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ABSTRACT

TITLE : DEVELOPMENT OF AN ELECTROCHEMICAL SENSOR BASED ON
GRAPHENE NANOPLATELETS AND COPPER (I) OXIDE FOR THE
DETERMINATION OF CARBARYL IN AGRICULTURAL PRODUCTS

AUTHOR : JATUPORN DUANGTONG

DEGREE : MASTER OF SCIENCE

MAJOR : CHEMISTRY

ADVISOR : ASSOC. PROF. ANCHALEE SAMPHAO, Ph.D.
KEYWORDS : ELECTROCHEMICAL SENSOR, CARBARYL, GRAPHENE

NANOPLATELETS, COPPER (I) OXIDE

This research developed an electrochemical sensor based on graphene
nanoplatelets and copper (1) oxide modified on the surface of a glassy carbon electrode
to detect carbaryl. Graphene nanoplatelets were selected for development of the
electrochemical sensor due to their excellent electrical conductivity. Copper (I) oxide
was used as a redox mediator for the catalytic reaction of carbaryl. A physical
characterization of the modified materials was conducted by using scanning electron
microscopy (SEM), energy - dispersive X - ray spectroscopy (EDX), X - ray diffraction
spectroscopy (XRD), Fourier transform infrared spectroscopy (FT - IR) and X - ray
photoelectron spectroscopy (XPS). An electrochemical characterization of the modified
electrodes was conducted by using electrochemical impedance spectroscopy (EIS) and
cyclic voltammetry (CV). Carbaryl quantitative analysis was studied through differential
pulse voltammetry. The optimum conditions of the modified electrode were studied
for the determination of carbaryl. The optimal amounts of graphene nanoplatelets and
copper (I) oxide were found at 2.10 and 0.21 pug.mm?, respectively. In addition, the
optimum pH buffer solution was at pH 4. The electrochemical sensor was
experimentally evaluated with respect to a linear response range from 0.50 - 100 uM
carbaryl (r? = 0.999) with a sensitivity of 0.0919 pAuM™.mm?, a limit of detection
(3SD/slope) and a limit of quantification (10SD/slope) at 0.05 and 0.16 UM, respectively.

The repeatability (10 measurements) and reproducibility (5 sensors) were at 0.65 and
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0.79 % RSD, respectively. In addition, the stability of the proposed electrochemical
sensor was studied in intra - day and inter - day reported in terms of the relative
standard deviation (% RSD) and the retaining percentage, respectively. The percent RSD
for the intra - day study was at 0.42 %. The stability of the proposed electrochemical
sensor was retained 80.0 % of its initial value after 24 days. Moreover, interference was
investigated through organic compounds, cation and anion. Results demonstrated that
among all types of interference, none showed any interference for carbaryl
determination. However, carbamate insecticides had an effect on carbaryl
determination because of its analogous structure.

Moreover, the proposed sensor was applied to detect carbaryl residue in agricultural
samples. Samples (Rice, Chinese cabbage and Thai eggplant) and spiked samples (0.398
+ 0.007 mgkg?) were selected and studied. The results showed that the recovery
percentages resulted in the range of 97.40 - 101.40 %. Moreover, the results were
compared to HPLC standard technique in which the paired t-test statistics were verified.
There was no significant difference between the proposed method and the standard
technique (taicuation = 0.88 — 3.14, tyiica = 4.30 with 2 degree of freedom). In conclusion,
all results indicate that the proposed electrochemical sensor is a reliable and acceptable

application for the determination of carbaryl in real samples.
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ABSTRACT
TITLE : DEVELOPMENT OF AGRO-WASTE DERIVED MATERIALS FOR
INDUSTRIAL APPLICATION
AUTHOR : JAKKRAWUT KONGON
DEGREE : MASTER OF SCIENCE
MAJOR : CHEMISTRY
ADVISOR : ASST. PROF. SAISAMORN  LUMLONG, Ph.D.
CO- ADVISOR : ASSOC. PROF. PORNPAN  PUNGPO, Ph.D.
KEYWORDS : RICE HUSK, ZEOLITE A, DYE, ADSORPTION, CATALYSIS, ETHYLENE

This research investigates the feasibility of zeolite A. for use as an adsorbent for
dye removal from aqueous solutions and as a catalyst for ethanol dehydration to
ethylene. Materials studied were silica from different agricultural waste such as corn
leaves, cornstalks, corn husks, vetiver grass, rice straw, and rice husks. Agricultural waste
materials were washed with a solution of HCl then were rinsed with clean water and
were oven-dried. Afterward, it was incinerated at 700°C for 3 hours to remove organic
substances. The percentage yield of biomass ash from corn leaves, corn stalks, corn
husks, vetiver grass, rice straw, rice husks, and sticky rice husks equaled 6.6, 1.1, 1.0, 2.6,
3.0, 5.0, 14.5, and 14.2 percent, respectively. At the same time, biomass ash from
agricultural waste from varying sources provided high SiO, content (more than 99 wt%).
Accordingly, we chose rice husk biomass ash as a source of silica for zeolite A, since
rice husk yields the highest percentage of ash. Similarly, zeolite A was synthesized by
using commercial silica (LTA-CML), and rice husk silica (LTA-RH). Both zeolite A
structures were confirmed by X-ray diffraction (XRD). The morphology of LTA-CML and
LTA-RH revealed cubic crystalline particles 1-2 microns in size. The proportion of silicon
to an aluminum percentage by weight is 1, the Si/Al ratio was confirmed as zeolite A.
The efficacy of brilliant green (BG) dye adsorption of LTA-CML and LTA-RH was studied.
The optimum parameters for adsorption time and dosage were investigated. Adsorption
isotherms, kinetics, and thermodynamics were examined with an initial concentration

of dye of 100 ppm. LTA-CML and LTA-RH optimal dosage was found to be 20 g/L. The
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optimal contact time was found to be 60 minutes, with an adsorption efficiency of
98%. The adsorbents LTA-CML and LTA-RH yield isothermic effects corresponding to

the Langmuir isotherm as monolayer adsorption. Kinetic studies demonstrated that the

absorption followed a pseudo-second-order model. The positive entropy (AS°)
changed, indicating that the adsorption process resulted in the increased
disorganization of the sorbent molecules and the adsorbent at the junction of the
sorbent surface area and the adsorbent. Positive enthalpy (AH®) indicates that the
adsorption process is an endothermic reaction. And the Gibbs energy (AG®) of
adsorption was negative, indicating that the adsorption process occurred
spontaneously.

In addition, LTA-CML and LTA-RH were used as dehydration catalysts from ethanol to
ethylene under atmospheric pressure with a temperature range of 200 to 400 ° C. The
results showed that the LTA-CML catalyst exhibited the highest ethanol conversion
value at 400 ° C. Ethanol was up to 40%, ethylene selectivity was 87%, resulting in an
ethylene yield of 35%. The LTA-RH catalyst was also studied, showing the ethanol
conversion factor was up to 36%, the ethylene selection was 86%, and the ethylene
yield was 31% at 400°C. However, the dehydration of ethanol to ethylene was similar
in both types of zeolite A. The effect on ethanol conversion was relatively low. Thus,
it was modified with tungsten (W) by an incipient wetness impregnation method (LTA-
CML-W and LTA-RH-W). Morphological characteristics were found to have a normal
shape and similar size. However, they have small dots of tungsten on the surface of
zeolite A. The improvement of zeolite A with tungsten had little or no effect on
morphology. It was found that the tungsten modification had an effect on the negative
value zeta potential observed on the surface of the catalysts. These modifications
resulted in increasing the negative charges on the surface of LTA-CML-W and LTA-RH-
W. It appears that the LTA-CML-W catalyst exhibits the highest catalytic activity, at 52%
ethanol conversion, with an ethylene selectivity of 96%, resulting in an ethylene yield

of 50% at 400°C.
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ABSTRACT

TITLE : MIMICKING PEROXIDASE-LIKE ACTIVITY OF NITROGEN-DOPED
CARBON DOTS COUPLED WITH LAMINATED THREE-DIMENSION
MICROFLUIDIC PAPER-BASED ANALYTICAL DEVICE FOR
DETERMINATION OF TOTAL CHOLESTEROL IN WHOLE BLOOD

AUTHOR : NATTASA KITCHAWENGKUL

DEGREE : MASTER OF SCIENCE

MAJOR : CHEMISTRY

ADVISOR : ASSOC. PROF. PURIM JARUJAMRUS, Ph.D.

KEYWORDS : NITROGEN DOPED CARBON DOTS (N-CDs), HYDROTHERMAL

SYNTHESIS, PEROXIDASE-LIKE ACTIVITY, COLORIMETRIC DETECTION,
TOTAL CHOLESTEROL, LAMINATED 3D-uPAD

This thesis presents a simple hydrothermal synthesis of nitrogen-doped carbon
dots (N-CDs), in combination with microfluidic paper-based analytical devices (UPAD),
and their application for colorimetric determination of total cholesterol (TC) in human
blood. The N-CDs were characterized by various techniques including transmission
electron microscopy (TEM), X-ray photoelectron spectroscopy (XPS), and X-ray powder
diffraction (XRD), and the optical and electronic properties of computational models
by using time-dependent density functional theory (TD-DFT). The characterization
results confirmed the successful doping of nitrogen onto the carbon dot surface. The
N-CDs exhibited high affinity with 2,2"-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)-
diammonium salt (ABTS) with the Michaelis—Menten constant (K,,) of 0.018 mM in a test
for their peroxidase-like activity. In particular, since hydrogen peroxide (H,0,) is the
oxidative product of cholesterol in the presence of cholesterol oxidase, a sensitive and
selective method of cholesterol detection was developed. Overall, the obtained results
from TD-DFT confirm the strong adsorption of H,O, on the graphitic N positions of the
N-CDs. The laminated 3D-uPAD featuring a 6-mm circular detection zone was fabricated
using a simple wax screen printing technique. Classification of TC according to the

clinically relevant criteria (Healthy 96-201 mg dL(2.5 - 5.2 mM), Borderline 201-274 mg
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dL? (5.2- 6.2 mM) and High risk >274 mg dL™ (>7.5 mM)) could be determined by the
naked eye within 10 minutes through simple comparisons employing a color chart.
Overall, the proposed colorimetric device serves as a low-cost, rapid, simple, sensitive,
and selective alternative for TC detection in whole blood samples that is easy for

unskilled end-users to use.
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ABSTRACT

TITLE : ENHANCEMENT OF SELECTIVITY AND SENSITIVITY FOR A NOVEL
COLORIMETRIC DETERMINATION OF GLYPHOSATE USING MN-ZNS
QUANTUM DOTS EMBEDDED MOLECULARLY IMPRINTED POLYMERS

AUTHOR : PORNCHANOK SAWETWONG

DEGREE : MASTER OF SCIENCE

MAJOR : CHEMISTRY

ADVISOR : ASSOC. PROF. MALIWAN AMATATONGCHAI, Ph.D.

KEYWORDS : Mn-ZnS QUANTUM DOT, MOLECULARLY IMPRINTED POLYMERS,

GLYPHOSATE, COLORIMETRY

This thesis presents the development of a highly sensitive and selective
colorimetric assay for glyphosate herbicide in whole grain samples. The colorimetric
detection is based on the catalytic activity of Mn-ZnS quantum dot embedded MIP
nanoparticles (Mn-ZnS QD-MIP) on the reaction of ABTS oxidized by an H,O,.
Glyphosate imprinted polymer successfully synthesized on an Mn-ZnS QD surface using
a poly (N-isopropyl acrylamide) (NIPAM) and N, N-methylene bisacrylamide (MBA) as
the functional monomers, 2,2"-azobis (2-methyl propionitrile) or AIBN as an initiator, and
glyphosate as a template molecule. Its catalytic activity depends on the binding or
non-binding of glyphosate molecules on the synthetic recognition sites of the Mn-
ZnS QDs-MIP. Glyphosate analysis demonstrates its binding on the cavities embedded
in the Mn-ZnS QD surface, and subsequent turn-off or inhibition of ABTS oxidation and
with a clear color change to light green. The change of reaction color from dark to light
green depends on the concentration of glyphosate. Development of a colorimetric
assay for glyphosate determination was carried out based on two approaches: (i) UV-
Visible spectrophotometry for glyphosate detection in the solution, and (i) a three-
dimensional microfluidic paper-based analytical device (3D-uPAD) detected by images
captured via digital camera and sent to the ImageJ program.

UV-visible spectrophotometry was used to monitor changes in absorbance during

the reaction. Glyphosate inhibits the oxidation of ABTS by binding to the recognition
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sites of Mn-ZnS QD-MIP. This inhibition suppresses the generation of OH from H,0,,
thereby blocking the oxidation of the ABTS colorimetric probe. The distinctive color
change of ABTS, from dark to light green, and the appearance of a maximum absorption
wavelength at 420 nm was observed. Optimal conditions were as follows: using an Mn-
ZnS QD-MIP concentration of 50 ug mL', an ABTS concentration of 30 mM, an H,0,
concentration of 90 mM, along with an acetate buffer solution (0.2 M, pH 2.0), for a 20
minute incubation period at 35 °C. The developed colorimetric in the solution assay
exhibits a linear calibration over the range of 0.01-30 pg mL™, with a linear correlation
coefficient (r?) of 0.9920.

The three-dimensional microfluidic paper-based analytical device (3D-puPAD) is a
portable, disposable, and cost-efficient alternative technology. The 3D-uPAD was
fabricated by screen-printing using the relatively new material of penguard enamel
color to create a hydrophobic barrier. The foldable 3D-uPAD is comprised of three
layers (top/middle/bottom) designed as detection zones, an immobilized Mn-ZnS QD-
MIP disc and sample loading. The assay on 3D-pyPAD can determine glyphosate by
ImageJ detection, over a working range of 0.005 to 50 pg mL™, with a detection limit of
0.002 pg mL™. The 3D-uPAD that was developed gives acceptable recoveries ranging
from 80.6% to 119.9% and a high level of precision with %RSD values from 0.1% to
6.3%. Our 3D-uPAD is highly accurate with a small percent of relative difference from a
certified value of CRM, e.g. 0.4% for intraday and 0.7% for inter-day. Finally, the
fabricated 3D-uPAD provides solid reproducibility (1.7 % RSD for 10 devices of 0.05 ug
mL™ glyphosate determination). The developed 3D-uPAD was successfully applied to
determine glyphosate concentrations in whole grain samples. The final development
can be applied as an alternative technique due to its highly selective and sensitive
colorimetric method, well-suited to food-quality control and on-site environmental-

monitoring applications, without requiring sophisticated instrumentation.
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ABSTRACT
TITLE : DEVELOPMENT OF GEOPOLYMER FOR DYE INDUSTRIAL AND HEAVY
METAL REMOVAL
AUTHOR : WARANGKANA KITTIWONGWISAN
DEGREE : MASTER OF SCIENCE
MAJOR : CHEMISTRY
ADVISOR : ASST. PROF. SAISAMORN LAMLONG, Ph.D.
KEYWORDS : ADSORPTION, GEOPOLYMER, DYE RICE HUSK, FLY ASH

The aim of this work is to study removal of dyes and heavy metal ions from
aqueous solutions by using geopolymers synthesized from metakaolin and commercial
silica-extracted from rice husks and fly ash from the Mae Moh power plant for preparing
sodium silicate (Na,SiOs). Non-treated fly ash was used as an absorbent. The adsorbent
materials were characterized by X-ray Diffraction (XRD), X-ray Fluorescence (XRF)
Scanning Electron Microscope (SEM), Brunauer-emmett-teller or (BET) and Fourier
Transform Infrared Spectroscopy (FT-IR). Based on the adsorption efficiency of the
geopolymers from commercial Na,SiO; (GEO8M5D) for methylene blue and brilliant
green dyes, it was found that the adsorption efficiency for both dyes are higher than
90%. The optimum parameters for adsorption including adsorbent dosage and
adsorption time, adsorption isotherm, kinetic, thermodynamic and regeneration test
parameters were studied at the initial dye concentration of 300 ppm. The optimum
dosage is 20 g/L. The contact time is 60 minutes. The adsorption efficiency is 95%. The
regeneration of GEO8M5D can be obtained for 9 cycles (g. = 296.92 mg/g). The
geopolymer prepared from rice husks (RH) and fly ash (GSiRH and GFA) for MB removal
were also investigated. The results showed that the adsorption efficiency of GSIRH is
higher than GFA. Therefore, GSIRH was selected for the optimal conditions for the study.
The results showed that the optimum dosage is 40 g/L, the contact time is 60 minutes
and the adsorption efficiency is 91%. The regeneration of GSIRH can be obtained for 4
cycles (ge = 71.92 mg/9). Fly ash’s adsorption efficiency for removing brilliant green was

investigated. It was found that the optimum dosage is 4 g¢/L, the contact time is 30
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minutes and the adsorption efficiency is 93%. The regeneration of fly ash can be
obtained for 3 cycles (g. = 227.10 mg/9).

The adsorption isotherm onto GEO8M5D, GSiRH and fly ash corresponded well to
the Langmuir isotherm which described the monolayer adsorption. Kinetic study
showed that the adsorption was followed the pseudo-second-order model. The
thermodynamic properties of the adsorption and the positive value of ASo indicated
the increment of instability and randomness at the dye interaction interface which
resulted from the excess endothermic heat. Negative AHo and AGo indicated that the
dye adsorptions are an endothermic and spontaneous physisorption, respectively.

In addition, application of GEO8M5D was used for heavy metal removal from a
solution. The adsorption efficiency of Cr(lll), Zn(ll) and Cd(ll) onto GEO8M5D are 90.68,
92.86 and 93.48%, respectively. The result indicated that GEO8M5D can be used to
reduce heavy metals from the solution. Therefore, these results indicated that the
synthetic geopolymer and the fly ash can be used as potential adsorbents for dye and

heavy metal removal from industrial wastewater.
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INHA INHIBITORS AS ANTI-TUBERCULOSIS AGENTS
AUTHOR : ISSARAPORN  SAENGLAM
DEGREE : MASTER OF SCIENCE
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In this research, molecular modeling and computer-aided molecular design
approaches were applied to study and design novel inhibitors as anti-tuberculosis
agents. Enoyl-ACP reductase (InhA) enzyme of Mycobacterium tuberculosis is one of
the enzymes responsible for the synthesis of mycolic acid which is the main
component in Mycobacterium tuberculosis cell walls. Moreover, it is also an attractive
target of isoniazid, the first line drug for tuberculosis treatment. However, the efficiency
of isoniazid has decreased due to KatG enzyme mutation, which is responsible for
activating isoniazid. Therefore, inhibitors with different isoniazid mechanisms that can
directly inhibit InhA (direct InhA inhibitors) are a key to developing anti-tuberculosis
drugs opposed to isoniazid drug resistance. Benzimidazole derivatives are the first target
of direct InhA inhibitors. Benzimidazole derivatives were designed based on a structural
modification of 2, 3-dihydro-1H-indane group and converted oxygen atoms to nitrogen
atoms using the bio-isostere principle. This screens for aromatic ring substitutions to
increase hydrogen bonding, TT-TT, TT-cation and TU-sigma interactions between inhibitors
with the binding pocket of InhA. Then, selected compounds were collected based on
Lipinski's rules of five, pharmacokinetic properties and toxicity. Molecular docking
calculations, molecular dynamic simulations and binding energy calculations were
studied and used to selected potential compounds for further synthesis based on the

good binding affinity and crucial interactions. Five compounds (AN19, AN25, AN30, AN55
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and AN63) were selected for synthesis and characterization by H-NMR, *C-NMR and
DEPT-135 and mass spectrometry. The InhA inhibitory of compounds were evaluated
in concentrations of 1 uM of the synthesis compounds. The results showed that
compounds, AN19, AN25 and AN63 displayed inhibitory activity with 21.25, 18.83 and
18.53%, respectively. Whereas, triclosan, a reference InhA inhibitor and compound 7,
a reference benzimidazole, showed inhibitory activity at 28.36% and 44.349%,
respectively. Three novel compounds showed statistically significant differences as
compared to both reference compounds. The anti-Mycobacterium tuberculosis,
caseum fraction unbound and maximum recommended tolerated doses (MRTD) using
a mycoCSM prediction of five compounds and compound 7 were predicted. These
values are not statistically significant different as compared to compound 7 and
compound AN19 showing the lowest MRTD. Moreover, hepatotoxicity was predicted
using a pkCSM prediction. Compounds AN19, AN55 and 7 revealed no hepatotoxicity.
Therefore, potential computer-aided molecular designs provided the outlines for a
rational design of novel and more potent treatments of Mycobacterium tuberculosis
based on benzimidazole derivatives. The second target in this study were pyrrolyl
benzohydrazide derivatives. The results were derived from molecular docking
calculations, molecular dynamic simulations and binding energy calculations aided to
understand the binding mode and binding interactions in the binding pockets of InhA
including hydrogen bonds and hydrophobic interactions. In addition, molecular
dynamic simulations were used to investigate the key structural information. The
obtained key interactions are hydrogen bond interactions with Gly96 as well as
hydrophobic amino acid and NAD" cofactor residues in the binding InhA pocket. Based
on the results from this study both benzimidazole and pyrrolyl benzohydrazide
derivatives can provide fruitful information for further design of novel inhibitors as

highly potent approaches to solving the problem of resistance to isoniazid.
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TITLE : RISK ASSESSMENT SYSTEM FOR CARDIOVASCULAR DISEASE AMONG
DIABETES BY USING MULTILAYER PERCEPTRON NEURAL NETWORK
AUTHOR : THANASITH SANANMUANG
DEGREE : MASTER OF SCIENCE
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ADVISOR : ASST. PROF. WONGKOT SRIURAI, Ph.D.
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DISEASE, FEATURE SELECTION, RISK CLASSIFICATION

The objectives of this research were 1) to develop a classification model for
identifying the risk of cardiovascular disease in patients with diabetes using a multi-layer
perceptron neural network, 2) to develop a model of a risk assessment system for
cardiovascular disease in diabetic patients in a web application format and 3) to study
the satisfaction of users of the cardiovascular risk assessment system for diabetics. The
data was collected from the information system of Sanphasitthiprasong Hospital
consisting of 2,036 records of diabetics between 2007 - 2019, including the general
information of patients including gender, age, smoking and laboratory blood tests. This
data were rebalanced by using the SMOTE method, increasing the amount of data from
100% to 400%. After that, we applied a feature selection through the Information Gain
(IG) method compared to the Chi-Square method with a multi-layer perceptron neural
network. The results of the 10-fold cross validation model evaluation found that the
risk classification of cardiovascular disease in diabetics was selected by the Information
Gain (IG) method along with the multilayer perceptron neural network method.
Multilayer perceptron neural networks are the most effective. The accuracy of the
classification was 98.03%. The results were assessed by two groups of users, first
involved six experts and second involved fourteen users using questionnaires. The
results showed that the average expert satisfaction level was high (X = 3.85, SD = 0.57),

and the average of general user satisfaction level was also high (X= 3.88, SD = 0.56).
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The risk assessment system for cardiovascular disease in diabetic patients can be

practical and support the work of doctors.
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ABSTRACT

TITLE : FOSTERING GRADE 4 STUDENTS’ CREATIVE THINKING ON MATERIAL
PROPERTIES THROUGH STEM EDUCATION ACTIVITIES ENTITLED
“A YOUNG ENGINEER”

AUTHOR : JEERAYA SANKOT

DEGREE : MASTER OF DEGREE

MAJOR : SCIENCE EDUCATION

ADVISOR : ASST. PROF. KARNTARAT WUTTISELA, Ph.D.

KEYWORDS : STEM EDUCATION, MATERIALS AND PROPERTIES OF MATERIAL,

ENGINEERING DESIGN, CREATIVITY

This research aimed to compare students’ creativity before and after learning and
to study students’ comprehension of each stage of the engineering design process (EDP)
in a STEM learning management of 24 students at grade four in the second semester
during the academic year 2020. The research plan involved a one shot case study, pre-
test and post-test, and the One-Group Pretest-Posttest Design. Research instruments
involved the STEM learning management plan, rubric scoring, and a 4-question
subjective test. The results found that students who studied with STEM Education had
a higher score for creativity than the score they had before learning with the new
method, with a significant difference of .05. The average normalized gain score on
creativity was 0.60 which was at a medium level. The highest score was that for involved
elaboration, for STEM education reinforces designing and planning prior to undertaking
problem-solving to find the best solutions. The results of students’ EDP on floating
houses with LED was 84.72%. The highest mean score was that for presentation (mean
= 95.83%). This was because problem-solving in the EDP required systematic designing
and planning rather than just the trial-and-error method. Students then solved
problems with new insights resulting in their eloquent, accurate presentations of what

they had learned.
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ABSTRACT

TITLE : THE DEVELOPMENT OF GRADE 10 STUDENT’S LEARNING
ACHIEVEMENT IN THE TOPIC OF CELLULAR RESPIRATION USING 5E
INQUIRY-BASED HANDS-ON ACTIVITY

AUTHOR : THANADPORN RITADSO

DEGREE : MASTER OF SCIENCE

MAJOR : SCIENCE EDUCATION

ADVISOR : ASST. PROF. SUPAPORN PORNTRI, Ph.D.

KEYWORDS : LEARNING ACHIEVEMENT, CELLULAR RESPIRATION, 5E INQUIRY-

BASED HANDS-ON ACTIVITY

This research aimed to 1) investigate the efficiency (E1/E2) and effectiveness (E.I.)
of the 5E inquiry-based hands-on activity on the topic of cellular respiration, 2) compare
the pre-test and post-learning achievement, and 3) investigate students’ learning
progression. Research methodology comprised of a developed learning activity, an
achievement test and the implementation to the samples consisting of 33 grade-10
students selected by cluster random sampling. Data were collected from the pre- and
post- achievement test which consisted of 4 items of 4 multiple choices test and
worksheets. This activity was 9 hours long and comprised of 5 steps: engagement,
exploration, explanation, elaboration and evaluation. The results showed that 1) the
efficiency and the effectiveness of this activity were 86.88/85.15 and 0.7978,
respectively which were higher than the standard 80/80 and 0.5, respectively, 2) the
students’ post-achievement (86.68) was significantly higher than the students’ pre-
achievement, (p<0.5), and 3) students’ learning progression was 79.78%, categorized at

the high gain level.
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SIMPLE MOMENT EXPERIMENT
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MAJOR : SCIENCE EDUCATION
ADVISOR : ASST. PROF. SURA WUTTIPROM, Ph.D.
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OF MOMENT

This study sought to develop an experiment set and develop students’ scientific
concepts about moments. The participants involved 24 grade 8 students at the Princess
Chulabhorn Science High School, Buriram, during the second semester of the 2019
academic year. The research method involved a one-group pretest-posttest design.
The research tools included a simple moment experiment, lesson plan, and a scientific
concept assessment with a t-test for dependent samples, Hake’s normalized gain <g>,
and Pearson's product moment correlation. The results revealed that the simple
moment experiment was effective for student’s learning having an error percentage set
at 5%, and the quality of the simple moment experiment was also assessed by physical
experts and found to be at a high level mean of 3.80 out of 4.00. Similarly, the scientific
concept posttest scores were higher than pretest scores at a confidence level of .05
significance and it was found that the students had a learning progression that averaged
a normalized gain in a high gain (<g>=0.8) to demonstrate the high progression. In this
case, the relation of the post-experiment question scores and the posttest scores were
statistically significant at a 0.5 level, with the Pearson's product moment correlation
coefficient rXY at 0.755. The results suggested that the simple moment experiment
could be used to develop students’ scientific concepts concerning the equilibrium of

moment.
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The goal of this research were to compare students’ creativity with stones and
fossils before and after learning through STEM Education learning management and to
study student satisfaction with this method. The sample group consisted of 33 Grade
6 students, selected by cluster sampling, in the second semester of the academic year
2020 at Municipal School 5 (Hat Yai Temple) in Songkhla Province. The tools used for
data collection were comprised of lesson plans based on STEM Education, namely
stones and fossils, a creativity test, and a questionnaire. Statistical parameters used in
this study consisted of mean, percentage, standard deviation, and a t-test for
dependent samples. The results of this study demonstrated that the students’ pretest
and posttest scores viz. creative ability were 30.33 and 35.15, respectively, and

students’ attitude towards STEM Education was at the highest level.
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The purpose of this research was to compare 5E competency before and after
learning, learning retention, and student satisfaction on the topic of the structure and
function of flowering plants employing inquiry-based learning. The instruments
consisted of four 5E inquiry-based learning plans, achievement tests, and satisfaction
questionnaires. The target group involved forty-eight students of grade 11/1 in
Donmoddaeng Wittayakhom School, Donmoddaeng district, Ubon Ratchathani
Province, during the first semester of academic year 2019. The results showed that
(1) the post-achievement test was significantly higher than the pre-achievement test
at the 0.05 level of statistical significance (2) the retention of learning after 20-days was
different from the post-test at the 0.05 level of statistical significance and

(3) the students satisfaction was the highest level, with a mean score of 4.88.
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TITLE : DEVELOPMENT OF STEM EDUCATION ACTIVITIES ENTITLED
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This research compares integrated science process skills and students’ learning
acquisition before and after learning concepts concerning mixture separation by way of
a STEM education management system on the topic of, “A Little Thai Dessert Chef.”
Participants were 16 grade 6 students selected by means of purposive sampling during
the second semester of the 2020 Academic Year at Nonlaingkrungjarern School,
Buntharik district, Ubon Ratchathani province. Research instruments involved lesson
plans for STEM education, learning achievement tests, and integrated science process
skill tests. Results indicated that students who were taught through a STEM education
activity had post-test mean of integrated science process skill at 10.31 which was higher
than the pre-test mean of 4.06. Moreover, the post-test mean of learning achievement

at 22.75 was also higher than the pre-test mean at 6.50.
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This research aims to 1) investigate the efficiency (E,/E,) and effectiveness (E.I.) of
inquiry-based science games on the topic of the organ systems in our body, 2) compare
pre—and post-learning achievement and 3) investigate the progression of student
learning. The research methodology is comprised of developing learning activities and
achievement tests and implementing them to samples consisting of one class of grade-
8 students selected by a random cluster sampling. The data was collected from a pre-
and post-achievement test which consisted of 42 items of 4-multiple choice tests and
worksheets. This activity was 14 hours long and comprised of 5 steps: learner engaged
in scientifically oriented questions, learner gave priority to evidence in responding to
question, learner formulated explanations from evidence, learner connected
explanations to scientific knowledge, and leamer communicated and justified
explanation. The results showed that the efficiencies of this activity were 79.42/81.46
and the effectiveness was 0.7385. The students were able to improve their pre-learning
achievement from a low level (24.89%) to a very good level for the post-learning
achievement (81.46%), (t= 24.28, p= .00). In addition, students’ learning progression
was 73.85, categorized at the high gain level.
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This research aimed to 1) investigate the efficiency (E;/E,) and effectiveness (E.I.)
of the young doctor Inquiry activity on the topic of the organ system in our bodies, 2)
compare the pre-test and post-learning achievement, and 3) investigate students’
learning progression. Research methodology comprised of learning activity plans and
achievement test and the implementation to the samples consisting of 30 grade-8
students of class 2/17 from Yasothonpittayakom School, Mueang Yasothon District,
Yasothon Province who were studying in the first semester of the 2019 academic year
and selected by cluster random sampling. Data were collected from the pre- and post-
achievement test which consisted of 35 items of 4 multiple choices test and
worksheets. This activity was 12 periods long and comprised of 5 steps: step 1) student
engages in scientifically oriented questions, step 2) student gives priority to evidence in
responding to question using the hands-on activity, step 3) student formulates
explanations from evidence, step 4) student connects explanations to scientific
knowledge and step 5) student communicates and justifies explanations. The results
showed that 1) the efficiency and the effectiveness of this activity were 83.83/86.76
and 0.7941, 2) the students’ post-achievement was significantly higher than the
students’ pre-achievement, (p<0.5), and 3) students’ learning progression was 79.41%,

categorized at the high gain level.
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This research aimed to 1) compare problem-solving abilities before and after
learning by using a STEM education management system on the topic of “Handmade
Candles” and 2) study student satisfaction with the STEM Education design. The
participants were 40 grade 5 students selected by purposive sampling in the second
semester of the 2020 academic year at the Moolanit Watsriubonrattanaram

School, in the Mueang District, Ubon Ratchathani. These experiments concerning
problem-solving abilities were conducted by using a single group through a pretest-
posttest approach while the research into student satisfaction was through a “one
shot” case study. The research instruments consisted of a STEM education lesson plan
on the topic of “Handmade Candles”, worksheets, problem-solving ability tests, and
evaluation forms. The results indicated that students’ problem-solving abilities when
taught by means of STEM education had a post-test mean of 9.93 which was higher
than the pre-test mean of 4.25. Students’ satisfaction towards the STEM education

design was at a high level mean of 4.59.



M4(-46-

o/
unnnes

4:4' ax = A o % = o a
1509 - BMTFUEZNONRILIAMNNANIAUSTTUYIRYDILASLAY

IGNEANELRETI
ekl : ausnY adn
Bouseya : ANYNEIER TN UUD
A3 © ANYIAERIANY

[

91ENUSNW 1 {AeansIansed as.end N1
AdNRLY

AUnla, FBNsEULENE, ANUSAIMULEY, WaviAuAans
meifeateiiitagussasd iewmunnudlavesineuieafusssuriveuaay
wandasvadialaeldiSnsduiany waziiofnwiauiamuvesnudilaiiliainnisda
AanssunsBouiifenfusssurivosuasuasuandasuadin ﬂfjméfaasiwﬁii’ﬂumﬁ%’aﬂ%mf
HuthZeusisoufnuduld 5 lsadouslassfineren Saminelass Ineduiiesnauuy Cluster
random sampling $1u7u 37 Ay 1a3esileldlun1s3de liun unun1sdanisiFeusuuy
duanzuuuinenudiladosssmrivesuauasuandasade dannudesiuminiu .89

Anneideyalinzuuuiede affinimaaeu ttest dmfusetnailidaszsoiu
NAMTIToNUI AzuuuRABTRsHadgE I BsuvesiniFouisium o es
5ITUYIAVDIUAILAZUAUTUIVATA VRN IUNAINITIANTTBUTUUUEUEE daninfeu

[y

SeuegaildedAyneaiiin N5eu .05 AMUSAMNUYDILNITYUTOIEITUYIAVDILAUAT LAY

[y

WasvIAain aglusEAURNIN KATAZLUUNEINITIANITIOUTUUVAUEIATIN 2 (WatTusyes

o w

N13aRUADIAUAMLNLANAININAZ LULADUTUTINA IS BUIUUNIEBY 98 iltd Ay nIsaiadg

S¥AU .05



M4-47-

ABSTRACT
TITLE : INQUIRY-BASED APPROACH TO DEVELOP UNDERSTANDING ON
NATURE OF LIGHT AND GEOMETRIC OPTICS
AUTHOR : ANURAK SANGUD
DEGREE : MASTER OF SCIENCE
MAJOR : SCIENCE EDUCATION
ADVISOR : ASST. PROF. UDOM TIPPARACH, Ph.D.
KEYWORDS : LEARNING ACHIEVEMENT, INQUIRY METHOD, RETENTION, LIGHT

AND OPTICS

The objective of this research were to develop students’ concepts about the
nature of light and geometric optics using the inquiry method (5E) and to study the
student’s retention rate of concepts gained from the learning activities about the nature
of light and geometric optics. The random cluster samples were taken from 37 students
in Mathayonmsuksa 5, Yasothon Phitthayakhom School, Yasothon. The research
instruments involved a study plan based on the inquiry method and a pre-test and
post-test on the nature of light and geometric optics with a reliability of 0.89, analyzed
by an average score and t-test for dependent samples. The results show that the
average post-test score of students’ learning achievement on the nature of light and
geometric optics increased, when compared with that of the pre-test, with a statistical
significance of a .05 level. The student’s retention rate was at a very high level and the
average post-test score of the students’ learning achievement after the two-week was
not different with a statistical significance of .05 level when compared with that of the

immediate test after completing the lessons.
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Science-related experimental learning activities were developed to enhance the
understanding of the concepts of electricity and magnetism for primary school
students. The research aims to 1) develop a set of experimental activities about
electricity and magnetism as one approach to learning about science for primary school
students, 2) enhance students’ learning achievement using an inquiry- based method
and 3) study the learning retention rate of the students. The research tools consist of
an experimental activity set, inquiry-based learning management plans, and a pre- and
post-test. The study involved 17 grade-6 students who were studying in the 2019
academic year and were chosen by a purposive selection. The research design was one
group pre- and post-test. Statistics used in this work were percentage, mean, standard
deviation, t-test for dependent samples and a learning retention test. The findings
showed that 1) the E,/E, effectiveness of the experimental set was 88.77/77.94 which
complied with the 75/75 standardized criteria, 2) the average of students’ post-test
achievement scores was higher than that of the pre-test at the statistical significance
of .05, and 3) the retention rate after two weeks was at a high level for those students

learning science by using this inquiry-based method.
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The purpose of this research was to 1) compare learning achievements, 2) study
students’ learning development and retention of concepts concerning Newton's laws
of motion and 3) study students’ attitudes towards active learning procedures for grade
10 students. The sample group used in the research involved one classroom consisting
of 14 grade 10 students from Laopracha u-tid School, Khamcha-i District, Mukdahan
Province, selected by means of a specific method. The tools used involved an
achievement test, an evaluation form, and data was analyzed by using percentages,
mean scores, standard deviations and T-tests for dependent samples.

The results demonstrated that (1) after learning Newton's laws of motion
structured through an active learning process, the students’ average achievement score
was significantly higher than before, with a significance level of .05., (2) learning progress
was at a “medium gain” level and knowledge retention of Newton's law of motion was
at an optimal level, and (3) the students taught Newton's laws of motion in this manner

had a very positive attitude towards active learning.
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Layered double hydroxides (LDHs), also known as hydrotalcite-like compounds
(HTlcs), are anionic clay materials. LDHs have attracted enormous interest as they are
readily synthesized in laboratories and at low cost. They also contain a good
biocompatibility, non-toxicity, large surface area, high catalytic activity, chemical
stability, sood adsorption ability and anion exchange. This work is focused on the
application of LDHs as peroxidase enzyme mimic and dye adsorbent.

For the application of LDHs as peroxidase enzyme mimics, a new, rapid, sensitive
and convenient approach for colorimetric detection of H,0, using Fe'Fe" layered
double hydroxide nanosheets (Fe'Fe" LDHNS) was reported. The Fe'Fe" LDHNS were
constructed from a mixture of divalent and trivalent Fe ions using a co-precipitation
method. Fe'Fe" LDHNS were found to possess a superior intrinsic peroxidase-like
activity. They were used for catalyzing the oxidation of a peroxidase substrate 3,3",5,5-
tetramethylbenzidine (TMB)  and 2,2'—azino—bis(?)—ethytbenzo—thiazoLine—6—sulfonic
acid)-diammonium salt (ABTS) in the presence of H,O, to produce a blue and green
solution product, respectively, which provided a colorimetric detection of H,0,. The
colorimetric detection of H,0O, experiments was carried out by incubating at room
temperature at the convenient operation. Moreover, for the ABTS substrate, the

experiment was successfully carried out in deionized water at pH around 5.6 which can
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be easy to manipulate. The colorimetric assays displayed linearity for H,0,
determination by using TMB and ABTS systems in the range of 0.1-50 pM and 0.5-20
bM, and the corresponding limits of detection were found to be 0.05 pM and 0.2 uM,
respectively. This selective approach could be applied for H,0, detection in real milk
and disinfectant samples. The proposed method is expected to have more potential
for a precise detection of H,0O, in biotechnology, food industry, clinical diagnosis life
process and other industries.

In addition, LDHs was also used as a dye adsorbent. Composite materials consisting
of magnetite nanoparticles (Fe;O, NPs), reduced graphene oxide (rGO), and ZnAl
layered double hydroxides (ZnAl-LDHs) denoted as Fe;0,/rGO/ZnAl-LDHs have been
successfully prepared. GO was used as an oxidizing agent to oxidize Fe* into Fe;O,.
Then, Fe;04/rGO was formed via the spontaneous in-situ deposition of Fe;Oq4
nanoparticles onto the self-reduced GO surface. ZnAl-LDHs were formed by a co-
precipitation method with molar ratio of Zn**:A** = 3:1 and attached with Fe;0,/rGO
sheets via electrostatic attraction and hydrogen bonding resulting in Fe;04/rGO/ZnAl-
LDHs as a magnetic adsorbent. This magnetic adsorbent can be easily separated from
aqueous solutions by using an external magnet. Fe;04/rGO/ZnAl-LDHs were applied as
an adsorbent to remove anionic methyl orange (MO) and cationic brilliant green (BG)
from the aqueous solution. The results showed that MO removal reached equilibrium
at 60 minutes and the effective pH range was found to be 4.0-10.0. The removal of BG
was obtained within 360 minutes at an effective pH range of 6-7. The adsorption kinetics
and isotherm of both organic dyes followed the pseudo-second-order and Langmuir
model, respectively. The maximum adsorption capacities were 1111 and 2000 mg g
(Co = 500 mg L") for MO and BG, respectively. The XRD pattern of materials after
adsorption revealed expanse of the interlayer distance. It indicated the entering of
some MO and BG molecules intercalated into the interlayer of ZnAl LDHs by
chemisorption. This thesis suggests a simple synthesis strategy which can be applied

for other types of LDHs. Consequently, a variety of applications can be targeted.
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Among the major environmental issues most urgently requiring attention today are
the emissions of toxic gases from the combustion of fuel from vehicles and other
industrial processes. For this research, density functional theory (DFT) calculations were
used to investigate catalytic nanomaterials for the removal of toxic gases. This research
consisted of three approaches: (i) Removal of H,S to produce hydrogen in the presence
of CO on a transition metal-doped ZSM-12 catalyst (TM-ZSM-12) catalysts, (ii) the NO
removal and (iii) the CO removal by carbon-doped boron nitride (CxBNs) catalysts.

Hydrogen sulfide (H,S) leads to the corrosion and corruption of many catalysts.
However, H,S is an inexhaustible potential source of the valuable chemical reagent
hydrogen, which is also a very environmentally friendly energy product. In this first
approach, we intensively focused on removal of H,S and producing hydrogen gas (H,)
using catalysts, following equation: H,S (g) + CO (g) — COS (g) + H, (). Result
calculations show that among other TM-ZSM-12 clusters, the Cu-ZSM-12 cluster has a
potential application as a highly active catalyst for H,S removal together with hydrogen
production. We found that COS desorption is the rate-determining step of this H,S
removal process with a desorption energy of +1.18 eV. Moreover, incomplete
combustion products such as nitrogen oxide (NO) and carbon monoxide (CO) are gases
toxic to the environment and human health, due to their many devastating effects on
the atmosphere and human health. In the second study, an NO reduction mechanism
using carbon-doped boron nitride nanosheets (CxBNs) as a metal-free catalyst was

applied. The results showed that the trans-(NO), structure of CyBNs is a potentially
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crucial intermediate and thermodynamically and kinetically favorable. The most
energetically favorable pathway was+0.62 eV determined by calculating determined
rates. Results suggest that CyBNs can be highly active metal-free materials for NO
removal, which will transform NO into environmentally friendly gases. Additionally, in
the third study, conversion of CO to carbon dioxide (CO,) using carbon-doped boron
nitride nanosheets (CxBNs where X = 1-3) as a metal-free catalyst were studied. The
C3sBNs shows the highest efficiency for CO oxidation reaction with the lowest energy
barrier at the determining a rate step of +0.28 eV. Additionally, the kinetic predictions
on the reaction rate constant suggest that C35BNs is the most effective for catalyzing
CO into CO, molecules with the fastest rate compared to other CyBNs surfaces.

Our intended outcome is that these results might enable to the aid future
experiments to improve methods for creating the novel promising catalytic

nanomaterials for toxic gas removal with desirable high efficiency in the near future.
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In this thesis, | address the design and theory of novel carbon nanocones (CNCs)
to develop hydrogen storage applications. The platinum-embellished carbon
nanocones (Pt-CNCs) were applied to investigate hydrogen adsorption and diffusion by
means of density functional theory (DFT). Results of the study indicate that the
curvature structure of conical sections of CNC materials affects Pt binding stability and
reactions. The spillover mechanism of dissociated hydrogen atoms in defective Pt-
VACNC is explored via two reaction steps: (i) H-migration from Pt to carbon atoms and
(i) H-diffusion via the C—C route throughout the CNC surface. The results show that the
presence of the hydrogen atom on the Pt catalyst can efficiently induce an H-diffusion
process through the C-C surface, and the Pt-H bond significantly facilitates the H-
migration from C-H bonds near the active Pt catalyst to the adjacent carbon atom with
an energy barrier <0.5 eV under ambient conditions. Moreover, the nuclear quantum
effects (NQEs) of a light nucleus, such as a proton and deuteron, has recently been
recognized in hydrogen transfer and adsorption reactions. | then investigated H-spillover
mechanisms on Pt/dCNC using the multicomponent B3LYP (MC_B3LYP) method, which
can take account of the NQE of light nuclei. Interestingly, MC_B3LYP calculations reveal
that the activation energy for H, dissociation completely vanishes, indicating that H,
molecules dissociate readily on Pt/dCNC. The central finding was that the different

metals (Pt and Pd) on dCNC surfaces affect thermodynamics favorable to the hydrogen
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dissociation process: Pt/dCNC is facile and highly exothermic, while on Pd/dCNC is
dramatically endothermic. Furthermore, Pt embellished on graphene (Pt/dG) catalysts
was examined to explain how the curvature effect is more thermodynamically
favorable than a metal-graphene surface. The results improved our theoretical
understanding of the hydrogen spillover mechanism and catalytic reactions which are
very important for the development of highly efficient hydrogen storage materials.
Currently, practical and reversible H, storage needs to be addressed. | then
modified CNCs as catalytic support for recent advances in heterogeneously catalyzed
hydrogen storage using formic acid (FA). There are two main reactions, namely, CO,
hydrogenation and FA dehydrogenation. For CO, hydrogenation, | investigated the
catalytic role of Pt/dCNC in the hydrogenation of CO, to FA. | proposed our new
mechanism of CO, hydrogenation over Pt/dCNC catalysts involving H, dissociation and
energetically favorable H spillover sequences. Furthermore, our findings show that the
rate of FA production is dependent on H, concentrations. Altogether, the results
support the theoretical concepts concerning the spillover mechanism as playing a key
role in promoting CO, hydrogenation via a formate intermediate. For the FA
dehydrogenation, | found that palladium (Pd)-based catalysts have received
considerable attention for FA decomposition reactions. The candidate catalyst is a
single Pd atom embedded in a high curvature defective carbon nanocone (Pd/dCNQ). |
used Pd/dCNC as the catalyst for either trans-FA or cis-FA decomposition. FA is stably
adsorbed on Pd/dCNC with very high adsorption energy compared to the Pd/dG surface.
For the reaction mechanisms, the preferable FA dehydrogenation mechanisms proceed
via the formate pathway, with a rate-determining step of only 0.50 eV (trans-FA) and
0.54 eV (cis-FA), which is less than one of the most active catalysts, i.e., Pd (111). The
findings show that the rate of hydrogen (H,) production is dependent on FA
concentration. The active neighboring C atom plays a significant role for easy FA
dehydrogenation into H,. The side reaction producing carbon monoxide (CO) and H,O
via the formyl or carboxyl pathway cannot occur on Pd/dCNC due to a high energy-
barrier. Thus, our proposed catalysts effectively provide excellent selectivity for FA
dehydrogenation into H,. | hope this work provides theoretical guidance for the future

research of hydrogen storage applications.
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ABSTRACT

TITLE : DEVELOPMENT OF CARBON COMPOSITE NANOMATERIALS-BASED
SENSORS AND BIOSENSORS FOR FOOD, ENVIRONMENTAL, AND
CLINICAL APPLICATIONS

AUTHOR : PREEYANUT BUTEE

DEGREE : DOCTOR OF SCIENCE

MAJOR : CHEMISTRY

ADVISOR : ASSOC. PROF. ANCHALEE SAMPHAO, Ph.D.

KEYWORDS : SENSOR, BIOSENSOR, NANOMATERIALS, ELECTROCHEMICAL

METHOD, SURFACE ENHANCED RAMAN SPECTROSCOPY

For this thesis, two sensors and two biosensors were designed based on carbon
composite nanomaterials using electrochemical methods and surface enhanced Raman
spectroscopy as detection methods for food, environmental, and clinical applications.

In the first section, an electrochemical sensor for food applications was fabricated
based on a glassy carbon paste electrode (GCPE) modified with graphene nanoplatelets
(GNP) functionalized with ionic liquid (IL). The sensor was applied for the detection of
bisphenol A (BPA) and performed by differential pulse voltammetry (DPV). Under
optimum conditions, the proposed sensor exhibited a linear range for BPA
determination from 0.02-5.0 UM with a detection limit (LOD) of 6.4 nM. The GCPE/GNP-
IL sensor was successfully applied to the determination of BPA in drinking water and
plastic drinking water bottles. The results demonstrated a high degree of accuracy and
are in agreement with high-performance liquid chromatography (HPLC).

In the second section, an electrochemical biosensor for clinical applications was
designed based on CEA antibody (anti-CEA) anchored with core shell Fe;O,@Au
nanoparticles which were immobilized on a screen-printed carbon electrode (SPCE)
modified with manganese dioxide laid out on graphene nanoplatelets (GNP-MnQO2).
A biosensor was applied for label-free detection of carcinoembryonic antigens (CEA),
which was monitored by linear sweep voltammetry (LSV) and electrochemical

impedance spectroscopy (EIS). The difference in signal response owing to redox
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reactions of Fe (CN)63-/4- before and after a direct binding of CEA to a fixed amount of
anti-CEA on the electrode surface was regarded as the biosensor response
corresponding directly to the CEA concentration. Under optimized conditions, the
biosensor exhibited a linear range of 0.001-100 ng/mL with the LOD of 0.10 pg/mL (LSV)
and 0.30 pg/mL (EIS). The applicability of the biosensor was verified by determination
of CEA in human serums compared to electrochemiluminescence immunoassay.

In the third section, an electrochemical biosensor for environmental applications
was constructed based on SPCE modified with reduced graphene oxide (rGO) and silver
nanoparticles (AgNPs). The biosensor was applied for indirect detection of glyphosate
herbicide, which relied on the inhibition of acid phosphatase enzymes (ACP)
immobilized on the SPCE/rGO-AgNPs surface. In the presence of glyphosate, the current
signal was decreased, owing to the enzymatic reaction of ACP to its substrate. The
signal was measured by chronoamperometry and quantitative measurements

proportional to the glyphosate concentration. The biosensor exhibited two linear

ranges from 0.05 to 0.5 mg/L and 0.5 to 22.0 mg/L, and the LOD of 16 Hg/L were
obtained. The proposed biosensor was successfully applied for the determination of
glyphosate in water and soil samples, and the results were in full accordance with the
HPLC method.

In the last section, the analytical method for detection of glyphosate in
environmental samples was also designed based on surface-enhanced Raman
spectroscopy (SERS). A vertical heterostructure composed of titanium dioxide nanotube
arrays (TiO2 NTs), AgNPs and rGO was constructed and served as a SERS-based sensor.
Under optimum conditions, the TiO2 NTs/AgNPs-rGO surface exhibited high SERS
activity, which provided analytical enhancement factors (AEF) as high as 7.1x10%. The
modified SERS sensor was successfully applied to glyphosate detection ranging from
0.1 to 100 mg/L and the LOD as 0.05 mg/L. The practical applications of glyphosate
determination in environmental waters and soils were investigated and the results are
in great accord with those obtained by the HPLC method.

The research is successful in developing sensors and biosensors. The sensors and

biosensors developed are analytical devices employed as low-cost platforms for simple
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use and rapid detection. In addition, the new knowledge obtained will increase not

only in the research field but also for commercial use in the future.
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AUTHOR : PREEYAPORN POLDORN
DEGREE : DOCTOR OF PHILOSOPHY
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HYDROGENATION, FORMIC ACID DECOMPOSITION

In this research, we employed density functional theory (DFT) to design a highly
active catalyst for the conversion of CO into less harmful products. The reaction
pathway for CO oxidation by O, on the Ag,Aug atomic cluster has two possible
procedures: stepwise adsorption and coadsorption. The results suggest that the CO
oxidation takes place via a coadsorption procedure rather than through a stepwise
adsorption procedure. The coadsorption rate exhibits a bonding process of CO-O with
a significantly small barrier of 0.21 eV. Furthermore, microkinetic simulation results
suggest that both CO oxidation rates and optimal temperatures exhibit greater
performance for the coadsorption pathway, compared to a stepwise adsorption
procedure. Our proposed procedures suggest that the Ag;Aug catalyst is highly
susceptible to CO oxidation at room temperature. Therefore, it has potential
applications as highly active catalysts for the conversion of carbon monoxide into less
toxic CO,.

Furthermore, periodic density functional theory (DFT) calculations were performed
to investigate possible reaction mechanisms for the hydrogenation of CO, to formic acid
(cis- or trans-HCOOH) products over a single Fe or Ni atom incorporated into nitrogen-
infused graphene (FeN3Gr or NiN3Gr) sheets. Our calculations found that the CO,
hydrogenation proceeds via a coadsorption to produce cis- or trans-HCOOH over
FeN3Gr and NiN3Gr surfaces, classified into 2 stages: (1) the CO, hydrogenation to form

a formate (HCOO*) intermediate and (2) hydrogen abstraction to produce cis- or trans-
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HCOQH. The formation of trans-HCOOH over both Fe-N3Gr and Ni-N3Gr surfaces exhibits
clear superiority due to the lower activation energy through the entire channel. On the
other hand, our findings demonstrate that any competing reaction that produces CO
and H,O is almost impossible or extremely difficult to proceed under ambient
conditions due to the high level £, for the formation of these byproducts. Moreover,
the microkinetic modeling of CO, hydrogenation on both surfaces was investigated to
confirm these results. Thus, the Fe-N3Gr and Ni-N3Gr catalysts reveal excellent catalytic

activity and are highly selective for CO, hydrogenation to trans-HCOOH.
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DEGREE : DOCTOR OF PHILOSOPHY
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In this work, the deoxygenation (DX) reaction of butyric acid on an Ni,P catalyst
was investigated using density-functional theory (DFT) calculations to understand
the DX mechanism of palm oils. It revealed that the DX of butyric acid prefers
the decarbonylation (DCO) pathway over the hydro-deoxygenation (HDO) pathway.
The results suggest that the decarboxylation (DCO,) pathway is an unlikely option.
The computation results indicated that the rate-limiting step of the HDO pathway is in
the butanol to butane conversion (activation energy £, = 1.99 eV), whereas that of the
DCO pathway is found during the butanal to propane conversion (£, = 1.52 eV).
However, additional thermodynamic analysis accounting for hydro-treating reaction
conditions (H, = 50 bars at 653 K) suggested that the rate-determining step for the DCO
pathway is actually the hydrogenation of butyric acid. In addition, the thermodynamics
analysis also suggests that increasing reaction temperature may increase selectivity of
the HDO pathway. The mechanistic insights gained from this study will be beneficial for
the enhancement of the DX process for bio-fuel production.

Moreover, the aromatization mechanisms of n-pentane on Ga embedded H-ZSM-
5 zeolite (Ga/ZSM-5) were elucidated using DFT calculations to understand the role of
Ga/ZSM-5 zeolite in aromatics synthesis. Conversion of n-pentane to benzene or
toluene comprises four steps, (1) cracking, (2) GaH, activation, (3) cyclization, and (4)
dehydrogenation. The results show that the key intermediate in n-pentane
aromatization on Ga/ZSM-5 zeolite to be a five-membered Ga-C4 ring structure. This

five-membered ring undergoes expansion to form a seven-membered Ga-Cé ring.
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Moreover, the thermodynamics and kinetic results for the benzene and toluene
formation pathways were investigated. The thermodynamics results show that
activation-free energy (AG*) for the toluene formation pathway is less than it is for
benzene between 773 and 823 K, indicating that toluene formation is more likely than
the benzene formation pathway over this temperature range. The kinetic results show
that forward rate constant (k) is greater than the reverse rate constant (k,) at 723, 773,
823, and 873 K, indicating that the forward reaction is faster than the reverse reaction
throughout the temperature range under study. The benzene and toluene formation
pathways are favored and facile in the forward direction. These computational results
provide new findings for the role of Ga/ZSM-5 zeolites in n-pentane aromatization

processes.
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Hydrogen is an environmentally friendly and renewable source of energy.
Hydrogen has a relatively higher yield of energy content than hydrocarbon fuels. In this
research, hydrogen production through biological processes was carried out by means
of a lab scale and an extended lab scale. Anaerobic dark fermentation was used in this
work. The substrate was cassava starch of varying concentrations. The sources of the
hydrogen-producing bacteria, clostridium, were swine manure and buffalo duns.
The inoculum sludge was subjected to a pre- heated treatment at 100 °C for 2 hours.
The fermented hydrogen gas was produced at room temperature. The cassava starch
concentration of 100 ¢/| yielded maximal hydrogen. The highest purity of Hydrogen in
the biogas was 37% when the fermentation of 120 m/starch was carried out for

144 hours.
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ABSTRACT

TITLE : INVESTIGATION OF RADIATION AND STRUCTURAL PROPERTIES OF
BISMUTH-BARIUM-BOROSILICATE GLASS SYSTEM FOR DESIGN AS A
GAMMA-RAY SHIELDING MATERIALS

AUTHOR : NATSUPON CHUTITHANAPANON

DEGREE : DOCTOR OF PHILOSOPHY
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ADVISOR : ASSOC. PROF. CHERDSAK BOOTJOMCHAI, Ph.D.

KEYWORDS : BOROSILICATE GLASS, BARIUM OXIDE, SHIELDING MATERIAL,
ULTRASONIC TECHNIQUES

In this research, high-pressure sodium lamp g¢lass (HPSg) was recycled and
employed instead of borosilicate glass systems. The glass samples were prepared in
(75-x) HPSg - (20) Na20 - 5 Bi203 - (x) BaO by adding barium oxide (where x is 0, 5, 10,
15, 20, 25, 30, and 35 mol%) through the melt-quenching method. After that, the glass
samples were cut in 1x1 square inch and polished by different grades of silicon carbide.
Next, the structural properties of the glass samples were studied by way of several
methods such as ultrasonic techniques, UV-Vis spectroscopy, and FTIR spectroscopy.
For ultrasonic techniques, we use ultrasonic velocities such as longitudinal velocity and
shear velocity which were measured by using the pulse-echo technique at 4 MHz
frequency and at room temperature. The results found that longitudinal and shear
velocity decreased when adding barium oxide to the glass system. These results
indicate that barium ions may destroy the glass structure leading to a decrease in
longitudinal and shear velocity. Then, the absorption of visible and ultraviolet light was
studied by UV-Vis spectroscopy and recorded in a wavelength range of 200 -1100 nm.
We found that the glass samples absorbed less visible light and ultraviolet in the range
of 400 nm. This result shows that the glass samples are transparent. In addition, we
calculated optical properties from the energy band gap and found that the energy
band gap is 2.6-2.7 eV. Adding barium ions in the glass system leads to increases in

electric conduction and metallization. FTIR spectroscopy was measured in wave



M4(-83-

numbers range 400 - 2000 cm™’. The results found that the glass network is absorbing
and vibrating in the various modes of the functional group of BO; and BO, for which
the quantity of absorption is related to the structure of glass and confirms the results
from ultrasonic techniques. For radiation properties, the linear attenuation coefficient
was measured by using a narrow beam transmission method at the energy of isotope
source of 622 keV, 1174 keV, and 1332 keV. Then, we calculated the mass attenuation
coefficient, mfp, and HVL. The results found that the glass samples have a value of
HVL at 622 keV, 1174 keV, and 1332 keV better than ordinary concrete, barite,
serpentine, and chromite concrete. As we determined radiation properties from the
Fluka and WinXCom program, we found that the theoretical value and experimental

data are in solid agreement and confirm the experiment’s results.
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TITLE : FEASIBILITY STUDY OF NOVEL BIOACTIVE GLASS PREPARED FROM
BAGASSE AND CASSAVA RHIZOME FOR BONE TISSUE ENGINEERING
APPLICATIONS

AUTHOR : POONNAPHOB SOPAPAN
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Bioactive glass prepared from bagasse and cassava rhizome exhibits interesting
properties in addition to low cost and being environmentally friendly. Two glass series
based on B,03;-P,05-Na,0-CaO-BG and B,05-P,05-Na,0-CaO-CR, where BG is bagasse
and CR is cassava rhizome, were fabricated by a melt quenching technique. A feasibility
study was undertaken using bagasse and cassava rhizome as novel bioactive glass and
results were evaluated physically, mechanically, structurally, morphologically and in
terms of degradation properties. The densities of the prepared glasses were measured
and calculated based on, respectively, Archimedes’ principle and additive rule, and
results were studied and compared. The ultrasonic velocities of the glass samples with
different mix proportions of bagasse and cassava rhizome were measured based on a
pressure-controlled ultrasonic technique at the frequency of 4 MHz through normal
and angle probes. The elastic moduli, Poisson's ratio and microhardness were
calculated from an acoustic velocity and a density data of the glass samples. Vickers
hardness tester was also applied to determine the microhardness of the glass using the
applied load of 0.98 N. A set of the novel glasses for bone tissue engineering was tested
in vitro bioactivity before and after immersion in the simulated body fluid (SBF) solution

during exposure at 37 °C for 1, 7 and 14 days. The structural and morphological changes
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including bone bonding ability were assessed by performing XRD, FTIR and SEM
measurements. The V degradation behavior of the glass samples and pH change of SBF
solution were also considered in this work. The results found that the addition of
bagasse and cassava rhizome leads to an increase of the densities, ultrasonic wave
velocities, elastic moduli and microhardness values in all prepared glasses. The values
of microhardness obtained from both techniques were compared and a good
correlation was observed. The results of the weight loss and pH value of the solution
increased with longer time periods. The addition of bagasse and cassava rhizome into
the glasses leads to a decrease of the dissolution rate. Before soaking in the SBF
solution, XRD data was observed to confirm the amorphous nature of the glasses while
FTIR spectra supported the internal structural units of the prepared glass, corresponding
to main borate groups. Additionally, the surface morphology before immersion showed
a flat surface with deep grooves. After immersion, the XRD patterns illustrated some
peaks corresponding to calcium phosphate phases in the form of brushite and
hydroxyapatite. Likewise, the FTIR spectra about 550-610 cm-1 and 980-1060 cm-1
indicated the P-O bonds related to the calcium phosphate layer formation. Moreover,
the SEM images showed the agglomeration of many small rounded particles on the
glass surface, indicating the formation of calcium phosphate layers. These XRD, FTIR
and SEM results confirmed the formation of hydroxyapatite or bone bonding ability on

glass surface after immersion in the SBF solution.
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ABSTRACT
TITLE : INFLUENCE OF WO; ON GAMMA RAY SHIELDING GLASS IN 30BaO-
(50-x)B,05-10BG-10CR-XWO3 SYSTEM
AUTHOR : PATTARANIPA  GUNHAKOON
DEGREE : DOCTOR OF PHILOSOPHY
MAJOR : PHYSICS
ADVISOR : ASSOC. PROF. RAEWAT LAOPAIBOON, M.Eng.
CO-ADVISOR : ASSOC. PROF. JINTANA LAOPAIBOON, M.Eng.
KEYWORDS : GLASS, ULTRASONIC CONTACT TECHNIQUE, ELASTIC PROPERTIES,

RADIATION PROPERTIES

Glasses of system barium-borate-bagasse-cassava rhizome-WO; are developed for
gamma ray shielding materials. This glass system was prepared by conventional melt-
quenching technique. The density of all glass samples was studied using the principle
of Archimedes, then their molar volume was calculating. The homogeneity and
amorphous nature of this glass system were examined using X-ray mapping and X-ray
diffraction techniques, respectively. In addition, the ultrasonic velocities were measured
using the ultrasonic contact technique and then their elastic moduli were calculated.
The obtained results were compared with theoretical values, from the Makishima-
Mackenzie model and Abd El-Moneim-Alfifi approaches. FTIR spectra were also
recorded to support the result of ultrasonic velocities. Microhardness of this glass
system were tested and compared with standard radiation shielding lead glass. The
mass attenuation coefficient was studied using Broad beam transmission technique at
60, 122 and 662 keV photon energies. The obtained data were used to calculate the
half value layers and mean free paths and these results were compared with the
computed values by WinXCom program. The results of physical, structural, elastic and
radiation shielding properties are related to modifications in the glass structure, there
are significant changes in number of non-bridging oxygen in glass network due to an
addition of WO;. The radiation shielding properties also depend on the photon energies.

The elastic property calculation using Makishima-Mackenzie model gave some elastic
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moduli similar to that obtained from the experiment, but for the Abd El-Moneim-Alfifi

approaches gave inconsistent.



M4(-92-

d{' v . o o a wa A o a
PN : ﬂ’?iﬂﬁ%ﬁgﬂgﬂsﬁ Arduino ﬁ']‘ﬁiU‘iJ{]UG]ﬂ']ii']ﬂ’]QﬂL‘WE)WGNU']LLU’JF’]@

UNLSULTDIAUAULATLTIADYF

AeRld : Toady wadansal
Bouseya : USway1nuf Unudin
A3 : ANYIAERIANY

[

91ENUSNW 1 {AeAanIIanse fs.ase sy
AdNRLY

© AYIUAULATLSIaRYSN, Arduino, Y1MUALABS, NTEDULUUFULEIEIN

AT
U

LY N o Y] 1%

MsiteiiingUsrasdiie (1) adeanlufiwesuuuddviaadae Arduino vesa fianusn
Sarranusldgnies wiudwazianuaarnndeuliiiu fevaz 5 (2) sonuuuAanIINAS
AOULUUNTAUEEINE P ansSosrnudunarusiased (3) Anwanudilaluuuifn
AneneansiseinuiuLassiassfkazanuAnTnnsseweindoudeldfanssu
AMsARULUUNTAUIEIE I ONemansiTosnufuuazLstaosd (4) WefnuwingAnssy
melutuSsudloldfionssunsaeunuumsauieemanemansdesnnusiulazusaensa
nauieeefldlunsideaaifetnEsutusendnuii 5 madeudl 2 Ynisdnu 2562
$1u2u 30 Au Feldunlaedinsidenuuuianras mseluaddlldisnsiTeuuunanEy
(Mixed Method Research) w3esiefildlunsidouszneudae (1) ulufiwmesuuuidnadie
Arduino UB$A (2) AANTTUNITABURUUNTAULEZYININe Fan s osmnLiuLaz ka0 f
(3) wuuIauunAnIne mandiiosrufuLazLs s (4) LLUUﬁQLﬂquaﬂﬁ’iﬂu%uﬁEJu
(COPUS) (5) uHuN139ANI5L38U3 Kan19338nudn (1) u1ludiimesuuusdanie Arduino
vodn fifmunTuiimunainedeudesas 221 (2) Aanssunisdoudiadratulddaasali
Unisgulinsauieanemingrmaniasienauinienued (3) dnseutanudilaluiuifa
IngremansiFesanudunazussassiiloldfianssunisasunduieuganitnouSouseiad
Todfyn19adafiszdu.05 uazdmisudaufianiiminisiiouedsseduisoy
normalized gain <g> 141111u 0.71 %qagiusxﬁugq) High gain( (4) wqaﬂsiﬂu%ul,%'awuaa

UNISEULALATHADUNABANITINNTHUTAN YL UULTIN



M(-93-

ABSTRACT
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BUOYANT FORCE
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The objective of this research is to (1) create a digital manometer with Arduino
boards that can measure pressure values accurately with an error rate of less than 5
percent, (2) design scientific inquiry activities, (3) study students' understanding of
science concepts after applying scientific inquiry teaching activities and (4) observe and
study student behavior within the classroom when employing scientific inquiry activities
on pressure and buoyancy. The sample group consisted 30 grade 11 students. This
research employed a mixed methods research. The research tools consisted of (1) an
Arduino manometer, (2) scientific inquiry activities, (3) a science conceptual test of
pressure and buoyancy, (4) the Classroom Observation Protocol for Undergraduate
STEM (COPUS) and (5) a lesson plan. The results showed that: 1) the developed digital
manometers with Arduino boards had an error rate of 2.21%, 2) the designed teaching
activities encouraged students to enhance their own knowledge, 3) the students had a
statistically higher understanding of scientific concepts when using science-based
teaching activities at the level of .05 and the average progress of the students by
classrooms measured by the normalized gain <g> was 0.71, categorized at a high level
(high gain) and (4) the behavior of the students and teachers demonstrated active

learning behavior.
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PROBLEM - SOLVING

Critical thinking and problem-solving skills are crucial for the 21st century learner.
Game-based learning (GBL) is a powerful teaching strategy for fostering these skills
amongst students. GBL can reinforce knowledge and bridge the gap between what is
learned by creating dynamic, fun, and exciting learning environments. This research
resulted in a card game called "Motion Blitz" for teaching the physics concept of motion
in one and two dimensions. Motion Blitz is a quick matching card game that consists of
a deck of "Motion Cards" which picture motions in daily life and a selection of "Motion
Symbols" displaying a path of motions: linear, projectile, circular, rotational, rolling, and
simple harmonic motions. After playing, the teacher used 30 questions to stimulate
student thinking and help students construct scientific knowledge. Finally, the students
were evaluated through 6 question levels. 12 questions (following Bloom's taxonomy)
were administered to students. These questions were classified according to different
cognitive levels ranging from low-level thinking (knowledge, comprehension) to high-
level thinking (application, analysis, synthesis, and evaluation). Data analysis showed
that Motion Blitz’s ability to elevate students' thinking level, with over 90% of students
well at a low level and 59% at a high level approximately. In addition, data indicated
that students' thinking scores became lower at a higher level of thinking. Problem-
solving in physics is the use of equations to find unknown variables, as a consequence,

some students dislike physics due to disliking mathematics. However, solving physics
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problems does not always require equations; motion diagrams which represent a dot
as an object and an arrow for displacement, velocity and acceleration. The method
can solve problems in a one dimensional motion through acceleration without
employing equations and yields the same results as using equations even though the
motion diagram is only a drawing. Researchers thus decided to make Motion Diagrams
on a Magnetic Board. The board aided student visualization of the relationship between
position, time, velocity and acceleration and engaged the students through “learning
by doing”. Also, findings demonstrated that Motion Diagrams on a Magnetic Board was
employed by over 80% of the students in two-schools who solved all the questions in
the set of linear-motion types of physics problems successfully. According to the
results, Motion Diagrams on a Magnetic Board can be used in problem-solving viz., linear
motion instead of using formulas and the students who were at moderate to low levels

in physics preferred to use this tool.



M4(-98-

1584 : MIHUIANIIRAALAENTIATIE NG ANTTUNTSISEUS

(% L3

MeMsauLUY ILDs 1389 nsindeunuuulnsianinduazngniseusng

WHIUND
ARl : finddy s1vilew
= a Y] R
NRIVERIATY © USTYIN B U
A3 : ANYIEEASANY

9113ENUINYY  : EYI8NENT1A158 AT.ATE JAINTUY

q

o o w Y a b a a a o v & Aaa s (3
ANEALY : ﬂ?iﬁ]ﬁﬂ’]iLiﬁJuzLLU‘UUiiﬁﬂEJﬁ']ﬁ@L‘UQUQﬁlIWNﬁ, Wang, IUiL'ﬂ]ﬂVL‘V]a,

NHOUTNYNAINY, AUIAMNY

o

a Q’{d
N13739YU

o

s 1 a a ¢ o o/
poUTzasane (1) @39uazmUsgdnsnInganIsNaAaounUszaInd1msy
- P = I3 v ¢ w
NSYITNINITARY 1389 NMsiAdeunwuulusealnduazngnseysnendenuna (2) eenuuy
LAEWAININITIANITITEUTAT8ATATaULUY ILDs kae (3) Wauiadudnlaluwuidn
44' ‘:1' - I3 v ¢ o Y Al ao o &
1599 MItAdeunuuulUsRalnduazngniseusnendanuna nguiiegenldlun1sideasal
AetinieutusENAnwIUN 5 MAalseun 2 Ynsfinw 2562 F1uau 40 Ay Faldunlaedsnis
HENLUULANEAY WaTeelanldlun1siduusenauluaiy Yan15naaauaunUssadn wiunIs
IAN538U3 wuuNAaaUInAIIYnle wuUFLNANgANTIN KAN1TITENUIN YANIINAGDY

| v o Y ¢

6 al v r-g = a a a I3 1 [y} & &
DUNUTLAIANNIVYAT RS WA UIVUNUTEANTANNNIINYIANEATININY 96.33 L UDTLTUN

Y

s (%

dnisgusinnudnlaluswiAeildnd See n1srdeunivuulusianlnduazngniseysnyg

o

[

a
Wasuna gelunseaudeddny 05 dalunimtdinienisiseuadenstueglusyau
Uunane <g> Wity 0.64) uarllnnuinamu wginssulaeTIvetinisuwazATHaoUnaen

N15AANSTEUIHANYULLUULTITN



M4(-99-

ABSTRACT

TITLE : THE CONCEPTUAL UNDERSTANDING DEVELOPMENT AND
BEHAVIORAL LEARNING ANALYSIS BASED ON ILDs TEACHING IN
PROJECTILE MOTION AND LAW OF CONSERVATION OF
MECHANICAL ENERGY

AUTHOR : SAKCHAI' RACHNIYOM

DEGREE : DOCTOR OF PHILOSOPHY

MAJOR : SCIENCE EDUCATION

ADVISOR : ASST. PROF. SURA WUTTIPROM, Ph.D.

KEYWORDS : INTERACTIVE LECTURE DEMONSTRATIONS (ILDS), PHYSICS,

PROJECTILE, LAW OF CONSERVATION OF ENERGY / RETENTION

The objective of this research is to (1) design and assess the efficiency of simple
experimental sets for integrated teaching on projectile motion and the law of the
conservation of mechanical energy, (2) design and develop learning activities through
the Interactive Lecture Demonstrations (ILDs) method, and (3) develop students’
understanding of projectile motion and the law of the conservation of energy.
The study involved 40 students who were purposively selected from grade 11 students
during the second semester of the 2019 academic year. The research tools consisted
of learning lesson plans, a multiple choice learning achievement test and classroom
observation protocol. The results showed that the experimental set worked perfectly
and served as suitable learning activities for these topics. The efficiency of the simple
experimental set was 96.33 percent. The average students’ achievement score was
significantly increased with a statistical level of .05 and the average students’
normalized gain was 0.64, categorized at the medium gain level. The students’
retention rate was 0.64, categorized at the medium level. The behavior of the students

and the teacher demonstrated active learning behavior.
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The main objective of this research was to study the effects of an outpatient
medical record monitoring program in conjunction with professional training to develop
electronic health records through increasing staff skills for ICD-10 coding. The data
mining techniques were applied to analyze coding errors in 43 file database systems.
The results of the analysis were then used to develop the HISAudit program to examine
outpatient medical records for the service unit. The HISAudit program was developed
using technologies of Microsoft Visual FoxPro, Microsoft Excel, and MySQL databases.
The samples used in this research involved medical records staff, nurses and public
health scholars at hospitals and public health centers located in a province in the
Northeast. The research tools included the HISAudit program, learning and skill
assessment forms, and questionnaires. The statistics used for data analysis were mean,
standard deviation, I0C, and t-test. The research results showed that the accuracy of
the data analysis was very effective and at the highest level. The program developed
was able to analyze coding errors proficiently and ICD-10 coding skills of staff after the
training with the program were also markedly more proficient. This has the capability
of aiding the electronic health records staff better understand coding criteria. Further,

the percentage of coding errors decreased.
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The objectives of this research were to (1) design and assess the efficiency of a
line-follower robot (2) design and develop a STEM activity around a line-follower robot,
and (3) develop engineering design process skills and concepts related to the topics of
force and motion. The study involved 27 tenth-grade students in the second semester
of the 2020 academic year. The research tools consisted of lesson plans, an FMCE test
and an engineering design process skill evaluation. The learning activities followed a 6-
step engineering design process. Stage 1: students analyze the problem from a given
situation, and then set the conditions for designing and building the robot. Step 2:
students gather information and ideas related to problem-solving with regard to the
prototype robot, and then design an infrared sensor circuit and a motor control circuit.
Step 3: students apply their knowledge from data collection to design robotic circuits
and robot structures. Step 4: students build a robot according to the design. Step 5:
students test the robot using the Phyphox application to measure the robot's
acceleration. Step 6: students present their work through robotics competition. The
results showed that the efficiency of a line-follower robot was 98.51 percent. Based on
the Hake learning gain method, the students had a moderate level of gain in engineering
design process skills <g> at 0.67 and moderate gain understanding force and motion

concepts <g> at 0.60.



