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Editorial

The Journal of Applied Informatics and Technology (JIT) has published research
articles in its 6th volume, issue number 2 (2024), totaling eight articles. Of
these, two are in English and six are in Thai. Each article has undergone peer
review by at least three experts. The authors revised their articles according
to the experts' suggestions until the reviewers were accepted for publication.
The editorial team has also proved the accuracy of each article's content,
references, and language usage to ensure the highest quality. The editorial
team thanks all the experts for their valuable reviews and recommendations.

The articles published in this volume include:

1) Investigation of the Top Scopus-Indexed Journals in Agricultural
and Biological sciences Across Diverse Asian Countries: A Bibliometric Analysis.
Authors: Sattra Maporn, Jirarat Puseerit, Phakwilai Rungwisai, Panyawat Arsapar,
Pichaya Chowtivannakul, Chonlatee Photong (Maporn et al., 2024)

2) Thai Word Segmentation using a Replacing the English Alphabet
Approach to Enhance Thai Text Sentiment Analysis. Authors: Vuttichai Vichianchai,
Sumonta Kasemvilas (Vichianchai & Kasemvilas, 2024)

3) Development of an Online Exhibition using Inquiry-Based Learning
Management. Author: Siriporn Noiumkar (Noiumkar, 2024)

4) Artificial Intelligence Model for Cooperative Organic Farming. Authors:
Attapap Maneetoem, Siriwan Dangcham (Maneetoem & Dangcham, 2024)

5) The Study of Sound Intensity Distribution and Its Relationship
Overtime with the Livelihoods of People in the Community Around Samui Airport.
Authors: Kodchagan Sri-ta, Kanokpim Thongyat, Supawadee Tosiri, Nutthapol
Junkaew (Sri-ta et al., 2024)

6) The Study Results of Perception and Satisfaction of Elementary
School Students with 2D Animation Cartoon: Primal Hunter. Authors: Chalantorn
Thaluang, Punyarat Rungsoongnern (Thaluang & Rungsoongnern, 2024)

7) Online Marketing Communication Media Development of the Ban
Wang Rang Yai Food Processing Community Enterprise to Add Value and Increase
the Community Income at Makluea Kao Subdistrict, Sung Noen District, Nakhon
Ratchasima Province. Author: Pheerawish Khamcharoen (Khamcharoen, 2024)

8) The Development of Computer Inventory Management System for
Faculty of Science and Technology Nakhon Ratchasima Rajabhat University.
Author: Thamonwannapohn Khakhum (Khakhum, 2024)

The editorial board of the Journal of Applied Informatics and
Technology (JIT) sincerely hopes that the eight articles published will be
beneficial to researchers, providing knowledge that can be used to further
develop their research in the future.

Assoc.Prof. Olarik Surinta, Ph.D.
Editor-in-Chief
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Aim & Scope of the Journal of Applied Informatics and Technology (JIT)

Journal of Applied Informatics and Technology (JIT) is a peer-reviewed
and open-access journal that aims to publish leading edge researches
on any possible topic in informatics, technology, and other related

areas, both from theoretical and empirical perspectives.

JIT was founded in 2017. JIT published the first online and print
issue in August, 2018 using ISSN: 2586-8136 (online) and 2630-094X
(print). JIT has 2 issues/year (January-June and July-December). Since
2020, JIT decided to publish all manuscripts only online version. There
is absolutely no charge for the authors/visitors for all the processes
of submitting, reviewing, publishing, accessing and downloading the

articles with/from the JIT journal.

Scope of the Research
Topics of interest include, but are not limited to, the

following:

+ Information Technology

« Computer Science

+  Geo-Informatics

+ Information Science and Management
« Digital Media

e Communication Arts

Types of Manuscripts
The JIT journal welcomes submissions in three academic

formats:

o Research article
e Review article

o Academic article



Publication Frequently
JIT has 2 issues/year (January-June and July-December).

JIT decided to publish all manuscripts only online version.

« No. 1: January-June
«  No. 2: July-December

Review Process
The articles must be original and never be published in
any other websites or other journals before. The articles which are

«

considered as “plagiarism” articles are strongly prohibited to be

published in the JIT journal.

Authors are required to include their names and affiliations
in their manuscripts, whereas reviewers are not visible to authors. All
submitted manuscripts are subjected to peer-review by at least three
independent reviewers. Peer reviews are done by a double-blind
review method where the identity of the reviewers and the authors

are not disclosed to either party.

The final decision regarding acceptance, revision, or rejection
rests with the Editor-in-Chief.

Open Access
JIT journal is open access journal since 2018 which means
that all contents is freely available without charge to the user or his/

her institution.

Users are allowed to read, download, copy, distribute, print,
search, or link to the full texts of the articles, or use them for any other
lawful purpose, without asking prior permission from the publisher or
the author.



All articles published by journal of applied informatics and
technology (JIT) are made immediately available worldwide under an
open access policy.

« everyone has free access to the manuscript of all articles
published in JIT journals.

+ everyone is free to use the published material if proper

citation of the original publication is given.
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database for bibliometric data. The methodology included

content analysis and bibliometric analysis of the selected

journals, including the top-ranked journals located in China,
Japan, and India. The instruments used were fundamental
statistics and VOS viewer which was used for crafting author
collaboration and keyword maps. The analysis revealed that
research on the 2019-nCoV virus, plant resilience, and fish genetics
received most citations. Keyword analysis revealed similarities
in the content of the journals, but there were variations in the
number of citations and publications. In addition, distinctions arose
in authors and international collaboration. Typically, featured
authors in each journal were predominantly researchers from the
country where the journal is based. Finally, the political standings

of each country also affected the publication.




Investigation of the Top Scopus-Indexed Journals in Agricultural and...
Sattra Maporn et al.

133

MImTIenasaunaLasmalulagussgnd, 6(2): 2567
Journal of Applied Informatics and Technology, 6(2): 2024

1. Introduction

The academic sector has contributed
an important role in agricultural development
since there are 1,836 million people are living
in Asia and the Pacific region, which has the
biggest area for cultivation when compared
to other continents (FAO et al., 2023). The
sheer size underscores the need for increased
productivity to ensure food security for the
population. Academic institutions contribute
through research, education, and innovation
to address challenges, develop sustainable
practices. Academic journals also take part
in addressing the challenges and contribute
to providing knowledge and practice to
policymakers and readers in terms of solving
agricultural problems. However, journals
from the periphery have overcome several
challenges to become indexed in the major
indexing databases (Culjak, 2022). Although such
journals may publish important results, they
cannot reach a broader scientific community.
Globally, only 70 Asian journals out of more
than 300 have agricultural and biological
sciences content listed in Scopus, a reputable
database containing almost thirty thousand
journals from around the world. This study
aimed to analyze outstanding articles from
high-ranked journas that were indexed in Scopus
in this region in order to identify trends and
journal performance. The second aim was
to analyze keywords, authors, and country
collaborations. These data provided insights
for policymakers and academic publishers
as well as researchers seeking to understand

trends and to evaluate the possibility of

publication in high-ranked journals.

The large number of bibliometric
studies of academic databases have been
performed using different methods. Until the
present time, most researchers commonly
analyzed long-term bibliometrics on reputable
academic databases (e.c. Tas et al, 2023;
Donthu, Kumar, & Pattnaik, 2020). The reputable
database Scopus has since 2000, shown that
the Asian region, especially China, features
in the Scopus database with an increasingly
large number of journals and articles (Thelwall
& Sud, 2022). However, there have been
few studies providing insights about the
characteristics of Asian Scopus-indexed journals
in agricultural and biological sciences which is
the aspect in the publishers’ point of view as
suggested by Topkanlo & Sohrabi (2023).The
findings from this study will contribute to the
field by providing university administrators
with support to develop policies, allocate
appropriate budgets, and provide strategies
to support institutional academic journals
to be listed in Scopus. Secondly. This article
will make contributions to the author who is
selecting a journal for publications in terms
of understanding of content published in
high-ranked journals in this field. Therefore,
this research tried to address the questions
“What are the similarities and differences of
top cited articles published in the top ranked
journals in agricultural and biological sciences
across different countries? and what are the
similarities and differences of these top ranked
journals in terms of keywords, authors, and

country collaboration across different
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countries?” To answer those questions, this study
aims to compare top cited articles published
in the top ranked journals in agricultural and
biological sciences across different countries.
Another purpose is to compare keywords,
authors, and country collaboration of in
the top ranked journals in agricultural and
biological sciences across different countries.
The remainder of this article contains
a literature review, methodology, results,
findings, and conclusion as well as suggestions

for further research directions.

Previous studies can be divided into
three kinds of research. Firstly, research that
focussed on bibliometric analysis of citations
and the impact of journals in several fields.
These included comprehensive bibliometric
evaluation of journals which focus on publication
and growth over decades by analyzing
impact, prominent topics, and prolific authors
as well as identifying highly cited publications
and authors (Mishra & Gautam, 2024, Aghalari,
Dahms, & Sillanpag, 2023; Tanveer et al,,
2020; Balstad & Berg, 2020; Khan et al.,
2021; Singh et al., 2021; Elango, 2018). The
second group focused on publications in
academic databases relating to area-based
studies in India and Indonesia (Hanief et al.,
2021; Singh & Pandita, 2017). The studies
conducted altmetrics investigating the growth
of publications and characteristics of research
over time as well countries that contributed
the most and also popular research topics.
Some researchers have studied the journals
in a specific database. For example, Bucher

(2018) studied European journals in the Web

of Science and JCR Social Science edition.
Finally, the content-based bibliometric study
included publishers in specific disciplines
such as agricultural sciences, and altmertic
(Malanski, Dedieu, & Schiavi, 2021;
Bhattacharjee et al., 2023; Altarturi et al,
2023; Amiri et al.,, 2023). Those articles
focused on content analysis and bibliometric
analysis to find significant points that
contributed to the field of study. Those
researches demonstrated the application
of bibliometric analysis in diverse research
contexts and different research foci which
mostly used similar methodologies but were
different in the way researchers presented
the data.

The highly relevant studies on bibliometric
data focus on both characteristics of academic
journals and reputable databases. Misara et
al. (2022) employed bibliometric analysis
to provide a comprehensive overview of
the Precision Agriculture Journal, identifying
highly cited articles and establishing thematic
connections within the field. The study
highlighted the rapid growth and development
of the journal, facilitating advancements in
precision farming. Some Asian region researchers
have studied the characteristics of academic
journals in the science field in their region
(Malvic et al., 2022; Sirirak, 2021; Bucher, 2018).
Moreover, some researchers are interested in
the characteristics of the journals published
in developing countries such as Thailand, and
Pakistan (Maporn et al., 2023; Soroya et al.,
2022). Those researchers agreed that journals

based in different countries contain different



Investigation of the Top Scopus-Indexed Journals in Agricultural and...
Sattra Maporn et al.

MsTInemsasaunaLazinaluladuszend, 6(2): 2567

135 Journal of Applied Informatics and Technology, 6(2): 2024

characteristics in terms of author, affiliation,

collaborating network, and supporting funds.

From the previous literature on
bibliometric analysis, these studies are seen
to share the common objective of analyzing
publication trends, keywords, content, authors,
collaborations, citations, and knowledge
structures. Most of those studies used similar
methodologies and statistics. However, the
differences may be seen in terms of different
viewpoints, some research focuses on content
and some focus on the author’s institution
or publishers. Lund (2021) suggested that
a bibliometric study should be conducted
from the experiences and expertise of the
researchers. Therefore, this research will
extend knowledge of the bibliometric study
of high-ranked Asian academic journals from
the viewpoint of academicians and librarians
who have experience in editorial boards for

a decade.

2. Materials and Methods

2.1 Data Collection

The data for this study were collected
from two sources. The first source was SJR
which included the journals and country
scientific indicators developed from the
information contained in the Scopus
database. The latest data from SJR were
for 2022. The data included yearly publication,
yearly citation, yearly journal ranking score.
Another source was the Scopus database was
accessed via institutional access in 2023. For

data from Scopus, the latest data of each

journal were extracted during September
of 2023. The Scopus coverage years for
bibliometric data were as follows. - Science
China Life Sciences (2010- September 2023),
Proceedings of the Japan Academy Series
B: Physical and Biological Sciences (1977-
September 2023), and Journal of Biosciences
(1979- September 2023).

Journal selection. The selection of
three prominent agricultural and biological
sciences journals was based on the following.
The first criterion was that the journal must
be positioned in high rank by the SJR. The
second criterion was the journal must be
based in the Asian region and also listed in
the subject areas of agricultural and biological
sciences, subject categories of agricultural and
biological sciences (miscellaneous) according
to the SJR ranking 2022. Normally, SJR ranking
of the previous year is announced during
May of the next year, so the latest SJR ranking
during the data collection period was for 2022.
There were only six Asian Scopus-indexed
journals in this field listed in Quartile 1. The
third criterion was that the journals must be
from different countries. The fourth criterion
was that the journal must provide metadata
more than 200 articles which belong to
Rogers, Szomszor, & Adams (2020), who
suggested 200 articles were considered
acceptable for conducting institutional-level
bibliometric analysis. As a result, the three
highest-ranked journals based on the selection
criteria were Science China Life Sciences (China),
Proceedings of the Japan Academy Series B:

Physical and Biological Sciences (Japan), and
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Journal of Biosciences (India). Fortunately,
the three selected journals provided larger
data when compared to the other journals
that had not been selected. Therefore, these

three journals were considered suitable data.

Article selection. Even though the
published articles included many different
types of articles. e.g. editorial, news, letters,
research articles, and review articles; all
data were exported and used in this study
because the researcher intended to identify
the features of whole characteristics of the
selected journals.

Data collection procedure. The
ranking, number of citations and number of

publications were collected from SJR website

at: https:.//www.scimagojr.com/. Data was
collected from SJR because the data is re-
ported year by year while Scopus is not. Data
included citescore, and bibliometric data
were retrieved in September 2023 from the
Scopus database. The Scopus database was
provided by institutional access in the year
2023. The number of exported data was as
follows: China Life Sciences (2,658 items),
Proceedings of the Japan Academy Series
B: Physical and Biological Sciences (2,633
items), and Journal of Biosciences (3,575
items). The article metadata was downloaded
in CSV format.

Data cleaning process. Data
was exported from Scopus database via
institutional access. Then, researcher read
the.csv file in order to find any flaw in the

raw data. Then, researchers fixed some of

the erroneous data. All types of articles.
e.g. editorial, news, letters, research articles,
and review articles were used in this study
because the researcher intended to identify
the features of whole characteristics of the
selected journals. Then the cleaned data were
subsequently processed using VOSviewer to

visualize and analyze it in bibliometric form.

2.2 Data Analysis

To analyze the collected journals,
content analysis was conducted using the
information available in the Scopus database
and SJR. The basic statistics used were mean,
median, mode, standard error of the mean
(SEM), as well as the next year citescore
forecast model proposed by Kumar et al.
(2023). The model was designed for
forecasting the next year citescore from the
previous ten years. MsExcel was used and
the syntax was: = FORECAST(x, known ys,
known_xs). X is the period for which the value
is to be forecasted, known ys are the past
values of the variable, and known xs is the

past period for which the values are known.

For mapping analysis of bibliometric
indicators from the journals, the visualization
tool VOS viewer developed by Van Eck &
Waltman (2010) was employed. The visualization
of similarities (VOS) is a free-access program
that has been developed for constructing
a bibliometric map of large-scale data. The
program functions include label view, cluster
density view, and scatter view. The program
facilitated the mapping of clusters based on
the co-occurrence of words and co-authorship
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networks. The analysis of co-occurrence was
performed using VOSviewer version 1.6.19,
considering the titles, authors, and keywords
of the published articles. The visualization
approach for analyzing the bibliometric data
of the journals was based on Van Eck &
Waltman (2010).

3. Results and Discussion

The findings of this study provide
insight into keyword analysis, author, and
country-level analysis.

3.1 Overall statistics of journals

Table 1.

The SJR score of the selected journals
from 1999 - 2022 was as follows Science China
Life Sciences (Figure 1) displayed a mean value
of SJR score at 0.743 and Standard Error of
the Mean (SEM) at 0.082. Proceedings of the
Japan Academy Series B: Agricultural and
Biological Sciences (Figure 2) had a mean
value of SJR score of 0.719 with and SEM =
0.370. The Journal of Biosciences (Figure 3)
had a mean value of SJR score = 0.567 and
SEM = 0.188. From the data, the Science China
Life Sciences had a relatively high mean SJR
score, suggesting that, on average, it is cited

at a higher rate compared to the other two

General overview of the selected Asian Scopus-indexed journals in agricultural

and biological sciences in data from SJR 1999-2022.

Proceedings
of the Japan

. Science .
Journal title / L i . Academy Series  Journal of
Statistical formula China Life . L
ltems . B: Physical and  Biosciences
Sciences
Biological
Sciences
Year of publication
1958 1925 1975
(1999-2022)
Average number of
Total Number of publications 1999 — 2022
publications 24 years 147.79 39.33 93.88
(1999-2022)
Average number Total Number of citations 1999 — 2022
s 24 years 882.09 263.63 443.21
y
of citations
Average number o
Total Number of citations 1999 — 2022
of citations /  Total Number of publications 1999 — 2022 5.97 6.70 a2
documents
Annual growth (%) Endvalue \7
Ctations eaGR = (g ) - 21.98 13.13 16.42
Annual growth (%) Endvalue  \3F
cacR = ( ) - 7.20 0.07 5.48

Publications Beginning value
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Figure 1. Historical profile of Science China Life Sciences in SJR database
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journals. The SEM provides an indication of
the variability of SJR scores around the mean.
A lower SEM suggests that the scores are
relatively close to the mean. For, Proceedings
of the Japan Academy Series B: Agricultural
and Biological Science, the SJR score was
lower than for Science China life Sciences on
average and demonstrated some fluctuations
in score as it had a higher SEM than the other
two journals. In addition, for Journal of
Biosciences, the SJR score was lower than
the other two journals, but there was less
fluctuation in SJR score than in Proceedings
of the Japan Academy Series B: Agricultural
and Biological Science. Based on this
information, it is seen that Science China Life
Sciences displayed greater stability in terms
of citations and SJR scores compared to the

other two journals. This stability may be a

contributing factor to its top-ranking position.

The data shows the distribution of
publications. The content primarily consists
of research articles. In Science China life
Sciences, research articles were about 65%
of total publications compared to other
two journals which were 80% and 74%. The
distinction of Science China Life Sciences is
that the publication has a significantly larger
volume of letters than the other two journals,
accounting for 8% of the total publications
accessed in this study, whereas the remaining
two journals do not publish any letters.
However, Journal of Biosciences publishes a
variety of content types which is more than
other two journals, and includes editorials,
notes, errata, conference papers, and short

surveys, for approximately 10 percent of the
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Figure 4. Type of publication of the three journals
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Table 2.  Historical ten years Cite score of the selected journals with next year forecast
by the Kumar et al. (2023) model
2024
Journal/Year 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
forecast

Sci. China Life Sci. 2.8 2.9 3.5 3.9 3.9 4.6 7.0 10.1 128 144 13.8
Proc. Jpn. Acad.,
Ser. B, Phys. Biol. 4.4 4.6 3.9 3.6 3.4 3.6 6.4 6.7 6.6 6.5 6.8
Sci.
J. Biosci. 3.4 3.8 2.6 2.6 2.5 2.1 2.1 33 4.8 55 4.2

total number of publications. There were
no retracted formats found in China Life
Sciences while the retracted paper in other

two journals were less than 0.1%.

3.2 Most cited articles in the
selected journals.

Overall, the content from Table 3
shows evidence that there was significant
interest in the fields of evolutionary biology
and medicine, possibly due to the situation
of COVID-19 during the 2020-2022 pandemic.
Researchers have been studying molecular
biology, genetic sequences and DNA to expand

knowledge in the field.

Data from Table 3 shows the most
salient research articles considered by citations
of the three journals. Outstanding articles in
Science China Life Sciences covered a range
of topics, including the evolutionary aspects
of the coronavirus, clinical indicators and lung
injury associated with the 2019-nCoV virus,
transmission and clinical manifestation of
the virus in asymptomatic individuals, plant

resilience to environmental stresses, and

genetic factors influencing sexual dimorphism
in fish species. Two of the ranked articles
received more than a thousand citations. It
is interesting that the most cited article in
Science China Life Sciences was first authored
by Xu, Xintian, who had a H-index equal to
4 with 6 publications. A significant point of
the most cited articles related to the global
impact of the pandemic in 2020. This might
imply that four out of the five most cited
articles were published in 2020 which shows
the current relevance of research addressing

global issues in recent years.

Research articles published in
Proceedings of the Japan Academy Series B:
Physical and Biological Sciences include the
development of a vector using the Sendai
virus for efficient induction of transgene-free
human pluripotent stem cells, the potential
of Favipiravir as an antiviral therapeutic,
investigations into the structure and functions
of the proteasome, and the significance of
tissue regeneration, organ development, and
cancer biology. One of the ranked articles

received more than a thousand citations. The
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Table 3.  Most cited articles in the selected journals

. Year of No. of
Rank Title L L
publication citations
Science China Life Sciences (N = 2,658)
Evolution of the novel coronavirus from the ongoing Wuhan outbreak 2020 1492
and modeling of its spike protein for risk of human transmission '
Clinical and biochemical indexes from 2019-nCoV infected patients
. . . 2020 1,352
linked to viral loads and lung injury
5 Clinical characteristics of 24 asymptomatic infections with COVID-19 2020 91
screened among close contacts in Nanjing, China
4 Plant abiotic stress response and nutrient use efficiency 2020 522
Genetic basis and biotechnological manipulation of sexual
5 2015 279

dimorphism and sex determination in fish

Proceedings of the Japan Academy Series B: Physical and Biological Sciences (N = 2,633)

Efficient induction of transgene-free human pluripotent stem cells

1 using a vector based on Sendai virus, an RNA virus that does not 2009 1,026
integrate into the host genome

2 Favipiravir (T-705), a broad spectrum inhibitor of viral RNA polymerase 2017 705

3 The proteasome: Overview of structure and functions 2009 517
Novel Neuropeptides, Neurokinin @ and f3, Isolated from Porcine

4 i 1983 388
Spinal Cord

5 The discovery of Hepatocyte Growth Factor (HGF) and its significance 2010 354
for cell biology, life sciences and clinical medicine

Journal of Biosciences (N = 3,575)

1 Lysozymes in the animal kingdom 2010 550

2 Applications of inulin and oligofructose in health and nutrition 2002 472

3 The ubiquitin-proteasome system 2006 439

a4 Heat shock genes - Integrating cell survival and death 2007 422
Heat stress response in plants: A complex game with chaperones

5 2004 422

and more than twenty heat stress transcription factors
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most cited articles were published in different
decades, which shows that the impact of these
studies was sustained over a long time. One
of the top-cited articles in the journal had
been published in the 19" century.

The top cited article in the Journal of
Biosciences focused on the role of lysozymes
in the innate immune system, the health
benefits of dietary fibers such as inulin and
oligofructose, the intricate workings of the
ubiquitin-proteasome system responsible for
protein regulation, the impact of heat shock
response on cell viability, and the relationship
between heat stress and plant biology. The
most outstanding research article received
only 550 citations, which was lower than
outstanding articles reported in the previous
two selected journals. It is notable that the
high-cited articles were published within
a single decade between 2001 and 2010,
from which can be implied that the journal

performed well during that time.

There were notable differences

among the three journals. The most cited

oo,
* sgognms
.

eeeeeee

article in Science China Life Sciences primarily
highlichted research related to the global
impact of the COVID-19 pandemic. It would
not be wrong to say that the journal received
benefits from successful research which was
a global problem at that time. Proceedings
of the Japan Academy Series B: Physical and
Biological Sciences benefitted from outstanding
works from across decades. The Journal of
Bioscience’s outstanding articles spanned a
decade. Although all three journals belong
to the top-ranked Scopus-indexed journals in
the field, the articles that receive numerous
citations were quite different. Some journals
got high rankings because of the high number
of citations in a short time. Some journals
maintained gradually increasing citation scores

over time.

3.3 Keywords

This part provides keyword

co-occurrences among three journals.

The landscape of research content

includes genetics, humans, animals, and

- Procedures,

Figure 5. Keyword co-occurrence in Science China Life Sciences
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metabolism. It is an interesting story in the
biology field due to genetic research aiming
to classify living things. Research on human
and animal genetics is another topic that
must be continuously studied. In respect of
systems in the human body, studies examined
abnormalities caused by exposure to chemicals

or things that when stimulated caused genetic

abnormalities which may cause mutations
or new diseases in the future. Research
on metabolism, which is a part of
biochemistry, gives an idea of the rate of
energy metabolism when food is eaten into

the human body.

The minimum threshold of 25

occurrences was used in this analysis for the
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transparent keywords co-occurrences map.
The decision threshold was varied due to the
selected data of individual researchers. For
small data, 5 occurrences were used in some
studies; but for large data size, the number
of occurrences used was increased. Science
China Life Sciences contained a total of 14,070
keywords used in the retrieved data of which
275 keywords met the minimum occurrence
criterion of 25. (Figure 5) presents six distinct
clusters. One cluster stands out with
a significant size, encompassing 96 items. The
most frequently occurring keywords were
‘genetics’ (1,174 occurrences), ‘metabolism’
(1,108 occurrences), ‘human’ (1,235
occurrences), ‘animal’ (993 occurrences),

and ‘physiology’ (558 occurrences).

In Proceedings of the Japan Academy
Series B: Physical and Biological Sciences,
8,142 keywords were used throughout the
retrieved data of which 359 keywords met
the minimum occurrence criterion of 25.
(Figure 6) presents four distinct clusters. A
cluster is significant with 11 items. The most
frequently occurring keywords were ‘animal’
(255 occurrences), ‘human’ (260 occurrences),
‘metabolism’ (233 occurrences), ‘chemistry’
(174 occurrences), and ‘genetics’ (121

occurrences,).

In the Journal of Biosciences, 27,574

keywords were used according to retrieved

data with 519 keywords meeting the minimum
occurrence criterion of 25. (Figure 7) presents
six distinct clusters. The biggest cluster
contains 96 items. The prominent keywords
were ‘nonhuman’ (1,840 occurrences),
‘animal’ (692 occurrences), ‘controlled study’
(901 occurrences), ‘human’ (994 occurrences),

and ‘genetics’ (704 occurrences).

The analysis of keywords from three
major Asian Scopus-indexed journals in
agricultural and biological sciences showed
characteristics and trends within these journals.
The analysis revealed commonly occurring
keywords across the journals included
‘human,” ‘animal,” ‘metabolism,” ‘genetics,’
and ‘physiology’. Because the journals are
in the same field, there seems not to be
differences in keyword co-occurrence patterns
in both broad picture and highly-cited article
analysis. This shows that the three high-ranked
journals seem to have similar focus and
strategies for the content of published
articles.

3.4 Authorship individual level

This section provides most occurrences
of author and co authorship network in author

level and institutional level.

Table 4 provides data on the most
prolific occurrences of authors in each journal.
The map (Figures 8, 9, and 10) provides
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Table 4. Authorship profile of the most occurrences contributors in each journal

Authors’
N f H-I
Rank Author Institution country umber o Citation in ndex
appearances in Scopus
Scopus
Science China Life Sciences (N = 2,658 articles)
hi A f
| Gao,GeorgeF, Chinese Academy of 27 94,066 109
Sciences
. Beijing Tongren Hospital, )
2 Wi N h 1 23,2 2
ang, Ningli Capital Medical University China 8 3,289 6
3. shiTieu  cost China Normal o, 17 7,906 a1
University
4. GuiJian-Fang University of Chinese L 15 12,331 58
Academy of Sciences
5. Dai, Janwu  Clinese Academy of . 14 14,486 65

Sciences

Proceedings of the Japan Academy Series B: Physical and Biological Sciences (N = 2,633 articles)

Yosida, National Institute of
L Tosihide H. Genetics, Mishima, Japan Japan 84 1,930 22

Kadotani, The Kadotani Medical
2 Tetsuji Research Foundation Japan 69 310 ?

National Institute of

Suzuki, Advanced Industrial
> Masashi Science and Technology Japan 66 8,958 42
(AIST)
Watanabe, The Kadotani Medical
& Yoko Research Foundation Japan 66 181 !
Kobayashi, ) . .
5. Teiichi Chiba University Japan 58 172 6
Journal of Biosciences (N= 3,575 articles)
Morange, L
1 ) Ecole Normale Supérieure  France ar 5,130 32
Michel
Kasbekar Centre for DNA
2 * Fingerprinting and India 39 aa7 12
Durgadas, P . .
Diagnostics
Lakhotia, . . ) .
3 Subhash C Banaras Hindu University  India 21 3,083 29
4 ;Orges’ ReNee | dian Institute of Science  India 18 2,113 28
Nanjundiah, - g, rech park India 17 1,584 24

Vidyanand
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Figure 8. Authorship network in Science China Life Sciences
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Figure 10. Authorship network in Journal of Biosciences

occurrences of author in the dataset. The
size of the nodes indicates the number of
occurrences in the dataset. For Science China
Life Sciences, the authors with the most
appearances appeared only 27 times, which
was very low. This shows that the journal
had a large author pool (2,658 items from
dataset). Figure 8 shows the distribution of
authors but prolific authors were not easy
to find due to the size of the nodes which
were almost stable. For, Proceedings of
the Japan Academy Series B: Physical and
Biological Sciences the most appearances
was 69 times from the author pool (2,633
items from dataset). Figure 9 also shows the
distribution of authors, but prolific authors such
as Kobayashi and Hidaka can be identified
from the big nodes in the map. In Journal of
Biosciences, the most appearances was 47

times from author pool (3,575 items from

dataset). Figure 10 also shows some prolific
authors such as Morange who was the
biggest node on the map while Borges were
the subsequently big node. The ratio of the
authors in the two journals seems to be
different in the percentage of occurrences
from the most prominent author. It is surprising
that most appearances in the Indian-based
journal were affiliated with France while for
other two journals, affiliations were mostly
where the journal is based. The analysis of
author collaboration shows a large diversity
of authors because VOS viewers did not
retrieve any clusters of authors. The diversity
of authors suggests indicates that there was
less collaboration between the authors. This
cooperation may take place at the national
or institutional level instead. It would be
interesting to further analyze the data to

identify the different collaboration patterns.
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Table 5. Institution level of contributors
Rank Institution Country Occurrence
Percentage

Science China Life Sciences (2010 - September 2023) (N=2,658 articles)
1 Chinese Academy of Sciences China 28.05
2 University of Chinese Academy of Sciences China 13.56
3 Ministry of Education China China 12.07
a4 Peking University China 8.32
s Chinese Academy of Medical Sciences & Peking Union Medical China P

College

Proceedings of the Japan Academy Series B:

Physical and Biological Sciences (1977 - September 2023) (N=2,633 articles)
1 The University of Tokyo Japan 1391
2 Kyoto University Japan 5.34
3 Osaka University Japan 4.70
4 National Institute of Genetics Mishima Japan 3.71
5 Nagoya University Japan 2,77

Journal of Biosciences (1979 - September 2023) (N=3,575 articles)
1 Indian Institute of Science India 8.97
2 Centre for Cellular and Molecular Biology India India 2.98
3 Bhabha Atomic Research Centre India 2.14
a4 Banaras Hindu University India 212
5 Jawaharlal Nehru University India 2.00

There is another point to be noted; for journals
published in a particular country, the

contributor usually came from that country.

Table 5 provides overall looking at
the point of view of institutions published
in journals. It seems each journal was
predominantly published by an institution

from their own country where the journal is

based. The top five published institutions in
Science China Life Sciences accounted for
approximately 69% of the total institutions that
appear in the journal. The Japanese journal,
Proceedings of the Japan Academy Series
B: Physical and Biological Sciences, shared
of the most frequent institutions publishing
in journals at approximately 30% and the

Indian owned Journal of Biosciences was
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most frequent institution at approximately
18%. It can be implied that the ownership of
the journal is dominated by the publishing
institution which is correlated with the country
where the journal is based.

3.5 Authorship network at country
level

This part provides a co-authorship

network at the country level.

The map in Figure 11, 12, and 13
provides a country level network. The size
of the label of an item is determined by
the number of occurrences of the item.
The distance between clusters indicates
the relatedness of the nodes in terms of
co-occurrences links. Data from Science
China Life Sciences shows that 40 authors
met the minimum occurrence threshold of 5.

All of the five occurrences involved authors

affiliated with China. The analysis of
country-level collaboration revealed
that there were 96 countries involved in
authorship. The minimum threshold of
5 occurrences showed clusters from 20
countries in the data. The prominent cluster
consisted of United Kingdom, the Hong Kong
Special Administrative Region of the People’s
Republic of China, Italy, Japan, and Singapore
which can be seen in the red cluster (see
Figure 11). Despite China not being part of
the largest cluster, the country exhibited
the highest occurrence among the collected
data. The Chinese researchers’ collaboration
network showed connections between Chinese
researchers and other developed countries
in Asia and Europe.

The retrieved data from Proceedings
of the Japan Academy Series B: Physical and

Biological Sciences showed that 210 authors

Casia) Coonzsns)
G
o
e ngron. )
@D  (uiedsae) e
G
ey

6% VOSviewer

Figure 11. Authorship network in country level in Science China Life Sciences
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Figure 13. Authorship network in country level in Journal of Biosciences

met the minimum occurrence of 5. The more
frequent contributors were mostly affiliated
with Japan. The two prominent clusters at
the country level are shown in Figure 12.
There were three countries for each cluster.
The red cluster consisted of Canada, China,
and South Korea. Another cluster, shown in

green, consisted of Japan, Switzerland, and

the United States of America. Japan showed
the highest occurrence among the collected
data. Analysis revealed that researchers
from Japan build networks with researchers
from Europe and North America. There was
a strong network from the United States. It
seems likely that Japanese researchers rarely

connected with superpower countries such
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as China and Russia as well as countries in

Africa and South America.

The retrieved data from the Journal
of Biosciences showed that 190 authors met
the minimum occurrence threshold of 5.
Figure 13 showed the co-authorship network
of 104 countries. Using a minimum threshold
criterion of 5 occurrences, there were several
clusters from 38 countries in the data. The
most prominent cluster is shown in red,
consisting of Argentina, Australia, Belgium,
Brazil, Cuba, Finland, Hungary, Mexico, Norway,
Spain, and Switzerland (Figure 13). The green
cluster consists of Japan, Czech Republic,
ltaly, Germany, Poland, Russian Federation,
and Serbia, and the blue cluster consists of
United Kingdom, France, the Netherlands,
and Sweden. Despite India not being part
of the largest cluster, the country exhibited
the highest occurrence among the collected
data. As the diagram shows, the strongest
cluster was located in South America. The
contributors had links with researchers from
Europe and North America, but only with
some countries in Asia such as Singapore
as shown on the map. There were few links
with superpower countries such as the United

States of America, China, or Russia.

This bibliometric analysis of major
Scopus-indexed journals in agricultural and
biological sciences in respect of author
and country-level co-occurrences showed
authorship across the journals depended on
the location where the journal was located.
[t means Chinese-owned journals seemed to

be contributed to by Chinese researchers,
Japan-owned journals were possibly
contributed to by Japanese researchers,
and Indian-owned journal were possibly
contributed by Indian researchers. Co-authorship
network analysis revealed limited collaboration
among authors. The authors from South Africa
were rarely found in most journals in this studly.
The regime or economic conditions may also
have an effect on the collaboration network
as well as top-rank journal publication bias
which was suggested by Howard et al. (2017)
Most of the networks of authors published
in top-ranked Asian Scopus-indexed journals
in this study came from regions with major
economic powers, such as China, Germany,
the United States, etc.

4. Discussion

The research reported here
comprehensively investigated major
Scopus-indexed journals in agricultural
and biological sciences, with a focus on
top-ranked publications. The study identified
and compared key features as follows. (1)
Top-cited articles from the perspective of
journal manager, publication of articles
addressing current global trends can
substantially enhance citation rates. The surge
in citations for the 2020 publication on China’s
COVID-19 has been cited throughout 2021
and 2022. Consequently, there was a strategic
imperative to accept articles aligned with such
trends. Findings correlated with Malvic et al.
(2022) indicating that it is the strategies of an
editorial board that boost citation and journal
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standings. Keywords among the three different
countries were similar with the ‘genetic’ and
‘human’ appearing in several clusters. (2) The
result might suggest that the journal content
in of the journals publishing in the same field
(agricultural and biological sciences) might be
almost the same. Institutional and country
affiliations and authorship collaboration
networks showed differences across the three
different journals. Most authors were from the
country where the journal is located which
correlated with several previous reports such
as Thailand (Sirirak, 2021), Croatia (Malvic
et al., 2022). In addition, the present research
article provided a clearer picture of this in
the country collaboration part for example,
Chinese researchers have strong networks
with Asian countries such as Singapore and
Japan as well as the United Kingdom, while
Japanese journals collaborated closely with the
United States and Switzerland. Indian-owned
journals were retrieved in several clusters in
Europe and South America as well as some
developed countries in Asia. It seems that
political issues among countries may have
a role in country collaboration. This may be
due to funding to support research mostly
coming from government organizations. This
study confirms that politics may play a role
in academia as well as in other regions of
the world, as stated by Howard et al. (2017).

Based on the findings from this study,
several recommendations can be made for
policymakers. Firstly, it is recognized that
the content related to the 2019-nCoV virus,

plant resilience to the environment, and fish

genetics may be considered as the current
trend of this decade. The publishers
may use data from this study to make a
content-receiving plan in order to boost the
journal citation. Secondly, policymakers can use
data from this study to consider collaboration
for scholarly activities between academia
in prominent countries. For personal
interpretation, this study provides information
to author of agricultural and biological research.
Issues such 2019-nCoV virus, plant resilience
to the environment, and fish genetics may be
the topics which interest the journals as well
as the topics that encounter global problems.
Researchers in the field may use the result
from this study to engage in research topics
in order to provide findings to academia. In
addition, this study can be used for setting
research directions for institutions.
Understanding how journals are structured
and what kind of content they contain is
essential for institutions to develop research
plans and policies for the organization.

The current study provides different
perspectives to those from previous research
even though the analytical process was
quite similar. This study provides information
from the perspective of the publisher of
the international journal in Agricultural and
biological Sciences. The previous studies
(Tas et al., 2023; Soroya et al., 2022)
focused on the specific field of disciplines of
Scopus-indexed journals while the current
study focuses broadly on analyzing multiple
major Asian Scopus-indexed journals in the

field of agricultural and biological sciences in
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three different countries. The finding shows
similarities with previous studies in terms of
the highly impacted journals depending on
good practice of editorial policies, reviewers,
and contributors who all play important roles

in publications.

All studies inevitably have limitations,
this study is not an exception. It used data
from only a single field and the region was
scoped to be only within the Asian region.
The advanced statistical instruments were
not used due to the limitation of license
funds. Therefore, further studies can adapt
the advanced statistical instruments to
analyze bibliometric data of the journal in a
specific field. Another limitation of this study
is the limitation of analyzing author clusters
individually. Another interesting topic is the
Scopus-indexed journals in different quartiles
in the same field. Do different factors affect
journals in different quartiles? Finally, further
research should focus more on providing a
novel data analysis framework or studying
impacts of factors on some metrics, which
would contribute some new findings to the
field.

5. Conclusion

In conclusion, while these three closely
ranked Scopus indexed journals in agricultural
and biological sciences operate in different
countries, there were similar characteristics
in terms of content and keywords, but there
were differences in citations, authors, and

academic collaborations which highlight the

diverse scholarly landscapes across different
nations. A clear pattern emerges that the
journal’s country of origin strongly influences
the predominant nationality of contributing
authors, as well as the global scholarly
network that thrives on regional academic
collaboration. At present, the analysis of
academic journals from a publisher’s
perspective remains constrained, leaving some
room for further research in this domain among
the large number of bibliometric analysis in
current scholarly publications. Therefore, there
may still be opportunities for researchers for

deeper analyses of publishing practices.
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Abstract: Thai word segmentation is an important method used
that is in several document analysis applications. Dictionary-based
techniques are popular for Thai word segmentation because
of their high accuracy. However, these techniques are prone to
errors, especially when some words are not in the dictionary.
A solution to this problem is to add more vocabulary to the
dictionary. Moreover, traditional techniques cannot be applied
to segment misspelled words. Therefore, this research proposes
a new Thai word segmentation method that replaces Thai
letters with English letters. Replacing the English alphabet (REA) is
a novel approach for generating short English character sequences
using various formats with the same Thai writing structures. This
approach improves the accuracy of Thai word segmentation, thus
increasing the accuracy of Thai text classification and sentiment
analysis. An evaluation is performed using Thai social media
messages and Thai post comments on Pantip. These datasets
are labeled by their sentiments (positive, neutral, or negative).
The performance of the REA approach with the TF-G and RF
techniques is better than that of the other methods, and the
experimental results may be acceptable upon comparison with

those of earlier well-known studies.
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1. Introduction

In English, each character is written on
the same level, and each word is separated
by a space. In Thai, however, word boundaries
are not indicated. Thai words are processed
correctly according to linguistic principles.
According to related research, Thai word
cutting methods has been developed over a
long period of time. The related approaches can
be divided as follows: rule-based techniques
(Charnyapornpong, 1983), dictionary-based
techniques (Poovorawan & Imarom, 1986;
Sornlertlamvanich, 1993; Urathammakul &
Runapongsa, 2006), statistical-based techniques
(Kawtrakul, Thumkanon, & Seriburi, 1995;
Meknavin, Charoenpornsawat, & Kijsirikul, 1997;
Kooptiwoot, 1999; Mahatthanachai et al,
2015), and machine learning-based techniques
(Chaonithi & Prom-on, 2016; Kittinaradorn et al.,
2019; Kongyoung, Rugchatjaroen, & Kosawat,
2018; Sunkpho & Hofmann, 2020; Tapsai
et al., 2021; Soisoonthorn, Unger, & Maliyaem,
2023). These 4 types of methods provide

relatively high word separation efficiency.

Dictionary-based techniques for Thai
word segmentation (Poovorawan & Imarom,
1986; Sornlertlamvanich, 1993) are the most
popular segmentation techniques because of
their high accuracy (90-99%); however, they
have several major limitations. For instance,
the longest matching technique is prone to
errors when words are not in the dictionary.
A solution to this problem is to add words to
the dictionary (Urathammakul & Runapongsa,

2006), but this approach expands the

dictionary. In addition, the available techniques
presented in several studies are complex and
require large corpora for learning (Kawtrakul,
Thumkanon, & Seriburi, 1995; Meknavin,
Charoenpornsawat, & Kijsirikul, 1997;
Kooptiwoot, 1999; Mahatthanachai et al,
2015; Chaonithi & Prom-on, 2016;
Kittinaradorn et al., 2019; Kongyoung,
Rugchatjaroen, & Kosawat, 2018; Sunkpho
& Hofmann, 2020; Tapsai et al., 2021;
Soisoonthorn, Unger, & Maliyaem, 2023).

The state-of-the-art word segmentation
methods employ deep learning, which can
learn from both data and mistakes. As an
approach that uses convolutional neural
networks (CNNs), Deepcut (Kittinaradorn et al.,
2019) is a prominent Thai word segmentation
method that has demonstrates an experimental
accuracy of 96.57% and an F-score of 96.34%.
Attacut (Chormai, Prasertsom, & Rutherford,
2019) is an improved version of Deepcut that
combines character and syllable embeddings
as characteristics. To achieve increased
overall accuracy, the authors of (Boonkwan
& Supnithi, 2018) combined models for both
tasks to perform word segmentation and POS
tagging. First, word boundaries are generated,
and they subsequently serve as inputs for
tagging. The next layer uses bidirectional
recurrent neural networks (RNNs) to integrate
the character-level n-gram characteristics with
their surrounding contexts. In terms of the
F-score metric, the accuracy of their approach
exceeded 90%. In addition, the most recent
state-of-the-art methods use sparse

distributed representations (SDRs) (Soisoonthorn,
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Unger, & Maliyaem, 2023). Two techniques
are employed. 1) THDICTSDR improves the
dictionary-based approach by utilizing SDRs to
learn the surrounding context and combining
this step with n-grams to select the correct
word; and 2) THSDR uses SDRs instead of
a dictionary. The results of an experiment
revealed that this technique attained better
performance than that of other approaches,
with an F-score of 96.78% for learning all
words. It could also achieve an F-score of
99.48%, which is higher than that produced

of Deepcut when all sentences are learned.

However, traditional techniques
cannot be employed to solve misspelled
word problems. For example, a Thai social
media message, “Hoslumiesziser” (Wisesight
Sentiment Corpus, 2019), can be correctly
translated to “You have to g¢o buy it”. The
misspelled words are “@%” and “1583”, which
have no meaning. The correct words are
“Ug”, which is “a particle used at the end of
a clause to show that it is a command or an
entreaty (imperative mood)”, and “158”, which
means “you”. Another example is “lU999)
WisuUy” (Wisesight Sentiment Corpus, 2019),
which can be correctly translated to “Let us
go. Save money for a while”. The misspelled
words are “ifi1”, “@1”, and “wUy”, which
are meaningless, and the correct words are
“Lﬁ‘u”, “fap”, and “wiu”, which mean “save”,
“money”, and “for a while”, respectively.
Such misspelled words cannot be segmented
using traditional techniques. This problem
results in decreases in the classification and
sentiment analysis accuracies attained for Thai

text. This is because word segmentation is an
important preparation step for classification

and text sentiment analysis tasks.

Therefore, to address this problem, this
study proposes replacing the English alphabet
(REA) for Thai word segmentation by replacing
the Thai alphabet with the English alphabet
through several term weighting techniques.
The remainder of this work is structured as
follows. Section 2 includes a review of the
literature, Section 3 describes the datasets
used in this study, and Section 4 describes
the research methods. Section 5 contains the
experimental results and a discussion. Finally,

in Section 6, the conclusions are presented.

2. Literature Review

2.1 Thai Word Segmentation

Several approaches have been
proposed for Thai word segmentation.
Currently, the most popular techniques used
in word processing cases for classification
and sentiment analysis are techniques that
solve the problem concerning words that do
not appear in dictionaries and deep learning
techniques (Esichaikul & Phumdontree, 2018;
Eamwiwat et al., 2019; Pitichotchokphokhin
et al., 2020; Thong-iad & Netisopakul, 2020).
Both types of techniques use the segmentation
method of the PyThaiNLP module with the
newmm engine and the Deepcut engine. The
new maximum matching technique (newmm)
identifies a sesmented result that contains all
possible words and chooses the segmented

text with the least number of words; this
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technique was developed further in research
conducted by Virach Sornlertlamvanich
(Sornlertlamvanich, 1993) by adding words
that did not appear in the dictionary. For
example, in the text “u18nduTIU” (meaning
“Boss goes home”), when using the newmm
technique, the word segmentation outcomes
are (1) “Uen/dU/0U” (“Prime minister/secret/
home”), (2) “W1e/nau/Uu” (“Boss/go back/
home”), and (3) “ung/ndutinu” (“Boss/go
home”). Thus, the word segmentation result
for this text is “W18/naUTIU”. In the case in
which all segmentation results have the same
number of words, the algorithm chooses the
word segmentation result with the longest
matching method. The Deepcut technique
involves the use of a Thai word segmentation
library constructed via the deep neural
network (DNN) technique (Kittinaradorn et al.,
2019) (trained on the BEST corpus containing
articles, novels, news, and encyclopedias
(Kosawat et al., 2018)). This technique assigns
tags to characters: (“N, ¥, %, A, 4,3, 9, %, 4, 4,
0,89 M 0,000 %5 WU U { N0 Y,
o, 8,9, 8,73 f 9 d %W and8” with “c”), (“A,
2, W, W, &, 9, and 8” with “n”), (“ &7, ...,
Y 1, and™” with “v”), (“, &, 1, 1, and 17 with
), (777 and™ with “t”), (““¢ , and %1”
with “s”),(“0,1,2,3,4,5,6,7,8,9,0, 0, b,
o, & & o, ¢, @, and «” with “d”), (“ “ and °
“with “g”
f,e,hijkmmnopqrstuvwx
y,and z” with “s e”), (“A, B, C, D, E, F, G, H,
L), KLMNOPQRSTUVWXY,
and Z” with “b_e”), and (other with “0”) to

conduct learning in the text corpus (n-gram

adata

« ”

W

), (space with “p”), (“a, b, ¢, d, e,

characters with their tags). For example, in the
text “U1BNAUTIU” (which means “Boss goes
home”), when using the Deepcut technique,
the word segmentation result is “u18/ndu
U1U” (“Boss/go home”).

2.2 Thai Text Classification and
Sentiment Analysis Techniques

In past studies, TW and machine
learning (ML) techniques were employed in
Thai text classification research. The BoW
and TF-IDF techniques have been popularly
utilized to classify Thai text from various
datasets. For example, in (Inrak & Sinthupinyo,
2010), the authors combined singular value
decomposition (SVD) with the BoW and
TF-IDF techniques for FE and employed the
decision tree (DT), naive Bayes (NB), support
vector machine (SVM), and k-nearest neighbor
(k-NN) techniques for emotion classification
using 200 sentences acquired from the
internet; an accuracy of 0.90 was attained. In
(Chirawichitchai, 2014), the authors combined
the BoW, IF-IDF, and TF techniques for FE
with the SVM, NB, DT and k-NN techniques
to classify Thai text derived from 1,800 Thai
web board posts, and they found that the
BoW technique with an SVM was the most
accurate approach, with an F-score of 0.779.
In (Charoensuk & Sornil, 2018), the authors
applied TF-IDF to the part-of-speech tagging
(PoS) technique and combined it with the DT,
SVM, and multinomial NB (MNB) techniques
for classifying the sentiments of Thai text
extracted from 2,770 Thai customer reviews,
and they found that the SVM technique had
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the highest F-score of 0.946. In (Hemtanon
& Kittiphattanabawon, 2019), the authors
employed the BoW technique for FE with
the NB and SVM techniques to classify major
depressive disorder (MDD) from 1,500 Thai
Facebook posts and found that the SVM
technique was the most accurate method,
with an F-score of 0.94. In (Vichianchai &
Kasemvilas, 2021), the authors combined the
BoW, TF, and IF-IDF techniques; the TF-ICF and
TF-G techniques for FE; and the DT, NB, SVM,
random forest (RF) and multilayer perceptron
(MLP) methods to classify Thai text from 2,987
clinical records and 644 Thai customer reviews
and found that the RF technique was the
most accurate method for classifying suicide
risk, with an F-score of 0.975.

3. Datasets

In this study, we use two datasets to
evaluate the performance of our proposed
technique. 1) The first dataset is a Thai social
media dataset containing 25,769 messages,
including dictionary words, misspelled words,
translations, and nouns. We remove 575

question sentiment messages and 393
numeric messages, emoji symbols and English
character messages. This dataset is in the
public domain under the Creative Commons
Zero v1.0 universal license (Wisesight Senti-
ment Corpus, 2019). 2) The other dataset
concerns Thai post comments on Pantip and
includes 6,306 posts; Pantip is a popular Thai
web board. This dataset includes dictionary
words, misspelled words, translations, and
nouns. We remove 151 numeric messages,
emoji symbols and English character messages
(Text Classification Corpus, 2021). Finally,
these datasets are summarized and shown
in Table 1.

4. Methodology

The proposed research methodology
consists of four main processing steps. These
methods include replacing the English alphabet
for Thai word segmentation, term weighting, a
conceptual framework, and determining the
experimental settings. Each step is presented

in more detail as follows.

Table 1.  Class summary of the datasets
Number of messages
Class Thai social media messages Thai post comments from
Pantip
Positive 6,715 385
Neutral 14,371 5,521
Negative 4,683 400
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Figure 1. Levels of Thai word writing for “n15i5eusidudsddey”

4.1 Replacing the English Alphabet
for Thai Word Segmentation

In this section, we explain the algorithm
for replacing the English alphabet (REA) to
perform Thai word segmentation. There
are four levels of Thai writing and syllable
structures (see Figure 1): level 1 consists of

Wy w'y Wy &y

S Ergnd “ level 2 consists of €7,
{F ”» ‘tﬁ » Ktﬂ b K(U)Y (F ”»

) ) ’ ’

143 ”» “ ”» “l» “l» “y» 143 ” 143 ”»
of “n-8”, “9-07, “1”, “17, “v7, “u”, “v”,

and “°”; level 3 consists

“q «17 497 and “1”; and level 4 consists
of 7 and 7. Thai words must be written in
a specific order, starting at level 3 and
followed by levels 4, 2, and 1 (Vichianchai,
2014). An example is, “msEeufifudsdn”

(meaning “Learning is important”).

The concepts of the proposed Thai
word segmentation method are derived from
the order of the writing levels of Thai words
and their syllable structures. Our new method,
REA, can generate short strings of English
letters from a variety of formats that have

the same Thai writing and syllable structures.

REA is a method that replaces 70
Thai letters (i.e., 46 consonants, 17 vowels,

4 tones, and 3 others) with 17 English letters,
as shown in Table 2. REA letters can be
combined to represent Thai words and reduce
the use of written Thai words; for example,
(1) “cc” can be used as a substitution for the
following words: “wu” (meaning “found”)
and “au” (meaning “delete”). (2) “ccc” can
be used as a substitution for the following
words: “vuu” (meaning “dessert”) and “nay”
(meaning “round”). (3) “cAc” can be used
as a substitution for the following words:
“n15” (meaning “things or things to do”),
“971U” (meaning “work”) and “11n” (meaning
“a lot”). In addition, the REA patterns are
derived from Thai words and transliterated

words that include ¢”

, namely, (1) “VcccR”
can be used as a substitute for the following
words: “inugl” (meaning “criterion”) and
“Lwas” (meaning “number”); (2) “cuccR”
can be used as a substitute for the following
words: “Wus” (meaning “breed”) and “@uwn”
(meaning “stanza”); and (3) “VcAcR” can be
used as a substitute for the following words:
“1@13” (meaning “Saturday”) and “w11”

(meaning “South”).
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Table 2.

English letters that replace Thai letters in REA

English alphabet using REA

Thai alphabet

C (A TNV 5 R R TN T > R VR T O . O VR VR R A 1 A AR PR TR T
W, W, W W, 0, 0,8, 0, 9,8, 6, W, 8, %, %6, 9, 8, f), and A
a g
A 1 andn
“and
o -
£ -
v ,and,
\Y band b
o 1
I land1
J o
U °w
R P
T <
t Y and
Y i
L °

The method proposed in this research
utilizing REA for Thai word segmentation is

based on Figure 2.

Figure 2 shows the process of
segmenting Thai words with REA, which is

described as follows:

1. First, REA letters are loaded into
an REA array.

2. The REA format is used for
comparing sesmented Thai words and consists
of 1314 patterns, such as cAc (i.e., “w18”,
“U”, and “914”, ccuc (ie., “NdU”, “nau”,
“bian”, and “we”, and ctAc (e, “Unu”,
“U1g”, and “818”).

3. The Thai text that needs to be
seemented and the Thai letters replaced with

English letters are read according to Table 2.
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Read REA alphabets to REA array

¥

Enter Thai sentence

|

alphabets

Replace Thai alphabets to English

3

array

Compare English alphabets with REA

Yes

No |Remove the end alphabets of
English alphabets

Thai alphabets

Convert English alphabets back to the

Are there any English
alphabets left?

Yes

Shown the result of Thai word
segmentation

Figure 2. Process of Thai word segmentation with REA

4. The letters replaced in step 3 with
the REA letters are matched. If they match,
those letters are converted back to the Thai
letters in the previous text. Otherwise, the
end letters of the English letters are removed
and compared until the text can be

compared. This process is repeated to compare

the remaining English letters against the REA
letters until the entire word is segmented.

The following examples involve the
word segments in the sentence “U1enauiu”
(meaning “Boss goes home”), as shown in
Table 3, which yield “ung/ndu/Unu” as the

word segmentation result.
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Table 3.

Example of Thai word segmentation with “wignautiu”

English letters must Results Segmented Thai letters English letters cut
be replaced by word comparison words cut off from off at the ends of
segments with REA compared to the end of the sentences
REA words sentence
cAcccucctAc No U C
cAcccucctA No U CtAc
cAcccuc No yUu cctAc
cAcc No futnu cucCtAc
cAc No AAUTU ccucctAc
cAc Yes cAc (“uny”) ccucctAc
(Will be compared to
segment words)
ccucctAc No U C
ccucctA No U ctAc
ccuc Yes ccuc (“nau”) CtAc
(Will be compared to
segment words)
ctAc Yes ctAc (“U1u”) There is no text left

to be segmented. The
word segmentation
results are shown

4.2 Term Weighting

The term weighting (TW) technique
is a well-known preprocessing step for text
classification in which appropriate weights are
assigned to each term in documents with a
feature vector structure to achieve improved
text classification accuracy. The TW technique
is employed in research to classify text as
follows: 1) bag-of-words (BoW) is a technique
for extracting features from text by weighting
an index term found in a sentence as 1 and
an index term not found in a sentence as

0; 2) the term frequency-inverse document

frequency (TF-IDF) is the number of words that
appear in a document divided by the total
number of words in the document; 3) the term
frequency-inverse corpus frequency (TF-ICF)
is the inverse of the document frequency
in each group of terms being considered
and the total number of documents; 4) the
term frequency and inverse gravity moment
(TF-IGM) modifies and improves the TF-IDF;
and 5) the term frequency with Gaussian (TF-G)
techniques finds the weights of terms from the
log values of the reviewed term frequencies

multiplied by the distribution value of the
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Figure 3. Conceptual framework of this research

terms in the reviews of each class (Chen
et al., 2016; Dogan & Uysal, 2019; Vichianchai
& Kasemwvilas, 2021).

4.3 Conceptual Framework

The conceptual framework (see
Figure 3.) includes an input, a process, and
an output. In this research, we use the
datasets from Section 3 as the input data for
the processing steps, which include Thai word
segmentation, term weighting, and sentiment
analysis via machine learning to predict three
classes of outcomes (positive, neutral, and
negative). Each step is presented in more
detail as follows.

In this research, we compare the
proposed Thai word segmentation technique
(REA) with other popular techniques (newmm
and Deepcut) in text sentiment analysis cases
because the latter techniques are the most
popular word processing methods for Thai
text classification and sentiment analysis
(Esichaikul & Phumdontree, 2018; Eamwiwat
et al., 2019; Pitichotchokphokhin et al., 2020;

Thong-iad & Netisopakul, 2020). In addition,
newmm is a state-of-the-art Thai word
segmentation method based on dictionaries,
and Deepcut is a state-of-the-art Thai word
segmentation method based on machine
learning. This step imports datasets for word
segmentation by processing each technique
and then uses the results produced by each
word segmentation technique to find weights

in the term weighting step.

The term weighting step takes the text
obtained from the Thai word segmentation
task by deriving the term weights from the
following techniques.

1) BoW: Determining the weights of
terms contained in the text yields a weight
of 1 for words that are found in the text and
a weight of 0 for words that are not found
in the text.

2) TF-IDF: A phrase is identified by
multiplying its frequency in a message by its
log value over a group of messages in the

dataset.
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3) TF-ICF: The weights of terms are
calculated based on the log values of the
term frequencies in a message, where each
class of terms is considered, and the total

number of messages.

4) TF-IGM: The term weights are
determined by multiplying the inverse
gravitational moment of the interclass message

frequency counts by class-specific counts.

5) TF-G: The weights of terms are
calculated by multiplying the log value of a
term’s frequency in a message by the term’s

distribution value in each class’s messages.

The final step is to import the term
weights and sentiment classes (positive,
neutral, and negative) into each machine
learning technique. We select popular
machine learning techniques from Section 2.2,
including MNB, an SVM, an RF, and an MLP.

To summiarize, in this step, we design
two main experiments: 1) comparing the
performance of the newmm, Deepcut, and
REA techniques for Thai word segmentation;
and 2) comparing the performance of Thai
word segmentation techniques (newmm,
Deepcut, and REA) and TW techniques (BoW,
TF-IDF, TF-ICF, TF-IGM, and TF-G) with that
of ML techniques (MNB, SVM, RF, and MLP)
for Thai text sentiment analysis. Here, the
precision, recall, F-score, and processing time
metrics are used to evaluate the Thai word
segmentation performance achieved by each
method. The precision, recall, F-score, and

root mean square error (RMSE) metrics are

used to evaluate the Thai text classification
performance of each approach (Forman,
2003).

5. Results and Discussion

5.1 Results

5.1.1 Thai Word Segmentation
Results

To evaluate the efficiency of the
tested Thai word segmentation approaches,
we employed a word counting method. A
segmentation example involving the text, “Nu
Jusasualuineu”, which can be correctly
written as “WNdusnEURlUYINIL” (meaning
“| drive a car to work”), is provided as follows.
(1) The Thai word segmentation results
obtained using the newmm technique were
“ea31/Fus0/8un/lU/AM 97, giving true-positive,
false-positive, and false-negative values of 4
(“N?,J”,”‘?JIUSQ”,”IU”, and “‘VT'N’HJ”), 0, and 1
(“8un”), respectively. The precision, recall,
and F-score were 1.00, 0.80, and 0.8889,
respectively. (2) The Thai word segmentation
results obtained using the Deepcut technique
were “Wi/Au/s0/ous/lU/ H/au”, vielding
true-positive, false-positive, and false-negative
values of 6 (“wu”, “du”, “sa”, “lU”, “¥i”,
and “91u”), 0, and 1 (“8un”), respectively.
The precision, recall, and F-score were 1.00,
0.8571, and 0.9231, respectively. (3) The Thai
word segmentation results obtained using
the REA technique were “na/4v/ sasun/lu/
Y9147, yielding true-positive, false-positive,
and false-negative values of 4 (“Wy”, “qu”,
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“1U7, and “¥9u”), 1 (“sasun”), and 0,
respectively. The precision, recall, and F-score
were 0.80, 1.00, and 0.8889, respectively.

The correct word segmentation re-
sult for this text is “na/du/saeun/lu/svineu”,
(“l/drive/car/go/work”). The Thai word
segmentation results obtained with the REA
technique were more accurate in terms of
recall than those of the newmm and Deepcut

techniques.

Table 4 shows that the REA technique for
Thai word segmentation was more accurate

than the newmm and Deepcut techniques

for Thai social media messages (negative,
neutral, and positive). REA obtained recall
and F-score values of 0.9553 and 0.9367,
respectively. Additionally, the proposed Thai
word segmentation method was faster than
the newmm and Deepcut techniques were,
with an average time requirement of 0.35
seconds per message. On the other hand,
the newmm technique had the highest
precision—0.9357—for word segmentation.
The proposed method (REA) has higher accuracy
than the newmm and Deepcut techniques
because the 1,314 patterns covered a wide

range of written Thai words.

Table 4.  Thai word segmentation results
Thai word segmentation Precision Recall  F-score Average time processing
techniques (second)
Newmm 0.9357 0.8979  0.9112 0.41
Deepcut 0.9177 0.8652  0.8932 21.58
REA 0.9197 0.9553  0.9367 0.35

Table 5.  Thai text sentiment analysis Results
Thai social media messages Thai post comments on Pantip
Techniques

Precision Recall F-score RMSE Precision Recall F-score RMSE
newmm-+BoW+MNB 0.510 0.519 0.512 0276 0.560 0569 0562  0.277
newmm +TF-IDF+MNB 0.539 0.537 0537 0.272 0.589 0.587 0587 0.273
newmm +TF-ICF+MNB 0.319 0.323 0.319  0.323 0.369 0.373 0369 0.324
newmm +TF-IGM+MNB 0.507 0.516 0510  0.276 0.557 0566 0560  0.277
newmm +TF-G+MNB 0.455 0.463 0.459  0.298 0.505 0513 0509  0.299
newmm +BoW+SVM 0.510 0.495 0.495  0.287 0.560 0.545 0545  0.288
newmm +TF-IDF+SVM 0.527 0.505 0.507  0.276 0.577 0.555 0557  0.277
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Table 5.  Thai text sentiment analysis Results (cont.)
Thai social media messages Thai post comments on Pantip
Techniques

Precision Recall F-score RMSE Precision Recall F-score RMSE
newmm +TF-ICF+SVM 0.818 0.793 0.797 0178 0.868 0.843  0.847  0.179
newmm +TF-IGM+SVM 0.493 0.477 0.477 0.287 0.543 0.527 0.527 0.288
newmm +TF-G+SVM 0.870 0.846 0.848  0.172 0.920 0.896  0.898 0.173
newmm +BoW+RF 0.548 0.474 0.469 0.286 0.598 0.524 0.519 0.287
newmm +TF-IDF+RF 0.491 0.418 0.387  0.296 0.541 0.468  0.437  0.297
newmm +TF-ICF+RF 0.903 0.870 0.874 0.165 0.953 0.920 0.924 0.166
newmm +TF-IGM+RF 0.573 0.512 0.516 0.286 0.623 0.562 0.566 0.287
newmm +TF-G+RF 0.923 0.898 0.901 0.163 0.973 0.948 0951 0.164
newmm +BoW+MLP 0.479 0.475 0.475 0.294 0.529 0.525 0.525 0.295
newmm +TF-IDF+MLP 0.445 0.449 0.424 0.296 0.495 0.499 0.474 0.297
newmm +TF-ICF+MLP 0.447 0.456 0.448 0.295 0.497 0.506 0.498 0.296
newmm +TF-IGM+MLP 0.480 0.477 0476 0297 0.530 0.527 0526  0.298
newmm +TF-G+MLP 0.482 0.478 0.477 0.297 0.532 0.528 0.527 0.298
Deepcut+BoW+MNB 0.460 0.474 0.458  0.297 0.510 0.524 0508  0.298
Deepcut+TF-IDF+MNB 0.491 0.491 0.491 0.297 0.541 0.541 0.541 0.298
Deepcut+TF-ICF+MNB 0.332 0.337 0.334  0.332 0.382 0.387  0.384  0.333
Deepcut+TF-IGM+MNB 0.457 0.474 0.459 0.296 0.507 0.524 0.509 0.297
Deepcut+TF-G+MNB 0.430 0.442 0.430  0.296 0.480 0.492  0.480  0.297
Deepcut+BoW+SVM 0.462 0.449 0.450 0.296 0.512 0.499 0.500 0.297
Deepcut+TF-IDF+SVM 0.524 0.516 0.516  0.276 0.574 0.566 0566 0277
Deepcut+TF-ICF+SVM 0.913 0.905 0.906 0.163 0.963 0.955 0.956 0.164
Deepcut+TF-IGM+SVM 0.469 0.456 0.456  0.286 0.519 0.506 0506  0.287
Deepcut+TF-G+SVM 0.921 0.912 0.913 0.163 0.971 0.962 0.963 0.164
Deepcut+BoW+RF 0.503 0.474 0.467  0.286 0.553 0.524 0517  0.287
Deepcut+TF-IDF+RF 0.520 0.439 0.417 0.286 0.570 0.489 0.467 0.287
Deepcut+TF-ICF+RF 0.931 0.912 0914  0.161 0.981 0.962 0964  0.162
Deepcut+TF-IGM+RF 0.505 0.474 0.472 0.286 0.555 0.524 0.522 0.287




Thai Word Segmentation using a Replacing the English Alphabet Approach...

Vuttichai Vichianchai, Sumonta Kasemvilas

171

MsTInemsasaunaLazinaluladuszend, 6(2): 2567

Journal of Applied Informatics and Technology, 6(2): 2024

Table 5.  Thai text sentiment analysis Results. (cont.)
Thai social media messages Thai post comments on Pantip
Techniques

Precision Recall F-score RMSE Precision Recall F-score RMSE
Deepcut+TF-G+RF 0.940 0.926 0.927  0.159 0.990 0976 0977  0.160
Deepcut+BoW+MLP 0.470 0.467 0.467 0.286 0.520 0.517 0.517 0.287
Deepcut+TF-IDF+MLP 0.410 0.414 0392 0.299 0.460 0.464  0.442  0.300
Deepcut+TF-ICF+MLP 0.397 0.400 0.397 0.296 0.447 0.450 0.447 0.297
Deepcut+TF-IGM+MLP 0.469 0.463 0.461 0.294 0.519 0.513 0511  0.295
Deepcut+TF-G+MLP 0.477 0.470 0.470 0.295 0.527 0.520 0.520 0.296
REA+BoW+MNB 0.514 0.522 0.516 0.275 0.564 0.572 0.566 0.276
REA+TF-IDF+MNB 0.542 0.539 0.540 0.276 0.592 0.589 0.590 0.277
REA+TF-ICF+MNB 0.343 0.343 0.343 0.299 0.393 0.393 0.393 0.300
REA+TF-IGM+MNB 0.516 0.517 0.517 0.276 0.566 0.567 0.567 0.277
REA+TF-G+MNB 0.505 0.509 0.498 0.276 0.555 0.559 0.548 0.277
REA+BoW+SVM 0.518 0.499 0.499 0277 0.568 0.549 0549 0278
REA+TF-IDF+SVM 0.611 0.593 0.595 0.278 0.661 0.643 0.645 0.279
REA+TF-ICF+SVM 0917 0.915 0916  0.161 0.967 0.965 0966  0.162
REA+TF-IGM+SVM 0.497 0.481 0.481 0.279 0.547 0.531 0.531 0.280
REA+TF-G+SVM 0.927 0917 0918  0.157 0.977 0.967 0968  0.158
REA+BoW+RF 0.561 0.498 0.499 0.279 0.611 0.548 0.549 0.280
REA+TF-IDF+RF 0.584 0.507 0.531 0.278 0.634 0.557 0581  0.279
REA+TF-ICF+RF 0.935 0.920 0.919 0.157 0.985 0.970 0.969 0.158
REA+TF-IGM+RF 0.575 0.516 0.520 0.276 0.625 0.566 0.570 0.277
REA+TF-G+RF 0.945 0.930 0.929 0.153 0.995 0.983 0.979 0.154
REA+BoW+MLP 0.508 0.505 0.505 0.277 0.558 0.555 0.555 0.278
REA+TF-IDF+MLP 0.528 0.495 0.475 0.276 0.578 0.545 0.525 0.277
REA+TF-ICF+MLP 0.449 0.457 0.457 0.279 0.499 0.507 0.507 0.280
REA+TF-IGM+MLP 0.470 0.467 0.466 0.281 0.520 0.517 0.516 0.282
REA+TF-G+MLP 0.535 0.510 0.510 0278 0.585 0.560 0560  0.279
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5.1.2 Thai Text Sentiment
Analysis Results

The results of the sentiment analysis
experiment are shown in Table 5. The bold
numbers indicate that the precision, recall,
and F-score values of the other techniques
using REA were greater than those of the
other techniques using newmm and Deepcut
for Thai text classification. The REA and
TF-G algorithms with the RF technique were
the most accurate techniques for Thai text
classification, with higher precision, recall, F-score,
and accuracy values than those of the other
techniques based on 10-fold cross-validation.
The REA and TF-G algorithms with the RF
technique were the most accurate Thai text
sentiment analysis methods, with precision,
recall, F-score, and RMSE values of 0.945,
0.93, 0.929, and 0.153, respectively, for Thai
social media messages. The REA and TF-G
algorithms with the RF technique were the
most accurate Thai text sentiment analysis
methods, with precision, recall, F-score, and
RMSE values of 0.995, 0.983, 0.979, and 0.154,
respectively, for the Thai post comments on
Pantip.

5.2 Discussion Concerning Thai
Word Segmentation and Thai
Text Classification

Three main types of approaches have
been employed for Thai word segmentation,
including rule-based methods (Thairatananond,
1981; Charnyapornpong, 1983), dictionary-based
methods (Poovorawan & Imarom, 1986;
Sornlertlamvanich, 1993; Urathammakul &

Runapongsa, 2006), and methods that learn from

large Thai text corpora (Kawtrakul, Thumkanon,
& Seriburi, 1995; Meknavin, Charoenpornsawat,
& Kijsirikul, 1997; Kooptiwoot, 1999;
Mahatthanachai et al., 2015; Chaonithi &
Prom-on, 2016; Kittinaradorn et al., 2019;
Kongyoung, Rugchatjaroen, & Kosawat, 2018;
Sunkpho & Hofmann, 2020). These techniques
have been proven to provide high word
segmentation accuracy; for example,
rule-based techniques are 85-96% accurate
(Thairatananond, 1981; Charnyapornpong,
1983), dictionary-based techniques are
90-99% accurate (Poovorawan & Imarom,
1986; Sornlertlamvanich, 1993; Urathammakul
& Runapongsa, 2006), and learning techniques
are 79-97% accurate. Therefore, we chose
the newmm and Deepcut techniques
(Sornlertlamvanich, 1993; Kittinaradorn et al.,
2019), which have high Thai word segmentation
accuracy, for comparison with the REA

technique.

In our study, we employed a Thai
social media message dataset that was
suitable for experimentation because it
contains text with many misspelled words.
An example message from this collection
is “lug99 imdaudu” (Wisesight Sentiment
Corpus, 2019), which means “Let us go. Save
money for a while”. The misspelled words
are “1fin”, “@1”, and “uUu”, which have no
meaning, whereas “Lﬁ“u”, “ﬁdﬁ”, and “udu”

”» “

mean “save”, “money”, and “for a while”,
respectively. The results of the experiments
showed that the REA technique was more
accurate than the MM and Deepcut techniques

due to the following limitations.
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The limitations of the MM technique
are that the program can only segment words
contained in dictionaries. Misspelled words,
transliteration words and proper names
cannot be segmented by employing the MM
technique (Sornlertlamvanich, 1993). The
Deepcut technique is applicable for segmenting
Thai words because the program learns from
a large text corpus (Kosawat et al., 2018;
Kittinaradorn et al., 2019). Thus, ambiguous
words, transliterated words, and proper names
can be segmented if the utilized text corpus
contains those particular words. However,
misspelled words remain indecipherable for
this method because misspelled words are

not contained in the learned text corpus.

REA is capable of segmenting
misspelled words because the English
alphabet set is comprehensive and has a
similar writing-level syllable structure to that
of the Thai word set. For example, “1U999)
asawdU” (Wisesight Sentiment Corpus, 2019)
is a message with misspelled words. The Thai
word segmentation result obtained using the
newmm technique was “lU/¢99 / ARSIy
wl/U”, producing a true-positive value of 0.67.
The Thai word segmentation result obtained
using the Deepcut technique was “lu/¢) /9 /9
/ Ai/fauUy”, yielding a true-positive value
of 0.82. The Thai word segmentation result
obtained using the REA technique was “lU/¢|
/9 /9 Ai/@e/uUU”, providing a true-positive

value of 1.

Additionally, the proposed method
for Thai word segmentation was faster than

the newmm and Deepcut techniques for
text containing approximately 935 characters,
and in the experimental results, when the
number of characters exceeded 1,000, the
segmentation speed of the proposed method
was slower than that of the MM technique
because the proposed technique needed
time to convert Thai characters to English

characters (see Table 2).

REA can increase the accuracy of Thai
text sentiment analysis because accurate
word segmentation, which is an important
preparation step, solves the problem of
misspelled words, resulting in misspelled
words not being seemented into other words
and possibly having incorrect meanings. We
observed that the true-positive rates produced
by the newmm and Deepcut techniques
decreased, which resulted in inaccurate word
weights in the vectors and reduced text

classification accuracy.

The REA and TF-G methods with the RF
technique were the most accurate method for
analyzing the sentiments of Thai social media
messages and Thai post comments on Pantip
because TF-G is a technique that calculates
word weights from the distribution of words
in each category, whether they are misspelled
or correct (Vichianchai & Kasemvilas, 2021).
The RF technique adds multiple trees and
divides the features of each tree according to
its specific features to increase the diversity
and independence of each tree. In addition,
an RF is a technique that reduces the
overfitting caused by the use of many features
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in DTs and achieves improved accuracy;
this technique is flexible when applied to
classification and regression problems, and it
can work well with categorical values (Horsuwan
et al., 2019; Wongpatikaseree et al., 2021).

6. Conclusion

This research aimed to develop a
new Thai word segmentation method. REA is
a novel approach for generating short English
character strings in various formats so that
they have the same Thai writing and syllable
structures. The proposed method is better at
segmenting Thai words, especially misspelled
words, than competing approaches.

Therefore, the proposed technique
is more appropriate for performing Thai word
segmentation on documents that contain
misspelled words. Presently, we often find
articles with misspelled words, such as social
media messages, news content, and web-based
messages. The proposed Thai word
segmentation method was faster than
the newmm technique for addressing text
containing approximately 935 characters.
Additionally, the REA technique can enhance
the accuracy of Thai text sentiment analysis,
especially for Thai texts with many misspelled

words.

Although REA can represent Thai words
for word segmentation comparisons, it may
not be possible to segment future Thai words
using the current REA construction rules.

Due to the limitations of our
framework, the diagnosis process focused

only on misspelled words. In a future study,

the proposed framework can be extended
to word processing and correcting misspelled
words to improve text before it is sent,
enabling the TW and ML techniques to
perform Thai text classification and sentiment

analysis tasks.
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Abstract: The research aimed at 1) developing an online exhibition through inquiry-based
learning management for Book Fair at Academic Resource Centre, Mahasarakham University
case study, 2) evaluating the quality of the online exhibition, and 3) studying the visitors’
perception towards the online exhibition through inquiry-based learning management. By
using Krejcie and Morgan table to determine the sample size, there were 132 Mahasarakham
University students participating in the study. The research tools included 1) the online
exhibition through inquiry-based learning, 2) the questionnaire for experts regarding the
quality of the online exhibition, and 3) the questionnaire for visitors’ perception towards
the online exhibition based on the principles of inquiry-based learning. The research findings
indicated that the online exhibition using inquiry-based learning management consists of
1) the aspect of engagement, 2) the aspect of exploration, 3) the aspect of explanation,
4) the aspect of elaboration, and 5) the aspect of evaluation. The exhibition was presented in
a three-dimensional virtual reality format where visitors could experience the content of the
online exhibition by navigating through the virtual world as if they were walking through an
actual exhibition. The evaluation results of the online exhibition’s quality were at excellent
level with the mean value of 4.61. The students’ perceptions when visiting the online
exhibition was at high level with the mean value of 4.35. It indicated that the online
exhibition could convey its content and story very well. It also allowed visitors to have
interactions through chats, conversations, virtual walking in a 3D virtual reality, and freely
explore the desired content that were presented in the forms of videos, images, texts,
and live broadcasting. This could greatly enhance visitor’s perception and create new

experience for them.
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Abstract: The objectives of this research were to: 1) Design and develop artificial intelligence
system model for cooperative organic farming (AI-COF). 2) To develop a model for measuring
and analyzing factors in organic agriculture cultivation using NB-loT. 3) To develop an
application for producers and consumers of organic products. Tools and methods for
developing a geographic information system are applied in the spiral model of system
development life cycle. The system user group consists of the Phetchaburi Cooperative
Organic Farming Network Agricultural Group. The research results were as follows: 1) the
Al-COF is a combination of electronic sensors. There are 3 parts. (1) Measurement and analysis
tools for organic agriculture cultivation factors with NB-loT. (2) Temperature and humidity
sensor kit and camera for plant growth monitoring. (3) The application for producers and
consumers of organic agricultural products serves as a storefront for purchasing products
and allows consumers to request specific vegetables to be grown. 2) Evaluation the model
quality of the AI-COF. (1) The efficiency of the participatory organic agriculture cultivation Al
system model is high, with an average level of 4.13 and a standard deviation of 0.54. (2) The
efficiency of the measurement and analysis tools of planting factors with NB-loT was at a
high level with an average level of 4.18 and a standard deviation of 0.57 (3). Performance of
the application for producers and consumers is at a high level with an average level of 3.55
and a standard deviation of 0.64. (4) Benefits to use in cultivation is at a high level with an
average level of 4.18 and a standard deviation of 0.54. (5) Benefits to organic farming groups
is at a high level with an average level of 3.76 and a standard deviation of 0.55 and the
overall quality in every aspect is at a high level with an average level of 3.96 and a standard
deviation of 0.57. The research results of the artificial intelligence system for participatory
organic farming can be applied to groups of farmers who produce other types of crops in

order to meet the needs of consumers.
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1. Import cv2 library
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cv2.inRange()
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1. Import plantcv library

2. BunldilaAtusrunin pev.

readimage()

3. Bynlaantuwlasninann Awa
91N RGB2GRAY pvc.rgb2gray lab()

4. 3enlgNInTUNTBIN MU IUATINNS
Wasulasruduvesinga pvc.laplace
fillter()
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Fnu x pcv.scharr_filter(img=gray img, dx=0,
dy=1, scale=1) uag s¥AUALNU y pcv.scharr
fitter(img=gray img, dx=0, dy=1, scale=1)

6. Sunldilsiduasnanmwluun3annam
Ammuaunast WmneTaganunsassydu
fiavioansla pvc.threshold.binary(img=gray img,
threshold=128, object type=light)

7. SunlgentumruaungIunfoang

pvc.roi.rectangle()

8. Funldilsitunsesing (wouwmi
Fousevesinwaiilsldqud) meluveuwniianls
dnfnguatuluswoumndiadlaviesiungi
Tiudeutuveuwaiiaula pvc.roifitter)

9. FonlgilenduniTitasizivuInuay
JUTIzRansRuaL TR avd MmUY Wwha
Tu 7@ umagsu pvc.analyzesize ()

10. Juiingun ik wim e iiveSen
Au Ul
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2.4 nunsn (Node-RED)

Tnuaisn (Node-RED) (Node-RED, 2022)
Fadudunoundiatu dwsudeudeiugunsal
813015 (Application Program Interface: API) ag
anansaeulusunsuluguuuunmiadunienis
1911 (Flow Chart) thlddssandldanuriussuy
gunsal IoT lWn1w191aa3ud (JavaScript) Tu
ila client uaz Node.js Ju open-source ey
cross-platform JavaScript runtime environment
Tutla server 1 2 dw (1) duuilallafuuurives
filtnesdemsidenselnaiadunsiauiy
Tyunginds (nodes) Fafivanglvunddsiianins
Senlildanuisaeiasie (palette) Ao Tnun
FdadanannsTay (Common time stamp)
Tnumilsrdumioudisdoya (Query Function)
Iﬂumﬁﬁﬁ'ﬂLﬁﬁauﬁagﬂu%’auﬂa (Data base storage)
Tnunidensionisdadeyadoans (Modbus) Tvua
nsuanidayanuLAtUesa (Dashboard) uay
Tnuanaidousefunesndunm tednm (GPIO
Raspberry Pi) lne3duleld node-red Tuns
Wigetadian1sinzUgn Wy Argungil A1
Ay Arsmesludu Tnegldaunsaden
aAldr U Iwes

2.5 ﬂi%‘U?Uﬂ’]iﬁﬁuu’ﬁSUUﬁqiﬁuLﬂﬂ
(System Development Life
Cycle: SDLC)

NILUIUNITHRAIUNTLUUAITAULNA
(System Development Life Cycle: SDLC) Uy

\ndeseu (Spiral) ddnwauznsviauduneas
wiazsauazfmuaTuReuSeTEE AR LY
laflgfmuamed Saduguuuuiifenld feiins
NAADILTTYUUMTAUYA LaTIAADUAMN TNTEUY
4 4umeu (Kromkroam, 2009) (1) 43R5
(Analysis) Lagaaniuu (Design) Anwiaudu
1Ul§ (Feasibility Study) lme@nsoUszauanu
asiuiiluvanadotianensdunad 2 wia
ntusenku @onuedn NB-loT fwanyauiu
wiazulasmzlan (2) fustann (Construction)
waznsinsa (nstall) Tnefadaszuunistiiades
AR inuar e endademsinzUgniiununs
BuN3d My NB-oT detayanan1snTIadnsien
KAt IeBumesiinnduesousivisvasnny
Ane1n1390ms (3) Tunnaes (Experimental) wae
aeu (Testing) Wnenansyuulunaaesiungy
feg LileUstIiluguA MR ISTUUATALNSA
uae (4) USuusvinsadnmsyuu (Maintenance)
wazthdelauouuzannguieg1siiuinnass
Tusulsazdaindugiionislinusely

3. YBULANISIAY

1. younduiulsiasiion mside
Tuadal fiteldnmsidonuumamenssuasUseidiu
A meuUUsTUUTR st Rugiien sz Ugn
WNEATBUNTIRUUTAIUTIN 8T INTNIT
Wansvuvansawmna iavUssliunmnInues
sEUUAmsAUmNe AamdnnisienseUszay

LY
U

o duuuszuulnauseivg Lﬁamimwwgﬂ
neRTBunIdLUUddmIIm

. Bomaiauariineidedunisimizugn
WUnensBUNd Mo NB-loT

o uaUndintugndniazguilaadudiinuns
un3e

>
» ()
>

Aunmszuulgausedvg iienisinizdgn
LNWATOUNS DU UTIEIUT I
AMUINADY
Y
o Anula/ gy
o UselgrumpnIsUSUISIANITIAS TN
LNEATBUNTE

AMWUsENaU 1 nseumsidumkuussuulyguseiivg Wenisinzugninunsduniduuuiidmsu
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2. voumaFuUsznnsTide §3deld
IBN15LE0NLUVIIZAY (Purposive Sampling)
(Bunreang, 2000) LU TITenquINunINIENEN
HYAuUN3E wuullamsin Jminmesys waedmin
U58IUASTUS Usenausig selsnsiaenwuy
1A InwAsns 70 Ay iTvae1nsdan
Ffulneas 5 AU wazFldenrgenansdavisy
wialuladansauwmna 5 Y 539U 80 AU

3. YouARUanUIdeY Wunsdse
utaya MATNADINITVBITZUY ez 1wz
2 Wil Ao guiaBainunsdunEd uminende
FWAYNYTYT UagIamNIYUIUNYATIUNTE
NI Fuateazn JINIANYIUS Wan
ssuulasBuBNUTIMTINe dETuRgmsy3

4. vouwnduszesa1iive TWnadly
M98 12 lneuwdustnetias unsiAubesuau
2564 fduneunsIfousulszgndnusasiuy
\nae (Spiral)

5. YUMIAPIUSTUULATDUNYABUN LA DS
wavwmaluladansauna

s o [

5.1 fwuuszuulyausehivg dmd

Pl

SLAANEATIUNTE 1 STUU

v

NNAMLAZHU
Y Y

5.2 \n3eansnTnnariinnegitadonis
WnUgnituinunsBun3e e NB-loT 911U 1
g ﬁm%’uﬁuﬁtmauwwﬂgﬂ Ao (1) gudansn
NYATIUYISY UM INNFETIYANYTYS 2 Lo
war (2) FamRAgUBUNYATBUNTEIDNBLNES
AUAtRdaTIN JANIANYIUS 2 Lo

5.3 61".1LLUULL@ﬂWéLﬂ%’uﬁm%’UQmﬁmLLaz
HUSLAAFUANYRTBUNIE 1 S8UU

ns3eALUUsE ULl UsEAYs Live
mswnzUgninensdunsd wuuldmsiu Juns
uagiiaun (R&D) uInINTMSIaUITTUY

asaumALUULNAYL (Spiral Model SDLC)
(Satzinger, Jackson, & Burd, 2002) ﬁ%ﬁﬂlﬁﬁ’nﬁu
Fupoustnnlsyney 2 uavesuneTuaziden
yoanumeusil

4.1 YUIASIZY (Analysis) uaz
29NUU (Design) ALUUTZUU
AI-COF

N

e

AFUTLLUIAANITAS1LAT AU 617
wuuszuulanusedivg iensinigdgninums
duvIduuuildiusiy (Artificial Intelligence

[
£

model for Cooperative Organic Farming:
A-COR) Tnginsesigiieatesiussuy fe inwmsns
naununIBunIdwuLlianTn (§uan) (CoOp.
Farmer) shwthiiugntuindunidaannnsgiu
nensBunIduazinuasUaondy wavuilnaiiy
ANBun3d (Consumer) efueianmusenay 3

wnARMTITean amuszneu 2 e
Fuslna (gndn) degnilvdinadedidesnis sy
weunAedukanuasfuslaadufinun B unse
(AI-COF Application: Al-COF App) AgtidtAau
H1U AI-COF App. uanssigazidonnisdean
yiafivin Vinanmdniidesns Yuiidagn
Snnuiuiivesgnarsuih wiewileglunisinda
MnuneasnsagduiunsnzUgndsnens
fuslnndaugn luseminanainisimnizugni
Sufiuifen A-COF App. Izuansmmnsiaiay
wulmanlasignnwielaanusshvg Adade
MsieUgn gumnl AT UAs 5198 VNS
Fuutuinzugn Juiimaiesiuife e
AsURIVUANSAULREY A-COF App. Wiadiou
funwnsnsiiuiRefivinuasihdmandnluds
aniluvilnalfesnasiulainasadoainans
wil Hulunsannsgiunensduniguazannsgu
nunsUaeady mseguilaaldidignszuiunis
wnzugnlundasdsgnlinniunasaia
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v
cv

1. FUANATIZI (Analysis) wag 8anNUWUU (Design) AIUUUTEUU Al-COF
11 ﬁmuﬂsﬁzumaumﬁé’aﬁaLLUUi‘Jiyzg']Uizﬁwﬁ A137993 spiral
1.2 wseieenuaaiiieitosiuszuu wasAnwmamnululs
13 Amuaussensiide uazszyfudslumsussiiuaunmwinuuussuidygussiug lngisnisden
LUUINZAS INEATNS 70 AU GilBrmainunens 5 au wasdiermasnumaluladansauma 5 au
1.4 donituiiuasinenlfvniea 2 i
15 fisvoonuuumuuuszuudyanussivg iensimzugninuasdurduuuiidimsiu A-COF

A

2. S (Construction) MsAinRa (Installation) 813aud%/HeNLISHIUUSEUY AI-COF

2.1 dr9radam ahauazitaniaiesie aﬂﬁﬁjﬁLﬂéamﬂﬁﬁﬂuaﬁLﬂ'ﬁ’]zﬁﬁﬁ]ﬁlﬁlmiLW’]%UQﬂW‘ULﬂH@SS‘uW%g
Al-COF

2.2 Waulunan1s3As1eRnImas (Image processing) smemauiameslun1sly OpenCV way PlantCV
lauss

2.3 drsredam adauazimuszuvmsauna duleundinduduanduiununsdunid fldlunafuieya
Yademsinnzugn

2.4 afuasimuszuvasaumaivseundindudrdnuazduslndudinunsdunsd 1 ssuu

./

3. fumaas (Experimental) nagau (Testing) uazU3uusy/tngeinunszuy (Maintenance)
3.1 NMINARBIUALNAFDURIKUUTEUU A-COF 13a3%uusn (Version 1) wuuesufjufnis (in door testing)
3.2 NMINARDILALNAFBUMILUUTEUY Al-COF WiUatgnase (outdoor testing)
33 naufiusiusandeys uuuUssdiunuaIn MLUUTEUY AFCOF A%l 1 §dsamadunues
idenmasumaluladansaume
3.4 mafusnurntoya uwuUssifiuguaw fuuuszUY A-COF afsil 2 duanuaziuslna
3.5 Uudsaudluiauuuszuu A-COF IAndunestulmiliitsiung 2 ieu

mMwusEnau 2 Tuneumsidemuuussuulygiussivg Wensingugninunsdunsduuuidiusiu

-]

MWUIENBY 3 LWdAnNTITefmuusEuLlgaUssAvgitonisinnzugninunsduniduuuiidmsu
(Artificial intelligence model for cooperative organic farming: Al-COF)
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YSuunlanestulid

-3 )
udoyaluifesu

ndoor/outdoor) Nagay

aMwusznau 4 TdnsnisideduuuseuulaaiUssivg iensmizUaninunssunsduuuildius
AN ININIWRUITEUU (System Development Life Cycle: SDLC) wWuuLnge?

1. veuwnsusTEznaniSeliduney
MdeTiUszyndnansaTiansEUy (System
Development Life Cycle: SDLC) wuuLnae?
(Spiral) Feflannszurun1sise Wann uaznaaey
AMANYDITTUUATAUNA BY 3 fupeu Ao
1) AA29 (Analysis) way onuwuy (Design)
2) Wan (Construction) waz@nda (Install)
3) naaes (Experimental) na@eu (Testing) ag
USuU59/0n583nw158UU (Maintenance) 990
Usenau 4

2. {idernunduldlel (Feasibility Study)
nsiufkuusEuLdyUseivg Wlomsinnz
Ugninunsdunsduuuiiaiusiu (1) Aunseaie
flarindunid invasafoiluaumiiduslanien
uazdesnstomuUilag soudnedutode
AT sziiuivaendvainansiad
Suusgmuuasieguam (2) suwmatla n13
HANYANTIAIAN TS RULIveINYEn aunsald
lulasmouiiawmesawindn wuwes uazgunsal
fmngaufunuiauduuur ansodamls
Tushuduled wagdsandildunanndn (3) ms
sufiuruluiiufimudasanunsunis wniverde
sy Manuwdon azain Jamnzay

Wueg1aunn (4) aunisiu lassmsidelasuns
AUUAYUUNAINAINUNING 1T T YT QENYTUS

v
a

aansafvgddunsiaufuy A-COF 1
ladusa

3. {delannfiunis Avuadauusly
nsUseiugun i uusEuLdyUseayg
ilemsinzUgninumsduvEduuuiidiuim fe
(1) MulsEanSnMeIRIuUUTEUY Al-COF
(1) FuAUUFIUUTEUU A-COF (2) Asignéias
(3) Anunlanagldaulading (4) udsslevise
mathlldungdagn ludssbu (5) Usslonise
NAUNYATIUNIE 98 1M 1UTENIAT (Rating
scale) 5 s¥6iU (Bunreang, 2000) waginlUli
fliuspdunmunmdusne mndutihdeussdu

1%
=

wSulgasvuvansaume 1ingew

4. fidedoniuiiuvasinenifiznally
AUGISEUINSINYATIINUTIYIATYRANELNE
UMINY1YIIVAYNVTYT Ain 899330
(Longitude) 13.0720637 ag#yn (Latitude)
99.9820817 mdiaiunsevlundaivindusd
paoad flifh sruuiied sesiulumsingds
YafuLUUIAIDInTITALa AT zidadenis
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YANTIVINQUNYIUAY
ANUTUDINA

defayaiiiaivasgudoya

nsIvingamgiuag
Anuuludu

upunaen ldoaing/Uu
YansIvdnuas

lulpsnouiiunes
(Raspberry PI 4)

o v A v
FUVDYANBLNUAIZIUIDLA

ndvInTIIMssyivln
Uszinananmnis lsgiule

994#vOpenCV + PlantCV

Wi-Fi Router
(Include 4G SIM, NB-loT)

L/ I/

Ju/dadoya uaznmaniug

Fong/mvadeuaniuy

N/

LNYAINT

Fungamudasuan
.
g 3 Aldszuun

FuAdsugn/udawanisgn/

/ fuslan/

3
anA
Y

davsugnity/
F15Ru/Auty

AMUsEnaU 5 Use Case Diagram ¥93dauuuszuulaygnusshivg

<

£l

o siwzUgninunsduvsduuuidimsiu

weUgnitmnunsdunse ugansiadunisasey
wulpvaaiy WuwuweSndsusousonse
Predumediidnszeslng (NB-IoT)

5. fideeenuuugandlaazuns (Use
Case Diagram) fuuussuulyausshivg e
NN EATBUNSILUUIAIUTIN Aanm
Usznou 5

oSususunmNsldNueIiluUTT UL
eiifiieatosall Rendewnvasnsdudniidu

Y
Fsvuunarglinduguilaaviognan Hadhe

o
A9 TulATABUNILADS LazlwUwesnsIaTnAN

Uadeniswde Tudwszuvasdilandunisiiny
wdneg 9 faidu fadl (1) SwAmneues
Muagiudeya (2) Sufeyaanwuesiiuas
Futeya (3) UseniamanwuigesAIuaunIs
Dn-Unldesainuasiing (@) Ussnananw
mswsAulnvesitamelausis OpenCV wag
PlantCV (5) Sudstayauazninaniug (6) 5enq
HuiukeUndiadunsiadgeuaniuy (7) Seng
myuasihuduieundiady (8) dsosgnite
wazd1seliu (9) Juddsgn wismansugn
WA 1UN1 Tl FUAN
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& 2703560817 _nb_iot_ai customer
o customer_id - int(11)

@ customer_name - varchar(255)
 customer_address : varchar(255)

@ customer_contact : varchar(255)

4 longitude - float

4 latitude - float

B & 703560817 _nb_iot_si farmer
g farmer_id : int(11)

@ farmer_name  varchar(255)

@ farmer_address : varchar(255)

@ farmer_contact : varchar(255)

# longitude  float

# latitude  float

"\_‘ @ id - int(11)

B @ v703560817_nb_iot ai tradeing_stats [ & v702560817_nb_iot ai crop_monitering
# crop_monitoring_id : int(11)

@ device_id : varchar(255)

#17 @ device_id - varchar(255)
#| | & device_name - varchar(255)
| & deviee_type : varchar(255)
\\I @ device_description : varchar(255)

I
|| Bl 703560817 rio_iot_ailigth_node

# customer id - int(11)
4 product id - int(11) @ crop_monitor_date_start - datetime

@ trade_date - datetime @ crop_monitordate_stop © datetime

# trade_quantity : float # crop_monitoring_status - int(11)

# trade_status - int(11)

|| [eid-int(11
I\
i P L
B e 703560817 _nb_iot_si farming_stats @ 1703560817 _nb_iot_si product | @ device_id - varchar(255)
9 id - int(11) 9 product_id - int(11) | | # tigth_val - foat

» farmer_id (1) @ product_name : varchar(255) | |2 - timestamp
4 product_id - int(11) |
K & 4703560817_nb_iot_ai plot_crop_farming| | | - —
L | % u703560817_nb_iot_ai air_node
| [ id- it
4a device.id : varchar(255)
4 air_tempC : float
# air_humid : float
@ filename : varchar(255)

‘ |
@ crop_date - datetime

# crop_quanty - float
4 crop_status : int(11)

@ crop_id - int(11)

# plot_id - int(11)

a plot_crop_location : varchar(255)

# crop_longitude - float

# crop_latitude : float

@ site_url - varchar(255) B
@ dt - datetime

1 image_file  varchar(255)

@ dt - timestamp

« farmer_id - int(11)

# product_id - int(11)

AmUsznaU 6 Aandlnezunsu (Class Diagram) LAT0IATIVIN
wardiasentadunisunsUgniiununsdunsd

[ 1703560817 nb it ai node_senser_device| [ 4 1703560817_nb_ioi_ai wind_node

] 0 id:int(11)
@ device_id - varchar(255)
+ wind_val : float

|| m dt : tmestamp.

g int(11)
@ device id : varchar(255)

‘ B & u703560817_nb_iot ai soil_node
\L

4 soil_tempC : float
# soil_humid - float
 soil_EC - float

# soil_N : float

# soil_P : float

# soil K : float

@ filename : varchar(255)
m dt - datetime

[ & w703560617_nb_iot_ai npk_node
9 id - int(11)
4@ device_id : varchar(255)
# nitrogen : float
+ phosphorus - float
+ potassium - float
@ dt - timestamp

1 SELECT tradeing_stats.customer_id,customer.customer_name, tradeing_stats.product_id,

product.product_name, tradeing_stats.trade_quantity, farming_stats.farmer_id,farmer.farmer_name

2 FROM tradeing_stats

3 INMER JOIN

farming_stats ON farming_stats.product_id=tradeing_stats.product_id

4 INMNER JOIM customer ON customer.customer_id=tradeing_stats.customer_id
5 INMER JOIN product ON product.product_id=tradeing stats.product_id
& INMER JOIN farmer ON farmer.farmer_id=farming_stats.farmer_id
7 ORDER BY tradeing_stats.trade_quantity DESC LIMIT 1@;
customer_id customer_name product_id product_name trade_quantity + 1 farmer_id farmer_name
2 wwanwdead Ussvuan 934 naa (Cos) Suwid 20 4 YEATITTM uRdEn
1 wwdnnw udidu 955 fnwv3u (Chinese morning glory) 20 3 wimawy wnring
1 wndaniw udhidy 955 fnaau (Chinese morning glory) 20 3 wmawy g
1 wadnniw udidy 891 Tuszwn (Basil) Suwse 15 5 wimawal nAunIg
1 wndaniw udhdu 891 Twszwn (Basil) Suwse 15 1 wimiaan faii
1 wadnniw udldy 891 Twszwn (Basil) Suwse 15 1 wmiaan s
1 wndaniw udhdn 891 Twsewn (Basil) Suwsd 15 1 wimiaan sadi
2 wadruEmi dssmuan 935 nsuldm (Green Oak) Sunsd 10 4 UIEIATITTL WA
2 wwanwad Useviuan 935 n3uidm (Green Oak) Sunsd 10 4 uaEATITTM uREn
1 wwdnaw udvay 891 Iwmsewn (Basil) Sunsd 2 1 wamiaan sed

awUsznau 7 mds SQL Query uanswamsiugiianuaz
AustnAduANYRsBUNTE (A-COF Application: A-COF App)

4.2 YUNmU1 (Construction) n1s
AnAe (Installation) 150235/
FBWALISAILUUSEUU Al-COF

Q’%ﬁa‘iﬁﬂ‘%aﬁammamﬁaLmaﬁﬁiﬁi’ﬂumi
finda uazvndeUsTUY AI-COF el (1) 1ndeq
AaNTiMOIUEINaNaYAR] 1 1304 (2) LAdes
AN MBIl UUAaNIA (Could Server)
1 530U (3) wSewmmaianardinzidaduns

WinzUgniiwnunsdunsd 1 9a (4) fuuuseuy
Ty seding iiemsimeUgninunsuvsduudl
d1usu 1 38U

1. {Afdmadamnuaginunieseminda
wardasedadunsingdgniivinunsdunsd o
YARIUUUNINTIVIANTAIAUIATDSHY 1 YA
sonuuuliiinudnvuzUsznoume (1) wuwes
M5I9IAQ NN ﬂawu%umaqauiul,l,ﬂaqﬂqﬂ
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(2) wuwesnraingamgl auduveserna 3 uau X Y Z 1 (6) ndosgead (USB Camara)
Uihaudasign (3) wuwesnsaiasimens 1/ (7) vesadiaddada-Ualwih 1 veda (8) USB
NPK Tuutasugn (@) lulasreuiianes Raspberry  Camara tilonmanefivluuvasugn niouds
Pid Mvhiitufinandiinlsaziouwes 3 f  erdadumsugnldueundindudianuazduslag
(5) ndosnnenIMNISRIYAUTvTRINTLUUUSU  AuAnunsdunse (A-COF App)

AMwUsznau 8 YagunsaliluuuninsIvianisasayaulavasity

= Green area image processing by OpenCv
® @ Bl @ceouonectnguor ilunited-Geonyl  [iJRealvNe server - Fie. Gmfig png (822x556) 10. 9Py QNN

ot/Deskio

o B )

RGB Image HSV Image

Mask Image

'y = €v2.findContours(thrshed,cv2 RETR TREE, cv2,CHATN APPROX STMPLE)

rs.1,(255,0,0),1)

43554

(@) (b)

nwUsznau 9 (a) Mslalausis OpenCV AnsigvimiuniTervesiiy
(b) warNITIATITANUNFT1V0INY
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5 plant_obj, mask = pev.object_composition(ing=ing, contours=kept_objs, hierarchy=kept_h)

a0
11 shape_ing = pcv.analyze_object (img=ing, obj=plant_obj, maskemask)
2

3
i
45 pev.outputs. save results(filenane="/home/adniniot/results. txt", outformat="json")
4
48
49
S0 fig = plt
51 fig.supt

ize=(10, 6))
5 e Process
52 pltrc('T

figure(figs
tle("PlantCy Inag ing')
ont”, size=7)

54
55 rows = 2
& columns = 5

(a)

PlantCV Image Processing

Mwusznav 10 (a) M3ldlaus3 PlantCV lumsmuuingusnavesity
(b) HanFATIERIUIAgUvesiluLUaLnIzUgn

2. fdelaiannlieanslinseiseaiasa
AMae (Image Processing) fngAauNILAOs
Tulaeld ferdusdannlauss Opencv lunns
ymuSiniuiddeslunmaisuannizdgn
AU UsENDU 9(a) tARaN1SUTELIANINAN
Usenau 9(b) waglausn3 PlantCV Tun1smauie
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Abstract: The purpose of this study is to investigate the distribution
of sound intensity and its relationship over time with the livelihoods
of people in three communities surrounding Samui Airport, consisting
of Ban Bang Rak, Ban Plai Laem, and Ban Chaweng. By utilizing
geographic information systems (GIS) to perform spatial interpolation,

the study found that the maximum sound intensity level during
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the morning period from 08:00 to 11:00 was 93.72 decibels. There are 4,650 households that
have been impacted by noise levels exceeding 70 decibels. During the afternoon period
from 13:00 to 16:00, the maximum sound level recorded was 88.69 decibels. There are 3,260
households impacted by noise levels exceeding 70 decibels. During the evening period from
18:00 to 21:00, the maximum sound level recorded was 86.06 decibels. There is a total of
4,957 households impacted by noise levels exceeding 70 decibels. In conclusion, the study
revealed that the most significant impact of noise on the well-being of individuals in the
neighborhoods surrounding Samui Airport occurs during the evening hours from 18:00 to
21:00. This observation corresponds with the survey findings. Because this timeframe coincides
with peak flight activity and is also when individuals typically seek leisure and tranquillity, it
is during the evening period that noise has the most significant impact on the community’s

quality of life.
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Abstract: The purposes of this research were to 1) develop the 2D animation cartoon: Primal Hunter,
2) study the perception of the sample group after watching the 2D animation cartoon: Primal Hunter,
and 3) study the satisfaction of the sample group after watching 2D animation cartoon: Primal
Hunter. The sample group consisted of 56 elementary school students from Ban Nong Buakham
School, Nakhon Ratchasima province, selected using a group sampling method. The tools used
to collect data were 1) 2D animation cartoon: Primal Hunter, 2) Quality assessment questionnaire
for 2D animation cartoon: Primal Hunter, 3) Perception assessment questionnaire for the
sample group after watching 2D animation cartoon: Primal Hunter, and 4) Satisfaction
measurement questionnaire for the sample group after watching the 2D animation cartoon:
Primal Hunter. The statistics used in the data analysis were: percentages, mean, and standard
deviations. The study’s findings revealed that 1) 2D animation cartoon: Primal Hunter had
a very good overall quality, with an average rating of 4.69. 2) The perception level of the
sample group after watching the 2D animation cartoon: Pyramol Hunter was found to be
85.36%, indicating a very high level of perception. 3) The satisfaction survey results of the
sample group after watching the 2D animation cartoon: Pyramol Hunter showed that the
sample group had the highest level of satisfaction, with an average rating of 4.68.
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Abstract: The objectives of the research are 1) to study the product potential of the Ban Wang
Rang Yai Food Processing Community Enterprise, and 2) to develop the online media for the
marketing communication for Ban Wang Rang Yai Food Processing Community Enterprise at
Makluea Kao Subdistrict, Sung Noen District, Nakhon Ratchasima Province.This is a qualitative
research using research tools such as interviews and focus group. Then the data from the
research was analyzed. The main data providers, totaling 15 people, include Community
development academics of Sung Noen District, Marketing and marketing communications
academics, and members of the Ban Wang Rang Yai Food Processing Community Enterprise in
Sung Noen District, Nakhon Ratchasima Province. The results revealed that 1) The Ban Wang
Rang Yai food processing community enterprise planted Hokkaido fresh milk corns that met
Food and Drug standards from the Ministry of Public Health. The production was processed
in the pasteurization systems and the corn milk could be stored in the refrigerator for up to
1 week. However, the growing season for Hokkaido fresh milk corn was only a few months
per year. As the production process lacked continuity, resulting in a shortage of raw materials
for product processing. In addition, there is a lack of online media for diverse marketing
communication to convey product branding to consumers. 2) The Media design used in
marketing communication; the online media, including product branding, infographics, online
posters, video clips, product photos for promotion on social media, the online brochure and
LINE stickers, could create identity and brand awareness. These online media channels could

continuously generate additional income to the community enterprises.
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Abstract: The objectives of this study were to: 1) develop a
computer inventory management system for the Faculty of Science

and Technology 2) to study the evaluation of the system efficiency
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from 3 experts 3) to study the evaluation of user satisfaction with the use of the sample
group. The selection of the sample group is based on the purposive sampling technique.
By selecting from the support personnels who are involved in managing the curriculum
equipment under the Faculty of Science and Technology, Nakhon Ratchasima Rajabhat
University, a total of 30 people were selected. The preliminary test results show that
the system is practical and can be beneficially utilized. The evaluation of the system’s
performance by experts yielded an average rating at a high level, with a mean score (X) of
4.35 and a standard deviation of 0.55. The average results classified by aspect found that the
ease of use aspect is at the highest level. The performance aspect meets the requirement
aspect and Information security aspect are at a high level of satisfaction. The satisfaction
evaluation from the sample group regarding system usage also scored high, with an average
of (X) 4.31 and a standard deviation of 0.58. The average results classified by aspect found

that satisfaction with the system Service aspect of officials is at a high level.
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sEUUtIgannInensnseaulasndiy

= awv oo v
2. NOYLASITUIVENINYIVD
2.1 nenng1tag
2.1.1 UML (Unified Modeling Language)

Prakobphon & Wongsirikul (2009) nangis
UML Tumsitaunssuulusunsudisosiaudu
fudgmilvgigadenisdearstiauluiiunie
wiiusignélidlaszuuiiavadietu 1losann
Fedudeatuenaendsiunie demavdeiu
andendemiloutu nseduedielidnian
WlalsmserufugnAdaduBesfionnidunnn
warldlianuiy aunseita Object Management
Group (OMG) s17afuua UML 1.0 Tuifiou
unsay 1997 Tneduduldlugenduinidudou
wazszuuilaligondineg aulutiagtiu UML nane
HuanmsgudmsunsszynIswanInInnsass
uaznsInienasiumsas sz uugensiLshe
Tuiaumsguilindnnisesnuuu OOP (Object
Oriented Programming) SULUUY84N1%1 UML
92l Notation adudnydnuaifilulélu Model
A199 UMLagiivanmuangseidousieg Tunis
LUsunsy tnengseideusngg asiinuvaness
ns@eulusunsy (Coding) datunisld UML
ALFADINTIVAUNUIEUDY Notation #1199 LU
Generalize, association dependency class
WAy package damaniideusiluetibie
nMsfnuYeIn1sesntkuusyuuneuilUlgiy
szuvnuats Tullagtufintesionnnunefannss
wias Model UML {u Coding aw1snge) wiu
Java, Power builder wag VB yHudu umL 1u
A mildlunisinssenasrenduag de

anunsoesuldndunmuniildlunisadiuuy
$ravsnminludlelifiunmsyyaiauagssuy
gondwifionas wihnlaevluunds UML agld
\iedaeasyuurendus uwidlildsiinindedd
dvidurendunivintudianunsaldiitosaesszuy
Flalldwandunaslame fogragudanszuaunis
Tumhensuan a4 waunan UML lallgviidu
dmsutnimuiy widaanlddmiugld
nagsnia, yarahluuaznnaufiaulatiosidiile
syuu sruuanansailuvenduasuseludlissuu
gavduag fuiudsfesinudaneuin uML Tl
FRsiWaL uweRensz UM eELIsas
sruuiszaunrwdde asuldindmneves
UML tuansnsasvuslidunalnnisadsuuy
$1aeseesdreiitodaesszuunsuFiRadu
Widimualuanmnadoniidutoulutiagiv

2.1.2 31995M5NRUITZUU (SDLQ)

lamsiriwong (2023) Na1709 2999
AFHAUITZUY (System Development Life
Cycle: SDLC) f® MsUUNTUABUNTEUILUANS
WAILNTE UV WIszuumAluladansaumane
detheuftapmagsiavionsuaussnioans
yesesrnslnessuuTosiautusadunsiaun
szvulusivdenisuiuussssuuiAulvatusls
msiaszuuLseeniu 7 Juneu feil

1) Msrundeymussesdns (Problem
Recognition) Wufianssuusniidrdnlunisivun
Whnneidaaulunsuiulslagldszuudnan
Prehdeyatymitldinduundanguuaz Sad
Audndny ielddndonlasansimangauiian
waun Inglassnsfiagyinsiaundesanngs
widannfidluesinsuarliusslowituasdns
1niign

2) MsAnwIANUINEEN (Feasibility
Study) TwngaurseliNnarUSuldsusyuy
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lngliidealddneg (Cost) wagian (Time) doy
Haauslilonadnsniumela wagmanudosnis
vouifeteslu 3 Gos fio wadardosilonie
gUnsalildl yeansuazaunFen uazAdy
Auen ieldiausseduimsfiionsanousia
Aiunssialy

3) MTIATIEN (Analysis) 1HunssIusu
Foyatlymanudesnisiifiterlusonuuy
STUU %umauﬁ%ﬁﬂmmﬂ;ﬂ% 1AgALATIZNNT
FIUTBITTUURAL (As Is) wazAUAEINTTTS
snszuulvl (To Be) annthutiwansanuuay
Arsevndeuduwnunintanuszu (System
Flowchart) uwagfirnanisivavestoya (Data

Flow Diagram)

4) N1598NLUU (Design) UIWANIS
Annrineenuuulluununfn (Logical Design)
dioudlutlam Tngludruilazddlalldfinisssyi
UaziBuakarANaNwazaUnIalINn W3
panuUUlATITNVUNTEAY Uaaddlieaniuy
szuuiilusenuuy SedunouiagFuiinngssy
anuazNIINUTeIsTUUNINIATa T1eaziden
AudnwugUnsalild weluladild vingiu
foganiseanuuy IASovnefivanzan dnwa
Yaan1sidoyal SN UlUUTIeNLaY
NadNETLS

5) MINaILILaznNAaau (Development
& Test) {utuneumsnis@eulusunsa (Coding)
Wiewaunszuuanuuuunszaslndussuy
munndnuazitmuall snduihnsmeaey
ydieRnnann (Testing) LilonsIvdUANgNADS
qusiiladngniosuaznssmumnudiednis mn
wuididefiawanaAntuanmsyinuvesszuy
aeslFuunleliiSeuTesnseuldanunouinly
Andaldass

6) M3AAG (Implementation) #15zUU
fiimuauauysaiinfnds (nstallation) wag
Guneaeuliamuaie uagiinsihuvuasuany
AuisnelasEUUUIMIIANSATAnineNianes
lngngusiege Ao yaansaneativayy diin
ANEINgImansLazalulad un1Inelde
FWANUATIIYANT 71U 30 v FNsiden
naumeg1e leu1ainnIsidennguiiegiawuy
1971294 (Purposive sampling) laevinn1sAnLaan
Nnyransansatuayuiitlduisdedunis
guangAnsivemdngns/misnuiidiinanuy
Angrmansuazimelulad danguidentiuluniy
Toguszaiirensive yaansaneatvayudin
Auzineeansiasmealulad Somund iy
41 viv uagdavhgilenislideussuvanunsaly
silfegnasioiiies

7) ANTYRUUNTITEUU (System
Maintenance) ifuduneunisthssdnumssuy
serlemdannGuduiuns fissuuennasnuiy
{]zy,mﬁﬁm%{umwa”a wu Jywiilesanannuld
Auneiuszuulvg Fspdsimuansuauidym
ogasioiiles Anmuuszidiuna luTIUTINAFes
valiUTuUgessuL Tinnevideyasomalviuiuly
s8UU TIntuspnuUUMIYILFesN1UT U
uiluwasfings dedastinsfinousunsliaussun
TuAgldanu Weflagnsumnuifianelavesily

2.1.3 syuugudeya (Database System)

SPUUTIUTRYA e SEUUNSTIUTI
wilideyavanes uwiliveyadiieiu lngrdani
dndouvestoyaeen udufudeyalifeudnas
ionslFausiuiuluesdng nmeluszuudes
feuiidulusunsuussgnaiiadstuiiodon
loswazldanudeyalugiudeya (database) uay
wdosdinguainuauaensovestoyamdiy
finsmvunansvesldanuudasauliunnsaiu
AIUANNADINISIUNISIFU (lamsiriwong, 2015)
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szuudnni1sgiudeya (Database
Management System) wiefiSenin ATiduiea
(0BMS) (Hungulusunsuiimrhiidusanans
Tuszuuindoszninagldfugiudeya iile
FansuageuauANLgndes AT T WAy
ANNFUTuSTENInstaaineg nelugudeya
Fesaanszuuutiadoyadivinmardasdu
wihiiveslusunsumes lunisinseiuteya
Tugrudeyaliiinaesenslifmadunguiidunea
(DML) %130 Aflea (DDL) 1399zmglUsunIusnge
yndailinssyihiudeyaazgnatidueatiun
wla (Compile) 1un1sufjiRnis (Operation)
snae) MeldAndadug Lﬁaﬁﬂﬂﬂizﬁﬁuﬁﬁazﬂa
nelugutoyasioly

2.2 IUYNLNYIVDY

Muanrith (2017) lévi3dei3eq “anndnenssu
ANTAULAGINTUNTIANULAZ AUAUA SAULNA
MAdy” nefiiguszasdiilednwanmilagdu
wazdamifetunginssuasaumavasiniss
Inefidedsuvvasuauludainidodadu
nquiegaiitioaglutiydnedelitunsdon
Auan1deunand U 2554 LagumIngdeivy
WASTIR 910U 394 A TudIuYeINITITE
aunmdunsiesehidemansaunaivnng
Tuduledundeansaumaidoosulay Ssidedon
Tarziauledviosayauine1dedve 9 ug
Tneli35M53%0 flo msdnsrzshiidenn (Content
Analysis) Haanmsisera 2 du fideindy
fugiluniseanuuuandnenssuasauine
AmMSUNMsInNUAUAWATAULINAILATY

Tanjumpa (2017) laWmunszuunisdnnis
ABNNILABS ANZIVEINITIANTT WTIVENdBT 9]
wasysal Weufdgmnsidumaludisaiu
Toyaneuiimes daiudeyainiesnonfiunes
wagsinsswnsagunsaimelu vilvideyadlalsi

auseiiles linseunguiiads laifiauusiug
desnladldinngunsallaeass sauiustas
wihguinisthreuianesaumu ey 5
TneufiumesUszney Aldannisusneliiu
neau Midenailunisaidunisaeuniy
Fumtihfivesusasisany WHusu

Phunkhonburi, Narilert, & Chuanwaree
(2021) %A% Fos mswamnszuuTaLiuuas
duaudagddnauriuesulativeayaiar A
ANUUIMERENTAR (Online Office Material
Management System) ﬁi’mqﬂszmﬁlﬁaﬁmm
sruvdaiulazdvAuianddnauiuesulal
VOANALALARIAINTUMING LA (Online
Office Material Management System) tagfinwn
anufiswelavesliuins Aeszuudafiuuasdudu
Fandntinauiueeulal veduawazARIAIINS
unInendoufing SsnIdelideldinedes
folflumsimunssuulsznousessuuU iR
N7 Windows Server 2012 (Server) s8Uug1U
Uo1/a MySQL (Database System) wazedadled
Tlunsiaiunszuy (PHP, Visual Studio Code)
diestmunszuudaiuuasdudutandinnusim
soulal veaynkAAIAINT

Sukaram, Wongsriruksa, & Sukaram
(2022) $viAdeiFes nsannsuudnnses s
nosllngsAnis ARsAugimaluladansaumne
2aRNSARS STV mansuied eudle
HymluBosdu-Aungfam nmsfumuaznsin
enudeyanidusivihlaaid Teyangiue
firunanaindeulignios nanidegidels
WrusEuUdAn1sAiaeIneslingsanng s
winlulagansauma 09An1sANsAIINeAmEns
WAIYIRAEIBNITUATILILALDDNUUUAININTT
Wawszuy (SDLC) Fedinssifiuns Ussneu
#28 TUADUNNTIIUNY NMFIATIEN LaTBNUUY
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SYUU MSWAIISEUU LAYASANGS N1
syUUTRNIsATAMaNNeIdnssAn1SRNE A
wialulagansauma earn SRR aINeAans
wisrd A ludnuaziuseundndy Tngld
s Laravel Framework, Sublime Text 3
way XAMPP Hunsesdiolunisiamunszuu 14
PHP 1Jun1wnluns@eulusunsy uaz MySQL
Jugrudeya

Klubsakul, Chankasame, &
Wongkhurhum (2022) léviideEes szuudans
Asfarinonfinnesiiioyseiliunanmsufoany
youdmihimelulafansauma voswTdn 94
1o Ta3afind $1ifn JaduuTemiduiugsialu
AU Logistics 1IN1SYINURIUTE UV SEUYIALAY
foyaiflonsafuayunsuimsmsinnisvane
W nsdnnsteyanisyilurudduani
nsuAanIng (ECS) s usin1sufuRnusunis
usounauiaumediiu dinadunsantufinns
gouthsshefledaditediauaslyviluFoswes
mseufAanatmsddundldnanumilunis
widmusazasinislionarssiuauannuas
fuiflumsdnduenansillifsmedadanuala
faginnnszuuamsaumaszuUinnisagioe
AeNfiamed teUsifiunanisufiRauves
Wnihimelulafarsaumalagldinaluladnig
Fansgrudeyauntisatuayuiiietisanszey
vanlunsavaulazduiintoyadiag nauny
nsldtenansnszawiazdildlunisiinny ua
UL UNRININITAIIUAINTIV LI
wilulaansauma Snitduimediannsneng

[
Y

'
a

]

foyamenunanisUsziiunan e il
armNTIAE By Han9ITeideldmudunsnny
Funeunsitwunszuuienssuiumananseniug
wUau 5 FusauUsENoU Y NITNUNLTEUY
MTIATIVTFUUNITERNLUUTEUUMTHAIL LGS
AnssszuuuasmstgesnylasUssifiunassuy

FannsnsisinonfiamefiitoUssiunanmsug iR
e mthimealuladansaumeavesdsmai
loladafind 311in wuinUseansnmsionisldeu
szuvlunmsimegluseduann Anadewiniy
4.14 drudsauunasgu wiiu 0.71

o = a

3. 3501501 HUN15IY

3.1 seedan lun1siae

3.1.1 SBUUUINSIANsAiaTineuiaes
dmsupaginmansuazmalulad univendy
ufquassvdun anlawuuslule https//
inv-sci.nrru.ac.th TAgWMUITZUUAIEATY
AN (PHP) s9mrun1sly Bootstrap Framework
fisessunsuanamalimnzaufiunsuaninauy
wihvefianunsausurunaveaivledlvivansiu
NTLAAINAUUNTNIDNAIBTUIN (responsive)
safensidanusuiugudeya MysQL

3.1.2 WUUUsEuUsEAMEANSEUUUIINS
Jan1sasiueineuiamesdmiunmgInemans
wazmAlulad UMINYNEIIVAYUATINYEN
dmsugTeney

3.1.3 uuudseidiunufiselaiifise
sruun1sUseyndldmalulagfieisianlung
nIRAUATAMY Iedumaluladanaivnssy
wazN159ANTT dmsugldaussuy/nqusigns

3.2 UsEuInsuazngunlagns

[

Usey1ns Ao yaansangativayu an
AEAINEIAERSwazAlulad UnTIveau1uy
UATTIVELN NGUFIBEN AD YaRINTanatuayu
dainanugInemansuasinalulad wninendy
1wAinuasTsdn lguseudnsiulasinsive
Tngasinsla FelasanAdumaiaunssuuins

JannsasfasireuiawesdmuamyIeImans
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wazmAlulal ANINeIREINVANUATINVAL
lasusedlasansideluuywdinauenIsunig
3385550Vl UNYEE UMINEREI1vAY)
uAsTUAIN LaYiluTuses : HE-100-2566 Fufl
1A50UN195U599 31 WowAIAN W.A. 2566 3 11
WOWAIAN WA 2567 91U 30 AY

FBnnsidennguiiege launannisiden
NENFIDE1MUURIZAN (Purposive sampling)
Tngvhmsdadenainyaansaneatiuayuiila
\Rendedumsguanginsivesdngns/miionu
fidsinnyineenansuaymaluladediavan

41 AU INIINIIANEBNNANFAIBEN dmTuIY
TWedl fie ndusegslilazanliunisivideyavie
Ligugeudrulasinsidefmise 1

3.2.1 nau@edvgy lagldisnisiden

NANAIDENULUURNZAS WU 3 AU Useney
MY HITEIYIYAUTTUUANTAUNA 910U 3 AU

3.3 33n1593¢
NSWAIUITEUVUINISTANTIIATS wn

ARuTImesdmTUAME e IMansuazimalulag
WInendesiguaTvdnn §3dulatinns

M3l wuyeansmeatvayuaugIngimanilazinalulad

danm szrnI(Aan) mj:uﬁ"aaai"m(ﬂ%)
FinauAMUA 12 9
Audingnemans 13 9
ANUIPUNEATANENT 2 1
auMinadamaniiaravinainussenduayineinisieys 1 1
ANUNIYIANNTIUAIERNT - -
anunILAl 1 1
a1UNIYABNNUADIANY 1 1
ANUIYITTINGT 2 1
annmaian1sdnannmng 1 1
annaluladfdvadlife - -
NEUAIYIYINGINTANTAUNA (A1913V1INYINTABUTIADS, 2 1
anvrunaluladansaung, auinssuvasauneiiansdanis,
a19IYNINYINTABNNAADS)
anuiviAnduazinenmansiily 2 1
auIngimansuasgiiansauna 1 1
ANUIYNINYIEEATAITANILATATOBNANEINNY 1 1
s unalulagenms 1 1
aTneransaunndey 1 1

394 41 30
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AuNTITeuingUszasd uasaiuniside
lpgn13Us8enAINAININAUITTUU (System
Development Life Cycle: SDLC) ssinluil

3.3.1 AnenlyinannssuuaunsIaaey
ATAIlUTEUULAY AuReInIsTeuulng
YOIUIMIUALETISURAvOUQUARTAuiveg
AZAINETAERswazAlulad UnTIveau1uy
wasswd Wnszrindeamiinu wu nsdn
Wvdeyansindinouiumes uinisdniudeya
Faduuuy Manual Excel @eiifedinuastlym
TuSesnseysiafianth msddusmildinaiu
Imml,ﬁlszﬁ]zyml,wiam%a wavdudominens
N3EA1Y HIAANEILINTUNITINUNY $ndl Famn
rawunasiazaunsallefilivangauivanio
nsaidagdu {IdedsdivunAnuarianuaula
fiannszuvasaumadielilunsuimsians
Asffsineuiames sedldniiosmiuguims
Tunsiide Bes “mefauissuunsuIms
JannsasfasireuiawmesdmsuamyIneImans
waznAlulad UnINe1duIANUATINIENN”
lnsn1sdunualfuinisiasiouansduives

RURY
va o

nangns/a1vnivn sedugidedeasulam

u

wagWeuununiinneUan (Cause Effect Diagram)
AN wlsEneuU 1

NAMUTENBU 1 hananeslgurinig
Uimsdansasfasifiindulunnyinermans
wazwmAlulad UNINYIREIIVAYUATINVEN
wuidandniisa 1. Tyvnnisdsaangio
lunsdrsiv/Aumesdunianugen e
sodldyranslunisdrsannnndt 1 au 2. Jgym
nsAumdayanisiu lunisAumdeyanisdu
lsiansnsoduduldnasanaviemunaniifesnis
MlinsuuRauanth 3. Jgmnsdaiudeya
asfinut Tunsdaiudeyangiaeidaduguuuy
Excel vinliideanlunisuenussinnagsio
shlvinsasudeyaidiolilumsindedavmas st
gapnnuarandn 4. damnisdndedamagiost
Tumssenunaazu/Aeszideyangiasilile
fatodamasfasiuiaradsdaduguuuuienans
Fldnseausauann liAseuduldes

wiansdnwiAeafunstmaluladn
UszgnAldiun1susmsdnnisngiue uasfnwm
Aenfulenansedde fieteaisatunsii
walulaginUssgnaldiunisuimsinnisassios

L @ a (3
ﬂ’]iﬂu‘ﬁ']”ﬂﬂgaﬂ‘g:ﬂm‘ﬂ

o X o a
nsiagedania Ay
Tenuduwiuyenans Limunsndum
— L1 Real Time
/’ allin Y

Fufainszany

lHtanwansh

Jaynwins

UVINIIIANT

2
LEoauenlszian

+—
tUUBgauUL Excel

mydnadumiianugenn

'y @ . a '3
dalgauannnii 1 ATATN

o = o ar €
ﬂ']‘iﬁ]ﬂmu"ﬂﬂldﬂﬂ'%ﬂm‘ﬂ

Myt Tengiud

mMwdsznau 1 wugliielauansdadgmuaramvsvesdaymnisuimsdnnisasiue
dmsupugIngrmansiazinalulad unIneduTvaguaAsIvELT
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TANTTNOTH AT

o LI 4
ﬁﬂﬂﬂiﬂit{ﬂﬂﬂ?ﬂmsﬂ

ﬁﬂng}ﬁunuﬂgﬁmeﬁ

lann
U

AMWUIENBU 2 Use Case Diagram s¥UUUSMNSIANIATAIIAoUIneT
dmiupugingimansiazinalulad univedesviguassvdun

1) sonuUULARILUUABUALTAS
JusiauosiefiTenmngy S 3 viw iilemen
fatiauaenndes (Index of Item Objective
Congruence: 100)

2) WATNaAATilaINIARAARBIYeY
wuuaauny A1 10C agfluya 0.67 - 1.00 91N
dutuvuasunuldifvsurudeyadlia
JEUU/NGUAIDENS

3) YA NUUUAR UNINATULAL AT
Ingltafifinede wavdrnlouuuunggu

3.3.2 AATIENLAZRBNUUUTEUY
NsUIMIIANTIIATA AR IweTdmSUANE
ermansuasinalulad 3ndayanisfing
lenansfifeatas minduunesnuuunssuIuNg

IMUTBITEULLATORNKUUTIUTOYE 1nRIdY
Ivhmsliasgiiaroenuuussuy Al

1) Use Case Diagram tJulsunniana
fetumeunsrhnuiidfyueszuu wanwiig
uazaulszuuesUfUR ileneuaussofnsesih
FTEUU IAUUNUNTNAZLARAIAUAUNUSTE NI
G?Jgumaumiv‘mmﬁéﬁmﬁumiswLLaw:imwTwia
FEUU AINMUTENDU 2

NAMUTENBY 2 Lansie Use Case
Diagram ¥845¥UUUIMSINNIATeineuiImes
dmiu AngInemanskasmalulad uninends
FTIAYUATTIVALN wavA1eTU18Y0e Use Case
Diagram ¥843¥UU 85U1Y 491319 2 — 8
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M319 2 A185UI8YeY Use Case Diagram wngsyuu

Use Case ID 1

Use Case Name Login 1gszuu

Actor Hauaszuy, fldnuiild

Purpose dmfusudoya Usemname uag Password vasflfany anifuilunsivaey

Tuguteyairteeglugruteyavselil uazdavslunsdildnuszuudmlats
wingneied dldnuaglasuanslunsdildszuunuiimuall

Pre-Condition il¥nsen Username wag Password

Post Condition dlinadu vihgszuu welviseuu avivaeudnsnisidnu

Main Flow 1. sguuvinsuansmtieng Login iielvigldnsen Username uag Password
2. dlensonasaudanady dhdszuu weddeyalunsindnslugiudous

Alternate Condition fhnsenlsigndies szuuazuans error message uaglindulunsendoyald
AEENENGES

M3 3 A195U18Vee Use Case Diagram dnnn3gnudeyangsiei

Use Case ID 2

Use Case Name dansgrudeyansiusineuiames

Actor HAWaTEUY

Purpose dmuliguasyuy Win wily au dansgrudeyanginsinoufiunesld

E>2Y

Pre-Condition UaTEUUYININIG Login Hngszuy

ALATEUU WY WAlY au dnnnsgudeyansiaeineuiiamesla

=S

Post Condition

- szuusandayadanisgiudeyansindnouiiunesie
. Hauasruuimsdnnisguteyansineineuiiamnes
. szuunansgazBondeyaiifauasuudomis

. ffauaszuudnnistoyaiidons

- szuuvhnmstuiinasgiudeya

Main Flow

O A W N =

Alternate Condition douwaszuuldtoyalinsudiu
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M99 4 A195UI8TeY Use Case Diagram 9AN15an1ueAgin

Use Case ID 3

Use Case Name IansanuzAgiue

Actor HAUATEUY

Purpose dmsulifguaszuu iu udly au dansaanuzaginsi
Pre-Condition HauaTEUY 91n13 Login Whgsyuu

Post Condition Hauaszuy Win udly au danisaanuzagsiosi

Main Flow

. STUULARSTRYANTTIANITAN UL AT

. fouaszuuvimsdamsanugagdnsivsesnis
. SPUULAMITgadAnsIAnsan Uy AT
- sruuvhnmstuiinasgiudeya

2 W N -

Alternate Condition

dauaszuuldteyalinsuiou

M35 A185UIBY4 Use Case Diagram 3AN15UseANATInN

Use Case ID 4

Use Case Name InsusELANATAe

Actor HauaTEUY

Purpose dmsuligauaszu i wily au dansUszianagsiosi

Pre-Condition

o

wasEUU vn1s Login Wngszuy

e
SO

Post Condition

AuaTEUU i wily au dan1sussivagsioi

ERALY

Main Flow

. SruvLanstoyansInnsUsTIANAT e

. {auasEuuimMIdnnsuselamagiae

. SEUUMAMITIEazBEnTaNTUsTIANATA
- szuuhmsduiinasgudeya

R

Alternate Condition

Auaszuulddoyalinsudou

A1519 6 AEdUNEYes Use Case Diagram 9An1sanIufiiiu

Use Case ID 5

Use Case Name Fansanuiiiu

Actor HAuaTEUY

Purpose dwmsuliifguaszuu i uily au dansaauiii

Pre-Condition

E>XLY

AUaTEUU YT Login 1gssuu
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A1519 6  A185UI8YBe Use Case Diagram 9AN15a0UillAU (#0)

Use Case ID

(6,1

Post Condition

Aauasyuy iy uily au dansaauiiiv

Main Flow

. syuuuansteyanisinmsanuiiiiuag i
. fguaszuuvhmsiamsanuiiiuiidesns
. SEUUUARIT AL BEATRsEnUTILAY

- sruuhmsduiinasgudeya

R

Alternate Condition

Auaszuulddoyalinsudou

MIN T A1B5UIEYEY Use Case Diagram HuAutayanisinn

Use Case ID

7

Use Case Name

dududeyanidusineuiiumes

Actor ity

Purpose dmsuligauaszuu yaans linuily sunsedududoyansiasinesiiomes
Pre-Condition Houaszuuuazdldauiiluvms Login Whgssuu anansadseenlndsisnutoyald
Post Condition Hltidendeyaiifeansdudu svuuuansdoyaiidomis

Main Flow

1. fauaszuuwargldaumluviings Login Wgssuuneu fvazaunsndseanlng
s1wuteyald
2. flmludansduaungio

Alternate Condition

M1319 8 A195UI8YBY Use Case Diagram 38NAsI81UATH0

Use Case ID

8

Use Case Name

BungenuATiusneuiiines

Actor

Aauaszuy, Jidanunily

Purpose

o

wiulEauaszuy, fldnuill aunsanenudeyanidusineuiinesndenis

Mo

Pre-Condition

Anwasyuukazg ity fieedl Username uag Password Lie@vinn1s Login
ngszuu

o—

Post Condition

AAuasEUURAEHtNUIRlY aansaRuisenuiseInisla

Main Flow

1. gouaszuunasgltaunild vins Login Whgseuuneu feaganinsndsenn
Tidsneanudayald
2. fauaszuuiargitaunill dansdensenienunulouluisadnis

Alternate Condition
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USER_AUTHENTICATION
PK | USER ID
USERNAME ROOM
PASSWORD PK | ROOM ID
NAME ROOM_MNAME
FK1 | ROOM TYPE ID

BUDGETS 1 M
PK | BUDGETS_ID

BUDGETS_NAME M 1
FK1 | BILL_ID T BILL_OF LADDING

PK | BILL ID
LADDING _BY 1
LADDING_AT
CREATED_AT
UPDATED_AT
BUDGET_AT
MANTAINED_BY

FK1 | USER_ID
DURABLE_GOODS_TYPE Fk2 | ROOM ID

PK | TYPE ID
TYPE_NAME

M

ROOM_TYPE
PK | ROOM_TYPE_ID
ROOM TYPE NAME

1

M
DURABLE_GOODS

PK | SYSTEM ID

PK | TYPE ID

DURABLE_GOODS

SIZE_ OR_MODEL

DURABLE_GOODS_STATUS PRICE
PK | STATUS ID 1 M CREATED_AT

STATUS NAME UEDATED AT
FK2 | STATUS ID

LADDING_ID
COMMENT
FK3 | BILL_ID

AMUsENaU 3 ER-Diagram 5¥UUUTMMIIANIIATAMIIARNTIINDS
dmiupugingrmansiazinalulad uninedesviguassvdun

ER Diagram Usenaulumeanudunus FunoumsvnuLazdRuvesnsaoanssEnINg
e TnewsazauduiusasuantesdUseney  Object ildneuiuluszuy Tnsasiidaudnual
Afluwsiasnindu waslanuduiusludnuae  Awansdiifudiduresnisdsdaninuniunan
#1499 AenmUsENOU 3 dewgnedalau 1Wunisdnassianssulagsa

) < 4 UDITEUU Aenmusenau 4
Sequence Diagram bUULNUNINGN

TeaSuren15vN9uveY Use Case LiNauandnd
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=)
e
d?.
—_
o

[P

Uaszyy

&

suurimsamIngindineuine§

fimuadoyarld

}-1

damydeyanyiued

< ,,,,,,,,

o d = o
ONITRD UL/ Lﬂﬂ/ﬁﬂ'ﬁuﬂLﬂﬁJﬂEﬂm"ﬁ‘

uaoadayaniAmd

J-

Lmmmmmaen

@ 4 =
LLK@{I"UBJ_EIJR aonugAleLnn/EnIunLIny

FIEHNUANY

TIHTUAN9)

MWUIENBY 4 Sequence Diagram S¥UUUIMIIANIIATAMTIABNTINDS
dmiupuzingrmansiazinalulad uninedesviguassvdun

3.3.3 WAUITLUUNIINTIAARUATN
nuisElfusruUlugULuuweUnBiedy
Taglinw PHP uazliinsuisaiianansousans
nalanunateaunsal (Bootstrap Frontend
Framework) saufiafiudeyansdiusiuasnis
n3vdRUAIIMElUTLNTL MySQL Tnguaulun
Tumsianssuuuimsinnisasdadinouiimes
dnSuaneinemaniuazinalulad wningdy
F1inuAssdEL wuseandu 2 dw fie

1) dureeguaszuy lakn N153nnIs
Joyanugu n13dnn1steyaries Inn1steya
\AT0IABNTILMDS A40BNT I8N

- fAuasyuuagsas login neurhldau
TPUY

¥
=1

uasguuaansadan1seyaiiugiu
HAWR), Mgy

- §l9)
RURY)

W e (
- dguaszuvanIndnnisleyaneniiumes

Wessiy ansnmistuiindeya mndlyssuuau

¥
L v v Y A

dmsu FALAIEUU dIUI0IANTINUVILANUZIY

Y
N o

Ingdayanidguasyuulzosdnnisilaal

U
(1) dwdnnsteyaussaniies
- amzilyudayauszinvvios

- AUM/uEns Tayausrinnvios
Auteuly

- uilw/au Teyauszinnvies

(2) drudanisveyaries

- aangilzudoyarios

- Fum/uans Teyares muiteuly

- unlw/au Toyavios

[

(3) drudnn1steyaaniuzaIud
ADUNIADS

L% s

- aangilyudeyaaniur AT u
AOUNILADS
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- AUV/uans Jeyaaniue aueuly
- unlw/au Yeyaaniug

(@) dwdanstoyauseinnaulszana
AsfusineNINDS

- amzidguloyaussinmauuszana

- Fum/uans sudszanal anufeuly

- wilw/au suussann

(5) dndnnsamelounifusineuiiimes
- amzilyuningineuiumnes

- AUN/UARS ATANINADUTIUADS
muauly

- wilv/au asfndineuiunes

(6) d@usI@ONTIBU

- 5189UATAUNABUNIABITVBY
woayviod

- MenuasiudneuiunesnuTel

- pnuasiusineuiee STt

2) dhuvesldauinily

- AansnAuAuLarg e UTeyanTiue
ARLTIABSLA

3.3.0 naaouszuulasfindeszuul URL
- https://inv-sci.nrru.ac.th mmfuiéiﬁﬁﬁ&mﬂag
Usziiludsganinmuasssuy lnenaaauaiy
anAoavasilentunIsineu uagdSuusany
Fuugih Mntulsefiuaufianelalpengy
Aldaussuu/nduinedns laeinszuiunisaing
wuuUssdiu fded

a

1) 99NKUULALES 1 UUUTEEINUSE AN S A
wazkuuUsEiuAINURawela At

1.1) wuvdseiiudszansainw
fiussifiumaufivssfiuuszansnmvesssuy
wiadu 3 peu fil meudt 1 %a;gaﬁﬂﬂ%q
FPouuuUaunY Rouil 2 mnuAniuRgIiy
UsAnEn1nvesszuy neufl 3 Telaueuuzdue
Fomuaduu 27 4o Wnafudeya Fideey
Y1Lonas7ii QR Code wuulszidiu wazveduny
FumeumsUsuifiuriuszuuesylat ldvesdanin
daludaganmnevetoranaling eranadasanune
dunu QR Code maunuuUsziliuoaulavlas

1.2) wuuusziiiuauianela
Wunsuseldulnenquildau/ngudiagna
Tnsuvadu 3 meu fall newdl 1 dayarhluves
HReuLUUaB Uy Aeudl 2 nsUsEiuAIY
flanelavesfliuing noudl 3 Terausuuzdue
Frauaduau 28 4o Bnafudeya bz
@Nasfii QR Code wuuUswiiiu wazeSuie
Fupounsusudiuuszuveeula ldvesdaniin
daludadanmneveteranading eranadasanune
aunu QR Code moutuuUszliusaulauliiay

2) WU UUsZuUTE NS NN ITEUY
wazuvuUszdiumnuianelafiadsdusiaue
Refilervny $1uu 3 Vi iilemedvil
AUdInAad (Index of Item Objective

Congruence: 100)

3) AASIEVHaARYIANUEDAATBIUDY
huvUsgiludszansnnaghuuUsziiiuainy
fiawela fie 10C aglutng 0.67 - 1.00 A
thuvudsediviaesluldnuass

4) Y1Nan1sUTEIUUTEANSA N ey
NANSUSERUANUTaNDUNIATIE tnelana
Alady wazdlusuunInsgIu



The Development of Computer Inventory Management System for...

295

Thamonwannapohn Khakhum

MImTIenasaunaLasmalulagussgnd, 6(2): 2567
Journal of Applied Informatics and Technology, 6(2): 2024

%o % 08
:C Inventory R
AuvnATiY
e o v LR TR
l'l.hsjiﬂlllllﬂ-’ml.ﬁ.lhi\ﬂu
s i anu
Username a
Bt
TWaHL S
Remember Me ) gz st s ame sn
1300200095759 i EETR i oz
o . 1
o 9
mMwdsznay 5wy Login 115Uy
SC Inventory = ® mir
undn Y S 1af
e ARNNTATAALN
@ Dashboard
Q éwnasiauat BanTnaarisuia
&oen
O vituasiouei .
uaey =+ um fun
Action 4 Haagiauai serial mnagfimai szan Asadu annuz
& Samsanusarioei <
& Sommlmavarias < = n \edasaaniiniaadivi 1S7945J4A06CNMW9  i3u31.15.01.2500.m/55  adavmaniininas 32.04.05
e wizha(Server)
& Famsamudiy <
= n wAdaaiant Laserlet CNB9JIHI30 23.3431.13.002.000095/59  1A3avTuvi(Printer) 32.02.02
8 Jam i <
gn rdagaaniiiaasiul 157945J4A06CNMW10  315%31.15.01.2502.97) finaas 32.04.05
Eiat] wizine(Server)
= n wedaadsasll Biia 3023810266001 25U3.15.09.430.91/55 \etasdhsag 32.02.03
. WS

AMNUIENBY 6 NTNTIBNUATANTIABNTIINDS

4. NaN15298

4.1 NANIWAILITEUUUIMITIANIG
AsfaTiARuN I RsdMTUAME IEAaRS LAY
walulad unIngdesviguassvaun §idy
Iagdunisiaulaglilsunsuniwiiead
(PHP) uazgutoyauneLeafwen (MySQL) uag
msansaszuulsT URL - https://inv-sci.nrru.
ac.th Gesesiunmsvhanildmanegunsal IElY
2 ndu Ao fauaszuuuaedldnuialy fil

4.1.1 dudouaszuulsznaunie
JannsA3ine Iansaanuzaiiue Ian1sUsEAm
A3t Sansantuiiivdanisgldan niseen
wusazdteaniideazidenaidnadulng
Excel Tngluddiuusndoaingszuuiededld
uazSUEEY ruansInImUsEneu 5 -7

INNNUTENBY 6 UARIDITIENNT
asftsirouiamesillduiindoyal imun oy
LansEATIBunsY YoIng A WU Jeng s
MINBLaULATEI LavAgie Useinn anudide
iU @01uy IneauassuuanIsndnnis uily/
AU 9eMIATINITFDINSIALUL real time

NAMYTENDY 7 UAnITIEazLden
Agtasireufinmes fildinisantivanld
Excel indsnaufiamesildan Tngszuuvinig
weNUTELNANTYBIATAMISEUTRELAT d11150
thiwdlulflumsnenudeduimaiiedszneu
nsdndnulalunmsdatedamaseild

4.1.2 dugldaunill Usznausie
wihAumAgine danndseneu 8
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A 8 c D 3 F G H ! K L
1 lavagioue Tangioual serial dszan sy anuz
2 ausun.15.01.25019m/55 16 fiaaatusitng 15 NMWS i fwasusiang(Server) 32.04.05 wwedming
3 |35.431,13.002.000085/59  13astin Laserlet CNB3J1HI30 w3asiiuv(Printer) 32.02.02 wiauTaou
4 |usun.15.01.25020m/55 1A% fimaiuiing 1s NMWI10 6 fiwmasivitng(server) 32.04.05 wwadmiing
5 |usun.15.09.430.0w/55  wadavdsaslsl Ava Leonics w3acdsas’ul(Ups) 32.02.03 wsaulaom
6 |u5u.15.09.430.01/55  1A%avd17as sl fva Leonics n3asdsasH(Ups) 320203 wiauldowm
7 |u5un.15.09.4320m/55  \adavansaslyl fvia Leonics 1a3agd15a i (UPS) 320203 wiawldowm
8 |usun.15.09.035.0/55  wadavdsaslyl Ava Leonics w3acdsasil(Ups) 32.02.02 wsaulaom
9 |usun.15.09.034.9m/55  1adavdrsasiyl Aua Leonics n3asdsasH(Ups) 320200 wiauldowm 1
10 | H5U3.15.09.436.0/55  1e%asdsasyl fvia Leonics 1a3agd15a i (UPS) 320202 wiawldowm
11 w5un.15.09.438.0m/55  waasdrsaslyl v Leonics w3acdsasil(Ups) 32.02.02 wsaulaom
12 85U3.15.09.427.3/55  \a3avdrsaslyl Auia Leanics n3asdsasM(UPs) 320200 wiauldowm
13
14
15
16
17
18
19
20
21
2
23
Worksheet @ [4] |
vL 3 A 1
o %
ANUTENBU 7 as189UNEeanaNnNTsuu
LIynEn 4 2 A
S AUUIATAALN
@ Dashboard
" o Ha/siia/s/N
Q Aumassioei
lszan fidoufAu anus
LeFasdrsaslil(ups) - - v
uaes w0+ um
uans 1§38 8und
. a4
suda * fa i szian anue S/N
NINL15.00.427.9/55  (eFasshsaa’lyl Bida Leonics \eiageaaslil(UPsS) 32.02.02 3023810266007
UTUN.15.09.4309W/55  LA%adarsaa’lyl Bvia Leonics \atasdsaglyl(UPs) 32.02.03 3023810266001

MWUIZNBY 8 NTAUMATAn

NNNUTENBU 8 WaAIBmIAUM
ATM9IYRITEUIUUINTIMIATATiReNTimes
dmsungInenaanskazinalulaguninendy
smfguAsTWAL aansadudunsAsifidesnis
FenuIIvavdunaiinlalaglifes Login
Wihszuv wayiBmsdufuiivaes W nsende
A3/ Launs o /vanelauieies viselii8nns
\FonUszinm anufidaifiu vieaauziiieduduy

I

4.2 wansUsEliulsyEnsnmMaessE Uy
UTVIIANIIATATI BN MR TA T UAY
Weansuazmalulag unIneaes1vas)
unsANRITamy MM sUssdunszavnm
YDITEUUUITMITANISATAueIneuInasdmSy
AEAINEIAERswazAlulad UnTIveau1uy
upsTwAINYeiTeTny S1uu 3 Ay HaUINg
4RI 9
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M99 uaneAafe (X) wardiulenuuansgu (S.0.) asunan1sussdulseansnmssuy
YNANU VLTIV EY

FZAUATNN
Tansilsidiu — !
X S.D. Weamnw
AIUNTINIUAIINADINTG
1. anuansatunisidhtisnilussuugiudeya 4.33 0.66 1N
2. anwannsnvesszuulunsifiudoya 4.37 0.56 1N
3. Anuamsavesszutlunsuiulsvuiludeya 4.30 0.60 N
4. pnuanunsavesszuulunsiiaustoya 4.17 0.70 ey
5. ANaInsalunsaeeningseny 4.00 0.00 1N
394 4.23 0.50 €N
gruaunsavieuldanamdin
1. mmQﬂﬁawaqmsﬁwwuiwumwﬁwﬂ"‘ummiﬁwm 4.00 0.00 an
2. pnugneesvasssuulunsindssinnvesoya 4.33 0.58 1N
3. amugniesvesszuulunsiiudoya 4.33 0.58 1N
4. Anugnaesasszuulunsuulsvudluteya 4.00 0.00 1N
5. AnugnResasszuulunsiauetoya 4.00 1.00 un
39U 4.13 0.43 an
AWANNIBADM 10T
1. amaolunslsnuszuy 4.67 0.58 wn
2. anumganlunisesnuwuuntiastunisidau 5.00 0.00 wniign
3. arwidalauresternuiiuansuuaenm 4.67 0.58 )
4. anuazmntunsdldseuy 4.67 0.58 el
5. anunldrasszuulumsldeu 4.67 0.58 )
T a.74 0.46 wniign
auiazAnsnm
1. i lunisuanawaainmsidenleana 4.33 0.58 1N
2. mmLéﬂumiamaﬁ‘ugm{aga 4.67 0.58 1N
3. anusilunstuiin Ysudseleya 4.67 0.58 N
4. anudilunisuansuavesoya 4.33 0.58 un
5. e lunmshauvesszuulumsvinunumiig 4.33 0.58 tly

39U 4.47 0.58 4N
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A1379 9
NNFNY VDIHLTEIU0Y

wansAnade (X) uardruidosuuninsgiu (S.0.) ajunansussiiulseavsnnszuy

IEAUATBAN
Tamsisziiiy — *
X S.D. WIRUAN

éﬂums%'nmmwﬂaaﬂﬁwaaﬁaga
1. matwuadnsmanlrszuufenumanzay 4.33 0.58 N
2. muvaendevasnsidniidoya 4.33 0.58 1N
3. MInsyadeuavseultuvesyliseuuluseausingg 4.00 1.00 un
4. fisvuulasiudeanlsa, fungn 4.00 1.00 tly
394 4.17 0.79 Ol

FUNNAIY 4.35 0.55 N

1NN 9 WuNHBenalausyiiu
UsgAvEnmeedssuuuimsinnisagiomineuiiowmes
dm3u aagInenemanfuaginalulad 1vning1dy
uRguasedin definsannmaeglusziuinn
(X=4.35, S.0.=0.55) kagdhunANUNINel
FIEA1Y WU

ATUATINUAIUABINITOLTEAUAIM
flawolasnn (X=4.23, 5.D.=0.50) uagiilofiansan
9o TneFeadiuaninniianuazsesa
wnfign Ao AwanansavesszuulunsLiy
ToYa F0989U1 AB FTUUAIUITOAUNITIENTT
AsAuale

suansnsavhauldmumiini egsysu
Awiawelasnn (X=4.13, S.0.=0.43) uaziile
finnsansede lneFusdwiuaninnigauay
509891 1nTian Ae AmgnFoswessEuLluns
JaUsTNveIlaYn LaTAIINYNABIVBITEUY
Tunsiiiudoya sesasn Ao Anugniesves
msvhauszuumaminivesnsyhay uazay
gnsesvasszuulumsuTulsvunlutoya

AuAudedensldi egseiunIy
Wanolaunian (X=4.47, S.D.=0.46) uaziile

finsansiede TnsBesddunninniigauasses
a4 1nfiga Ao AnumzatluniseonLuy
ninaelunsliau sesawn A Anudeluns
sy pmudanuredeninuiivans vy
AN ANATAINIUNSDITTEUU AmUn Y
voesyuulunsldau

aulsEanSam egseiuanuiianela
110 (X=4.47, 5.D.=0.58) waziilefinrsanstede
TnoBesdduaninniigauazsesasn undign
Ao Audilunishnsedugiudoya AINS7
Tunstuiin USuusedeya sesasn fie Aans?
Tumsuananaannsidouloan anuiEa luns
wansravestaya AuEIluNThnuYedsEuY
Tumsvhaumumihi

AuN1sShwinulasnivestaya
agszAuANNanelun (X=4.17, S.D.=0.79)
wazidefinnsansede InsFosdduanunniian
LAETeaNN WNTign Ao N1t mundninig
5 UUAMUIALNZ AL kazANUUARAABYDY
NMENAeteYa 098911 A N1IATIVABUANS
neuldruvesldssuuluszau uagilsvuy
Jesfudvanhida dunin
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4.3 nansusediuanuiianalassuuuims
dIamsngiaeineuiiimesdmsunugInemans
wazmAlulad I InedesuiguaATIvEn

MnnsUsTiuANuianelavegldny
FEUUUIMIINNIIATA AU BnesdmTy
AL IMEIMENT wazmalulag wnIne dusudyg
UATINFEL 978U 30 AU HAUIINGAINITI 10

1314 10
Tuyndnuvesldau/ngudiegn

A5 10 wuglFa/ngusieeng
faufianelasiaszuuuInisinnisagium
AouImasdmMTUAMEINEIPansuazvAlulad
WNAMdeUAguATIIvEIN Wefiansannm
53 agluszAuun (X=4.31, S.0.=0.58) uay
FWUNANUNINBTATIHAU NUTT AUAIILT
weolafifseszuu egseiuanuiianslasnn (X
=4.27,5D.0.62) uazilefiansanitede lauiFes

wansAady (X) wardiudesuuninggiu (S.0.) asunanisuseiiuauianels

- FTAUAMNIN
s18n15UsEIU — -
X S.D. LWIARININ

v = o
guanunswalanidnaszuy
1. szuuldaudng 4.33 0.66 1N
2. sruusanna nihaevesszuukidudou Wiladne 4.37 0.56 Yl
3. STUUANLNS0AUMNTIENIIATI I LALlaedg 4.30 0.60 1N
4. szuvanunsaUszanaliegiagndes TIa57 4.17 0.70 nn
5. spuvannsamvuadnsnisntadeya 4.27 0.58 Gl
6. szuvasadwentidnenuliegsgndes 4.23 0.57 N
7. szuuhauldnannvangiviusiwes 4.20 0.66 1N
8. szuuvhauldvarnvategunsal wu flefle wiulan 4.27 0.69 wn
9. szUUNMBNwITAERY 81Ud8 4.27 0.64 Ol
10. 53UURBNLUUDENISHUIEY 4.27 0.58 iy
374 4.27 0.62 an
v a Y v o
FUNITUINTVBIRIMAENN
1. Wmthfiaunsawnlataymseninemsldnussuu 4.30 0.58 1N
2. W liusnsmenuazain 530159 4.37 0.49 10
3. Wwhiiguateilaldnsziiedesu winlaliuins 4.37 0.56 1N
4. Wwhaldeiugdy visneudednamlailusened 4.37 0.56 10
391 4.35 0.53 un

FIUNNAY 4.31 0.58 N
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é’wﬁumﬂmﬂﬁqmazsmmm A9 STUULEAINA
nrnaevessruUlidudou Wledne se9a9un Ao
FEUUAUITOAUMNTIENIATANIILA UAZTOIaN
fo sruuldeiudiy munisusnisveadmiing
agszaumuianelaunn (X=4.35, S.0.=0.58)
wazidefinnsansede o Besdduanunniian
LAEIBIANN 1niign Ao Wmthilliuinsee
AwERAIN TINSY Fe%aan Ae Wvithilgua
w1laldnseiesesu Wulaliusnns wazsesas
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