerization was carried out under nitrogen conditions at 85 °C. The experimental
results showed that the optimum conditions for NR-g-TMSPM synthesis was a 3-hour
reaction time, 0.2 phr of DTBP and 25 phr of TMSPM, giving the highest grafting
percentage (%G) of 61.37%. The functional group of Si-O-C was found at wavenumber
1092 cm! indicating the successfully grafted TMSPM onto NR molecules. While, the
optimum conditions for NR-g-NaAA synthesis were 2 hours of reaction time, 3 phr of
APS content and 20 phr of NaAA content with 75.41 % of grafting percentage. The
functional group of COO™ of NaAA was found at wavenumber 1663 cm™ indicating the
successfully grafted NaAA onto NR molecules. After that NR-g-TMSPM and NR-g-NaAA

with optimum condition was then selectively mixed with cement mortar at a mortar:
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sand ratio equal to 1: 3 in the amount of 0, 1, 2, 4, 6 %wt of the rubber latex in
cement mortar. The properties of cement mortar were compared with the control
formula. The results revealed that the incorporation 2 %wt of NR-g-TMSPM and NR-g-
NaAA into cement mortar resulted in the improvement of compressive and adhesion
strength. However, when the modified NR latex content was more than 2 %wt, both
compressive and adhesion strength trended to decrease. Overall results showed that
the addition of 2 %wt of NR-g¢-TMSPM and NR-g-NaAA gave the best overall
properties. In addition, the cement mortar with NR-g-TMSPM added showed better
properties than the cement mortar added with NR-g-NaAA and the performance of

the repair mortar passed BS EN 1504: Class R2 (nonstructural) standard.
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ABSTRACT
TITLE : THE DEVELOPMENT OF A MICROFLUIDIC THREAD-BASED
ANALYTICAL DEVICE FOR FORMALIN DETECTION IN FOOD SAMPLES
AUTHOR : THANYANAT SAIBOH
DEGREE : MASTER OF SCIENCE
MAJOR : CHEMISTRY
ADVISOR : ASSOC. PROF. PURIM JARUJAMRUS, Ph.D.
KEYWORDS : FORMALIN (FA), MICROFLUIDIC THREAD-BASED ANALYTICAL DEVICE

(UTAD), ACID-BASE TITRATION, FOOD SAMPLES, VISUAL DETECTION

It is illegal to use formalin (FA) to preserve freshness and extend the shelf life of
food because eating food contaminated with formalin can have both chronic and
acute health effects. In this thesis, the novel visual detection of FA in food samples
by using a microfluidic thread-based analytical device (UTAD) was developed. This
proposed method is based on a sulfite assay where FA reacted with excess Na2SO3
to generate NaOH that was quantified on pPTAD using acid-base titration. The uTAD
was fabricated from an untreated 100% cotton thread (20.0 cm) treated with
phenolphthalein solution as an indicator and low and high concentrations of KHP as a
limiting agent. Both threads were tied together with a central knot before being
attached to the woodblock platform prior to analysis. The length of the color change
(colorless to pink) on the UTAD was analyzed by visual detection using the digital
vernier caliper and validated using ImageJ software using an image captured by a
smartphone. Two linear calibration curves at low concentration (150-350 mg L-1) and
high concentration (500-900 mg L-1) were achieved and the lowest limit of
quantification that can be analyzed was 150 mg L-1. In addition, more excellent
selectivity towards FA than potential interference ions were observed. Furthermore,
the developed PUTAD was applied to analyze FA in food samples, and the results
agreed with those obtained by the conventional method. Importantly, this proposed

method showed excellent features, including low-cost, portability, a small reagent
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volume, and ease of use. The developed color distance on the PTAD can be

detected by visual detection and does not rely on an electronic device for analysis.
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PEROXIDASE-LIKE ACTIVITY IN SIMULTANEOUS TOTAL
CHOLESTEROL AND GLUCOSE DETERMINATION IN WHOLE BLOOD
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This thesis presents a—vanadium doped porous CosO4 (V-porous Cos0q4) as a
superior peroxidase mimic for simultaneous glucose and total cholesterol (TC)
colorimetric determination in whole blood on a two-dimensional microfluidic paper-
based analytical device (2D-uPAD). The V-porous CosO4 was easily synthesized using
soft template, impregnation, and calcination methods. The large surface area and the
presence of metals in V-porous CosO, contributed to excellent catalytic ability
towards 2,2’-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) and 3,3’,5,5’-
tetramethylbenzidine (TMB) with a Michaelis-Menten constant (K, of 0.1301 mM and
0.0141 mM, respectively. The 2D-uPAD was fabricated using simple wax screen
printing and cutting techniques. The colorimetric reaction of glucose and TC on the
2D-uPAD was simultaneously performed by a single drop of a whole blood sample
using an LF1 membrane as a sample zone. After the enzymatic reaction, the resulting
hydrogen peroxide (H,O,) was oxidized by V-porous Cos;O4 to produce a hydroxyl
radical (OH) inducing the ABTS and TMB to generate a colored product. More

generated H,0O, resulted in the intense green and blue color products corresponding
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to glucose and TC respectively, which were captured by a smartphone under an in-
house controlled lightbox. The developed method uses a very small chemical and
sample volume (15 pL of whole blood) without the need for a sample preparation
procedure and a short analysis time (only 5 min). With the superiority of this simple,
low-cost, highly stable readout, the use of V-porous CozOq4 in combination with a 2D-
MPAD is expected to serve as a prototype for a portable device for measuring other
interesting biomarkers, especially in areas with limited resources lacking specialized

personnel and tools.
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In this research, the conditions of inulin and fructooligosaccharide extraction
from Jerusalem artichoke was studied. The two systems were studied at two levels:
the laboratory scale and a scaled-up system. At the laboratory scale, the optimal
conditions and ratios for inulin extraction were obtained using 1 ¢ : 20 mL of
Jerusalem artichoke powder to deionized water at 80 °C for 1 hour. To obtain white
powder from the extraction, mini-spray drying was performed with the inlet/outlet dry
air temperatures at 153/79 °C, applying laboratory conditions to the scaled-up
system. Four sizes of powder were studied, namely small, medium, large, and mixed
sizes. The four extraction sizes were repeated and the purity of inulin and fructo-
oligosaccharides from the extracts and sugar powder from spraying with HPLC, MS and
1H-NMR techniques were studied. At first extraction it was 22.5% and re-extractions
were 15.9% and 6.6%, respectively. The extraction from all Jerusalem artichoke
powder sizes gives a similar total sugar content (80-85%), however the total amount
of sugar was reduced to 4% when re-extracted. Both extractions from all four sizes
were analyzed for inulin and fructoolicosaccharides content using HPLC. The
maximum inulin content, 26.53 ¢/L (84.37%) was obtained at the smallest size. In the
re-extraction portion, inulin content was found to be 11.04 g¢/L (83.25%). The powder
was obtained using a spray dry technique from the extraction portion of a small size
Jerusalem artichoke powder using MS and 'H-NMR techniques for characterization

compared to standard inulin. The whitish powders were derived from all four sizes
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revealing the shape of a small sphere with a similar whiteness at 72-75. The
molecular weights of the extracted samples were found with a degree of
polymerization (DP) similar to the standard inulin at DP=8. Interestingly, the DP found
in the re-extraction had decreased. The proton signal of the Jerusalem artichoke
powder extraction, proton signals of glucose per fructose is equal to 1:53, which is
close to standard inulin. A decrease of the proton signal of glucose per fructose in

the re-extraction was observed.
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Biodegradable hydrogels (BHs) from cassava starch (Cst), natural rubber (NR), and
montmorillonite  (MMT) Cst-g-PAM/NR/MMT  were synthesized by free radical
polymerization as coating membrane materials for a slow-release fertilizer hydrogel
(SRFHs). The MMT content varied between 0, 3, 5 and 10% wt. The results revealed
that water swelling ratio rates of the resulting hydrogels (Cst-g-PAM/NR/MMT)
increased when the montmorillonite content was increased from 0-3 wt% and
thereafter significantly decreased with the addition of 5 wt% of MMT. Moreover, it
was found that the thermal resistance and biodegradability properties of hydrogels
tended to increase when increasing the amount of montmorillonite (MMT) from 0-10
wt%. The XRD patterns revealed that the hydrogels were semi-crystalline in nature,
and peaks of MMT in the Cst-g-PAM/NR/MMT hydrogels appeared at 20.05, 29.54,
33.34, 35.75, and 54.22°. The tensile strength of the Cst-g-PAM/NR/MMT composite
hydrogels increased dramatically by increasing MMT content, but elasticity also
rapidly decreased simultaneously. As a result of the liquid fertilizer release test, it was
found that the release rate of pure urea fertilizer was almost completely discharged
(99.59 percent) in just 3 hours, while the hydrogel-coated urea fertilizer FWBHMO
FWBHM3 FWBHM5 and FWBHM10 formulations had release rates of 98.76%, 93.83%,
90.35%, and 84.08% respectively, at 48 hours. It can be concluded that Cst-g-
PAM/NR/MMT hydrogels are suitable coatings for SRFHs.
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This study documents the synthesis and characterization of a biodegradable
semi-interpenetrating hydrogel polymer network (CSB semi-IPNs hydrogel) consisting
of cassava starch (CSt) grafted with acrylic acid (AA), incorporated with a polymer
blend of polyvinyl alcohol (PVA) and natural rubber (NR) as well as its potential use
as a coated urea fertilizer (UCSBw) for agricultural applications. The effect of the
content and types of crosslinkers including N, N' - methylene-bis-acrylamide (MBA),
Ethylene ¢lycol dimethacrylate (EDMA), and Glutaraldehyde (GA) were optimized
through a screening of the swelling behavior of samples in a salt solution (sodium
chloride) along with various other pH solutions studied. Fourier transform infrared
spectroscopy (FTIR), Scanning electron microscopy (SEM), X-ray Diffractometer (XRD)
and Thermogravimetric analysis (TGA) were applied to ascertain the morphology viz.,
the structure, and properties of the CSB semi IPN hydrogel. Water retention and the
biodegradation of CSB semi-IPN hydrogels were investigated using the soil burial test.
The results indicated that the different crosslinkers clearly exhibited different water
retention capacity and biodegradation of the CSB semi IPNs hydrogel. The urea
fertilizers were coated by CSB semi-IPN hydrogel (UCSBw) for controlled urea release.
The results indicated that the as-prepared UCSBw had an optimal slow release

behavior of urea fertilizer. The urea release kinetics indicated that the urea release
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behavior in water depended on the urea concentration, while the urea release

behavior in soil was consistent with a Fickian diffusion mechanism.
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TITLE : DEVELOPMENT OF BIOTOXIN SENSOR BASED ON GRAPHENE
SCREEN-PRINTED ELECTRODE WITH Mn-ZnS QUANTUM DOT
COATED WITH MOLECULARLY IMPRINTED POLYMER FOR PATULIN
DETERMINATION IN FOOD
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SCREEN-PRINTED ELECTRODE, MOLECULARY IMPRINTED POLYMER

This research developed a novel and compact three-dimensional
electrochemical paper-based analytical device (3D-ePAD) for patulin  (PT)
determination. The selective and sensitive PT-imprinted Origami 3D-ePAD was
constructed based on a graphene screen-printed electrode modified with manganese-
zinc sulfide quantum dots coated with a PT-imprinted polymer (Mn-ZnS QDs@PT-
MIP/GSPE). The Mn-ZnS QDs@PT-MIP was synthesized using 2-oxindole as a template,
methacrylic acid (MAA) as a monomer, N, N'-(1,2-dihydroxyethylene) bis (acrylamide)
(DHEBA) as a cross-linker and 2,2"-azobis (2-methylpropionitrile) (AIBN) as an initiator,
respectively. The Origami 3D-ePAD was designed with hydrophobic barrier layers
formed on filter paper to provide three-dimensional circular reservoirs and assembled
electrodes. The synthesized Mn-ZnS QDs@PT-MIP was easily loaded onto the
electrode surface mixed with graphene ink followed by screen-printing on the paper.
The PT- imprinted sensor provides the greatest enhancement in redox response and
electrocatalytic activity which is attributed to synergetic effects arising from the
excellent electrocatalytic activity and good electrical conductivity of Mn-ZnS
QDs@PT-MIP that facilitate improvement in electron transfer between PT and the
electrode surface. In optimized differential pulse voltammetry (DPV) conditions, a

well-defined PT oxidation peak appears at +0.15 V (vs Ag/AgCl) using 0.1 M of
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phosphate buffer (pH 6.5) containing 5 mM K3Fe(CN)6 as the supporting electrolyte
solution. The developed PT-imprinted Origami 3D-ePAD revealed excellent linear
dynamic ranges of 0.001 to 25 pM, with a detection limit of 0.2 nM. Detection
performance indicated that Origami 3D-ePAD possesses outstanding detection
performance from fruits and CRM in terms of high accuracy (%Error for inter-day is
1.11%) and precision (%RSD is less than 4.1%). The proposed method is well-suited as
an alternative platform for ready-to-use sensor in food safety. The imprinted Origami
3D-ePAD can serve as an excellent disposable device with simple, cost-effective, fast

analysis, and is ready-to-use for the determination of patulin in real-life samples.
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In the present study, the photocatalytic activity of catalysts TiO,-SiO, composite
(TiO,-S) was studied and evaluated by the degradation of organic pollutants such as
methylene blue (MB) under UV irradiation. The TiO,-S composite with ratios of
75:25%wt and 66:34%wt was synthesized by the sol-gel method, to compare the
performance of TiO, and SiO, particles prepared with a microwave-assisted method.
The TiO,-S photocatalysts were studied by using a Scanning Electron Microscope
(SEM),  Transmission electron microscopy (TEM), Energy Dispersive  X-ray
Spectrophotometer (EDS), X-Ray Photoelectron Spectroscopy (XPS), and X-ray
Diffraction (XRD). In addition, the efficacy of the TiO,-S photocatalyst in MB
degradation compared to other catalysts was 97-98% at 40 min under UV irradiation.

The research is also interested in the use of polymer catalyst support. Due to
the use of non-biodegradable polypropylene (PP) plastic bags, it is therefore recycled
these to support synthetic TiO,-S nanocomposites. The degradation efficiency of MB
dyes and volatile fatty acids (VFAs) were assessed under UV irradiation and analysed
by gas chromatography-mass spectrometry (GC-MS). The results showed that TiO,-S
can degrade the organic compounds and can be used in a wide range of applications
for polymer-coated products, such as shoe insoles to reduce the unpleasant smell

from VFAs in the future.
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This thesis prepared gold nanoparticles (AuNPs) using the one-step method and
synthesized gold nanoparticles-titanium dioxide composite (Au-TiO,) the catalysts
used in different amounts of AuNPs: 0.25, 0.5, and 0.75 wt% for water pollutant
removal. Characteristics of all photocatalysts were characterized by Scanning Electron
Microscope (SEM), Transmission electron microscopy (TEM), Energy Dispersive X-ray
Spectrophotometer (EDS), X-ray Diffraction (XRD), and X-Ray Photoelectron
Spectroscopy (XPS). In addition, the photocatalytic performance of Au-TiO, has been
measured by the decomposition of methylene blue (MB) and carbofuran (CBF) in
water under the illumination of ultraviolet light. In our experiments, we found that
0.5 wt% Au-TiO, was the best photocatalyst compared to other catalysts, capable of
degrading 92% of methylene blue (MB) in 90 minutes while degrading 91% of
carbofuran (CBF) in 12 minutes. Optimizing the photocatalytic performance of Au-TiO,
nanocomposite exhibits outstanding performance as AuNPs trap electrons from the
titanium dioxide (TiO,) conduction band. Therefore, the recombination of
photoexcited electron-hole pairs is slower and photocatalytic efficiency was greatly
improved. This study demonstrates highly efficient photocatalyst synthesis which can
be used to remove harmful contaminants used in industry and agriculture, including

applications in various other fields as well.
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DIGITAL SIGNAL

In this research, automation measurement has been developed based on the
Arduino microcontroller. The developed apparatus sets consist of 5 modules which
can be used to measure a magnetic field, UV intensity, temperature, sound wave
frequency, and acceleration due to Earth's gravity. Each apparatus contains a
processing circuit and display module. Each apparatus is a practical tool that is
portable, easy to use, and reliable. The results of the test showed that it could be

used as a tool for learning physics for both high school and university students.
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ABSTRACT

TITLE : COMPUTATIONS OF ELECTRONIC, OPTICAL AND MAGNETIC
PROPERTIES OF 2D MATERIAL: DENSITY FUNCTIONAL THEORY
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Recently, two-dimensional (2D) materials have gained a lot of attention due to
their potential applications such as sensors, solar cells, batteries, electronics,
photodetectors, supercapacitors, and spintronics. Specifically, spintronic applications
are a new and intriguing topic for 2D materials. Dicalcogenides (TMDs) are a class of
2D materials that have attracted the attention of researchers for their unique physical
properties, such as their intrinsic non-zero band gap. It is possible to change
electronic properties from semiconductors to superconductors and has magnetic
properties caused by transition metals. Therefore, this computational work studies
the electronic, optical, and magnetic properties of MoX, monolayers (X= S and Se)
doped with single and double transition metals atoms (V, Cr, Mn, Fe, and Co) using
density functional theory (DFT). The calculation results show that the electronic
structures and magnetic properties are modulated by the embedded transition metal
atoms. The types and quantity of doping transition metals affect the electronic and
magnetic characteristics of MoX, monolayers (X= S and Se). Finally, these systematic
and theoretical findings open up a new avenue for designing half-metallic
characteristics of MoX, monolayers (X = S and Se) doped with transition metals in
order to create spintronic devices based on transition metal dichalcogenide

monolayers.
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Rchb.f.

The purpose of this research was to study the influence of NAA (haphthalene
acetic acid), BA (benzyladenine), sucrose and coconut water on the growth of
Dendrobium signatum Rchb.f. in vitro by culturing protocorms with a 0.5 mm
diameter cultured on a %MS (Murashige and Skoog, 1962) medium added with
combinations of 0, 0.5 and 1 mg/l NAA with 0, 1, 2 and 4 mg/l BA for 38 weeks. The
results showed that the average number of shoots per bottle, shoot height, leaf
numbers, leaf length, the number of roots, and root length were significantly different
except that the leaf width was not significantly different (p>0.05). In order to study
different concentrations of sucrose on a 2MS medium, sucrose was added at 0, 10,
20, 30, 40, and 50 ¢/l for 38 weeks. The results showed that the number of shoots
per bottle, shoot height, leaf numbers, leaf length, leaf width, the number of roots,
and root length were significantly different (p<0.05). The study of different
concentrations of coconut water on a ¥2MS medium, coconut water was added at 0,
10, 15, 20, and 30 percent for 38 weeks. Results showed that the number of shoots
per bottle, shoot height, leaf numbers, leaf length, the number of roots, and root
lengths were significantly different (p<0.05), however, leaf width was not significantly
different (p>0.05). Different concentrations of NAA, 0, 0.5, and 1 mg/l were studied
with BA concentrations of 0, 1, 2, and 4 mg/l on the node culture of D. signatum

Rchb.f. The orchid nodes were separated into 3 parts: basal, middle, and distal nodes.
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After being cultured, the results showed that different node explants and
concentrations of NAA with BA affected the number of leaves, leaf length, the
number of roots, and the root length, were significantly different (p<0.05), however,
the number of shoots, shoot height, shoot height, leaf length, leaf width, and the
number of roots were not significantly different (p>0.05). After plantlets were
acclimatized and transplanted to sphagnum moss and coconut husk, results showed

survival rates of 98 to 100 percent for all treatments.
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This study was a comparison of cytogenetic karyotypes between Korat, American
Shorthair, and the Scottish Fold cat breeds (Genus Felis). Chromosome preparations
for karyotype analysis were completed by a lymphocyte culture technique.
Cytogenetic techniques including conventional staining, NOR-, G- and C- banding
techniques were applied to the chromosomes. The results showed that the diploid
chromosome number (2n) of Thai native cat breeds and foreign cat breeds was 38
(2n=38) and the fundamental number (NF) was 72 in both males and females. The
karyotypes can be classified according to their chromosome size and shape into 6
groups consisting of 2 pairs of large submetacentric chromosomes (Group Al and A3),
1 pair of large acrocentric chromosomes (Group A2), 4 pairs of medium
submetacentric chromosomes (Group B1 to B4), 2 pairs of large metacentric
chromosomes (Group C1 to C2), 4 pairs of small submetacentric chromosomes (D1 to
D4), 3 pairs of small metacentric chromosomes (E1 to E3) and 2 pairs of small
telocentric chromosomes (F1 and F2). The X chromosome was a medium-sized
submetacentric chromosome whereas the Y chromosome was the smallest-sized
metacentric chromosome. In addition, it showed clearly satellite structure on
chromosome no.1 in group E or a chromosome pairs 14 in Thai native cat breed and
foreign cat breeds. For NOR-banding analysis, nuclear organizer regions (NORs) position

showed on chromosome no.1 in group E of all cat breeds.
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In  G-banding analysis, each chromosome pair appeared with clearly
differentiated, exhibited a typical and identical G-banding pattern in each
homologous chromosome. In C-banding analysis, the constitutive heterochromatins of
Korat cat breed and American Shorthair cat breed chromosomes distributed at
telomeric regions on almost chromosomes. On the other hand, were found no or
only a few constitutive heterochromatin in Scottish Fold cat. These results suggest
that the genetic structure of Thai native cat breed and foreign cat breeds at the

chromosome level was found to be highly conserved.
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LEARNING SCIENCE BY USING INQUIRY — BASED ACTIVITIES OF
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The purpose of this research was to develop grade-4 student achievement and
satisfaction in learning science by using inquiry learning activities about materials and
matter, totaling 6 activities in the course of 10 hours. The sample group for this pre-
experimental design involving a single-group pre-test and post-test study, consisted of
33 grade-4/1 students selected by purposive sampling from a population of 164
grade-4 students during the second semester of the academic year 2020 at Ban Dek
Warin Chamrap School in Ubon Ratchathani Province. The paired-samples t-test
analysis indicated that students had higher post-learning achievement scores (mean
13.00 and S.D. 2.14, representing 72.22%) than the pre-test score (mean 6.94, S.D.
2.11, representing 38.56%), at a p-value less than 0.05. From the analysis of the
satisfaction questionnaire, it was found that the students were highly satisfied with

the inquiry science learning activities (mean 4.82, S.D. 0.15).
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CONCEPTUAL UNDERSTANDING

The objectives of this research were to 1) develop integrated earth and space
learning management plans for high school students, 2) increase student
achievement after learning with integrated learning management plans, 3) develop
students’ conceptual understanding of the universe, stars, and solar system, after
learning through the integrated learning management plans, and 4) study the
retention rate of students after organizing activities through the integrated learning
management plans. The sample consisted of 36 grade 12 students during the second
semester of the academic year 2022, obtained by purposive sampling. The research
tools consisted of 6 integrated earth and space science learning management plans
and a comprehension quiz on 3 subjects: the universe, stars, and the solar system,
totaling 30 items. Statistics used in data analysis were mean, standard deviation, t-test
and learning progress according to Hake’s Normalized gain. After the developed
learning management plans were used, the research findings were as follows: 1) The
developed learning management plans could be used to help the students learn and
integrate knowledge of physics, mathematics, technology, and geography to create
their own knowledge, including developing an effective conceptual understanding of
the solar system. 2) The average learning achievement score of the students
increased significantly at the .05 level and the average learning progress value of

Normalized gain <g> was high in all 3 subjects. 3) The students' conceptualization
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increased in all 3 subjects. 4) The retention rate of students' knowledge was at a

good level in all 3 subjects.
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The objectives of this research were 1) to study the efficacy and the efficacy
index (E.I.) of scientific inquiry-based learning plans on the topic of chromosomes and
genetic material; 2) to compare pre- and post-learning achievement, and 3) to study
learning progress. The population was comprised of 26 grade 10 students and this
was quasi-experimental research. The instruments used in the research were 1) pre-
post achievement test with 35 multiple-choice questions (4 choices each) on
chromosomes and genetic material, 2) a scientific inquiry-based learning activity on
chromosomes and genetic material, consisting of 5 steps. Step 1: students focus on
scientifically-oriented questions. Step 2: Students collect data to form evidence
related to the question. Step 3: students formulate explanations based on evidence.
Step 4: students link the explanations to scientific knowledge. Step 5: students
communicate and debate to justify their explanations. Results revealed: 1) The
efficiency of the science inquiry-based learning plan E1/E2 was 84.05/83.41 which was
in accord with the standard criterion of 80/80, and the effectiveness index (E.l.) was
0.7957, 2) The students’ learning achievement after tuition (29.19 + 2.38) was
statistically significant higher than before tuition (6.58 + 1.92) at the .05 level, and 3)
The students’ learning progression was 80.49% (<g> = 0.8049), categorized as a high

gain level.
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The main goal of this research was to study the conceptual understanding of
states of matter before and after learning, using learning management that employed
inquiry instruction combined with animation and infographics. Information was
obtained through a questionnaire for 39 grade 7 students from Prakhonchai
Pittayakhom School, Buriram Province, selected through purposive sampling. The
tools used in the experiment were an 8-hour based on inquiry instruction combined
with animation and infographics activity on the states of matter. The data collection
tools were a 30-item conceptual understanding test, and worksheets for creating an
interactive infographic assignment. The tools used in the experiment were an 8-hour
based on inquiry instruction combined with animation and infographics activity on the
states of matter. The data collection tools were a 30-item conceptual understanding
test, and worksheets for creating an interactive infographic assignment. This
demonstrated how inquiry instruction combined with animation and infographics can
enable students to transform their conceptual understanding of scientific concepts

more accurately.
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The purpose of this research was to develop students’ conceptual
understanding of chemical equilibrium from learning by using 5E inquiry learning cycle
particulate model magnetic board before and after learning for 31 grade 11 students.
The sample group in this research consisted of 31 grade 11 students from a medium-
sized high school in Roi Et Province. The instrument used for data collection
consisted of 16-item two-stage diagnostic conceptual comprehension test. The results
showed that the student's conceptual understanding score after learning was 36.00
(SD 2.55), which was significantly higher than the pre-learning score of 6.85 (SD 2.36).
Their normalized learning gain or <g> was 0.51 (medium gain) at the 45.54%
confidence level. Statistical analysis comparing scores before and after learning used
dependent sampling t-tests. It was found that student's conceptual understanding
after learning was significantly higher than before learning at the 95% confidence
level. The students’ responses were categorized into conceptual understanding
groups according to the answers in the student test. It was found that before learning,
the percentages of students in the sound conceptual understanding group (SU),
partial with mis-conceptual understanding group (PMU), and mis- and no conceptual
understanding group (MNU), were equal to 0.00, 42.94, and 57.06, respectively. After
learning, the percentages of students were 22.58, 77.02, and 0.40, respectively. It can

be seen that the percentage of students in the MNU group decreased by 56.65, while
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the percentage of students in the SU and PMU groups increased by 22.58 and 34.07,
respectively. In this regard, the students had a high level of satisfaction (mean = 3.50,
standard deviation = 0.61) from the 5E inquiry learning cycle. Organizing this learning

activity can efficiently develop an understanding of the concept of chemical

equilibrium.
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Computer-aided molecular design approaches are useful tools for the discovery
and optimization of novel drug targets because these are fast and highly efficient
methods. In this work, computer-aided molecular design, consisting of ligand-based
drug design and structure-based drug design, were applied to provide insight into
molecular data for developing a new and highly effective type of inhibitor for
tuberculosis. PknB and InhA enzymes were selected for the study as potential
enzyme targets. The first inhibitors selected for the development as tuberculosis
inhibitors were quaternary oxycotonic acid derivatives, which are PKnB inhibitors. We
studied the important interactions of quaternary oxycotonic acid derivatives in the
binding cavities of the PKNB enzyme. To investigate crucial interactions of quaternary
oxocrotonic acid derivatives in the PknB enzyme binding cavities, molecular docking
calculations were applied for understanding binding modes and binding interactions.
The second of the derivatives of the PknB inhibitor are derived from quinazoline. In
order to achieve the goal of increasing the efficiency of PknB inhibitors, quantitative
structure-activity relationship (QSAR), molecular docking calculations, and molecular
dynamics simulations were applied to elucidate the important structural
requirements of the compounds. The results obtained from QSAR, molecular docking

calculations and molecular dynamic simulations provide beneficial information at
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molecular levels and guidelines for designing new and more potent quinazoline
derivatives. Furthermore, a structure-based virtual screening approach was performed
to identify a novel PknB inhibitor as an anti-tuberculosis agent. The inhibitory activity
of novel screened PknB inhibitors were evaluated. The results showed that the
compound PB02 demonstrated a rate of PKNB inhibition as high as 49 percent.
Therefore, this compound was selected as a template molecule to modify the
substitution on the benzene ring of compound PB02. The results revealed that the
novel design compound, compound D01, was successfully synthesized and
characterized by 'H-NMR, C-NMR, DEPT-135, and COSY, respectively. In silico
screening approaches were performed to discover novel InhA inhibitors. Candidate
InhA inhibitors were obtained from the combination of virtual screening and
pharmacokinetic prediction. In addition, molecular mechanics such as the Poisson-
Boltzmann surface area, the molecular mechanics the Generalized Born surface area,
and WaterSwap methods were employed to investigate the binding interactions and
binding energy of candidate compounds. Four candidate compounds with suitable
physicochemical, pharmacokinetic, and antibacterial properties are proposed. The
crucial interactions of the candidate compounds were H-bond, pi-pi, and sigma—pi
interactions observed at the InhA binding site. The binding affinity of these
compounds was improved by hydrophobic interactions with hydrophobic side chains
in the InhA cavities. The four newly identified InhA inhibitors reported in this study
could serve as promising inhibitory compounds against Mycobacterium tuberculosis
and may be considered for further experimental studies. Consequently, the results
integrated from multiscale computer-aided molecular design approaches and
experiments may be successfully used as fruitful guidelines for the design of new and
highly selective inhibitors targeting PknB and InhA with higher efficiency for inhibiting

Mycobacterium tuberculosis.
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This research presents the synthesis of a semi-interpenetrating polymer network
(Semi-IPN) by UV polymerization. Hydrogels were used as adsorbents for removal of
methylene blue (MB) dye from an aqueous solution. The cassava starch-g-
polyacrylic/graphene oxide (GO) composite hydrogels prepared in this work were
divided into four sections: (i) Comparative adsorption of methylene blue on different
graphene oxide based adsorbents: experimental and theoretical study, (i)
optimization of the ratio of cassava starch-graft-polyacrylic acid hydrogels by UV
polymerization to obtain the best composition, (iii) from the best composition,
cassava starch-graft-polyacrylic acid was used as an adsorbent for adsorption of
cationic dyes, (iv) CSt-g-PAA/GO hydrogels with different weight ratios of GO were
fabricated, and the effect of GO contents on swelling behaviors were also studied.
The structure and properties of all samples before and after adsorption were
identified using the KBr pellet method /Fourier transform, infrared spectroscopy
(KBr/FTIR), X-ray diffraction (XRD), scanning electron microscopy (SEM),
thermogravimetric analysis (TGA), Brunauer-Emmet-Teller (BET), zeta-potential testing,
uniaxial tensile measurement, swelling, pH sensitivity, pH point zero charges (pHp,),
water-retention at various temperatures, and biodegradation. After identification, the

effects of parameters including the effect of initial concentrations, contact time,
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adsorbent dose, pH, temperature, salt solution, and reusability of adsorbents on MB
dye removal to achieve the maximum adsorption capacity were also studied. As a
result, (part 1) the adsorption capacity of MB was strongly dependent on contact time,
adsorbent dose, initial concentration, pH, temperature, and zeta potentials.
Adsorption kinetics suggested that the adsorption of MB on the GO-based adsorbents
most closely followed the pseudo-second-order model (R* = 0.99). The mechanism
of adsorption between MB and GO, rGO, and GO-COOH was aptly described by
Langmuir isotherms (R> = 0.99). The thermodynamic analysis suggested the
spontaneous and endothermic adsorption process. By comparison, the GO-COOH
exhibited the best adsorption performance for MB dye removal based on a novel PC
metric (91.12 mg/e.uM-1) with a high g, of 547 mg/g. Part Il) The result indicated that
the most optimized conditions viz. AA = 5 mL, CSt = 3 g, DMPA = 0.1 g, ECH = 3 mL,
H,O=70 mL and exposure time = 5 min, the water absorbency of CSt-g-PAA were
35,645% in distilled water. The pH,, of MB dye by CSt-g-PAA should be favored in
media with a pH greater than 6.01. It was found viz. reswelling capability that after
five cycles of a swelling and drying process the hydrogel samples can still retain a
high amount of water at approximately 21,032%. (Part Ill): the adsorption capacity of
MB was strongly dependent on contact time, adsorbent dose, initial concentration,
pH, and temperature. Adsorption kinetics suggested that the adsorption behavior of
MB on the CSt-g-PAA hydrogel best followed the pseudo-second-order model. The
mechanism of adsorption between MB and BG on CSt-g-PAA hydrogel was accurately
described by Freundlich isotherms. The thermodynamic analysis suggested an
endothermic adsorption process. By comparison in the same state, the CSt-g-PAA
hydrogel adsorbed MB more efficiently than the other dyes (95%, 44%, 8%, 4% for
MB, BG, MO, and CR, respectively). The regeneration indicated that the removal
efficiency decreased less than 20% even after six successive cycles of
desorption/adsorption compared to the original adsorption capacity. Thus, the CSt-g-
PAA adsorbent possesses high reusability for treatment of MB dye. On the basis of the
convenient synthetic process, favorable adsorption capacity, and high reusability, the
CSt-g-PAA composite gels hold great promise for the removal of dyes from

wastewater. (Part IV): CSt-g-PAA/GO composite hydrogels were synthesized for the
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removal of cationic dyes. The CSt-g-PAA hydrogel without GO contents has the
highest maximum swelling capacity at 35,645%. When adding GO powder to CSt
solution, the swelling capacity decreased from 33,546% to 25,126%, when the
amount of GO increased from 1 to 10 mg. The adsorption capacity of MB was strongly
dependent on contact time, adsorbent dose, initial concentration, pH, and
temperature. The adsorption kinetics suggested that the adsorption of MB on the
semi-IPN hydrogels followed the pseudo-second-order model. The mechanism of
adsorption between MB and hydrogels was aptly described by Freundlich isotherms.
The thermodynamic analysis suggested an endothermic adsorption process. By
comparison, the CSt-g-PAA hydrogel without GO contents exhibited optimal
adsorption performance for MB dye removal with a high g, of 856 mg/g and the dye

removal efficiency of this sample was approximately 96%.
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In this research, we have developed a fluorescence measuring system for food
safety assessment based on right-angle fluorescence spectroscopy for formalin
determining using nitrogen-doped carbon dots (N-CDs) as the fluorescence probe. The
AST72653 multispectral sensor was selected as a fluorescence photodetector that
measures 6 wavelengths. Each wavelength can measure and display the fluorescence
intensity from 0 to 65535 units. Two SV38 UV flashlights based on high-power light-
emitting diode were modified as excitation light sources due to their high light
intensity at wavelengths of 365 nm. The Arduino Uno microcontroller served as a
processor and all components were packed in a small black portable case.

The test results of performance and measurement accuracy showed that the
lisht intensity detected by multispectral sensors tends to be similar to that of
commercial spectrometers. The performance test result of excitation parts shows that
the light intensity of a high-power light-emitting diode decreases when turned it on,
but after 50 minutes, the emitted light intensity decreased very little. The possibility
test result shows that the fluorescence intensity emitted by quinine surface and N-
CDs based on silver mirror reaction increases with increasing concentration of quinine
and formalin, respectively. For a practical application, the formalin determination

results show a linear relationship over the formalin concentration range of 10-75 ppm
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with r? = 0.9908. The limit of detection was 2.09 ppm calculated from 3SDblank/slope
at n = 3. In addition, the performance of the system developed in testing with real
samples was found to be of no significant difference compared to the results of the
validation tool. Moreover, the percentage of relative errors compared with the
acetylacetone method is less than 5 percent. Therefore, the development of a

fluorescence measurement system can be used as a fluorometer.
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The main purpose of this work is to develop a small-scale chemistry experiment
concerning chemical equilibrium. Rubber latex waste was applied as a hydrophobic
reagent for screen printing on paper towels to pattern reaction zones. This low-cost,
simple, and rapid fabrication device is called a “paper towel-based experimental
device” (PTED). It can be used to demonstrate the factors affecting chemical
equilibrium, serving as a user-friendly means for a laboratory experiment. The
illustration of the factors affecting chemical equilibrium based on Le Chatelier’s
principle is implemented in the PTED. In this approach, the color change of a cobalt
(I complex reaction was observable by the naked eye on the PTED. In addition, the
chemical equilibrium constant (K) can be easily quantified by processing digital
images of the detection zones of PTED captured with a smartphone camera, while
image analysis was performed using Image) software. The obtained K. from this
method was pretty close to the standard method. This PTED was then implemented
with high school students to enhance their conceptual understanding of chemical
equilibrium, especially the topic of factors affecting chemical equilibrium. The
participants were 25 grade-11 students at Detudom School during the 2019 academic
year, obtained by purposive selection. The data collecting tool was the conceptual
understanding test on chemical equilibrium, containing 15 two-tier diagnostic test

items. The t-test for dependent samples analysis indicated that the post-conceptual
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test score (mean 56.89, SD 2.24) was significantly higher than the pre-conceptual test
score (mean 23.78, SD 4.49) at the 95% confidence level. After the intervention, the
percentages of students in the post-conceptual understanding tests both for the
sound conceptual understanding (SU) and the partial sound conceptual
understanding (PU) categories increased from 3.59 to 10.99 and from 12.43 to 64.51,
respectively. This PTED laboratory is a new approach for improving students' learning
about the concept of chemical equilibrium. Furthermore, the high ratings for the five
attitude attributes indicate that most students have a positive attitude towards the

paper-based experimental kit (mean = 4.57, SD = 0.30).
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The objectives of this research were to establish and determine the effectiveness
of projectile motion experiment sets for high school students, as well as to study high
school students’ understanding of the concept of projectile motion, and to study the
problem-solving skills of high school students who studied with an experimental set
of trajectory projectile launchers before and after receiving. The sample group used in
this research consisted of 9 10th-grade students in the second semester of the
academic year 2019, obtained by a selective selection method. The tools used in this
research consisted of a trajectory projectile launcher experiment set, a learning
management plan, a comprehension test, a problem-solving ability test, and a
behavioral observation form. The results showed that the researcher-created and
developed trajectory projectile experiment set was 95% scientifically efficient.
Students had a higher understanding of physics concepts at a significant .05 level.
Students had the ability to solve problems, and the average learning progress for the
whole class was at a moderate level, equal to 0.69. The students had a high level of
problem-solving improvement in the range of 0.72 - 0.92. The overall behavior of the

students throughout the learning activity involved active learning.
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The lack of educational opportunities and knowledge deficiency among Thai
educators and the paucity of research were found when educating students with
Asperger’s Syndrome (AS). AS is characterized by advanced cognitive abilities and
profound challenges in social functioning. Individuals with AS can be fully capable to
meet their true potential by understanding, support, and gcuidance from those
surrounding them. Therefore, this research was conceived to develop an alternative
approach to build an understanding of AS through an outcome-oriented instructional
design (the SHARE model), and to develop the Teacher Professional Development
(TPD) program as a deliverable of the SHARE model. The TPD program was designed
as the main deliverable to enhance knowledge transfer and knowledge retention. The
TPD program consisted of two sub-deliverables: a teacher training session and a web
application called “UBU Applied Science Learning Center.” The TPD program was
implemented to two groups of Thai educators, both in- and pre-service teachers, in
Ubon Ratchathani Province using a quasi-experimental and mixed-methods design.
The results and findings from the collected data revealed that this TPD program
significantly increased the level of knowledge and understanding of AS among the

participants. The contributions of this research were to create professional learning



487

communities of educators and to initiate the establishment of a new body of

knowledge on AS in Thailand.
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INVERSE SQUARE LAW OF LIGHT

This paper focuses on developing the concept of the inverse square law of light
in the form of STEM Education learning through interactive lecture demonstrations.
The samples consisted of university students in the Bachelor of Education (Physics)
program at the Faculty of Liberal Arts, Ubon Ratchathani University, in their first and
second-year, 19 and 24 students, respectively, selected through purposive sampling.
The objectives of this research were to 1) design and determine the efficiency of a
series of experiments on the inverse square law of light, 2) develop students’
understanding of the concept of the inverse square law of light by comparing the
results of scores before and after the STEM Education learning management through
interactive lectures, and 3) measure students’ satisfaction with STEM Education
learning management through interactive lectures. The results showed that the
efficiency of the STEM Education experiment through interactive lectures for first-year
students was at the E1/E2 level of 82/90 and for those in their second year, it was at
the E1/E2 level of 86/87. Both were higher than the set value at the 75/75 level. The
students’ normalized gains about inverse square law and the inverse square law of
lisht after learning were statistically significantly higher than before learning at the
level of .05. The average of student’s normalized gain for first-year students was 0.68,

which was a moderate gain level, and the second-year students were at 0.63 which
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was also a medium gain. The learning management system satisfied both grades of

students at the highest level.



