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The Effectiveness of Augmented Reality in Out-of-home Advertising to

Generation Z Consumers’ Purchase Interest

Pakatip Kitirattrakarn'
Chokchai Wanapu2
Mullika Sungsani‘c3

Abstract

This study is Quasi experiment research that uses Nonequivalent Control Group
Posttest design. The population is Generation Z Consumers in Amphur Muang Nakhon
Ratchasima. The sample group is divided into experiment group (AR advertising) and
control group (Traditional Advertising). Data from the experiment was collected by
using the AR technology adaptive to validate the customer perceptions. That AR media
condition is guided by the detailed instruction as a process to set up and use AR
technology on the smartphone. On the participant mobile screens 3D animation
product designs will appear. After the AR-base presentation, a questionnaire was
administered asking participants about consumer perceptions. Additional items
measuring general attitudes toward the AR-base presentation and purchase interest
were included.

The questionnaires were used to collect data from 390 respondents and
analyzed by using T-Test, Chi-Square and Pearson Product-moment Correlation. The
T-Test results showed the differences between consumer perceptions of 3
perspectives (interactivity, novelty and creativity) and attitudes toward products
between AR technology and the traditional OOH advertising. However, the test on
customer demands showed no difference on purchase interest between AR technology

and the traditional OOH advertising in Chi-square test for Homogeneity.
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Introduction

With the exponential growth of Internet and social community in the last
decades, the Internet usage began to grow dramatically. The Internet is affecting a
broad range of activities. The growth in the popularity of social media, online
marketing, and blogging is changing the way people communicates and informs. These
make the Internet access an increasingly ubiquitous convenience. The Internet is used
virtually everywhere, enabling people from all over the world to communicate with
each other instantaneously and inexpensively.

Now, Thailand has approached the digital economy which digital networking
and communication infrastructures provide a sglobal platform for people and
organizations. The economy has driven mainly to apply IT and digital technology to
increase productivity and maximize cost efficiency. A digital technology and the
Internet of Things (IoT) are transforming the way people do business and creating
immense opportunities for companies to adopt digital innovations. (Digital Economy,
2014)

Thailand is rapidly growing in innovation due to an access to the Internet by 60
percent of the population, where primarily access through smart device. Thailand is
one of the highest times spent on the Internet and mobile phone per day, as a
consequence, there is a huge amount of consumption on social media and online
videos. Thailand is also ranked on the 10™ for social media usage, and the 4™ ranking
for the most time spent on social media, (“Hootsuite” social media management
platform and “We Are Social” global agency, 2018). In addition, Thailand is in the top
ten countries when looking especially on a number of Facebook users, where Bangkok
has the most active Facebook accounts in the country. The "Digital 2018 global
overview", published in January 2018, said Thais registered the most time on the
internet last year at 9.38 hours per day. Thais also spend the most time on the mobile
internet at 4.56 hours (Bangkok Post, 2018).In terms of mobile social, media
penetration (active accounts on top social networks in each country per capita),
whereas the global rate is 39%. With all this growth, the advertising services and
marketers have to adjust the strategy to keep up with the customers behavior
transformation.

Offline media in Thailand is affecting directly due to the changing of customer
behaviors from the growth of the Internet. Expenditures on advertisement like
newspapers, magazines, and radios have continuously declined, where newspapers
have declined by 24.03 percent, magazines by 20.52 percent, and radios by 1.29
percent (Nielsen, 2019). Consequently, some newspapers and magazines producers

have closed down their businesses, and some have developed business models to
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provide online contents to serve on digital platforms. Hence, the firms have adjusted
and developed themselves to access digital technology that can reach the competitive
advantages and overtake economy changes. For advertising services, the business
improves their marketing and advertising approaches by using the Internet to deliver
messages and reach out to their customers. In a fast-changing world with a variety of
free and easily access media, traditional advertising companies have to be adaptive in
order to survive.

Now, some large businesses in automotive manufacturers, fashion clothes
industry and retail companies are beginning to implement the advertisement
technology as part of their advertising strategy. That Augmented reality (AR) technology
is used for their marketing to attract more customers. Augmented reality is defined as
the integration of digitally created media within an existing actual environment. This
combination of virtual three-dimensional images within tangible surroundings provides
unique sensory capabilities and communication opportunities. That Augmented reality
advertising can improves consumers' understanding about products, provides them
with the enjoyment of seeing themselves wearing the virtual reality item, and saves the
transportation and shopping time, presumably resulting in its popular utilization in e-
commerce (Faust et al., 2012).

This research is realized in the decline of offline media roles on the customer
behavior. So, the research is studied on the way to adjust the media form by combine
the offline media with the online media that use AR technology to link these media
together and evaluate the result that focused on the effectiveness of AR in 3
perspectives, media perception to customer attitude towards product or service and
purchase interest, that use quasi-experiment research in Nonequivalent Control Group
Posttest Design to compare the Augmented Reality advertising with traditional Out-Of-
Home media. The analysis result has attributed the knowledge in the disparity of both
media that help the business to select the appropriate media to achieve the customer

target at the right time.

Purpose

1. To compare the consumer perception towards advertising media in 3
perspectives (interactivity, novelty and creativity) between traditional Out-Of-Home
advertising and AR technology advertising.

2. To compare the consumer attitude toward product and service between
traditional Out-Of-Home advertising and AR technology advertising.

3. To compare the consumer purchase interest between traditional Out-Of-

Home advertising and AR technology advertising.
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OOH Advertising
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oroduct or
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Figure 1. Research Framework

The Benefit of this Study

The results of this study will help the marketeers and marketing managers to:

1. Understand the consumer perceptions toward AR technology in OOH
advertising on 3 perspectives (interactivity, novelty and creativity).

2. Understand the consumer attitudes toward services between traditional OOH
advertising and AR technology advertising.

3. Apply AR technology in marketing and advertising in order to create purchase

interest.

Literature Review
Advertising Creation with Augmented Reality Technology

Due to the rapid advances in technology, a greater variety of marketing tools
are currently available for presenting products more persuasively. A new emerging
technology that has been receiving massive attention from many companies is
augmented reality (AR). AR is defined as “the superposition of virtual objects
(computer-generated images, texts, sounds etc.) on the real environment of the user”
(Faust et al., 2012). AR is similar to virtual reality (VR) in aiming to enhance or enrich a
viewer's experience. Unlike VR that electronically generates the image of the entire
real-life setting, AR creates a superimposed overlay of the viewer in the electronically
generated setting (Milgram et al,, 1994). Thus, AR is more beneficial than VR to both
retailers and consumers in that it allows consumers to view themselves wearing
diverse virtual products without physically trying them on in a store (Verhagen et al,
2014). In this way AR improves consumers' understanding about products, provides
them with the enjoyment of seeing themselves wearing the item, and saves them
transportation and shopping time, presumably resulting in its popular utilization in e-

commerce (Baek et al,, 2012). In spite of its popularity and potential, no evidence has
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confirmed that AR is a more persuasive tool than the existing traditional way of online

product presentations in providing consumers' shopping experiences.

Motivation and Behavior Models

Howard-Sheth model is the model that represents consumer behaviors in
the market. It attempts to explain the rationality of product chosen by
the consumer under conditions of incomplete information and reduced processing
capability. It analyses the behaviors, reactions and thinking processes that cannot be

directly observed. (Jisana, 2014)

The Effective Tool for E-commerce

The research evaluates the effectiveness of augmented reality (AR) as an e-
commerce tool using two products. This study explores the effectiveness of AR by
comparing it to a conventional website. The results show that AR provides effective
communication benefits by g¢enerating greater novelty, immersion, enjoyment, and
usefulness, resulting in positive attitudes toward medium and purchase intention,
compared to the web-based product presentations. And the research compares the
paths by which consumers evaluate products through AR versus web with a focus on
interactivity and vividness. It is revealed that immersion mediates the relationship
between interactivity, vividness and two outcome variables (usefulness and enjoyment)
in the AR condition compared to the web condition where no significant paths
between interactivity and immersion and between previous media experience and

media novelty are found. Participants' subjective opinions about AR are examined

through opinion mining to better understand consumer responses to AR. (Yim, et al,,
2017)

Figure 2. How media characteristics function to influence purchase intention. (Yim, et al., 2017)

- 352 ~



MIUsrYInINITEAUYIRAUNITUIMSIANTT AN 12 Used1l 2563
ANEAINYINTIANTS UM InedvasuaiuaIuns

Tuiansn 6 fguieu 2563

Research Methodology

This Quasi-experiment research uses Nonequivalent Control Group Posttest
Design that focuses on the effectiveness of AR technology in OOH advertising to
customer purchase interest by using quantitative research. The questionnaire,
interview and observation are the instruments to gather data from the sample group.
The population is Generation Z Consumers who live in  Amphur Muang
Nakhonratchasima. The sampling group includes 390 people which used in the Yamane
sample group method with confidence level 95% and a level of significant 5%. The
sample group is divided into the experiment group and the control group with 195
people per group. The data collection use simple random sampling process to sample
the group selected.

The experiment group was collected data by using the AR technology adaptive
to validate the customer perceptions. That AR media condition is guided by the
detailed instruction as a process to set up and use AR technology on the smartphone.
Specifically, participants are asked to download the required software and prepared
their smartphones. Once everything is all set, participants mobile screens will appear
3D animation of Phimai Historical Park. After the AR-base presentation, a questionnaire
was administered asking participants about creativity, interactivity and novelty.
Additional items measuring general attitudes toward the AR-base presentation and
purchase interest were included. All the measures are taken on a five-point Likert or
semantic differential scale. Finally, to gain insights into participants' questionnaire
responses, they were asked to provide their opinions about AR-based product
presentations in an open-ended format.

The questionnaire is passing the thorough verify process by pre-test with 30
participants and adopt the Cronbach’s Alpha to analyze the reliability of the data that
coefficient of reliability is 0.67 - 0.91 and post-test with 390 participants is 0.74 — 0.87
as standard criteria. The question is utilizing by PSPP program to reveal the statistic
data in frequency, percentage, mean, standard deviation, T-test, Pearson correlation

and Chi-square test.
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Table 1
The reliability of data in pre-test sampling eroup (n = 30) and post - test sampling
group (n = 195) for traditional OOH advertising.

Number of Cronbach’s Alpha
Data
question Pre - test Post - test
1. Interactivity 3 0.83 0.76
2. Novelty 2 0.91 0.74
3. Creativity 2 0.83 0.75
4. Perception 3w 0.88 0.87
5. Attitude 2 0.88 0.81

Table 2
The reliability of data in pre-test sampling group (n = 30) and post — test sampling
eroup (n = 195)for traditional AR advertising. ,

Number of Cronbach’s Alpha

Data
question Pre - test Post - test
1. Interactivity 3 0.87 0.81
2. Novelty 2 0.80 0.78
3. Creativity 2 0.67 0.71
4. Perception 3 0.81 0.87
5. Attitude 2 0.82 0.87

Data Analysis and Results
Demographic Characteristic of Respondents

The demographic data of the control group (Traditional media) is similar to
experiment group (AR media). The most respondents are the female who have age
ranged from 21 — 25 years old, whereas the youngest respondent age is under 20 years
old and the oldest is around 26 - 30 years old. The respondents are students who

study in Bachelor degree.
Consumer Perception towards Advertising Media

The perception towards advertising media of the experiment group (AR media)
have a very good satisfaction level that higher than the control group (Tradition media).
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Table 3
The satisfaction level consumer perception towards advertising media.
Control Group (Tradition media) Experiment Group (AR media)
pete Average SD Level Average SD Level
Perception

Perception responsiveness 3.29 0.82 Good 3.75 0.85 Very Good
Effectively access data 3.25 0.88 Good 3.88 0.83 Very Good
Knowledge achievement 3.23 0.91 Good 3.88 0.85 Very Good

Purchase Interest Percentage
The experiment group (AR media) is resulted to have more interested in
traveling at Phimai Historical Park than the control group (Tradition media) with a result

of 72.3 percent comparing to 69.7 percent.

Table 4
The frequencies and percentages of the Purchase Interest between the experiment

group (AR media) and the control group (Tradition media).

Experiment Group (AR media) Control Group (Tradition media)
pata Frequency Percentage Frequency Percentage
Purchase Intention
Travel 141 72.3 136 69.7
Not travel 54 27.7 59 30.3
Total n=195 100 n=195 100

The Comparison of Consumer Perception towards Advertising Media

The comparison of consumer perception towards advertising media between
traditional OOH advertising and AR technology advertising. The analysis resulted that
there is a difference in consumer perception towards advertising media in 3
perspectives (interactivity, novelty and creativity) between traditional OOH advertising
and AR technology advertising at Statistical significance of 0.05.

Table 5
T-Test of consumer perception towards advertising media

Experiment Group (AR media) Control Group (Tradition media)

Data t Sig.
Average SD Average SD
Perception
Interactivity 3.76 0.81 3.45 0.64 -4.24 0.000
Novelty 397 0.84 333 0.75 -7.98 0.000
Creativity 3.95 0.75 3.34 0.73 -8.11 0.000

Note : * Statistical significance 0.05
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The Comparison of Consumer Attitude towards Product or Service

The comparison of consumer attitude towards product or service between
traditional OOH advertising and AR technology advertising. The analysis shown that
there is a difference in consumer attitude towards product or service at Statistical

significance of 0.05.

Table 6

T-Test of consumer attitude towards product or service

Experiment Group (AR media) Control Group (Tradition media)
Data t Sig.
Average sD Average sD

Attitude 381 0.92 351 0.83 -3.36 0.001

Note : * Statistical significance 0.05

The Comparison of the Consumer Purchase Interest

The comparison of the consumer purchase interest between traditional OOH
advertising and AR technology advertising. The analysis resulted that there is no
difference in consumer purchase interest between traditional OOH advertising and AR

technology advertising at Statistical significance of 0.577.

Table 7

Chi-Square of the consumer purchase interest

Purchase Interest

9]

Media Type Interest No interest d.f X Sig. Total
AR 141 54 1 0.31 0.577 195
Tradition 136 59 195

Conclusion and Discussion

The comparison of AR advertising and traditional Out-Of-Home advertising in
perception, attitude toward products and purchase interest were analyzed by using T-
Test, Chi-Square and Pearson Product-moment Correlation. The T-Test results showed
the differences between consumer perceptions of 3 perspectives (interactivity, novelty
and creativity) and attitudes toward products between AR technology and the
traditional Out-Of-Home advertising at a Significant level of 0.000. However, the test
on customer demands showed no difference on purchase interest between AR
technology and the traditional Out-Of-Home advertising at a Significant in level of 0.577

in Chi-square test for Homogeneity. An advertisement using AR technology creates
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more purchase interest than a traditional way of advertisement at a level of 72.3
percentage.

The perception towards media of the AR advertising has a satisfaction level of
consumer higher than the Tradition media due to the AR media has responsiveness to
customer that they can interact with the media to access the efficiency data and
achieve more important product or service knowledge. For this reason, the AR
advertising has contributed to attract the consumer attention and impression that the

marketeers can adapt this innovation to create more purchase interest.

Future Research

1. The product or service in this research is a tourist attraction that is not
attached to any brand name or trademark. If the researcher is interested in any other
products or services, they can define the brand name or trademark to achieve the
thorough data and customer insight on that product or service.

2. This research is focused on students who born between the late 1990s to
early 2000s. The researcher should study in other age ranges to expand the research
result that will be useful for a further knowledge.

3. This research studied the effectiveness of AR technology in Out-Of-Home
advertising on 3 perspectives (consumer perception, attitude toward advertising media
and purchase interest). The researcher can study in other perspectives to get the deep
insight data because the customer purchase interest is depending on various factors.

4. This Quasi-experiment used Nonequivalent Control Group Posttest Design
that compares between the experiment group (AR media) and the control group
(Tradition media). The researcher can study in the other media type such as VR

technology to get more data and results in the comparison.
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Effects of Paclobutrazol and Glyphosate on Growth, Yield and

Starch Content of Cassava (Manihot esculenta Crantz.)

Duangkamon Dechdom, Thitiporn Machikowa and Sodchol Wonprasaid
School of Crop Production Technology, Institute of Agricultural Technology,

Suranaree University of Technology, Muang District, Nakhon Ratchasima 30000

Abstract

The application of plant growth regulators has been reported to decline vegetative
growth and promote the accumulation of starch or sugar in economic yield of some field
crops. The aim of this research was to study the effects of plant growth regulator application
on growth, yield and starch content of cassava. The experiment was conducted at Suranaree
University of Technology experimental farm during 2016-2017. Cassava cultivars, Rayong 9
and Sriracha 1, were planted at a spacing of 100 x 120 cm under drip irrigation system. In
each cultivar, the treatments were laid out in a split plot design with three replications. Main
plot included foliar applications of plant growth regulator at 180 and 240 days after planting
(DAP) of cassava. Four treatments of plant growth regulator, including 500 and 1,000 ppm of
paclobutazol (PBZ), 500 and 1,000 ppm of glyphosate and control (water) were assigned to
sub-plots. The results showed that application of glyphosate and PBZ at all concentrations
reduced vegetative growth (plant height and shoot length), but increased tuber fresh weight
and starch content of both cassava cultivars. In addition, both cultivars were applied with
PBZ and glyphosate at 240 DAP produced higher tuber yield and starch content than those
applied at 180 DAP.

Keywords: Plant growth retardant, Paclobutrazol, Glyphosate, Starch content, Cassava

Introduction

Cassava (Manihot esculenta (L.) Crantz) is one of the most important food energy and
industrial raw material crops in tropical and subtropical regions. In 2016, the harvested area
of cassava in Thailand was 1.45 million hectares. Total production of cassava in Thailand
was 31.16 million tonnes with average yield of 21.48 tonnes per hectare. The cassava
production and yield per hectare were increased by 2.06 and 5.40 %, respectively (Office of
Agricultural Economics, 2017). However, the yield of cassava produced in Thailand is still

low compared to its yield potential depend on several factors such as low fertility soils,
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drought and pest problems. Improving cassava productivity has been recommended by soil
and water management. Most farmers have used the combination of organic fertilizer to
improve the soil and used chemical fertilizer to acetate the crop growth. Some farmers have
applied water by the drip irrigation system. With these practices, cassava productivity has
been successfully increased in most areas. However, in some areas, with an excessive nutrient
application along with well conditions of soil moisture during the late growing period, the
vegetative growth was still accelerated. While carbohydrate accumulation in tuber was
limited. As a result, low tuber yield and starch content has been induced. In order to promote
tuber yield and starch accumulation in the tubers. The vegetative growth must be promoted at
the early growth stage and stopped at the late growth period which could be done by nutrient
balanced management and soil moisture control. However, these practices are not easily
performed in the farmer fields. Application of plant growth regulators may be an alternative
method to reduce late vegetative growth and promote starch content in cassava. Plant growth
regulator compounds are kind of chemicals which slow cell division and elongation in shoot
tissue. Some plant growth regulator inhibits GA biosynthesis pathway (Rademacher, 1992).
PBZ is one of plant growth retardant that can inhibit the top plant growth, but it also increases
the nutrients a plant receives through stronger and more active roots. Medina et al. (2012)
showed that chlorocholine chloride and PBZ foliar spray reduced plant growth in cassava.
However, only PBZ application was able to produce higher tuber yield and starch quality. Sa-
ngad et al. (2016) showed that PBZ application in cassava reduced plants height and leaf area
index, but tended to increase tuber yield. Glyphosate is a broad-spectrum systemic herbicide
which can induce a reduction in aerial organ plant growth with very low concentration. It has
been reported to decline vegetative growth and increased brix, pol% and fiber in sugarcane
(Karmollachaab et al., 2015). Sanmueang and Detpiratmongkol (2009) reported that
glyphosate foliar spray on sweet sorghum at 1,000 mg L' gave the highest brix degree.
However, information of effects of PBZ and glyphosate application on vegetative growth,
yield and yield quality in cassava crop is still limited. Therefore, the aim of this research was
to study the effects of plant growth regulator application at different concentrations on

growth, yield and starch content of cassava.

Materials and Methods

The experiment was conducted to study the effects of plant growth retardant

applications on growth, yield and starch content of cassava at the Suranaree University of
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Technology farm during the 2016-2017. Cassava cultivars, Rayong 9 and Srirachal, were
planted at a spacing of 100 x 120 cm under drip irrigation system. The experiments were laid
out in a split plot design with three replications. In the main plot, foliar applications of plant
growth retardant at 180 days after planting (DAP) were compared with 240 DAP of cassava.
Four treatments of plant growth retardant including 500 and 1,000 ppm of PBZ, 500 and
1,000 ppm of glyphosate and control ( water) were assigned to sub plots. Three randomly
selected plants from each replication at 30 and 60 days after sprayed (DAS) were used for
data collecting. Plant height was measured from the ground to the tip. Shoot length was
measured from the color mark to the tip. Chlorophyll contents were measured by a SPAD
chlorophyll meter from the three fully expanded uppermost leaves. Five plants per plot at
300 and 330 DAP were harvested randomly from each plot, tuber yield and starch content
were determined. The starch content was measured using Reiman Scale Balance method.
Analysis of variance (ANOVA) of all recorded data was performed using statistical software
SPSS version 14 (SPSS Inc., 2005). If significance was found, the Duncan's multiple range

test (DMRT) was performed to determine significant differences among plant treatments.

Results and Discussions

Effects of PBZ and glyphosate application on plant growth of Rayong 9: Plant
growth retardant applications at 180 and 240 DAP were significant different in plant height
and shoot length of Rayong 9 (Table 1). The PBZ application at 1,000 ppm had the most
effects on plant height and shoot length at 180 DAP, but the glyphosate application at 1,000
ppm reduced plant height and shoot length greater than any concentration. Application of
PBZ and glyphosate at 240 DAP inhibited plant height and shoot length greater than those
applied at 180 DAP. The growth-retarding effect of PBZ and glyphosate are caused by the
inhibition of GA biosynthesis, as observed in cassava. Gomathinayagam et al. (2007) also
reported that triazole treatments reduced plant height and leaf area. The SPAD values were
not increased significantly with the application of plant growth regulators at both growth
stages (Table 1). Similar results were obtained by Promkhambut et al. (2014) who reported
that PBZ foliar application at 1000 ppm did not increase SPAD values.

Effects of PBZ and glyphosate application on yield and starch content of Rayong
9: The PBZ and glyphosate application at different concentrations significantly increased
starch content at both growth stages in Rayong 9 cultivar, but tuber fresh weight was not
significantly different between different concentrations (Table 1). The PBZ and glyphosate
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Conclusion

From the results, it can be concluded that the application of PBZ and glyphosate at all
concentrations reduced cassava vegetative growth including plant height and shoot length.
However, applications of PBZ and glyphosate promoted the starch content in both cultivars
and tended to increase tuber fresh weight of Srirachal. In addition, in both cultivars,
application of PBZ and glyphosate at 240 DAP increased starch content more than those
applied at 180 DAP. Thus, PBZ and glyphosate application at 240 DAP could enhance starch
content of cassava and could be an alternative method for improving cassava yield and starch

content.
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NAME Mr. CHIRAMET SUECHANTHUEK
unudsws Jaduvin

BIRTHDATE MARCH 23, 1997

BIRTHPLACE NAKHON RATCHASIMA, THAILAND

PREVIOUS CERTIFICATES M.6/ MARCH 31, 2015

INSTITUTE OF ENGINEERING

DEGREE CONFERRED (nnuidunay)

SURANAREE UNIVERSITY OF TECHNOLOGY
Nakhon Ratchasima, Thailand
TRANSCRIPT OF RECORDS

STUDENT ID  B5805402
IDENTIFICATION NUMBER
NATIONALITY THAI
DATE OF ADMISSION
DATE OF GRADUATION
SCHOOL OF MANUFACTURING ENGINEERING
(mM'lve)

13099 01400 29 1

JULY 13, 2015

FIRST TRIMESTER 2015

102111 FUNDAMENTAL CHEMISTRY I 4 D
102112 FUNDAMENTAL CHEMISTRY LABORATORY I 1 c
¥03101 , CALCULUS I 4 D
103113 MATHEMATICS IN DAILY LIFE 3 c+

105001  ELEMENTARY PHYSICS 3 st
202107 USE OF COMPUTER AND INFORMATION 3

203101 ENGLISH I 3 B+
o TS EARNED = 18 TOTAL CREDITS EARNED 18 GPA 1.97 GPAX = 1,97
SECOND TRIMESTER 2015

103102 . “CALCULUS IT 4 #W
104113~ MAN AND ENVIRONMENT 3 C+
-105101 PHYSICS 1 4 D+
105191 PHYSICS LABORATORY I 1 C+
203102 ENGLISH 11 3 A

531101 ENGINEERING MATERIALS 4 C
CREDITS EARNED = 15 TOTAL CREDITS EARNED 33 GPA 2,40 GPAX = 2.17
THIRD TRIMESTER 2015

103102 CALCULUS TT 4 D
105102 PHYSICS 1T 4 #F
105113 MAN AND TECKNOLOGY 3 B+
105192 PHYSICS LABORATORY 1I i1 €

523101 - COMPUTER PROGRAMMING I 2 D+

525101 ENGINEERING GRAPHICS 1 2 C+
CREDITS EARNED = 12 TOTAL CREDITS EARNED 45 GPA 1,53 GPAX = 1.96
FIRST TRIMESTER 2016 '

202211 THINKING FOR DEVELOPMENT 3 @
523201 COMPUTER PROGRAMMING I 2 C+
525301 MECHANICAL DRAWING 2 o+
530201 ENGINEERING STATICS 41 #w
535211 MANUFACTURING ENGINEERING FUNDAMENTALS 1 8+
CREDITS EARNED = 8  TOTAL CREDITS EARNED 53 GPA 2.19 GPAX = 1.99
3 SECOND TRIMESTER 2016 .
&102 PHYSICS I 4 #F
5202 THERMODYNAMICS I 4 D
'$30201 ENGINEERING STATICS 4 #wW
535221 FUNDAMENTAL OF MANUFACTURING PROCESSES 3 B

535222 FORMING AND HEAT TREATMENT PROCESSES LABORATORY 1. €%
CREDITS EARNED =8 TOTAL CREDITS EARNED 61 GPA 1,29 GPAX = 1,99
THIRD TRIMESTER 2018

103105 CALCULUS T 4 #F
105102 PHYSICS T ~— 4 D
203203 ENGLISH TII 3 8
530201 ENGINEERING STATICS 4 #F
535233 INDUSTRIAL WORK IMPROVEMENT 2 C
601111 SPIRITUAL HEALTH CARE 3 A

CREDITS EARNED = 12 TOTAL CREDITS EARNED 73 GPA 1.45 GPAX = 1,95
FIRST TRIMESTER 2017

202213 GLOBALIZATION 3 D
529292  ELECTRICAL ENGINEERING 4 ¢
530201 ENGINEERING STATICS 4 D

§35312 INTEGRATED MANUFACTURING SYSTEMS 3 D+
CREDITS EARNED = 14 TOTAL CREDITS EARNED 87 GPA 1.39 GPAX = 1.95

SECOND TRIMESTER 2017

202212 MAN AND CULTURE 3 C+
525203 ENGINEERING DYNAMICS 4 #F_
530211 MECHANICS OF MATERIALS 1 4 #F
535231 MACHINING AND JOINING PROCESSES LABORATORY 1 c;
535322 MANUFACTURING LABORATORY 1 B+

535323 MANUFACTURING ENGINEERING SEMINAR 1 B+
CREDITS EARNED = § TOTAL CREDITS EARNED 93 GPA 1.18 GPAX = 1.85
THIRD TRIMESTER 2017

103105 CALCULUS 11 4 #F
525203 ENGINEERING DYNAMICS 4 #
530211 MECHANICS OF MATERIALS 1 4 #F
535332 COMPUTER AIDED MANUFACTURING 2 C+
535337 COMMERCIAL MATERIALS AND SELECTION 3 G+

609252 RHYTHM FOR HEALTH PROMOTION 2 B
CREDITS EARNED =7 TOTAL CREDITS EARNED 100 GPA 0.97 GPAX = 1.90
FIRST TRIMESTER 2018 v

103105 CALCULUS I 4 #F
213204 ENGLISH FOR SPECIFIC PURPOSES 3 B+
525401 INDUSTRIAL AUTOMATIONS 3 €

529294  ELECTRICAL ENGINEERING LABORATORY 1 c
CREDITS EARNED = 7 TOTAL CREDITS EARNED 107 GPA 1.68 GPAX = 1.4
SECOND TRIMESTER 2018
103105 CALCULUS I
202324 PLURI-CULTURAL THAI STUDIES F
525203 ENGINEERING DYNAMICS #F
530211  MECHANICS OF MATERIALS 1 4 #F
CREDITS EARNED = 4 TOTAL CREDITS EARNED 111 GPA 0,29 GPAX = 1.94
THIRD TRIMESTER 2018 '

F N NI N

213305  ENGLISH FOR CAREERS 3 c
525203 ENGINEERING DYNAMICS 4 F
525204  FLUID MECHANICS I 4 F
530211  MECHANICS OF MATERIALS [ 4 F
535414 INDUSTRIAL AUTOMATION LABORATORY 1 F
CREDITS EARNED =3  TOTAL CREDITS EARNED 114 GPA 0.38 GPAX =1
SECOND TRIMESTER 2019
114100  SPORT AND RECREATION 2 A
535311 ECONOMY FOR ENGINEER C4 #F

CREDITS EARNED = 2 TOTAL CREDITS EARNED 116 GPA 1.33 GPAX = 1.84
THIRD TRIMESTER 20139 :
535311 ECONOMY FOR ENGINEER 4 B+
CREDITS EARNED = 4  TOTAL CREDITS EARNED 120 GPA 3.50 GPAX = 1.95
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Abstract

English language for healthcare personnel increases its importance nowadays. It is also
significant as one indispensable essence in moving forward into the 21% century when effective
communication enhances correct comprehensibility and completeness of healthcare information
for both healthcare providers and utilizers. This cross-sectional descriptive study aimed at exploring
the levels of knowledge, attitude and essential skills (KAS Model) in English required for healthcare
personnel in 13 health service regions under the supervision of the Ministry of Public Health (MOPH).
All 247 targeted populations were candidates whose names were proposed by each health service
| region to attend both Module 1 and Module 2 English courses organized by the Praboromarajanok
Institute for Health Workforce Development (PIHWD), the MOPH, during the fiscal year 2018. Data
were collected online through Google Form and were then analyzed using descriptive statistics
reporting as frequency, percentage, mean and standard deviation.

Results from the demographic part showed that the majority or 177 participants were female
(80.2%) and the population mean for age was 43 years, 116 persons had a bachelor’s degree (58.6%)
and 138 trainees were resident nurses (69.7%). From the knowledge, attitude and skills section,
32.4% of participants possessed the knowledge in Module 1 at the good level and 55.5% was at the
fair level in Module 2. The population mean for attitude included all 227 populations of which
95.0% attendees indicated the positive level. For the English skills, 45.2% from 217 populations had
the medium level of the listening skill, while exhibiting the low level for the reading, speaking and
listening skills at 51.2%, 51.4% and 51.2%, respectively. However, the overall English skill was at the
low level.

Recommendations from this study are that all 13 health service regions and the MOPH
should embrace an English skill improvement as one of their principal strategies in the health
workforce development policy and planning. This could be emphasized for all essential and weak
skills amongst healthcare personnel including listening, speaking, reading and writing skills since
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prodigious benefits in communications and collaborations will belong to one with better preparation

in the modern era and the world of globalization.

Keywords : knowledge, attitude, skills, English, healthcare personnel, health service regions
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Abstract

measures.

tients suffer from ‘moderate, severe or worst’ pain.

Context: Perioperative analgesia is an essential but frequently underrated component of medical care. The purpose of this work is
to describe the actual situation of surgical patients focusing on effective pain control by discarding prejudice against ‘aggressive’

Evidence Acquisition: This is a narrative review about continuous regional pain therapy with catheters in the postoperative period.
Included are the most-relevant literature as well as own experiences.

Results: As evidenced by an abundance of studies, continuous regional/neuraxial blocks are the most effective approach for relief
of severe postoperative pain. Catheters have to be placed in adequate anatomical positions and meticulously maintained as long
as they remain in situ. Peripheral catheters in interscalene, femoral, and sciatic positions are effective in patients with surgery of
upper and lower limbs. Epidural catheters are effective in abdominal and thoracic surgery, birth pain, and artery occlusive disease,
whereas paravertebral analgesia may be beneficial in patients with unilateral approach of the truncus. However, failure rates are
high, especially for epidural catheter analgesia. Unfortunately, many reports lack a comprehensive description of catheter applica-
tion, management, failure rates and complications and thus cannot be compared with each other.

Conclusions: Effective control of postoperative pain is possible by the application of regional/neuraxial catheters, measures re-
quiring dedication, skill, effort, and funds. Standard operating procedures contribute to minimizing complications and adverse
side effects. Nevertheless, these methods are still not widely accepted by therapists, although more than 50% of postoperative pa-

Keywords: Major Surgery, Postoperative Pain, Regional Analgesia, Neuraxial, Catheters, Peripheral Catheters, Efficacy, Failure Rate

1. Context

Against the backdrop of more than 320 million surgi-
cal procedures per year worldwide (1), perioperative pain
control should be a high-priority issue within health care
providers. However, in contrast to the belief of many
therapists, postoperative pain is still markedly ‘underman-
aged’ (2, 3). The rationale of this review was to increase
therapists’, particularly anesthesiologists’ and surgeons’,
consciousness of the ongoing unfortunate situation of
post-surgical patients with moderate to severe/unbearable
pain, including concrete proposals for solution. Physicians
should be repeatedly reminded of the famous saying of
Galen of Pergamon, “divinum est sedare dolorem” (it is di-
vine to ease pain).

2. Evidence Acquisition

The aim of this review was to discuss reasons and po-
tential solutions for a condition, which is highly unpleas-
ant for patients and unflattering for therapists. The focus
was on surgical procedures creating severe postoperative
pain, with the emphasis on the outstanding potential of
continuous regional blocks with catheters.

We selected an adequate, balanced number of pub-
lished studies, but excluded particular operations, such as
foot, hand or hip surgery, as the majority of these patients
can be sufficiently treated systemically or with local infil-
tration (4, 5).

Copyright © 2020, Anesthesiology and Pain Medicine. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License (http://creativecommons.org/licenses|by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the

original work is properly cited.
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3. Results

The subject of whether the method of postoperative
pain control influences outcome parameters, such as ma-
jor complications or length of hospital stay, is an ongoing
debate (6). However, the discussion frequently misses pa-
tients’ central concern: their suffering and discomfort. As
matters now stand, the 2016 statement of Rawal remains
unchanged, “Postoperative pain has been poorly managed
for decades. Recent surveys from USA and Europe do not
show any major improvement” (7).

3.1. Current Situation of Postoperative Pain Control

In his 2010 review, Sinatra (8) complained about the un-
satisfactory situation of patients with severe postoperative
pain, and concerns are still shared by others (7, 9, 10). The
team of Gan published several surveys describing the sit-
uation of postoperative patients in the United States. In
the years 2003, 2014, and 2017, inadequately treated post-
operative pain was almostsimilar with an incidence of 86%,
75% (74% after discharge),and > 80%, respectively (3,11,12).
This indicates that during a period of 14 years, postopera-
tive pain control did not change for the better.

Several guidelines with questionable effect have been
implemented. Meissner et al. in their 2018 multinational
consensus report (13) noted, “despite the introduction of
evidence-based recommendations for postoperative pain
management, the consensus is that pain control remains
suboptimal”, a statement we perceive as euphemistic.

3.2. Alternatives for Sufficient Postoperative Pain Therapy

For treating severe pain, opiates are effective, although
they have considerable adverse effects, such as sedation,
post-operative nausea and vomiting (PONV), urinary re-
tention, pruritus, and constipation (14, 15). However, re-
gional analgesia (RA) using mainly local anesthetics lacks
these side effects. In their current review, i.e. ‘state of
the art opioid-sparing strategies for post-operative pain
in adult surgical patients’, Gabriel and co-workers empha-
sized both the excellent analgesic potential of RA and its
‘opiate-sparing’ effects (16).

Table1shows observational data of a large German hos-
pital (17, 18) with a variety of regional catheters, demon-
strating that the majority of relevant postoperative pain
conditions are treatable in this way.

It is difficult to judge the efficacy of individual pain
treatment strategies and compare them with others. This
is mainly due to the lack of crucial information, such as
techniques of catheter insertion and postoperative main-
tenance, qualification and responsibilities of respective
therapists, and if mandatory standards have been applied.

Although from years back, the 2012 statement of Her-
manides et al. (19) regarding neuraxial analgesia is still
highly relevant, “estimates of the incidence of failed epidu-
rals are hampered by the lack of uniform outcome mea-
sures”. As a consequence, published success/failure rates
have to be considered with the utmost caution. The is-
sue is well exemplified by the 2018 Cochrane review of Sali-
cath et al. (20), comparing epidural analgesia (EDA) with
patient-controlled intravenous analgesia after major ab-
dominal surgery in adults. As was concluded, “any im-
provement needs to be interpreted with the understand-
ing that the use of EDA is also associated with an increased
chance of failure to successfully institute analgesia, and an
increased likelihood of episodes of hypotension requiring
intervention and pruritus”. However, according to our un-
derstanding, neither failure rate nor postoperative pruri-
tus was attributable to EDA itself. The EDA efficiency de-
pends on therapists’ skill, as well as positioning and fixa-
tion of the catheter, whereas pruritus is a well-known effect
of epidural opiates. With adequate organization, hypoten-
sive episodes are notalso considered relevant clinical prob-
lems.

In view of the fact that there is no coherent, generally
accepted definition of failure regarding RA, we agree with
the unambiguous criteria for ‘effective’ catheter-related
analgesia of von Bormann et al. (17):

1. No need for routinely administered additional sys-
temic analgesics;

2. No relevant side effects and no complications;

3. VAS score (0 - 10) continuously < 3 during move-
ment; patients are satisfied;

4. Length of the in situ period of the respective catheter
as scheduled.

3.3. Specific Procedures-Peripheral Catheters

3.3.1. Femoral and Sciatic Block

Major knee surgeries, such as total knee arthroplasty,
cause extreme pain, normally lasting 2 to 3 postoperative
days. Ongoing pain control is crucial to enable mobiliza-
tion starting immediately after surgery. The 2014 Cochrane
review by Chan et al. (21) suggested superior effects of
femoral catheter for pain control after total knee replace-
ment, especially when combined with sciatic block or pe-
riarticular infiltration.

Femoral catheter insertion is simple; therapists can
orientate themselves to clear landmarks, particularly the
femoral artery. Ultrasound is not necessary and stimula-
tion of the needle is adequate. However, the method has
been increasingly challenged and adductor canal block
(ACB) is becoming an attractive alternative.

Anesth Pain Med. 2020;10(1):e99745.
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Table 1. Regional Catheters for Perioperative Pain Control in Elective Surgical Patients. Publication Granted by the Authors (17)

Procedure Specifics Indication Schedule (Planned) Done (%)
Delivery (obstetrics) 70 % 45
Lumbar
Epidural catheter Artery occlusive disease of the lower ALL 96
limb
Thoracic Major abdominal and thoracic surgery ALL 97.4
Femoral catheter Major knee surgery ALL 100
Sciatic dorsal catheter With FC only Major knee surgery 10% 98
Sciatic ventral single injection With FC only Major knee surgery 90% 100
Brachial catheter Interscalene approach Major shoulder surgery ALL 99.3

Abbreviation: FC, femoral catheter

3.3.1.1. Motoric Function and Adductor Canal Block

There is concern among surgeons and physiothera-
pists that continuous femoral nerve block (FNB) may ham-
per motoric function, thereby leading to delayed ambu-
lation and increasing risk of falls (22). As a consequence,
ACB has been promoted in order to provide adequate anal-
gesia with less quadriceps weakness compared to femoral
block (23, 24). However, Schwenk and Gandhi (25) focused
on conclusions drawn from dynamometer data and em-
phasized that differences in motoric function between ACB
and FNB were significant only during the first 8 postop-
erative hours, whereas fall accidents mostly occurred on
the second postoperative day. Memtsoudis et al. (26) se-
lected 191,570 total knee arthroplasty patients from the na-
tional (US) Premier Perspective Database. The overall in-
patient fall (IF)-incidence was 1.6% without any association
between IF and peripheral nerve blocks. To evaluate the as-
sumption that ACB is only an indirect femoral block (27),
Chuan et al. (28) conducted a multinational, multicen-
ter, double-blinded randomized trial. They found no dif-
ferences in immediate postoperative functional mobility,
analgesia, and opioid consumption provided by FNB and
ACB catheters for total knee arthroplasty surgery.

Currently, experts’ opinion regarding FNB and ACB ap-
pears to be undecided, with the use of the respective tech-
nique obviously based on individual therapists’ prefer-
ences.

3.3.1.2. Efficacy and Complications

Accurate and systematically collected failure rates of
FNB or ACB have not yet been investigated. Popping et al.
(29) in their observational study included 1,374 patients
with femoral/sciatic block. They reported a failure rate of
3.96% and moderate infections without late sequelae in 35
patients (2.4%).

However, there have been reports about some few se-
rious complications including compartment syndrome,

Anesth Pain Med. 2020;10(1):99745.

periprosthetic fracture, and vascular injury (30). Widmer
etal. (31) investigated 1,802 patients with femoral block, re-
porting an incidence of 1.94% sensory abnormalities in the
distribution of the femoral nerve without lasting damage.

3.3.2. Brachial Block with Interscalene Catheter

The shoulder is another anatomic area with high sensi-
tivity to pain (32). Common surgical procedures such asen-
doscopic removal of exostosis require passive movement
of the joint immediately after surgery to avoid ‘frozen
shoulder’. The shoulder has to be pain-free for this ma-
neuver, which can be best achieved with a brachial plexus
block via interscalene catheter. In cases with intermittent
immobilization, bolus applications before physiotherapy
may be preferable to continuous infusion.

3.3.2.1. Efficacy and Complications

Ullah et al. in their Cochrane review found better
pain relief for continuous interscalene brachial block com-
pared to parenteral analgesia (33). Failure rates can be low
(0.4%) (34) or extremely high (18.8%) (35). Potential com-
plications after interscalene catheter insertion are hoarse-
ness, neurologic sequelae, dyspnea, and nerve injury; the
reported incidence ranges from 0.8% long-term neuro-
logic deficits to 31% hoarseness (36, 37). Inserting a suf-
ficiently working interscalene pain catheter is a sophisti-
cated technique requiring adequate training (32).

3.3.3. Peripheral Nerve Blocks for Postoperative Analgesia: Type
of Application

lifeld and Gabriel (38) recently raised the issue of type
of application for perineural catheters, asking “should we
take the ‘continuous’ out of ‘continuous peripheral nerve
blocks'?”, a concern that may lead to an ongoing debate re-
garding resources and efforts for RA. Organizing and mon-
itoring bolus applications is, without question, less effort-
ful compared to continuous application.
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3.3.4. Neuraxial Blocks-Paravertebral Catheters

One of the first publications on paravertebral block
(PVB) including a 2 year follow-up period was the 1998 re-
port of Coveney and colleagues (39) in patients with breast
cancer surgery. Since then, PVB has been used for pain
control in different surgical settings, mainly after thoracic
surgery (40). Norum and Breivik (41) do not consider PVB
equivalent to EDA in thoracic surgery. Among others, they
emphasize that optimally conducted EDA has not yet been
compared with PVB.

3.3.4.1. Efficacy and Complications

The incidence of complications after paravertebral
puncture may be low. However, the severity of events
such as pleural or vascular puncture, hypotension, bilat-
eral epidural, and intrathecal spread is a matter of con-
cern. Naja and Lonnqpvist (42) studied the outcome char-
acteristics of thoracic and lumbar PVBs in 620 adults. The
general failure rate was 6.1%; most relevant complications
were vascular and pleural puncture, epidural or intrathe-
cal spread, and pneumothorax. Moreover, the use of a bilat-
eral paravertebral technique resulted in doubling of vascu-
lar puncture (9% vs. 5%) and an eight-fold increase in pleu-
ral puncture and pneumothorax. Sufficient placement
of paravertebral catheters requires profound knowledge
of anatomy, skill in puncturing the paravertebral space,
and experience in applying ultrasound. In their random-
ized study, Sundarathiti and co-authors (43) performed
paravertebral catheters as stand-alone anesthesia in major
breast surgery. The catheters, although 100% sufficient to
perform surgery including extensive axillary lymph node
removal, were not left in situ due to organizational issues.
Nevertheless, the study showed that catheters under ultra-
sound guidance could be advanced 8 cm deep into the par-
avertebral space without complications, relevant technical
difficulties, or kinking, confirming the potential of PVC for
postoperative pain control.

3.3.5. Neuraxial Blocks-Epidural Catheters

Based on a large body of evidence, EDA with tho-
racic approach remains the first-line therapy to control
pain after major abdominal and thoracic surgery (44-46),
whereas lumbar catheters are suitable in obstetrics and
for patients with artery occlusive disease of the lower
limb. Concerns about outcome deterioration due to de-
layed bowel function return, hypotension, and urinary re-
tention caused by EDA are not substantiated; EDA does not
lead to an increased risk of any major complications or rel-
evant side effects (47, 48).

3.3.5.1. Efficacy

Majority of studies, some of them with large sam-
ple sizes, have demonstrated significant benefits of EDA
for patients’ comfort and outcomes (17, 44, 49, 50), with
the study of Monaco and co-workers (48) being an exam-
ple. They investigated 459 consecutive patients with open
thoraco-abdominal aortic aneurysm repair, with 409 (89%)
patients receiving thoracic EDA (TEA). The patients with
TEA, when compared to the other patients, experienced
significantly less post-operative pain, as well as less com-
plications, such as acute kidney injury, atrial fibrillation,
and acute myocardial infarction. Moreover, there was no
epidural hematoma/infection or paraplegia. The results
remained statistically significant, even after propensity
matching (43 vs. 43 patients). In our opinion, EDA is still
the gold standard for controlling intense abdominal and
thoracic pain.

3.3.5.2. Failure Rate

As a consequence of unclear or different criteria to as-
sess the effectiveness of EDA, the reported failure rates vary
over a wide range (Table 2). Primary reasons for failure are
dislodgement/migration of the catheter, which was con-
clusively demonstrated by Motamed et al. (51) using post-
operative computer tomography. Other relevant causes
for insufficient therapeutic effects include delayed injec-
tions(19)and under-dosing of respective agents,as demon-
strated by Panousis et al. (52) comparing intraoperative
ropivacaine 0.2% and 0.5% with placebo. Once again, we
emphasize that the dose of local anesthetics determines
their effects, whereas concentration and volume affect on-
set of action and spread, respectively (53). To avoid rele-
vant motoric and sympatholytic effects, the smallest pos-
sible volume with adequate concentration should be ap-
plied. Therefore, the tip of the catheter has to be in the
center of pain perception, which is for major abdominal
and thoracic surgery between Th 6 and Th 10. An interest-
ing approach to reduce failure rates has been reported by
Larsson and Gordh (54). They tested the effectivity of epidu-
ral catheters directly after insertion and before surgery
and managed to reduce failure rates significantly. Delays
did not exceed 10 - 15 minutes (Table 2). Failure of EDA
catheters can be significantly reduced by improving peri-
operative organization, as it has been nicely demonstrated
by Gleicher and co-workers (55). They decreased the fail-
ure rate of thoracic epidural catheters (112 vs. 142 patients)
from 16.0% to 5.6% after implementing a separate block
room. We also need to point out that a separate block
room also reduces the delay of operating theatre turnover,
as regional catheter insertions, particularly epidurals, can
be performed simultaneously to a running OR. Our own
data indicate a time saving of 12 - 25 minutes per major
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procedure. Installing and operating a block room should
be easily manageable for large departments. However, for
smaller units, additional efforts and extra holding of spe-
cialized personnel may be a matter of concern. Finally, re-
gardless of organizational issues, our own experiences in-
dicate that proper fixing of catheters, such as epidural or
central venous lines, is paramount to ensure that catheters
remain in position and also to avoid catheter-related infec-
tions.

3.3.5.3. Complications

Typical adverse side effects of EDA are hypotension,
urine retention, and pruritus, the latter mainly caused by
neuraxial opiates (15). With a thoracic catheter in the cen-
ter of pain perception, deterioration of motoric function
or bowel function is notan issue (17, 44, 67). Complications
after epidural puncture are rare but may have dramatic
effects including paraplegia (68). However, the currently
available literature suggests that the benefits of EDA out-
weigh its risks and side effects (44, 46, 49, 50, 69, 70). Tho-
racic epidurals are inserted in close vicinity to the spinal
cord; the procedure has to be performed by experienced
professionals (71).

A 0.06% rate of severe complications, exclusively in pa-
tients with lumbar epidural catheters suffering from se-
vere artery occlusive disease has been reported by von Bor-
mann et al. (17). This is slightly above the rate of symp-
tomatic spinal mass lesion (0.034%) described by Popping
etal. (29).

3.4. Synopsis

Regional analgesia with catheters is highly effective
when performed properly. Itisnotin any competition with
alternative methods. However, new methods such as mod-
ified local infiltration techniques and percutaneous nerve
stimulation (72, 73) have to be proven superior before re-
placing established procedures.

3.4.1. Agents

In contrast to many others, we do not recommend
adding adrenaline to local anesthetics, although there
are no sufficient data to support this strategy. We are,
however, in agreement with Wiles and Nathanson (74),
challenging the assumed benefits. Mauch et al. (75) ob-
served t-wave, blood pressure, and heart rate alterations
after adrenaline-containing LA, but could not distinguish
whether the catheter wasactually intravascular orwhether
the observed effect was the result of resorption. Neverthe-
less, we have to admit that the majority of anesthesiolo-
gists still oppose our strategy and hence the discussion is
still open.

Anesth Pain Med. 2020;10(1):e99745.

3.4.2. Organization

In cases of inadequate effect, catheters should be re-
inserted as suggested by Pan et al. (66). Patients in the gen-
eral ward should be regularly visited twice a day by mem-
bers of the pain service, and in cases of particular need.
A 24-hour emergency service must be ensured. Moreover,
a separate block room should be implemented wherever
possible.

3.4.3. Standard Operating Procedures (SOP), Patients with Anti-
coagulants

Standardizing procedures is key to guarantee patients’
safety and efficacy of procedures. SOPs should be manda-
tory; they are not ordered ‘top-down’ but have to be de-
veloped by the people involved, such as anesthesiologists,
surgeons, oncologists, pharmacists, and purchase depart-
ment, with the general manager or clinic director finally
bringing it into effect.

As an example for the necessity of standards as an es-
sential safety measure, Table 3 shows our own SOP for pa-
tients with compromised coagulation, including the most
common anticoagulants. However, utmost caution has
to be exercised for all regional catheter insertions. We
strongly recommend that every facility should create and
update its own SOPs adapted to the situation of the respec-
tive department/hospital.

3.4.4. Patients with Inmunosuppression

Deterioration of the immunologic system is not per se
a contraindication against any kind of pain catheters, as-
suming that the indication (pain status) is solid and the
procedure is performed as described: sterile and atrau-
matic.

3.4.5. Expenses/Manpower

Expenses for RA are high, mainly due to safety and or-
ganizational measures, leading to extensive use of special-
ized medical personnel. The costs for RA exceeds those
for patient controlled analgesia significantly, whereas sys-
temic treatment (injection on demand) is by far the cheap-
est, yet the least effective alternative (Table 4). The delay of
turnover time of operating rooms (OR) can indeed be a sig-
nificant cost factor. However, it is also the source of con-
flicts between anesthesiologists and surgeons, a problem
best managed with a ‘block room’ that serves several ORs.

We believe that costs as a limiting factor may be often a
‘lame excuse’, especially in large departments where man-
power and expenses can easily be acquired by organiza-
tional measures, such as optimizing the schedule of oper-
ating rooms.
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Table 2. Published Failure Rates of Epidural Pain-Catheters

Author, Year of Publication Surgical Approach (Number of C-Position (Failure Rate) Reasons for Failure/Success

Patients)

High Failure Rate

Burstal, 1994 (56) Abdominal (1,062) Lumbar, thoracic (23%) Premature removal, no analgesic effect

Ready, 1999 (57) Abdominal, thoracic (2,140) Thoracic (32%); Lumbar (27%) Migration, ineffective

McLeod, 2001 (58) Upper abdominal, thoracic (640) Thoracic (13%) Dislodgement, malposition, occlusion

Thoracic (24.8%) Dislodgement, verified by computer

tomogram

Motamed, 2006 (51) Upper abdominal (125)

Pratt,2008 (59) Pancreaticoduodenectomy (158) Thoracic (31%) Dislodgement, early abortion

Koénigsrainer,2009 (60) Thoraco-abdominal (300) Thoracic (41.4%) Dislodgement

Sakowska, 2009 (61) Pancreaticoduodenectomy (51) Thoracic (25%) Unplanned removal

Choi, 2010 (62) Pancreaticoduodenectomy (18) Thoracic (36%) Unplanned removal

Catheter migration, malposition, early

von Bormann, 2013 (17) [1989-1992]*

Patel, 2014 (63)
Wranicz, 2014 (64)

Wongyingsinn, 2016 (65)

Gleicher, 2017 (55)

Pan, 2004 (66)

Popping, 2008 (29) [1998-2006]*

Larsson, 2010 (54)

von Bormann, 2013 (17) [1993 - 2010]

Gleicher, 2017 (55)

Upper abdominal, thoracic (1,880); Lower Thoracic (19.3%); Lumbar (16.9%)
abdominal/limb, thigh amputation (620)

Pancreaticoduodenectomy (73) Thoracic (42.5%)

Upper abdominal, thoracic (317) Thoracic (34.4 - 41%)

Upper abdominal, thoracic (364) Lumbar/Thoracic (48.6%)

Upper abdominal (112) Thoracic (16%)

Low Failure Rate

Obstetrics (19,259) Lumbar (1.2%)

Thoracic and major abdominal (10,198) Thoracic (7%)

Upper abdominal surgery (100) Thoracic (2%)

Upper abdominal and thoracic (8,828), Thoracic (3.7%); Lumbar (3.1%)
lower abdominal/limb, thigh amputation

(2,755)

Upper abdominal (142) Thoracic (5.6%)

abortion
No effect (site of catheter insertion?)
Dislodgement, malposition, occlusion

Dislodgement, ineffective, wrong
anatomic position

Organizational issues

Immediate re-insertion in case of
inefficacy

Standards

Testing and re-inserting the catheter
before surgery

Mandatory standards, catheter sewing,
re-insertion, block room

Block room

*Investigation period.

3.4.6. Lacking Expertise

The application of pain catheters requires skill, confi-
dence and expertise, and is only acquirable for the novice
by adequate training including multiple applications un-
der supervision. Failure rates are obviously dependent on
permanency of anesthetic staff as it has been emphasized
by Heinink et al. (77).

3.4.7. Limitations

Every narrative review includes the risk of bias. We in-
serted a balanced number of pro and con literature refer-
ring to every discussed issue. In addition, the authors pos-
sess above average knowledge and experience in invasive
pain treatment.

4. Conclusions

The following recommendations can only work in a
well-organized and well-equipped facility with sufficient
resources and uncompromised cooperation.

1. Postoperative pain therapy is not a ‘sideline’. Re-
gional catheters should be offered whenever indicated,
given that adequate expertise and manpower exist.

2. Patient information: Complete clarification about
side effects of the respective method and its potential com-
plications including bleeding, anaphylaxis, or nerve injury
is paramount. Patients should be informed as soon as pos-
sible, ideally during the first contact with the treating de-
partment, and after the decision for the respective surgi-
cal procedure. In patients with epidural catheter, the rare
possibility of injury, infection, or bleeding of the spinal
cord and its consequences (paraplegia) must be explic-

Anesth Pain Med. 2020;10(1):99745.
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Table 3. SOP Example Regarding Puncture|Catheter Application Near the Spinal Cord in Patients with Compromised Coagulation, Focusing on Time Intervals Prior To Puncture

and Catheter Insertion or Removal

Puncture  Removal Reliable Biochemical Control Parameters
Unfractioned Heparin, Prophylaxis < 15.000 U/day 4h 1h If therapy > 5 days: Thrombocyte count
Unfractioned Heparin: High dose therapy 4-6h 1h PTT, (ACT), thrombocyte count
Low molecular Heparin: Prophylaxis 12h 2-4h > 5days: Thrombocytes
Low molecular Heparin: Therapy 24h 2-4h Thrombocytes (anti Xa)
Fondaparinux (Arixtra®) (prophylaxis < 2.5 mg/die) 36-42h 6-12h (anti Xa)
Vitamin-K-Antagonist, such as Warfarin, Cumarin PT> 70% PT> 50% PT
Hirudin (Lepirudin, Desirudin) 8-10h 2-4h aPTT, ECT
Argatroban (Argatra®) ah 2h aPTT, ECT, ACT
Acetylsalicylacid (Aspirin) 100 mg (AS5100®) None None PFA (Platelet function); CAVE: Combination with Heparin or antirheumatic
agents
Clopidogrel 7 days 7days There are none
Ticlopidin (Tyclid®) 10 days 10 days There are none
NSAR None None There are none
Table 4. Expenses for 2-Day Alternative Pain Treatment usually before skin incision.
Eanisativetssie Regional Systemic* (MO,  PCA-MO (76) 8. A working pain catheter in adequate position does
Catheter® Non-opiates) not require the routine application of additional systemic
Manpower 280.- 15.- 15.- analgesics.
Matesial s 4o s e 9. As for all invasive procedures, the application of re-
Drugs gional/neuraxial pain catheters has to follow established
Total 320.- 50 235.- standards, ideally implemented in the form of mandatory

Abbreviations: MO, morphine; PCA, patient controlled analgesia
#Own experience and educated guesses in more than 1,000 applications per
year (averaging calculation)

itly mentioned. Patients must be aware of the need to
notify medical staff immediately about back pain, strong
headaches, or unexpected numbness. Patients should also
be informed about the possibility of insufficient or fading
analgesic effects.

3. Catheters should remain in ‘one hand’ during the
entire treatment period.

4. Applying catheters in the intensive care unit or the
operating room does not require sterile gowns as long as
the procedure is performed under strict aseptic and atrau-
matic conditions.

5. Mixing epinephrine with local anesthetics is com-
mon, and most therapists do it. However, we oppose the
trend and do not recommend it, as we are reluctant to mix
highly active drugs when scientific evidence lacks for its
benefits.

6. For epidural catheters, anatomic position and ade-
quate fixation are essential. We strongly recommend su-
turing, which requires a wire armored catheter.

7. Pain catheters should be activated after insertion,

Anesth Pain Med. 2020;10(1):99745.

written SOP.

A great number of patients are still suffering from
moderate to severe pain, or even worst pain, after surgery.
The consequent application of regional pain catheters can
help to effectively counteract this problem.
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SURANAREE UNIVERSITY OF TECHNOLOGY
No. 7433/ 1

CERTIFICATE of COMPLETION

in ENTREPRENEURIAL MINDSET

This is to certify that ... ID. NO. oo

has completed core and selective courses of Minor Program in Entrepreneurship earning a total of 12

credits.
Course Credit Received
205305 ENTREPRENEURSHIP AND NEW VENTURE CREATION 3 B+
205306 GO-TO-MARKET STRATEGIES FOR INNOVATIVE 2 A
PRODUCT AND SERVICE

205307 BUSINESS PLAN AND FINANCING 3 A
205381 BUSINESS MODEL INNOVATION 2

205382 PRODUCT AND SERVICE DESIGN 2 A

Issued on October 21, 2019

(Assoc. Prof. Dr.Yupaporn Ruksakulpiwat)
Director, The Center for Educational Services

Registrar

(NOT VALID WITHOUT UNIVERSITY SEAL)
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SURANAREE UNIVERSITY OF TECHNOLOGY

No. 7433/ 1
CERTIFICATE of COMPLETION

in ENTREPRENEURIAL COOPERATIVE EDUCATION

This is to certify that .....ccvvvneeceiseiens ID. NO. i

has completed practicum courses of Minor Program in ENTREPRENEURSHIP earning a total of 9 credits.

Course Credit Received
205395 PRE-ENTERPRISE COOPERATIVE EDUCATION OR 1 S
PRE-ENTERPRISE INCUBATION
205492 ENTERPRISE COOPERATIVE EDUCATION 8 S

Issued on October 21, 2019

(Assoc. Prof. Dr.Yupaporn Ruksakulpiwat)
Director, The Center for Educational Services

Registrar

(NOT VALID WITHOUT UNIVERSITY SEAL)
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NAFUNENI5LSEUNAIAKIN (Program Learning Outcomes (PLO)))

M.Sc. (Biotechnology) Specific | Generic | Boom’s level TQF

PLO1 ¥indiuveanaluladiinmuazanunsaseysteainnssumadanmi | v/ 1/Remember TQF2
dnylel ALY

Know the definition of Biotechnology and identify key bio-innovations.

PLO2 iflaviinnis uavanudesivsenueesfmmiiugumdngmansdanm | v 2/Understan TQF2
s fidady LLasmﬂIuIa?Jﬁugmﬁﬁ%ﬂu A UNTASIUIRNTTUNIG d AN
Fanw

Understand the key concepts in biological sciences and principle technology
that are essential for creating bio-innovations.

PLO3 anansaviinisveassdinemansuazinvihsisaunisladiuuziinig 4 3/Apply TQF1
wdninaussnuslesssuivngadlunside ANETIY 3855

Operate and report scientific experiments under the guidance, following the
guidline of appropriate research ethic codes.

PLO4 ananseldinadiasing 9 drumeluladfanmileuttamnsinermansd v 4/Analyze TQF3 q
RerdeatunsevmAdeiiaula inwenetygn

Implement general techniques in biotechnology to answer various relevant
scientific problems related to specific area of interest.

PLO5 annsnszyilymmaasugiawssderuiannsaldimalulagdinmaudly v 4/Analyze TQF3
Haymumaniuls nweneloygn

Identify socioeconomically problems that can be solved by utilization of
biotechnology related to specific area of interest

PLO6 @1150739150UARUANNINAE@RSNUKAIRS 9 16 LagaIsnasUIENa v" | 5/Evaluate TQF3
mswmaaas’mﬁqﬁamaiuﬁlﬁmﬂ%mmﬂwuémmmmm lagagneldnseu inwenelggn
Viuvesaniideiiu 9

Criticize scientific reported published in various sources and defend the
integrity of conclusions drawn from their own research thesis related to
specific area of interest, under the guidance ‘

PLO7 fdusaalulassimsidesmijatuelfuityvmaiinemans vie i v 6/Create TQF5
dndalunsaaianssumadinmiaansoldutdamianigns MnYeN15IATIZA
Inermansiialald Baay deans

Participate in collaborative research projects aiming to solve scientific problem waznIS Ly
or create bio-innovations that can solve specific problem related to walulad
specific area of interest. ATAUNA

PLO8 awnsailasizinazinpunsinddelameuinuavieluameslunulsyyu v | é/Create TQF4
maFmAnemanssefuumnaniiedes ieneliiAnmssusuesdmug inwy
MAINeIEEnIlnle) AMUFUNUS

Analyze data and deliver oral/poster presentation in international scientific FENINUAARLAY
conferences related to specific area of interest and to compose results AUSURAYDU

of novel scientific knowledge for publication as full-paper in a

proceeding.
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(Introduction to Statistics of Agriculture)
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322101 Introduction to Statistics of Agriculture

Prerequisite : None

frequency distribution, measures of central tendency and variation, theory of probability,
probability distribution, normal distribution, theory of random sampling, regression and

correlation analysis and Chi-square test

Principle and statistical methodology, descriptive statistic, inferential statistics,
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332101 admdesdudmiunisinens 3(3-0-6)
(Introduction to Statistics of Agriculture)
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332101 Introduction to Statistics of Agriculture 3(3-0-6)
Prerequisite : None

Principle and statistical methodology, descriptive statistic, inferential statistics,
frequency distribution, measures of central tendency and variation, theory of probability,
probability distribution, normal distribution, theory of random sampling, regression and

correlation analysis and Chi-square test
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. Ba - ANK Assistant Professor Dr.Theptawee Chokvasin
AN
9 9

2007  Ph.D. (Philosophy), Chulalongkorn University
1999 M.A. (Philosophy), Chulalongkorn University
1997 B.A. (English), Chulalongkorn University

s ﬁmmﬁqﬂﬁﬁu Assistant Professor, Department of Philosophy and Religion,

Faculty of Humanities, Kasetsart University
. ALARRININATINNS (AH)  Assistant Professor

. USzRUNISHATSTINTIS

08/2018 - Current Assistant Professor, Department of Philosophy and Religion,
Faculty of Humanities, Kasetsart University

03/2020 - 09/2021 Assistant Dean for Research and Innovation Affairs, Faculty of Humanities,
Kasetsart University

04/2018 - 03/2020 Secretary of the Department of Philosophy and Religion, Faculty of Humanities,
Kasetsart University _

08/2016 - 07/2018 Lecturer, Department of Philosophy and Religion, Faculty of Humanities,
Kasetsart University

2009 - 2016 Executive Committee of Thailand's General Education Network,
Representative of Lower Northeasten Region Network

2007 - 2011 Head of School of General Education, Institute of Social Technology,
Suranaree University of Technology, Thailand

01/2001 - 07/2016 Lecturer, School of General Education, Institute of Social Technology,

Suranaree University of Technology, Thailand
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6. UszAUAISMNNTHEN

Courses in Kasetsart University

Bachelor Degree
01387101 The Art of Living with Others [International Program]
01387102 Philosophy for New World
01387121 Logic
01387211 History of Western Philosophy |
01387212 History of Western Philosophy |l
01387321 Epistemology
01387324 Metaphysics
01387334 Postmodern Philosophy
01387431 Pragmatism
01387443 Philosophy of Language
01387446 Philosophy of Technology
01387491 Basic Research Method in Philosophy
01388111 Introduction to Religion
01999032 Thai Studies [International Program]

Graduate Studies
01387512 Eastern Philosophy
01387516 Problems and Theories of Metaphysics
01387597 Master’s Seminar
01388583 Analysis of the Role of Buddhism in Thai Society
01387612 Hermeneutics in Philosophy & Religion
01387613 Current Trends in Philosophical Studies
01387697 Ph.D. Seminar

Courses in Suranaree University of Technology
General Education Courses, Bachelor Degree
202101 Logical Thinking
202104 General Education |
202105 General Education |l
202201 Life Skills [both Thai and International Programs]
202202 Citizenship and Global Citizens [International Program]
202204 Thai Studies
202205 Man & Society

/202211 Thinking...



202211 Thinking for Development

202212 Man & Culture

202261 Religion for Life

202262 Buddhadhamma

202307 Environment & Development

202308 Quality of Life Development

202331 ASEAN Studies [International Program]
202341 Philosophy of Education and Working
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1. % - ana WBUTUNT ANguns

2. AAl Ysygln Master of Arts (Media and Culture (with Merit)),
. Coventry University, UK, 1995
Posteraduate Certificate in Communication,
University of Westminster, UK, 1994
Usygyeis snwsAansUudin (UsziRmans), unnineaefadins, 2525
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6. WAIUNISIVINNG

Thara Angskun, Narintorn Chimsuntorn and Jitimon Angskun, E-Value-ATE: A Tool for Investment Worthiness
Assessment of E-Learning Systems, Proceedings of Clute International Academic Conferences,
New York, USA, August 4-8, 2019, pp. 181-188.
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. %o - AN Assistant Professor Dr.Theptawee Chokvasin
AT
9 9

2007  Ph.D. (Philosophy), Chulalongkorn University
1999  M.A. (Philosophy), Chulalongkorn University

1997

B.A. (English), Chulalongkorn University

. cﬁmmﬂ\aﬂ’@?ﬁ’u Assistant Professor, Department of Philosophy and Religion,

Faculty of Humanities, Kasetsart University

' v
. ARV (1R)

. USTRUNITRNTSTIINTH

08/2018 — Current

03/2020 - 09/2021

04/2018 - 03/2020

08/2016 - 07/2018

2009 - 2016

2007 - 2011

01/2001 - 07/2016

Assistant Professor

Assistant Professor, Department of Philosophy and Religion,

Faculty of Humanities, Kasetsart University

Assistant Dean for Research and Innovation Affairs, Faculty of Humanities,
Kasetsart University

Secretary of the Department of Philosophy and Religion, Faculty of Humanities,
Kasetsart University _

Lecturer, Department of Philosophy and Religion, Faculty of Humanities,
Kasetsart University

Executive Committee of Thailand's General Education Network,
Representative of Lower Northeasten Region Network

Head of School of General Education, Institute of Social Technology,
Suranaree University of Technology, Thailand

Lecturer, School of General Education, Institute of Social Technology,

Suranaree University of Technology, Thailand
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6. UszAuATSHANSAEM

Courses in Kasetsart University

Bachelor Degree
01387101 The Art of Living with Others [International Program]
01387102 Philosophy for New World
01387121 Logic
01387211 History of Western Philosophy |
01387212 History of Western Philosophy I
01387321 Epistemology
01387324 Metaphysics
01387334 Postmodern Philosophy
01387431 Pragmatism
01387443 Philosophy of Language
01387446 Philosophy of Technology
01387491 Basic Research Method in Philosophy
01388111 Introduction to Religion
01999032 Thai Studies [International Program]

Graduate Studies
01387512 Eastern Philosophy
01387516 Problems and Theories of Metaphysics
01387597 Master’s Seminar
01388583 Analysis of the Role of Buddhism in Thai Society
01387612 Hermeneutics in Philosophy & Religion
01387613 Current Trends in Philosophical Studies
01387697 Ph.D. Seminar

Courses in Suranaree University of Technology
General Education Courses, Bachelor Degree
202101 Logical Thinking
202104 General Education |
202105 General Education |l
202201 Life Skills [both Thai and International Programs]
202202 Citizenship and Global Citizens [International Program]
202204 Thai Studies
202205 Man & Society

/202211 Thinking...



202211 Thinking for Development

202212 Man & Culture

202261 Religion for Life

202262 Buddhadhamma

202307 Environment & Development

202308 Quality of Life Development

202331 ASEAN Studies [International Program]
202341 Philosophy of Education and Working

v
1 ﬂ’JﬁNﬁﬂQWN‘NWNWiﬂ

¥ ]
8. TﬂN"I‘H AITH Lﬁu’ﬂ"ﬂﬂ’?”lﬂ‘ﬁﬂ‘ixqu AN NTINNITUSLITRINNIY Wlﬂ‘[%‘tﬂgﬂﬂ AN

G

. - ST
\Wamsdszgnasai 21/2563 Wedud 2 7 WE 7503




i

2 B\
% §
o, dggape

RUTEINATE L
wiAnensemaluladysun’
J@ﬁﬂﬂi:ﬂ’r}‘Uﬂ’T‘JLW‘N%@ﬂﬁ@ﬂ‘iéﬁlﬂ‘lﬂ szaul3gyeynns
918397 202201 VinwedAn (LIFE SKILLS) (MANgRsuINIZIH)
aArdnevall sindrmaluladdaan

Uszannranisanen 2 dn1senen 2563

1. %9 - dna WBUIUNT Queuns

2. AR Usyeyn Master of Arts (Media and Culture (with Merit)),
. Coventry University, UK, 1995
Postgraduate Certificate in Communication,
University of Westminster, UK, 1994

Useyeye3 dnwseansUudin (UsziRenans), uniiveidu@auins, 2525
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6. WANTUNISIVINNSG

Thara Angskun, Narintorn Chimsuntorn and Jitimon Angskun, E-Value-ATE: A Tool for Investment Worthiness

Assessment of E-Learning Systems, Proceedings of Clute International Academic Conferences,
New York, USA, August 4-8, 2019, pp. 181-188.
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Center of Competence in Research (NCCR) North-South Program, Switzerland
dUszanuusEAuniiniAved Joint Areas for Case Study (JACS)-Southeast Asia,
the National Center of Competence in Research (NCCR) North-South, Switzerland
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B:J,"d 18A1d7519158 a seconded-faculty position by the National Center of
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1) Tasen1s Stimulating Local Innovation on Sanitation for the Urban Poor in Sub-Saharan and
Southeast Asia, Sub-grant through UNESCO-IHE under the framework of a sponsored project of the
Bill & Melinda Gates Foundation, (USD 870,812, 2011 - 2018), Principal Investigator.

2) 1A59n15 Algal Bioproduction from Innovative Algal Bioreactors Treating Domestic Wastewater,
Bangchak Initiative and Innovation Center, (THB 800,000, 2018 - 2020), Principal Investigator.

3) 1A59n15 Assessments of Fecal Sludge Management Practices in Thailand, Thailand Research Fund,
(THB 5,000,000, 2018 - 2020), Principal Investigator.

4) 1a39n13Field testing of innovative onsite sanitation system - Solar Septic Tank, Knowledge and
Innovation Support for ADB’s Water Financing Program, Asian Development Bank, (USD 63,200,
2017 - 2019), Principal Investigator



9)

10)

11)

12)

13)

14)

159019 Standard Methods for the Analysis of Faecal Sludge, Sub-grant through University of
KwaZulu-Natal — UKZN, under the framework of a sponsored project of the Bill & Melinda Gates
Foundation (USD 40,000, 2017 - 2019)

1A59n195 Sustainable Decentralized Wastewater Management in Developing Countries: Design,
Operation and Monitoring, the Bill & Melinda Gates Foundation, (USD 4,999,722, 2011 - 2017),
Principal Investigator.

1As9n13Biogeochemical changes and adaptation mechanisms in response to anthropogenic impacts
in watersheds: A comparative study between Jiulong River (China) and Chao Phraya River (Thailand),
in collaboration with Institute of Urban Environment, Chinese Academy of Sciences (CAS), China,
supported by the National Research Council of Thailand, (THB 1,400,000, Phase 1: 2017 - 2018),
Principal Investigator.

1A54n15 Development and Dissemination of Fecal Sludge Management Toolkit for Investors,
Planners and Consultants, the Bill & Melinda Gates Foundation, (USD 737, 260, 2014 - 2016; USD
210,000, 2016 - 2018), Principal Investigator.

1A54715 Innovative Toilet City: From Reinventing to Realization at Scale, Thailand Research Fund,
(THB 5,000,000, 2016 — 2018), Principal Investigator.

1A53715 National Center of Competence in Research (NCCR) North — South Program, Swiss National
Science Foundation and Swiss Agency for Development and Cooperation, Switzerland, (CHF
540,000, Phase 3: 2009 — 2013, extended to Jun 2016), Principal Investigator.

1A5401% Strengthening Capacity of Policymakers in South-East Asia (SEA) to Promote Policies and
Developing Plans for Improved Wastewater Treatment and Reuse in Urban and Peri-Urban Areas,

UN-ESCAP, (USD 35,715, 2014 — 2015), Principal Investigator

Tasanag 15t Specialist Conference on Municipal Water Management and Sanitation in Developing
Countries, International Water Association (IWA), (USD 33,000, 2014 — 2015), Principal Investigator
1A53¢n135 Development of Innovative Technology and Integrate Management Systems for
Sustainable Sanitation in ASEAN, Joint Research Collaboration with Korean Institute of Science and
Technology ( KIST), sponsored by Korean Research Council for Fundamental Science and
Technology (KRCF), (KRW 120,000,000, 2013 - 2015), Principal Investigator.

1A53715 hotocatalytic material for degradation azo dyes in waste water, under the research program
“ Nanotechnology for Industrial Pollutant Mitigation”, Office of National Research Council of
Thailand, collaborating with the National Metal and Materials Technology Center, Thailand (MTEC),
(THB 546,460, 2012 — 2013), Principal Investigator

15) 1asans Special Research Project on Water, NCCR North-South Program Phase 3, (CHF 35,000, 2010

- 2013), Principal Investigator.



16) 1A33n19 Sustainability Workshops: Livelihood strategies for adaptation to climate change through
Intensive Program on Sustainability (IPoS) - 2012, University of Tokyo, (THB 1,112,640, 2012),
Principal Investigator.

17) 1A354n135 Innovative sanitation approach by coupling of ecological reuse system with health risks
determination: A demonstration case at public school, Partnership Action for Mitigating Syndromes
(PAMS) project under NCCR North-South Program Phase 3, (CHF 50,000, 2010 - 2011), Principal
Investigator.

18) Tm53n135 Wastewater Reuse in Bangkok City, Bangkok Metropolitan Administrative (BMA),
Collaborating with Kasetsart University, (THB 4,000,000, 2011 — 2013), Principal Investigator.

19) 1A33n15Technical assistance for the set-up of a credit-facility to support ecosystems friendly
accommodations in coastal areas in Thailand, French Development Agency (AFD), Phases 1 and 2,
(Baht 1,950,000, 2010 - 2014), Principal Investigator

20) 1A 34n19Affordable Sanitation as an Adaptive Strategy to Emerging Waterbome Diseases due to
Climate Change, Asia-Pacific Network for Global Change Research (APN), (USD 44,550, 2011 - 2012),
Principal Investigator.

21) 1539013 Assessment of Fecal Sludge Rheological Properties, the Bill & Melinda Gates Foundation
(BMGF), (USD 50,240, 2011 — 2012), Principal Investigator.

22) 1A53n13 Sustainability Workshops: Integrative Approaches in Sustainable Water and Food
Management through Intensive Program on Sustainability (IPoS) - 2011, the University of Tokyo,
(THB 1,200,000, 2011), Principal Investigator

23) 1A59A15 Septage Treatment in Constructed Wetlands and Attached- Growth Waste Stabilisation
Ponds, Swiss Federal Institute for Environmental Science and Technology (EAWAG), Switzerland
Phase 6, (CHF 35,330, 2006 — 2009), Principal Investigator

24) 1a59n13 R+D in Fecal Sludge (FS) Treatment — Technology Development and Capacity Building for
Improved Excreta Disposal in Developing Countries, Velux Foundation, Switzerland, in collaboration
with the Swiss Federal Institute for Environmental Science and Technology (EAWAG), Switzerland,
(CHF 62,800, 2005 - 2009), Principal Investigator

25) 1A59n15 Stakeholder Engagement: Pilot Project - Stakeholder Dialogues and Its Applications for
Corporate Social Responsibility, SCG Paper Public Company Ltd., Thailand, (Baht 780,300, Jul - Dec
2009)

26) LlA59n15 Determining Factors of Groundwater use and its Quality in Nakomprathom and
Samutsakorn Provinces, the Thai Tap Water Supply Public Company Ltd., Thailand, (Baht 1,952,200,
Feb - Dec 2009)



27) 1A59n15 Wastewater Reuse and Recycling for Industrial, Domestic and Agricultural Sectors in
Thailand, Pollution Control Department, Ministry of Natural Resources and Environment, (Baht
9,500,000, May 2007 - Dec 2009), Principal Investigator.

28) 1A34n15 Effective sanitation systems through stakeholder involvement: A case study of faecal
sludge management in Thailand, Partnership Action for Mitigating Syndromes (PAMS) project under
NCCR North-South Program Phase 2, (CHF 50,000, 2007 - 2009), Principal Investigator.

29) 1A59n15 National Center of Competence in Research North - South: IP3 Environmental Sanitation
and Urban Agriculture, through the Swiss Federal Institute for Environmental Science and
Technology (EAWAG), Switzerland, (CHF 365,000, Phase 2: 2005 — 2009), Principal Investigator.

30) 1A39n15 Sustainable Wastewater Management in Tsunami-Hit Area through People Participation: A
case study at Phi Phi Island, Cida-UEM Joint Application Research Project, (USD 14,995, 2007 -
2009), Principal Investigator

31) 1353019 Determination of Greenhouse Gases Emission from Conventional Anaerobic Digester
Treating Fecal Sludge, Department of Health, Ministry of Public Health, (Baht 200,000, Jun - Mar
2009), Principal Investigator

32) 1AS4n15 Reuse Potentials and Management of Oil and Grease Wastes, Pollution Control
Department, Ministry of Natural Resources and Environment, (Baht 1,500,000, Jan 2008 — Mar 2009),
Principal Investigator.

33) 1a54n135 Application of Electrochemical Process for Color Removal in Wastewater from Textile
Industries in Thailand, in collaboration with King Mongkut’ s University of Technology Thonburi,
Royal Thai Government, (Baht 800,000, May 2007 — April 2008), Principal Investigator

34) 1a539n15 Application of Constructed Wetlands for Wastewater Treatment of Chulachomklao Royal
Military Academy, in collaboration with Chulachomklao Royal Military Academy, Royal Thai
Government, (Baht 1,00,000, May 2007 — April 2008), Co-Principal Investigator with Prof. Chongrak
Polprasert

35) 1Asan15 Determination and mitigation measures of pollution control for the upper gulf of Thailand,
Pollution Control Department, Ministry of Natural Resources and Environment, (Baht 1,664,064,
May 2006 — June 2007), Principal Investigator.

36) 1A53N13 Short-course training-cum-site visit on Environmental Monitoring for Officers of Center for
Environmental Monitoring, Data and Information, Vietnam,, Ministry of Natural Resources and
Environment, (USD 1,000, October 2007), Principal Investigator.

37) 1A54n135 Determination of Dispersion Coefficients of Sugar in River Stream in Thailand, Pollution
Control Department, Ministry of Natural Resources and Environment, (Baht 400,000, July 2007 -
September 2007), Principal Investigator.



38) 1A54n19 Quality Assurance for the Curriculum and Course Materials Development for the Major
Courses of Undergraduate Environmental Science Program at the Royal University of Phnom Penh
(RUPP), Royal Danish Embassy, (USD 54,700, April 2003 - Dec 2006), Principal Investigator.

39) Tm59n15 Biowaste Reuse in Southeast Asian Cities, VN/Asia-Pro Eco/006 (104872), the European
Commission, in collaboration with the Waganingen Universiteit, (Euro 37,914, October 2005 -
November 2006), Principal Investigator.

40) 1A54n15 Technical Training-cum-study Visits on Sustainable Sanitation Systems and Constructed
Wetlands, UNICEF Sri Lanka, (USD 39,100, May 2006 - January 2007), Principal Investigator

41) 1a59n13Septage Treatment in Constructed Wetlands and Attached-Growth Waste Stabilisation
Ponds, Swiss Federal Institute for Environmental Science and Technology (EAWAG), Switzerland
Phase 5, (CHF 27,330, 2003 - 2006), Principal Investigator

42) 1359n17 Dissolved Oxygen Control System for Upgrading Conventional Activated Sludge Process
for Seafood Industrial Wastewater, in collaboration with Prince of Songkla University, Royal Thai
Government, (Baht 982,600, October 2004 - September 2005), Co-Principal Investigator with Prof.
Ajit Annachhatre.

43) 1a59n15 Application of Constructed Wetlands for Treatment of Wastewater from Smoked Rubber
Plants, in collaboration with Prince of Songkla University, Royal Thai Government, (Baht 925,000,
May 2003 - June 2005), Co-Principal Investigator with Prof. Chongrak Polprasert.

44) 1A59n15 Appraisals of Environmental Sustainability Indicators on the Conventional Sewerége and
Domestic Wastewater Treatment Systems in Bangkok, Thailand, Center of Sustainable Urban
Regeneration (cSUR), the University of Tokyo, (Baht 260,000, October 2004 — September 2005),
Principal Investigator

45) 1A39n13 National Center of Competence in Research North — South: IP3 Environmental Sanitation
and Urban Agriculture, through the Swiss Federal Institute for Environmental Science and
Technology (EAWAG), Switzerland, (SFr. 215,000, Phase 1: 2002 — 2004), Principal Investigator.

46) 1n59n13 Demonstration Project on Application of Constructed Wetlands for Septage Treatment,
Pollution Control Department, Ministry of Natural Resources and Environment, (Baht 3,499,460,
January 2003 - December 2004), Principal Investigator.

47) 1as4n15 Development of Appropriate Onsite Wastewater Treatment Systems for Small-scale
Communities, Pollution Control Department, Ministry of Science, Technology and Environment,
(Baht 1,800,000, January 2003 - December 2004), Principal Investigator.

48) Tas9n195 Establishments of Code of Practices and Management Guidelines for Sludge from
Wastewater Treatment Systems and On-site Sanitation Biosolids, Pollution Control Department,
Ministry of Science, Technology and Environment, (Baht 1,499,460, February 2002 - May 2003),
Investigator under Principal Investigator: Prof. N.C. Thanh, SERD/AIT



49)

50)

51)

52)

53)

1A33713 Environmental Technology Verifications, Pollution Control Department, Ministry of Science,
Technology and Environment, (Baht 847,761, February 2002 — February 2003), Investigator under
Principal Investigator: Prof. N.C. Thanh, SERD/AIT

1A59n15 Upgrading of Water Quality Modeling and Training on Modeling Applications, Pollution
Control Department, Ministry of Science, Technology and Environment, (Baht 11,500,000, June
2001 — December 2002), Investigator under Principal Investigators: Prof. Suphat Vongvisetsomjai,
WRE/AIT and Prof. N.C. Thanh, SERD/AIT

1A59n13 Capacity Building for Effective Decentralized Wastewater Management Phase 1, cooperating
with the GHK International Co., Ltd., United Kingdom, Department for International Development
(DfID), United Kingdom, (UKE 270,087, August 2001 — December 2002), Investigator under Principal
Investigator: Dr. Nguyen Thi Kim Oanh and Prof. Chongrak Polprasert, SERD/AIT

1A$9n135 Environmental and Social Safeguards: Capacity building assessment and strategy for
Cambodia, Lao PDR, Thailand and Vietnam, in collaboration with AIT Viet Nam, World Bank, (USD
125,895, March 2002 - November 2002), Research Analyst and National Consultant under Principal
Investigator: Prof. Neuyen Cong Thanh, SERD/AIT.

1A59n135 Water Purification and Reuse Through Constructed Wetlands at the Rayong Industrial
Estate, National Centre for Genetic Engineering and Biotechnology and Hemaraj Land Development
Public Co., Ltd., (Baht 528,000, June 2001 — May 2002), Investigator under Principal Investigators:
Prof. Chongrak Polprasert and Prof. N.C. Thanh, SERD/AI

54) 1A53n15 Application of Computer Software in Design and Evaluation of Domestic Wastewater

55)

56)

57)

Treatment Systems, Pollution Control Department, Ministry of Science, Technology and
Environment, (Baht 6,432,000, October 2000 - July 2002), Investigator under Principal Investigator:
Prof. N.C. Thanh, SERD/AIT

1A33N13 Appropriate Treatment Systems for Saline Wastewater, cooperating with the Consultant of
Technology Co., Ltd., Pollution Control Department, Ministry of Science, Technology and
Environment, ( Baht 2,400,000, September 2000 - July 2002), Investigator under Principal
Investigator: Prof. N.C. Thanh, SERD/AIT

1A33M3 Technical Excursion-cum-training on Environmental Management for High Ranking Officials
of Ministry of Forestry and Environment, Sri Lanka, Module 1IB, (USD 53,436, 25 March - 12 April
2002, Bangkok), funded by the Environmental Action 1 Project, Investigator under Principal
Investigator: Prof. N.C. Thanh, SERD/AIT.

1A33715 Technical Excursion-cum-training on Environmental Management for High Ranking Officials
of Ministry of Forestry and Environment, Sri Lanka, Module IlIA, (USD 53,436, 17 September — 8
October 2001, Bangkok), funded by the Environmental Action 1 Project, Investigator under Principal
Investigator: Prof. N.C. Thanh, SERD/AIT.



58)

59)

60)

A543 Technical Excursion-cum-training on Environmental Management for High Ranking Officials
of Ministry of Forestry and Environment, Sri Lanka, Module Il, (USD 15,750, 12 — 18 July 2001,
Bangkok), funded by the Environmental Action 1 Project, Investigator under Principal Investigator:
Prof. N.C. Thanh, SERD/AIT.

1A594015 WHO Fellows Training Course on “Small Scale Water Resources Management”, AIT
Bangkok, (Baht 700,000, November 2000 - February 2001), Investigator under Principal Investigator:
Prof. N.C. Thanh, SERD/AIT.

134015 Natural Disaster Warning System, Office of Agricultural Economics, Ministry of Agriculture
and Cooperatives, Thailand, (Baht 2,800,000, 1999 - 2000), Investigator under Principal Investigator:
Dr. Apisit Eilumnoh, SERD/AIT

61) 1A539n15 Septage Treatment in Constructed Wetlands and Attached-Growth Waste Stabilisation

Ponds, Swiss Federal Institute for Environmental Science and Technology (EAWAG), Switzerland,
(USS$ 130,000, 1996 — 2001), Investigator under Principal Investigators: Prof. Chongrak Polprasert
and Dr. N.T. Kim Oanh, SERD/AIT

62) 1A539n19 Environmental Awareness Raising on the Handling and Treatment of Heavy Metal and

Toxic Wastes (Phases | & I), Swedish International Development Co-operation Agency (Sida),
Sweden, (SEK 1,155,581 & 250,000, 1993 — 1996), Investigator under Principal Investigator: Prof.
Chongrak Polprasert, SERD/AIT

NAUARNWIUSTZAUUIUIUIF

1)

2)

3)

4)

T.M.H. Nguyen; P. Suwan, T. Koottatep, S.E. Beck. (2019) Application of a novel, continuous-feeding
ultraviolet light emitting diode (UV-LED) system to disinfect domestic wastewater for discharge or
agricultural reuse. Water Research. 153, 53-62.

Chaiwong, C., Koottatep, T., Surinkul, N., & Polprasert, C. (2019) Performance and Kinetics of Algal-
Bacterial Photobioreactor Treating Septic Tank Effluent, Wat. Sci. & Technology

Ngone, M.H., Koottatep, T., Fakkaew, K., Polprasert, C. (2018) Assessment of Nutrient Recovery, Air
Emission and Farmers' Perceptions of Indigenous Mound Burning Practice Using Animal and Human
Wastes in Myanmar, Agriculture, Ecosystems and Environment, Vol. 261, 1 July 2018, Pages 54-61,
doi.org/10.1016/j.agee.2018.02.033

Anh, T.H., Koottatep, T., Polprasert C. (2018) Business model analysis for faecal sludge collection
and transport services in Thailand and Vietnam, Water, Sanitation and Hygiene for Development,

8 (3): 556-567, doi.org/10.2166/washdev.2018.026



10)

11)

12)

13)

14)

15)

Koottatep, T., Chapagain, S.K., Phong, V.H.N., Panuvatvanich, A., and Polprasert, C., (2017) Potential
of Laterite soil coupling Fenton reaction in Acetaminophen (ACT) removal in constructed wetlands,
Water, Air, & Soil Pollution, 228: 283. https://doi.org/10.1007/511270-017-3454-x

Surinkul, N., Koottatep, T., Polprasert, C. (2017) Modified Cesspool System with Upflow Sludge
Tank and Low- Cost Photobioreactor Treating Blackwater, Desalination and Water Treatment
Journal, DOI: 10.5004/dwt.2017.21034

Pilouk, S. and Koottatep, T. (2017) Environmental performance indicators as the key for eco-
industrial parks in Thailand, Journal of Cleaner Production, 156, 614 - 623,
http://dx.doi.org/10.1016/j.jclepro.2017.04.076

Koottatep, T., Fakkaew, K, Tajai, N., and Polprasert, C. (2017) Isotherm models and kinetics of
copper adsorption by using hydrochar produced from hydrothermal carbonization of faecal sludge,
Journal of Water, Sanitation and Hygiene for Development, 7(1), 102-110.

Koottatep, T., Chapagain, S.K., Polprasert, C., Panuvatvanich, A., and Ahn, K.H. (2017) Performance
Evaluation of Selected Aquatic Plants and Iron-Rich Media for Removal of PPCPs from Wastewater
in Constructed Wetlands, Desalination and Water Treatment Journal, DOI: 10.5004/dwt.2017.20816
Koottatep, T., Chapagain, S.K., Polprasert, C., Panuvatvanich, A., and Ahn, K.H. (2016) Sanitation
situations in selected Southeast Asian countries and application of innovative technologies, Environ
Dev Sustain, DOI 10.1007/510668-016-9892-6.

Taweesan, A, Koottatep, T., and Polprasert, C. (2016) Effective Measures for Municipal Solid Waste
Management for Cities in Some Asian Countries, J. of Exposure and Health, DOI 10. 1007/s12403-
016-0227-5
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ATANEN - Doctoral of Technical Science in Environmental Technology and

Management, Asian Institute of Technology (AT), Bangkok, Thailand, 2010
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2560 1A39N19 Sustainable Decentralized Wastewater Management in Developing countries

FelaTuyuann Bill & Melinda Gates Foundation fiuaatumaluladuviaeiie



6.

2553 Project: Investigation on Biodegradation in Sewer Line at Kanchanaburi
Municipality

2553 Project: Determination on pollution loads from domestic point sources

2553 Dissertation: APPLCATION OF ANAEROBIC BAFFLED REACTOR ( ABR) AND
VERMICOMPOSTING PROCESS IN TREATING HOUSEHOLD WASTEWATER AND
ACCUMULATED SLUDGE

2553 Project: Development of Appropriate Onsite Wastewater Treatment Systems for
Small-scale Communities

2545 Project: Application of Computer Software in Design and Evaluation of Domestic
Wastewater Treatment Systems

2543 Thesis: EFFICIENCY OF SEQUENCING BATCH REACTOR ( SBR) IN TREATING
DOMESTIC WASTEWATER CONTAMINATED WITH NICKEL

LONEITHYWNT
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2553 Sarathai, Y., Morel, A., and Koottatep, T. (2010) Hydraulic characteristics of an
anaerobic Baffled Reactor (ABR) as onsite wastewater treatment system, J. of
Environmental Sciences, Vol. 22, No. 9, pp.1319-1327

2552 Tsuzuki, Y., Koottatep, T., Wattanachira, S., Sarathai, Y., and Wongburana, C.

(2009) On-Site Treatment Systems in the Wastewater Treatment Plants (WWTPS)
Service Areas in Thailand : Scenario Based Pollutant Leads Estimation, J. of

Global Environment Engineering, Vol. 14, pp.57-65
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2562

2561

2559

2554
2553

ﬁm:m@‘mu International High-Level Policy Exchange and Exposure Visit, GIZ
aniusanonsusgeesiu

China-ASEAN Capacity Building Workshop on Water Pollution Prevention and
Control, China-ASEAN Environmental Cooperation Center

Singapore — Thailand Civil Service Exchange Program (CSEP) 304 Capacity
Building on Water Pollution Control, a15130u3§aaAlUs
nsdanmindepruwuunausauiionisiannegiedidu fuil o

ISO 14001:2004 Environmental Management System Implementation and Audit
by NPC Safety and Environmental Service Co.,Ltd. and Thai Industrial Standards
Institute (TISI)



2551

2551
2544

2543

2540

ISO 14001:2004 Environmental Management System Implementation by NPC
Safety and Environmental Service Co.,Ltd., Thailand

International Conference on Research in Development, Bern Switzerland
Modelling of Water Quality in Urban Drainage Systems by School of Civil
Engineering, Asian Institute of Technology (AIT), Thailand

Principles of Pollution Prevention and Cleaner Production (USEPA Region i) by
Department of Industrial Works and Environment, Thailand

Environmental Exchange Program: Financing for Municipal Environmental
Infrastructure Project by United State-Asia Environmental Partnership (US-AEP)

and Institute of International Education (IIE), Thailand
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324627 Omics Technology and Systems Biology

Prerequisite : 324521 Molecular Biology or Consent of the School

3(3-0-12)

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 Outline

1.
2.

Introduction to Omics technology, principle of sequencing, and overall relatedness

Genomics

2.1 Principle of Genome sequencing

2.2 SNPs

2.3 The application of Genomics

2.4 Students discussion and presentation

Transcriptomics

3.1 Basic of transcriptome study

3.2 NGS analysis

3.3 Non-coding RNA sequencing

3.4 Downstream of NGS

3.5 The application of Transcriptomic

3.6 Students discussion and presentation

Proteomics

4.1 Principle of Proteomics

4.2 Mass spectrometry

4.3 The application of Proteomics/ students discussion and presentation
Metabolomics

5.1 Principle of Metabolomics

5.2 The application of Metabolomics / students discussion and presentation
Microbiome

6.1 Principle of Microbiome

6.2 Phageome

6.3 The application of Microbiome / students discussion and presentation
System biology

7.1 The integration of multi-Omics and visualization

(3 hours)
(6 hours)

(9 hours)

(6 hours)

(4 hours)

(4 hours)

(4 hours)



324628 Omics Technology and Systems Biology Laboratory 1 (0-3-6)
Prerequisite : 324521 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 Outline

1. Introduction to next generation sequencing and bioinformatics (3 hours)
2. Next generation sequencing analysis (15 hours)
3. Differentially expression and gene annotation (9 hours)
4. System biology (6 hours)
5. Experimental design after Omics analysis (3 hours)
324628 Ufuansmaluladletinduaziaineszuu 1 (0-3-6)
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o &£ - o o .
waaqusmmﬂui’wmmma (Program Learning Outcomes (PLO,))

M.Sc. (Biotechnology) Specific | Generic | Boom’s level TQF

PLO1 $indswmasneliladirinmuazaninsnssyussiavoaianssumadinmi | v 1/Remember]  TQF2
dnfnylel ALY

Know the definition of Biotechnology and identify key bio-innovations.

PLO2 iilavinns uavaruAnsusenvatesda iU nemanstaom | v 2/Understan TQF2
Fusnag fidndiny LLaszﬂIuIaﬁﬁugmﬁﬁwﬁJu AUSUNITATIUIANTTUNIS d A3
M

Understand the key concepts in biological sciences and principle technology
that are essential for creating bio-innovations.

PLO3 @nsayin1sveasmiaineimansuazdnvinsieaunelamiugiinu v 3/Apply TQF1
wannauiuasesssuTinzadlunside AGETTY LTI

Operate and report scientific experiments under the guidance, following the
guidline of appropriate research ethic codes.

PLO4 ansaldinadacms q sumaluladfrnmideustymmainermansi 4 4/Analyze TQF3
\Rendestunsoumuideiianla inwegnateygn

Implement general techniques in biotechnology to answer various relevant
scientific problems related to specific area of interest.

PLO5 aunsaszyliymmaaswgiuasdinuiianunsoldineluladdanmuudly v 4/Analyze TQF3
i‘Jtymma’wﬁu“Lﬁ Mnwenalygn

Identify socioeconomically problems that can be solved by utilization of
biotechnology related to specific area of interest

PLO6 &1115039150UARUAMIINEImansa1numane 9 o wazaunsoaduiena v | 5/Evaluate TQF3
nsneassmademagUildnineinusvoswuies losagmeldnsou vinwematogan
VSunvasnuideiiu 9

Criticize scientific reported published in various sources and defend the
integrity of conclusions drawn from their own research thesis related to
specific area of interest, under the guidance ‘

PLO7 fldausalulasamsidesauiisjautiniielduiogmmaininenmans vio & v 6/Create TQF5
drusulunsasaianssumedanmitannsaldudtymianzns MNWEN15ILATIENR
Inenenansiiaulald Baay Aeans

Participate in collaborative research projects aiming to solve scientific problem wagnIsld
or create bio-innovations that can solve specific problem related to wialulad
specific area of interest. GRFLIVINLG

PLOS aunsadiasiziazineunsanddelaseuniaviieluameslunuuseu v’ | 6/Create TQF4
mAvemansszduuudfiiedes eneliinmssuTmesmng Vinwe
M IEanILnale) AMUFUNUS

Analyze data and deliver oral/poster presentation in international scientific FENINUAABLAY
conferences related to specific area of interest and to compose results ANMUTURAYDU

of novel scientific knowledge for publication as full-paper in a

proceeding.
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324627 Omics Technology and Systems Biology 3(3-0-12)
Prerequisite : 324521 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 Outline
1. Introduction to Omics technology, principle of sequencing, and overall relatedness (3 hours)
2. Genomics (6 hours)
2.1 Principle of Genome sequencing
2.2 SNPs
2.3 The application of Genomics
2.4 Students discussion and presentation
3. Transcriptomics (9 hours)
3.1 Basic of transcriptome study
3.2 NGS analysis
3.3 Non-coding RNA sequencing
3.4 Downstream of NGS
3.5 The application of Transcriptomic
3.6 Students discussion and presentation
4. Proteomics (6 hours)
4.1 Principle of Proteomics
4.2 Mass spectrometry
4.3 The application of Proteomics/ students discussion and presentation
5. Metabolomics (4 hours)
5.1 Principle of Metabolomics
5.2 The application of Metabolomics / students discussion and presentation
6. Microbiome (4 hours)
6.1 Principle of Microbiome
6.2 Phageome
6.3 The application of Microbiome / students discussion and presentation
7. System biology (4 hours)

7.1 The integration of multi-Omics and visualization
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324628 Omics Technology and Systems Biology Laboratory 1 (0-3-6)
Prerequisite : 324521 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 Outline

1. Introduction to next generation sequencing and bioinformatics (3 hours)
2. Next generation sequencing analysis (15 hours)
3. Differentially expression and gene annotation (9 hours)
4. System biology (6 hours)
5. Experimental design after Omics analysis (3 hours)
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303439 Korat Chicken Business 3 (3-0-3)

Prerequisite: None

This course will explain the background and objectives of Korat chicken
development. Raising and management of Korat chickens in a small, and medium farm. Course
will also explain the concept how to create innovation related with Korat chicken business
and the design of the Korat chicken business model and the presentation of the model and
the way of doing the Korat chicken business.

Learning Outcomes:
1. Students can explain characteristic of Korat chickens.
2. Students can explain raising and management system until reach market weight of
Korat chicken
Students have ability to design Korat chicken business model

Students have ability to attractively present the business model
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303439 Korat Chicken Business 3 (3-0-3)

Prerequisite: None

This course will explain the background and objectives of Korat chicken
development. Raising and management of Korat chickens in a small, and medium farm. Course
will also explain the concept how to create innovation related with Korat chicken business
and the design of the Korat chicken business model and the presentation of the model and
the way of doing the Korat chicken business.

Learning Outcomes:
1. Students can explain characteristic of Korat chickens.
2. Students can explain raising and management system until reach market weight of
Korat chicken
Students have ability to design Korat chicken business model

Students have ability to attractively present the business model
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