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ABSTRACT
TITLE : THE DEVELOPMENT OF MATHEMATICAL CONNECTION SKILLS AND
PROBLEM-SOLVING SKILLS BY PROBLEM - BASED LEARNING
AUTHOR : KRONGSAP PENGKHWAN
DEGREE : MASTER OF SCIENCE
MAJOR : MATHEMATICS EDUCATION
ADVISOR : ASSOC. PROF. MANAKORN WATTANATAWEEKUL, Ph.D.
KEYWORD : MATHEMATICAL CONNECTION SKILLS, PROBLEM-SOLVING SKILLS,

PROBLEM - BASED LEARNING

The purposes of this research were to compare the effectiveness of student’s
mathematical connection skills and problem-solving skills through using problem-based
learning (PBL) before and after learning and to compare with normal instruction activities.
An experimental design method was used to assemble grade 8 students of
Wangnuawitthaya School, Lampang province, in the second semester of the 2016 academic
year. The students were separated into the experimental group and the control group of
35 each. Two research tools were adopted for analyzing mathematical connection skills
and problem-solving skills; problem-based learning lesson plans, a mathematical
connection skills and problem solving skills pre-test and post-test. The data were analyzed
by using basic statistics and t-test. The results showed that learning using problem-based
learning (PBL) was better in developing the student’s mathematical connection skills and

problem-solving skills and was significantly higher than the control group at .05.
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ABSTRACT

TITLE : DEVELOPMENT OF MATHEMATICAL CONNECTION SKILLS AND PROBLEM
SOLVING SKILLS BY INQUIRY-BASED LEARNING WITH PROJECT-BASED
LEARNING

AUTHOR : CHALERMKWAN RUAMSUK

DEGREE : MASTER OF SCIENCE

MAJOR : MATHEMATICS EDUCATION

ADVISOR : ASSOC. PROF. MANAKORN WATTANATAWEEKUL, Ph.D.

KEYWORDS : MATHEMATICS CONNECTION SKILLS, PROBLEM SOLVING SKILLS, INQUIRY-

BASED LEARNING WITH PROJECT-BASED LEARNING

The purpose of this research were compare the effectiveness of student’s
mathematical connection skills and problem-solving skills using inquiry-based learning with
project-based learning between before and after learning and to compared with normal
instruction. In addition, the research also studied quality of mathematical projects in
mathematical connection skills using inquiry-based leaning with project-based learning.

A quasi-experimental design method was used to assemble a target group from grade
8 students of Khunkhuanwittayakhom School, Phayao province, in the second semester of
the 2016 academic year. The students were separated into experimental group and control
group of 25 each. Three research tools were adopted for analyzing mathematical
connection skills and problem-solving skills; inquiry-based learning with project-based
learning lesson plans, pre-test and post-test, and evaluation form. Data were analyzed by
using basic statistics and t-tests. Results showed that learning using inquiry-based learning
with project-based learning was better in developing the students’ mathematical
connection skills and problem-solving skills and better than normal instruction activities at
.05 level of significance. Moreover, the result of evaluation the students’ mathematical
connection skills for inquiry-based learning with project-based learning instruction activities

was good.
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ABSTRACT

TITLE : A DESIGN OF LEARNING ACTIVITIES TO PROMOTE MATHEMATICAL
MODELING COMPETENCY USING HANDS-ON ACTIVITY APPROACH IN
EXPERIMENTAL ACTIVITIES FOR GRADE 9 STUDENTS

AUTHOR : CHANANTORN KHEMSUK

DEGREE : MASTER OF SCIENCE

MAJOR : MATHEMATICS EDUCATION

ADVISOR : ASST. PROF. SUPOT SEEBUT, Ph.D.

KEYWORDS : MATHEMATICAL MODEL, MATHEMATICAL MODELING, MATHEMATICAL
MODELING COMPETENCY, HANDS-ON ACTIVITY APPROACH,
SATISFACTION

Learning and teaching mathematics emphasizes on contents, thinking process and
necessary skills that can help students apply what they have learned to solve everyday
problems. However, most students are able to solve only specific mathematical problems
but fail to solve non-mathematical ones. Therefore, this problem should obviously be
attended to when learning and teaching mathematics. This research involved the design of
learning activities to promote students’ mathematical modeling competency using hands-
on activity approach.

The objectives of this research were to study students’ mathematical modeling
competency and their satisfaction on the learning activities. The samples of the research
were 32 grade 9 students from Buntharikwittayakarn School, Buntharik District, Ubon
Ratchathani in semester 2 of 2016 academic year. They were selected by a purposive
sampling method. The activities were conducted after school hours consisting of 5 activities
and 2 post-tests. The statistics employed in data analysis were percentage, mathematical
average, standard deviation (S.D.) and index of item-objective congruence (I0C).

The findings showed that the students were able to use their mathematical knowledge
to formulate a mathematical model from given situations and apply the model to explain
the situations properly. In terms of the level of their mathematical modeling competency,

it was found that 21.87% of the students were at level 3, 56.26% at level 4, and 21.87% at

I«



level 5, respectively. The overall satisfaction level on the given activities was high
(x=45, SD=0.37).

In conclusion, the students who participated in the experimental activities were able
to adapt their knowledge to solve the given situations and everyday problems. In addition,

their satisfaction on the activities were at the high level.
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ABSTRACT
TITLE : COMPETENCE ON PROBABILISTIC REASONING USING INTEGRATED
LEARNING ACTIVITIES BASED ON CONSTRUCTIVIST THEORY
AUTHOR : CANANAN SINGMUY
DEGREE : MASTER OF SCIENCE
MAJOR : MATHEMATICS EDUCATION
ADVISOR : ASST. PROF. WEERAYUTH NILSRAKOO, Ph.D.
KEYWORDS : COMPETENCE ON PROBABILISTIC REASONING, PROBABILITY, INTEGRATED

LEARNING ACTIVITIES, CONSTRUCTIVIST THEORY

The purpose of this research was to study competence on probabilistic reasoning of
grade 11/13 students by using Integrated Learning Activities based on Constructivist Theory.
The research method was Experimental Research with 32 Cluster Random Sampling
students of Amnatcharoen School, studying in semester 2, academic year 2016. The
research instruments consisted of: 1) 6 lesson plans based on Integrated Learning Activities
of Constructivist Theory, 2) 6 mathematical competence on probabilistic reasoning,
3) interview forms. The quantitative data were analyzed through arithmetic mean, standard
deviation and t-test for Dependent Sample.

The result indicated that the students had significantly higher probabilistic reasoning
than before learning at .01. Also, 24 students (75%) had probabilistic competence of at
least level 2 (The number was higher than the set goal of 70%).
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ABSTRACT

TITLE : THE EFFECTS OF ORGANIZING LEARNING ACTIVITY USING KWDL
TECHNIQUES IN FLIPPED CLASSROOM TOWARD CRITICAL THINKING FOR
STATISTICS AND BASIC DATA ANALYSIS.

AUTHOR : CHAIYUTH TAMPRACHA

DEGREE : MASTER OF SCIENCE

MAJOR : MATHEMATICS EDUCATION

ADVISOR : SAKDA NOINANG, Ph.D.

KEYWORDS : KWDL, FUPPED CLASSROOM, CRITICAL THINKING

The purpose of this research was to compare the critical thinking skills between
students who learned using the KWDL technique in a flipped classroom and students who
learned using traditional techniques in statistics and basic data analysis. The sample
consisted of 60 Mattayomsuksa Level 6 students (grade 12) who studied in the second
semester of the 2017 academic year in Nakaesamakkiwittaya School, who were selected
through the cluster random sampling technique. The research instruments were : 1) 6 lesson
plans in the subject of Additional Mathematics in statistics and data analysis with KWDL
learning activities in a flipped classroom for 12 periods (for experimental group), 2) 6 lesson
plans in the subject of Additional Mathematics in statistics and data analysis with traditional
learning activities for 12 periods (for control group), and 3) a 30-item critical thinking
questionnaire with difficulties ranging of .31 -.79, discriminating powers ranging .35 -.92 and
a reliability of 0.85. The results of this research showed that the critical thinking skills of
students who had learned with the KWDL learning activities in the flipped classroom were
higher than those who had learned with traditional learning activities by a .05 level of
significance. The experimental group was satisfied with the learning activities using the KWDL

technique in a flipped classroom at the high level.
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ABSTRACT
TITLE : A STUDY OF LEARNING ACHIEVEMENT AND PROBLEM SOLVING SKILLS
USING POLYA’S PROBLEM SOLVING PROCESS WITH STAD
AUTHOR : THEERAWAT SAENGSRI
DEGREE : MASTER OF SCIENCE
MAJOR : MATHEMATICS EDUCATION
ADVISOR : ASST. PROF. BUNTHOM SURAPORN, Ph.D.
KEYWORDS : MATHEMATICAL-PROBLEM SOLVING ACCORDING TO POLYA’S PROBLEM-

SOLVING PROCESS, STAD LEARNING ACTIVITY ORGANIZATION

The purpose of the research was to compare academic achievement and mathematical
problem-solving techniques according to Polya’ s problem-solving process with STAD and
traditional instruction. The population used in this study consisted of 34 eleventh grade
students from Sri Kaew Prachasan School during the 2016 academic year. The tools used in
the research were lesson plans, a basic mathematical knowledge measurement test, pre-
learning and post-learning academic achievement measurement tests, and a questionnaire
recarding satisfaction. The statistics used for data analysis were mean, standard deviation,
and a t-independent samples test, for twisting the differences of means.

The study found that the academic achievement and mathematical problem-solving
skills regarding trisconometric ratios of students who learned mathematical problem-solving
with Polya’ s problem-solving process with STAD, were higher than those with traditional
instruction at . 05 significance level. The satisfaction of students who learned the
mathematical problem-solving according to Polya’s problem-solving process with STAD

about trigonometric ratios was at the highest level.
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ABSTRACT

TITLE : THE DEVELOPMENT OF INSTRUCTIONAL ACTIVITIES APPLYING ESTABLISH
SUBGOAL STRATEGY TO ENHANCE ABILITY TO SOLVE MATHEMATICAL
PROBLEMS

AUTHOR : NATTHAPHON JUMPA

DEGREE : MASTER OF SCIENCE

MAJOR : MATHEMATICS EDUCATION

ADVISOR : ASST. PROF. BUNTHOM SURAPORN, Ph.D.

KEYWORDS : MATHEMATICAL PROBLEM, SOLVING ESTABLISH SUBGOAL

The purpose of this study was to enhance student ability to use subgoal strategies to
solve mathematics problems and study the ability of students to solve math problems,
understand the problem, problem solve and search for the correct answer with a clear
explanation. The sample group for this study was thirty- one Grade 9 students from
Khowangwitthayakom school in Yasothon. The research design was a one- group pre-
test/post-test design using seven instructional activities that applied the established subgoal
and mathematical problem solving ability test which the index of objective congruence put
at an appropriate level. The results of the study are that more than 60% of the students
participating in the mathematical instructional activities applying the established subgoal
strategy had significant ability to use subgoal strategies to solve mathematics problems
(obtained more than 70% on total score) and to use subgoal strategy in order to solve
mathematical problems at the .05 level of significance. The student’s ability to solve
mathematical problems after participating in mathematical instructional activities using the
applied established subgoal strategy were higher than before participating at the .05 level

of significance.
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ABSTRACT
TITLE : THE STUDY ON REFLECTIVE THINKING USING PROBLEM - BASED
LEARNING WITH STEM EDUCATION CONCEPT
AUTHOR : PREEYANUCH MANUJUM
DEGREE : MASTER OF SCIENCE
MAJOR : MATHEMATICS EDUCATION
ADVISOR : SAKDA NOINANG
CO-ADVISOR @ ASSOC. PROF. UTITH INPRASIT, Ph.D.
KEYWORDS : REFLECTIVE THINKING, PROBLEM — BASED LEARNING, STEM EDUCATION

This research aimed to study student’s reflective thinking using Problem - based
Learning (PBL) with STEM education concept and to compared with traditional learning, and
also examined their satisfaction of using the PBL with STEM education concept approach.
A quasi — experimental design method was used to assemble a target group from grade 9th
students of Piyamaharachalai School in Nakhon Phanom province in the second semester
of the 2016 academic year. The research instruments were lesson plans, reflective thinking
pre — test and post - test, and a questionnaire. The target group of 71 students were
separated into two groups, an experimental group and a control group. The students in
both groups completed the reflective thinking pre - test. The experimental group was then
taught by PBL with STEM education concept, and the control group used a traditional
teaching approach. After learning, the students completed the reflective thinking post — test
and the students of the experimental group took the questionnaire to evaluate the
satisfaction of learning by PBL with STEM education concept. Data were analyzed by using
basic statistics, t-test, and ANCOVA.

The results showed that learning using PBL with STEM education concept was better
in developing the student’s reflective thinking and better than using traditional learning at
.05 level of significance. Moreover, the satisfaction of the students using the PBL with STEM

education concept learning process was high.
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Mathematical modeling instruction is a learning activity that focuses on studying
students’ real life situations. It helps students to develop their potentials, analytical thinking
and problem solving skills. Moreover, it also enhances individual knowledge that can help
the students to be successful in learning mathematics. Therefore, classroom learning should
encourage the students to be able to formulate mathematical models. The purposes of
this research were to study students’” mathematical modeling competency and their
attitude after participating in the designed learning activities focusing on promotion of
mathematical modeling. The samples of this research were 29 grade 8 students from
Sirindhorn School in Surin Province. The students were selected by a purposive sampling
technique. The research instruments consisted of: 1) 5 lesson plans (10-hours) to promote
the mathematical modeling process using problem approach, 2) 2-subjective achievement
test to assess the students’” mathematical modeling competency after completing the 5
lesson plans, and the students were evaluated individually, and 3) students’ affective
domain evaluation form using 5 rating scales to evaluate the students’ attitude on the
designed learning activities. The form consisted of 13 items and divided into 4 aspects.

The results of the study were as follow:

1) Findings on the students’ mathematical modeling competency indicated that the
students had average scores of item number 1 of 4.52 (out of 5), item number 2 of 2.72

(out of 3), and item number 2.2 of 4.28 (out of 5). The mathematical modeling process
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classified by activities and steps of the process showed that the students were able to use
the mathematical modeling process to solve problems at a skillful level with the average
scores of 16.17 (out of 18) and 2.67 (out of 3), respectively. The results also showed that
the students could formulate mathematical models and used the models to solve
problems at a high level. The average score was 16.33 (out of 18).

2) The assessment of the students’ affective domain showed an uncertain level
resulting from the unfamiliarity with the learning process. The students were uncertain of
their abilities to create a mathematical model since it was their first time learning this
technique.

In conclusion, the students initially admitted that learning activities focusing on
promotion of the mathematical modeling process by using problem approach was rather
difficult. They were uncertain whether or not they could do it. However, the results showed
that the students could apply the mathematical modeling process to formulate
mathematical models. Furthermore, they could use the mathematical models to describe
various mathematical situations. It signified that learning activities focusing on promotion of
the mathematical modeling process by using problem approach had positive effects of
enhancing students' mathematical modeling competency. It could be claimed that the

students could apply the mathematical modeling process to solve real-life problems.
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ABSTRACT

TITLE : THE EFFECTS OF ORGANIZING LEARNING ACTIVITY USING POLYA’S

PROBLEM-SOLVING PROCESSES WITH MATHEMATICAL-
REPRESENTATIONS ON PROBLEM-SOLVING ABILITY ON PROBABILITY

AUTHOR : ROJANAPONG VITEEROD

DEGREE : MASTER OF SCIENCE

MAJOR : MATHEMATICS EDUCATION

ADVISOR : ASST. PROF. WEERAYUTH NILSRAKOO, Ph.D.

KEYWORDS : POLYA PROCESS, MATHEMATICAL REPRESENTATIONS, PROBLEM-SOLVING
ABILITY

The purpose of this research was to compare problem-solving abilities of students after
using Polya’s problem-solving processes through mathematical representations learning
activities and through conventional learning activities. The subjects were 71 grade 9 students
in academic year 2017 from Chokchaisamakkee School, Chokchai district, Nakhonratchasima
province. There were 35 students in the experimental group and 36 students in the control
group. The experimental group was taught by using Polya’s problem-solving processes with
mathematical representations learning activities, and the control group was taught by the
conventional learning activities. The instruments research contained lesson plans that used
Polya’s problem-solving processes through mathematical representations learning activities,
conventional lesson plans and problem-solving abilities tests. The data were analyzed by
average, percent, standard deviation and t-test.

The results of the research revealed that the problem-solving abilities of the
experimental group were significantly higher than those of the control group at .05. When
considering all of the components, the data showed that the experimental group’s
problem-solving abilities in solution solving and answer summarizing were significantly
higher than those of the control group at .05. On the other hand, there was no statistical

difference in the subjects for problem understanding.
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ABSTRACT
TITLE : MATHEMATICS ANALYTICAL THINKING USING PROBLEM-BASED LEARNING
WITH STEM EDUCATION CONCEPT
AUTHOR : WASSANA PRAPASEE
DEGREE : MASTER OF SCIENCE
MAJOR : MATHEMATICS EDUCATION
ADVISOR : SAKDA NOINANG, Ph.D.
CO- ADVISOR  : ASSOC. PROF. UTITH INPRASIT, Ph.D.
KEYWORDS : MATHEMATICS ANALYTICAL THINKING, PROBLEM-BASED LEARNING,

STEM EDUCATION

This research aimed to study students’ mathematics analytical thinking by using
Problem-based Learning (PBL) with STEM education concept approach compared with a
conventional instruction and to examined their satisfaction towards PBL with STEM
education concept approach. The research used a quasi experimental method. The targets
were 80 grade-10 students from Bantanwithaya School, Chaiyaphum Province in the second
semester of 2016 academic year. They were selected by a purposive targeting and divided
into an experimental group and a control group. Both groups took the mathematics
analytical thinking pre-test. The experimental group was then taught by using PBL with
STEM education concept approach whereas the control group used the conventional
method. After learning, both groups conducted the post-test. The experimental group’
satisfaction towards learning by using PBL with STEM education concept approach was
evaluated. The research instruments were lesson plans, mathematics analytical thinking
pre-test and post-test, and a questionnaire. Data were analyzed by using basic statistics, a
t-test, and ANCOVA.

The findings showed that the students with PBL with STEM education concept
approach had better mathematics analytical thinking than those who were instructed
through the conventional method at 0.05 of statistical significance. Furthermore, the
students’ satisfaction level towards PBL with STEM education concept approach was high

in all aspects.
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ABSTRACT

TITLE : A STUDY OF UNDERSTANDING AND LEARNING RETENTION ON PARABOLA
FOR GRADE 9 STUDENTS BY USING LEARNING ACTIVITIES THROUGH
GEOGEBRA.

AUTHOR : VIPAPORN TIPRAKSA

DEGREE : MASTER OF SCIENCE

MAJOR : MATHEMATICS EDUCATION

ADVISOR : ASST. PROF. PAIRIN SUWANNASRI, Ph.D.

KEYWORDS : UNDERSTANDING, LEARNING RETENTION, GEOGEBRA

This research studied the understanding and learning retention of the parabola for
grade 9 students in semester 2, 2016 academic year, at Namkliangwitthaya school, Srisaket
Province, by using learning activities through GeoGebra program. The research was a quasi -
experimental design method of the samples were 39 students, were separated to
experimental and control group. The experimental group was assigned to explore the
patterns of the parabora graphs through the GeoGebra program, while the control group
was provided a traditional teaching approach. The results showed that the experimental
group’s understanding in parabola was increase rather than the control group. Moreover,

the learning retention of the experimental group was still maintained.
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ABSTRACT
TITLE : A STUDY OF UNDERSTANDING ON VECTOR IN THREE DIMENSIONS OF
GRADE 11 STUDENTS THROUGH GEOGEBRA APPLET
AUTHOR : WILAIWAN SEEDAD
DEGREE : MASTER OF SCIENCE
MAJOR : MATHEMATICS EDUCATION
ADVISOR : ASST. PROF. PAIRIN SUWANNASRI, Ph.D.
KEYWORDS : UNDERSTANDING, VECTOR IN THREE DIMENSIONS, GEOGBRA APPLET

This research aim to study the three-dimensional vector. GeoGebra Applet students
use the quasi- experimental research. The experimental group consisted of 36 participants
and 34 control groups. The students in the second grade of the second year of the 2559
school, experimented with learning activities through GeoGebra Applet and the control
group used the normal teaching and learning process. Students who have learnt activities
through GeoGebra Applet understood the three-dimensional vector. After the study, the

students learned more than before. Statistically significant at the .05 level.
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TITLE : A STUDY OF UNDERSTANDING AND LEARNING RETENTION ON
FRACTIONS FOR GRADE 7 STUDENTS BY USING MUSIC NOTES WITH
BUTTERFLY METHOD
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MAJOR : MATHEMATICE EDUCATION

ADVISOR : ASST. PROF. PAIRIN  SUWANNASRI, Ph.D.
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This research studied the understanding and learning retention on fractions for
Grade 7 students, semester 2, 2016 academic year, at Namthaengpittayakom
Rachamangkhalapisek School, Ubon Ratchathani Province by using the music notes with
Butterfly method. The research was an experimental research. The participants were 51
students; separated into experimental and control groups. The experimental group studied
meaning and compared fractions by using musical notes, and the plus and minus fractions
by using Butterfly method. The results showed that understanding on fractions of the
experimental group increased and was greater than that of the control group. Moreover,
the learning retention of the experimental group still maintained and the satisfaction of the

students to the learning process was high.
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TITLE : THE EFFECTS OF HANDS - ON LEARNING ACTIVITIES TO DEVELOPMENT
OF ATTITUDE ON PROBABILITY FOR GRADE 11 STUDENTS
AUTHOR : SUTIDA SAICHALEE
DEGREE : MASTER OF SCIENCE
MAJOR : MATHEMATIC EDUCATION
ADVISOR : ASST. PROF. PAIRIN SUWANNASRI, Ph.D.
Keywords : HANDS — ON LEARNING ACTIVITY, ATTITUDE, PROBABILITY

This research studied the effects of hands-on learning activities to attitude
development on probability for grade 11 students at Buntharikwittayakarn School, Ubon
Ratchathani Province, studying in semester 2, academic year 2017. The research was an
experimental research. Participants were 66 students, separated into experimental and
control groups. The experimental group was taught by using hands-on learning activities.
The results showed that the experimental group’s attitude on probability increased and
was greater than that of the control group. Moreover, hand-on learning activities could

improve the students’ probability efficiency.
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ABSTRACT
TITLE : THE STUDY OF MATHEMATICAL PROBLEM SOLVING SKILL BY USING
INQUIRY — BASED LEARNING WITH POLYA’S PROBLEM SOLVING PROCESS
AUTHOR : SUPATTRA CHALATLOED
DEGREE : MASTER OF SCIENCE
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ADVISOR : ASSOC. PROF. MANAKORN WATTANATAWEEKUL, Ph.D.
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POLYA’ S PROBLEM SOLVING PROCESS

This research aimed to study students’ mathematical problem solving skills using
inquiry- based learning with Polya’s problem solving process compared with traditional
learning, and also examined their satisfaction towards inquiry-based learning with Polya’s
problem solving process. A quasi-experimental design method was used to assemble a
sample group by purposive sampling from 10" grade students of Sanom wittayakarn school
in Surin province in the second semester of the 2016 academic year. The research
instruments were lesson plans, pre-test and post- test for mathematical problem solving
skill, and a satisfactory questionnaire. The sample group of 54 students were separated into
two groups; an experimental group and a control group of 27 each. The students in both
groups completed the mathematical problem solving skill pre-test. The experimental group
was then taught by inquiry-based learning with Polya’ s problem solving process, and the
control group used a traditional teaching approach. After learning, those students
completed the mathematical problem solving skill post-test and the students of the
experimental group took the questionnaire to evaluate the satisfaction of learning by
inquiry-based learning with Polya’ s problem solving process. Data were analyzed by using
basic statistics and t-tests.

The results showed that learning using inquiry-based learning with Polya’s problem
solving process was better in developing the students’ mathematical problem solving skill
and better than using traditional learning at .05 level of significance. Moreover, the
satisfaction of the students using inquiry-based learning with Polya’ s problem solving

process was highest.
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This research aimed to study students’ mathematical creative thinking in originality
aspect using problem-based learning (PBL) with STEM education concept and to compare
with traditional learning, and also examine their satisfaction of the PBL with STEM education
concept approach. A quasi-experimental design method was used to assemble a target
group from grade 10 students at Samrongthobwitthayakom School, Surin province, in the
second semester of the 2016 academic year. The 52 students were organized into two
groups; 27 students for experimental group and 25 students for control group. The students
in both groups completed the mathematical creative thinking in originality aspect pre-test.
The experimental group was then taught by PBL with STEM education concept, and the
control group used a traditional teaching approach. After learning, those students
completed the mathematical creative thinking in originality aspect post-test and the
students of the experimental group took the questionnaire to the satisfaction of evaluate
the learning by PBL with STEM education concept. Data were analyzed by using basic
statistics and t-test. The research instruments were lesson plans, pre - test and post - test
for mathematical creative thinking in originality aspect, and a satisfactory questionnaire.

The results showed that learning using PBL with STEM education concept was
significantly high in developing the students’ mathematical creative thinking in originality
aspect and better than traditional learning as .01 . Moreover, the students’ satisfaction who

used PBL with STEM education concept learning process was high.
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ABSTRACT

TITLE : A DESIGN OF LEARNING ACTIVITIES TO PROMOTE MATHEMATICAL

MODELING COMPETENCY USING LEARNING ACTIVITY APPROACH FOR
GRADE 7 STUDENTS

AUTHOR : UBONRAT CHETINAI

DEGREE : MASTER OF SCINENCE

MAJOR : MATHEMATICS EDUCATION

ADVISOR : ASST. PROF. SUPOT SEEBUT, Ph.D.

KEYWORDS : MATHEMATICAL MODELING PROCESS, MATHEMATICAL MODELING

LEARNING ACTIVITY APPROACH

All mathematic instructional management focuses on students' problem-solving skills.
Most problems are designed by teachers and the students are assigned to apply their skills
to solve the problems in real-life situations. However, outside the classroom, they are
unable to solve problems which are in mathematical forms. Therefore, the design of
learning activities to promote students’ mathematical modeling competency is very
important because the model is practical in terms of problem solving in the real situations.

The research aimed to study students’” mathematical modeling competency and their
group work behaviors. The samples of this study were 30 grade 7 students from Benjalak
Pittaya School, Benjalak District, Sisaket Province, under the Secondary Educational Service
Area Office 28, in 2/2559 semester, selected by using a purposive sampling technique. The
research instruments consisted of: 1) 5 lesson plans for 15 hours, 2) 2 items of subjective
exam to assess the students’ modeling competency after participating in the learning
activities, and 3) 10 items of group work behavioral observation in 3 levels of rating scale.

The study found that the students’ mathematical modeling competency was classified
into 6 levels. The assessment results indicated that the majority of the students (61.61%)
was at level 5, followed by level 6 (35 %), and the level 3 (3.33 %), respectively whereas
their group work behavior was at the excellent level. According to the results, the students
were able to apply the mathematical modeling process in solving the given quizzes.
Moreover, the activities could promote their modeling competency and encourage group

work behavior.
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ABSTRACT

TITLE . TWO APPROACHES FOR DOWNSCALING OF COMPLEXOMETRIC
TITRATION TO DETERMINE MAGNESIUM CONTENTS IN RUBBER LATEX A
FIELD TEST KIT AND A MICROFLUIDIC THREAD-BASED ANALYTICAL
DEVICE (UTAD)

AUTHOR : NUTTHAPORN MALAHOM

DEGREE : MASTER OF SCIENCE

MAJOR : CHEMISTRY

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

KEYWORDS : RUBBER LATEX (RL), MAGNESIUM IONS (Mg2+), COMPLEXOMETRIC

TITRATION, FIELD TEST KIT, MICROFLUIDIC THREAD-BASED ANALYTICAL
DEVICE (UTAD)

The first approach, a simple, low-cost and portable field test kit based on colorimetry
with detection by naked eye was developed for determination of magnesium contents in
rubber latex (RL). The miniaturized complexometric titration between Mg** and EDTA
without any masking agent was a key reaction in this development, which was designed
according to the concept of green chemistry by reduction of waste generation and chemical
and time consumption. The system enabled quantification of magnesium contents in RL at
low concentration with the detection limit being <50 mg L™, small sample volume uptake
(0.18 g, sampling by a small spoon) and use of <1.5 mL reagent volume which was >70
times less than that applied in the conventional method. Moreover, with the presence of
potential interference ions, greater selectivity towards magnesium was observed.
Furthermore, the reagents used in our developed test kit were stable for >6 months at
room temperature. The results obtained on real samples were in agreement with those
obtained from the conventional complexometric titration (ISO 17403:2014(E)) method. The
proposed technique provides a low-cost, rapid, simple, selective and on-site analysis of
magnesium contents in RL.

The second approach describes simple complexometric titration for analytical
detection by measuring the length of color change on indicator treated thread. A novel

thread- based analytical device (UTAD), fabricated from 15 cm of untreated cotton thread,
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provides an easy-to-use platform for the rapid measurement of analytes concentrations in
aqueous solutions. The threads were fixed to a box platform to allow capillary wicking of
liquid samples, free from contact with outside surfaces. In this method, interaction between
deposited reagents and analytes within samples produces colored zones of different
lengths on the threads within only a few minutes. The length of the colored zones analyzed
by unaided human eyes using the printed scales correlates with the concentrations of the
analytes in the samples. The complexometric titration using yTAD was also proposed for
Mg?* monitoring in rubber latex samples. The threads were firstly pretreated with
Eriochrome Black T (EBT). Two threads were then treated with two different concentrations
of ethylenediaminetetraacetic acid (EDTA) in N-cyclohexyl- 3-aminopropane sulfonic acid
(CAPS) buffer at pH 10. They were then tied together to make a central knot before being
affixed to a box platform to be ready for analysis. 6 pL of sample solution was then applied
to UTAD. The length of purple color product generating on the thread was proportional to
the concentration of Mg** in samples provided, working concentration range of 25-1000 mg.
L"'. Greater selectivity toward Mg®" compared with potential interference ions was
examined. Furthermore, our developed uTAD was applied for analysis of real samples which

showed results being in agreement with those obtained by classical titrations.
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ABSTRACT
TITLE : MOLECULAR MODELING OF POTENTIAL ANTI-TB AGENTS ACTIVE AGAINST
M.TUBERCULOSIS INHA AND GYRB
AUTHOR : NARUEDON PHUSI
DEGREE : MASTER OF SCIENCE
MAJOR : CHEMISTRY
ADVISOR : ASSOC. PROF. PORNPAN PUNGPO, Ph.D
KEYWORDS : INHA INHIBITOR, GYRB INHIBITOR, MOLECULAR DOCKING CALCULATIONS,

MOLECULAR DYNAMICS SIMULATIONS, THREE DIMENSIONAL
QUANTITATIVE STRUCTURE ACTIVITY RELATIONSHIP

In this research, computer aided molecular design (CAMD) approaches were applied to
investigate the structural requirements of novel inhibitors as highly potent anti-tuberculosis.
The first enzyme target, enoyl-ACP reductase (InhA) of M. tuberculosis had been shown to
be the primary target of the isoniazid. According to the isoniazid resistance associated with
catalase-peroxidase mutations, heteroaryl benzamide derivatives were developed as the
novel direct InhA inhibitors. Molecular docking calculations, molecular dynamics (MD)
simulations and three dimensional quantitative structure activity relationships (3D-QSAR)
were applied to elucidate the important information and develop more potent InhA
inhibitor. The second enzyme target is DNA gyrase subunit B (GyrB). The function of this
enzyme is causes supercoiling of DNA which relieves strain during the DNA unwinding for
M. tuberculosis. The fluoroquinolone resistance arises from the mutations of GyrB enzyme.
Molecular docking calculations and MD simulations were applied to predict binding mode
and binding interactions of 4-aminoquinoline derivatives. 3D-QSAR studies were used to
investigate the structural requirements of 4-aminoquinoline derivatives to rational design
new potent GyrB inhibitors. Therefore, the important information from the study were
applied to understand the binding mode of inhibitors in binding pocket, the crucial
interactions of inhibitors in binding pocket and the structure requirements of heteroaryl
benzamide derivatives as InhA inhibitors and 4-aminoquinoline derivatives as GyrB inhibitors
provided guidelines for the design of new and more potent InhA and GyrB inhibitors, and

to solve drug resistant problem of M. tuberculosis.
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TITLE : ANOVEL EMITTER FOR ORGANIC LIGHT EMITTING DIODES

AUTHOR : BENJAWAN SOMCHOB

DEGREE : MASTER OF SCIENCE
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KEYWORDS : ORGANIC LIGHT EMITTING DIODES (OLEDs), SONOGASHIRA CROSS-
COUPLING REACTION, RUTHENIUM CYCLIZATION REACTION, CHROMENE,
CHROMENONE

Organic light emitting diodes (OLEDs) have been regarded as the display technology for
future generation. In this study, m-conjugated of benzochromene and pyranochromenone
derivatives (BS01-BS08) were synthesized for applying in OLEDs using the Sonogashira cross-
coupling reaction and the ruthenium cyclization reaction, respectively. The compounds
were characterized by 'H and >C NMR, FTIR and mass spectroscopy. In the ruthenium
cyclization step, two isomer products were generated from asymmetric diphenylacetylene.
The major products were 11-14% vyields clearly characterized by *C NMR. Their
photoluminescence emission at room temperature appeared in the green region of the
fluorescence process. All synthesized compounds which were in the [TO/NPB/BS01-
BS08/Bphen/LiF/Al structure were used as dopants for OLEDs. It was found that BS02
showed the best performance and exhibited green colour. Its current efficiency was 1.28

cd/A and its power efficiency was 0.47 Im/W.
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TITLE : HIGH-EFFICIENCY ORGANIC LIGHT-EMITTING DEVICES FROM CHARGED
IRIDIUM COMPLEX
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DEGREE : MASTER OF SCIENCE
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DIODES, CHARGED IRIDIUM(III) COMPLEX, HIGHLY EFFICIENCY COMPLEX

This study aims to develop white organic light emitting diodes (WOLEDs) by using charged
iridium (IIl) complexes, i.e. NP13, NP23 and NP27 emitting in orange, blue and red respectively.
These complexes were successfully synthesized and characterized by 'H, "*C NMR, FTIR and
high resolution mass techniques. In the first part, the performances of simple organic light
emitting diodes (OLEDs) in the configurations of ITO/PEDOT:PSS/complex/Alwere fabricated
and investigated. The electroluminescence emission colors were related with their solution
colors. The device of NP13 showed highest efficiency in this series at 0.28 cd/A. In the second
part, the performances of WOLEDs in the configurations of ITO/PEDOT: PSS/NP13: NP23/ Al
were fabricated and investigated. The device using 1:9 ratio successfully generated warm
white light with current efficiency at 0.15 cd/A, CIE at (0.47, 0.49) and CCT at 2059 K. In the
third part, the multi-layer OLEDs configurations of ITO/PEDOT:PSS/complex/TPBi/LiF/Al were
fabricated and investigated. All multi-layer devices had higher efficiency than the simple
devices. In the final part, the multi-layer WOLEDs device using 1:9 weight ratio was fabricated
and investigated. The results showed that the device of 1:9 gave the maximum efficiency
at 2.5 cd/A and power efficiency at 1.0 Im/W with the CIE coordination of (0.47, 0.49), CCT
at 2059 K and CRI at 43.
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This study reported the synthesis of the photoresponsive coumarin series for
controlled releases of plant hormones and herbicides. The materials were designed by
varying substituted positions of long alkoxy side chains (-OC;¢Hs3), introduced to gain
adhesive properties on plant leaves, in the coumarin core structure. The target compounds
were synthesized via Williamson reaction, Pechmann reaction and esterification,
respectively. All chemical structures were characterized by 'H NMR, 1*C NMR, FTIR, and mass
spectroscopy. In addition, nanoemulsion of these compounds were prepared by using PVA
as a stabilizer and SDS as a surfactant. The optimized condition was obtained by using 3
wt% PVA, 1 wt% SDS, and 0.2 wt% of coumarin with a volume ratio of oil-in-water at 75:25.
The particle size, wettability and photolysis of nanoformulations were studied. It was found
that the obtained nanoemulsion gave high physical stability with average particle diameter
about 292-403 nm and expressed good wettability (contact angle 48-57°) on Cassia fistula
leaf surface. Moreover, the controlled releases of plant hormones and herbicides from
photoresponsive compounds were studied by irradiating under the specific wavelength (365
nm) and normal sunlight. Photolysis was monitored by UV-vis absorption and emission. We
found that the substituted position of the alkoxy group on coumarin rings and substituted

position of the carboxylate linkage on indoles also effected a photolysis rate.
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A novel benzimidazole incorporated with ethoxy phenyl linkage was designed and
synthesized by N-alkylation and nucleophile substitution for antimicrobial agents. The target
molecules were characterized by 'H NMR, *C NMR, IR, molecular weight, and melting point,
respectively. The synthesized compounds were tested for their antimicrobial efficacy against
fungus (C. gloeosporioides, Fusarium sp, C. lunata, A. brassicicola, M. ¢grise and C. albicans),
Gram-positive and negative bacteria (B. cereus, E. faecium, P. aeruginosa, A. baumannii, E.
coli and K. pneumonia), and virus (Herpes simplex virus type 1). The results indicated that
the bezimidazole with dichorophenyl linkage showed a good inhibitory activity against C.
lunata, A. brassicicol and B. cereus with over 90% yield of inhibition rate. The 2-((1-(2-(3,5-
dichlorophenoxy)ethyl)-1H-benzoldlimidazol-2-yl)lamino)-2-oxoacetic acid (14), in particular,
showed broad spectrum antimicrobial activities of 96.23 % against C. (unata, 103.79%
against A. brassicicol, and 100.38% against B. cereus, resulting from pi-pi packing, Van der

Waals interactions and hydrogen bonding.
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The objective of this research was to explore yeast diversity and distribution at Ubon
Ratchathani zoo. Yeast strains were isolated from soil, bark and leaf through culture-based
and direct sequence approaches (nucleotide of 26S rDNA (D1/D2)). Samples were diluted
and yeast colonies were isolated in Yeast extract malt extract (YM) medium at 30 °C. 13
isolates were isolated from soil, 22 and 31 isolates were from bark and leaf. Colonies were
white or cream. Most of cells were oval and some isolates could form psedohyphae. 66
isolates were identified through 26S rDNA (D1/D2) sequence analysis. Result indicated that
yeast strains were identified as Candida, Meyerozyma, Schwanniomyces, Pichia,
Wickerhamomyces, Kazachstania, Kodamaea, Lachancea, Aureobasidium, Cryptococcus
and Rhodotorula. Dominant Genus was Candida and most species found was Candida

orthopsilosis.
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The emergence of drug resistant Shigella sonnei has become a global concern because
its infections cannot be cured by most of presently used antibiotics. In order to find out
some alternative therapeutic approaches that can control drug resistant bacteria,
bacteriophage therapy is considered as the most promising one. The aims of this study are
to isolate bacteriophages specified to drug resistant S. sonnei DRO1 and to examine their
ability to inhibit its specific bacterial host in vitro. In this study, 3 lytic bacteriophages, WR1,
WR2 and WR3, were isolated from different water sources. All of them had different host
ranges, and EcoRI digested genomes patterns. Based on their host ranges and genomes,
WR1, WR2 and WR3 had different bacteriophages. When each bacteriophage was used to
inhibit S. sonnei DRO1 in vitro, it was found that WR1, WR2 and WR3 reduced the bacterial
cells about 1 log CFU/mL within 48 hours. The inhibitory activity against S. sonnei DRO1
increased when WR1, WR2 and WR3 were used together. In conclusion, bacteriophages
obtained from this study were able to inhibit drug resistant S. sonnei DRO1; hence, they

may be useful as therapeutic agents to inhibit the bacterium.
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The objective of this research was to apply Naive Bayes in internet troubleshooting
classification to which the web application was developed for technician use to analyze
internet troubleshooting data and to fix. Users included administration, heads of technician,
technicians, and operators. The study collected 747 records of internet troubleshooting
data from the Telephones of Thailand customer service center of the Mukdahan branch,
and these were used to generate a classification model using Naive Bayes via Weka. The
web application was developed using PHP and MySQL database. Research results showed
that the accuracy of the internet troubleshooting model was 88.07% and the average of 15

users’ satisfaction with the developed web was at the high level.
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The purpose of this research is to develop a system for recording data logging of
building access with facial recognition using a Haar-like technique in combination with
Principal Component Analysis. The system consists of two parts: the first part is Raspberry
Pi and a webcam, developed using Python programming language with OpenCV. It serves
to record the person and send it to the second part which is the computer server. The
computer server was developed using C# programming language; it functions to process
facial image data and feature extraction with Principal Component Analysis. Then it validates
this with the learning dataset that was processed and stored on the server-40 people in
each of 10 images (20 men and 20 women).The results of the facial recognition performance
is 92 percent. Furthermore, the five-point Likert scale is used to evaluate satisfaction from
eight users. The results reveal that the level is good. Therefore, this research is suitable for

application in the security of important places.
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This independent study aimed to develop a decision support system to manage the
subsidy budget in Nam Yuen hospital using analytical hierarchy process (AHP) in the form
of a web application. The system can provide information for the executives in making
decisions on the subsidy budget plan approval in the hospital. In the consideration process,
each pair of factors was compared by the committee to compute the weight of each factor.
It was founded that the factors influencing the plan approval included (1)usage reasons,
29.39, (2)urgency, 19.99, (3) investment results/benefits, 17.52%, (4) the previous year plan,
17.39%, (5) plan importance, 11.01%, and (6) user responses, 4.71%, respectively. The
concordance rate was 0.07, which was in an acceptable range.

The decision support system was developed by ASP.NET and MySQL database. The
system consisted of a central data management system, a proposal management system,
a consideration criterion data management system, and a plan approval management
system. The system users included administrator, budget planners, executives and
committee members. The system was evaluated in two parts. The first part was its
effectiveness to support budget management decisions, which was verified by computing
the percentage between approved budget plans in 2017 fiscal year with the plans suggested
by the system. The second part was users’ satisfaction on the system. Questionnaires were
used to collect data from 9 executives and committees members and 21 system users.

The research results revealed that the effectiveness of the system to support the

decision on budget management was 94.73% accurate. The average satisfaction of the
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executives and committee members was 4.42 (SD = 0.56), which was at the high level, and

users’ satisfaction was 4.51 (SD = 0.74), which was at the highest level.
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This research aims to develop and evaluate the efficiency of the information search
system in Wikipedia and Conservapedia on an iOS operating system. This system is
developed using the lonic Framework and SQLite database. There are caching techniques—
both cache on mobile and cache on server—to improve search efficiency. Caching is stored
in JSON format to enhance the speed of data exchange between the client and server.
Measuring the response time of a search in Wikipedia and Conservapedia shows that the
response time of a search in Conservapedia without cache used most is equal to 826
milliseconds, and the response time of a search in Wikipedia and Conservapedia via cache
on a mobile device used least is equal to 9 milliseconds, the results show that the response
time speed is up to 98.91 percent. Concerning measuring a response time of a details page
in Wikipedia and Conservapedia, the results indicted that the response time of a details
page in Conservapedia without cache used most is equal to 2204 milliseconds, and the
response time of a details page in Wikipedia via cache on a mobile device used least is
equal to 30 milliseconds. The results show that the response time speed is up to 98.64
percent. Furthermore, the five- point Likert scale questionnaire was used to evaluate
satisfaction from 15 users. The results reveal that it is a good level (the average is equal to
4.12 and S.D. is equal to 0.63). In evaluating satisfaction from five experts, the result is a
good level (the average is equal to 3.90 and S.D. is equal to 0.56). Overall, this shows that

the proposed system can be used effectively.
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Credit transferring of studied courses may lead to students’ graduation sooner. In credit
transfer process, the similarities of course descriptions and course names are evaluated.
The objectives of this thesis were to present an alternative approach to course description
and course name comparison and to develop university credit transfer system using a
vector-based text similarity measurement in which cosine distance and term frequency
were applied. The comparison process consisted of 6 steps including 1) Thai word
segmentation, 2) dictionary-based meaning combination 3) stop word elimination, 4) lexical
semantic analysis, 5) term weighting, and 6) course similarity measurement. Course
descriptions, collected from B.Sc. program in Computer Science, and B.Sc. and M. Sc.
program in Information Technology, Faculty of Science, Ubon Ratchathani University, written
in Thai were used in experiments. The approach was evaluated by comparing results
suggested from the system with those from program director judgement. The experimental
results showed that the accuracy, precision, recall, and F- measure of our proposed
approach were 82.61%, 100%, 80.95%, and 89.47%, respectively, which were able to be
applied in course description similarity measurement for credit transfer process. The system
was preliminarily evaluated in terms of user satisfaction using questionnaires with 30 users.
The testing results showed that the average of the users’ satisfaction were at a good level
(X =4.27,5D = 0.63). The developed system is able to support the university credit transfer

process more efficiently.
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Imine polymeric materials have been widely used to dope on a single-walled carbon
nanotube (SWCNT) for producing a novel semiconductor. However, the understanding of
structural polymerization of polyethyleneimine (PEI) warped on carbon nanotubes to design
an N-type semiconductor has been poor. To approach the characteristic polymers on CNT
sidewalls, this study investigated linear and branched polymers based on experimental
structures warped on carbon nanotubes via the density functional theory (DFT) corrected
by the van der Waals (vdW) interaction using to carry out the periodic boundary condition
(PBO). It was found that both considered structures were irreversible adsorptions as when
doped on SWCNT. However, an increase of linear polymers’ lengths wrapped on the wall
did not affect pristine SWCNT properties. In contrast to branched polymer, it revealed a
structural polymerization of PEl which created the donor state (DS) in the electronic band
structure because of the hydrogen bond network (HBN) rearrangement. The Bader charge
analysis was used to prove that an electronic charge was transferred from PEl to the
nanotube. As a result, branched PEl doped SWCNT was able to make the n-type

semiconductor.
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This research aimed to develop software and to fabricate circuits to measure solar
energy from pyranometer sensors. ADS 1115 was used to integrate circuit to converse analog
voltages from the sensor to digital values. The voltage levels from the sensors were in the
order to microvolts were conversed to millivolts. The ESP 8266 microcontroller was used
to control the reading processes and sending data via WiFi network to the users. Raspberry
pi received data from ESP 8266 and sent the data to Net pi to provide real time to the
users. The data were also kept in a file for further use.

The research tested the developed equipment and measured solar radiation at the
roof of physics department Ubon Ratchathani University and a village in Samrongplun sub-
district, Phrai Bueng district, Si sa ket Province. The equipment could read data from the
sensors, collect data, convert to solar radiation data, and receive and send data as expected

by the developed software.
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The purpose of this research is to design and construct a small vacuum furnace.
A cylindrical graphite was used in constructing the furnace; cylinder aluminum and copper
sheets were employed to prevent the heat radiation from the furnace transferring to the
chamber wall. A rotary pump using the pressure of the vacuum system can be pumped
down to 30 mTorr, and the temperature of the furnace can be heated up to 700 °C driven
by heater wire which keeps the temperature of the chamber wall relatively low. In addition,
heat loss obtained from the graphite furnace by conduction, convection, and radiation were
analyzed. The dominating heat loss was found to be caused by the blackbody radiation,
which can thus be used to estimate the relationship between graphite furnace temperature
and the driving power. The cylindrical graphite furnace has an inner diameter of 44 mm, an
outer diameter of 60 mm and a height of 45 mm. It consumes 355.5 W of power to drive
the furnace to achieve 700 °C. The stability of the furnace was demonstrated by the target
furnace temperature being set at 700 °C. The overshoot temperature was 738 °C; then it
dropped to 700 °C within 38 minutes. The average temperature of the furnace was
701.95 °C with fluctuation in the range of 698-705 °C. The maximum temperature in the
vacuum chamber was 129 °C, and the maximum temperature of the vacuum chamber wall
was 35 °C. The results show that the high target furnace temperature was achieved while

the vacuum chamber wall temperature was kept low.
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Neutron monitors (NMs) are ground-based detector designed to estimate the cosmic
ray (CR) intensity, sometimes observe a sudden reduction in galactic CR intensity, the so-
called Forbush decrease events (FDs). The Princess Sirindhorn NM (PSNM) was established
in 2007, an NM64-type NM and PSNM is the fixed NM station located at the world's highest
magnetic cutoff rigidity 16.8 GV was installed at Doi Inthanon in Thailand. It has produced
reliable CR intensity data after detector stabilization. In order to examine the reliability of
CR data by PSNM. In this work, we study the FDs in CR intensity detected at PSNM that
occurred during the Five years of 2010-2015 in the 24th Solar Cycle. We analyses the FDs
at the Oulu NM in Finland in order to identify and compare them. We identify 46 FDs at
both PSNM and Oulu NMs. We used the Student's t-test to assess difference in the mean
between simultaneous or non-simultaneous of FDs. Of the 46 FDs, 22 are simultaneous and
24 non-simultaneous FDs. Student's t-test analysis reveals that FDs at PSNM have smaller
intensity variation of main phase duration of main phase than at Oulu NM. The results of
the present statistical analysis that support the PSNM can provide CR data of reliability
comparable to that of the Oulu NM. This work also provides unique data of FDs and solar

modulation.
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In this study, dye sensitized solar cells were fabricated and its efficiency was improved
by doping aluminium (Al) and copper (Cu) in anodization process during synthesizing TiO2
nanotubes ( Titania nanotubes). An X-ray diffraction (XRD) was used to study the
microstructure of titania, and a scanning electron microscopy (SEM) was used to study
morphology. UV-visible spectroscopy optical property was employed to determine the
optical property. The effect of Al-doping and Cu-doping on the efficiency of the solar cells
and the electrochemically synthesized by anodization process were investigated. The poly
acrylonitrile- co- styrene and polyethylene oxide were also investigated and compared in
order to indicate the efficiency of the cells. The conversion efficiencies of poly (acrylonitrile-
co-styrene) and poly (ethylene oxide) were 1.32 % and 1.05 %, respectively. The conversion
efficiencies of Al-doped TiO2 at Concentration 0.01M, 0.1M and 1M were 1.19%, 0.42% and
0.10%, respectively. The conversion efficiencies of Cu-doped TiO2 at aoncentration 0.01M,

0.1M and 1M were 1.46%, 1.37% and 1.21%, respectively, for irradiation of 60 mW/cm?2.
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This research aimed to develop a portable Geiger counter displaying on android
smartphones. It consisted of 5 parts. The first part was a low voltage power supply, which
provided power to all systems. The second part was a pulse generator circuit, which
generated trigger signals during the interaction between radiations and Geiger Muller tube.
The third part was a signal conditioning circuit, which transformed the signals to square
pulses. The fourth part included a data processer that counted square waves, and a
Bluetooth transmission that sent the data to the application on a smartphone. The final
part was an application on the smartphone for displaying of data. The test results showed
that the voltage level of batteries reduced from 2.9 to 1.9 V after operating for 110 minutes.
Due to the reduction of voltage level, the Bluetooth module was stopped and the data
were not sent to the smartphone. In terms of the power supply’s voltage levels in both
low and high, it was found that the voltage levels were constant during the operation within
110 minutes with ripple voltage of less than 1 percent. It was also found that the signal
conditioning circuit generated square pulses. Each pulse was a 4-volts high and 400-
microseconds wide which was a dead time of this meter. As a result, its count rate was in
the range between 0 - 2,500 counts per second. Moreover, the count rate errors measured
from Co-60 radiation sources at 0.05 pCi and 2.40 mCi of radioactivity by this developed
meter comparing with the Geiger-Miller Zahler GM-COUNTER standard meter were 3.74 and

2.51 percent, respectively.
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This study aimed to enhance grade 10 students’ understanding of chemistry through
the implementation of the hands-on learning of stoichiometry using the reaction between
carbonate compounds and acids. Simple equipment and chemicals from daily life were
used in this research. Carbonates react with acetic acid to form carbon dioxide (CO,) gas,
which was directly measured using a syringe without the displacement of water. When the
amount of vinegar was fixed, the volume of CO, gas generated from the reaction was
dependent on the amount of carbonates used. For conducting research in education, the
sample in this study consisted of 45 grade 10 students who were studying at Nonsungsritani
School, Nonsung, Nakhonratchasima during the second semester of academic year 2016.
The research design is based on one group pretest-posttest design. The instruments used
to investigate the students’ understanding consisted of the four-tier diagnostic tests (FTDT),
a basic experimental skill observation form and a questionnaire. The results in this study
revealed that, from FTDT, students had an understanding of the concept of stoichiometry
after learning (Postest mean 6.38) more than before (Pretest mean 2.53). From the basic
experimental skill observation form, it was concluded that most students gained science
process skills at a good level (mean > 3.67). According to the questionnaire, students also
enjoyed hands- on learning of stoichiometry using the reaction between carbonate
compounds and acids at the highest level. Therefore, this research indicates that hands-on
learning of stoichiometry using the reaction between carbonate compounds and acids is

useful for enhancing students’ learning of chemistry.
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Interactive engagement affects better learning. For the surveys, Interactive Engagement
methods (IE) could support students’ learning in a medium gain regime while students who
learned with Traditional Lecture-Based Instruction (TRAD) had low improvement. Therefore,
researcher aimed to present IE in order to enhance the conceptual understanding in direct
current. Peer Instruction (PI) was used for teaching to deal with misconception. In addition,
it was very necessary to project the visual of electrical current by using analogies. Hence,
electrical current happened in microscopic scale; no chance for bare-eye observation. Then,
the researcher developed a demonstration tool for displaying current and voltage
measurement. The purpose of this development was to have a good demonstration tool;
portable and precise measurement. The demonstration tool consisted of Arduino Mega
2560, Arduino Nano V3, current sensor (WCS2705), and voltage sensor (IC MAX471/MAXA472).
After testing a circuit and coding, the researcher calibrated the demonstration tool for
validation with current and voltage measurement instrument (Agilent 34401A) - an
instrument had 4 decimal points. After the calibration, the researcher collected the data
and plotted graphs for finding the linear equations and R-square value. The R-square value
was 0.99, and the linear equations were applied in coding for precise current-voltage
measurement. Then, the tool was considered by experts to find out the efficiency;
appearance, coherence, and facilitation. The average score of the tool was 4.0 (good level).
Finally, the tool was used with Pl and analogies approach for grade 9 students, Pathum

Ratchawongsa School.
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The finding indicated that the students’ development was medium (<g>=03.1).
Before taking a test, students were investigated the analogies for determining the
relationship between mastery in science and the students’ analogies. The result showed
the students who had high score emphasized that the electrical energy could be
transferred. Furthermore, the students’ analogies were influenced by teaching and 10.71%

of students’ analogies could reflected the misconception.
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The objectives of this research were to develop students’ learning achievement and
to study the scientific conceptual change of photosynthesis by using the 5E inquiry learning
cycle with a learning package. The sample included 23 students from grade 11. They were
selected by the purposive sampling technique at Srinagarindra the Princess Mother School
Sisaket. The research design was a pre-experimental design, which was a one-group pretest-
posttest design. The instruments used in this research were an achievement test in
photosynthesis, the scientific conceptual test in photosynthesis, and six 2- hour
photosynthesis lesson plans that used the 5E inquiry learning cycle with a learning package.
The study results showed that the 5E inquiry learning cycle with a learning package
enhanced students’ learning achievement. Students’ post-test scores (30.96 + 1.49) were
significantly higher than the pre-test scores (13.96 + 1.64) and were significantly different at
a p-value of 0.05. The science inquiry learning package had an efficiency level (E1/E2) of
84.38/81.07, which is in the standard criterion (80/80). The post-test conception scores
(31.78 + 4.97) were statistically significantly higher than the pre-test scores (11.96 + 3.51)
and were statistically significantly different at a p-value of 0.05. The students’ conceptual

understanding became more correct and alternative conception decreased.
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The main purpose of this research was to develop learning achievement on genetic
inheritance for grade 10 students by using inquiry based 5E learning activities. Students’
learning retention and satisfaction towards the learning implementation were also
investisated.  The research sample consisted of 27 grade 10 students from
Nonsawangprachasan School in the first semester of the 2017 academic year. The research
instruments were a 40 item achievement test, lesson plans that used the 5E inquiry learning
cycle, and a satisfaction questionnaire. The dependent sample t-test analysis indicated that
the post-test score (24.89 + 4.81) was significantly higher than the pre-test score (10.56 +
3.51) at a p-value of 0.05, but not different from the retention score (24.67 + 4.77) at a p-
value of 0.05. The students' satisfaction toward the inquiry learning activities was in the

highest level.
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This research aimed to enhance students’ understanding of chemical kinetics using the
reaction between metal and acid in daily life. The sample in this research was comprised
of 36 grade-11 students from a school in Si sa ket who were studying in the second semester
of the 2016 academic year. The one-group pretest-posttest design was employed in this
study. The instruments for collecting data consisted of the three-tier test of achievement
(multiple choices, explanation from chosen choices, and the confidence level for choice),
a science process skills instrument, and a student satisfaction survey taken by the
participants. The findings showed that most students gained a better understanding of
chemical kinetics and enhanced their science process skills substantially. According to the
survey, students were very satisfied with learning chemical kinetics by using the reactions
between metal and acid in daily life. This research indicated that hands-on learning should

be of interest to teachers at all levels in chemistry.

I«



95
UNANED
1399 : MsiRANU N lulmIe1rans SIS auuEnILaENSseNTe

a1susznavlessiln dnsutnSsutuilseudnu Ui 4 lneldwoUundadu 4D

Flements wazhuuinassalsusznaulassin

AR iy ASguiauia
FoUIan : ANYEIER TN UUD
A7 : AneAansAny

[

sl =2 v ¢ ¢ Y a
91159NUINWN Eﬁﬂﬁlﬁ’]am’]f\]’ﬁa NI.ATURNRSIANUY ’;]GMLaa']
AdATY

- 4D Elements, a15Usenauleaaiin, anudnladluyd, wanwainduilaie

MAFetdumslduennaiaduluiiofets 4D Elements nel@asaanuneni1san DAQRI way
wuUINaesasusenaulenaiin ’Lums%’mmiﬁauiﬁaﬂmu%auqmuasmiﬁaﬂ%amsﬂszﬂaula
painMUIdeilingUszasdme 1) WallSoufisunadugnsni1anisiseunoulasnassey 2) wie
= % v = A = ¥ aa & a
AnwIANUATIVEINIINTSSeY wag 3) WeAnwanudiladluuiingrmansisensileugnsuas
MsisenTeansusznaulesaiinlaely waunaiadu 4D Elements FaidulaUnapdunasyioiy
Usgaun1salnilaud3anedsiguazalsusenou wazkuudnassarsuszneulesetin lunisesuie
WeafunIsiinanslossuwatsy waznisinaisusenevlessiin nqudilegisde dniseudu

% =

fsoufnundil 4 $1uau 10 au lumaBeud 1 Ynsdnw 2560 1n3esileldlunsiiusiusa
fogausznoudie unun1sianisiieud $1uau 6 unu waruvunadeuiaaudila 2 drdutu
$1u7u 20 9o Tneludernnu 1 doasdsznaudnedind 1 andufaluiomiiBou dwil 2 a8
Junisldimgua mnmsiesgideyanadunyinismaseulnoiuisuifisuasuuunoutasnds
FouainnguiegiiliifudassandunuininFeuiiazuuundauiougsnitneuSoussisdl
Heddnmeadnfisedu .05 Wefinwimnufntinianissey nud Besdnndiusiuitezneud
TlunsiinansuszneulesedinilinnufomihmanisSeusnniian egluseiugs waziFesmsidou
gnsuazmIiSendeasusznevlessiin deimnuivimianisSeusgluseduuiunans uaziile
Anrwinrundlanlusiinemans nuiidnSeudanudlefiauysaituaniosas 0.00 Hu
Yovay 53.50 SnnuiiniFouiilivaninnuAniiu anasandesas 93.00 1ufesay 18.50 uazies
az 20.50 vewinZeudifinudilanaiaindouuidu ilosanind suunsaudsfinnuduanly

[ L% L3 ¥ U

13990 UATRRNTATUIDIT NI IUTTULAL TR VRIE N NHFY AN vals M AR Y

v 9

I«



96

ABSTRACT

TITLE : DEVELOPMENT OF SCIENTIFIC CONCEPTUAL UNDERSTANDING IN
FORMULA AND NAMING OF IONIC COMPOUNDS FOR GRADE 10
STUDENTS USING 4D ELEMENTS APPLICATION AND AN IONIC
COMPOUNDS MODEL.

AUTHOR : TIPANUN SRISUKWATTANAKIT

DEGREE : MASTER OF SCIENCE

MAJOR : SCIENCE EDUCATION

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

KEYWORDS : 4D ELEMENTS IONIC COMPOUNDS, CONCEPTUAL UNDERSTANDING,
MOBILEAPPLICATION

A mobile application named 4D Elements under the trademark of DAQRI and an lonic
Compounds Model were utilized in this research for students’ learning of the formula and
naming of ionic compounds. The purposes of this study were 1) To compare the pre-
test/ post-test results of learning achievement, 2) To study learning gain and 3) To study
scientific conceptual understanding of formula and naming of ionic compounds using the
4D Elements application. The 4D Elements application provides an augmented reality
experience of elements and ionic compounds and uses the ionic compounds model to
explain the elemental ions and the formation of ionic compounds. The participants for the
research consisted of 10 tenth-grade students in their first semester of the 2017 academic
year. The research tools included six lesson plans and a 20 item two-tier multiple choice
conceptual test with content-based and reason-based questions. Collected data was
analyzed by comparison of the pre-test and post-test learning achievement results using
t-test for dependent samples. The study showed that students’ post-test results were
statistically higher than the pre-test at significance level of .05. Normalized learning gain
was investigated. It was found that the topic ‘ratio of atoms used for the formation of ionic
compound’  showed the highest normalized gain at the high level; and the formula and
naming of ionic compounds’ topic showed medium level of normalized gain. Therefore,
the average normalized gain was at the medium level. Students’ scientific conceptual

understanding was also investigated; the research findings revealed that the number of
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students with complete conceptual understanding increased from 0.00% to 53.50%.
Students with no response decreased from 93.00% to 18.50%, and 20.50% of students had
partial understanding with specific alternative conception. This might be attributed to some
students being confused about the oxidation number of transition elements and element

names of similar chemical symbols.
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ABSTRACT

TITLE : THE DEVELOPMENT OF LEARNING ACHIEVEMENT ON FLOWERING PLANT
REPRODUCTION FOR GRADE 11 STUDENTS USING INQUIRY-BASED
LEARNING (5E) WITH COOPERATIVE LEARNING THROUGH THE TEAM-
GAMES-TOURNAMENTS TECHNIQUE

AUTHOR : TEVIKA SUDSAWANG

DEGREE : MASTER OF SCIENCE

MAJOR : SCIENCE EDUCATION

ADVISOR : ASST. PROF. WIROT KESONBUA, Ph.D.

KEYWORDS : FLOWERING PLANT REPRODUCTION, SCIENCE INQUIRY, ACADEMIC

ACHIEVEMENT, SATISFACTION

This research aimed to 1) study the efficiency and effectiveness index of a flowering
plant reproduction lesson plan for grade 11 students using inquiry-based learning (5E) with
cooperative learning through the Team-games-Tournaments technique, 2) compare pre and
post learning achievement, 3) enhance students to develop more than 50%, and 4) study
students’ satisfaction. Participants were 34 grade-11 students at Saitongwittaya School Roi-
et in the first semester of the 2016 academic year. The research methodology was
comprised of a pre-test, 12 hours of lesson plans, and a post-test. The results showed that
efficiency (Ei/E,) and effectiveness (E.l.) were 80.88/81.28 and 0.7394, respectively. Students
obtained 73.94% on learning progression, so they were categorized as high level progressive.
In addition, the students were able to raise their academic achievement from the low level
(28.14%) to the excellent level (81.27%), which was a significant increase. Finally, (p <.05)
the satisfaction of students was at the high level (X = 4.34).
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ABSTRACT
TITLE : THE DEVELOPMENT OF CONCEPTUAL UNDERSTANDING OF PROJECTILE
MOTION USING AN ACTIVE LEARNING APPROACH
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DEGREE : MASTER OF SCIENCE
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KEYWORDS : CONCEPT UNDERSTANDING, PROJECTILE MOTION, ACTIVE LEARNING

The purposes of this research were to (1) develop students’ learning achievement,
(2) develop students’ conceptual understanding, (3) study students’ learning gain and
(4) evaluate students’ attitude towards projectile motion by using an active learning
approach. The sample consisted of forty-one mathematics/science program students in
grade 10 at Suratthani School in the second semester of the 2016 academic year. A one
group pretest-posttest design was used in this study. The research tools consisted of lesson
plans on projectile motion using an active learning approach, a two-tier diagnostic test and
a questionnaire on students’ satisfaction. The data were analyzed by average scores,
percentage, standard deviation, t-test and normalized gain. The results showed that the
students’ achievement was increased at a statistically significant level of 0.05. The students’
post-instruction was significantly higher than their pre-instruction. The class average
normalized gain was at the medium level with <g> = 0.42. There were 7 students (17.07%)
who had a high gain while 20 students (48.78%) had a medium gain and 14 students
(34.15%) had a low gain. The students’ satisfaction on the active learning activities was at
the good level (mean = 4.49). The results indicate that active learning activities can develop
students’ conceptual understanding of projectile motion because the students can learn

and construct knowledge by cooperative learning.
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TITLE : DEVELOPMENT OF SCIENTIFIC CONCEPTUAL UNDERSTANDING OF
SOLUTIONS BY USING 5E INQUIRY LEARNING CYCLE INCORPORATED
WITH THE PREDICT-OBSERVE-EXPLAIN TECHNIQUE IN THE ENGAGEMENT
STEP FOR GRADE 7 STUDENTS
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DEGREE : MASTER OF SCIENCE

MAJOR : SCIENCE EDUCATION

ADVISOR : ASST. PROF. SAKSRI SUPASORN, Ph.D.

KEYWORDS : SCIENCTIFIC CONCEPTUAL UNDERSTANDING, SOLUTION INQUIRY-BASED

EXPERIMENT, PREDICT-OBSERVE-EXPLAIN TECHNIQUE

The main purpose of this research was to develop scientific conceptual understanding
of solutions by using the 5E inquiry learning cycle incorporated with the predict-observe-
explain (POE) technique in the engagement step. The participants were 32 students
purposively selected from grade 7 students studying at a medium-sized high school in Ubon
Ratchathani Province. The treatment tool was an inquiry-based experiment incorporated
with 8-hours-POE activities. The data collecting tool was a two-tier diagnostic scientific
conceptual test with 15 items. The data analysis revealed that the percentages of students’
pre-scientific conceptual test in the mis-conceptual understanding (MU), alternative
conceptual understanding (AU), and sound conceptual understanding (SU) categories were
51.04, 40.21 and 8.75, respectively, while the percentages for their post- test were 12.08,
42.92 and 45.00, respectively. The paired samples t-test analysis of students’ scientific
conceptual test scores indicated that their post-test scores (mean 31.89, SD 4.90) were
statistically significantly higher than their pre-test scores (mean 15.75, SD 3.86) at the 95%
confidence level. This verified that the use of 5E inquiry learning cycle incorporated with
the POE learning technique was effective in developing the students’ conceptual

understanding of solution concepts.
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TITLE : USING A SIMPLE PAPER-BASED DEVICE FOR ENHANCING GRADE 10
STUDENTS’ LEARNING OF PROTEIN BASED ON HANDS — ON ACTIVITY
AUTHOR : PAFUN WORAKA
DEGREE : MASTER OF SCIENCE
MAJOR : SCIENCE EDUCATION
ADVISOR : ASST. PROF. PURIUM JARUJUMRUS, Ph.D.
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This research aimed to develop students’ learning of protein using a simple paper
based device based on hands-on activity. The target group was 29 grade-10 students
studying in the first semester of 2017. The one-group pre-test and post-test design was
employed in the study. The research instruments consisted of lesson plans based on the
guided inquiry, a protein diagnostic test, three tier test (TTDT) and a questionnaire,
respectively. The data were analyzed by using the average percentage and standard
deviation. The results showed that the students obtained high post-test achievement scores
(mean 31.93, SD 1.56) than the pre-test ones (mean 13.14, SD 4.55). After learning by using
the protein diagnostic test, most of students gained more conceptual understanding of
protein. The results also showed that the students’ satisfaction on the learning activity was
at a high level (mean 4.20, SD 0.41). It could be concluded that learning of protein based
on hands-on activity using the simple paper based device was effective to develop

students’ scientific conceptual understanding.
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TITLE : THE DEVELOPMENT OF SCIENTIFIC CONCEPTUAL UNDERSTANDING OF
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JIGSAW LEARNING

The main aim of this study was to develop scientific conceptual understanding by using
a simple experiment and jigsaw learning on the topic of the internal structure of flowering
plants. The sample consisted of thirty-six students in grade 11 at Lahansai Ratchadapisek
School, Lahansai district, Buriram province who had registered in a biology course for the
second semester of the 2016 academic year. The research tool was comprised of a learning
achievement test. A pretest-posttest design and dependent sample t-test were used in this
study. The results reveal that after using simple experiment and jigsaw learning in four
subtopics—plant tissue, internal structure of root, internal structure of stem, and internal
structure of leaf—students’ scientific conceptual understanding increased. The mean score
was 24.89 (SD 3.69) in pretest and 10.42 (SD 2.90) in posttest which are higher than those
before using simple experiment and jigsaw learning at 0.00 statistical significant differences.
Students’ knowledge retention had no difference at 0.05 of statistical significance. In

addition, this technique is useful to attract student interest.
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This study aimed to 1) develop a lesson plan for for grade 10 biology students based
on the scientific inquiry of cells in order to achieve an 80/80 criterion and a 0.5 effectiveness
index criterion, 2) investigate students’ learning achievement, including learning
improvement, 3) study knowledge retention, and 4) study students’ attitudes towards
scientific inquiry- based lesson plans using 12-hour inquiry activities. The sample was
comprised of 29 students from a population of 91 grade-10 students at Benjalak Pittaya
School during the first semester of 2016. The results revealed that 1) the effectiveness of
the lesson plan was 84. 64/ 80. 09, which is equal to the standard criteria, and the
effectiveness index of lesson plan was 0.71, which is higher than the standard criteria.
2) Additionally, the posttest scores from the learning achievement were higher than that
the pretest scores by a significance level of 0.05, and learning achievement improved
substantially (<g>= 0.71). 3). Also, both the posttest scores of achievement and the
analytical exam had no statistical difference, at a significance level of 0.05, meaning that
the students achieved learning retention. 4) Finally, according to surveys, the students were

satisfied with the science inquiry activity at a high level.
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This research aimed to 1) compare learning achievement before and after learning by
using the 5Es inquiry cycle in genetic inheritance, 2) study students’ mental model before
and after learning, and 3) study students’ satisfaction with a genetic inheritance lesson plan
in first semester of the 2015 academic year. The participants were 36 grade 10 students
who were selected through cluster sampling at Mathayomtrakanpuetphon School. The
research methodology was comprised of the pretest, 12 hours of learning with lesson plans
based on the 5Es inquiry cycle (engagement, exploration, explanation, elaboration, and
evaluation), and the posttest. The results indicated that 1) the posttest scores of the
learning achievement exam (31.28 + 3.61) were higher than those of the pretest scores
(12.14 + 3.73) at a significance level of 0.05, 2) students’ mental models had developed
themselves at a later time, and 3) their satisfaction towards the 5Es inquiry lesson plan was

at the high level.
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ABSTRACT
TITLE : DEVELOPMENT OF GENETIC INHERITANCE LEARNING ACHIEVEMENT USING
SCIENCE INQUIRY INSTRUCTION FOR GRADE 12 STUDENTS
AUTHOR : ROSLEENA AWAEHAMA
DEGREE : MASTER OF SCIENCE
MAJOR : SCIENCE EDUCATION
ADVISOR : ASST. PROF. SUPAPORN PORNTRAI, Ph.D.
KEYWORDS : GENETIC INHERITANCE, SCIENCE INQUIRY, ACADEMIC ACHIEVEMENT

This research aimed to 1) study the efficiency and effectiveness index of science inquiry
instruction on genetic inheritance, 2) compare pre- and post-learning achievement,
3) investigate learning progression, and 4) examine learning retention of 35 grade 12 students
selected by cluster random sampling in second semester of academic year 2016 at
Dechapattanayanukul School. Research methodology involved a pre-test, 15 hours of
teaching and learning using lesson plans, and two post-tests, one after the intervention and
the other 15 days later. Data were collected from pre- and post-academic achievement
tests (48 items of a multiple choice test) and worksheets. Results showed that the efficiency
(Ey/E,) and effectiveness index (E.I) of these activities were 85.34/83.35 and 0.7712
respectively. The students improved their pre-academic achievement from 26.90% to a
post-academic level of 83.27%, a statistically significant increase (p < .05). The students
had 75.13% of learning progression (<g>), categorized as a high level. In addition, the post-
achievement scores of tests in the topics of Mendelian genetics, test cross, and extension
of Mendelian genetics (sex-influenced traits, sex-limited traits) were not statistically different

at a significance level of .05, indicating that the students retained knowledge of these topics.
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ABSTRACT

TITLE : THE DEVELOPMENT OF SCIENTIFIC CONCEPTUAL UNDERSTANDING OF
MOLE, CONCENTRATION AND COLLIGATIVE PROPERTIES OF SOLUTION
BY USING INQUIRY LEARNING FOR GRADE-10 STUDENTS

AUTHOR : WITTAYA WINARO

DEGREE : MASTER OF SCIENCE

MAJOR : SCIENCE EDUCATION

ADVISOR : ARISARA ISSAREE, Dr. RER. NAT.

KEYWORDS : MOLE, CONCENTRATION, COLLIGATIVE PROPERTIES, CONCEPTUAL

UNDERSTANDING, INQUIRY LEARNING

The purpose of this study was to develop students’ scientific conceptual
understanding of mole, concentration, and colligative properties of solutions by using
inquiry learning. The study group consisted of 38 tenth- grade students studying at
Sapphawitthayakhom School. The treatment tool was 15 hours of inquiry-based learning
activities about mole, concentration, and colligative properties. The data collection tool
was a two-tier diagnostic conceptual test. The dependent samples t-test analysis of
students’ conceptual test scores indicated that the post-conceptual test score (mean 38.95,
SD 8.13) was statistically and significantly higher than the pre-conceptual test score (mean
9.63, SD 2.40) at the 95% confidence level. The categorization of students’ conceptual
understanding by considering just the explanation tier revealed that, after the intervention,
the percentage of students in the No Conceptual Understanding (NU) category was
decreased by 64.60%, while the percentage of students in the Alternative (AU) and Good
Conceptual Understanding (GU) categories were increased by 13.60% and 51.00%,
respectively. The categorization of students’ conceptual understanding by considering both
choices and explanation tiers revealed that the total percentages of students in the No-
and Mis- conceptual Understanding (NU+MU) categories were decreased by 40.45%, while
the total percentages of the students in the Partial and Good Conceptual Understanding
(PU+GU) categories were increased by 56.94%. In addition, students’ percentage of actual
gain was 48.86% and their normalized learning gain was in a medium level (<g> = 0.58).

This verified that the intervention of inquiry- based learning activities was effective in
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developing students’ scientific conceptual understanding of mole, concentration, and

colligative properties of solution.
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TITLE : DEVELOPMENT OF SCIENTIFIC CONCEPTUAL UNDERSTANDING OF ACID-
BASE CONCEPTS BY USING THE 5E INQUIRY LEARNING CYCLE
INCORPORATED WITH A TEAMS-GAMES-TOURNAMENTS APPROACH FOR
GRADE 11 STUDENTS

AUTHOR : SIRITHORN  ANGKAEW

DEGREE : MASTER OF SCIENCE

MAJOR : SCIENCE EDUCATION

ADVISOR : ARISARA ISSAREE, Dr. RER. NAT.

KEYWORD : SCIENTIFIC CONCEPTUAL, INQUIRY LEARNING, TEAMS GAME

TOURNAMENT, ACID-BASE

The purpose of this research was to help students develop a scientific conceptual of
acid-base concepts by using the 5E inquiry learning cycle incorporated with a Teams-Games-
Tournaments (TGT) approach. This research was conducted using two different sample
groups from Sakonnakhon Pattanasuksa School. The first group was comprised of 62 Grade-
11 students from 2 classrooms who studied during the second semester of the 2015
academic year. The second group was comprised of 70 Grade- 11 students from two
classrooms who studied during the second semester of the 2016 academic year.

The treatment tools were lesson plans on acid-base concepts that used the 5E inquiry
learning cycle incorporated with a TGT approach, totalling 14 hours. The data collection
tool was a two-tier diagnostic conceptual understanding test, in which the first tier was a
multiple choice question and the second tier prompted a written explanation of the
selected answer. The data were analyzed by categorizing students’ concepts into three
categories and determining the percentages of those concepts in each category.

The research results from the 2015 sample showed that the post-conception test score
(mean 63.68, SD 7.51) was statistically significantly higher than the pre-test score (mean
10.71, SD 3.16) at a 95% confidence level, and that the normalized learning gain was at a
medium gain level (<g> = 0.60). In addition, the highest percentages of students in pre- and
post-conceptual tests were in the misconception (52.97) and good conception (64.41)

categories, respectively. Their overall percentage of the good conception category increased
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(+50.04), while the total percentage of the misconception and alternative conception
categories decreased (-50.04).

In the same fashion, the research results from the 2016 sample showed that the post-
conception test score (mean 35.70, SD 1.48) was statistically significantly higher than the
pre-test score (mean 3.85, SD 2.43) at a 95% confidence level. However, their normalized
learning gain was at high gain level (<g> = 0.88). In addition, the highest percentages of
students in pre-and post-conceptual test were in the misconception (80.46) and good
conception (86.17) categories, respectively. Their overall percentage of the good conception
category increased (+ 85.96), while the total percentage of the misconception and
alternative conception categories decreased (-85.96). Consequently, the 5E inquiry learning
cycle incorporated with a TGT approach was effective in improving students’ scientific

conceptual understanding of acid-base concepts.
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TITLE : DEVELOPMENT OF SCIENTIFIC CONCEPTUAL UNDERSTANDING OF ACID -
BASE BY USING 5E INQUIRY LEARNING CYCLE INCORPORATED WITH
PREDICT-OBSERVE- EXPLAIN TECHNIQUE IN ENGAGEMENT AND
ELABORATION STEPS FOR GRADE 11 STUDENTS

AUTHOR : SUTHAS SRIBURA

DEGREE : MASTER OF SCIENCE

MAJOR : SCIENCE EDUCATION

ADVISOR : SUPARB TAMUANG, Ph.D.

KEYWORDS : INQUIRY LEARNING CYCLE, PREDICT-OBSERVE-EXPLAIN, SCIENTIFIC

CONCEPTION, ACID-BASE

The main purpose of this research was to develop scientific conceptual understanding
of acid-base by using 5E inquiry learning cycle incorporated with predict- observe-explain
technique in the engagement and elaboration steps. The samples of this study were 36
eleventh-grade students studying at a large-size high school in Ubon Ratchathani Province.
The research tools consisted of a 14 hour lesson plan about acid-base on 5E inquiry learning
cycle incorporated with predict- observe- explain technique in the engagement and
elaboration steps. The data collection tools consisted of a conceptual test including 30
items of 2-tier diagnostic test and mental model drawings at particulate level. The
dependent samples t-test analysis of students’ conceptual test scores indicated that the
post-conceptual test score (Mean 33.11, SD 8.47) was significantly higher than the pre-
conceptual test score (Mean 10.53, SD 4.77) at p-value of 0.05. After the intervention, the
percentage of students in mis-and alternative conceptual understanding (MU and AU)
categories were respectively decreased by 43.25% and 6.48%, while the percentage of
students in the sound conceptual understanding (SU) category increased by 49.73%. In
addition, the dependent analysis of students’ scores of mental model drawings at
particulate level indicated that the percentage of students in the no and mis-conceptual
understanding (NU+MU) categories decreased by 27.78%, while the total percentage of
students in the sound and partial conceptual understanding (SU+PU) category increased by

36.81%. This verified that using 5E inquiry learning cycle incorporated with predict-observe-
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explain technique in the engagement and elaboration steps effectively developed students’

conceptual understanding of acid-base.
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TITLE : THE EFFECTS OF THE IMPLEMENTATION OF LEARNING ACTIVITIES ON

10th GRADE STUDENTS’ UNDERSTANDING OF THE TOPIC “CELLS OF
ORGANISMS” USING INQUIRY CYCLE
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KEYWORDS : INQUIRY CYCLE, CELL OF ORGANISM, ACHIVEMENT

The purpose of this study was to compare the learning achievement on the topic of
cells of organisms of 10th grade students using inquiry cycle. This study also considered the
students' persistence of learning and satisfaction. The research steps consisted of a pre-test,
10 hours of learning activities in which the students participated, a post-test, and a learning
retention test given 30 days after the learning implementation. The results of the study
showed that the inquiry cycle activities can enhance students’ learning achievement. The
dependent samples T-test analysis indicated that their post-test score (20.45 + 1.76) was
significantly higher than the pre-test score (13.20 + 2.14), but not significantly different from
the learning retention score (24.78 + 3.54) at p-value of 0.05, the students' satisfaction
survey revealed that students were satisfied with the inquiry cycle activities at the high

level.
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TITLE: : THE DEVELOPMENT OF LEARNING ACHIEVEMENTS FOR GRADE 10
STUDENTS USING INQUIRY AND COOPERATIVE LEARNING IN ORDER TO
LEARN ABOUT THE CELLS OF ORGANISMS
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The objectives of this research were to develop students’ learning achievement,
learning gains, and learning retention concerning cells of organisms by using inquiry and
cooperative learning. The subject of this study was 31 10" grade students from
Mattayomyangsisurat School in the first semester of the 2016 academic year. The study
plan was a one group pretest- posttest design. The post-test was done after finishing the
learning activity. Learning retention was tested within 15 days. The results showed that the
average score of pre-test was 41.69% at low level. After performing the activities by using
inquiry and cooperative learning, the average score of the post-test was 82.58% at the
excellent level and significantly different from the pre-test at p<05. The learning gains of
the students was 0.70 at the high level, and knowledge retention was 81.85%, which was

no significant difference compared with the post-test at .05 level.

I«



128
UNANED
1509 L MIAAUINAFUVIENINITETEU wazANaINTaluNSANIATIZIA vastiniTeu

FusEuANYIUN 5 1399 MIFUATIERAILUEAT MBN1TIANTREUTHUUIYTNT

2 v_ &
ﬂ’ﬁLﬁEJug7sU‘u

ekt : adgey duad
FoUIan : ANYEIER TN UUD
A7 L ANYIAERIANE

[

el ¢ A =
91913UNUINYY : ATUTBLETY WNLEN
AdATY

HAFUNENINITIOU, AUEINITALUNITAAILATIZN, NTAAATIZTAMIBLAS,

[

10AnsNsseus 7 9u

[

AU

= o

ngUszasdlile 1) Anwiuszavinimuasfuiuszansnaveaununisinnsbous
309 Msdunszifieuas ITUsEanSainauinast 80/80 uag 0.5 auddiu 2) 1Wisuiiiey
NadOYEIMIISeu uarauanansolunAniieT e fouSeunasviaiou uay 3) Anwvimnu
fanelavesinideuiidoulnegldnisdnnisdeuduuuiginanisdens 7 4u nduildnuiutnizey

[ [

Fuseufnundi 5 TsaSeunenfinern Fufiaanfien SuneUsd] Sminedasny madoud
1 Unnsfinw 2560 §1uau 31 Ay waesilefildlunisdne laud wumsinnisiSoud sruay
7 us wuunadeuianadugninnanisiieu uuunadeuinanuaimsalunisindiasied uas
wuvasuauaTawels wanside wuin 1) UszdvBamvssuunisianisiieuidnunadugns
NaNSSEY ARy 83.35/80.58 %ﬂgmdqmmeﬁmmgmﬁéfﬂﬁ UsEAvSNIMURIKNUNITIANTT
Bouddueuanunsalunsdniinged dawiiy 83.35/68.06 dasniunmusiunmsgiuiael
wazdyiisyAnduavosununisdnnisidoud fawiniu 0.61 Fegeninmsiiidly 2) dniFoud

o v

HAFUYNSNIINISISEULazANNEINTalUNTARIR T IsIvaRS sugen e S ey agelideddny

9@l (p<0.05) way 3) UniSeuiiauiianaladenisiseulagldnisdnniseusuuuiginsnis

= ¥ 3 v
Seu3 7 9u aglusauuin

I«



129

ABSTRACT

TITLE : THE DEVELOPMENT OF LEARNING ACHIEVEMENT AND ANALYTICAL
THINKING ABILITY IN PHOTOSYNTHESIS OF GRADE 11 STUDENTS USING 7
ES INQUIRY LEARNING ACTIVITIES.
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LEARNING CYCLE

This research aimed to 1) study the effectiveness and the effectiveness index of the
photosynthesis learning management plan’s efficiency with the standard criteria of 80/80
and 0.5, respectively, 2) compare pre- and post-tests on academic achievement and
analytical thinking, and 3) study students’ attitudes using 7 ES inquiry learning activities. The
participants were 31 Grade- 11 students from Phokphitthayakhom Rajamangkhalabhisek
School during the fall semester of 2017. The research instruments included seven activity
packages, a learning achievement exam, an analytical thinking ability exam, and a
satisfaction questionnaire. The research results were: 1) The effectiveness of the activity
package in terms of learning achievement was 83.35/80.58, which was equal to the standard
criteria, while the effectiveness in terms of analytical thinking ability was 83.35/68.06, which
was lower than the standard criteria. Additionally, the students’ index of the activity
packages was 0.61, which was higher than the criteria, 2) Students’ post-test scores in
learning achievement and analytical thinking ability were higher than the pr-test scores at
a significant level (p<0.05). 3) Students were satisfied with the activity package at a high

level.
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ABSTRACT
TITLE : DEVELOPING ACTIVE LEARNING ACTIVITIES ON ANGULAR MOMENTUM
AUTHOR : ATCHARA IMUAN
DEGREE : MASTER OF SCIENCE
MAJOR : SCIENCE EDUCATION
ADVISOR : ASST. PROF. UDOM TIPPARACH, Ph.D.
KEYWORDS : ANGULAR MOMENTUM, ACTIVE LEARNING, CONCEPTUAL
UNDERSTANDING

Active learning activities in conjunction with predict- observe- explain (POE) learning
techniques on angular momentum were designed to develop learning achievement, enhance
normalized gain, evaluate concepts, study satisfaction, and assess the group work behavior
of a selection of students. The one group pre-test/post-test study involved hands-on
activities, learning plans, pre-test/post-test questions, and evaluation sheets related to
satisfaction and group work behavior. Results showed that the average pre-test and post-test
scores were 35.07% and 72.96% respectively, an improvement of statistical significance at
.05 levels. The normalized learning gain was 0.58, at the medium gain level. The pre-test and
post-test percentages of the students who understood the concepts were 21.27% and 64.03%
respectively, an increase of 42.76%. The students’ satisfaction was at a high level of 4.25, and

the students’ behavior related to group work was at a good level of 2.50.
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TITLE : DEVELOPMENT OF A SMARTPHONE APPLICATION AS A CHROMATIC
ANALYZER ON A MICROFLUIDIC PAPER-BASED ANALYTICAL DEVICE
(UPAD) FOR SENSITIVE AND SELECTIVE MERCURY(Il) DETERMINATION IN
WATER SAMPLES
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This thesis presents the development of a high sensitivity and selectivity for
determination of mercury(ll) in water based on chromatic analysis. This work demonstrates
chromatic analysis based on a simple red green blue (RGB) color model for sensitive and
selective determination of mercury(ll). The analysis was performed by monitoring the color
change of a microfluidic paper-based analytical device (UPAD). The device was fabricated
by using alkyl ketene dimer (AKD) - inkjet printing and doped with unmodified silver
nanoparticles (AgNPs) which were disintegrated when being exposed to mercury(ll). The
color intensity was detected by using an apparatus consisting of a digital camera and a
homemade light box generating constant light intensity. A progressive increase in color
intensity of the tested area on the UPAD was observed with increasing mercury( I)
concentration. The developed system enabled quantification of mercury(ll) at low
concentration with the detection limit of 0.001 mg L-1 (3SD blank/slope of the calibration
curve) and small sample volume uptake (2 pL). The linearity range of the calibration curve
in this technique was demonstrated from 0.05 to 7 mg L-1 (r2 = 0.998) with good precision
(RSD less than 4.1%). Greater selectivity towards mercury(ll) compared with potential
interference ions was also observed. Furthermore, the percentage recoveries of spiked
water samples were in an acceptable range which was in agreement with the values

obtained from the conventional method utilizing cold vapor atomic absorption
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spectrometer (CV-AAS). The proposed technique allows a rapid, simple, sensitive and
selective analysis of trace mercury(ll) in water samples. However, there is still a gap for
improvement, especially in the detection system on pPAD in which intensity signal was
recorded by a digital camera under optimized control light box, using image processing
software not suitable for on-site analysis and end user. A smartphone application, so called
CAnal, was developed as a colorimetric analyzer in microfluidic paper-based analytical
devices (LPADs) for sensitive and selective determination of mercury(ll) in water samples.
Measurement on a double layer of the microfluidic paper-based analytical device (LPAD)
fabricated by alkyl ketene dimer (AKD)-inkjet printing technique with special design doped
with unmodified silver nanoparticles (AgNPs) onto the detection zones was performed by
monitoring the gray intensity in blue channel of AgNPs which were disintegrated when being
exposed to mercury(ll) on IPAD. Under the optimized conditions, the developed approach
showed high sensitivity, low limit of detection (0.003 mg L-1, 3SD blank/slope of the
calibration curve), small sample volume uptake (two times of 2 ML), and short analysis
time. The linearity range of this technique ranged from 0.01 to 10 mg L-1 (r2 = 0.993).
Furthermore, practical analysis of various water samples was also demonstrated to have
acceptable performance that was in agreement with the data from cold vapor atomic
absorption spectrophotometry (CV-AAS), a conventional method. The proposed technique
allows a rapid, simple (instant report of the final mercury(ll) concentration in water samples
via smartphone display), sensitive, selective, and on- site analysis with high sample
throughput (48 samples.h-1, n=3) of trace mercury(ll) in water samples, which is suitable for

an end user who is unskilled for analyzing mercury(ll) in the water samples.

I«



136

UNANED

1399 ;. MsiawsugesyialnlagldianuuinunluagindwesnilsosUseii

TwanasawUstalnihdmsunisnsaianansundiazanuasnde

M90S
Va =4 ¥ =
ekl : Niflou a5
FoUIan : AneenansauUndie
A7 G

1Y

INENUINW : JPemans1ansed asusdissu eunsilye
AdATY

- Jasuuewly, Bidnlasnlidaisuees, asusuma, ndwesiniisesUsziiv

lana, Aensesadalulasuiaiud

AN dnusilsiameueessinlmlagandonisnsaiamaailniiues aensesara
lalasunatud (quartz crystal microbalance; QCM) Tunisamiatamaaiiiniwuseondu 2 wuu
AINIATIVIAMELATAaULLDS (chemical sensor) kazn1sasiainmelulewwuiges (biosensor)
dmiuaidauwesazlilunsasiainvsunalaniiukaznsngsa ludedeuasdaane g
nseanUsta i sueumasiemedlsTuiiiindes daunazasuouunTuiind (p(Fc-Ani-
CNTs/CPE) ndsanniuthda i itldunedeudewunileou (nafion; N azlgdaliin NF/p(Fc-
Ani)-CNTs/CPE as1adnuf)iseneentintuvedlaniiiukaznsngsa memalladniosisudvanad
Thaunuuss wan1snaaetuandliifiuin Adnslndn +0.3 1aad wag +0.45 Taad dwsulaniiy
waznIng3a audfu luvusiinsassansdalivsngdygyinusuniumaaiilain Frl
Nf/p(Fc-Ani)-CNTs/CPE ﬁﬁwmﬁuﬁmmﬁ%wwmsz;;mLLazﬁmmmmm’Lumﬁﬁw};ﬂ fnoond
wdunmadadniesisufisanadlawnuluunsy dn1snevaussuuutfudunselugag 1-150
waz 5-250 lulasluans dwdulamniunazningia mudiu Jnsrinrgalunisnsaate (35/N)
Wwiniu 0.21 wag 0.58 lulasluans dmsulamluuazning3a A1ua1AU Laga1u1sauian
Uszgndldlunisnaiausunavedamiiuuaz nsngialuitegeeuaziiegelagiglaeged
Uszansnn

Tulawugesazldnirainusuiudaludluiegilidiazemisnes lage1den15nss
ulwsidalideending (SOx) asuuianuuinuiluvila Fe;0.@Au-Cys-FA fila3snainnish
BUNA Fe;0,@AU UNANTAMDU ﬁﬁmyjﬁqﬁ%uaaw;gjﬂuﬁaﬁamﬂisam dvduduiuituiiives
oumanesulurulsooa Mndumyerilufivaredndrsvesdamduasiuiunselnan lasns

afaiussruniieludaglauiluaeulndn Fe0,@Au-Cys-FA dmiunmisasrestaluiuldans

I«



137

nanvestnalawfialeaoniau (PDMS) uag mineral oil iufiusvanuiiefinnnunadoswaz ey
Talunsiiasedt 2l Fe;,0,@Au-Cys-FA/CPE fitmuntuil Tdgninundnwamansinig
willnilneldinedalsadnliaunuun’ wagzihunussgndldlunisasiaindaliduuusenmwesls
avisTidnglih +0.35 Tad lussuuienlete Frensnevausuududunswossyuuiinamngy
ae/lura9 0.1 fi8 200 HadnTuseding aun1TdunsIAD y=1.086x-1.147 (r*=0.998) dlo v uay x fle
fuildfnvesdynansvua (alaswonud$) weraudutudalud @ednsusedns) Jadsrinsian
Tunsnsiata (3 o) wirtu 10 lulasnsusedns Anssuaiildainnnsianinudies (%RSD) veinIs

Fezvdalndanuduty 15 Nadnsusednsgn 20 as5e davniusesay 3.1 waga1uIsOASIZI

' [

[
aada o = S

1§5n15289 109 Fredreedalus BiMwwTudannsathumyiunavesdalwdlusiegislog
uazansatinanomnsneslsegsliussansnmuazgndeaiivumiiislosslaumimiduiBumsgu
msmsainsnemaiinmeninadalilasuiaiud (QCM) agldIndwesnifisesuseiuluana
(MIP) WisLfisaudnnzvoswuweslunsiesgimusinuamsiiauuassianislunusy
(carbofuran; CBF) waglusiulunes (profenofos; PFF) Tnefi CBF-MIP w3sulagldnsammasan
Juneusiwes efiadulnansalawmaiieniuandontuuadltielsdalelstafialslulnia iy
F3Eu dwisu PFF-MIP dansneilagld Ind-a-lhdlatiuea waglafida finu-6,0° la- lolulveiun
Juneueies linaslsngdusailuasidendin uazlaiifadinu 1WuarsiviliiAagnyy
(porogen) IwdmeslsifisesUsesivluiana (NIP) gndnasziluaniizidefuudlailsifnans
wiibugsua ndutinindwesiiises UssiulmanauarIndiueilidsesUssiiuluanad
wisuldluiadevuuiantivaesuvestalilasnsindeulhdufiduuiefenistiumies
(spin coating) \ilelunsaaiasemadia QCM wuitmudveslwdmesiisesusziuluianad
wisulefigeninmnudlndwesdlifsesussiuluanawiniu 10 wih uay 7 windwmiu CBF uaz
PFF enuadiu lavaemnududunseglugae 0.5 - 1,000 lulasluans dwsu CBF-MIP uaz 10-

1,000 lulasluans @msu PFF-MIP mnuansiu

I«



138

ABSTRACT

TITLE : DEVELOPMENT OF NEW SENSORS USING NANOMATERIALS AND
MOLECULARLY IMPRINTED POLYMER MODIFIED ELECTRODES FOR
DIAGNOSTIC AND FOOD SAFETY MONITORING

AUTHOR : WONGDUAN SROYSEE

DEGREE : DOCTOR OF PHILOSOPHY

MAJOR : CHEMISTRY

CHAIR : ASST. PROF. MALIWAN AMATATONGCHAI, Ph. D.

KEYWORDS : NANOMATERIALS, ELECTROCHEMICAL SENSOR, MOLECULARLY

IMPRINTED POLYMER, QUARTZ CRYSTAL MICROBALANCE

In this work, the development of new sensors based on electrochemical sensors and
quartz crystal microbalance (QCM) were investigated. The electrochemical sensors
consisted of 2 parts including chemical sensor and biosensor. The chemical sensor was
developed for dopamine (DA) and uric acid (UA) determination in pharmaceutical and urine
samples. The development electrode was constructed based on ferrocence polyaniline and
carbon nanotubes modified CPE (p(Fc-Ani)-CNTs/CPE). After that, Nafion (Nf) was coated
onto p(Fc-Ani)-CNTs/CPE surface to obtain Nf/p(Fc-Ani)-CNTs/CPE. The oxidations of DA, UA
and AA were measured by differential pulse voltammetry (DPV). The results revealed that
the Nf/p(Fc-Ani)-CNTs/CPE exhibit the oxidation peaks at +0.3 and +0.45 V for the DA and
UA, respectively, whereas the oxidation peak of AA does not appear. These results show
that the developed Nf/p(Fc-Ani)-CNTs/CPE provides high selectivity and good repeatability.

The oxidation peaks current from DPV varied linearly with the concentrations of 1-150, and
5-250 MM for DA and UA, respectively. The estimated detection limits (3S/N) are 0.21 and

0.58 UM for DA and UA, respectively. The proposed electrode was successfully applied to
determine DA and UA in pharmaceutical and urine samples with good performance.

A biosensor was developed for the determination of sulfite in wine and picked foods.
The biosensor was constructed by attaching an immobilized sulfite oxidase (SOx) enzyme
onto Fe;O4@Au-Cys-FA nanocomposites which was prepared using a Fe;O4@Au core
encased within a conjugated cysteine (Cys) as a bi-functional linker. The cysteine was

attached to a gold surface through thiol group. Then, amino-terminated from cysteine was
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conjugated to folic acid (FA) with an amide-linkage formation to obtain Fe;O,@Au-Cys-FA.
The biosensor was fabricated using a mixture of polydimethylsiloxane and mineral oil as a
binder to enhance the physical stability and sensitivity of the electrode. Cyclic voltammetry
was used to investigate electrocatalytic behavior at the Fe;O,@Au-Cys-FA/CPE. The
amperometric detection in the FIA system was performed applying a potential at +0.35 V.
Linear concentration dependence is observed in the range between 0.1 to 200 mg L%, The
regression equation is given by y=1.086x-1.147 (r*=0.998), when y and x are the area of peak
current (uA) and sulfite concentration (mg L™). The detection limit (3 o) was 10 ug L', The
developed biosensor also provided good precision (RSD=3.1%) for sulfite signal (15 mg L'},
n=20) with a rapid sample throughput (109 samples h™!). The developed method was
applied to the determination of sulfite content in wines and pickled food extracts with the
high efficiency and accuracy with good agreement with the standard iodometric method.

The QCM sensor was based on a molecular imprinted polymer (MIP) to enhance the
selectivity of the sensor for CBF and PFF determination pesticides. The CBF-MIP were
prepared using methacrylic acid as a functional monomer, ethylene glycol dimethacrylate
as a crosslinker, and azodiisobutyronitrile as an initiator. The PFF-MIP was synthesized using
poly (4-vinylphenol) and diphenyl methane- 4, 4’-di-isocyanate as functional monomers,
phloroglucinol as the cross-linker, and diphenylmethane as the porogen. The non-imprinted
polymer (NIP) was synthesized using the same condition but without the pesticides
template. The obtained MIP and NIP were coated onto both sides of an electrode surface
by spin coating. The frequency shifts of MIP exhibit higher than the frequency shift of NIP
by about ten times and seven times for the CBF and the PFF, respectively. The linearity
ranges were 0.5 - 1000 uM for CBF-MIP and 10-1,000 uM for PFF-MIP.
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