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(Holistic Approach to Biotechnology)
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IAT34 5111 Holistic Approach to Biotechnology 4(4-0-8)
Prerequisite : None

Fundamental aspects of biotechnology focusing on multidisciplinary nature of this
subject and its importance to mankind in various fields such as agriculture, medical, industry
and environment will be taught. Basic knowledge in biochemistry, microbiology, cell biology,
and molecular biology related to various aspects of biotechnological applications will be
covered in this course. Moreover, entrepreneurship, laws and intellectual property related to
biotechnology will be included. Students are able to apply their knowledge for an in-depth
study of their specific area of research interest in the future; while still maintain an ability to
appreciate the broad area of the field so that they have a potential to create a high-impact

research outcome.
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Course Learning Outcomes (CLOs)

Having successfully completed this course, student must be able to:

1. Explain key concepts in various discipline of biological sciences that are relevant to
Biotechnology, i.e., microbiology, molecular cell biology, biochemistry as well as
bioprocess engineering technology

2. Integrate the knowledge of various disciplines to design useful bio-innovations

IAT34 5881  duaiun 1 1(1-0-6)
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IAT34 5881 Seminar | 1(1-0-6)
Prerequisite : None

This course deals with basic English usage for general presentation such as
self-introduction and storytelling. In addition, the student will get to learn how to read general
English article and practice English oral presentation on general Science and Technology.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Stand in front of an audience and/or able to give a productive online oral presentation.
2. Able to read, understand and discuss general scientific information.
3. Able to understand and have the morals and ethics of being a good researcher also have

a good heart and public mind to share and help friends and society.
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IAT34 5882 Seminar I 1(1-0-6)
Prerequisite :  IAT34 5881 Seminar | or Consent of the School

Students will learn how to give a scientific presentation in English using
PowerPoint Presentation. They will learn how to read and comprehend easy scientific English
article in English. In addition, they will also learn how to write an extended abstract and write
a citation using Endnote Program.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1 able to give a scientific presentation in the form of both oral and poster presentation in

English using PowerPoint Presentation.

2. able to read and comprehend easy scientific English article in English.

3. able to write an extended abstract with a citation in English using Endnote Program.
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IAT34 5883 Seminar |l 1(1-0-6)
Prerequisite :  IAT34 5882 Seminar Il %38 1ngANULILYBUYBIENU1IY

Students will learn how to give a scientific presentation in English using PowerPoint
Presentation. They will learn how to read and comprehend easy scientific English article in
English. In addition, they will also learn how to write an extended abstract and write a citation
using Endnote Program. Students will be learning closely with their thesis or general advisor.
The students will have a chance to practice informally several times before a final public
presentation at the end of the term.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. able to present academic article and able to answer or discuss in English
2. able to develop the scientific proposal in English

3. able to develop the scientific manuscript for publication in the international journal
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IAT34 5221 Molecular Biology 4(4-0-8)
Prerequisite : None
The gene structures, function at molecular level and their applications.
Chemical facts and principles, steps in protein synthesis, regulation of gene function, function
of eukaryotic chromosomes. Development of recombinant DNA technology, new tools for
studying genes, analysis of important biology process by recombinant DNA approaches, cloning
technique and applications.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Able to explain principles and theories related to molecular biology and related sciences
2. Able to apply principles and theories related to molecular biology and related sciences to
be used in research planning and management
3. Able to apply molecular biology and technology innovations to be used and design
research.
4. Able to use bioinformatics and omics to retrieve, store and analyze data for experimental

planning and design.
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(Molecular Biology Techniques)
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IAT34 5222 Molecular Biology Techniques 2(0-6-6)
Prerequisite :  IAT34 5221 Molecular Biology or Consent of the School

Basic technology in molecular biology, senomic DNA and plasmid extraction,
biology of plasmid, DNA electrophoresis, construction of recombinant DNA, PCR, restriction
enzyme digestion, transformation, identification of recombinant plasmid, gene expression, SDS-
PAGE.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. have knowledge and understanding of molecular biology techniques. and biotechnology in

various fields

2. apply the knowledge gained to used in research in molecular biology.

3. have the ability to conduct experiments and techniques related to molecular biology
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IAT34 5223  nsAeasszAuanuAsIYad 4(4-0-8)
(Molecular and Cellular Communication)
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IAT34 5223 Molecular and Cellular Communication 4(4-0-8)
Prerequisite : None

Modern concepts and knowledge in cell structure and functions that integrate
knowledge from various discipline including biochemistry, cell biology, gsenetics, and molecular
biology.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Summarize the key concept regarding molecular and cellular communications

2. Apply the principle from this course to their own Master or Ph.D. thesis
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IAT34 5224 Nutraceutical and Pharmaceutical Biotechnology 3(3-0-6)
Prerequisite : None
Application of various disciplines in biotechnology for the manufacturing of
innovative nutraceutical and pharmaceutical products and advanced in molecular
biotechnology researches for the development of new drug, food and vaccine as well as
modern therapy and diagnostic will be taught.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. understand and able to apply relevant subjects in biotechnology for the production and
design of drugs and nutraceuticals
2. understand and able to apply relevant subjects in biotechnology for the production and
design of functional food
3. able to apply advance knowledge in molecular biotechnology to develop drug, functional
food, vaccine, therapeutic, diagnostics, and various advanced therapy medicinal products
(ATMPs), depending on the basic and interests of the students.
4. able to present and analyze data and information using solid scientific judgment.
IAT34 5225  nalulag@innuasszuuniauiu 4(4-0-8)
(Immunobiotechnology)
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IAT34 5225 Immunobiotechnology 4(4-0-8)
Prerequisite : None

General molecular and cellular immunology as a basis for the understanding
of its applications to a wide area of immunobiotechnology. Principles of classical and modern
immunobiotechnology, including immunochemical analysis, conventional antibody
production, bioengineered antibody, immunotherapy, vaccine and diagnostics development,
and other recent advances in immunobiotechnology. The content of the class is expected to
change regularly according to the rapid growing area of research in the field. Laboratory skills
involving various immunological techniques will also be taught in this class for 1 credit.

Students are required to choose at least one technique for their study.

Course Learning Outcomes (CLOs)

Having successfully completed this course, student must be able to:

1. understand and able to apply knowledge in molecular and cellular immunology on
different aspects of research on both traditional and advanced immunobiotechnology
such as production of polyclonal and monoclonal antibody, analysis and diagnosis using
antibody, antibody engineering, immunotherapy, development of vaccine and targeted
therapy as well as cell-mediated immunobiotechnology.

2. able to follow advanced progress in the fields, which is rapidly evolved

3. become an expert in at least one technic in immunobiotechnoly and able to learn and

apply new technic for their own research or career in the future
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IAT34 5226 Selected Research in Molecular Biology 1(0-3-6)
Prerequisite : IAT34 5221 Molecular Biology or Consent of the School

Introduction to various laboratory techniques in areas related to molecular
biotechnology. These includes plant cell culture, callus culture, protoplast culture, application
of plant cells for production of secondary metabolites, plant gene isolation and transformation,
phage display technology, directed evolution techniques, expression of recombinant proteins
from various prokaryotic and eukaryotic expression system, etc.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. understand, and summarize the main principles of the topic studied
2. Apply the knowledge gained as a guideline for thesis work.

3. Able to plan experiments and research
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(Molecular Biology of Plants and Microbes Interaction)
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IAT34 5227 Molecular Biology of Plants and Microbes Interaction 3(3-0-6)
Prerequisite :  IAT34 5221 Molecular Biology or Consent of the School

Fundamental knowledge of plant pathology and plant-microbes symbiosis,
molecular interaction between plants and pathogens, molecular interactions between plants
and beneficial microbes, and current topics about plant-microbe interaction in agriculture will
be used for presentation and discussion.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Understand the key principle of plant-microbes interactions in both symbiosis and

pathogenic interactions

2. Explain the application concept of plant-microbe interactions in agriculture

n-10



UAD.2

IAT34 5228  walulaglalinduazdiaangiszuu 3(3-0-12)
(Omics Technology and Systems Biology)
Audeduniau - 1AT34 5221 Fdnenszauluana 1o 1neAUWLYOUTeEIuIY)

se3vidunsasuinsizialul nsruansUlnu Tusaley wuwnusolay Audndids

Y a1

Tassasisuasnind wag msieseiszuudanm faduidefiiaulaludagiu sl
weluladlnl wagaufnniilueunasvosmansduil

nadwsn1sGeuifianansesziusein

nAnunikiumednifiasanuse fel

1. ielvin@nwmsundnnisiuguvesnaluladledndeng

2. dnfAnwmsuswimslunisiimelulaglaindsineg Wussyndldlunuidusely

IAT34 5228 Omics Technology and Systems Biology 3(3-0-12)
Prerequisite : 1AT34 5221 Molecular Biology or Consent of the School

This course comprises of the analysis of genome, transcriptome, proteome,
metabolome, functional and structural of genomics, and system biology which are the current
interesting topics, new technology trends and future advances in the field.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Able to know the basic principles of various omics technologies

2. Able to know how to use various omics technologies to be applied in research.
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(Omics Technology and Systems Biology Laboratory)
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IAT34 5229 Omics Technology and Systems Biology Laboratory 1(0-3-6)
Prerequisite : 1AT34 5221 Molecular Biology or Consent of the School
The analysis of next generation sequencing, differentially expression of

genes/RNAs, genes/RNAs function annotation, and system biology using bioinformatics.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:

Understand the nucleotide sequence, data analysis, gene/RNA function analysis,
comparison of gene/RNA expression, and analysis of biological systems using bioinformatics

technology.
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(Advanced Metabolic Control)

JyrdeAunau : 1AT34 5111 wAluladTin nwuuesRsit ¥se lnganuiuseuresdu v
n158AUs18N15AUAN kazn15UIAUIRNTEUINNTASI UazaaeTRLadves

aslulawmse lusiu nsnesdly wazasiirdlelndlusydufian nsusseeaziinmsidusduiendnng

ddluuisideiideninfiesdestunmeaedaeiuiinisvnuveaeules nsdsdunisia

yosioulul Taudsmstadunisianuveseules uaznguueaouluilussfuiugnssuiisdeduus

avufnsen

Naé’wﬁ‘miﬁauﬁfﬁmwﬁ’aszﬁusw%m

L d'

PNANINNIUTI8 UL AIUEIN5D A9l

= v

1. fauditugiu uasiinnudnlafeaiuniseuas waenstaduifinssuiunsadng wavaaneves
aslulawnsn lusfu nanexily warasthedlolndlussduiianfiAntulussdueaduosdeditin

2. ansathanuilusunisaivay waznistaduiinssuiunisaine waraatevesnsiulanse
lofiu nsmeviily wagansiindlolndunUssynalduselovilumumaluladtininmieniu
MsieAs nszuaunmin msUiuussanetiudussnuaiiBeiilelinanansiaiinneg luselew

NUAIUNPATATTU NITUNNE SINTINITNANDIMNS

n-12



UAD.2

IAT34 5230 Advanced Metabolic Control 4(4-0-12)
Prerequisite : IAT34 5111 Holistic Approach to Biotechnology or Consent of the School
Discussion on metabolic control and regulation of cell metabolisms including

carbohydrates, lipid, amino acids, and nucleotides at a more advanced level, with a focus on

regulation. Focusing lectures on selected topics related to enzyme action; allosteric regulation

and its relevance to enzyme mechanism and metabolic function; and/or genetic regulation of

an enzyme or group of enzymes in a related pathway.

Course Learning Outcomes (CLOs)

Having successfully completed this course, student must be able to:

1. Know and understand the advanced concept of metabolic control of metabolisms of
carbohydrates, fat, amino acids and nucleotides in living cells.

2. Apply knowledge in metabolic control of metabolic control of metabolisms of
carbohydrates, fat, amino acids and nucleotides in agricultural biotechnology,
fermentation, microbial development to produce biochemicals that are useful in the area

of agriculture, medicine and food
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(Advance Topics in Molecular Biotechnology)
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IAT34 5231 Advanced Topics in Molecular Biotechnology 4(4-0-8)
Prerequisite : None

Advance topics in molecular biotechnology addressing specific issues in
health, food and nutrition, or the environment will be taught. Highlights of the key topics
drawn from different disciplines will be overviewed, followed by focusing on particular
advances in experimental techniques related to special topics, such as molecular diagnostic,
antibody engineering technology, molecular evolution technology, phage display technology,
techniques in proteomics and genomics, RNAi technology, or nanobiotechnology. The focus
of each topic will be varied each year, depending on the current trends, available expertise,
and student interest
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Integrate the previous scientific knowledge to learn and summarize the key concept from

this course

2. Apply the principle from this course to their own Master or Ph.D. thesis

3. Demonstrate the impact of the knowledge to solve current socioeconomic problems
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IAT34 5331 walulagianinvasdnd 3(3-0-6)
(Animal Biotechnology)
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IAT34 5331 Animal Biotechnology 3(3-0-6)

Prerequisite : IAT34 5111 Holistic Approach to Biotechnology or Consent of the School
Essential knowledge in animal biotechnology including estrus and ovulation

synchronization; superovulation; embryo transfer; embryo freezing; sperm freezing, embryo

sexing; sperm sexing; cloning; ovum-pickup using ultrasound; in vitro embryo production

Course Learning Outcomes (CLOs)

Having successfully completed this course, student must be able to:

1. Students will be able to describe estrus and ovulation synchronization

. Students will be able to describe superovulation

. Students will be able to compare method of embryo and sperm freezing

. Students will be able to compare method of embryo and sperm sexing

. Students will be able to design method of animal cloning

N 0 A WN

. Students will be able to analyze advantage and disadvantage of ovum-pickup using
ultrasound

7. Students will be able to design method of in vitro embryo production

8. Students will be able to design business plan to establish company using knowledge of

animal biotechnology
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IAT34 5332 wialuladlraudsdnd 3(3-0-6)
(Animal Cloning Technology)
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IAT34 5332 Animal Cloning Technology 3(3-0-6)
Prerequisite :  IAT34 5331 Animal Biotechnology or Consent of the School

Animal cloning using embryonic and somatic cells; donor cell preparation;
donor cell freezing; preparation of recipient cytoplasm; injection of donor cell; cell fusion;
activation of oocyte after fusion; in vitro embryo culture; embryo transfer; recipient
management before give birth; detecting gene expression in cloned embryo; mitochondrial
DNA in cloned embryo; telomere in embryo and cloned offspring
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Students will be able to describe the difference of animal cloning using embryonic and
somatic cells
. Students will be able to describe step of somatic cell cloning
. Students will be able to compare method of activation of oocyte after fusion
. Students will be able to compare type of mitochondrial DNA in cloned embryo

. Students will be able to design recipient management before give birth
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. Students will be able to analyze the cause of abnormal gene expression in cloned
embryo

7. Students will be able to design to examine telomere in embryo and cloned offspring
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IAT34 5333 walulagwaaduniin 4(4-0-8)
(Stem Cell Technology)
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IAT34 5333 Stem Cell Technology 4(4-0-8)
Prerequisite :  IAT34 5331 Animal Biotechnology or IAT34 5335 Stem Cell Biology or
Consent of the School
Essential knowledge of current stem cell technology and applications of stem
cells research in animals and human. Types of stem cells; isolation and culture of stem cells;
characterization of stem cells; induction of stem cells to be several cell types.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Students will be able to describe type of stem cells.
2. Students will be able to describe method of isolation and culture of several stem cells.
3. Students will be able to compare method of characterization of several stem cells.
4. Students will be able to compare advantage and disadvantage of embryonic and somatic
stem cells.
5. Students will be able to design experiment to induction of embryonic stem cells to be
ectoderm, mesoderm and endoderm.
6. Students will be able to design experiment to induction of somatic stem cell to be
ectoderm, mesoderm and endoderm
7. Students will be able to analyze potential of using stem cell in medical treatment
8. Students will be able to design business plan to establish company using knowledge of

stem cell technology
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IAT34 5334 N1539INAUNA LU AT TINTNNTVOURTUDIBILLHDNANINVDIEAT  3(0-9-9)

(Animal Regenerative Biotechnology Research)
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IAT34 5334 Animal Regenerative Biotechnology Research 3(0-9-9)

Prerequisite :  IAT34 5333 Stem Cell Technology or Consent of the School

This class student will have chance to do research in both embryonic and

somatic stem cells using mouse and rat as model. The students will be assigned to do research

along with practice the basic hands on laboratory techniques including isolation and culture

of stem cells; characterization of stem cells; induction of stem cells to be several cell types.

Course Learning Outcomes (CLOs)

Having successfully completed this course, student must be able to:

1.
2.

Students will be able to culture of mouse embryonic stem cells.

Students will be able to culture rat mesenchymal stem cells.

. Students will be able to characterize mouse embryonic stem cells and rat mesenchymal

stem cells.

. Students will be able to induction of mouse embryonic stem cells to be ectoderm,

mesoderm and endoderm lineage.

. Students will be able to induction of rat mesenchymal stem cells to be ectoderm,

mesoderm and endoderm lineage.
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(Stem Cell Biology)
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IAT34 5335 Stem Cell Biology 3(2-3-6)
Prerequisite : None

Fundamental principles of stem cell biology will be instructed in this course.
History of stem cells will be mentioned in order to founding the correct understanding of stem
cells. Cellular and molecular characteristics of stem cells from different sources will be
described which will benefit for future applications, both research and clinical applications.
Ethical considerations and limitations will be raised in order to assuring the concerns of clinical
applications. Laboratory involving basic stem cell techniques will also be taught in this class
for 1 credit.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Students will be able to classify the unique and difference of stem cells.
2. Students will be able to explain the fundamental concept of stem cell biology.
3. Students will be able to plan and design experiments for exploring the biological

guestions of stem cells.

4. Students will be able to visualize the potential applications of stem cells.
5. Students will be able to search analyze and synthesis the information of stem cell biology

from various resources, and capable of communicating to the lay public.
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IAT34 5336  nskansldaulunasauiiuazn1sdterndgauluuadnd 4(3-3-9)

(In vitro Embryo Production and Embryo Transfer in Farm Animals)
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IAT34 5336 In vitro Embryo Production and Embryo Transfer in Farm Animals  4(3-3-9)
Prerequisite :  IAT34 5331 Animal Biotechnology or Consent of the School

This course is mainly on study techniques to produce farm animal embryos
in vitro. This subject also focuses on essential knowledge to establish stable methods for in
vitro maturation, in vitro fertilization, in vitro embryo culture; embryo transfer; embryo freezing

ovum pick-up using ultrasound. Students will directly study in the laboratory on in vitro embryo

production using cattle as models.

Course Learning Outcomes (CLOs)

Having successfully completed this course, student must be able to:

coO N O U A W DN =

. Students will be able to describe method of in vitro maturation and in vitro fertilization

. Students will be able to describe method of in vitro fertilization

. Students will be able to compare method of in vitro embryo culture

. Students will be able to compare method of embryo freezing

. Students will be able to design protocol of embryo transfer to get high pregnancy

. Students will be able to design how to prepare cattle for collecting oocytes using ultrasound
. Students will be able to design experiment and carry out in vitro embryo production in cattle

. Students will be able to design business plan to establish company using knowledge of

in vitro embryo production and embryo transfer in farm animals
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(Applied Animal Stem Cells)
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IAT34 5337 Applied Animal Stem Cells 4(3-3-9)
Prerequisite :  IAT34 5333 Stem Cell Technology or Consent of the School

This subject is focusing on state of the art of stem cells knowledge which
already tested in laboratory animals as a model for regenerative medicine. The following topics
will be given to the students. Establishment and characterization of embryonic stem cells in
mouse and rhesus monkey, establishment and characterization of mesenchymal stem cells
from bone marrow and adipose tissue in rat, induction of mouse embryonic stem cells to be
several cell types, induction of rat mesenchymal stem cells to be several cell types, Students
will directly study in the laboratory on induction of rat mesenchymal stem cells to be dermis

and muscle and also transplant the dermis and muscle to rat as a model of wound.
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Course Learning Outcomes (CLOs)

Having successfully completed this course, student must be able to:

1. Students will be able to describe method of establishment and characterization of
embryonic stem cells in mouse and rhesus monkey.

2. Students will be able to describe method of establishment and characterization of
mesenchymal stem cells from bone marrow and adipose tissue in rat.

3. Students will be able to compare method of induction of mouse embryonic stem cells
and rat mesenchymal stem cells to be several cell types.

4. Students will be able to design and carry out research of induction of rat mesenchymal
stem cells to be dermis and muscle.

5. Students will be able to design and carry out research of transplant the dermis and
muscle to rat as a model of wound.

6. Students will be able to design and carry out research examine regenerate wound after

transplant dermis and muscle in rat.
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(Selected Research in Animal Cloning Technology)
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IAT34 5338 Selected Research in Animal Cloning Technology 1(0-3-6)
Prerequisite :  IAT34 5333 Animal Biotechnology or Consent of the School

This subject students will do animal cloning in laboratory using somatic cell
as donor cell including donor cell preparation; donor cell freezing; preparation of recipient
cytoplasm,; injection of donor cell; cell fusion; activation of oocyte after fusion; in vitro embryo
culture.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Students will be able to prepare donor cell and freezing donor cell
2. Students will be able to prepare recipient cytoplasm and injecting donor cell
3. Students will be able to fusing cell
4. Students will be able to activation of oocyte after fusion

5. Students will be able to culture embryo in vitro
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(Applied Microbiology)
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IAT34 5441 Applied Microbiology 3(3-0-6)
Prerequisite : 104201 Microbiology or Consent of the School

Microorganisms are widely used in several applications including industry,
food, environment, pharmaceutical and agriculture. Microbial technologies involving in these
applications are different and dynamics. The background information, the current application
concepts and methodologies of applying microorganisms in several aspects will be discussed
in this course.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Understand the key concepts in microbiology and its physiology in relation to

biotechnology.

2. Explain the key principal technology that can be applied with microbiology for making

new innovation in biotechnology.
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IAT34 5442 wAlulad¥anmn1anisinens 4(4-0-8)
(Agricultural Biotechnology)
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IAT34 5442 Agricultural Biotechnology 4(4-0-8)
Prerequisite : None

Agriculture is the source of raw materials for food and feed production. The
increasing of world population leads us to develop an efficient agriculture for producing high
quality of food. As well as the global warming, climate change and environmental pollutions
create stress and unsuitable conditions for agriculture. Advanced biotechnology is applied to
agriculture to solve these problems from the upstream process till downstream process of
agriculture production to create sustainable agriculture. The appropriate technology such as
biofertilizer, organic farming, biological control, and the production technology for other
agricultural factors based on biotechnology will be discussed in this course.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Understand the key concepts of conventional and modern agricultural Biotechnology.

2. Explain the key principal biotechnological techniques that can be applied for agriculture.
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IAT34 5443 Ufdin1simaluladdinmnienisinens 2(0-6-6)
(Agricultural Biotechnology Laboratory)
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IAT34 5443 Agricultural Biotechnology Laboratory 2(0-6-6)
Prerequisite : None

The demand of agricultural product from organic farming system is increasing
among people around the world who pay attention to environmental and health problems
occurring from the synthetic chemical compounds use in general agricultural system. Since
biofertilizer is the major supporting factor necessary for operating the organic farming system,
the quality of biofertilizer should be carefully considered. The appropriate as well as the
advanced techniques using for biofertilizer quality control will be practiced in this course.

Course Learning Outcomes (CLOs)

Having successfully completed this course, student must be able to:

1. Understand the key principle of microbiological-, immunological-, and molecular-
techniques applied for production and quality control of biofertilizer and other
agricultural products.

2. Perform the techniques involved in production, determination and quality control of
biofertilizer and other agricultural products.

3. Analyze the results occurred from the techniques.
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(Plant Biotechnology)
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IAT34 5444 Plant Biotechnology 3 (3-0-6)

Prerequisite : None

Information on various aspects of plant genetic engineering which has
broaden the understanding of gene function and genetic transformation of plants with
desirable traits spanning from disease resistance to the production of pharmaceutically
important proteins.  Vegetative propagation of disease- free stock, germplasm exchange,
conservation of secondary metabolite plant products.

Course Learning Outcomes (CLOs)

Having successfully completed this course, student must be able to:

1. students have the knowledge and understanding of the process principles and rationale
for using genetic engineering in plant breeding.

2. Able to process the knowledge from molecular biology to use in research processes at the
genetic level and also at the heredity level include basic research and applied research in
plant molecular biology

3. To instill students with creativity and problem solving skills in the field of plant molecular

biology and also able to apply the knowledge in plant molecular biology research.
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IAT34 5445 Selected Research in Agricultural and Microbial Technology 1(0-3-6)
Prerequisite : None
Nowadays, the applications of microorganisms with agriculture are promoted

in order to reduce the use of chemical substances in agriculture. This course will be focused
on basic and advance techniques for isolation, screening and selection as well as identification
of useful microorganisms and its application in agriculture.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Understand the key principle of techniques applied for isolation, identification and

evaluation of selected microbes.
2. Perform the techniques involved in isolation, identification and evaluation of microbes.

3. Analyze the results occurred from the techniques.
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IAT34 5446 Molecular Biotechnology of Anaerobic Bacteria 4(4-0-12)
Prerequisite : Consent of the School

Molecular biotechnology which governs energy flow through anaerobic food
chains. Rumen discussed as a model system. Emphasis on selected microbial species and
details of metabolism influencing microbial interaction, nutrition, substrate dynamics, nitrogen
fixation, solventogenesis, methanogenesis, sulfur and iron utilization.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Obtain advanced knowledges involving in molecular biology of anaerobic bacteria
2. Apply knowledges for using in agricultural biotechnology and improving microbial strains

grown under anaerobic conditions and fermentation processes
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IAT34 5447 Enzyme Biotechnology 4(4-0-8)
Prerequisite :  IAT34 5221 Molecular Biology or Consent of the School

The aim of this course is to give an overview of enzymes in biotechnology,
starting from basic concepts and standard assays and ranging to most advanced and current
aspects of enzymes. The application of enzymes as biocatalysts from history to current
techniques using state-of-the art technology will be covered. Finally, biotechnological
applications of enzymes in a wide variety of industries will be emphasized.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Explain key concepts of enzyme as a biocatalyst and use of enzymes in biotechnology.
2. Have skilled knowledge of biocatalysts in advanced biotechnology and their applications in

industries.
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IAT34 5551  FAINTIUNTLEUIUNTTUUTTUNITINN 4(4-0-8)
(Bioprocess Engineering)
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IAT34 5551 Bioprocess Engineering 4(4-0-8)
Prerequisite : None

The course introduces the multi-disciplinary nature of biotechnology and how
bioprocesses are planned, organized and how they develop from basic cell structure and
function through bioreactors to downstream processing. The use of microorganisms and
enzymes for processing agricultural materials into industrial products, including bio- based
chemicals, biofuel and pharmaceutical agent will be discussed.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Explain concepts and theory in basic background involving in bioprocess engineering
2. Apply the knowledge obtained herein for further related courses and even thesis
3. Develop tools in bioprocess engineering to convert biological substances to value-added

products and to develop biological processes suitable for career
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IAT34 5552 Advanced Bioprocess Engineering 4(4-0-8)
Prerequisite :  IAT34 5551 Bioprocess Engineering or Consent of the School

The underlying concepts which affect the design of fermentors and the
successful operation of a fermentation process. Unit operations relevant to bio- processing
system. Homogeneous and heterogeneous reactions and reactor engineering.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Explain concepts and theory involving in advanced bioprocess engineering
2. Apply the knowledge obtained herein for further related courses and even thesis and

scrutinizingly analyze results and methodologies from international publications

IAT34 5553 U UANSIAINTTUNTTUIUATISUUSTIUNSTINN 2(0-6-12)
(Bioprocess Engineering Laboratory)
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IAT34 5553 Bioprocess Engineering Laboratory 2(0-6-12)
Prerequisite :  IAT34 5551 Bioprocess Engineering or Consent of the School

Introduction to practices in advanced bioprocess engineering laboratories and
preliminary statistical concepts on experimental design, data collection, and analysis of
experimental data. Perform experiments on bench scale apparatus with an emphasis on
measurements and statistical assessment of experimental data. Comprehensive technical
report and oral report presentation required.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Explain key concepts of microbial cultivation using bioreactor.

2. Have skilled knowledge to control and collect the data.

IAT34 5554  walulagnisudn 3(1-6-8)
(Fermentation Technology)
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IAT34 5554 Fermentation Technology 3(1-6-8)
Prerequisite : None

Microbiology and fermentation is one of the fundamental subjects for
biotechnologist. Not only the theory or the principle that biotechnologist should understand,
but also the skills involving in microbiological research and fermentation should also be
practiced before step further to advanced research. Both basic and some advanced
microbiological skills including culturing of microbe, observation of microbes, microbial
identification, culture preservation, fermentation, operation techniques and product recovery
technique will be studied and practiced in this course. This course is suitable for students
who do not have basic knowledge or basic technique in microbiology and fermentation, and
also suitable for students who want to recall the basic techniques and learn some essential
advanced techniques for further research.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Understand the key concepts in microbiology and fermentation techniques and its

application.

2. Perform essential techniques involved in microbial biotechnology.

IAT34 5555  wWasudulalumalulagyanin 3(3-0-6)
(Bio-energy in Biotechnology)
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IAT34 5555 Bio-energy in Biotechnology 3(3-0-6)

Prerequisite :  IAT34 5111 Holistic Approach to Biotechnology or Consent of the School
Role and application of biotechnology in energy production from biomass,

biochemical pathways, process of photosynthesis, fermentation and waste are discussed. An

understanding in new biotechnologies including genetic manipulation for bioenergy production

will also be studied. The course includes new research works in engineered plants

and microorganisms systems for using in future to minimize or eliminate the use of petroleum-

based fuels.

Course Learning Outcomes (CLOs)

Having successfully completed this course, student must be able to:

1. Explain key concepts of biotechnology in energy production from biomass, biochemical

pathways, process of photosynthesis, fermentation and waste.
2. Have skilled knowledge of new research works in engineered plants and microorganisms

systems for using in future to minimize or eliminate the use of petroleum-based fuels.

IAT34 5556  3@9N5IUNSTUIUNITASIUATEAY LazdaIneduaszi 4(3-3-12)
(Metabolic Engineering and Synthetic Biology)
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UAD.2

IAT34 5556 Metabolic Engineering and Synthetic Biology 4(3-3-12)
Prerequisite : None
Emphasis on an understanding in metabolic regulation of biochemical
pathways to alter the properties of the cells and metabolic reactions to achieve a desirable
production yield. Discussion on microbial activities of catabolism, thermodynamics and
kinetics, mass transfer, applied molecular genetics, and strain improvement. Application
molecular biology techniques and synthetic biology to construct new microbial strains to
produce value- added biochemicals and biofuels. Production of value- added chemicals
discussed as a model study for calculations of theoretical yields and productivities based
experimental data and process simulation.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Obtain knowledge involving in biochemical metabolism
2. Apply knowledge to change metabolism and properties of cells for using in agricultural
biotechnology and microbial strain development for producing biochemicals used in
agriculture, industry, medicine and food related areas

3. Have skill in using computer program to calculate fluxes in metabolism

IAT34 5557  walulagmsfuiendnsuginiedanmn 3(3-0-6)
(Bioproduct Recovery Technology)
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UAD.2

IAT34 5557 Bioproduct Recovery Technology 3(3-0-6)
Prerequisite :  IAT34 5552 Advanced Bioprocess Engineering or Consent of the School
The fundamental concept of separation process techniques to the recovery
and puirification of biologically derived products. A brief exploitation of the effects of physical,
chemical and biological interactions on bioseparations. The specific engineering techniques
include the main unit operations of crystallization and precipitation, membrane filtration,
centrifugation, chromatography, extraction, electrophoresis, solvent removal and drying and
cell disruption are covered. Integration of individual separation steps and production
formulation are discussed. Bio-industrial visit as part of the course practice is essential.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Student gains knowledge and understanding of the techniques used to purify the bio-
derived products.
2. Comprehend the knowledge to apply both basic research and applied research for the
purification of bioproducts.
3. Embed the creative thinking to the student for the application of innovative ideas to solve

problems in the research area in bioproduct recovery techinques

IAT34 5558  Uftianmswmaluladnisifiuifeondadinginiedanmw 2(0-6-12)
(Bioproduct Recovery Technology Laboratory)
FvUsAunay :  dl

<

JuAnidunisfing) neaed sl uiRnisiieinumallanssuiunIskenwasnIs

Y a £ a o ¢

iliuSgnsvemdndneini1adinin Nlanumuisausendndunuy q lnefiinsfnwineasi

Seuslatufgriunsuenwaduarasinditin nngluwadesnaneadnIsaangigad N13NT0e N3
y =~ o a o  w av v

anagnau N1sUumies n1sgedu lasuvnsil waswaluladumiusy dwvsurailaannnisnnaesay

ludszananud anudnsisuaieassd jannsiianuintadnwuiuaunldlunisinyauas

Y
¥

paNLUUNTNAaRY i lvanansanddymiadulunsyuiumsisenineitesiunaluladnisiiuiies
a o & a a ¥

HARAUYIVTININDUS) 16

HAAWSNSISBUINAANTIsEAUTIEIT

INANYINEIUIIEIVULANNEILT Aal

1. weliindnwladnymeasiFeuslaass ethlugnisussanannud ian1sussendldaiug
d’l’ a o o‘d' d' [ @ d' a [ 3 a
fugIuuarNTITeUsTEENANAEIRUN SN UNE NGRS 91N 19TIN N

2. Un@ANYIEINNTONATIEN khazanUs18d8NTiNanan1sNnandle

3. ielRlNANBIIANUARSISUATNATIA @I115099NLUUNTNIAABY FAINdensuAtgymiAnTuly

ATEUIUNITINNAITIAUNITLAULABINEA A UTNIITININ

n-37



UAD.2

IAT34 5558 Bioproduct Recovery Technology Laboratory 2(0-6-12)
Prerequisite : None

This course focuses on experimental studies, including operations on
bioproduct recovery techniques. Study about extraction and purification of biological products.
This is a real study of cell extraction, cell degradation, filtration, precipitation, centrifugation,
chromatography, and membrane technology. The results of the experiments will be discussed.
Creativity will be created through the set and designed experiment. This enables to solve
problems that arise in research processes related to other biological product harvesting
technologies.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Student can learn and conduct experiments concerning bio-product recovery technology.
2. Students are able to analyze and discuss about factors affecting the results.
3. Student can initiate idea and can design experiments including solving the problem during

their research about bio-product recovery technology.
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IAT34 5559 Selected Research in Industrial Biotechnology and
Bioprocess Engineering 2(0-6-12)
Prerequisite :  IAT34 5552 Advanced Bioprocess Engineering or Consent of the School
Industrial biotechnology is a key technology to realize the knowledge-based
bio-economy and to transform life sciences knowledge into new sustainable, eco-efficient and
competitive products and technologies. Increasing our understanding of physiological and
regulatory processes in cells and microorganisms will help to unlock the potential of biological
systems for contribution to numerous industry sectors including, amongst others, the chemical,
pharmaceutical, textile, paper and food industries. In order to take innovation to a level where
there will be economic benefit there are key technological challenges to be overcome by
focused research investment. In particular, knowledge transfer from fundamental research into
technically realizable and cost-effective products and technologies is not a bottleneck.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Create new enzyme and microbial strains for increasing efficacy in bioprocess
2. Apply metabolic engineering techniques for developing new microbial strains used in
industry
Develop control processes not involving in using antibiotics in food products
Develop biological polymers
Analyze technologies towards bioprocess engineering
Develop the scaling up bioprocess engineering

Develop innovations involving downstream processes and recycles of enzymes

G N o U B~ W

Increase efficacy and value addition of products from processes of biological product

recovery
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IAT34 5560  N199BNLUULAZNNTAUANAIURNTAITINW 3(3-0-6)
(Bioreactor Design and Operations)
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IAT34 5560 Bioreactor Design and Operations 3(3-0-6)
Prerequisite :  IAT34 5551 Bioprocess Engineering or Consent of the School

The bioreactor is physical core of bioprocessing. Formulation and optimization
of media will be discussed for more advanced level in bioreactor design. Stirred tank,
membrane reactors, pneumatically agitated bioreactors for microorganisms will be given and
focus on selected reactors for plant cell, phototrops and animal cells. The scale-up for
industrial products will be studied.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Explain concepts in operating bioreactor or fermentor and design suitable type of

bioreactor and mode of operation during fermentation

2. Apply knowledge to solve problems in research and industrial operations and design and

scale up bioreactors to meet criterion close to what in laboratory
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IAT34 5561 WALUTAETINTNEVINBNITHANLTDINA AT TATYININ 4(4-0-12)
(White Biotechnology for Biofuel and Biochemical Productions)
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IAT34 5561 White Biotechnology for Biofuel and Biochemical Productions 4(4-0-12)
Prerequisite : Consent of the School

Emphasis on the applications of biotechnology to bio-based chemical and
fuel productions. The up-to-date techniques in which novel chemicals including biofuels and
biochemicals produced from microorganisms will be discussed. Expected to be acquired skills
in reading articles and patents in biotechnology.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Have basic knowledge in white biotechnology to develop microbial strains and bioprocesses
2. Apply knowledges to improve fermentation processes to lower production costs for

producing newly value-added chemicals used in industries including organic acids,

vitamins, solvents, and biofuels
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IAT34 5562 NSTUILNTUBNHIULHULED 3(3-0-6)
(Membrane Separation Processes)
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IAT34 5562 Membrane Separation Processes 3(3-0-6)
Prerequisite :  IAT34 5551 Bioprocessing Engineering or Consent of the School
Overview of the membrane separation processes: Historical development,
Current status, Different membrane separation processes. Various types of material for
fabrication of membrane, membrane characteristics, cleaning requirements, operating
conditions, cost and performance including membrane separation processes related to
biotechnology and bio-chemical engineering in industrial production. It is classified as a topic
of techniques that are widely used and interesting.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Acquire knowledge and understanding in membrane separation process correctly and
appropriately.
2. Be able to apply the gained knowledge and useful for professional area.
3. Be able to understand various membrane separation processes. Moreover, the student
can also develop their knowledge to design research or to solve research problems

related to membrane separation processes.
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(Entrepreneurship and Innovation in Biotechnology)

IAT34 5661  arwdugiusznaumsgsna wisnsssimumaldaddamm waevsnwddumdaan 3(3-0-6)
(Entrepreneurship and Innovation in Biotechnology)
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IAT34 5661 Entrepreneurship Innovation and Intellectual Property

in Biotechnology 3(3-0-6)
Prerequisite : None

As a guide to entrepreneurship and inovation in Biotechnology
management, supports the national and international communities in training the
biotechnology leaders of tomorrow. The management, industry structure, idea creation,
business model, product development process, market strategies, globalization for the
medical, life science, agriculture and bioprocess companies for entrepreneurial firms in the
unique biotechnology industry will be described.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Explain key concepts of entrepreneurship and inovation in Biotechnology management.
2. Have skilled knowledge in industry structure, design creation, business model, product

development process, market strategies in biotechnology.
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IAT34 5662  AuUaadesumAlulagdInm 4(4-0-8)
(Biotechnology safety)
AdeAunau : il
AnufiAsrdunaianiafiugiaingsy dymmfeidesiuningnainnssy
Adannden NM3nTIREBY wazn1sUTMsTANIANLASS SINFenuUasnduveseimnsiildunainiis
ARLUATUENTIN NTUANIDBNYRIEY TINRINITAIAEEY LagHaRDAUMAINNAIENIRUTNTTULAL
Awndoun1enisinuns Awiloulazauiueany seideuiiafuadiiindaulaniugnssily
Usgimaingg Mdufirdhumaluladiinm wazusemalneazgninanefne

HAAWSN5I3BUENIAANTIsERUTIBIY

] (%
v =€ IS v

Un@nwiinusedviiiiauaninga fail
1. danuinugiu wazdanudilainerdudngnin wasnansenuveanaluladdinmadslviusznay
fukuImslunMsianmsanudes

2. WhlangsudeuildauaunslussAulsemaLag seAuuIua

IAT34 5662 Biotechnology safety 4(4-0-8)
Prerequisite : None

The course aims to provide students with genetic modification techniques,
problems intractable to industrial productivity and environmental sustainability, assessment
and management of potential risks, the safety of food from GM crop varieties, specific trait
combinations of gene flow potential and effects on biodiversity and agricultural ecosystems.
Similarities and differences in the regulatory systems of the leading biotechnology countries as
well as Thailand will be also discussed.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Have knowledge and understand potential and impact of modern biotechnology regarding

risk management

2. Understand restrictions and regulations about national and international biosafety
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IAT34 5663  AANUANEZ19ETIA 3(2-3-4)
(Creativity)
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IAT34 5663 Creativity 3(2-3-4)
Prerequisite : None

This course focuses on improving students to apply a variety of principles and
creative processes appropriately as a scientific researcher and science communicator. This
includes fundamental skills such as leadership skills, team management, strategy planning,
problem solving, decision making, project management, time management, stress
management, creativity tools, learning skills. Students will learn how to create projects through
various tools, including Brainstorming, Brainwriting, Reverse brainstorming, Starburting, the
Charette procedure, Crawford's Slip Writing method, Round-Robin, Rolestorming, Metaphorical
thinking, SEIQ, Reframing Matrix, SCAMPER, Stealth Innovation, Beyonder Creativity, TRIZ, Kano
Model Analysis, Design Thinking, Disney Model, Doblin's Innovation, Six Thinking Hats, OODA
loop, etc. Parts of the course conducted using project-based approach that require a use of
information technology and computer. The projects topic has an emphasis in social issues that

are related to students’ post graduate research or other scientific topic of interest.
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Course Learning Outcomes (CLOs)

Having successfully completed this course, student must be able to:
1. Understand the components and factors of creativity.

2. Value, analyze, and criticize the creativity of the works.

3. Synthesize creative works.

4. Develop themselves as creative people.

5. Use information technology and computer for searching information and presentation.

IAT34 5664  Aauznsianios 3(2-3-4)
(Art of storytelling)
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IAT34 5664  Art of storytelling 3(2-3-4)
Prerequisite :  None

This course will develop posteraduate students to understand communication
skills in various ways, with an emphasis of academic purposes, focusing on leamning the
principles and procedures of communication. In order for students to be able to effectively
convey the content or message they need in a complete process both online and on ground.
Not only develop students to be media creators but also provides an understanding of the
dimensions of design, creativity, and distribution by the application of information technology
and computer.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Understand the principles and procedures of communication.
2. Able to lecture, analyze, critique case.

3. Able to use information technology and computer for searching information and presentation.
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IAT34 5771 awnaUadinfdnun 8(0-0-0)
(Graduate Co-operative Education)
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IAT34 5771 Graduate Co-operative Education 8(0-0-0)
Prerequisite : None

In this course, graduate students, especially in the master level, will have a
chance to earn the real experiences of working in either private or governmental sectors.
Students will experience the entire processes of biotechnological industries, ranging from
management, production, to research and development, in order to understand the real
problems that occur in biotechnological industrial business. Students will work as one of the
company employees for 12 weeks. Students will be assigned their work and monitored by
company supervisor throughout the process. Students are required to present and discuss
what they have accomplished in the company to school of biotechnology after finish the co-
operative education.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:

get experience the biotechnological industries, management, production, and R&D, in

order to understand the real problems that occur in biolotechnological industrial business.
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IAT34 5772 aSedieddemanaluladdanan 4(3-3-9)
(Biotechnological Instrumentation)
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IAT34 5772 Biotechnological Instrumentation 4(3-3-9)
Prerequisite : None

Classroom and Advanced laboratory techniques designed for practical
experience in chemical and biological techniques especially in cell cultivation, bio-molecule
purifications, quantifications and other important analytical methods involved in
biotechnology research.  Some analytical methods:  electrophoresis analysis, gas
chromatography (GC), high performance liquid chromatography (HPLC), atomic absorption,
mass spectrometer, thermal analysis and fermentation are also provided.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Explain key concepts in Biotechnological instrumentation for using in Biological and

Chemical investigation.

2. Have skilled knowledge in Biotechnology and Life Science techniques to design useful

methodology in research.
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(Selected Research Techniques)
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IAT34 5773 Selected Research Techniques

Prerequisite : None

Students will be able to perform good research practice and write appropriate

scientific report through the learning of three different techniques related to biotechnology.

This can be used as the basis for the students Master or Ph.D. thesis
Course Learning Outcomes (CLOs)

Having successfully completed this course, student must be able to:
1. Prepare chemical solutions for doing experiments

Perform 3 techniques related to biotechnology

Analyze scientific data using various scientific computer programs

Write appropriate lab notebook

AT N

Write appropriate scientific report
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IAT34 5774 Usadiufimndadufivraulanamalulagdanin 1(1-0-12)
(Current Issues in Biotechnology)
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IAT34 5774 Current Issues in Biotechnology 1(1-0-12)
Prerequisite : None

The aim of this course is to let the students learn about important current issue(s)
in biotechnology, including those that relate to plants, animals, microbes, human health,
agriculture and the environment. Various methods of teaching and learning will be used,
depending on the experience and expertise of assigned instructors. Emerging technologies,
innovations, and new products that are noteworthy to the biotechnology industry will be
explored, including ethics and societal issues. Literature research expands and deepens the
student’s understanding of key fields within the life science area and allows the student to gain
more in-depth knowledge on subjects that are relevant to their careers. A specialist guest
lecturer maybe invited to introduce each topic and lead the subsequent class discussion. Oral
presentation and written papers help to refine the student’s communications skills.
Course Learning Outcomes (CLOs)
Having successfully completed this course, student must be able to:
1. Digest important issues in biotechnology
2. Describe impacts, ethics and societal issues relevant to controversial applications of

biotechnology

3. Improve oral and written scientific communications skills
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IAT34 5901 Thesis (for M.Sc. Plan A Scheme A 1) not less than 45 Credits
Prerequisite : None
Research leading to the completion of a M.Sc. degree.

Course Learning Outcomes (CLOs)

Having successfully completed this course, student must be able to:

1. Be able to plan, proceed and conduct the research experiment.

2. Be able to use information technology for searching research articles related to their
thesis topics effectively.

3. Be able to analyze and solve the problem of the research by applying the appropriate
theory and assumption.

4. Be able to analyze and organize the data, cite the information, and prepare a thesis report.
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IAT34 5902 Thesis (for M.Sc. Plan A Scheme A 2) not less than 15 Credits
Prerequisite : None
Research leading to the completion of a M.Sc. degree.

Course Learning Outcomes (CLOs)

Having successfully completed this course, student must be able to:

1. Be able to plan, proceed and conduct the advanced research experiment.

2. Be able to use information technology for searching research articles related to their
thesis topics effectively.

3. Be able to analyze and solve the problem of the advanced research by applying the
appropriate theory and assumption.

4. Be able to analyze and organize the data, cite the information, and prepare a thesis report.
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