ISSN 2586-9256 (Print)
ISSN 2697-410X (Online)

Journal of Science
and Science Education

I19N15INYIATINNS
LAZANYIATINANS ANEI

1 6 a1iufl 2 (n.4. - 5.A. 2566)
Vol. 6, No. 2 (Jul. - Dec. 2023)

AMSANLIATARS
AN 8guUaTITe1H




AT IMIaNTUAE N ITIANTANYT T7 6 1wl 2 (n.A. - 5.A. 2566) | N

215815NYANENS LA INY AT ANE

Journal of Science and Science Education (JSSE)

ISSN 2586-9256 (Print)
ISSN 2697-410X (Online)

1’4
131989
ANEINGIMANT WINEFYQUATIYEH

d1tineu

NUALETUNITINY ANLINYIANERT UNINETEUATIYT

85 auwANaN1SA Fuaiesrsla 911n9313uE5 U Faninguasivsiil 34190
Insényl 045-353401 sip 4425

Insans 045-353422

Email: jsse.sci.ubu@gmail.com 1138 saksri.s@ubu.ac.th %158 purim.j@ubu.ac.th

a ¢l

THY
IsafiuiuvInedeguasvsndl
85 auWANAN1SA FuaLiesAsla 11n9313UE5 U Fainguas1vsil 34190

SUFRUN 30 Fugneu 2566

Yy a & S o v
Pafaiuluunanuvasnsasiiliunausvasideu
N9YUTIUISN15V8971587159 Liddudeaiudqaaualy

avanslee Aoz Inermans umInerageuasvodil



¥ | Journal of Science and Science Education Vol. 6 No. 1 (Jan - Jun 2023)

[

AUITAALATVIULYAYDINTANT

1158193M8AERS LAz INYIAIERSAN©YI (Journal of Science and Science Education: JSSE)
MBLaY ISSN 2586-9256 LHunsansidavinlnsnusinenmans umning1doguasnestil Singusvasd
oL uundunsunsuna11uide (Research articles) wiounaA1131n13 (Review articles) a1y
Ingrmanidne @mngsuiunaluladuazaoufiameiAnyl uazadamanifne) Lagsu
Anermans (nowiuduinermanimeonin tiud il Jand adamans aeufiumeuazinalulad) i
unAnuAlneazunAunwsangy Tnednvazvesunauilaziiaueiiieveasifismilunsais
wwdeslansziiaule Wunuiduesdrnuilmifiviuasis wardeaduamudilimegniluffusimeunsly
sanslamiou el nuUNAIILAERBIIUNTEUINNNIATINADUAIILNFDINIIBINITAINANY
idomniiieatoduusiazainniv (Peer Review) oeghation 3 vitu faunsansTil 4 aduil 2 Husy
11 waswiildFunisinnsanasiuilunsansezdosiianszinaule iunuiiSussdanulvsidfiviuars
wazdeaduauitliinegniludfurimeunslunsanslamney ells 13ans ISSE dneglunguarvin
FaANfAnuw1 (Main subject categories: Social Sciences) @1U13v1d3AUNAN®T (Subject areas: Social
Sciences) waggfluanvivgasdunisfingn (Sub-subject: Education) uona1nil defianudungos
diududn ¢ avivdeglunguaiuningreansnienin (Main subject categories: Physical Sciences)
un (1) Wil (2) reudamesiald (3) adnenanily uay (@) WAnduazasimansialy wail
NsaTImermansiazinermansdanwiidmunmeunsunanulaz 2 adurderan Tastaud 1 19y
IHEUNSUNANNLTEVIAFDUNNTIAL — TQUIBY LAZLANT 2 INEUNTUNAINTENING NSNYIAL — SR
Tunsdliffanssumielomafiawesnnyingrmansuazaming1doguasvstll M1neaussansnns
9199ziimsisaneunsatuiaLin (Supplementary Issue) usnindleanatuunfdusonsdly

Usznnmaufinnam

1. UNANNASIUITY (Research Articles) L“fluwamuﬁm%‘am1ﬂ%a;gaﬁél%uﬁaﬂmz@@auiﬁ
AUAINITEMBAILDY

2. UnANNIYINS (Academic Articles) @nauantluunanudssieg (Review articles) unmiy
nawnaila (Technical articles) 1I38ULTEIAINNNTAUAY maaaa‘uLaﬂmﬁmmﬂummfm LazUNAINY
filety (Special articles) wuspuiidulslowisorou

AnvuAean
WU 1 unsa - dquieu vesnd
UM 2 NsngIAN - SuAx Yeennd

Copyright by Faculty of Science, Ubon Ratchathani University



AT IMIaN U ME IR AN T 6 1817l 2 (n.A. - 5.7, 2566) | A

NBIUITTAUNBNISANTETINYIANENT AL INYIAENS AN

UsNe1115813 ANUR AEINEIATENS UNNINEaEaUATIve1Y
FRIRNUANNEITULALUINITIVINGG AEINEAIENS UNTINeNF8gUaTI¥eTTl
WINTINBUIIANENNT  FRIMENTINTIANAAS d01Ws  USTANSNNIINUINeNAmEansAnY

FRIPNANTINTIYTN 13TA UsTMIBNIIIWINeeansuazmalulag
N2IVTINUIBNITAIINNBUBNNNINIAY

WNIneaeuiing

UNINIRL VUL

W enAlUlaENsEI0UNAITUYS
wninedewmaluladasuni

anuInegdsis
andumeluladnszanunaninaunmsaInsy U

UNINYIFUNEATAIEAT (U9L)

mans1seide Snszga
FNER19159USTUDN JUNSLauVie
ANERSINSENAUNS T1udlng
ANERTINSTAUR WLUAS
ANERS1915970Y NN
509ANENI1915955IMY UsEnauna
509ANANINTEVIRS EeAIRN

SRIANENSIANTIDATT NUINS URTINYIRBVDULAY
FOIANENTINTENEIUNS Yeyays UMMV URAY
SRANENSIINTINTSAY TRUNFIVY WISl

J09AEANT1A138dNTAN Snnei
SRIMANTITINARITY UTLAWAD
HYermans1158luu Junsase
HYI8ANEnI1A158aNAER WalianSune
fenemans1sdiian elatan

Vo

HY8ANERSI1ANSINTNT A

U

HYIEAanI1AsEnFinT assudisuns

AARTINTORING F9anTaee
TRIFNEANTINTIULAITIV DUNTILYE
FOIFNANTINTTANETUA  LAIEITIO
$4FANTINNTEIIANA quUM
soemanTINIoIndng yasaeudy
AYIEANEanI1A1500ing Avasey
AYIEAEanI19158gNaY duns
frhemansnnsdiriu umsiu
Aermans11sdiaddansiv esevnina

NBIUTIAUIBAITIANTTINTENS

JIPNANTINIOGTE YANTUY
FRIFNENTINTENUARE S Jdlkaan
HYemans1ansevening damlyd

URINYIRYAVATUATUNS
WIS an 511l
UNINYIFINGa
UAMINERUFASUASUNTILSN (Useauding)
WIS UDULAY

uIngaedesiv

UNI¥INN50aATY

NBIVTINIBNT AMLINIAENS AN INEBIaBUATIYST

ANEINIAERS UNINIRERUATIVEIY
ANEINIAERS UNINIRERUATIVEIY
ANEINIAERS UNINIRERUATIVEIN
ANEINIAERS UNINIRERUATIVEIY
ANEINEIMENT UMINE1RERUATIYE
ANEINEIMENT UMINEIRERUATIYE1
ANEINEIMENT UMINEIRERUATIYE1
ANEINEIMENT UMINE1RERUATIYE
ANEINEIMENT UIMINEIRERUATIYE

ANEINIAERS UNINIRERUATIVEIY
ANEINIAERS UNNINIRERUATIVEIY
ANEINIAERS UNINRERUATIVEIY

ANgUsTaIUUNTENT WE0NTIAY JedlY wietigned duan uasuneanay) Nuye

avanslee Aoz Inermans umInerageuasvodil



4 | Journal of Science and Science Education Vol. 6 No. 1 (Jan — Jun 2023)

Awuzihdmsudideulasnsinsauduatuunay

14 JSSE Wasuunmnaideuarunanudvnsieniningnionudings suatuunain
Usznoudae 2 @ lud dauundnde wazdnnileSes fenmensuiuliiiiu 16 wih il Sruneny
Tafianuenaunndt 16 nih wanesussansnmsssdufinsunmuenumngaudnads lnedafias
fuatuunaudielusunsi Microsoft Word 2013 w3awesduiiluini 19§18nus TH SarabunPSK
dmiuiSeslildsmuivuin 18 point FefiTou vuna 14 point andududsinvesfiouvun 12
point dauveaiiomuuin 14 point wazlddarminszamduwuin Ad (8.5 x 11 17) uazfumlagyiu
SYELIINTBUNTLANBALUUL FIUTI wasuans dua 1 47 daududeiussendu 1.25 1 dadu
el srezieszwinsussTidiu single space Tnefisoazidondsil

dauundngs Usznaudisieiies (Title) vasameite (Authors) Soan1tiu wagLiionn(Body)
wiouAddey (Keywords) Inedeises mnuelaiiu 2 ussia TilddaRudlng oniuddimiiuig
(article) fywum (proposition) wazAdus u (conjunction) T dudafismian %aﬂmz;ﬁﬁa AU
Fadnvsuuna 14 point srylanizdeuasuiuana laglidesdidimiunmienund uagldaaniy
(asterisk, *) Mﬁaumaﬂasuaacﬁ"vﬁawﬁﬂw%ﬁﬂizmmm (corresponding author) @wsuniwlnglimiu
235A 2 1A1e SeninaTerdide uas maaﬂuawwima "‘wag" dmtlaglifoniulsse wardmiu
mmaaﬂqﬂ‘ﬁlmamﬂ (comma) naswnana snviuaugavngliimiialg "and” wazlidesldgania
i "and” Fedatutuussialval Ruidesnusvwn 12 point mniiunnd 1 a1ty Ildsuaven
(superscript) infunthdoanitunazndadodidelnsaiu Saveailsundnviofuszaruaudin
vssTinlmllddoansusefsnesuun 12 point Lﬁa%ﬂuwé’msiamimaumumizﬁﬁﬁaﬂaqmiﬁm:n
i fnaUszasd 35013 wanaveiuena uaziddy It uussinlul uasiisuuednaden 3 f wilal
WU 5 A Ima‘[,%ﬁwﬁ?{ammwmﬂumﬁﬁuaEiwa%’mmu

dauifaidos Usznaudeumi (introduction) T8d1iunside (Research Method) wan1533e
(Results) 8AiUsnewa (Discussion) @5Una (Conclusion) AnfAnssuusend (Acknowledgement) Liag
LoN&1591984 (References) amwwmm’mﬁmimmumgﬂqumiﬁ%auw%ﬁﬁaﬁLLmﬂﬁiNaaﬂlﬁ
AR T s18aiBenvesunAIITEeaazUsznaudae (1) unih (Juduilesureediin
wazanuddguestgmilunisideniensfiny nasnauazunanITNUNILITIUNTTNVTBUITT
Rertesednunsyiuiieduadulifunosnuideddyuasdniauinntu (2) fnguszasiniside o1ey
denvauslugUuuuresdanidoveanuigiunisitoiiissendaeermils Inaidunsiiaueded
doamsinuilidaiau (3) Bandun19ide WumsesueiBiuiumsidedduegiusuuuuuazszian
yasmHeiifineasdununniatueenlunuaumangay (@) nan1sideuarefusena Wunsiuaue
aINN1sANYITidenadesfuinguszasduaydidiiumsiterenisidy mstiausedumsassifulas
oRuTeramuglufunanmsifeluusazdin Tnglnseiioudioutumadodouning viowiouiey
fundnnisvienguiiieades (5) aguua iunmsinaueaszdfgildannisfnvivieniduedig
nszdunazidnlaldine arsfinnslideiauenusiildainnisidensensAnvnfinfudludae (6)
AnAnssuusena unsssyundsuaduayunsfine wihsamsteyaaafiliimsatuayuvietismie
Tumsfine waz (7) wenansdneds Wumsdeusemsenarsildlunmstrdduduvenideniiomn Tag
T9iEagUkuy APA (American Psychological Association) Ingifisuussauynsunierenasdnsdaiy
amangquitanun Tusagiesueiudsluduresionansdads lenansérsdausagsnenmilifianisoriy

Copyright by Faculty of Science, Ubon Ratchathani University



AT IMaNTUAE N IIANTANYT U7 6 1wl 2 (n.A. - 5., 2566) | 3

gauAnusvinles (19n1siang space bar MuANUMINEAY) WATNLANE enter WBARAUTIIA LAz
T9Feifuvannsans el LBNEI591989YNI1INITABUTIUTEUUNITE19BILUY APA (American
Psychological Association) Lﬂummé’mquhﬁ?u nyandnwAmwuguaziegslunnlousiens
lonansensda fail

AU IUNSEULENETE1989

M3asEFgULUL APA Tumsidsuussanynsuvieionaisseds daduguuuuiiuiitenldl
av3w IaInen NN waravdaaumansdug n1sensdaiterimuanuundsfiinvesenansi
Branl¥81e8e uarildsusnusidesmundmus A B C audeu sl

N1597198991nUNAMNTUITESIYINTg

UNANUNIBING Y

Supasorn, S. and Promarak, V. (2015). Implementation of 5E inquiry incorporated with analogy
learning approach to enhance conceptual understanding of chemical reaction rate for grade
11 students. Chemistry Education Research and Practice, 16(1), 121-132.

UNANLNEINE

nawn wifudouasdnied gn1ws. (2563). mavaanudlaslufvesinGsuduliseudnutd 4 Bos
a13Uszneuleseilin memsteuiivvduiazudulinaszduoynia. 1sasInermansuas
AneAgasanen, 3(2), 165-176.

Wausan1ssndudunindingeniu

Pananchai, K. and Supasorn, S. (2020). Development of grade-10 students’ conceptual
understanding of ionic compound by using inquiry learning in conjunction with particulate
models (in Thai). Journal of Science and Science Education, 3(2), 165-176.

N158199931nUnAMNTUTIBUNTUTEYNIYINTT
Author Name. (Year). Article or chapter title. In Proceedings of (pp. page-page). Date (if
applicable). City: Publisher.

o 1

fee1aunAUNIwIineg

Bnuzd oangd uazdnins qniws. (2558). matanadilaluuAinemans Sesaunaindl dedy
fnsmadoufuuvduay 5 fu naunauiumedioiiue-dunn-osursluduvensanud dmsu
tniFeutuifsen@nui 5. mesududssinmaussynivinisszdund ueu. 33u aded 9
(i1 388-398). Yuil 2-3 N3NQIAL 2558, QUATIVSNT: NMTINNEBEUATINENT.

a v a [ v Y v dy
L%BUiﬁﬁlﬂ’]ia’N@ﬁLUUﬂ’WHW@\?ﬂQ‘l&ﬂﬂﬂﬂu

A-waekaji, H. and Supasorn, S. (2015). Development of scientific conceptual understanding of
chemical equilibrium by using 5E inquiry learning cycle integrated with predict-observe-
explain in the elaboration step for grade-11 students (in Thai). Proceedings of 9" Ubon
Ratchathani University Research Conference (pp. 388-398). July 2-3, 2015. Ubon
Ratchathani: Ubon Ratchathani University.

Fvanslae Aol Inenmans 1/74731//5/7@”5/@1/5‘57%5717



a | Journal of Science and Science Education Vol. 6 No. 1 (Jan — Jun 2023)

N15971989991NNUHD

Author Name. (Year). Textbook title. City: Publisher.

faaeng

Okuda, M. and Okuda, D. (1993). Star trek chronology: The history of the future. New York:
Pocket Books.

N1381989 N M TNUS
Author Name. (Year). Dissertation/Thesis title. Master’s Thesis or Doctoral Dissertation. City:
Publisher/University.
fagrAnendnusatwlneg
Bnuzd ewangd (2558). mswauanadlenlusineenans Sesaunatadl sedpdnsnisBeuiuuy
duiany 5 Ju nauwautumaiaiiuies-duna-ofurslutureeainad dviuiiniFeudu
feufnut 5. InerdnwusuTygumiudin. guasvenil: uiveduguanusiil,
dpusenmssdaiunmsnguldsed

A-waekaji, H. (2015). Development of scientific conceptual understanding of chemical equilibrium
by using 5E inquiry learning cycle integrated with predict-observe-explain in the elaboration
step for grade-11 students (in Thai). Master’s Thesis. Ubon Ratchathani: Ubon Ratchathani
University.

nseedsaniiuled

Author Name. (Year). Title. Retrieved Date Month Year, from Website Name: URL

shaehaiulednimine

39150 W19, (2562). un1Ineduuiteuran. auduLilo 8 inu1eu 2562, 310 GoToKnow:
https://www.gotoknow.org/posts/285169

Weusensensdadunwdingy

Panich, V. (2019). University of the future (in Thai). Retrieved 8 June 2019, from GoToKnow:
https://www.gotoknow.org/posts/661810

AnwseazBeaiiaialaly adlnaalndwmuiwanunanulaly
http://www.ams.cmu.ac.th/lib/administrat  https://drive.google.com/open?id=130DZ6
or/paper/_APA%296th%20New.pdf TaSzzXZV6EImwxHwyBYQ17ynZQb
- =l . E

e

Copyright by Faculty of Science, Ubon Ratchathani University



1515 IMIFA UL TN IMIaN NG UV 6 48391 2 (n.7. - 5.7, 2566) | %

AoULAAYUTIUIENIT

v
v a o

Taqduil dnivinmsvsedvieuludruivnisdiulnginisfiadrdyvaveene uagnilsly

v
P '

msfawaniu fo maweunsianuinnslunsasinmavionsussaivnsidnsndunseamanu
TnofBervavdedmsinand (peer review) Wistdunisuaniudsuanudniuseninadndsnisee
ﬁuLanLLazLﬁmﬂumﬁmEJLLWS'WQﬂﬂaﬁ"’avl,ﬂﬁauhlﬁé’lwaxﬁﬂmmummaﬂwaaLwiasmu Wil KL
Foafissyiedn nmssrdamamAvinndudeiideddladusnbuardosdadegsdiiansugauasd
S TCEH R o ﬁL%auazﬁmﬁ%ﬁmUizLﬁumm“ﬁaEiwq?iﬁ’audau?iam%’umiﬁmmnmemﬂumimiﬂ
iledesuntsfinaennasidunns (plagiarism) saaslawazlinalald il nesussandnisvessans
IFinsasndeuunanuetuassainiiielastunmsaaiandounnnudnivins mafnaenaanuinnig
vi3ensnszvinfinaressesssunside

VAN INEIMIENT un1Inedeguas1wsnd Iiasdurnudidydiadu Felddninnnsans
Ineraniuazinermansane sunniefudnniomadenlunismeunsianudninisnmiiiy
Inrmansuaziuinereaniine laensansaduiifunansti 6 wuil 2 Usesudeunsngie -
Sunnan w.el. 2566 FaUsznaudieunanutaie 16 Soe Suunduunauidesnivetmans 4 eq

UNANLITEAIUINGIFANSANET 11 1599 WATUNAMUIVINITAAINGIANENS 1 1599

v
=1

‘17?&‘14 1M5815laUsENATRTIAsI TELTENN1TRANSTUIUNAIY (Article Processing Charge)
unAmay 1,500 Um InsaziSontfuAsssudouamsunanuduatufiussaundnisnsasfiansan
Jesuwdrindulumudeuluvesnsans Tsazdsieludanszuiunmsfiansanlaeivsanngd Tngaglil
medenifuassandondnvunanuduatiufilidulunudeulveasans il JSSE anFenifiu
Asssuonnsdndunisunaing Myl uninenduguasivstll (auzinenmans) laui 869-3-
00127-7 swrAslnewidind daust e, 2566 Wuduly il madrszArssadounisiansanumaa
LilfdunsBuduiunemudandaglduninmeunsly JSSE wiogsla fadu unaudiegldsuns
weunsly JSSE 9eApa1unTEUIUNIsUTEEIUNEMSIRainuUng

(504A1@M31397158 AT.ANAAT dNY3)
PAVUINBIUTTUIDNTINTANT

avanslee Aoz Inermans umInerageuasvodil



% | Journal of Science and Science Education Vol. 6 No. 1 (Jan - Jun 2023)

GUEVY
TQUITAIALAZYDULIAVDINTANS
NOIVTIUIZNIT
Auusthdmivgideunaznswieuduatiuunany
H08UARIUTINIEANS

UNAMNABNIINeAIEnS (Research Articles in Science)

1)

2)

3)

a)

Influence of manganese ions concentration on structural and elastic
properties in recycled window glasses by using ultrasonic technique and FTIR

spectroscopy

Natsupon Chutithanapanon’, Jintana Laopaiboon and Raewat Laopaiboon

nsAnwenuwuaTiisnleninyaldideunidnennlunisduduesine

Tsakausnsalualunsn

o

1NN 43175 9NN A giien dena waesishu lans
msldnaantiladidnvsnlunisnevaueweasaiivaznsinuiunm
5% AsfrSunsnndind mde wazU3en waswund udide’

nsduaszilarUsuUTnuandRvedlaveandfevgiliiemaesauidalansen

ladideounauwimanszivuniusaglalaeudmsunmsgeduadenuiadeu nu

g0 aniles” uay AN duAg

UNAMNAINIINeFAIdnsAnYI (Research Articles in Science Education)

5)

Development of UBU-ASLC system for supporting the teacher professional
development program: A case study of Asperger’s syndrome learning for Thai
educators

Juthathip Kruanopphakhun and Nadh Ditcharoen”
Nammmﬁﬂﬁﬁ]ﬂiiumiﬁ'ﬁlui’uuuﬁuLmzmm’mi 5 $u Fos nsusnansiilens
fifldenadugrsmanmadsunarauansafunsindieseivesiniFeuty
Uszoufnwn9 6

ofms Wadv1d Aru Nesqy uazydn unzAat

HAUDINTINAINTILINE AR TATURLIMNNTIAN TS BuduUUasassAdug

FBAINUANFS19ETIANIINYIFNEAS VB NS s UTULSEUANWIUN 1

a 5%

ATINIYE] 0330UTY AT Vol Uavydn munwAald

s
<

NaNsInnsFeudnunuIMsasiuAnusmiuwennalady Miro Asonadugys

MensiaEuLaTTnEE LT es mMIwenans vestniSeutulsendnu Ui 2
flva vimed gud Wigunesd nsnua YHe Lazygnd eauxa
mMsasimsiadeuiivesingaesingiindouilamuilununsiaglddueewiia
nud wsUnudin

R D 2

171 - 180

181 - 191

192 - 205

206 - 215

216 - 227

228 - 240

241 - 250

251 - 259

260 - 268

Copyright by Faculty of Science, Ubon Ratchathani University



13915 IMIFN UL TN IMaR NG DV 6 48391 2 (n.A. - 5.7, 2566) |

e
10) ﬂ'1iﬁwmmmmmmﬁlumﬂuﬁwéﬁmymmimmLazmiawmﬁﬂﬁﬁm%u 269 - 279
Uszaufinun T 4 Tneldnszutunmsuidamvednaesufuuislnnaisendnud
71 1 TsaGsugusuthudmenviinonui
UlA g3uu Ulan usfan warUsznIms nussnsiving
11) wansdamsiSeudiuusuiieseomata LT fafunslidowmeluladlunisaon 280 - 292

ANAFNENS 1399 FopazuazdnIIdIu donuaTalunsAdyiuasNadugns

mamsiduadinmanivesinidouiulssoudnudi ¢
e Usudy” wadnuel T3eenad waruuven esUseivg
12) msWauRInssIMsSeuiuuuainsassdfugiu (CBL) ileduaiuninudn 293 - 302
afassinsadinaaniuasnadugrinianisdou Fog SULSUIAUAANAR
vosinGeutulszaufnudi 6
qons nafe” uadnwel vy uavuuven \JusUseivg
13) msdafanssumsiieuiieinunssauimiunsldnunandamandiiioan 303 - 319
VnwwauAnassasss iSes Mufifiauaziines vestniFeutulsendnunii 2
s3tuns uduan’ uagiliung yulnyadinme
14) wamsiaRINTIINMEEELEIUUAUImEMANLET LAY GeoGebra fifise 320 - 332

NIANTATVIRANLAZHAFUGNENIINT T8 UTDITNL S Ut UsENAN WU 2
dlgwa weynes’ 3sleR lans1e wazdning Useity

15) namsdnAanssunsBeuindamanslaslilusunsudledus Fos mslua 333 - 343
yoslniSeutulsenfinuni 3
tind uaUszvg Usenins nussnsiving uazuian dusdan
16) andnenssusruuiadotiefifuunlasveniuag Tefudnenmiuaauiung 344 - 352
UaonsevasseuuLAzere
alngus Taniud waziidn Tanaiud

avanslee Aoz Inermans umInerageuasvodil



N

iy JOURNAL OF SCIENCE & SCIENCE EDUCATION Vol. 6 No. 2 (Jul.— Dec. 2023): 171 - 180
. JSSE

" Faculty of Science, Ubon Ratchathani University http://doi.org/10.14456/jsse.2023.15

Research Article

Influence of manganese ions concentration on structural
and elastic properties in recycled window glasses by using ultrasonic

technique and FTIR spectroscopy

Natsupon Chutithanapanon®’, Jintana Laopaiboon” and Raewat Laopaiboon’
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Abstract

This study aimed to examine recycled window glasses' structural and elastic properties (RWG). The
recycled window glasses were prepared in the 90RWG — 10Na,O - xMnO, system (x = 0.001, 0.01, 0.1, and
1.0 mol %) by the conventional melt quenching method at 1250 °C. The densities of the glass samples were
determined using Archimedes' principle. Elastic moduli, such as longitudinal modulus, shear modulus, Young's
modulus, bulk modulus, Poisson's ratio, and microhardness, were calculated using ultrasonic velocity data
from the ultrasonic technique. The ultrasonic velocity measured the velocities of the glass samples at a
frequency of 4 MHz and room temperature. FTIR spectra were measured in a wave number range of 400 -
2000 cm’ to study the structure of the glass samples by FTIR spectroscopy. The results show that the glass
structure was changed and could be improved by increasing the concentration of MnO; in the glass system.
Adding MnO; to the glass network resulted in the formation of SiOq bridging oxygen and cross-link density in
the glass network. These results lead to changes in the elastic moduli of the glass and an increase in the

rigidity of the glass structure. The Si-O-Si linkages of the bridging oxygen were verified by FTIR spectroscopy.

Keywords: Glass, Recycled window glasses, Ultrasonic technique, FTIR spectroscopy
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Introduction

Glass materials, such as window glass for decorations, glassware in the laboratory, and optical lenses,
have been used extensively. Glass materials are interesting because they are insulators and are transparent
to visible light. In addition, the corrosion resistance to chemicals, high strength, and impurities gives the glass
its color, and glass can be blown into an infinite number of shapes. Silicate glass (soda-lime Glass) is one of
the most widely used glass types because of its ability to be modified and remelted numerous times. This is
one reason that leads to increasing glass waste in the environment. Silicate glass composition is 70-75 wt%
silica, 12-16 wt% Na,0, and 10-15 wt% CaO. This system contains a large amount of silica (SiO2), which leads
to a high melting point of the glass. In terms of glass formation, SiO, forms the basis of glass and is called the
glass former. However, its high melting point and viscosity make it difficult to melt. Na;O can modify the form
of glass, which is known as a glass modifier. Its effect on decreasing the melting point and viscosity
(Srisittipokakun et al., 2011). However, the decomposition of glass waste takes time and effort. Reusing and
recycling glass waste is an interesting solution to environmental problems (Khazaalah et al., 2022). One of
the glass waste management methods is melting at a high temperature. In addition, the adding of transition
metals oxide (TMOs) into the recycled glass can improve and develop the properties of glass. Moreover,
transition metals (TM) are used as coloring agents for glasses. Glass doped with transition metals has attracted
much attention because of its interesting optical, electrical, and mechanical properties. Modifier oxide added
into the glass network can break the inter-tetrahedral bonds, which is the change in some properties of glass
and colors (Abdeldaym et al., 2021). In addition, many researchers have reported that metal ions can create
several non-bridging oxygens (NBOs) and present a higher mechanical strength. Manganese is a transition
metal with a color that improves the microstructure of glass when added to glass systems. Many forms of
Mn*, Mn**, Mn**, and MnO" ions exist. It is well known that manganese oxide transforms into Mn
orthomanganate when heated to 1000°C (Gaddam et al., 2014). Mn*" acts as a modifying cation and has a
coordination number of six in silicate glass. Mn"" forms polyhedral coordinates [MnO4]" and may participate
in the formation of a glass network together with Si*" (Gaddam et al., 2014 and Wahab et al., 2021).

In this work, the recycling of window glass waste is interesting and suitable for this work. Commercial
window glass was recycled (RWG) using the conventional melt-quench method and was prepared in a 90RWG
— 10NazO - xMnO; system (where x = 0.001, 0.01, 0.1, and 1.0 mol%). Recycled window glass (RWG) is the
base glass system and then added MnO; into the glass base for studies of the structure and elastic properties.
The structural properties of the glass were studied using ultrasonic techniques and FTIR spectroscopy. Elastic
moduli, such as longitudinal modulus, shear modulus, Poisson's ratio, bulk modulus, Young's modulus, and
microhardness, were calculated using the ultrasonic velocity data and density data from Archimedes'

principle.

Material and Methods
Sample preparation

Commercial window glass waste was recycled (Recycled Window Glass = RWG). There are included
a careful cleaning and are crushed into a powder. Crushed glass was prepared in 90RWG - 10Na;O — xMnO,
(where x = 0.001, 0.01, 0.1 and 1.0 mol%) and mixed until homogeneous. Homogeneous mixtures were
melted in an electric furnace at 1250°C for 5 h. The melted glass was poured into preheated stainless-steel
molds and annealed at 500°C for 2 h. The samples were then naturally cooled to room temperature. Glass
samples were cut and polished using different silicon carbide grades and aluminum powder for ultrasonic
velocity measurements. Chemical composition analyses of the glass system were carried out using WDXRF.
Commercial window glass composition is 73.390% of silica (SiOy), Na,O = 15.170%, CaO = 7.339%, MgO =
3.408%, Al,O3 = 0.586%, Fe;03 = 0.063%, TiO, = 0.026%, and KO = 0.023% (Sopapan et al., 2019).
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Density measurements
Density of all glass samples was determined employing Archimedes’ principle using n-hexane and

applying the relation (Gaafar, 2007).

p=p (Wawfawb) M

where p; is density of immersion liquid, W, and W, are the glass sample weights in air and weights in the

immersion liquid, respectively. The molar volume (V;,,) of the glass samples are given by
V= — 2
where p is the density of the glass and M is the molecular weight of the glass system (Singh et al., 2008).
Ultrasonic velocity measurements

The ultrasonic velocities of the glass samples were measured using a pulse-echo technique. The
ultrasonic wave was generated from a ceramic transducer with a resonant frequency of 4 MHz and
simultaneously acted as a transmitter-receiver. This study used an ultrasonic flaw detector, SONATEST
Sitescan 230, for ultrasonic velocity measurement. The velocity measurements were repeated three times to
check the velocity data. The elastic moduli were calculated using the following standard equation (Afifi et
al., 2003).

Longitudinal modulus (L):

L= pV}? (3)
Shear modulus (G):

G = pVé (@)
Bulk modulus (K):

K=L-3G (5)
Young’s modulus (E):

E=(1+0)2G (6)
Poisson’s ratio (0):

- o
Micro-hardness (H):

1-20)E
- (6(1+0)) ®

Where vy is longitudinal velocity and vg is shear velocity of the glass samples.
Infrared absorption measurements
The glass samples were measured at room temperature in the wavenumber range 400-2000 cm™ by
a Fourier transform infrared spectrometer. The powdered glass samples were mixed with KBr at a ratio of
1:100 mg of glass powder: KBr.

Results and discussion
Density and Molar volume

Density is an essential parameter for studying the physical properties of a material. The density and
molar volume of all glass samples are shown in Figure 1. It was observed that the density increased from
2.552 g/cm3 to 2.581 g/cm’ as the concentration of MnO in the glass system increased. The increase in the
density of the glass is due to the higher molecular weight of MnO- in the glass network. The molecular weight
of MnOy is 86.93 ¢/mol, and 60.09 g/mol of silica. Thus, adding MnO; to the glass system increased the density
of the glass samples. Basically, the molar volume represents the volume occupied by one mole of material
and it depends on the ionic radius of the modifier. Shelby reported that if the ionic radius of the modifier

ions is smaller than the interstices of the glass network their attraction to the oxygen ions can lead to a
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decrease in consequently decreases the molar volume. The Mn”" ions in the glass network may be inserted
to replace Na® ions, decreasing the molar volume at 0.001 mol% MnO;. This led to shrinkage of the glass
structure. The ionic radius of Mn®" ions (0.83 A) is smaller than that of Na* ions (1.02 A) (Laopaiboon et al.,
2014). Then, the increase in molar volume at 0.01 to 1.0 mol% MnO; due to Mn”* ions increase in the glass
network. Due to the ionic radius of Mn”" is larger than Si*" (the ionic radius of Si** is 0.400 A) which is an
increase in the bond length or inter-atomic spacing between the atoms, whereby the glass network will
expand. This result indicates a decrease in the compactness of the glass by increasing the number of non-
bridging oxygens and expands the glass structure. Furthermore, the size of manganese ions can depend on
their oxidation state. The ionic radius of manganese (Il) ion (Mn*") is about 0.83 A, manganese (lll) ion (Mn>*)
is about 0.67 A, manganese (IV) ion (Mn"") is about 0.53 A. FTIR spectra can check the creation of NBOs at

approximately 960 cm™ and as shown in Figure 7.
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Figure 1. Variation of density and molar volume with the concentration of MnO;

Ultrasonic velocity and elastic moduli

The ultrasonic velocity, such as the longitudinal and shear velocities, was measured using the pulse-
echo technique at a frequency of 4 MHz and room temperature. Ultrasonic velocity measurement is one of
the techniques used to study the glass structure. The longitudinal and shear velocities are shown in Figure 2.
The longitudinal velocities increased from 5822 m/s to 5891 m/s, and the shear velocities increased from
3402 m/s to 3588 m/s. Adding MnO. can create bridging oxygen (BOs) in the glass network. This leads to
higher connectivity of the glass network bonds and an increase in the ultrasonic velocities of the glass
(Marzouk, 2009). The longitudinal and shear moduli are shown in Figure 3. The elastic moduli, such as
longitudinal modulus, shear modulus, bulk modulus, Young’s modulus, Poisson’s ratio, and microhardness,
were calculated using the following equation (3-8). It is well known that the longitudinal and shear moduli
directly correlate with glass density. The increase in density leads to an increase in the longitudinal and shear
moduli (Laopaiboon et al., 2016). From Figure 3., the value of longitudinal modulus increases from 86.5 to
90.2 GPa and increases from 29.5 to 33.5 GPa of the shear modulus.
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The values of Young’s modulus and bulk modulus, as shown in Figure 4. Young’s modulus increased
with an increase in the concentration of MnO; in the glass system. The value of Young’s modulus increased
from 73.3 to 80.7 GPa with an increase in MnO, mol% content. The high value of Young’s modulus is related
to the increase in the rigidity of the glass structure and is associated with the change in the cross-linking of
the glass network. The elastic moduli are related to the average strength of the bond and depend on the
value of the cation-anion forces (Singh, 2014). However, adding MnO; to the glass system decreased the bulk
modulus from 47.1 to 45.6 GPa. Poisson’s ratio is shown in Figure 5. It can be observed in Figure 5. that the
Poisson’s ratio decreases from 0.24 to 0.20 with the increase in MnO, content. Poisson’s ratio reveals a cross-
link density in the glass structure. The range of Poisson’s ratio 0.1 to 0.2 presents a high cross-link density,
while 0.3 to 0.5 is a low cross-link density. In this study, the value of Poisson’s ratio remained in the range of
a high cross-link density. Adding Mn”* ions to the glass system can create bridging oxygens (BOs) in the glass
network. This leads to the formation of bridging oxygen of Mn-O-Si bonds, and the results reveal increasing
rigidity of the glass structure (Saddeek et al.,, 2004). In addition, the decrease in Poisson’s ratio revealed
covalent bonds in the glass structure and a correlation between the number of bridging bonds per cation in
the glass system (Zaid, 2011).

The microhardness value, as shown in Figure 6. The micro-hardness of glass samples increases from
5.1 GPa to 6.5 GPa. These results show that the rigidity of the glass sample increased with the addition of
MnO; to the glass system. Mn®" ions create cross-link density in the glass network.
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Figure 5. Variation of Poisson’s ratio with the concentration of MnO,
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Figure 6. Variation of micro-hardness with the concentration of MnO;
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Figure 7. The FTIR spectra of all glass samples

FTIR spectroscopy

The glass samples in this work were measured at room temperature in the wavenumber range of
400 - 2000 cm™. The FTIR spectra of the glass samples are shown in Figure 7, and the infrared absorption
peaks are presented in Table 1. It can be seen that the first region of the IR band in the frequency around
470 cm™ is due to the Si-O-Si bending modes of bridging oxygen. The second peak at approximately 640-680
cm™ corresponds to the vibration of the Si-O-Si and O-5i-O bending modes. The weak IR band located at
approximately 775-800 cm™ is assigned to the vibrations of the O-5i-O bonds. The strong peak of the IR spectra
at approximately 960 cm™ is the vibrations of nonbridging oxygen (NBO). The absorption at 960 cm™ of the
glass sample non-doped with MnO; into the glass system is a strong peak. The glass network builds Si-O-Si
of nonbridging oxygen (SiOa) in the network. In addition, MnO, doped glass sample (1.0 mol%) had a more
substantial peak than the glass sample (non-doped MnOy). These results show that Mn”* ions can create
nonbridging oxygen in the glass network, leading to an open structure of the glass networks. The peak at
approximately 1050-1120 cm™ was assigned to the Si-O-Si antisymmetric stretching of Si-O-Si of bridging
oxygen (SiOq). It can be seen that bridging oxygen can be created and increased when adding the MnO; into
the glass system, owing to the structure of the nonbridging oxygen of SiOs and SiO,, the bridging oxygen of
SiOq (Abdeldaym, 2021 and ElBatal, 2009). This leads to an increase in the ultrasonic velocity of the glass and
elastic moduli. The bands in the region of ~1600 cm ™ were assigned to molecular water- or hydroxyl-related
bands.

Tablel. Depicts the detailed assignments of IR bands in sodium silicate glasses (Abdelghany et al., 2014).

Peak position (cm™) Assignment

460-480 Bending vibration of Si-O-Si linkages

640-680 Si-O-Si and O-Si-O bending

775-800 Symmetric stretching vibrations of O-Si-O bonds

960 Vibrations of non-bridging oxygen (NBO)

1050-1120 Anti-symmetric stretching of Si-O-Si linkages
1400-1460 Carbonate group
1630-1645 Molecular water
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Conclusion

Commercial window glass was recycled and prepared in 90RWG - 10Na;O — xMnO, system with x =
0.001, 0.01, 0.1, and 1.0 mol% by melt-quenching technique. The density of the glass increased with increasing
MnO; concentration. The lower molecular weight was substituted with a higher molecular weight (MnO,). The
ultrasonic velocity measurement results showed that the longitudinal and shear velocities increased with the
concentration of MnO,. The increase in the ultrasonic velocity might be due to the Mn”" ions doped in the
glass system, which leads to the creation of bridging oxygen atoms in the glass network. The elastic moduli
were calculated and improved with increasing MnO; content in the glass system. Poisson’s ratio was
decreased, indicating an increase in cross-link density and rigidity. The microhardness increased with the
concentration of MnO, doped in the glass system. This is due to the addition of Mn*" ions, which are involved
in the glass network by creating ionic bonds between the Mn ions and singly bonded oxygen atoms. FTIR
results revealed that increasing the content of MnO; can create the formation of bridging oxygen (BOs). The

FTIR data corroborated and confirmed the ultrasonic velocity and elastic moduli data.
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Abstract

The study aimed to isolate bacteria contained in vermicompost with the antifungal activity of chili
anthracnose. The causative agent of chili anthracnose was isolated and identified. Subsequently, the bacteria
were isolated from vermicompost, their antifungal activities were investigated by the dual culture method
and identified by morphology. The results found that the fungal pathogen of chili anthracnose was isolated
and identified as Colletotrichum siamense by morphological characteristics and sequence analysis of ITS
(Internal Transcribed Spacer), GAPDH (Glyceraldehyde-3-Phosphate Dehydrogenase), and TUB2 (Beta-tubulin2)
gene. Twenty bacterial isolates were isolated from vermicompost. Among these isolates, 4 bacterial isolates
revealed antifungal activity against C. siamense including B5, B3, A6, and A5 with inhibition percentages as
47.78+3.85%, 34.45+10.72%, 34.44+1.93% and 26.67+3.34%, respectively. These bacterial isolates were
presumptively identified by morphology revealing that all bacteria isolated were classified as the endospore-
forming gram-positive rod.

Keywords: Vermicompost, Bacteria, Inhibition, Chili Anthracnose
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qwu%’aﬁﬁi’mqﬂwmﬁﬁaﬁmLL&mLLLUﬂﬁL%'*emﬂij&mﬁﬂgaﬁlﬁauﬁﬁﬁﬂamwhmsé’ugﬁLﬁ?lyaiwriaiﬁml,aul,miﬂ
Tualunsn ImaﬁwmﬁﬁmwﬂLLasizwﬁmLfgaﬁwfiaiﬁml,auumﬂiuaiuw%ﬂ ﬁ]’]ﬂﬁuﬁ’]ﬂﬁ??fﬂLLEJﬂLLUﬂﬁL%‘EH]’m‘QEJWﬂﬂN“a
TiReu udwhnismeaeuawamsavesuaiiielunsiudatesnelsauouunsaluaseds dual culture wazyi
mﬁxqmﬁﬂLL‘UﬂﬁL%'&Jﬁﬁﬁﬂamwiumié'ugq NANSANYINUIN v‘iwmiﬁmaﬂL%ai’lﬁaiimt,aul,maﬂiuaLLazizqmﬁ@Im
anvaznedugnuivenswiunsinsziainuiiedlelng 911 3 sl fe ITS (internal Transcribed Spacer),
GAPDH (Glyceraldehyde-3-Phosphate Dehydrogenase) wag TUB2 (Beta-tubulin2) a’lmmizqmﬁml,%aﬂﬁaiﬁﬂlﬁ
\Hu Colletotrichum siamense wazannsadnueniFouuafidoanieviinyalditould s 20 lelwian Tagluns
nageuALEIsalunsSudutes C siamense wunuaiiIefiuannanistiududesn C siamense §1uau
4 'lolwian fo BS, B3, A6 waz A5 duiiforaznsfudariniu 47.78+3.85, 34.45+10.72, 34.44+1.93 wa 26.67+3.34
pudd iflevhnsssyrianuaiiedednummaduguinendesiu nuiuvediSeynleluaninduwuaiise
ﬂejm endospore-forming gram-positive rod

Adaey: Jendnyaldifou wupilise nsduds lsauouunsalualunin

U
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unin

3N (Capsicum spp.) Lﬁuﬁmﬁﬂﬁﬁmmﬁﬁﬁgmnmwgﬁﬁmﬁhwﬁq Lm'mwmmﬁﬂqnw%mé’uﬂizausz:gm
TsafiAnlunin vinldnandndemouazlilésn Inglsafidutlyniuiniigalunandaninveinunsnsfe
TsAuauunsAlua (anthracnose) videlsafauta aunmiAnainidesiluana Colletotrichum spp. Fsluuszimalnewy
iﬂadﬂuL‘ﬁaiﬂaqa§4 silnfinelsalundn fe Colletotrichum gloeosporioides, C. siamense, C. acutatum ag  C.
capsica (Suwannarat et al., 2017) Fudewarianmsadwihaeduninldvnssezuasnndiuiasdiu lu aen uas
wandn lagianizeinsidulsafinaasyinligadonandnunnuazdadulagmiinuasnsdsliannsaudlaliogie
UsrAvBnw madelsauumanindninfuiilsatewfuieuandulsandufiufer Wornguifannsafslufuwse
Wug e1vondvegludu m‘wsmﬂﬁﬂjﬁLﬁﬂﬁﬂﬁﬂd@&lﬁﬂﬂuLLﬂanﬂ wieiiwerfewiindu 9 venanilannzuindouss
Jusnniaateddiidaelhidelsaunsnszans Im&JﬁL%@iﬂﬂz-juﬁmmmw%zgLauimiéfﬁﬁqmmﬁﬂizmm 27
osrniwadoa audu 80% ey TspuouunsaluanzuninszanannuazszuaguLsslut gy (Saxena et al,
2016; Than et al., 2008).

mﬁi’]aqﬁ’uuaxmmﬂﬁﬂﬁLﬁméﬁuﬁwmai%' widlnginwasnsdnldansiadilunislesiunazaiuaulsa
\losanyildinouazifiunaisy wiansiadifilinianisinuasifumsfivdunsefidmansenurequainyo sy we
Fedruunidnannsdudamaiaiivieldarnailigndes iliAnenufufiviuvudesundusazuuuiads
uenniansieiifvdmansenudeduwindeu fiu 1h svuuing wagdldemnsdnse 1ndeideveanisidasiadl
Fanandradu Fsar3iin1sl#38n0159u 9 nawnunisldaisiad Wy n1saruaumIsdann (biological control)
mﬂ%mi%w'%émﬂﬁiimmaﬁmuﬂixmumwﬁﬂiugﬂLLU‘U@'N 9 WU @575 Ymstn Jeniin (Saxena et al,
2016; Than et al., 2008).

{Jevinyaldifeu (vermicompost) Lunsuaniedunis iinaneindunisngruisAunasqaunisi

q
a

ldufufudiluudsrinunszuiunisgeeaats fudiseanunluya Sdnvazdudede Ssimeimsifiviluldle

N a

hag éTq:ua;auw%‘éﬁﬁU?Iswuﬁtﬂumﬁﬂsvmu (Tangsombatvichit and Buranasaksee, 2019). laglun1snandensin
yaldideuiinsldviavesldidounuansefululundaz nsfnw mumwuLl:ur=w1Liamﬂuamﬂivﬂaﬂuﬂwm
yaldifouiiunnsneiu fagulusieauves Madsen and Alexander (1982) lldldiAouvia Lumbricus rubellus 4
wuLmﬂmLssﬂ,uqwuﬂgaiamauwmEJﬂm@uﬂ15aiwqaaﬂuuwmwamsmﬁgwnflm A® Rhizobium japoicum wa
Pseudomonas putia Taslusnea1unes Vaz-Moreira et al. (2008) 1l&Rousiin Eisenia foetida Fanuwuadise
Bacillus sp., B. megaterium, B. pumilus wa B. subtilis ImEJLwﬂﬁL'%EJmdwﬁﬁﬂmauﬂ’ﬁiumiﬂhaE"J’Uégﬂmiw%zglﬁuim
vesqaunidnialan wWu Staphylococcus aureus uaylumauues Yasir et al. (2009) ldvhnsfinuijanin ya
T&ioudldld dousiln £ foetida Fanvuuailizen a 1 Proteobacteria, Bacteroidetes, Verrucomicrobia,
Actinobacteria ua Firmicutes lnguuafidoariidauanunsalunssudiniaaiaivlnventonielse
Colletotrichum coccodes, Rizoctonia solani WWusu Tnglunsfinwauanunsavesnuaii§elunssuduionde
157 Colletotrichum spp. fnvn1smaaausieds dual culture suwulusiesuves Yutthasin et al. (2018) 7ildi
Fewuaii3e Bacillus spp. $1u9u 13 lelaan umageudszansamnisdudadesn Colletotrichum acutatum,
C. capsici Wa e C. gloeosporioides 1a835 dual culture technique W31 \%o Bacillus S1uau 6leleian i
anuannsadudaden Colletotrichum s 3 wiia

SawRaguru Suneliaidou fwiadunyi Wihnesdauasiauntoningaldifeuiovumaumunisld
arsiafinisnainens Ssnnslidendnyaldifeuluuannzgnnintvyiinunisssuiavasisn danawui
Funindvyfisnmaielsafndesanas usisadddldhnmmasssesaduszuy Ineflaufgiuinluteninge
deuanansdigdurisunsiaiifanuansolunstudatosnolsalundnld lnetamiagumldvhnssdatenii
;galé’lﬁauﬁmammﬂmimwL?ﬁumiﬁlﬁamﬁ’wmu 3 aneWugsIuiu fie Eudrilus eugenige, Eisenia hortensis wag
Perionyx excavates wda3shilavsingaldideuildullunsfnwadad

fedu snAfedideruadlafiasihdeonuafiSefidausnldandoningaldifounmaaeuauaiunsoly
nsfudadesnelsanouunsalualunin itefudeyadostuinfuuafidosinlatheiiiuosdussnauludeninga
Tdouiitaruaunsalumssudadonanglsauouusalualuninld Ineteyamneifoiassiatuayunisld
Jensinyaldifion uonannslidensinyaldifeuileduaiunisisdyuesiivnayannnunsuds Jomtnyaldideuds
onafluuafifefiiissloniduesdusznou enaunumslianadwasumadennilunislidiflunismunlen

Fvanslae Aol Inenmans 1/74731//5/7@”5/@1/557%5717
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diednuenwawuafiieluleninyaldifeunidnenmlunmsdugusennelsaweuunsalualunin
ad o a a v
5AUUNTIINY

n1sARLENTaTINBLsALaULNIAUATUNSN

uwaninfifiennisvedlsaanulaswetnunsns suneldsdndou damindunys dadudiureminiises
TsAuazusnafiidedeund drnnsidenisuenlaenisudly 1% Sodium hypochlorite luian 3 w1 a19eae
WINauYaeALYe 3 ATY INUUUITUAIUNTNUIII9IVUDIMI57U Potato Dextrose Agar (HiMedia, India) Ui
aamafivios Wuan 3-5 T dunadnualalaifiadyeeninaindudiuvemsn wdathuuenigeusgvsuueIms
PDA 8nA3Y

n1siganIsialsn

o & P 1% o a & a a A a 4 a a y

Yndasiwenlauiiinisfntevunaninund tiefiginisiialsaniungufves Koch (Koch’s
postulation) Ineld cock borer auALFUNIALENA1 5 Tadwns N5z iudiuveulalativetiasunieuuNa
winildidulsa Uniigaumaiivies udwhnsdunaseslsafiinduuunanin Wedunawiunanindseslseiindu T
NSARTUAILLLBLEONINUNINUNEIMNTIU PDA uindunadnuaizlaladuazyinisuenitednasuue1ms PDA 8nass
wils dunednvalaladuarAnwndnwaenelindeqanssmisioniswieu slide culture (A 1)

A 1 MsfigaunsiinlsAnung wfvas Koch (Koch’s postulation)

nsasredeuriinidiesiielsauauunsalualundn

13’1L‘%@iﬂﬁcimmiﬁqﬁ]ﬁué’ﬁ%ﬁuﬁaﬂﬁdiﬂwéﬂﬁa nfnwnanvagnsduguinglagfinuianve
1alatiuue 111 Potato Dextrose Agar (HiMedia, India) LaznN15Lm384 slide culture AEN1STaUE lactophenol
cotton blue taAnwdnuwaznelindosganssmifididavens 400x g ntiuriinisaiia DNA sagyaaindnsagy
FavorPrep " Tissue Genomic DNA Extraction Mini Kit Immﬁmﬁmmua (Flavogen, Taiwan) LLaummiquﬂimm
miwuﬁmiumamﬂuﬂ PCR (Polymerase Chain Reaction) Lwaquﬁvumu DNA 9117U 3 AU A9 ITS (Internal
Transcribed Spacer) GAPDH (Glyceraldehyde-3- Phosphate Dehydrogenase) way TUB2 (Beta- tubulan) A
primer A3M13199 1 Imaumuﬂivﬂawﬁmm PCR f4913199 2 wazani13en1svinugisen PCR Fa915197 3-5 udavh
N19M529@0U PCR product Amewnaila gel electrophoresis fifnddluiia 100 v iduaan 30 undt Taeld 2% agarose
gel finau RedSafe (iNtRONbiotechnology, Korea) &4 PCR product 1’7{19’1’%zgﬂﬁﬂﬁu§qw§5f’w‘qwﬁu%ﬁlgﬂ
NucleoSpin Gel and PCR Clean-up kit 7433113501378 (Macherey-Nagel, Germany) Wa3t1d0 31980 UMEIAU
Thadlelud (DNA sequencing) 71U Lo 7 3 @ d1ifm (Unusil Useinalne) nnthuhawuinalelnsitlaldvinig
BLAST lugiudieya GenBank® iflenmasouuaziusuriinvendenialsn
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M19199 1 Primer AlglunisiiudIinaansiugnssuveaiosnalsalunin

DNA target Primer Sequence (5’ to 3’) PCR product Reference
TS ITS1 TCCGTAGGTGAACCTGCGG 600 bp Raja et al. (2017)
[TS4 TCCTCCGCTTATTGATATGC
GAPDH GDF-F GCCGTCAACGACCCCTTCATTGA 300 bp Khodadadi et al.
GDF-R GGGTGGAGTCGTACTTGAGCATGT (2020)
TUB2 T1-F AACATGCGTGAGATTGTAAGT 600 bp Khodadadi et al.
T2-R TAGTGACCCTTGGCCCAGTTG (2020)

M99d 2 duszneuUfAzen PCR uusinns 20 lalasans

daudsznau

Usuns (ul) Final concentration

ndu
2X mastermix
(Apsalagen, Thailand)

Forward Primer
Reverse Primer

DNA template

6 -

10 1x

1 0.5 uM

1 0.5 uM
2 10 pg-1 pg

A1599 3 @n1En1sYURATE1 PCR dmsusiuns ITS

PCR profile Cycle number Temperature Time
Initial denaturation 1 95 °C 3 min
Denaturation 95 °C 30 sec
Annealing 35 52 °C 30 sec
Extension 72 °C 1 min
Final extension 1 72 °C 10 min

A998 4 an1aensvhufisen PCR d1vsusumis GAPDH

PCR profile Cycle number Temperature Time
Initial denaturation 1 95 °C 3 min
Denaturation 95 °C 30 sec
Annealing 35 60 °C 30 sec
Extension 72 °C 45 sec
Final extension 1 72 °C 10 min

a51efl 5 annznsvuiisen PCR dwdusiuamia TUB2

PCR profile Cycle number Temperature Time
Initial denaturation 1 95 °C 3 min
Denaturation 95 °C 30 sec
Annealing 35 61 °C 30 sec
Extension 72 °C 45 sec
Final extension 1 72 °C 10 min

avanslee Aoz Inemans umInerageuasvsIil
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s ﬂ’l’ = a *) s Y A

nsAnuenidauuaiiiseandendinyaldifiou

iendnyaldifeudadundndugivesiamisgury dneldanieou fmindunys wwinisuenide
wupiise laeuiedrsdevdnyaldifieudiuiu 25 ndu Tdluvinvasnide waisazaty 0.1% peptone water Liio
e elilamesiidonns 1:10 wauliidniu 9ntuinnsideansadudunuaau (serial dilution) W7
1A spread plate InsTiuaU3nnsfieege 0.1 ml aauue1113 Plate Count Agar (HiMedia, India) waalguvisuin

a v o ° oA a = I3 1Y) Y o d ava =
wnagliviaiueims inluuniigamgll 37 ssrwaea Uunan 18 - 24 Falus mntuvhnisuenideliidulaladl
Wealnenis cross streak UL Nutrient Agar (HiMedia, India) waainluunfiaamadl 37 esrwaded Juvim
18 - 24 3l
v & & ' o

NSNAFUAMNEINNTA lUNSEUERIBIIND L IALB UL IALUATUNS

° & aa A P o & E 1Y) .

maz@euuafisenuenlasiuiuesanmlsauuatumizigaiiediu (Dual culture technique) lng
19 cork borer vwmLduEAUIngne 5 Tadiuns lzveulaladvesderanmglsansn 81y 7 Ju YIN1919Uu0IMIs
PDA Tn8219911991n90U91U 2 Lgufians wagldvaanede (loop) vin1stinainieuuaiitse o1y 24 4alus 1y
unselufianamseduiuuasiininveuy 2 wuiiuns Annd 2 laeflnnumg@esannglsaninifieadi
Wenduaunuauuazyhnmsvaass 3 91 lnsigudeiuiivuuaiiGeusazlolaanfivenls 9nduhaumizide
"Lﬂuwammwaa Imammmmmiwﬁuaumﬂmiah 18 - 24 Filue wardunansiasyvendoslutuil 4-7 vosns
e detuamumsdensu 7 fu Seinsailalatveadesuazthaildtmuaundunmsesaznstiuds Ineld
gnIAWIUTDY Tronsmo (1992)

y R1-R2
Savazn1sdiugs —( ) )xlOO

R1 = Anuesmdlalativestesinelsansniuatumiuay
R2 = Anuemsmilalativeaesinelsansnluarunnasu

v
=~

nwil 2 MIveaeugvisSuduTenelsaninfuieuuniFeinenls

msAnwnadauwuafiGefifinnuaunsalunstudadenelsauauunsalualunin

MnmsnageuALEsalunssududesielsaueuunselualunin axvilinsuiuuediseleluantad
farwannsoalunisduds anduihushnsdesuunleedoyadnuasmedugiuinendesiu Ussnouds dnvue
Teladl dnvaenieldndosganssend lnsdoudunsuuaznisdoudioulnaves Ingriinisimizitouueinis
Nutrient Agar (HiMedia, India) 818 24-48 Flus tideuuailideinas (smear) vunszanalas a1ntuiinisde
Aunsy (Gram staining) Inen5wend crystal violet vusosinasvandoliviay 1913 1 uadt wdndne d1aih
vemEsavane Gram's iodine Uusoelnasveute skl 1 unil wansazanefiudidrnir drdeendae ethanol 95%
fislilaiiAu 15 Jund radravenn vend safranin vusoeinds fisliUszana 45-60 Juit Srsuarduliuts naag
Mmendeansial Anwidnvuziwad NMfed wazn1sdnsedn dmsunisdesdieulaales (Endospore staining)
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wend malachite ereen ivhuseandade udraumeailnlnenss fosszidlilvamonvieudsly draBuuelr
vondasuudlas Bos q agrliuie Souduinan 5-10 unil Udeslialadifuacudrdrain feuviugaed safranin
U 30-60 Jundt &t Melvusts asragdendesyansaimdsens 1000X axualesindideives malachite
green dBY 9 VBNYAAANAUAIUBY safranin

NAN1539Y

Namiisq%ﬁmﬁaﬁdaﬁﬂw%n

diednuendenawlsalunaniniinussualuslamennuasns sunelttfeu Swiadunyd Jehns
fousnideniasyanideidevomanin mnﬁ?uﬁwL%aiwﬁlé’lﬂﬁwmiﬁqaﬂmsddm wazyinssEyvila WULTD7
nelsalidnwarlaladl duledv1iy wazdnvasaieldndesganssal nuni1sad1e conidia wag appressorium
(il 3) Wevhmsseyviasenmsiesigididuianalelnd $1uau 3 sumia fio TS, GAPDH way TUB2 udahly
#1013 BLAST lugnudeya GenBank lénadenissdl 6 Inswuindesidelsaninaunsoszysialdidu
Colletotrichum siamense

awi 3 dnvaiglalatiuazdnuaenelindeqanssaivestiasn Colletotrichum siamense
WanAsdnn : appressorium, ¥3anATAYYY : conidia

A15197 6 Han1s BLAST vasdauilanalelnasiumngs TS, GAPDH way TUB2 v8atdas1nelsansn

Gene position Best match (Accession No.) Similarity (%)
ITS Colletotrichum siamense (MH883640.1) 100
GAPDH Colletotrichum siamense (MK141756.1) 99.59
TUB2 Colletotrichum siamense (JF811021.1) 99.57

an1sfausnuuaiiGeanteninyalfidsunasnimageuausansalunsiudadennalsauauunsa
TuaTunin

MnmsusnideuuaiiGeiinululeviingaldfeulsiuianssemaiin cross streak wunuafigeludeninga
1&iAou $1uau 20 leleian (solates) lun1snnaeuauaudialunissusudosinelsausuunsalualunin
Colletotrichum siamense fuidouvafidefiusnldantendnyaldifion nuuuafiSefnanwanissudenolsa
31uu 4 lalawam Ao B5, B3, A6 hay A5 f¥9uaznissudauvinmu 47.78+3.85, 34.45+10.72, 34.44+1.93 uay
26.67+3.3¢ AU (NN 4-5)

Fvavslag Ao Inermans unIneraseuasIvel
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81
¥
{

A5 \

Control

AT 4 wannsdugatios Colletotrichum siamense fuldauuaiiiseiuenlaanlendinyaldifiou lne B5, B3, A6
waz A5 ABLUATISETNLERINanISEULS, C6 Ap wuaTisenliuaninan1sduds, Control A L@es1 Colletotrichum
siamense luanuaIuAy

100+

804

Percent of inhibition (%)

Bacteria isolates

AR 5 wnugiSesaznnsdugadiasn Colletotrichum siamense fuldeunuaiiseuenlaandensinyaldidou

nan1sszyiauuaiiGeiifgvisudadasnelsansn

amsAnwdnussdug L ine oy wuiuuafideynlelnaslaladidnuunay Fvmeady veundn
dnwuzaglindesqanssmd fisureieu defuduiduans Andunsuuan (il 6) Wevinisdeutoulaaes
(endospore) Wuitmunaansaadseulnavasle Fadmduuuaiiiangu endospore-forming gram-positive rod
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Colony morphology Under microscope

ani 6 dnuwairlalatuazanvaranglindeanssmiveadenuaiiieniannuaiunsolumsdudaudes

Colletotrichum siamense

afUsEHa

Tunsfnwiaall Idvhnsdausndondelsendnluwamzgnueanensns anusaszyrindesiolse
winlgidu Colletotrichum siamense lasfimenuindudonaimuodsaueuunsalua (anthracnose) luwsn
wagnunelsaldlulszinalng (Saxena et al, 2016) Mnduiwihnisdausnitonuafiisandendnyaldiiou
wuwuafiSe $1uan 20 lelwian udwhnsveaeusuaansalunisfudadesinelsa C. siamense fudenuafise
fwenls 1ne38 Dual culttire technique

¥
=1

mnmsfnwiadsinudt Wowuadide 85 fwenldandendnyaléifouanisadudautanalsanin
C. siamense |#ognsiivszavsnmgsiianiio fovay 47.78+3.85 SslivszAvsninluniséudaosniinisinuives
Yutthasin et al. (2018) #l&dnTe Bacillus spp. 311U 13 lelyian wmageuUszaniaimnisdudaie
Colletotrichum acutatum, C. capsici Wag C. gloeosporioides 1ae35 dual culture technique LuLAgIfU WuUn
e Bacillus lelewam DL7, DLY, B23/2, 19w6, 20w16 uay 20w33 annsadudades Colletotrichum i 3 wiln 16
mﬂm’l 60% uBNANIUNANYVET Thapanapongworakul et al. (2020) Fafin151435 sealed plate 39UALNUI
L‘UE] Streptomyces sp. CT20 ﬂ’lmiaﬂi’mﬂ’lii“L‘MEJV];JU?“ﬂWﬁﬂ’]WIiJﬂ’IiEIUENﬂ’IiL%EU‘UENL‘UE)S’I C. gloeosporiodes
Coll-1 TgAnanlunan 120 lus Iﬂsmasaxmsa‘umqﬂm 64.17

Tunsfinwadell nuwuaiiSeiiuanmanssudadosnolsa C siamense Al BS, B3, A6 wa A5 fiSesay

n138UGUYINAU 47.78+3.85, 34.45+10.72, 34.44+1.93 uay 26.67+3.34 AuaU aviiuladndenuafiefidauen
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Iinlelmandauannsalunsdudsitliliunandeiumin uaznsfifiervanmsalndidsstu fermdululan
omasdudonguieriuviedinruduiuslnddaiu Ssannsduundednumsnduguine muiiidnuas
Talafuazdnuarnieldndosganssmifind ety egrdlsinmunanisdudsiuansmalivhfuoaiousnanude
wupilieauazaldvieauazaneiug (strain) S?fﬂumﬁswnﬁmLL‘UﬂﬁL%'&Jéf’;&ﬁ%'maé’zugmﬁw&J’deyaﬂéfu wuiide
wuafiFsantendingaldideudifianuamisalunisdudatos ¢ samense anmsdnwiadedl 1Wunuaiide
unnuaNn gUIrview adrueuladles dneglundu endospore forming gram positive rod Luidisaiulusneau
n13fnyIIe4 Vaz-Moreira et al. (2008) lévhnsAnwsdiavesdeuvafifefiiuosdusenaulutlondnyaléifeu
WULLUﬂﬁL%‘EmEj;J endospore forming gram positive rod FeUsznaudie Bacillus sp., B. megaterium, B. pumilus
way B. subtilis

faildeqdunigitenlfiilentsnuaumaianin (biological control) wagiimssmnemanisénfie e
luana Trichoderma Tneflssnuitevansnmsinuilatiuayunisléidesviai fugulunis@nwives Chuenchan
et al. (2019) wuin Trichoderma harzianum MKB11 uag MKBO1 fi$psaznisdudadionnelsafiewindu 86.28 uax
81.51 mua1su warlun1s@ne1ues Thienchai and Nuangmek (2020) Wuan {831 Trichoderma sp. (L113) Lag
T. harzianum (R2412) fivsgavsnlunisauunsiaiauenteon Fusarium equiseti aunnlsniiteivonudeu
1¢dsSosaznistiuds 80.88 uay 84.16 mud1y Fudosnana Trichoderma aunsondnansufiiaug asfiy uay
wulssl dwsutaslunisazanenindulovendenelsafinlduazdianunsnthunimunlvoglusuvesansiasiosi

eidnee egrslsinnu wawuafiieldfisnenumsldnoduwuaiideufindlunsmuaumsdinim wu \9
LLUﬂﬁL%‘EJsLuaﬂa Bacillus, Pseudomonas, Paenibacillus wag Agrobacterium Fn1531MUIENIAITA W6

UsvAnsnmasiuegiunalnveadelsatiming Unandedsiuily uazanmundeudldou lneiisnenuieng
Bacillus @1u150ndnans U bacillomycin, mycosubtilin \Hudu mmmawm‘iummumLmaiﬂmmwum i’JiJ‘VN
Colletotrichum spp. 78 (Pal and Gardener, 2006)
fauslumsfnunedstaznuidouuafiefiianuannsolunissudadenelsauouunsalualdtesninlu
891UNANBY whanuanisinwadsdivilimauiilulevingalddeudadunan fusivesia Ay
suneltininfou Tainduny3 fuuafidedivsslovidefionanismanuas wu win Wusu teedauanunsolums
Fududesanmglsauouunsaludluninde C. siamense fuandlunantsinuall daduuenanmslddendnga

lAeuiodaasunisiaiguesiinanianisinunsuds Jeninyaldifoudadiuuafiieniivssleniduesdvsznaulay
fanuanansatunisfugatesinelsaiadnaie

A3UNANT3IVLLATUDLAUBLUERINNTIRY

dievhmsnuitluleviinygaldifeuiinanlasiamiaguey suaelinindou Smiaduny feauvdsfidy
Uselomidudusznauviol Juhuuaidefuenldandendnyalddousvhmvasounrmannsalunisduds
Fomrnolsauauunsalualunin InsannsausnuuafiFeld $1uau 20 Toleian luswauild 4 lelwaniiuanwans
Fuduiesn Colletotrichum siamense %uﬂul,%ammmaﬂiﬂLLWLLWMI%RW% Ao B5, B3, A6 way A5 Lagdl
ouarnstutawiniy 47.78+3.85, 30.45+10.72, 30.44+1.93 Uay 26.67+3.30 ANUAIU Lﬁaﬁﬂmﬁzqmﬁmmﬂﬁﬁa
Fesnvuzmeduginenesiumesnuuglalad nisdoudunsy uasnsdoudieulnaves wuth uuaiiSenn o
TwiandmfuuuniiiSungy endospore-forming gram-positive rod &slaianansasuunvinveuaiiselusduana
wazsziuadold dedulumsszyelindsioninimaseuufitenduaiifuduieWaunsousnaruuansisvessio
wuaiiFeld sauienadeddiiinsen@rinelasnsiinmeidduinadlolnduinamundduiisnmediold
aunsnsryriauuafiSeldogugnies danuansnasosiinandrsiudlviduinluleninyaldifeuiivuaiize
vwdafifienuanmsalumsdudadenrelsaueuunsalualunin (Colletotrichum siamense) I dau n1sl4te
dfnyaldifeunimanens uenaniftentsiissiufivuda Sso1atedudsninialsnuiesialuivld egrdlsfin
msfimsAnwiduiungldanmlsaSeunazudasigniietudulssavdnalunsamunlsafivsedeviingaldifou

fnAnssuUsEnA
lasen 3 ilasunsatuayuiuyseinaRInumIne1aes1vaslnnssal wasd1inauaAnenIsUNIg
duasuivenmans Iouazuinngsy Fygaui 1101/2565)
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Abstract

The use of dielectric property for chemical sensing and measurement in liquid samples was
presented. Binary-liquid mixtures were used to demonstrate the applicability and efficiency of the concept.
For a mixture of two liquids with different dielectric constants, a new dielectric property is a combination of
the two liquids. Thus, quantitative analysis of a liquid in that mixture can be accomplished if we can detect
the change in signal due to the change in dielectric constant of liquid mixtures. This work adopts a capacitively
coupled contactless conductivity detector (C4D) to measure chemical components in binary-liquid systems.
A C4D sensor is lab-made of polytetrafluoroethylene (PTFE) tubing with two metal electrodes placed on the
outer wall of the tubing. Parameters that affect the performance of C4D sensor, such as electrical parameters
(frequency and voltage supplied to the electrode), tubing size and various types of metal electrodes were
investigated. Measuring solution aspirated through the sensing area of electrode gives the changes in C4D
signal from the concentration of interested liquid. In this work, various ratios in a binary-liquid mixture of
alcohol and water leads the changes in C4D signal response. Quantitative analysis can be carried out using
the plot between the response signals of the C4D with target analyte concentration. Rubbing alcohol is
selected as a target sample for demonstrating the C4D response to the dielectric property. In the method
validation, our developed C4D method gives no significant differences of the quantitative results from gas
chromatography. These sensors can readily measure when liquid contacts the sensing areas. Furthermore, it
is convenient to use and solvent resistance. Consequently, the sensors can be applicable as portable devices

for quality control in the production line as well as in the laboratory.

Keywords: Contactless conductivity, Impedance, Alcohol, Rubbing alcohol, Binary-liquid mixture
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Uszgnddinsaadanisiiliiuuulidudaansazany wiofiunin capacitively coupled contactless conductivity
detector (C4D) wldfumsindsUinaumandlusosansazaenauaessin (ideldainswngata cap fuldies
vihshevienedmvsyiigoslsiofidu vie PTFE Athefeniinlaneviouaulanguinuiuuen tieliusduhlii
Tuagvhmihildudidninsnduuendiuan 2 Bifininn lnelddnudafeiifnadeanauifivesinsratailldasatu
i 1#ud avduazdndliivesdunadliiusidninsn sunveniefildaiinsiada CaD uaveinvoslansi
thulfdudidningn danata CaD axlidygaivdsuulasmndiarmediomsazaisinnsgurioamsazais
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Tnemsadresmuduiussewidygamouauswes CAD fuanududuveweanesedisiindusvhazaisld wa
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Auandiladidnninanunsasansluglvesainsiladidnnin (€) Fadudrnudnuazanzresarsiauls
fiansan Aesiiladidnviniifiegldlunnigninvesansiave i veavad wasing M3 1 uansAasiladianysn
VBIANTUN9YLN

A131971 1 AeafilaBidnvisnuesansunseiin s gaumadl 25°C

d613 Aasdiladidnysn (€)"
LNABLNY 6.12

ih 78.3

LlOVUeA 243

Tolalnswiuea 18.3

9IN¢ 1

"CRC Handbook of Chemistry and Physics, 67" Edition

mnfiarsanaasiladidnuinvesansiiiuvoanaiuian’ ssnuidasiledidnninasduiudiuauiian
Tnsduindvadlnanaveana nanafe Aasiiladidnninanfiudunudadidennudutiveduanadiutu &
fregratu lunsad 1 avandudiveshgeaniidhazarefidureavandu q deiu dnsiladidnninuesiiegs
nivdviaraeviinduse

vnhweunaiuians 2 vile wwavlidndudodiorty wegldasararslmiiidonin “arsavaenan
a03in (binary-liquid mixture)” wiliailadidnninvesansazarenanaewiadianuasunvadluaneladidny
3nv09v0MAIUTANS (Wang and Anderko, 2001) Tagaziunasanvesrlndidnninuesueaunaiuigns fiseeny
Aeafuisn1sinAniiladidnnsnvesansavalonauanssiln (Jayalaxmi et al., 1987; Smith et al., 1998; Sengwa
and Sankhla, 2007; Yang et al., 2009; Reynolds and Hough, (1957)) aunsadwinilalagldanseng q dregrau
aunsadinenaniuea Lichenecker 1ugnsildlddmiunmsdnamnsiladidnyinvosasaranenanaosvia fs
wansluaunisit 1 (Gonvinda Raju, 1988)

Em = exp [V1 log€ + V2 logE;] (1)

Wefi  &nfo Alladidnv3nvesansazatenauaosyila
€ A ﬁiﬂmﬁlﬁﬂw?ﬂmawaqLwaau%qwé%ﬁmﬁ 1
€, 70 ﬂ"ﬂﬂ%Lﬁﬂ‘vﬁﬂmawmLwaau?qwémﬁmﬁ 2
Vi fio dndhuBinasvesueananuiqvisviad 1
V, fio dnduBinasvesveanaiuiqrisviag 2

A9 1 wanensnsIaninIsAuamuduTuSauENnsAdinAansYas Lichenecker 151@1150318804
audiussEnIeadiladiEnvaniidunalldvesansazannandaewiln (€, wardnaruusunasueii (Vo) was
FrduUBinnsvesenuea (V) wui smnfinnsanthiduansiauledinsss wnltuwesnisiun €, ssdfisiuile
WuUSunsvesi (nmit 1n) Seldinmsiiinusunnsivinldendiladdnminvesiniiuty osanaAasiladidnn
Snwestiganievuea Vildssuduvesaesitladidnyindsduuliudutu Tunamsedn mnfisaemues
Huansfiaulaiiasest e €n azanas (il 19) Fananapsiladidnninveseniueaiimainin sy Arad
IpBidnvsnvesasaratsnaudesindaiuwiltuanasiuies
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Famsratanailiihuuulidudaansavans wiefiSundn capacitively coupled contactless conductivity
detector (C4D) dadusinmiataussinvdufinaudisuiges (impedance senson) fiflauladedufiunudvesszuy
Taglagninuiuaziunldluaiinsieilul w.e. 2541 (Fracassi Da Silva and Do Lago, 1998; Zemann et al.,
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(input electrode) H3UdnINNTLULAARULUU sine wave (AC signal) anniadearudiailadidy (Function generator)
wardyanas C4D dunaldilianfimesuuuAinea (disital multimeter) annuaun1siilugia 2 Adeni1didninsaan
pon (output electrode) Inefimsuvasdgyanunseualnindudndlni (rectifier) uazvensdygyiu (amplifier)

\loasuneuazsinenadwsidaunale 1asluiihauya (equivalent electronic circuit) ag13dredsaonados
Auusngnisaives C4D imgﬂaswuuuaxLLf’Tlsu‘memsauﬂumamimaaa Usngnsalifiuueuiiinduluaios
n3298y CaD Advlaifiserusgednou Fnssanyamaidazuandsiulunuuazszuunivaans esdUszney
vhlufimieutilursesiihauyaussnousesufiulseq (capacitor) Mideusenudfuiumfiunu (resistor) &
wandlunnd 3 Co Aoaugludiiosainuifavesie (wall capacitance) luwnigil R wansdenudiuniu
ansavane (solution resistance) Fadlvafsadostunishlviiwesasazanedidninsladluudnasewinuaunis
il Coo Aomnuglulfinvesansazans (solution capacitance) luvmgdl Co Aoaugluiwuuainse (stray
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detector (C4D))

&y et

Co (2)
[ L A\
Cuan (Zg) = Ry (Z) T Cwa(Z) Tubing wall l
:I Tubing cavity |”|
e/ A \
Coo @) \
\ VAR \

N/

Metal
Electrodes

Al 3 19asllihauya (equivalent circuit) vesiansaatanisthliiuuulddudaansazarsnuy capacitively
coupled contactless conductivity detector (C4D)
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3. |ASesweddalaglaUuuunasa (31 DS1042C, RIGOL-Technologies, INC., China) THdueIosietnaud
wazuswulihieuslunisnaassiinsiata C4D

4. \n3esenadyauvsensueundrneiens (pre-amplifier, Bangkok High Lab Co., Ltd.) I#ifievensuas
wasduanaenusinsdngliinesataaduiiunaindidnlnsavisen (output electrode) unszuanss

A1982a18U1NIFIULDANDTRE

ansazanensuLeanesediidlunuil fo arsazansinassmeniueslu uaransazansinasglely
Tnswuealuh Taewdeunnududuosas 0 §1 100 neUsuns ynenududuasedomduuins 50,00 feadns
wisnannsnandadiulasUiuassenithiivnaainlessuiuuoanesed (Auuiansiosas 99.9, Merck,
Germany) 8089814 19U NMTASENATAzATENIRTT N LeaAuduSenay 20 TneUTuiasiu aeFENeN
nswauiUTAanleso 40.00 fadansidriuleniuea 10.00 Saddns udu §ifelitusmdugunsallunsdrem
Usnasansmudasnisaslurantauiinnsunn 50.00 fadans fwantavsinasiidiiensuanansavaneiiazaan
$18 uay Toafunisseivevesueanesedssuinen1snay asavarsanasuLoanesednssuuuuiisduil aldly
nsfnwduUsiinaredngunevausmesinnsain wa lHlumsafensminesgruilensisgimuinaly
ADE9LOANDTDAA 1L

f0E19LDANDTDAAIILNE

FogasazaIsLeaNogadd1tuHa S1uIu 9 Fegns Tnailusetsansaratsusanesaddsunaiingnann
leNURaTINI 4 Fetns uay fetsansaransueaneseddtunaiinanainlelelnsniueasiuiu 5 deg19 faee
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W 9 Fegnall lideninnsidennsfiete annsavmsiaseilalnenss Msveaewingisiua 3 adwesaogne
HAN5IASIERMUSINALEANeTedaNEINTI9 TR CAD § Tavinnnsiisuiisuiumaiaudalasunlans i
Ln3ensratnvdaiay loooluwdu (HP 6890 Series, Hewlett Packard, USA) Tneldmadutisdauaudans (J&W
Scientific DB-WAX, Agilent Technologies, USA)

AINTI9A CAD UaN15IndYaIal C4AD AINFITALANININTFIULIANDTDE

Fans1adn Cab Mdluswil uandlunwd 4 vieauau PTFE YIALEUEIUALENA1 4.75 Tadluns gnussgiu
naedlangdnsusoasiu (grounding metal box) BUANTIIE 5 LEURLNAT Waze12 10 WwuRluns kazdiaunisinlndi
vﬁa%Lﬁﬂimm’]waagjé’muaﬂﬁaamuﬁ BidninsaudnlFSudyunsEuaadULUY sine wave (AC signal) 91niA383
Audinfladidu (function generator) wagdayayiar C4D dunaldfiliaddmesuuuAinea (digital multimeter) 370
dianlnsnvieen Ineiimsuvasdyanaunseualidndudnglnii (rectifier) uazvenedgyaa @amplifier) ynthuduiin

o

Fyeau CAD mMehddadafilinesuaranouiimnes

Tunisneaes vnstufindyaa baseline fildananianieluie PTFE Mntuazivasndngnanain
yun 10 Taddns aaudhfulanevie PTFE fuasazansuieen (solution out, il 4) mﬂﬁu%ﬁ']ﬂ'ﬁﬁjmﬂmwia
PTFE §nuasazalsv g (solution in, NN 4) ﬁqf’hwaaﬂammwmaaﬂLﬁEﬂ,ﬁmiazm&Jmmgm/miazma
fregrslnaiiunlurie PTFE Tneldldansazanodudunlunasnine wedesiunisuudeussninsansavans
Fyaanniaies CaD gnduiindaluiAnaoaalngldlusunsy Lab VIEW uazdysaiinldazfuanuunnsng
vaadndlndiienuldarnuaunisiludl output electrode Ausuiliondt eyt CaD) LAgNABAAINNGIVDI

doyeye CAD AupauuduretansaraIuuInggIv LiteasensIInsgIusio by

<«— 10-mL plastic syringe

PTFE tubing

Rectifier - Digital _ _

Input electrode = & Amplifier =~ multimeter =~ 2 -

Output electrode

I—' Grounding metal box

/ Solution in
=

AT 4 dudsenaudingiain C4D warnsreawAuaUnsaine o Weduiing qayras C4D Nldannmeaes

NAN1SILUALBAUSIINANISIVY
ANSNAEBUTULUBIRUEINTUNISIAS1ERTeUS U TussuUYB I aNEN a9 TR
MIAaeIInTIvin C4D Wesdulaldihnauusiaainleoou il 5 wansdygad C4D Adala vaenan

N o

flo doyeyruvetennia (iewan) Bl dudyan baseline Weunagngadienasadaenanainuazinlinigluvie

(g7
[

Jusseziamia dwandluganan t dygia 4 lianlurisan t Tuainanuwsninswesnauaufandilnd
WBANINALANA1ITUSENINNDINA (€ = 1) waztnauusiAainlessu (€ = 78.3) Weoladyy aunisszyzniaain
72391781 t, wdagvinsUassiinaul A lessuluviesen Lieluladyyu baseline NdULIINASS (231281 t3)
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'
=]

Foyeyrau C4D 92 NAIUNINNARIITENINEY QI8 baseline (Viowan) waz dygravesiinigninliluvie dwandly

Y

i
AN 5
4 -
) DU
S t
a
S 41 ATWE
2
> 81
€ e
-2 1— : . = ,
0 10 20 30 40 60

Ty o
1781 ()

A 5 dygyras CAD wesunduYIIAInleesu WisuLisuiudygia baseline ¥9481n16 1Ay t; LAy t; Ao
fyguaineina (Miewlan) wag t, Ae deygraainiinauusainlessy

iy AdElIhnmeaeuinTnia CAD fuasavansunsgruemueannuidudusig 4 fudfesas 0
89 100 TneU3ums wiazauudurinsmaaest S1uau 3 91 mansvnaskanslunIng 6 WUNdgyyad C4D
yesansazarsieniueannauitutulirfunndnsandnyeias baseline funaineinia Ingarsavanetovnuoaios
a 0 TagUsums (hnduusiennlessw) Wendyaia C4aD qqﬁqmmﬂmiazmaﬁgﬂmmﬁwﬁmaau wazidlowfiusesu
mdudureneymusanintu wuiwultudyana Cab AialdTuanasnudidu (nwdl 6n) Fyana CAD Tianas
diinnnuasudmaiiladdnsniuunlivanamin € wiiu 78.3 @inihndutseinlessw) Wu € wiriu 24.3
(anevueauignd) detldnanluanauduiuslunmd 1 uar aun1sit 1 fudifnsata Cab agldauninia
mpsfiladidnsnldlaenss egdlsfiny famsaata CAD agmouaupsanTlAsuLlaasrnsiiladidnriniagsa
P9I5TVUNTIATIEN Beaeduiusiumeiuedildnadliluaunisd 4 uas 5 Lﬁ'aﬁﬂmmmqaﬁzyigm @ HERNGLE
Weuiumududuvesemueaiivdedlu sgldnsminsgusansiluni 6v Tnsrnauduresnsinsgu
dileduau Wemnuuilfunisanawemanumnasiladdnninvesasazaenauaoswiadufudsmndn aannis
nAFpUL R UveInTIv TR CAD Vst idhnseTndldldfunisiiesziidalsinaluasazaronauvoosnanes

LUUADITHEA
4 70%(VV) 409y fl.
2

- 0 50%(viv) _
3 80%(viv) s
g 4 4 100%(viv) %
= 5 5] vy=(687:0.33)x107x+ (12.95:0.19) T
3 al S 2= 0991

_12 1 1 I 0 L 1 ' L '

400 800 1200 20 40 60 80 100
Time (s) % Ethanol (viv)

A9 6 (n) 1w CAD YoIANTATANLNINTFIUDMUBATEYAY 0 B 100 lneUSung waz (¥) NTIMNIASFIUYLN
ansarateleueaiugl

Junviewaadn PTFE d1miun1sa31eiingaaia C4D

Noauiuiiumaassldlunisadrainsiata CaD fiduruaudnarenigluvesyie PTFE sadl 1.00, 1.59,
3.76 way 4.75 fadiuns nnansnaaediuning 7 uwaadidiuin anuhlunsnevauemeriingata (sensitivity)
1un13mauauawaaé’mwmﬁm%mﬁai%ﬁmim@uéﬂawaﬂwsiumaaviamuwmﬁiwcﬁu gaflesnnaindvsnaves
Uhinauvesasazaneiiogluvievesiangiain CaD Suiinaemueauinu dwalirmugliiiivesarsazans (Co
(aumsfl 5) uazABufiuaudues Co (25 Tuaumsi 4 uaznwil 3) fdngedu Ssdewalsidynn Cap Mnldgstunm
fhotiuies agslsfianu madenvuaveioauiuiieaiiafingiata CaD 4 Fufuanudesnisvesldnuiwesnis

avanslee pauzInemans umInerageuasvodil



200 | Journal of Science and Science Education Vol. x No. x (xxx — xxx 202x)

a

anullunisnevanssvesiInsivinuindesiiiesla dnsulusull {ideifenvuiavieauiu PTFE Nlidus1uy
Audnanangluviiu 4.75 fadluns

[ee]
1

- Sensitivity x 1072 (Vdc / %(v/v))

o
-
-
-

0 1 2 3 4 5

Internal diameter of tube (mm)

AT 7 NKARIANNLITEINTIATIEITRRINTI9In CAD Auldusugudnaaneluvievuaiig 9 dudsarunu:
wiindududamhlnihifawinanuedidning 20 fadwns ¥99319080nse 1.0 dadwns wssduliivdi 20
Vpp agaunvesiniinszuaadun 100 kHz

yinvasuaulanginilwindmsunisadadidninn

Samirlailgniedouuuiesuuendmiunisudndidninsavesiansiata cap lunul Iidenlduinidy
uHunauns uazimagiifiusiiieldnaasadutaguinlnih Tnsveaeusensaiansmasgruvesenusaluti ua
nMsnnaoslandluned 2

A13197 2 nmvasianiliihuazaunisidunsweasnsmuinsgiuiliaindanuilnd 3 sieedeuiuuenvedvie
a3 PTFE

VI AUl A1N19INTNUINTFIU )
yliavasdagur i . 4 “ r
) (X10°s.m™) (0-100%(v/v) ethanol in water)
= 63.0 y = (-8.30+0.41)X107 + (14.90+0.22)  0.991
59.6 y = (-7.53+0.37)X 107 + (13.15+0.20) 0.991
WRUNDILA
37.8 y = (-7.020.37)X107 + (12.72+0.18) ~ 0.991

wiUegiiiiley

fuusmuaudwelul uiugudnasnaegluvie PTFE 4.75 fadwns, Anueni8idningm 20 gu., Yoinedidniveng
1.0 3131, AuARENSlFugn 20 Vop wazAuiNIedu 100 kHz x AeanudntuissaslaeUsuinsvosenuealy
11y Ao deyeyrad C4D (Vao)

nan1sneasndulunuiinials nanie ‘Mﬁﬂﬁuv‘iwﬁfﬁL‘ﬂui’amﬁwvl.v\lﬂﬁﬂﬁﬂwul’ﬂumimauauawaw“h
57970 CAD (Fuds A Tuaunisil 5 19150191MALFULDINTINLINTFIW) GINTIUHUNDIUALAY mﬂavamuam
AUAIRY mnwami‘mmamuL‘vmmaaaqﬂﬁvmﬂummaﬂvmﬂLqummamuﬂw%wLwamaaumuuanmawa PTFE
Usznsusn fe analilunismevaussvesiinyaingeinitianthliindy q Weswmnfuidnsulifingean (mss
7 2) wazUsznsi 2 fe ninRuanusafntueldine Gidnlnsaseulufuiaduuenvewioawiu PTFE) Tuvasd
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nsuusuMoILAsTaUie PTFE ty vhldein @ematierluiFounasiivesornaduly) way wivegdidlen e
desgariomagnyaaen ey Tunuil §ideiadenninfudutagiiliiiieindouduuenvesie PTFE
ANNEITBIUAUBLANINITA
ARl T (Coa Tun il 3) ssifisduilonuenvownudidnInindiutu awmmanuun
fufivessaftuysey (auds Aluaumsfl 5) sty nansmnaesianddunini 8 Tnsaswuiuauarmedibninse
71 20 wae 30 fladwms Wenulhlunseevauswesiinsradailiuansedu wazsnnniuauauenddnlnsei 10
fioduuns Tunmsvaaesi fiduidenldunauendidninni 20 feduns Wesmnlduimumiinuiitesndy

—

9 -

o
1

w
1

- Sensitivity x 102 (vdc /% (viv))

o

10 15 20 25 30 35

o
o

Electrode length (mm)
A wdl 8 nmiuansnailmesnsiasesivesiingiata C4D AukauaueIBEnnIAvLIRsg 9 FuusnIuny:
wiinduluTanthlwihuuie PTFE awaduriuaudnansnieluresvie PTFE 4.75 faduns ¥e31981aninsa 1.0
fiadiuns ussuliified 20 Vi, waveruvediniinszuaadudl 100 kHz

4999195213149 2 DLAnInga

Tyl ge9ismesdidninge wunes éliaq’jwﬁsijﬁLﬁﬂimwamé“u%édagiﬁﬁ’muaﬂmawﬁfwia F9
G‘hLLwﬂqﬁLﬁmLﬂummq”lmlﬁ'uwuamié (Co Tunwil 3) AIdevinsfnwinaresterinszninddninsaneniulily
N15MOUALBIDITINTIATA Han1TNAaeLanslumseil 3 nudtmulilunisrevausveiinTIaiaaIngesing
5¥198L8nnsn 1 uaz 3 dadwnslimldunneeiy wasanullunismevauewesinsvinazananiefiussey
Fo4311952n39Biannsadu 5 waz 10 Jafuns awa1du 1nran1snnaese19aiUladn ASLALYBI3195E NI
Sidninsneraiiunrgliiiuuuanss (Co) Sudunnuaiilsifesnslunisvaass anugluih G danunsafinuld
wdlngunnemeviefiuiiviesswindidninsadivmihidutanladidnnin ddunsmeaesildansafidaeentd
fedu Tuoull §Adudonderinesznindidnlnge 1 fadiuns Wussosisssnisddninsafnyay esanidu
msUszndanislamiinidu @niidnosnludmduresing 1 fadwns deundniidnosnludmsutesine 3 faduwns)

AN5197 3 HAVBIYBIIITENINN 2 BldnlnsademnulilunisnevauswesiInsIainvesasaratslenuealutinsey
av 0 99 100 laeUsuns

Ya99195znI98dnnsn (Haduns) dun1snsidunse” r*
1 y = [(-7.610.32)X10%x + (15.81+0.17) 0.993
3 y = [(-7.79£0.39)X 102 + (11.98+0.21) 0.990
5 y = [(-6.88+0.22)X107]x + (8.08+0.12) 0.996
10 y = [(-5.05£0.57)X10°]x + (4.9120.31) 0.951

"HulIAIUANTBISTUY Yo PTFE wdausieniinduduriugudnans 4.75 faduns aA11ue13909848ntNnsa 20
fadwns Aus1efngluiivnd 20 Ve wagar1udinsesu 100 kHz; x: anududuveseniueatull (Segazlag
USuns) wag v: daysyrad C4D (Voo
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Fndluihvasnszudlninaduuuy sine wave fidngliundidninsavndn

ilefagliildmnuhlunsnovaussvessngiaia CaD figsgn {Adelimnasuszuumensdsundamis
wsadulwihadrdadudygunszuaadu (AQ) wuu sine wave fiadaainindessniaileddu Tnglidawansat
Faus 5 89 20 Vpp nan1snmansiildatnuswiuluiiididnstusansilunsedt 4 mrnnantsnaasssanddiiduin
anulvessinsietn CaD ntudleiuuswiulnihends lunui ATeidenussiuluiiivndn 20 Vi, ilosannlss
anulwednsiaia C4D qnﬁqm

A15199 4 HavaInNuaednglniivdseaullunsnevaupIveInTIYInURIESAYANELe Y URA UL SREAY O
fla 100 TneUsunnsg

AMUANANS WA NTT (Vpp) AuN1INTMILTURTS" r’
5 y = (-0.87£0.06)X 107 + (1.13+0.03) 0.983
10 y = (-4.35+0.18)X 107 + (6.33+0.21) 0.993
15 y = (-6.07+0.28)X107 + (11.07+0.15) 0.992
20 y = (-7.56+0.35)X 107 + (14.65+0.19) 0.991

"FuUIAIVANTDITEUY Vo PTFE wndaudendniduduriugudnats 4.75 fadiuns A2ue13909818ninsa 20
Taduns uazANDNTEAY 100 kHz; x: ANUduTwrasemuealuin (FesaslagUsung) wae yv: deyayiad C4D (Voo

ANUAvINsAURNEAULUY sine wave FidneliunBidnnsauaudi 1 (input electrode)

insesiudniladdugnlfifioasrsdryaunszuaadulusuuuy sine wave T input electrode Tngunfin
A1AYRY sine wave (frequency, f) Avdsnarodaa C4D Liesanardufiuaududazan (Z1-25 Tunanil 3)
duiudfufumnuddsuansluaunisi 3 uag 4 egslsinu anuduiudiBsluinging1n anunsnidoulsiegluaunns
dauvas fuandluaunsi 6 lddsanisiandyau Cap smuauilagldusafunseduaiv 20 Ve,

(6)

209 9 wanaanNIINAaeIinwIANdsieulluNTAATERveiingIaTa CAD AnudnsEAunldvnaes
WSusiane 10 89 200 kHz danadndiodinainudain 10 Wi 50 kHz Aulveedingadn C4D azifindusgnatmau
anduanubhivesiinainazanaseduiuldtnieldnnuinszduuinndt 50 kHz Jawadawnsasduiglalagly

aun1s 3 MAnuduUsnduiuduifivaudues C (Z o 1/f) §Rdeldidenanud 50 kHz ilupinudfivanzay flosain
enudilianuligsgauazganeizananuglninanuiedidninniinisvie (Cua) wenaini fnaud 50 kHz T

o =

Usngnisaliiaziouanzanufuniy (Re) wazauglnill (Co) vessazateiiiawinisia Jadudadendnd
MLAnBuwAugreInTIdn C4D

- 10 7

D

2 J @ ¢

g 8 % Pos

(8]

3 6 ¢ ;

o

=1 4 9]

x 4 @
2

2 24

‘0

c

@

2] 0 T T T T T T T 1

0 25 50 75 100 125 150 175 200
Excitation frequency (kHz)
A9 9 AnudNTussEnIeeNhilunisnevaneweangiadn C4D NlFaNANNANTEAUAIRIG 9 Faws 10 A
200 kHz
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AMANBALNITIATIEHVBIAINGIVIA C4D dmSuN1sIalsuInLeanagodlufilag1uaanaganaawng
NMsAnwITIRUIAN q Alenansndey idelaasuanneivingaivesiiuusing q dmsuiinsain
C4D oA ziasazanseyuealull fauanslunisei 7

M13197 7 anngiulsmuauivingandmiudingnin C4D Wedngviansazatsiemuealuin

w151 AmasNANYN

ANN1TNMUZE

yuaLduEuaugnansngluvewie PTFE
Fanfuhlwihildadrawoudining
AMNENVBLAUBENINTA

2941195 MIN9 2 uaudianinge
ANUAANg LN
audvesliihnssuaaduandn

A

4.75 Haaluns
NUNRU
20 Hadlung
1 dadung
20 Vo
50 kHz

neldannznisneassiingauiauanslumsnei 7 Wenagauimeasasaieunnsgiueniusatutiazle
AMANBATNITILATIENVDIRINTIVIA CAD Aauandlunisned 8 FanTeUAquIEAUAUTNTUYRINgLLDANDERd

4

Whnunefgein1sinsedt lngldsndudasiiniswSousiegrawasindndvesansazatediag1seannauiinsiy

A1519f 8 ﬂmé’ﬂwmxmﬁmiwﬁmaqﬁamwi’m C4D @ nSUinUSuNLeaNaaea lAIDE19L0ANDTTAA LKA

ANYDIAMENYIY
EtOH:  10-100%(v/v)
i-PrOH: 10-100%(v/v)

FtOH: y = -0.0975x — 0.4948, r’ = 0.998
i-PrOH: y = -0.1348x — 1.3761, r’= 0.990
70% (v/v) EtOH = 0.14%

70% (v/v) i-PrOH = 0.77%

EtOH = 1.66%(v/v)

i-PrOH = 1.10%(v/v)

EtOH = 5.54%(v/v)

i-PrOH = 3.64%(V/v)

AMANWY

1. Yuanududuiidudunss

2. AUNSEURSIVBINT LN

3. Ao (%RSD, n=10)

4. Limit of detection (3SD of regression/slope)

5. Limit of quantitation (10SD of regression/slope)

ATIATIZHUINULDANDTOA A8 19LDANDTDAA1IULNE

Fam599a CAD FimunTy lé’ﬁﬂmmaaumﬂ%’muﬁumju@f’;a&iml,aaﬂaaaéé"mLLmaLﬁaﬁLﬂi’wﬁﬂ?mm
weanegeaithviung Ao levuea wazlelnswiuea TagldvhniswSoudisuanududuiiiasedldtumada GCFID
nnamsnaaoandlunsei 9 aznuiifingiata CaD mmiama‘uauaqsiaaqﬁﬂixﬂauﬁﬂumjuﬁﬁaa&iwﬁLﬁzm
WAnw dmsuiiegne E1 89 B3 nuiaianududuieniusaiienulsaindinsiata CaD darfiunnsisediedl
udAiilewfisuiuimeada GC-FID waz Arfiszylifiaannsedie Wesanludiogia E1 A £3 fesduszneudu 9
ueniniloriminuazionuea 1wy exdlau Insfidulnanea way asafnossund SendalfAuaduiioTnguasasd
V199819 dawaliarsavanssaegie E1 e B3 lddaduasazaronauanssin fafildnandinisnevauesvess
A5239InUsELAN C4AD mé’faL'%'aammﬁﬂ%lﬂwLLaxémﬁLmueﬁ FazansonevauesieefUstneuiualuansazaned
aulaaziinszit vsenavausiaAnuglnihvesasazans Co e

2814l5An1Y MNRSUNFIRE1 E4 uag P1 T4 P5 WU nansiesiziusinaaindngiada c4b Wika
nMsvaaesfidenndestumaiin GC-FID egnalifinnuunndisegeiifeddafiseiuauideriu 95% (t-Test: Paired
Two Sample for Means; tsat = 0.246 Wag teitical = 2.78)
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A15197 9 USUNIULEANDTRAIUATAZANULIANDERAA NG 9 BHAANFINTIVTA CAD waviatin GC-FID

USunauuaanaded luansazatauwaanadad (avazlagusunns)

"asfusznauduy q (Sesazlay

f1e819 — ” ; . o e v
AN C4D  \yadia GC-FID 'qﬁigulfsjqaa']ﬂﬁqaghq Usunsg) wisq‘lawamnmama
E1 92.22 + 0.84 64.21 + 0.40 70 pzdlau (18)
E2 34.95 + 0.73 73.35 + 0.37 73.7 Tnsiaulnamea (1.5)
E3 396.53 + 0.19 70.26 + 0.20 70 ANSANASITUYR
E4 70.67 + 0.50 70.54 + 0.44 70 -
P1 63.42 + 1.33 63.03 + 0.33 70 -
P2 62.43 + 0.17 63.17 + 1.58 70 -
P3 62.69 + 0.07 63.89 + 0.74 70 -
Pa 7331 + 0.07 69.53 + 0.28 70 -
P5 64.98 + 0.13 68.72 + 0.26 70 -

" dauﬂasnauﬁuﬁizuwamﬂuaﬂmﬁammfmamaaﬂaaaé

s¥af0gns E wiwevuealuansidasieilusiodns uazs P uanslelglnsmueaduansinsizilusiedig
HavasRIsUNIUTidenadadyyIu C4D dmFuiavunnusanasadluflatnuaanagaddnauna
NNANISVAABTILATIZUSINLEanogaduandluA1S 9T 9 aunsoagulaan Asnansduiifianladidnn

INGINDITANANITTUNIU 19U NTelsiaogna E1 ﬁﬁax%lmua*giﬁﬁaaaz 18 TngU3unns eezdlauiiosilenladidnvisn

(€) Wiy 20.7 Aavsumunisinansazanonanifiosdusenavaeswinile warluusafeafunsdlinete E2 Aus

arsTnsidulnanea egifissienas 1.5 lasuSunsiibu Sdwsdulnanoaiodidladidnyin (&) wihtu 30.2 flaz

sununsinasazarenauniesdusznevassuindliiguiu
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Abstract

Cobalt-zinc-aluminum layered double hydroxides (CoZnAl-LDHs) have been prepared and
successfully modified with magnetic nanoparticles and chitosan (Fes04CS@CoZnAl-LDHs) for being used as
Brilliant Green (BG) dye adsorbent to solve the dye contamination in water problem. Magnetic nanoparticles
(Fes0q) allow easy separation of the adsorbent from the solution, and chitosan (CS) will increase the hydroxyl
group density for the interaction with the positively charged BG dye. The materials were characterized by
XRD and it revealed that the modified materials exhibited the structural characteristics of LDHs. From dye
adsorption studies at pH 7 and 25 °C with initial dye concentration of 20 ppm, Fe304CS@CoZnAl-LDHs
exhibited 99% dye removal, which was greater than that of CoZnAl-LDHs (58%). The adsorption process
reached equilibrium within 360 min. In addition, the adsorption isotherm followed the Langmuir model, and
from the kinetic studies, this adsorption process corresponded to a pseudo second-order reaction. The

synthesized material is promising for being used as an adsorbent to remove the dye from polluted water.

Keywords: Layered double hydroxides, Adsorption, Dyes, Magnetic nanoparticles, Chitosan, Brilliant green
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Abstract

With the advancement of technology use in educational settings, information and communication
technology has been increasingly incorporated into the teacher professional development (TPD) programs to
enhance knowledge acquisition, retention, and transfer. This study describes a research pilot of the
development and use of a web application, the Ubon Ratchathani University Applied Science Learning Center
(UBU-ASLQ) system, as a deliverable of a TPD program in Thailand to build knowledge of Asperger’s syndrome
(AS) among educators. In Thailand, AS is not well-known compared to autism spectrum disorder due to the
paucity of research and resources, and educators are challenged to nurture their students with AS to meet
their full potential. The UBU-ASLC system was developed with multi-faceted software to support diverse
modes of learning. The implementation of the system occurred in the city of Ubon Ratchathani, located in
north-eastern Thailand. The participants of this study were in-service and pre-service teachers, who exhibited
strong interests in learning about AS. The results suggested that the UBU-ASLC system was a valuable
component of the TPD program, enhancing knowledge retention and promoting the creation of a professional

learning community.

Keywords: Professional training, teacher professional development, knowledge transfer, web application,
Asperger’s syndrome
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Introduction

In recent years, the use of information and communication technology (ICT) has been widely
observed in education settings. ICT is an acknowledged tool for enhancing the pedagogical experiences of
teachers and students, and has been found to optimize students’ learning outcomes (Istenic Starcic and
Bagon, 2014; Jung, 2005). When educating students with exceptionalities, ICT has been found to be an
effective means and information transfer and engagement. Primary uses of ICT reported in past literature in
this context included the provision of assessment aids, skill development tools, and interventions (Drigas and
loannidou, 2013). ICT has been widely used with students with Asperger’s syndrome as a pathway to skill
development for individuals affected by the condition (Istenic Starcic and Bagon, 2014; Konstantinidis et al.,
2009; Lewis et al. 2005).

Asperger’s syndrome (AS), a form of high-functioning autism, is a developmental disorder
characterized by challenges with social interactions, emotional recognition and regulation, executive
functioning, and problem-solving (Gallagher and Gallagher, 2002; Griffin et al., 2006; Smith Myles and Simpson,
2002). It was a distinct diagnostic label until the current edition of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-V) became available in 2013 (Cassidy et al., 2014). In the current classification, AS is
amalgamated into the autism spectrum disorder, or ASD (Cassidy et al., 2014, Kite et al., 2013; Linton et al.,
2013). However, in spite of the change, the term “Asperger’s Syndrome” is still widely used due to the fact
that the affected individuals were concerned with the dispossession of their identity as “persons with AS,”
and with the changes in eligibility to existing services and support systems (Kite et al., 2013; Linton et al.,
2013).

Despite these adversities, these individuals are fully capable of achieving their higher potential with
appropriate guidance (Grandin, 2002). Their talents and abilities can be well-nurtured through proper
understanding of their strengths and challenges by the supporters of affected individuals - educators, parents,
guardians, and friends. In order to create a nurturing community, ongoing educational opportunities for these
stakeholders are imperative. However, research has identified a lack of resources and support system as
barriers (Lindsay et al.,, 2013; Rodriguez et al.,, 2012). In Thailand, for example, research studies and
intervention resources regarding AS are very scarce. The condition is under-recognized among educators, and
as a result, these educators are deprived of educational support to properly nurture their students. These
issues were acknowledged in the past studies; however, establishing a comprehensive set of data regarding
this area of research was compromised due to the differences in perception of the condition and inequitable
access to the existing services (Khaiman et al., 2015; Little et al., 2014; Vibulpatanavoug, 2018).

Educators’ use of ICT in relation to professional development is well-documented in the literature
(Istenic Starcic and Bagon, 2014). In the United Kingdom, a web portal was developed to encourage teachers’
continuous professional development by allowing them access to the world’s best teaching practices (Jung,
2005). This portal supported teachers’ local and global networking and acted as a central means for a teacher
professional development (TPD) program (Jung, 2005).

ICT can be incorporated in TPD programs and its benefits have been widely acknowledged. A
systematic review of ICT uses in education indicated the effectiveness of ICT-incorporated TPD programs to
prepare novice teachers to be able to manage students with exceptionalities tactfully in the regular
classrooms (Istenic Starcic and Bagon, 2014; Jung, 2005). This kind of ICT usage was reported as favorable as
a means to improve the compliance to the program and retention of knowledge when the ICT-supported
program was developed with the principles of learning and instructional design (Kobak et al., 2011). Compared
to the traditional learning, ICT-supported TPD programs contain “the multimedia-enriched visual appeal that
has the potential to integrate various supportive materials for personalized learning” (Huang et al., 2012, p.
704). Without these innovative features, TPD programs can be a less intellectually- and emotionally-engaging
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learning experience for educators. Consequently, these educators could become passive learners who would
evaluate TPD programs less favorably (Gregson and Sturko, 2007).

In order to overcome challenges reported in past literature and to promote knowledge retention
about AS among Thai educators, the current ICT-supported TPD program was developed. This TPD program
consists of two major elements: a teacher training session and a web application (the UBU Applied Science
Learning Center). The teacher training session is designed as a career development course. The contents of
the training include a PowerPoint presentation to review essential information about AS, professional
presentations by a psychologist and a guest speaker, case studies, and role-playing activities. The UBU Applied
Science Learning Center (UBU-ASLC), a primary focus of this paper, is introduced at the end of the teacher
training session. It is emphasized that neither the teacher training session nor the UBU Applied Science

Learning Center is intended for the purpose of diagnosing AS.

Purpose of the study

This paper will discuss the development and implementation of a web application named “the
Ubon Ratchathani University (UBU) Applied Science Learning Center,” for building understanding of AS in
Thailand. The UBU Applied Science Learning Center (UBU-ASLC) was developed as a primary component of
a teacher professional development (TPD) program for AS in Thailand. The goals of the UBU Applied Science
Learning Center were:

1. To serve as a valuable component of the TPD program in order to build knowledge of AS.

2. To provide sufficient information for educators to enhance knowledge retention following a
teacher training session.

3. To support diverse modes of learning by increased accessibility and the promotion of a

professional learning community.

Research method

Design and development of the web application

The UBU Applied Science Learning Center is named after the affiliated university of the first and
second authors (the Ubon Ratchathani University, or UBU). Initially, the application was a resource-based
platform. This center was intended to be expandable to support the present of any kind of subjects. This
preliminary version was implemented to the in-service teachers of Ubon Ratchathani, Thailand. Based on the
feedback from these teachers, the application was upgraded to include interactive learning features. The
current version of the web application, as indicated in Table 1, was implemented to the pre-service teachers
at the local teaching college of Ubon Ratchathani.

Each of five modules is organized and placed in sequence as a linearly-related unit of knowledge in
an attempt for knowledge building, and ways that educators can assist their students. The first three modules
are intended to induce micro-level, individual-based learning. Module 1 presents the history and overview of
AS. Particularly, Modules 2 and 3 are designed as corresponding modules. In Module 2, educators are engaged
in cognitive-based learning. When they proceed to Module 3, they will learn effectively through integrating
the theory into practice. Module 4 contains topics that are more intended for classroom management and
administration. This module aims to generate macro-level, organization-based learning. Module 5, open-
learning for professional communities, is an upgraded, interactive module. It is a connector module between
the micro- and macro-level learning occurring with the preceding modules. Indeed, the UBU-ASLC system
aims to produce both top-down and bottom-up educational transformation by incorporating two levels of

learning. The framework of the UBU-ASLC system is shown in Figure 1.
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Table 1 The contents of the UBU Applied Science Learning Center

Module number and the title

Contents

1. The History and Overview of AS

The history and overview of AS; famous persons with AS in the

world; and effects of having AS

2. Common Characteristics of AS and
Brief Overview of Differences and

Similarities between Autism and AS

A flow-chart-type instrument for educators to understand the

manifesting differences between Autism and AS

3. Short Case Studies

Four to five short case scenarios to aid in integrating theory into
practice; these scenarios are based on the true experiences of the

first author interacting with an individual with AS for many years

4. Extending Knowledge — Inclusive

Education Overseas

Practices from New Brunswick, Canada, which is considered to be
one of the world’s leader in inclusive education, to widen
educators’ knowledge of supporting students with AS in regular

classrooms

5. Open-Learning for Professional

Communities

Video chat, online discussion, and conference calls in order to

support the interactive learning

|

TPD
Teacher training |+ ‘ ICT ‘

Y

l UBU Applied Science Learning Center ‘

Module 2 %_\

\
| Module4 |

\ e \
v Module 3 > “‘—ﬁ_____\ /
Individual level N_Iaflﬂgel_'ﬂenﬁ
Mi administration level
(Mero) (Macro)
{ Module 5
S

Figure 1 The framework of the UBU Applied Science Learning Center

Modules 1 to 4 can be directly accessed via the web application. Module 5 is a form of applied,

interactive open-source. Therefore, this module can be accessed either directly via the application or social

networking services to allow improved accessibility. Figure 2 provides a visual organization of the UBU-ASLC

system.
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Figure 2 The visual organization of the UBU Applied Science Learning Center

Multiple software was employed to develop the UBU-ASLC system. Table 2 shows the software

development tools used for the structure of the UBU-ASLC system and their purposes.

Table 2 Details of the software development tools used for the structure of the UBU-ASLC system

Purpose of use

Software development tools

Description

Language

PHP, HTML, CSS, JAVA Script

Language processors

Database management

MySQL

An open source, enabling the management of
relational database (Oracle Corporation, 2019)

Text coding

Sublime Text

Enables the coding and editing of the text
(Sublime, 2019)

In order to support multiple learning modes, the UBU-ASLC system also employs multimedia

features. Table 3 shows the details of the software used for the contents and their purposes.

Table 3 Details of the software used for the contents of the UBU-ASLC system

Contents

Software used

Purposes of use

Expert presentation (Module 1)

YouTube videos

Increasing cognitive and affective

learning

Cartoons in case studies (Module 3)

Microsoft PowerPoint, Adobe
Photoshop, Adobe Illustrator

Visual effects and increasing

readability

Interviews (Module 4)

Smartphone, iMovie

Recording and editing

Video chat (Module 5)

Skype

Blog posts (Module 5)

Facebook

Increasing accessibility

Participants and implementation

The study employed a quasi-experimental, one-group post-test only design. Participants were
recruited via purposive sampling. The program implementation occurred in Ubon Ratchathani, Thailand. First,
two groups of in-service teachers from varied grade levels and school sizes participated in the preliminary
implementation of the UBU-ASLC system. It was requested in their feedback that an interactive feature was

included in the application to enhance knowledge sharing among users. Subsequently, the application was

Fvanslae Aol Inenmans 1/74731//5/7@”5/@1/557%5717



222 | Journal of Science and Science Education Vol. 6 No. 2 (Jul. — Dec. 2023)

modified and upgraded accordingly. Thereafter, the sample group of 32 pre-service teachers from the local
teachers’ college were recruited to participate in the TPD program. They would be shortly at their final
teaching practicum. These pre-service teachers were chosen with an intention that this program could aid in
establishing their teaching philosophy and practice as novice professionals. Table 4 provides a summary of

the demographic characteristics of participants.

Table 4 Demographic characteristics of participants

Recruitment Type of Group Demographics Location of the
methods implementation (N) TPD program
Purposive Preliminary 1 In-service classroom teachers and Facility at
sampling (N =6) | administrative staff; From primary and University

secondary schools

2 In-service classroom teachers; From
(N =6) | primary schools and the Early
Childhood Education Center

Major 3 Pre-service teachers (Local teachers’ Teachers’
(N =32) | college students); Early Childhood college

Education major and at the start of

the final practicum

The implementation of the UBU-ASLC system occurred on three independent occasions. The first
two sessions with in-service teachers were considered as preliminary implementation, due to the novelty of
the learning subject and the learning tool. The third session, with pre-service teachers, was a major
implementation to examine the effectiveness of this innovative application.

Both the first and the second groups attended the teacher training session held at the university
facility. The UBU-ASLC system was introduced at the end of the session. Participants were asked to evaluate
the design and contents of the application after the trial period. One to two weeks following the training
session, 50% of the participants were randomly selected for follow-up interviews. For the first group, the
preliminary application was in English. Participants requested language to be changed to Thai for more
familiarity. Likewise, inclusion of diverse multimedia features was requested. For the second group, the
application was modified to be bilingual (English and Thai). Participants suggested that the application should
be a platform for interactive learning and contain more culturally competent information. Given the feedback
from both groups, the application was further modified prior to the major implementation.

The third group of pre-service teachers were invited to attend the teacher training session held at a
facility of their college. The UBU-ASLC system was introduced at the end of the session. They were able to
use the updated application with the interactive learning features. After the trial period, they were asked to
evaluate the design and contents of the application. One to two weeks following the training session, 50%
of the participants were randomly selected for follow-up interviews.

Data collection and analysis

For the quantitative evaluation, Likert-scale style questionnaires were employed. Participants were
asked to rate the most suitable answer on a scale of 1 (Strongly disagree) to 5 (Strongly agree). The questions
were divided into two major categories of the general contents and the design. Table 5 summarizes the
category, focus, and sample questions of this questionnaire. Mean and standard deviation were observed to

determine the effectiveness of the UBU-ASLC system in enhancing knowledge building and retention.
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Table 5 Summary of the evaluation questionnaire

Category Focus of questions Sample questions

General The amount, appropriateness, | “Did the UBU Applied Science Learning Center provide useful

contents and suitability of the and resourceful information to help understand students with
information provided in the AS?”
UBU Applied Science “Did the UBU Applied Science Learning Center provide
Learning Center sufficient knowledge in enhancing understanding of AS?”

Design The usability, color, layout, “Was the UBU Applied Science Learning Center user-
and the language used in the | friendly?”
UBU Applied Science “Do you think all the information on the UBU Applied Science
Learning Center Learning Center appeared credible and reliable?”

For the qualitative evaluation, the open-ended, semi-structured interviews were designed to allow
participants to freely evaluate the UBU-ASLC system. These questions were also based on two categories of
general contents and design of the application.

The construct validity, which measures the proper intention of the research instruments (Haele and
Twycross, 2015), was examined through the statistical analysis of the evaluation questionnaire. Cronbach’s
alpha was calculated to examine the internal consistency of the research instruments (see Table 6). The

descriptor in Table 6 was adapted from Taber (2016).

Table 6 Cronbach’s alpha value and the descriptor

Data Collection Instruments Cronbach’s alpha value Descriptor

Evaluation Questionnaires 0.93 Excellent/High

Results and discussions
By taking the results and comments from the precursory version of the UBU-ASLC system into
account, the modification has been made. The examples of screenshots of the modified version of our UBU-

ASLC system was illustrated in Figure 3 and Figure 4.

&55 AS Liaring Conter ety MmcooswpoiSe  sasmer gl e e v

“1 see people with Asperger’s
syndrome as a bright thread in
the rich tapestry of life.”

Torwy Antveaied frioed by sdos, 299K}

Figure 3 The screenshots of the UBU-ASLC system : Homepage
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Figure 4 The screenshots of the UBU-ASLC system (Module 3): Research articles in English (A) and in Thai (B)

The overall mean score of the UBU-ASLC system evaluation was 4.65 (SD = 0.52) (see Table 7 for

item descriptions). For both content and design questions, participants regarded and rated this system highly.

Table 7 Statistical item descriptions for the evaluation questionnaire

Questions Mean SD
Did the UBU Applied Science Learning Center provide useful 4.53 0.62
and resourceful information to help understand students with
AS?
Did the UBU Applied Science Learning Center increase the 472 0.53

knowledge of teaching and learning with regard to educating
students with AS?

Did the UBU Applied Science Learning Center provide 4.66 0.48
General sufficient knowledge in enhancing understanding of AS?
contents Do you think you can apply knowledge learned from this 4.62 0.55

application to the classroom setting?

Do you think the amount of information provided on the UBU 4.63 0.55
Applied Science Learning Center was enough to build

understanding of AS?

Overall, do you think all the contents appeared well- 4.69 0.54
organized?
Was the UBU Applied Science Learning Center user-friendly? 4.63 0.49
Were all the images and media related to the contents of AS 4.69 0.47
Design learning?

Do you think all the information on the UBU Applied Science 472 0.46
Learning Center appeared credible and reliable?

Overall 4.65 0.52

(N=32), SD = standard deviation

All the interviews were transcribed, and the contents were analyzed based on two major categories
- the contents and the design of the web application. Table 8 provides a summary of the questions and

answers from these interviews.
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Table 8 Summary of interviews with selected participants

Contents Design
Interview questions How did you think the contents of Was the information easy to
the web application helped you to follow, use, or understand?
understand AS better?
Participant | “I learned a lot, but | would like to see | “The design was easy to follow.”
#1 more case studies in different contexts
Summary (age, gender, life experiences).”
of Participant | “I felt the information was well- “The layout helped me learning
responses #2 supported by the past literature.” better.”
Participant | “Even | read briefly about AS in the “I was excited to learn that | will be
#3 textbook, | never knew that there were | able to share my knowledge with
more to learn about it.” others and learn from others.”

The results of this implementation suggested that the web application was an effective means to
enhance knowledge building and retention of AS. Participants regarded that the web application contained
sufficient, resourceful information to increase their knowledge of AS, and build confidence that they could
apply their learning to their teaching practice. In addition, participants evaluated the web application as a
critical component of the TPD program. Commonly shared comments indicated that this web application
aided in knowledge retention, concrete understanding of the condition, and knowledge application to
practice. The first and second objectives of this study - the web application would serve as a valuable
component of the TPD program in order to build knowledge of AS and to provide sufficient information to
enhance knowledge retention - were fully achieved.

Particularly, the interactive learning features in Module 5, open-leaming for professional
communities, were received with much enthusiasm. Participants were immensely engaged in these features
and actively participated in the online discussions. The comments for this module included, “The interactive
features were very helpful for knowledge sharing,” and “very accessible and fantastic.” It is interesting to
note that a few participants in the pre-service teacher group mentioned that they had read a paragraph about
AS in their textbook. However, the chapter of that particular paragraph was not the required reading for the
class. Therefore, not all the participants were aware of the availability of information. Nonetheless, these
keen participants played a major role in motivating the entire group and as a result, their learning outcomes
were positively affected. Even though these participants were pre-service teachers, they have already formed
their own professional learning community successfully. This fulfilled the third objective of this study: that
the UBU-ASLC system supported diverse modes of learning by increased accessibility and the promotion of
a professional learning community.

An initiation of forming the professional learning community was also observed in the preliminary
implementation of the TPD program. One in-service teacher in the preliminary session regarded that the UBU-
ASLC system would benefit not only Thai educators, but also those in the neighboring countries. Additionally,
after the session, this participant connected the first author with the Dean of Medicine Faculty for a project
meeting. In the near future, it is intended that instructional programs be developed to assist students with
AS.

Conclusions
This study was regarding the development and the implementation of a web application to Thai

educators to build understanding of AS. As a primary, valuable, and accessible component of the TPD
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program, the UBU-ASLC system offered a wealth of knowledge for educators to promote awareness and
knowledge retention, as well as the creation of a professional learning community by incorporating diverse
learning modes into their teaching practice. High satisfaction was reported by the participants.

Feedback from this study highligshted several issues needing improvement for the future. First, the
study was conducted in a relatively small, homogeneous, rural area of Thailand. Therefore, the future
replicated studies may need to be conducted in urban areas of the country to include more diversity. Second,
as the discussion indicated, the UBU-ASLC system was offered in only one language (Thai). The need to have
the English version was suggested in order to benefit the neighboring countries of Thailand and expand our
own knowledge further. Lastly, participants suggested that the case studies be more diverse and inclusive in
order for them to be able to apply their knowledge to face-to-face teaching with students of different ages
and grade levels.

AS presents wide ranges of strengths and challenges for each person. As educators, we support and
guide these individuals to empower themselves. This current TPD program aims to be a pioneer in the effort
to raise AS awareness in Thailand. Effective education is valuable for educators who are willing to nurture
their students’ strengths. In the near future, the benefits from this suitable means can be extended to the
neighboring countries and could be applied for any kind of subjects. Ultimately, it is researchers’ hope that

this web application can be a stepping stone to increase information literacy for educators.
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Abstract

The purposes of this research were 1) to develop inquiry-based learning activities for grade-6 students
to be effective according to the 85/85 criteria, 2) to compare academic achievement after learning activities,
3) to compare critical thinking, and 4) to study the satisfaction of 6th graders with inquiry-based learning
activities on the separation of mixed substances. The sample group was grade-6 students in a school in
Mahasarakham province. This study was in the first semester of 2022 academic year, selected amount 37
students from 1 class by cluster random sampling. Classroom was used as a random sampling unit in the
amount of 1 classroom. The research applied the One group pretest-posttest design for the Pre-Experiment
Design. The tools used in the research are as follows 1) inquiry-based learning plan 2) Achievement Test 3)
Critical thinking ability test and 4) satisfaction assessments affecting learning activities. Statistics used to
analyze the data include percentage, mean, standard deviation, and dependent sample t-test statistics. The
results showed that 1) the lesson plans of inquiry-based learning activities had the efficiency, 85.69/83.21, 2)
the students' mean score on the post-test achievement were higher than the pre-test mean score at the
significant level of .05, 3) the student’s analytical thinking abilities after learned by the developed lesson
plans was higher than before learning at the .05 level of statistically significant, and 4) satisfaction with inquiry-

based learning activities had an average of 4.80, in the highest level of satisfaction.

Keywords: Inquiry-based learning activities, Academic achievement, Analytical thinking

Copyright by Faculty of Science, Ubon Ratchathani University



IATIMEINMaNTUAL TN IaRTANYT U9 6 Laudl 2 (n.A. — 5.A. 2566) | 229

UNAMUITY

L%

NAYBIN1TIANINTINATSFIUTUUUTULEIENIAMNS 5 YU (30IN1sHenaIsilansl

-] Q‘ = =
NiaNadugNINIINISISIULAZAUEINITAAIUNISANIATIZH
v o & = ay A
YIUNLIYUTBUUTEaUANEIUN 6

anAs wadw1a' azdu nesg’ uazydan wuazdall’
g1 Inenmaniial pasfinwimansuazuianssunsing) un1Ime1aen maug
*Email: chulida.he@ksu.ac.th

SUUNAN: 2 NUAUS 2566 WAlvunAL: 13 WAL 2566 BaNFURTNN: 26 NO¥A1AL 2566

UNANELD

v
v

n31eadiiitguarasd 1) edmuiAanssunisdnfanssunisdsuduuvduasmanud 5 4u veq
thiSeudulsvoufinu®i 6 Imﬂixammwmumm% 85/85 2) \lawFoulfisunadugrinisnisidoundaldiunisda
Ranssumaouduvvduamemanud 5 9u 3) Wewdouifleunnumusadunisieiinsey 4) iefnyinudia
nelavesinidsutulseondnudil 6 AdemsdaianssunisFeudiuuduiazmanud 5 $u Bos nisusnarsiile
was NguAaeene Ao indsutulszaudnu®d 6 TsadsulssanAnviwimisdudminmmansay madouil 17
5@ 2565 $113u 36 AU Bldu1aInnIsduLUURGN (Cluster random sampling) Taeldeuseudumireves
s $1uru 1 feaieu nsideiidunisifeuuuniamessstudi Tneidunismaassuuy One group pretest-
posttest design 1a3osiafildlunisive dded 1) WNUN1TIARINTTUNISISBUTWUUAULAIEMIANT 5 Fu 2)
LUUMAgeUIANAdLNENINEITeU 3) WUUNAAEUTANTINANLNTIFIUNITAATATIEN wa 4) Luudseiliuaanuils
wola af@nllunmsiiasizsidona ldun Sevas Aade drudsnuunInsgIu uagAada dependent t-test
namsITenuin 1) unudansdafanssunisiFeud Tussavsaimuindu 85.69/83.21 2) wadugninianisidouves
Fndsutulszondnundil 6 viinisdanaFeudiovduiansm 5 du getuesdideddgmnainfisedy 05 3)
mmmmsalumiﬂmLﬂswvmaauﬂLﬁaummmamsmuamquuamﬂmmqammvm‘u 05 4) Anuitanelalunisdn
Aanssumadsudiuiasmenud 5 4u feiade Wiy 4.80 eglussiuaruiimelauniian

v ¢
o o w o v v ¢

AEALY: N13IANANTINNTITIUSUUUAUEEMIANLS 5 U HAFUNNENNMTTEU ANNENTAAUNTAAILATIEIA

Fvanslae Aol Inenmans 1/74731//5/7@”5/@1/5‘57%5717



230 | Journal of Science and Science Education Vol. 6 No. 2 (Jul. — Dec. 2023)

umin

msAndaseniludnmisvesnszuiunsudlalamdadudsddnlunaeieanundedliiudndmiu
Fimuagnsvhaulurmssuil 21 (Robbins, 2011) AaelsigiSeuanusausnuedeyaimduuselonilunsBouives
Wanw1 (Elder and Paul, 2019) FavsnzdmiuwieaoumdnemansithiSousoddvinuenisAniinse Tuns
mupANNRgIU MeuHUNITNAAR uazasUnalaslivdngiunisinenmans arwannsoiliisfestunisuadnsi
aﬂéu’m‘ﬁ’mlﬁﬁﬂL%Ema’]ll’]iaLLﬁl“UﬂinmléfE]ﬂﬁﬂﬁﬂi%ﬁ%%ﬂﬂwuﬂﬂ%‘u (Perdana et al, 2019) dﬂwaiﬁmaﬁmqwémaﬂ
10 L%'?Ju@‘agu (Kwinram, Noisombut and Worapun, 2022; Ratniyom et al, 2021; Theabthueng, Khamsong and
Worapun, 2022)

wianmnNIsIaAINsIuNIsSeunsaewivIneteanslueadegiuddlianunsawaundFouvihlndulua
anmnsiBeuiiina1nan WesnguuuunisianisBeunisasuriaianssufidaieiumsiannanuaansafiunsin
AAsedt efiuannsdanisiFeudindndununssuauns JeudemliiniFeurhanudqla and wéash
wuuilnsa Sseglutuanudanud vilidnidsuaansadenlssaudiasUsvaunisal liduitnugnssuaunisilly
F3oulsfniiannmuamnsasunnudniinsziwesmstmanauildenuesnansUssidiunadunvsludou
nszuumatous dealvfiudszdunamaiouadesh Snimuianufianaiavesmsaeuingmanslutiagiu
1A msdnnisFeunisaeuiiviaanuinala wWunsviessunnninsiiniinuenszuiunsin Msdsunsaeudd
dlomunn dnideurinanunseiietedu TusaziSeu (The Institute for the Promotion of Teaching Science and
Technology, 2008) #37l Seekeaw and Nasaree (2022) “ﬂa"mfmg(ﬁmﬂ%’uLﬂ?iaugﬂLLUU%%'miaauLLuwﬁu 9 i
aosdounnuilifutinFeuisesadior Tudunsiidugiin (Coach) niegdrnruazmnlunsiious (Leaming
facilitator) AgfeadsutimunenisiiouivesinSeunniuseuivideldanuililugnsiamuninue fiddnyse
Finlugalnl viegammsseil 217 MnmsAnwienansiazanAdonuin fomiddefidnwifeafuitnisiafanssunis
ounsaeudl wugBoulud ity uarduaiuawamnsalunsfniinszinfinnuddysedisoulugaiagtu 1wy
LuIARYBY UgH (Bloom's Revised Taxonomy) esniidinnisnwimatevilddnwiiesdunisdnnisieusiile
WAWINTEUIUNSTAAUTEANANG 9 WU N159AN1sSeuswUULATYM (Problem Solving Method) n1snisiseuslagly
Saynlugu (Problem Based Learning) mM3dnAanssunisSeuduuvduiazmanug 5 4u msfamaidouiuvy
159974 (Project Based Learning) NM139An13138u3n1uMa vn15a31909AA%3 (Constructivist Learning Theory)
nMsInnsiseumemaliansuitaymeuian (Future Problem Solving Technique) N15N1siSeu3AIe watia KWL,
KWDL uag KWL-Plus inailm 4 MAT M3dnn1siseuimeisnisiseuiuuulszaunisal vesnadu (Kolb’ s Experience
Learning Model) n1sdan1si3eusiuusiuile (Cooperative Learning) Taufiamslddniulunisasuda (Question for
Thinking Skills) Ju@y (Laowreandee, 2006) u# ‘Wmf1ﬂ1ié‘fﬂmiL%'auiﬁaamﬂé’aﬂﬁuassmﬂﬁmaﬁmmmam‘ﬁlﬁu
fFouduSsuiidmnlunsinfonssumsiFoud fo msdnfanssunisiiouuudums dalnuaenadeaiunis
Fuimnzmanufuesininemand nisdafanssunsSeuiuuuduazmenad 5 4u lufesFeumslaenadosiy
5 dnuairddylunisduimsmannnd T 1) Esulldusaulunsis dsdudon 2) §Foulinnuddiuioya
wdng1u 3) fi3suaideduiaiBineimansaudeya 4) fisoudenlosfodursvesmuiiuanuimaineimans
v3afeSuiedu q waes) fiSoudeansuadlivana fasuaunsadnfanssumsisoudlinudifuanumnsanty
AnBAIMLAERHUINISY0938U (Olson and Loucks-Horsley, 2000) N133nAINSTUNTSISEUTVRIATEAUd ALY
maaamgmaﬁﬂLauaamumigﬁmﬂé’ﬁw%wuL%@Iu%%ﬂszﬁﬁu%dmam'aiﬁmﬁmiwﬁ (Auppatham and
Poonpaiboonpipat, 2021)

msdaRanssumsBeuuuuduasmanug 5 9u (inquiry-based learning activities) ifugunuumsaeus
wﬁaﬁiﬂﬁmmmamﬂﬁﬁmﬁmmxﬂ’wmﬁumLﬁ@iﬁ@’ﬁ'aﬂ%ﬁ%miﬁuLawmmmiwwﬁwmmam% (Inquiry Approach)
AfosldnszuiunmsmainermanslunisdunuanuiudouszaumsaliSoudmoauesiginsnaFeus \duisnns
JamsiSoumsaouiiiiufifoudugagudnans TBeuldairsosdanuimeonuesuazduaiunuausalusunis
Andiasgyt GamsdnfanssumaFeuduuuduazmeniud 5 4u 1 5 duneu BunszuaunsiifidiudeligFeuld
i Auaudlmianansadeslosnnuianidonvesunidouly Wilaietu vlidla andlduunassdaadal

Copyright by Faculty of Science, Ubon Ratchathani University



IATIMEIMaNTUaL N Iansany U9 6 taudl 2 (n.A. - 5.A. 2566) | 231

FiFou AnmnuansasumnsAsiiesgitazannsavinusmiufduld wdamnsailldliAnysslevildegn
wisnzan (Novak and Gowin, 1984) n1sdnfanssunsiSeusuuuduiensmenud 5 $u Usenoulude 5 Sunou deil
1) fuatrsenuaula (Engagement) llunsthitrgunSeulnseniiegnsanumsalfimdniniueglutasnaiunie
Judesiimdadeulssiuanuiifuudadnseiuliindeuaisdanluiedulssduiiosing 2) 4u drmause
Fum (Exploration) lutufitniieudosiinnssunufsuauuamslunissunudeya tedauuigilaenis
usunTisuAtym LLé”JLﬁaﬂiﬁm’fﬂzymﬁaﬁqmﬁamLLu’m'NLLﬁlﬂJ 3) Gijzua%mmt,asmﬁﬁaaw (Explanation) bl
tniBouthdoyatilsininnisdisn mslinsed nmsulana aguna uasihiauonadild Tnstinouazadsassdnanan
mutuneuiinauly sliAnnsuandsuteyassuinsasiuingeou uasdnSeututnFousedu 6) fuves
1§ (Elaboration) iuduiiniouthenuditldluideslestuarudifurietuufnilddunffuduluesune
sl lfiAeaudi nf1eransanntu 5) fuussdiuse (Evaluation) iudugaihelnetnidsuazdssduns
Bousludu nsvuiunsufdhnusasmanudsinGeudessuuanssuiunseenuutuneumsuiifaudmany
yesnguudofuseuaniUasumnudaiu Ssenaindulgmimiasnsailuussgndldluaniunisallmlel (The
Institute for the Promotion of Teaching Science and Technology, 2012) dwtewniiinnisdnwilvelagldnsaifinw
TWlHlun1sdanisissunisaden 1wy na3dbves Supamustduangkoon (2016) ladnumsimuradugninanisseu
wazanuaLsalumsARiATiEsRTRMIsTIITR vesinidoututsendnudi 5 fensdaniaeuiuuuty

[ =

Fnsnsduiezmanud 5E wudh medugninianisdou vesinSoududsendnundil 5 ganirnouduagied
dodAymsainfiszdu 05 uananiss wuiaruansolunisiniiasiest vesinButuisendnui 5 eglu
seiuge uaz Ha3deves Uttaman and Art-in (2012) ld@nwinisiaunadugninisnisiBounazmsaniinszsives
tniduiutszanfinmdil 5 TngldguuuumstanisFouduy 56 wud dhidoufiFouslneldsuuuumsdaningous
WU 5E SinadugvismenisSeuRniliuiesas 79.87 uasiinzuuumsaniaseiosas 81.25 Seganinausiviimun
PNMANE WUIAR uazndnasiena AITeldAnwinnudidyuesitnnsiaianssunisBeuduuudu
wngmannd 5 u FadunmsiafanssumadoudfidulSoududdguaninmadonlosuiity uawnanug
TnsluaviaSuasnsUszaunsalnssliiugiseu Seusannnisas JeufiRase aunsaasiesranuilamenuias 1013

@

TawazUsediunaannsvifanssuldedegnies filuazaunsanunisAninseilamenuies daluiidedsaula

'
a

fagfnwnaesnsdnianssunsdouiuuudumemanad 5 tu AldonadugyininisSousasauaunsodunsin
nsigi vesiiniFeutulszaninudil 6 edunuamslunisinfanssuniadeusluseivineaanslid
Uszangain ﬁamaiﬁﬁmaﬁquéwnmu%uiﬁ%ﬁwmmamﬁqﬁu naonaudnasulidnseuladloniaiaun
Awasas SRR A EivesedinB ety
IngUIzaIAN1sITY
1. Wauinisdaianssunisdouduvuduiasmamd 5 9u FesnnuenarsionauvestniFeudy

Uszau@nun D7l 6 WiiusAvBamenuinaet 85/85

2. Wisuiflsunadugvinanafeuineimans lngldRanssunisdouiuvuduiazmanud 5 4u ves
hiSeudulszaufinuni 6 deunaznduiou

3. Wisuigumuaunsasunsaniasz tneldfanssumsieusuuuduasmanus 5 u veatniSeu
Fulszaudnu¥i 6 Aounarvduiou

4. leAnwmnufielavesindsudulsvoufnudi 6 fiflfionsdnfanssumsSeuiuvuduiasmaniu}
5 4 1389 Msusnansiilene

AU

1. §id99un1538 nqudogns Ae dnidududszounu¥i 6 TsaudeudsrouAnwviwdmisdutomia
uansAiL MAFeud 1 Insfnwn 2565 Suau 36 AU Feldnnisduuuungy (Cluster random sampling) Tagld
weassudumbelunisgu S1uiu 1 Weuseu

avanslee Aoz Inemans umInerageuasvodil



232 | Journal of Science and Science Education Vol. 6 No. 2 (Jul. — Dec. 2023)
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Abstract

The objective of this research is to study the effect of science activities based on Creativity-based
learning on the scientific creativity of grade-7 students with an average score of not less than 70%. This
research is the Pre-experiment design. The target group used in the research was grade 7 students in a school
in Kalasin province, semester 1, the academic year 2022, totaling 22 people, which is purposive sampling.
The research instruments used in the research were 4 lesson plans based on Creativity-based learning for
science and technology subjects in topic of cell, 6 hours, and (2) a subjective assessment of 8 items. This is
a scientific creativity with four components: 1) originality, 2) fluency, 3) flexibility, and 4) elaboration. Basic
statistics, such as mean, standard deviation, and percentage, were used to analyze the data. The results
showed that the students who received science activity management based on Creativity-Based Learning had
higher scores in scientific creativity. Furthermore, the scores for 1) originality, 2) fluency, 3) flexibility, and 4)
elaboration were 80.64, 81.82, 93.18, and 85.23 percent, respectively. The overall average of all aspects of

scientific creativity was 87.22 percent, which was 70 percent higher than the set criteria.

Keywords: Scientific creativity, Scientific activities, Creativity-based learning
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Abstract

The classroom action research was aimed to 1) compare the academic achievement on the
purification topic of grade 8 students and 2) compare their problem-solving skills after learning through STEAM
education integrated with the Miro application in the science classroom at Yothinburana 2 (Suwansuttharam)
School, Bangkok, Thailand. The sample group was 28 grade-8 students selected by purposive selection based
on their academic achievement. The research tools were 1) STEAM education with the Miro application lesson
plans, 2) an achievement test and 3) problem-solving skills test. The statistics tools used for data analysis
were mean, standard deviation, and t-test for dependent samples. The results indicated that grade-8 students
had significantly higher academic achievement after learning through STEAM education integrated with the
Miro application at a .05 statistical level. Their problem-solving skills were significantly higher than before
learning through STEAM education integrated with the Miro application at a .05 statistical level as well and
they showed a high improvement in their problem-solving project on the new way of natural tie dye clothes
as one of the innovations. Future study it should focus on using this STEAM education for other subject areas

and at different levels.

Keywords: Academic achievement, Problem-solving skills, STEAM Education, Miro application
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Abstract

In this research, we propose the use of LibreOffice, which is a free spread sheet software, for
simulating the two-body pursuit problem and use the GOAL SEEK function to estimate the time that one
body takes to reach the other one. We found that LibreOffice can be used to simulate the motion of the
system and estimate the approached time without using sophisticated programming skill. The software is
suitable for self-learning of undergraduate students. Moreover, instructors can use the software to create

different exercises by adjusting free parameters.
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Abstract

The purposes of this research were 1) to compare the ability to solve problems on addition and
subtraction before and after using Polya’s problem solving process with the Bar model, 2) to compare the
problem-solving ability after learning implementation with the 70% criterion, and 3) to study the satisfaction
level of the students after learning implementation. The sample used in this research consisted of 24 Grade-
4 students studying in the first semester of the academic year 2022 at Bankokwittayakhom School, who were
selected by purposive sampling. The instruments were lesson plans, problem-solving ability tests, and
satisfaction survey form. The statistics used to analyze the data were mean, percentage, standard deviation,
and t-test. The findings revealed that the ability to solve mathematical problems after learning was greater
than before learning, at a statistical significance level of .05. The ability to solve mathematical problems using
the process was higher than the criterion of 70 percent. And the student's satisfaction after learning

implementation through Polya’s method with Bar model, was mostly in a high level (X = 4.50, S.D. = 0.45).

Keywords: Polya’s problem solving process, Bar model, Problem-solving ability
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Effect of cooperative learning using learning together technique
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Abstract

The purposes of this study were: (1) to develop lesson for cooperative learning activities in
mathematics using LT technique and technology media to meet the efficiency criterion of 70/70; (2) to find
the Effectiveness Index of learning through cooperative learning activities in mathematics using LT technique
and technology media; (3) to compare the mathematical achievement and problem-solving ability of
students who after learning through cooperative learning activities in mathematics using LT technique and
technology media to 70 percent of criteria. The participants in this study were sixteen students who studied
in Grade-6 at Bankhunhan School in the second semester. However, they were selected by using the cluster
random sampling. The research instruments were (1) mathematics leaming activities cooperative
learning using LT technique with technology media plan (2) the learning achievement test (3) the
mathematical problem-solving ability test. The statistics for data analysis are percentage, mean, and standard
deviation. Moreover, to examine the hypothesis by using a Hotelling’s T°. The results of the study were as
follows: (1) The lesson plans for organization of mathematics learning activities of cooperative learning using
LT technique with technology media was 77.28/72.81, respectively. (2) The effectiveness index of plans for
organization of mathematics learning of cooperative learning using LT technique with technology media was
0.5953, indicating that the students' scores increased by 59.53 percent, respectively. (3) Mathematical
achievement of students who studied cooperative learning using LT technique with technology accounted
not over 70 percent criteria at .05 level of significance and mathematical problem-solving ability of students
at over 70 percent criteria at .05 level of significance.

Keywords: Cooperative learning, Learning together technique, Technology media in teaching mathematics,

Learning achievement, Mathematical problem-solving ability
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Abstract

Creative-based learning is a learning management method that focus on the students is important
encourage learners to develop thinking process skills, research, presentation, and group work. The purposes
of this study were: (1) to develop plans for organization of mathematics learning activities using creativity-
based learning with a require efficiency of 70/70; (2) to find out the effectiveness index of plans for
the organization of mathematics learning activities using creativity-based leaming; (3) to compare the
mathematical achievement of student who study using creativity-based learning with 70 percent criteria; (4)
to compare the mathematical creativity of student who study using creativity-based learning with 70 percent
criteria. The participants in this study were nineteen students who studied in Grade-6 at Koklamwittayakam
School, Roi Et Province, in the second semester of academic 2022. However, they were selected by using the
cluster random sampling technique. The instruments are used in the study were (1) the learming activity plan
using creativity-based leamning; (2) the mathematical learning achievement test; (3) the mathematical
creativity ability test. The statistics are used for analyzing the data. It consists of percentage, mean, and
standard deviation. Moreover, to examine the hypothesis by using a t-test for one sample. The results of the
study were as follows: (1) The lesson plans for organization of mathematics learning activities were
73.13/77.11, respectively. (2) The effectiveness index of plans for organization of mathematics learning
activities using creativity-based learning was 0.6314, or 63.14 percent, respectively. (3) Mathematical
achievement of students who studied using creativity-based learning accounted for 77.11 percent at over 70
percent criteria at .05 level of significance. (4) Mathematical creativity of students who studied using creativity-

based learning accounted for 73.69 percent at over 70 percent criteria at .05 level of significance.

Keywords: Learning activities based on creativity-based learning, Learning achievement, Mathematical

creativity thinking
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Abstract

The purpose of this classroom action research was to develop the creative thinking skill of Grade-8
students on the topic of surface area and volume. The target group was 1 class of 16 students in the academic
year 2022 at Banchockchaipattana School in Kamphaeng Phet. This study was the classroom action research
in 3 cycles. The total duration of the study was 14 hours. Research tools were lesson plans using board games
and mathematical tasks, and five learning processes were 1) Classroom arrangement, 2) Explaining the game’s
rules, 3) Demonstration, 4) Practice, and 5) Following up, behavioral observation, activity sheets, and a
mathematical creativity test. The data were analyzed by content analysis. This research found that students
developed creative thinking skills in mathematics. By considering subcomponents, the students were best
developed in the fluent thinking (75.00%), followed by the flexible thinking (62.50%), and the original thinking
(25.00%).

Keywords: Board game, Mathematical tasks, Creative thinking skill, Surface area and volume
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Abstract

The purposes of this research were 1) to study the geometric thinking of Mathayomsuksa 2 students
using inquiry-based learning with GeoGebra, 2) to compare the learning achievements of geometric reasoning
of Grade-8 students after using inquiry-based learning with GeoGebra with the criterion of 70 percent, and 3)
to study student satisfaction after learning management. The simple group in this research was 20 Grade-8
students at Somdetprachanukro school in Kalasin province who were selected based on purposive sampling.
The research tools instruments used lesson plans, geometric thinking tests, learning achievement tests, and
satisfaction questionnaires. Data were analyzed using basic statistics and content analysis. The results showed
that 1) the student’s scores of geometric thinking in the test after learning were higher than 60 percent of
total scores, 2) the post-Learning achievement on geometric reasoning of the Grade-8 students was higher
than the 70 percent at .05 level of statistical significance, and 3) student were satisfied at high level (x =
4.45, S.D. = 0.36).

Keywords: Geometric thinking, Inquiry-based learning, GeoGebra
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Abstract

The objectives of this research were to 1) develop mathematics learning achievement by using
GeoGebra on Parabola of grade 9 students after receiving the learning management compared to the criteria
of 70 percent, 2) compare the achievements of the students before and after implementing the learning
activities, and 3) study students’ satisfaction with learning activities using GeoGebra program. The sample for
this research was thirty-eight students in grade 9 during the first semester of the academic year 2022. They
were selected by cluster sampling. The instruments were 13 lesson plans, 30 multiple-choice learning
achievement tests, and 16 questions of a satisfaction questionnaire. The statistics for data analysis are
percentage, mean, standard deviation, and t-test for dependent. The research results found as follows: 1)
Results of learning activities using the GeoGebra program on academic achievement had an average of 23.21,
which was higher than the 70 percent criterion at a statistically significant level of .05. 2) The students' learning
achievement after learning was higher than before leamning at the .05 level of statistical significance.

3) Students' satisfaction with learning activities was high, with an average of 4.16.

Keywords: Mathematics learning activities, Parabola, GeoGebra program, Satisfaction

Copyright by Faculty of Science, Ubon Ratchathani University



334 | Journal of Science and Science Education Vol. 6 No. 2 (Jul. — Dec. 2023)

UNAMUIY

v a a 14 a = =
Han1sInnanssuNsiseuianinAanslagldlusunsudladus
= v o Y = o
1399 W1s1luan vestniTeudusisearnetn 3

o ¢ a <1 aw ¢ = v ¢a 2,*
0N UNAUITAYY UTTAINT UUBINTANAY 1ag U YusAan
yangnsazmansUdin a1v13vIadnmans un Ine1agn1maug
21y IvImdlnmans AsANYIMIEn UL UINNTIINTIANY) U1 TNEIFEN WA

*Email: paweena.kh@ksu.ac.th

Juunau: 4 qumﬁué 2566 LLmGIJUWﬂ’NN: 4 1 yeu 2566 EJE]lI%JUaﬁMﬁ: 21 WU 2566

UNANED

nMideafilfifnguizasdiiie 1) ilemumadugudnienisiFeundamans tngldlusunsuilodus
Bos wislum vestiiFoutuisonfnuil 3 vddldfunsinmadeudidodsutuinusidosas 70 2) ileieudioy
wadugvsnensSeuvesinGounounasndinisinfanssunsiBous uay 3) iefnwanufiawelavesiniFouiidse
n1sdnfanssunsiieus naudiegdluniside laun drFoutuiseudnuni 3 Adddnuluniadeud 1
Yn1sfnw 2565 91u3u 28 ﬂu?{fqlﬁmmmﬁdmwméu in3osdlefldlunsidede ununsinfanssunisiioud
U 13 LquLLuumaaU’mwaaquamqmmsu wuuside ienaeutila 4 fuden s1uau 30 de uazkuudeUaw
Taaudianela 31uiu 1 adu ddermaiuviavun 16 do aammiﬂummmiumama 1mm Aady Andeauu
1AsgIu Adesar nsvadevanNAgIulagldadaf (ttest) Sawan1s3denuin 1) wadugydvnanisSouademand
Tael#lusunsudledus ndslésumsdanisifous fanade 23.21 Jaganiunusisesas 70 egnadidedfymaada
fiszdu 05 2) wadugnimnanisiFeundaiougenineuieusaiitedrdymiadafsedu 05 3) arudfianels
vosiniFouidsoRanssunsiFeus fanade 4.16 Fsegluszuun

o [

AdAey: AanssunsSeuiadinaans nslual Wsunsudledusn Anuianela

o

Copyright by Faculty of Science, Ubon Ratchathani University



IATIMENMaNTUAL N IaRTANYT U9 6 1wl 2 (n.A. — 5.A. 2566) | 335

unin

adamansiaudrdgseninudnialunisSouiluamissei 21 wmswdeliuyudined siiivgua
Duseuu Wusuuun Rarufnsiuasassd Snrediaansatisliainnisel My dadule wazudladaym
Tuusazuiun Idegegndeauasimngan auaniunisaifiiatulunis1iin Usznsgaiioadnmansdady
wdosdlofiugiulumsfinwmanidu Tiun Inemaniuanmaluled Inermansaunn dmnssueans inwasmand
\isugenans dRansuassgaans dwnumans wazdauaans Wudu swlusngulunsiauiuyed wisvgha
wazdsnuvilflaniinnuaigyaudesedesnia Sasiuindemansiiunumiidfydenisiamunluyndiu
(Ministry of Education, 2017)

pgslsAmuiaudinivedamansaziinuddynenisidiin warnisuseneuennuiniieds undll
HiFvusgdnnuinn dndsivey BerAnadamans fanaedon anude mnuliauiele wezaadnninaiiia
nnsiseuadinatans awinligiSeuiannuidnie lduszauaiudnsa was a1ausegela Tunisieudan
adinanand deneliiin dymsverenluninSeuivedemans uarervsdwaludinisseuluivdudie
(Saethow, 2019; Latdasawat et al., 2021) nguanszmaiFeuiadamans sumdngnsununanamsfnwduiiugiu
WnsAng 1Y 2551 @UUUSUUTE A, 2560) muuansdansanyitusyauliseufnuneuduavdesonduainudila
fugnuiefusssurateu damumdeshiludnenmuosiBou farliligBsunnaulienuiuasinuedsnu uas
Wiganorumsiiss Finlulaneuian Almsiauwazdsuuuasegasnia iau5qmiﬁﬂmﬁa‘£uizﬁuﬁgﬁu Bt
atuayuliynauiavdlunisouiuaglflenadlunisidousluuuniivimne (The Institute for the Promotion of
Teaching Science and Technology, 2017)

fidorfuuusssy vlidiudadususssumnniu Taslusunsudleduniinuaudfiduiiansandoul wan
iy 3oidsudivasiladdu vinlkinSsuansadundiudsiiiAatusenitsaunisuaznam 1degsdaLan
(Yongtangrue, 2016) #slUsunsuiledus Wulusunsuadinaansidamadn fsaulusunsumausuiads fvadn
wazunagdalifety udsenmsnaidunudsuauuunadald malilusunsuiledumannsaysannsiy
nsdnRanssunsdudadamansifiutieiaudnenmvestinSeusarasiaou 3 afuuuamidlumsduaty
dandy uazthuudedildludanisdsudadamansludusousgiedussaninm uenanidselfinEouansn
aseadnienuwIANLIaBNIIveNY dumalriilanaATiireinadnmanslinudnaiisassd Tuauins
ANy LaznIzUIUNIITNNAaARFAIERS (The Institute for the Promotion of Teaching Science and Technology,
2017) mMsdnfansuntzSeudadnmani Ineldlusunauilodun Usznaulude 3 dumeu il WWud 1) duidng
UNSEU 2) %uﬁﬁmwmm’%aui way 3) %uaa;ﬂ (Thipraksa, 2017; Muangpathom, 2014)
nanmdymuiunlsaou Af3selAlFnvFanduUssnaduinSoussiudusiseninu i 3 dogams
Funwalngfasulusiin adamansifisidu lussdududsoufinu ¥ 3 nadeudl 1 Un1sdine 2565 wui
hissutusTsendnuti 3 dnllvgydalUymnisisens a1 wsiluan iflesmnnilemaeudraduunusssy Wileen
JviliiniFeuiinadunvdmansiseusnninasiiiiinun fesas 70 annsvageuluseiniglidunaiiins
aau lnglduuunnaaulunisin (Tewarit, 2021) %qﬂaﬁaﬁﬁﬂﬁﬁﬂL%'auwaﬁmqw%‘mamiL%‘&Juﬁﬁﬂdwmm%ﬁf’u 1YaNAN
armenlunisdeudidemauiindiuuwdadu ereflawmifisinanmsiinGeulifussgdalunisdou dawald
AnpnudeninelunisiSeu (Saisin et al, 2019) :mnﬂ’hﬁy’umsmﬁausxﬁumsﬁuﬁugm (O-NET) Fmpfineans
voslsaou Insfnw 2562-2564 wuin luimadinmansdazuuuiadeiduslefiouiuazuuuedsssduussima
fail wan1smageu O-Net T 2562 siedvadiamans finsuuuiade 21.32 wanisvadey O-Net T 2563 518311
Adaenans fazuuulde 2335 uaznan1smaasy O-Net T 2564 s1873¥1AdlnA1aR3 dAzuuulady 19.96

v a a Y a s a5 I A A & A | o v a
mif\mﬂf\]ﬂiimmmﬁﬂugﬂmmmam IﬂﬂiﬁﬂiLLﬂﬁﬂJﬂI@ﬂUiq LUULQ?@QN@Wi@a@QSGIHﬂiﬁﬂqif\]ﬂﬂf\]ﬂﬁiﬂi
o

(National Institute of Educational Testing Service, 2021)

domnigfesdinuntansaunaioulademans Inellusunsuiletus Fes misluan vesdniFou
Fusennundi 3 Fedilhmane ieimumadugrivesindeuuonanidléfinsdnamufioelavesdFouse
nsdnfanssunsSeudivanndy difitentvifanssunstoudadamans Tnglilusunsudleunitimuntuas
dwaldavinsenisfeudvesingou SuiliiSeuinanudladomléfitedu naenaudsmaliinisdnfianssunis
Gouvesng uazgieuvssgradfamudilitivunl ez dunnmiagiaeuaunsthluldlunsiamngluuunns
aoudwivaouilomdusioly

Fvanslae Aol Inenmans 1/74731//5/7@”5/@1/5‘57%5717



336 | Journal of Science and Science Education Vol. 6 No. 2 (Jul. — Dec. 2023)

TUIEaIAn1sIY

1. ewammadugniniininisuadamans neldlusunsuileodus Fes wisiluan vesdnideudu
reudnn i 3 ndsldFunmsdansouiiflefivuiuinamidesay 70

2. WilewSouiflounadugrisninissundamans ios maluan veainideudutseudinudi 3 nouuas
waansiafanssumMsiteuiadamans Ingldlusunsuiledun

3. efnweufianslavesiniFouifisonisinfonssunsieuiadaemans 13eq msiluan Ingldlusunsu
Floun

ad = a o
AsANlUN1INY
WUUBNUATSANE N15398aselildun1sideRmeass (Quasi - Experimental Research) Tnglduuunnunis

naaoudunuunguifeInadeuneukazndIn1sdInnaNIsuNI538u3 (One Group Pre-test Post-test design)
(Worakham, 2018) A9¢1519% 1

A15197 1 LWUULRUNNSNAGDY

group Pre-test Treatment Post-test
E O X O,
e E nUge nqunAaes (Experiment group)
O1 WUBHY NTEDUADUNITVAGDY (Observation Pre-test)
O, NUIBHI NTADUNGIN1TNAADY (Observation Post-test)
X mneils MITRINTIUNTTOUS

Uszrnsuasnguiiegng
1. Usgunsibolunisive lown dnSeududssudnetn 3 Andednerluniaseuin 1 Yn1sAnen 2565
YRS UTYUBAINTY FINAE1TNNUIANUNNITANWITFEUANLINIHWAUS 91U 3 HoUSUU SIUTIEY 78 AU
3
TnstniFouna 3 vesseulinadugninisnisiieulusiaiu

a

2. nquiegefililun1side Thun dniFeuduisenfinudi 3 @nvilunaiFeud 1 Un1sfine 2565
vodlsadsuwdmils dsindrinauaiiuiinsfnuiseufnunmdug S1uau 1 oaudou siuvivau 28 au dldun
ANMTEULUUNEH (Cluster random sampling) (Worakham, 2018)

inseslafldluniside

1. wnunisinfanssunisiFeudadamans neldlusunsudledus Fos wisaluan $1uau 13 uny
573 13 Falus dnszuaunisaiine Idud Anvaenans Mieatestunisdaiununisdnfanssunisiioud
wazdedlodus thusumsiBeus uazdenisifoud aueseidsrvasnumsasundamans $1udu 3 vivu Usziiiu
AL ANYBILNY BanansUsziu vesiideiviay 3 vinu nudn aueunsIansSoud fanumanzaufiunn
v faznuumadslunsozunudaus 4.52-4.85 uazdidiudosuuinasguluudazuauioud 0.42-0.75 U3uuss
uilumuderausuuy udniluldesafunguinedis (s1eaziBoaunutiiauadisnsnad 2 uazfiegradonisisous

Tagldluswnsudladus dnaualunini 1)

2. Purabala cquation from =0z of & #0
L. Equation of a Parabola
Case2 a<0
Canpider an equation
Write the parabola from the following equation.

gy . b
y=2z-Bz+T Ry

it open upwards,
weat paind of the parabola is the

i 1 donnsisews neldlusunsuiledun

Copyright by Faculty of Science, Ubon Ratchathani University



IATIMEIMaNTUAL N IR TANY) U9 6 taudl 2 (n.A. — 5.A. 2566) | 337

M19199 2 TaiBuaunululsazLEuNTIANSUS

ANNULAY o UL

Wi 1 VAARUNDUNTIANSISEUS nsdnnanssunsseusliuidag
Wit 2 | aunisveawisiluan ;1 AU/l aximslddeiTedun
wuii 3 | aunisveawisiluan : 2 W lun1sInnanNIsunIg

WNUN 4 | wsrluaniidvuesgauns y = ax’ We a # 0: 1 Souddsdnilvgiazldluty

fanssuMsTeus waztuagy
Wanaglrdniseulamiuninlunis
Seuiluses wisluat wenan

- , : AuAsldEelunM s lutuEey
WAUN 8 | wastluandinvunsieaun sy = alx - h)’ + k fle a#0: 1 W3 Sndsudilannandls

WAUN 5 | stluandiniunsieauns y = ax’ e a # 0: 2

WNUN 6 | psrluanfinuuasieduns y=ax’ + k lle a # 0,k # 0 : 1

WAUN 7 | stluandinmuasieauns y= ax’ + k Wo a # 0, k # 0: 2

2 | Wsunsuihileldlunisvinfanssa
N 10 | i luaniidmusdheaums y = axk - hY + ke a #0:3 | 1y manmadney memeu

q | asdeuANNgnAedlun1sg
NSINAIDASIFUAT 9184

(

W 9 | wisiluaniifvuadaeaunis y=alx-h’+kdleazo:
(
(

WHUN 11 | psrluandinvunsieaunsy = alx - hY + k e a # 0 :

WHUN 12 | ws1luanfinnunsieaunis y = ax” + bx + c 1e a # 0

WHUT 13 | Neaeunduieunsianisiseus;

2. wuunpgeuTanadugvEn1insdeu Fes isilum Fadusvunaaeunuulsily denneurin 4 fauden
$1au 40 4o finszurunisadne Wud Anwienansene g Mderfestunsdaiuuuneaeuianadugnd a¥reuuy
U318 ILUUNATB LAY Worakham, (2018) 9 nduiuuunadsuiauefiersiqyaiiu $1uau 3 viu
ilonsvaoufinsumedsiianuaenndosszninadomaiuiuingUssasd (tem-Objective Congruence Index:
10C) wuh 17 10C faust 0.67 -1.00 udniuuunaaey TunaaesldiuinGeuiilalangusosns (Try-Out) thasiuu
filsanuuumeasumanun (p) wagArsunasiuun () Ingldnsdfidnmsuenngugeiungusi meldindesay 27
(Worakham, 2018) LA3AALADALUUNADU 911U 30 U8 ﬁﬁmmmmﬂ(p) LAEAISIUIDIILUN (1) AIULNETT
Al laewudn denauen (p) 085endng 0.25-0.75 WAz WIATUN (1) BETEWINN 0.25-0.88 UAEMIAIAIY
\Fosiu Tgns KR-20 vesgunes Sv1indu Fs91nmsiiasnzst wudn danenadesiy wihiy 0.84 udnhuuumaaeuly
Tdaseiungusinegng

seazdenieiulasauuuneaeuianadunv’ S1uu 30 ¥o WuuuneaeuTangAnssufuwnside
anIouleseiy (hiauednsed 3) uasdegnauuunnaeuanadugns (iauafansed a)

o

M19199 3 laseasauuunaaauinnadunns FIUUNAINTEAUTDINGANTINATUNYIETEY

‘e$ _(_

a 17 aa o @ ap ‘QS 33 g

WOANITUATUNNIWEEY 2 | = & ~ | 3

a oy a5 ap = 'g <3 Y]

@ = <

Nan1si3eus @ = | 5| 2| 2 =
C c 1ad e 1/ 7 3
c e c c c c o
(cw [cn < < < [ [Tad
1. aSUngRgINUNISIUAT @UNTS kagnsINYeInsIluan - 9 2 - 11
2. W @gunsyeannsiluainnrua e - - 8 2 - - 10
3. UBNAN®ALYRINTINNSNUANNAUA LA 7 2 - - - - 9
974 7 11 10 2 - - 30

avanslee Aoz Inemans umInerageuasvodil



338 | Journal of Science and Science Education Vol. 6 No. 2 (Jul. — Dec. 2023)

A3NN 4 FIBEILUUNAADUIANAZUAND

o ' Y o £ a a § Y o §
A29E1UUUNAHUIANASNNENIINSSEUIYIAMAAIHAS 1589 duN15U8INI31TUaT YullseuAnw1UN 3
ATUaT 1. wuunegeutnilduwuunageuuuuysis 4 duden laud n, 9, A, uag ¢ Fsluusiazdedrmeou
ngndesgaiesmeulie 31w 30 e 30 Azuuu THaliiu 60 Wi
2. inSewdendudeniigndesigaluwsiazde Inevhadunseavimauiisiouln
1. 2. NFUNTWITIUA 3. | x|2|-1]0]1]2
y = 2x*- Tx + 3 dolagnéias ylsl2lo|l2]|s
(a273097) NATNEINTTOET
PrI—— Na=2 Db=7 unzc=3 aunsmaluanldanudele
¥ :TSUﬂsanwmuwainng L a=2 b=-7 uazc=23 (155i85255)
. = = Y =
faglignins (A2131.9710) fl. a=3 b=7 wavc=2 ny =
n. NIINATINNAY © a=3 b=-7 uavc=2 vy
¥, nymmsituaindl 2
A,y = -2X
A n3mmsIluamng 2
L y=2X
4. nymmsluatun

3. wuvasuawinaufianelavesiinGou Afsenisdaianssunisdous fesdusenaud 4 du léud
Frudlon funisdafanssunisdoud FudenisdafanssunaiFoud wasdunsauasdsefiune smdmy
20 Faf a1y 1BukUUIRTIEILUSEINAAT (rating scale) finTruaun1sasne Anwlenanseng 4 AAsrtesiunns
davhuuuasunuinmnufisnels ahuvuussiduiuvasunainanuiiensls thuvvasuauiaussofidervisy
$1uru 3 v iilensiadeufinnsumdviinuaenndosseninsesdusznoufudediomuiiainadu (index of
Congruence: I0C) WU WUUaBUNAIUIU 18 o T 10C aust 0.67 -1.00 Mntudmdenderonluwuuaeuan
l#lunside Srnuduay 4 9o sausisdusuiu 16 4o Gefie 10C Wiy 1.00 1 16 Fefanm nduusuuss
uilvamfuuzihesiidengy wdiuinuvasunuinaruiowelaiduatuanysal

mafuTusmdoya

1. founsdanisiieus {idevinsianadugys vesnguiiesna Inglduuumaaeyinnadugsmansisou
wWeriudeyalissuifisufuasuuuiildannmaaeundsnisiansious Tnedidaduiiansmaasusonues

2. fifunisdefanssunisisoud Tagldlusunsudledus (e wsiluan suueunsdanisBeus $1uu
13 wnu InedUnviaz 2 Wk unway 60 Wi/ WWusseziaan 7 dUani lneideiluddnnsteudmenuies

a o a a Y a A a [
A 2 msdafanssunsseus legldlusunsudledusn 5o mslua auuaunIsSeus

3. nddiunisdaianssunisdous Augeud Pifeldvhnimeaoutanadugrinisnisidoudnade
Tnglduuunaaeugaiu Inefidoduiinnmaaeuiienuios

4. vhuuuasuanuiamnufiswelevesinGou AfsenisdnfanssunsiFeus ithiSeunqunaassmou

5. WisuitsunadugydnaniaiFou eulazudansdnianssunisious uaraguanuilmelavesinGeu
fifiomstafanssunsdoud udrhuinsed Tngldiinemneadi ensaouauugiuily

Copyright by Faculty of Science, Ubon Ratchathani University



15T INMaNTUAL N IR TANYT U9 6 taudl 2 (n.A. — 5.A. 2566) | 339

nsRseidaya

mefeatell fidedinneideyannuuunnasuianadugyiniinisdeu uasuuuaeuauinaufimel
vosiinFeu rensdafanssuniadous dudums il

1. thazuuuresindsuiildainnisiuuunaasuianadugninianisifou uiinszdmaiade (X)
Yovay wazdudoauuunasgu (D)

2. ¥nsasndeutennandesdiurdeu Fefidonisasaaeunisuanuanduund (Normality) vesaziuy
wuunadeuianadunrinisnisiiou ngldadfvedlasiulnsev-aiuaw (Kolmogorov-Smimov) uagadRuewfils-
3aé (Shapiro-Wilk) ens1uinnisuanuasvestszansiduuniuds Sevihnsvmaaeuadad (t-test) lunisiFeuiiou
Anaauseluls (Worakham, 2018)

3. AnspvinadugninisnaiFeu vdsldiunisdafanssuniadeus Weisuiuinasifesar 70 Tagns
NAAOUNIARATNLUUNGLLAEY (One Samples t-test)

4. Wisuifsunadugrinienisdeu founasvddldiunadugniniesninieu Tnenismaaeunieadid
wuungulidasesieriu (Dependent Samples t-test %38 Paired Samples t-test)

5. WsuiuAadseuiselaifsonisiansiGeus

NaN1599euazanUsIgNa
NANT5I8

e Fealinsnsnaeudennandesiu iunsnsrsaeunisuanias
ffvesils-Jan Welvinsuinguiiegiestayayniliiniswanuas

NAUNLYIINITNAADUANUAFIUNTT
WWudnd Ieeldadfvedulnsen-aduen wava
Wuund (an15inseiiauesianisned 5)

a 1% E I3 <, a
15197 5 N15RIIFDUVDANANUDRU LUUNTATIAADUNTULANLANTUUNA

annvaslulnson-aluan A0AVRIYINI-IAA
AZLUUNAFAU — S
ANdnR df p ANdnR df p
ADULS U 153 28 .090% 945 28 .148*
PRSI 148 28 121* 943 28 130*

31NM13199 5 WU PINRALUUNAGDUNDWTEULAENALTE A1 p vesn1snadaulaTiulnsev-aduen
wazaifveiils-Iad YesdiuUsniassiiaganitseautvdrAynieaiiinisedu .05 vean1sveaey Jeaguled
nquetloyavesLlInAdeunauiey waennaundusey insuanuasduund

1. Ansginadugnanienisiseu naslasunisdnfanssunisiens Weisuiuinaiiesay 70 lagns
NAABUNNEDATILUUNGULAEY (One Samples t-test) (HANTIATIEVUNAUBAWNTIN 6)

A1399 6 MIBATVHAFUNENINIFEY naTlTunsdnfanssunsteus Welllsuiuinasisasag 70

ATLUY Azuuuile
NAgaU n ) = S.D. df P t
LAY = Youas
naaseu 28 30 23.21 77.38 4.09 27 .004 2.87*

* syautldAgneadanszau .05

NNASNN 6 WU kadugnEN1INITTeuYeinteu HaNIsiafInsIUIMISeuiadnaans Inziuunie
Wiy 23.21 91nazuuay 30 Aziuy Andudesas 77.38 egeninnadisesas 70 invuald egrelledfgnia
anAnszAu .05 (p = .004 < .05)

avanslee Aoz Inemans umInerageuasvodil



340 | Journal of Science and Science Education Vol. 6 No. 2 (Jul. — Dec. 2023)

2. Wiguigunadugvsnienisiseuesinieu neulasnasnsiananssumsieusatneans lngly
Tsunsudledusn lnensnaaeunivadniuuunguliidaseseniu (Dependent Samples t-test 138 Paired Samples
t-test) (NAN1TIATIEAUNAURAINITIN 7)

M19199 7 WIguLiguNadugnsn1enisisey nouwazraansiananssunsiseus

AZLUY azuunla
nadaau n o > S.D. df p t
LAY = Souaz
NOULIYU 10.71 35.71 454
— 28 30 27 .00 11.02*
NAWIYU 23.21 77.38 4.09

9NAN5T 7 Wi medugrsanssuvesingey AoulazvdansdafanssunsFeudadamans wuin
finsuuumagounousouade 10.71 azuuy Andufesas 35.71 uasilnsuuunnaeundadouadoilu 23.21 Azuuy

Anidudosas 77.38 Faganiiazuuuneaeuieudsusssiitoddamaadiavisziu .05 (p = .00 < .05)
3. AinngianufiawelavesiniFeu ifsenisdadanssunisFeus Tnensmaaeumeaifiuuunguiien

(One Samples t-test) (HANITAATIFAUNAUDAINITI 8)

P a ¢ = o o s v a = o
13790 8 NamﬂLﬂiwwm’luWQWEﬂWBWﬂLi&J‘u Wﬂm@ﬂqiﬂﬂﬂﬂﬂiiuﬂqilﬁﬁluz

S18N13 X S.D. AnuNanala

Fruiion 4.01 1.03 agluszAuN
AIUNTTINNINTTUNMTTEUST 4.22 1.07 agluszAuN
shudensdafanssumsidous 4.26 0.94 agfluszAuln
MuMTinwaznsUsTIUNG 4.16 1.20 agluszAulN
FIUTNLAY 4.16 1.06 agluszauun

9195737 8 wuih mnwfiewelevesinGeu Adsenisdafanssunsiious Tagldlusunsuiledus sesu
ogfluseiunnn fAndssmneduindu 4.16 uazdnidsavumnasgiusuesuiawiniu 1.06 wazidlofiansan
\Wusesu wud dudenisdnfanssunisioud funisdafanssunisiieus dunisianisusziiiusa uaziu
\ow fAadey 4.26, 4.22, 4.16 wag 4.01 AUAGU LLasnﬂﬁwuﬁszﬁummﬁawdaaaﬂmzﬁumaﬁy’mm INNNS
dsnanuiimelaaziiiulein Aadesudenisinfanssunisifeus fanniigneradumse dhifeuinanuauls
Tumsiiagihdeiledusdnunlivsznoulunisasu wariindeuldsulidedeolfinmagoud danlududemi
Aadstiesfianorndume ievmusdndenududoudvinlinGeuiaauduay

aiusemna

1. wedugnsniensSeundamant lnelilusunsudledus i3es wisluan vesiinBeututsendnudi 3
waldunsdnnisSeuiidlefisuiuinne danade 23.21 Fsgeninnusiiesas 70 edhdidodfymainfisesiv
05 Fadulunuaunigiiadly nenafiistuenaiiionnan nslilusunsuiloduslunisdafanssunsidous
paLHLNsInRanssunsSeus MlrinGeuldifiunin uagfegansindeulmuensnsiluan aunisusias
aumsvesmsiluattiy amstdsuuasesndls 1y dnvuzvensmidu namadtviensivvne deutunieideu
as FehlstnSeuinanudilalunsdeuludowemnrlvanndsdu mufeiinisfoninFousdu wu Kahoot,
Quizizz, Word wall way Vonder Go Lﬁﬁmﬂumim%mmmw%amdaumsL“ﬁﬂquumﬁauiul,wiam%u’aé’w ylyinseul
aruguuazayniunssuluasflusesdvenuaulalunmadouludomseivuiuinngy anfinatan
d9fu danalitnFouinanunseieleuosniazdons illudomiiornsddaouldduiunisaeu Jailv
wadugninIensFusunasiffaouldtuunlinutnguszasdresnindoud Insnan1s3dei aonadosty
Lotheeraphan et al. (2014) l&Anwnsiisuifisunisliiusunsu GsP Aulusunsudledus UssneunsiFens e
fianadugrinisnsFouadnmans wuin n1slHlusunsu GsP uaglusunsudlodus lunssuruniaidoudiudy

Copyright by Faculty of Science, Ubon Ratchathani University



1IATIMEIMaNTUaL N Ian ANy U9 6 taudl 2 (n.A. - 5.A. 2566) | 341

Tusunsuildonudre amdenudaiou dilade wasderumneldnsmuiden viliinEoudmunssietodu
aulaseniSeus danuayniunislaseulagldlusunsuusenounisiseus daaenndosiu Watcharothai (2022) 1o
Anwinsnwmadugninisnsisenivadamans Tagld3snsaeuuuy KWOL saufuTusunsuiledus wudn u
AanssuivieligiFouddndniinszsivymanitiym AlFenieneilymilartuneunasianudlelidaa
wioutammseand o dwalvinadugrismensGeundadnGeuitudofisusuinasiinivun

2. waduguismanisSeuivedamans i3es mslua vesindsutulisen@nu ¥ 3 udsnsdnfansau
nsssuiadaans lagldlusunsudledusn gandineunisdnfanssunisiseuirdineans Ingldlusunsudledun
oghaliifodnAymaadiffissdu 05 Fadulunuaufgiuiinily Tnsnafiistuoradionnan msdafanssumaiious
adiamanslaglilusunsuiledusiu sliihiFeudsamudilaludomiifionududou anfifuuusssy awn
yhlinuiunmdugussamnndsdu usznglufanssumaBudinssneulusefansau uazdensiFeustu 1
Snunnany auildnaniauds Sashlvindewdaniadousivanaiedae lasnansided aenndestu  Insir
et al. (2022) l¢@Anwinisiamurunsianinioudlaslinsaounuuile ioimuinadugvdnisnisFouin
adiamanidelusunsudletusvosiniFoudusisonfnui 1 ot wunisdanisisouilaglénisaeunuude
Usznauifudeniadouiainisunsuilodun Seeduadlinssuiunsdousivssaninmnnd iy lneagdaous
wifines uuzihatuayugiGou uitymilumsSeuslundeudugiZou awnsaneuaussanuntavesdiSeuldesng
Wit wazdsaenadotiu Sichiangha et al. (2021) wuth msldFTedusTusunss MlvgFeudlaludon uasiiu
JugUsssuundetu Seilidnisuiinaduguinieninioundaiougetunitnendou uazaenadosiy
Kanachan et al. (2020) l#@nw1 nan1si3ouliisunadugrsvnansiSeuneuFounasudafeou 3o msUszgndves
oytug nui nislilusunsuiledun Vil Seulimnunssiodosu fudu waraynauudunisuddam Snvsidou
ansnifsunmusuasuauazsuialdnadununms safansnuss uas msuidamingldlusunsuilodun
mutuseunszuumIuiyivednas nnruwiugluidonuasdunou veanssurumanddom awali
wadugVisTImsSsundassuiintuanndeudeu

3. anfienelavesiineou ffdonisdnfanssunisifeuiadamans t3es mslua veadnidouty
Tseudnudi 3 nelilusunsuiledus egluseduun Fadulunuaunigiuiioal’ nenailintueradesnan
nsdafanssunsBeuiadnmans laglilusunsudledus vilvdniSeudnaulaiosSeus esnnlusunsudledu
suiuldsunsuiudanlvsidmiuiniGou uaslusunsudleduniaunsatelminiFouiunmlunsGeus Sedmals
tniFsuinanuguiuianssufiiniu Tnsnan1sideinamsided aonadestu Saisin et al. (2019) IéWmuAanssw
ns3eudadnmanslagldlusunsuiledus dwiuinGouduisenfnudi 5 wamsfinwmudn mufiavelaves
tn3sudifidefanssunmaiFeud dmiuindeu Medunagsammnduegluszduuin sginiFeuldtdiusuly
Aanssun1sdeudvntuneu sufeidusulunislidelusunsudledun Swenndosfu Worasam et al. (2019) 1¢
Anw1 msauAanssunmaSeufivadamaniiidunszuiunsmeadamanisauiunislilusunsuiledus
dnfuinEoutusoufinu®i 3 wuih WuenssunisFeudildonldogsaynauy nislilusunsudlodus Lif
arududou fefudniFouisaunsatiludiuReselsd uavaenndesiu Maneelam and Suwannasri (2021)
I¥asrsyaianssy Inglilusunsudledun Fos U3Tu wuih dnidsudlngveudou Inglilusunsuiledus vili
aursaneafiudiFunuusing q lidaulfaileujualaenisideusuuiduuvusig 4 vinlvinisieu
livinde uazsiAnauayn

ayunan1sIdeuazdatauauuzanNnIsIvY
#5Unan1339Y
1. nadugrsninseundamans Ineldlusunsudledus 1599 wisiluan vestniseutudseufnu i

Yo o

ndslFsunsdanisiSousideifivuiuinus faede 23.21 Faganinnasifosas 70 egreiidodfynieads
fisediu .05

2. nadugvsmen1siseuinadiacans Sos wisiluan veainiSeudulsenfnuda 3 ndinisdaionssy
nsssuiadamans lagldlusunsudledusn gandineunisdnfanssunisiseuiraineans Ingldlusunsuiledun

| A o w aaa o
E]EJ']Q?JUEJE']QQJ]W']QﬁﬂWWﬁZ@U .05

Fvanslae Aol Inenmans 1/74731//5/7@”5/@1/5‘57%5717



342 | Journal of Science and Science Education Vol. 6 No. 2 (Jul. — Dec. 2023)

3. aufanelavesiniFeu AfidenisdafanssunmsiSeusadamans 1309 nisTuat vesiniFeu
Fusisednudil 3 Ineldlusunsuilodus ogluseduun

JDLEUBLUZIINNTGTITY

mﬁmﬁﬁmﬁumiﬁ'auﬁmﬂ%ﬁaﬁa%ﬂﬁu Dunmsiewmaluladidnungislunisideunsaey eflayli
UniSewinnsiseus nnsfitniseuld duna neaedddeies nsesuilsAneSurenasaey Faluddeil wui
fhideuinmnudlsluiomides wslua WewntdhSeuldifiunmmsiedeulm msideu nswan vesnsnly
Snwairsne q MiAnenaunsmsluan wagldnsudunewiznslunmsadieansm wiemaunismsiluariiinein
sl

Foruauuranmsideadiiuaranmsiseaddely

1. TumsdnRanssumadeusluutazads faeumsiimarioumiuniouludowesgunsaiflflunsiiaue
doleTumlritugiSou 19y gunsaineuiimes Insianmes ui3e gunsalsovinasing 1

2. Tumseenuuudonsinfanssunsiious laeld3ledu dasumsiiasAnuiisnisasiede elviiau
frungynouiiavasnade \ieanpuRananflonaziing

3. msAnvnan1sinAanssunisiFeuilaelilusunsuiledus AfldeowgAnssududy q 1wy fuanug
DR UINYENTEUIUNSNIRdnrEn3 [udu

References

Insiri, S., Tannin, S., Thongsomnuk, I. and Neammalai, P. (2022). The Development of the Open Approach
Learning Management Plan to Improve the Mathematical Achievement Learning on the Topic of Two-
Dimensional and Three-Dimensional Geometry Shapes Using GeoGebra Program for the First Grade
Students of Khoa Yoi Witttaya School (in Thai). SSRU Academic Journal of Education, 6(2), 14-24.

Kanachan, J., Kaewkhamson, K., Nongharnpituk, P. and Khansila, P. (2020). A study of learning achievement in
the applications of derivative topic for Grade-12 students taught by incorporating GeoGebra program
into mathematics problem-solving based on Polya's method (in Thai). Journal of Science and Science
Education (JSSE), 3(1), 73-83.

Latdasawat, T., Chulert, N. and Srisiriwat, T. (2021). The Study of Learning Achievement of Mathayomsuksa- 1
Students at Demonstration School of Suan Sunandha Rajabhat University from Studying the Mathematics
Lesson on Linear Equation of One Variable through Gamification (in Thai). Journal of Roi Kaensarn
Academi, 6(7), 344-355.

Lotheeraphan, C., Sakpakornkan, N. and Kanchanawajee, W. (2014). Comparison Using the GSP with the
GeoGebra Compounded Learning for Developing Mathematics Achievement “Transformation
Geometric” of Matayomsuksa 2 Students (in Thai). The 6™ NEU National and International Conference
2019 (NEUNIC 2019), 3(6), 137-145.

Maneelam, M. and Suwannasri, P. (2021). Development of dynamic GeoGebra learning activity of prism to
improve student’s 3d geometry thinking (in Thai). Journal of Science and Science Education (JSSE),
4(2), 255- 263.

Ministry of Education. (2017). Indicators and Core Learning Strands Mathematics Learning Strand (Revised
Edition 2017) based on the Core Curriculum of Basic Education 2008 (in Thai). Bankok: The
Agricultural Co-operative Federation of Thailand, Ltd. (ACFT).

Muangpathom, C. (2014). Teaching Theory (in Thai). Udon Thani: Udon Thani Rajabhat University.

National Institute of Educational Testing Service. (2021). Basic Education National Test Report (O-NET):
Grade 9 Academic Year 2021 (in Thai). Kalasin: Huaiphueng Pittaya School Registration Event.

Saisin, C., Tunapan, M. and Chutiman, N. (2019). Development of Mathematics Learning Activities by Using
GeoGebra Program on Topic Sequences and Series for Grade 11 Students (in Thai). Journal of
Educational Measurement Mahasarakham University, 25(2), 82-95.

Copyright by Faculty of Science, Ubon Ratchathani University



5T INMaNTUAL N IR TANY) U9 6 1wl 2 (n.A. — 5.A. 2566) | 343

Sichiangha, A., Soijit, P. and Chansaengkrachang, K. (2021). Development Of Learning Activities for
Mathematical Problem-Solving Through GeoGebra Program with Problem-Based Learning Activities
(in Thai). Journal of MCU Nakhondhat, 8(8), 31-42.

Tewarit, S. (2022). Self-Assessment Report (in Thai). Kalasin: Centre of Huaiphueng Pittaya School.

The Institute for the Promotion of Teaching Science and Technology (IPST). (2017). Course Manual
Mathematics learning group (revised edition 2017) lower secondary level (in Thai). Retrieved 3 May
2022. from SciMath:_https://www.scimath.org/ebook-mathematics/item/8380-2560-2551-8380

Thipraksa, W. (2017). A Study of Understanding and Learning Retention on Parabola for Grade 9 Students by
Using Learning Activities Through GeoGebra (in Thai). Master’s Thesis. Ubon Ratchathani: Ubon

Ratchathani University.

Watcharothai, P. (2022). The Study on Learning Achievement in Mathematics for Mathayomsuksa 4 Students
of Thapsakae Wittaya School by Using Kwdl Technique with GeoGebra For Analytic Geometry (in Thai).
Master’s Thesis. Nakhon Pathom. Silpakorn University.

Worakham, P. (2018). Educational Research (9" ed) (in Thai). Mahasarakham: Taxila Printing.

Worasarn, J., Nongharnpituk, P. and Khansila, P. (2019). Development of learning activities emphasizing
mathematical processes using GeoGebra program on system of linear equations with two variables topic
for grade-9 students (in Thai). Journal of Science and Science Education (JSSE), 2(1), 34-42.

Yongtangrue, P. (2016). The effect of learning by discovery learning concept with GeoGebra program in topic
of conic section (in Thai). Master’s Thesis. Bangkok: King Mongkut’s University of Technology Thonburi.

Fvanslee Aol Ing1mans 1/74731//5/7@”5/@1/5‘57%5717



i

iy JOURNAL OF SCIENCE & SCIENCE EDUCATION Vol. 6 No. 2 (Jul. — Dec. 2023): 344 - 352
o JSSE

" Faculty of Science, Ubon Ratchathani University http://doi.org/10.14456/jsse.2023.30

Academic Article

Software-defined networks architecture enhances

the security potential of adaptive networks

Natnaree Sophakanl’* and Phichit Sophakan'
!Faculty of Science, Ubon Ratchathani University, Thailand

*Email: natnaree.s@ubu.ac.th

Received <24 April 2023>; Revised <22 July 2023>; Accepted <4 August 2023>

Abstract

The software can have autonomous configuration and secure network operations thanks to Software-
Defined Networks (SDN) architecture. The present paper aims to present a software- defined networks
architecture that enhances network security. Four themes are presented: The foundation of SDN is creating
a network system so that programs can be written to manage network resources effectively in terms of time
and security. The second issue outlines the three layers and two links that make up the architecture of a
software-defined networks. The third issue explains the importance of SDN to the network. This topic outlines
and addresses the availability, reliability, security, and performance issues network explicitly described in a
secure network's system design. The final section guides creating an SDN that maximizes the network's security
capabilities. The research findings that help network systems in terms of security and high efficiency from the
infrastructure level to reducing maintenance costs on networking are extended in the final portion provided.
Thus, research into software-defined networks designs is necessary to provide a safe network appropriate for

dynamic networking technologies.

Keywords: Software-defined networks, Network security, Adaptive network
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Tassadrsfiugiu annsodndedeyaldodnensuanysal sani51 SunsUaende Tasodoidunsnisdideyaessuy
\3eU18ve0eing AsTEssUNISTEIefve e Tifninty STUULASOUIBVDIDIANTHAMNEIAYUINADDIANT
uazdeyavessdng BnisdwmaneUszavsnmussnmsUszanuaussvinteesdns fiioyavesesdnsgninlidevmevie
foyaiiunnuduesesdnsgnaluglutu fdmademesessdnsosnids fufuamsiunsaendovestoyalussdng
FlANAIAYNINADBIANT ?jﬂLé’umaLﬁmﬁﬁﬂﬁaaﬂ‘ﬂsngLﬁEJmmﬁumﬂaamﬁaﬁuﬁamﬂwﬁsﬁuiswm?aﬂu'w
UDIDIANT

Faduaondnenssuiiviuaterilinnesdnsidesnsanutunsaondedesidasadisfiugiuresssuy
wdetneliAdusisinssruuiaieteuasrdoutussuuaieteiiviumlfifiosesfunisvenesvesesding Usznou
fugatligtiuanidnenssudueniauisuazeonduasiiauiuadonnddudsmalilivenduafarsafuuanms
Wauvesszuuiaietiedadusiaunsld anilnsnssussuuinietnefidmualaseonsuaf (Software Defined
Networks : SON) L¥uandnenssuiiiuiitemiosnniquaniffiaenndoatugaads Tnsaatnenssuilduendou
AuAn (Control Plane) ponaindiuvesdioya (Data Plane) lnsisaesdiuagrhauszatuiu famsusndiuding
dsmalfszuuiadorisanmsndoulusunsuiiosuanisvinuresssuueiedislidianutunsasady St
anilnenssuszuuieiotnsfiduunlasveniuad fszuuinwmnuiuasaendtluszdulnslnaealnonisidonldau
Transport Layer Security %39 TLS (Agborubere and Sanchez-Velazquez, 2017; Bholebawa and Dalal, 2018)

aondnenssusruuiaiotieiimmunlaegenduaiiinuautfiruaisussnslunisiimuanisyinues
inFerngliiunsasade UszneuduiinansanAdelinanlifsannsoasld 2 ndulng) Iéunngud 1 1uanuided
yadimunsfinmauniinissnwianuasaievessyuuiesetislagldnuautfviuves SDN Tunistesdiunislaud
SYUULATDUNY (Haleplidis et al., 2015; Hu et al., 2015; Li et al., 2016; Priyadarshini and Barik, 2022; Sophakan
and Sathitwiriyawong, 2019; Swami, Dave and Ranga, 2020; Taha, 2023; Wang et al., 2016; Yan et al., 2016;
Yungaicela-Naula et al., 2022) uagngud 2 1JusuAdesjaiiduimuanisinusesszuuiaiedislneyinany
Uszauiusening SDN Controller fiu OpenFlow e?famsﬁwmulumjuﬁﬂumw%mﬁmmsﬁmlﬁummﬁdﬂﬁﬁasﬂa
uaztlunstlesiunislaufain DDoS (Feng, Mao and Jiang, 2016; Gong et al., 2015; Hu et al., 2015; Krishnan et
al., 2023; Li et al., 2016; Nguyen and Yamada, 2016; Wang et al., 2016)

MnMsAnwaATedngn Teuandiiiuin SON Sauasiafimnzauiunmsdusenduaifitaeiiivany
fuasaonfuvesszuuiaierisluszilasedeiuguludagiu uadluewanasiins@nunduaimieiamuissu
fivsusauiu SDN tewdiudndnmlunmshailissuueseteiiuaituasaensdy uazfunsuimsinnis
JoyaidreaniuszuuiATodny
INUIZaIAN1sITY

aandmenssuszuuiaIevieiidmunlageenduas (SON) tAnanuuiAndidesnisimurssuuiaiovisls
annsasesfunindeulusunsdiodenldaunineins (Resources) vonniatsld Fevdnnsiidrdndenisviili
ww3adneidiuneuszaiulusunsuuszgnd (Application Programming Interface : API) Fekrdoilazndnia
aninenssuszuuiadotiefitmuslnsgenduns Mduiugilumsienudilafuunarumudnduundeluns
Wanszuuedeteiifvunlasgenduag

anusiuguaandasnssussuuadatieiitmualnsvanduas

szuuiaieteiitmuslnsgonduas (SDN) usendurifinndumndousiugunsaiindotnsaing (Switch)
visais1ma$ (Router) Tinanmausd w.a. 2543 Wusgarliuiiiviuiniusmssanisssuuedetns Fuindviosunes
dluszuueietnsiitmuslasgensuas fnsulsnisiausenduassdulaud zi’mﬂ’mﬂm‘imﬁwﬁﬁm%mﬁwﬁ
LLﬁﬂLﬁG\ﬁL%’]@jLﬂ%éﬂw Iﬂﬂﬁ’mumﬂlﬂuwﬁi“aﬂ’]'Llf}\i’]‘LW]’N‘ZJE]‘WﬁLL?%ﬁﬂ’JUQN%’]ﬂﬁ]uéﬂa’N wardsraluliiudIuves
ﬁﬁagaﬁmﬁﬁ‘ﬁ'a'q91'a%agaiﬂmwuﬁdaumauauﬁwwum Tnevtaesdiuvhnududasesefiu qﬂmaﬁm%ﬂum?aﬂwﬁaqﬁ
nsvhaUssauuisdumUALasd T oYa
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antlmenssuszuuiaietneiiimualnevensug uiseenilu 3 druuas 2 ynLdeuse faguil 1 1dun
gauil 1 dauveslusunsu (Application Plane) Usznausiy TUsunsuuszendldnuuussuuiadetieiiinualag
awsua§ (SDN Application : SDN App) yiwiifimaugunisuinsdanisieietie awnsadoulusunsuiisidals
wihluRndelSludwuildl 2 lafdufio SDN App Logic uay NBI Driver
dowdeusiedi 1 Suwesiadonsediuuussuuaioviefirmunlaesenduis (SDN Northbound Interfaces : NBIs)
\udumesimaiouseszning SDN App Ausmunsluszuuiedeviefifivualnggensnas (SDN Controller) ¥
wihflaisasesveuadovgludnunzLsTsy (Abstract Network View) @5l SDN App 11571 NBIs agvhanldau
d2uve3 SDN App Aesiiilsridu NBI Driver way SDN Controller Aasiiflsridiu NBI Agent
daudl 2 dauaruay (Control Plan) Usznausng fmunsluszuuiedetisfidivualnggensinag (SON Controllen)
dudananslunisuvasannudesnisaindiuvelusunsy dwieludiuvestoyad 3 fedduldun NBI Agent, SDN
Control Logic Wag CDPI Driver
dauifausiadl 2 Suinesimaeudediuaruguuazdoya (SON Control-Data-Plane Interface : COPI) viwthiidy
Suwesadeusedumunuuazaiuvestoya sl COPl agviauldifudiuves SON Controller Fasdiilari®u COPI
Driver uay SDN Datapath @iesfiilefdu CDPI Agent w&2 CDPI ﬁwmmﬂé’mmLﬁuﬂmﬂaj‘ﬁuﬁuﬁwﬁmqﬂﬂiai G
coPl dufifisunasraudrfuldiluaarinenssussvuindedreiisinualasgendurs taun Toiwulnad
(OpenFlow)
dauil 3 druvesteya (Data Plane) Usznoume saduszneurauaiorns (Network Element) 1130 1duUN19A"5ds
foyavessruuinTereiitmundetendiag (SDN Datapath) Wugunsaifiiadduszuuirdotneiienuaunisduie
Joya uarn1sUssananateyas & 2 Heiduldun COPI Agent way Forwarding Engine %38 Processing Function

SDN Application* SDN Application *

SDN App Logic L”é’t:“’
=

]
A ‘

SDN App Logi

ogic
NBI Driver'

Application Plane

-~ v

Apps explicit
requirements.

Expose Instrumentation,
stalistics and events up
Translate req's down

Control Plane

S ———
Configure Policy
Monitor Performance

Enforce ;lwh:‘)wm

Lo w level Gtrl

Management & Admin

Capability Discovery
St andsults SDN Control-Data-Plane Interface (CDPI)
e = T

Network Element* il Network Elemen?\l

SDNDatapath* %

Fo! ) Element

SDN Datapath *

Data Plane

setup

* indicates one or more instances | * indicates zero or more instances

A 1 aodnenssusruuaIetiefisuslnesonsuag (Software Defined Networks Architecture)
(Fernandez and Munoz, 2019)

suuuunbedayalnslnasa (Protocol Data Unit : PDU) wasaanilnenssuszuuiaetnedidinuslag
ganlfuad fandl 2 Usenouse 4 WBudR e

1) ans1etoyavesuiiniinuidi (Incoming Packets Table) Usgnausie Header wa Data

2) M319M15ka (Flow Table) Usenausig Match fields Priority Counter Instructions Timeouts Cookie
e Flags

3) fﬂ’]i'mﬂfj:m (Group Table) Usznausie Group identifier Group type Counters Way Action buckets

4) m5195mes (Meter Table) Usenausme Meter identifier Meter bands wag Counters

Fvavslag Ao Inermans unIneraseuasIvel
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SDN PDU format of Secured-OF

= = T: =
-] Incoming Packets Table S
Sz Header | Data s
= =] S
sz = =
=) _ = -4
=1 e S &2
g3 = = e
= 2 MAC MAC - )
= = i it TP Address TP Address =
= oa A 3 Destination Source A
< = Source 3

Northbound API

= =

S =)
25 2
5 i
E= =3
E X CE
5E £

=] <

Southbound AP1 1 OpenFlow Protocol
Flow Table
Maleh Fields | Priority | Counters | Instructions | Timeouts Cookic | Flags

c Group Table -

;i, Group Identifier | Group Type | Counters [ Action Buckets | E
2= | \ \ £
=5 £ o E
= g =
=1 Meter Table 2 B
Lo Meter Identifier Meter Bands | Counters & 2
] ‘ =
(=] i

= £

= - S &=

= e S £

g //’ e e =

Meter Bands |
Band Type Rate |  Burst Counters Type specific argument |
|

AR 2 JUkuUmhedeyalnsinaearesanlnenssusyuunseuiefinvunlaegensuas (PDU of SDN)

nlassaunsinuaandnenssuszuuieieteiidvualaggeniuad Insuendunsinuegisiaau
Tadmauauvmiiindnlunsauaun s uresruUAete Faduaussesszuuiaietnelagodedoyann
dnvesdeyaiivimihiiendmFeiiuidunisnsdaieyavidodauiiniin (Packet) Faunnsnsanszuuiedetielisessu
andnenssuszuuinietiefinuslngrensiusfisuisdiunuauasduvasdeyalifaindvioisumes dewalvild
annsaiudnenmeuauiunaeadtlviussuueietne uazldannsadivvnaedetieliogismlusiAgemn
owdnsiluuiltiuflaedoseeiiluouan Sniadilisesiuiugunsainniu viennduan

anuddnvesaniinensuszuuiniavieiiimunlngsanduaideszuuiniatng

andnenssuszuuideteiitmuslaseeniuasiviwainndeniseonuuulassituguesssuuaiotislu
gt aumgudnidnnnynesdnsdeanmsiulssavsamitsiuarilumsdetoya anuifunsasafevassyuy
\A30TsU830sAnT uarannsaveisiaieteldlassnlutRlnglidostuundiugiuliynadeiifinisiafegunsal
w3eU1e Feaunsawenanudfgyresaninenssuszuuiaietieiitivunlasvenduas sessuuidetis 4 du
dasieludl

1) Anundoulden (Availability) annilnenssussuunietnedfismunlnssenduisdreilissuuadetie
wouldnunndstunnamanifswiolui soN annsamuamaieteldlasnsuilesarn SON Idinisutsdaunis
yauveInIsaugueanatndurasdeya fauasruvanmnsavimsiamssruuldietudesanannindnnis
gunsalluin3avie irunisinuadlnsinaealomuliad uazsessugunsalainduinynsie SON Tdauldagis
raesiiosndguaszuvansauimsdanisnisinavestoyalaonadestumadsuuasiintu Selaided
aonndeatuauniouldaruvesszuuiaievsild SON 1éun s1u3deves Krishnan et al. (2023) tnLaue
OpenStackDP S?faLﬂuﬂiaummﬂaamﬁaLv-ﬁasu'waﬁﬂ%’usummiﬁéfm%’uiﬂNa%ﬁugmﬂanﬁ OpenStack Tun15uU5u
yaldvedlassaiieiugunandiudmals seuuedotioinnundonldnu

2) Anuidede (Reliability) anndlnsnssuszuuiaietiefidivunlaegensiuasinisusmssnnisenn
Audnans (Centralized) TaevilfnsnuaueiatneiBmsans (Logic) Tu SON Controller ansnsadiiunisldluads
Ao BntsdiansanmaseumainuiiinunflussuuiedetneisenasudiisnagrlonludosuuasSedinauds
Wouludeszuuuimsdnnisiaietns deteifiuauindedelifussuuiaietie (Krishnan et al., 2023;
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Priyadarshini and Barik, 2022; Sophakan and Sathitwiriyawong, 2019; Swami, Dave and Ranga, 2020; Taha,
2023; Yungaicela-Naula et al., 2022)

3) awsiunsUaande (Security) @a1dnenssuszuuasetiedimvunlasgenduasansafvunmuing
Fan1ssruuLASevIe (Configuration) T9a11130USN15eANITNEN 9 estei] n1sdnnisszuuinIedne arustuag
Uaeadedenulufamsuiuusisdinusznauduanusiualasnseuaznisudmsninensiadetis tegsasaan
59957 HU AP ﬁﬂ’mﬂmmquéﬂaw SniduestmunmUImMsIan1ssEuuISet1edumsvheusaluiRnud
el szuuedetieiitvunlasgenduiiissuunmssnumeanusiunsasnseluszduinsinaealaonisidenld
97U Transport Layer Security 939 TLS (Agborubere and Sanchez-Velazquez, 2017; Bholebawa and Dalal, 2018
) Uszneufu Inslnaealomulniaslugruvesiinuaulamuliad (OpenFlow Controllen) WWoulusunsuiinning
ﬁ'umﬂaaﬂﬁﬂﬁﬁ'mzuuLﬂ’%@ﬂiwl‘?}'ﬂ’m@:ﬁu TLS (Meng et al., 2018; Tseng, Zhang and Nait-Abdesselam, 2016)
galudunnusiunsUasadevesszuueietiotu SON Tednnsiiidessulusedul wWelvsessutuaninenssud
viuafoasasiannssuuinwausiunasadovesii SON Geo1aazifuvediunslunisgnlendls dsflanuidedn
aonndestuausiunsUasndovasssuundetadild SON 1éun $1u3d8209 Sophakan and Sathitwirlyawong
(2019) diauean1inenssu Secured-OF Aifii§destunislaufain DoS wag DDoS Tulwslnasalewmulaives SDN
meawmnyaliiioad Feaenadostuauideues Swami, Dave and Ranga (2022) dnausififiuanuiunsaonde
1% SDN shenstiesiunislaniiann DDoS Bnieeiddewes Yungaicela-Naula et al. (2022) TasusinUseinudAy
mﬂmﬁ%’wm&J?nyuLLa”’;ﬁ’lmaﬁqﬂﬂﬁzLﬁué”lﬁzyﬁﬁﬁNai‘dEjiswé’miuﬁaéfmmwﬂ"umﬂaamﬁ’aiu SDN

4) Ysg@nsnn (Performance) iz‘U‘ULf-ﬁaéu'1&Jﬁﬁﬂizﬁw%mwgﬁuﬁummﬂéadéfﬂumiﬁmﬁmmi
#11150U5UUAINT I Na U INTEUARIITEUS ULAS 0 mwaauﬁwLmﬂqﬁgﬂiwmﬁaa}’mmL%qw%JauLL%'dLaauLLas
Yostunslaudldognasnds 9 SON ﬁﬂﬁiwuLfﬁaé{haﬁﬂax?ﬁw%mwgﬁmﬁmmﬂ SDN ann e iuuLA3 o1y
(Network Operation) Tnesaualussiuiaees 2 9 wawwas 4 283 05l Model Miinsfmuaduimsdanissyuu
\wdotnedmaliszuuuimednnisuuudnlud@ wliussdnsnwiadunaiuaznisnsaaeusiiunsldednegnies
warTInig Sniadiuainduiesumes 78 SON Lidswalvuseansnmlunnduanasusidieifindssansnimndu
nsasansunisTanfiszuuinleteldddduieunaazauuiudlunsasedu fuiudleiinsvenaeieted
ansnsosndumsldosaielagligydeussvsam feussvinmilfeseunqulufatosudssanaealdaelums
thyssnwszuuieietne Aldaneglunisveneinietne wag SON figauiufianunsasesiugunsaianngudnvas q e
Fefluifefiaenndesfuussansamduainusiunsasnderesszuuadotiedild SON 1dun 11uideves
Priyadarshini and Barik (2022) thiaueisifiuuszansaimsunnusiunsasnfesenislilumanisiousidedn
(Deep Learning Model) titai3auigunuunislaud Dos udnsuuuuilddendululingnisiua (Flow Rule) 1618y
Tayalun1sinseinislausain DDoS 1uLAeiuauide1uiTeves Sophakan and Sathitwiriyawong (2019)
Ynauean1nenssu Secured-OF AifFEnsifinUssansanduautiuasasnsefenislduuuiiaenndetewd
wuulaunfin (Dynamic Bayesian Network Model) Lﬁaﬁ'&lufgmwumﬂwﬁ DoS wag DDoS LLﬁaﬁﬂgﬂLLUUViléf
dsndululammyalufieadifieifiungnisnsesnislaudann DoS uay DDOS wazdsaenadesiusuideves Taha
(2023) thiaueslunisuiumsimuaidumanuimunsieietefifiussansnmioia QoF vesuinisaniudl
Tantifey

anndnenssuszuuiedetieiidmuslassenduiiianuddydessuuiadodieneildaulutiogtuuas
\ietnefianinasrsiemurnaveefnsbuintutunnesdng esuaundeuldu duennindede f1u
anusiunsannity way FulssAvBnmanugndesuusmiesidlinanisUssinanalfegnemnsy auauthi
yosszuuiaTeTeTiivunlaggoniuas fiinuddysestuuiaietnede SDN wondiumuaueenandLvesdeya
19 SDN Faidu APl 4117150AUANNTINNUVRITEULIAS 0T e bie g1 S RludRfen1siMuRAAIUTISTANS
szuuiniers waeldwiidugudeyaidafudnvasnslasffiamsausuusesiauls lududdvansauided
faunadaduias dsaeian fidefuasdoidounnmeiull Setmailugasandlddglunsthzsdnumssu
\P30118 M3EBITULIATeRE Fomaivhlfszuuedeteiifigunsaifidedesluaot e iuainduiosnes
Alanndnenssuszuuinietneiifvunlasgeniuad Ansndedaduszuuieietefivinanuliussansamgsninszuy
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aoninenssussuuaietedidvuslaegeniuis (Feng, Mao and Jiang, 2016; Gong et al., 2015)

Y a

sanwuuasavteliduuiusssu aunsadanmmsneinsveunsadiglaynuiinnnind

PrgauauEUeINITdwinAn anadeuteianainveauiiniin Jsanunsoisdedunaludosiuin
sruuadotnefdagnland Snvissadunislunagnsnmsdnumanuiunsaonioinietns niseenuuutuiitisan
mnuliiaenndesuesnsimunaeietevieanteianain muaunsduiinifnludunsiiiiian asunsesnuuy
uilhifunafisdssdvinmveeiots waslunsiiumutuasasadelifueiedis n1seenuuuadodieli
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osfnstsdmaliiszuuieieteasdnsdosmensruatuiy mafiugunsaiinietieynvdatulisiiuazfedafniy
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ponszuLATeTBAIseeniuUAT el duumsITl annsadnnsmineinsvesszuuiaietnelinnulinynduan 3
andnenssuszuuinietnedinualasvenduas (Feng, Mao and Jiang, 2016; Gong et al., 2015) aunsavitle Ll
Tasfndagunsaiinietneuiinle fuansisle danluszuuieietegunssieierietu fansoldeulussuy
wseglaviui

sanuuulassadsiugrureusetislaglisafnduduan

madenninensiidlussuueietediifigaunzauiulasedsiugureneietefioonuuuuniigauay
niwenstumadudaszanguin ausaldouusuldnainaisiian fanseonuuuiduiifumsandenvie
uastudesitaFomingins dmaliiniseanuuulassadrsiiuguvenndotiesuiiunisldoswisydndnmuas
funsaonsivistu

Mnudnnsi 3 Ussiuduaenadosiutsslevivesaninenssuszuuiaiodiodifmunlassensuag
(Feng, Mao and Jiang, 2016; Gong et al., 2015) G?iﬂamwmagﬂiul,ﬁaw’fulﬁdw annenssusyuuLAIeYefifvun
Tnggansuas wnzautumstnanldlumssenuuulassadnsiiugruvessruueietouasUfudsiszuuiaiere

wwamslunisvaunszuuaiatiefinualneenduaifiviefinanusiuasasnselifiuseuy
LA3DUE

TutaUfiun ssuueIotrefidmualassonduisldfunisengrusiduannenssuiidouunlunig
tanldluszuuiadetsuazivndseaulawauaninenssussuuinietiedmmunlnsgonduisuiniu ey
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1. Wanssuuesetneiidmualngveniduns ieuimsianisteyavualug) (SDN developed to
manage the Big Data)

Iginanienistanfiann pDos s Tutigiufinsusuussguuuulsfimslasduuuiiinvneegasimsidady
nslanfuuuiuusarsanss ngerdeaninenssudumesidannuiigs dn1sliusslevianuendn (Botnets)
Snuaznisifiunslanfiifnsfiuwunnesnasnigs muﬁmaqéﬁasﬂamdwﬁ?u%ﬁmm%’u%auuaxﬁﬁnmmﬁlmy' (Big Data)
Fsmsngandumsland Wedinmsannszuuieietelisesiumsiudsioyaniouiinfnvualvgifiarmdudoulsiay
Wumsuidgymnislaufsyuuipietng

nsiauesetelfsessuiuteyavunlngfidanududeu aandnonssuszuuiededieiidmualag
gendwd$ fnnumuzananndigalunmsunfauiiovimsinnisdeyavualngidanududou 1iesan SON
asaneAInsUSITanisefetisliinuuuusaludaly SsdwmatinsuenenietislilaedalutAlaglides
U¥uaeudnle 4

2. WawszuueIatnefitvunlaegeniuad eusmssamsilsiduadevieaiouass (SDN
developed to manage the Network Function Virtualization : NFV)

Handuipsevistaiiouasainisunnlaluinsadnoiaiouass (Network Virtualization : NV) Lagia30U1y
ieilouasmaneLa3atne (Multiple Virtual Network : VNs) dawaildansnsaldninennsindetiosinfulddoudsysu
Tnssadeiiugiu venaniiedetneiaiionsihelimusunsinaveusinidn wasdumsnuauuuuriugud

SON uaaimenssufianzdmsunsihuniauiiouimsinnsileidueSotneiaiouasansiz SON 4
MsAndanfuainduieisunes TR39NEAIVANNITIINUNTNEINTLATOUNBUALELITAMNUAAIUTNITINNITTEUY
LAT8U1Y

3. awnszuueieveiitmunlagveniduasiveidugudnansdeyainietng (SDN developed to
Information-Centric Networking)

Audnansteyatietne (information-Centric Network : ICN) iuanitnenssulusidildsunsiaueiduis
witymdmsunsifinussansnmaeinsindaiininuasaundouveinide iWuaadnenssuedetefiisasy
Tuesanuil finsusndrusgninsdumuauuiinifinuazduveansdwionfinifindsaenndosiundnnisves SON
Tnelnslnaoalowuliat (OpenFlow Protocol) lushnansdmsumstheufiniie fedulunguenideiaunssuy
\nevnefiimunlaeveriduasitedugudnansieyaiaietne mstsnwn OpenFlow-based

A3UNaANTTIVELATTDLAUBLUENITITY

andnenssuszuuiaievieiifvualaesendua’ 1uandnenssuguuuulmivilisenduasimuned
Udmsdanisszuuiaiedisldtudseaulassadnaiiugiu Snvadianunsoveneszuuniodislilaesnludd luides
svunanlnsifledinmsfndsgunsaiindetnewiiuiy Usznoufuauauifauresszuuaiotiedtmualnsvendunag
ausznslaun Usensil 1 anrdnenssussuuieieteiitmualagweniuag annsaviiliiaietnedl APl Ganeds
sruuAdeteaninInsessuNsdsulusunsuiteonldauninenns (Resources) vasszuuiaiotneld uisn1svhau
ooniduaesdnldn diumuauuazduvetoya Usznsil 2 seuuieieteiidvualageenduas aunsafmuned
UImsdanissruuiaiotnednlul@ deanunsnuimsinnsssuueiedts anusiuasaendedesuludanisuuuss
dndszneusuauiunsasafouarmsuimnineinsszuuiaietns Idegnsazaingania Wiu APl inauauan
gudnana uazUsznsanvine dwvesgudeyaiiiudnvaznislaui umenislaufivesgunsalszuuiaiedneiign
Taud Vilewullad (OpenFlow)

MnauaniRlduamUsznsvesandngnssussuuiaiotneiiimunlaoseniung dwaliszuuiaietis
funsaenfouardszavsamgeiaussydulasiadieiiugiu Ussndadnldanglunistigsinuieierns uandudnmils
annonssufimninnideimunifieliszuueietneianuiunsasaduaonsuivandnenssuuuulauin
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