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Liannsomuaugunmnsandvesiogsiidnuled fufuniifeadeilfadingusrasilunsiauddonsssumi
nnfirlunguuonivlssfuduivdonieibofinioutlatgmeiudediansliadonsssuwd lenmsdndonan
druveaiiy 3 viia laun unurs (Biancaea sappan (L.) Tod.) Wiendian (Garcinia mangostana L.) wagluuseau
\ilaati (Bougainvillea sp.) afiagae thndu wvmuea waznsnesdin saufunisldueiuawilaiounaslsduas
AaULUasTalne ANLTNTY 10% nadeun1sanddeunuainunuetey (Cyanthillium cinereum (L.) H.Rob)
Wasuisusuagensmisiiulannududu 0.1% wuirddeuanuiuradfiatndieiindusasldneueidamandy
wasuaui Winadiian feranudunsa-ig wirdu 2.98 Thanduas 1 L* winfu 25.15 A1 a* wiidu 24.91 uagen
b* Wiy 18.07 Feiimnulndifssiumstoudedeisiiiule mntuihadeuniurediatadeiindusazaeuies
Fammunefunuviniursuuuriules naasuauieuvidiiigungil 210 220 uay 230 ssmwalTea WU
gumgivndn 210 esangaidva WWuguugifinunzaniiagndvinlfinszivennansdianudulutisnasgu
(7.5 %db) wazldUSunamsdsssumnfinnniign (58.3 %yield) sersiifdfymeadaiiszsiu 0.05 Mntdumdadaui
T ANYDINTTaTaNERIATaNsTITRUTNAY §Rs1dau 111 12 155 uag 1:10 nuidnsrdiy 1:1 Snadenishnd
voutlefivifian ewssuifisuivadeuunuhaiiatnietihnduuarldnevivesdammiuuosuauinouriunis
wiswuunuelas InaliaiAnandunse-ang windu 3.22 A1 L* windu 22.47 A1 a* Wiy 20.33 wagan b* Wiy 16.51
FausasiuansldadeusssumAunudafiaiadeinnduasifusesunuiineuiloidamnlunsdeudodofiile
Naunuddoudunsizviwnsiule

AEARY: NINAIUNAGINSITUYR woulnluentiy oy

1999uNAUL

Y] o ¢ a a = o a v a - ' a oA v o Y%

anA1Tad NanG waznsIaang unees. (2565). nsimunddeusssumfaniivlunquuenlnlseduiielddwiuden
Weodediv. Mmsansineraansuazinendansinen, 5(1), 1-11. http://doi.org/10.14456/jsse.2022.1
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Abstract

Plant tissue are studied by using the Free-hand method and cell staining is studied under a light
microscope. The preferred dye is Safranin-O, which is available only expensive. Therefore, there are study
the extraction of natural dyes to substitute synthetic dye. But due to its inconvenient when use, cannot
produce the required quantity, difficult to store for long-term use and unable to control the colorfastness of
the samples studied. Then, this research aims to develop natural dyes from part of plants in anthocyanin
group for dyeing plant tissues. Three types were selected, heartwood of Sappan tree (Biancaea sappan (L.)
Tod.), pericarp of mangosteen (Garcinia mangostana L.) and bract of bougainvillea (Bougainvillea sp.).
Extraction method by using distilled water, methyl alcohol and acetic acid and adding mordant NaCl CuSoq
at a concentration of 10%. Staining test with plant tissues of little ironweed (Cyanthillium cinereum (L.) H.Rob)
compared with Safranin-O concentration of solution 0.1%. The result was natural dye of Sappan tree
extracted with distilled water and CuSOq mordant has best result with pH=2.98, a reddish tint, L*=25.15,
a*=24.91 and b*=18.07, which is closest to Safranin-O. Natural dye extracted from distilled water and CuSOq
mordant for spray drying. Inlet temperatures test at 210, 220 and 230 °C, found that 210 °C is the most
suitable temperature for evaporating water from the paint. The moisture content in the standard range
(7.5 %db) and the highest natural pigment content (58.3 %yield) were obtained with a statistically significant
level of .05. The optimum ratio of natural pigment dyeing to distilled water solubility was determined. The
ratio of 1:1, 1:2, 1:5 and 1:10 showed that the ratio of 1:1 had the best effect on the colorfastness of the
flesh. Compared with before spray drying method. pH=3.22, L*=22.47, a*=20.33 and b*=16.51. Therefore, it
is advisable to use the natural dye essence of Sappan tree extract with distilled water and added mordant

CuSOqin cell and plant tissue dyeing to substitute Safranin-O dyes.

Keywords: Development of natural dye, anthocyanin, plant tissue
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UNin

ety (plant tissue) o nguwadfisuiuiAanssmIevimihitludiusng 4 vesiiy 1w aen Tu 510
uazd i auefivutseonldvassiinlaseordevdninasisng 4 lumsdadauunysson wu dnvaueguing Tassadg
fumisileg wihfinsviinu uvasiide anuannsalumsuissadludedo naiydvlawarnaudsundases
dlode Wy (Hoefnagels, 2019) e[,u%ﬁﬁ‘?l’fm&ﬂmiﬁﬂ%ﬂiﬂiﬁﬁ%ﬁwaﬂlﬁaL?JIaﬁ%ﬁﬂéﬂ:@EJﬂ’]ﬂ‘l’jjﬂéjﬁjﬁ‘ﬂqa%iiﬂﬂjLLUUe[ngjLLﬁQ
(light microscope) fAsn1simssudlaniuuiiefeiifmegaiisndnliuismsiowan (free-hand section) wazfoud
(stain) Wievldanansaveadiulasiadasseazdonvosadlddaauty dilideuiedoiivedsssuma (natural
dye) wagddaLAs1zii (synthetic dye) uadiulugdenlvddunsiziianduns 1wy da15iulunsnezd@n (aceto-
carmine) dgws1fiule (safranin-0) iflesannidetnlugomioidofivasnuirfquandddoudnlaslulay
(chromosome) 1etufiuadea (nucleus membrane) Anilu (lignin) guua3u (suberin) wagAafiu (cutin) uananil
Fonvduifneadniond (secondary cell wall) azfindvuyviodunsiniau siliarunsousnsiinvonieide
atnaeissAin (sclerenchyma) a1t wadidule (fiber) waswasluiioidoludy fe wadnawa (vessel) wazivadinsan
(tracheid) (Manit, 2009) ag19lsfnuadaasziildiiod olulsemalnaldudfitniiandaussmagaisian
TunsdmingAeudnegs mﬁe'?‘?aLwiam%gaﬁaa%aLﬁmﬂ’maumﬁa}ﬁm%‘lﬂﬁLm'asma (Rujira et al., 2017) ¥inlwiuSune
dfeuiidenrunniiuaiiudonis esennisdemiloiourazafeazldadontsuadesuarddoniinge
sziinnsdevannliddefiuliidunaiuny uennniidmuinddenduassiansinlunsaesdfnuazasisiiule

<,

\Husunesesisnmevesgliildunisgamumienisduia TasaunsoviliAnnisssmeidesiedeymaiumela
v‘iﬂﬁlﬁaumé“ﬂmu wagshlRavtainsealuills (Genesiska and Herda, 2018)
TutagtuinisAnwideiieadunisadaddeuainsssuvfanivlunguuoulnlesfuiiolfuny
ddoudunsizi 1wy nswaunddeulastulenainaisadadrimieann (Sirirat, Namphon and Manussawee, 2021)
msUszendlddsssunfandilnavmdiidunsnuvnsuiasaduuuluindavesity Rujira et al., 2017) Wusiu
Tnefirlunguuoulnleeuasiiseingdshuamdodtndu fadaluasszneurailauosd (flavonoid) Tungu
#ludn (phenolic) ﬁ@mauﬁ'ﬁasmaﬂfﬂé’mﬂzja3awiuc§1’aﬁwagmmﬁmﬁiajﬁ%a (non-hydroxyl solvent) 1y 8ines
ov@lau maslswosy \udu euadssnweesioulnlesduasdutudiofivg methoxyls luas Bring anaaidlodivg]
hydroxyls iy LLaz%LaﬁaimwﬁqmLﬁaagiuanwazﬂqmﬂuﬂm (Suwichar, 2017) wenaniidmuinddon
MnssINTIRTTIAIgNndt Uaendetudlduinndt annsaazaretldfniazdisanannziandomdufivle
(Mayuree et al., 2018) ag19lsAnruddoufiafnansssuvindafidesidnlunisidaunarsusens ldun
ﬂmmé’w%umaumim%‘w%é’auﬁmmsﬁmnwma%gumau Tdazainsonisldau Jymidiunisudnnaiine
anldluUTnatesuarliannsondnddounuiinaindesnis Jgmisunsitusnwadeuieldluszezinaiuy
wazlymidunmuainnsdeudsssumituegfuladenarsusznisdaniuauldenn nsfendfuwadviodede
fegalimilowdndsildenn Wusu (Gita, Zulharmita and Ridho, 2021)
fatunisAnuadsifeiidmnelunstmuaunwddousssumfiiiel funuddansest smdanisudly
Janrdrudesitnvesnisldddeuainsssurd Tnenisiidiuvessnegrsfivifinisavanarswoulnleeniu

P

(anthocyanin) #a.luseaingiiazareiild dneglunqunailiueed (flavonoid) wagliaisdunsdy wadnduas

a

Winnasuauy (mordant) ieLfiununindiunishindeseaduasiiailofia anntuihuiiawigunmiunsii
ShwaagIBviuAsLuununeY (spray dry) kagiimuidiunisidaulagnismensiduimunsaunanvensddo
§55UVANHIUNTEUIUA YA UUN U pesan1sazaned i lulduluasisely

TUILEIANITIY

1. iilefnidonddoussaumpdmiunsdeniaidefivanfitlunguuoulnlesudildannisasalagld
FvhazanguaruesuALYiA1Yiniy

2. WieviannaunnddonsssunAdmumaiiuinuiseisiuruuuriules

3. ilemdmmaufimnzaniigavomsddousssumafiiiunssuiunsuiuuusudesdenisazaneth
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ABauMIITY

nafmunddousssumdainfivlunguneninleerdudmivdomieifedeidiukuuuudes
vhnsnaassfinuzinemansuazinalulad sminerdesvigalaseasnsal lunszususgddus Saninunusnd
ssrhaieu nqunieu 2564 f1 ganau 2564 Taedismasidunsidedsd

nsaneddeusssuyfaniylunguuaulnloeniu

(1) MI3nTeuiiviig

dadenivlunguuoulnloiudsliianduas 1dun urusns (Biancaea sappan (L) Tod.) Wisnilsnn
(Garcinia mangostana L) warluusesuiilesilh (Bougainvillea sp.) thandrsianuazennaniuilveudie
qjamﬁuwumm (tray dry) ﬁqquﬁ 60 asrwalded Wulaan 60 w1 LLazﬁﬂﬁJ’lUﬂaSLaﬁJﬂéfﬁEJLﬂéaﬁ‘u&]ma%lﬁﬁﬂ
(grinding machine) A%L5259U 32,000 Souseu? tWuran 2 ui

(2) M3afnddousTTuA

thasosiindiegnais 3 oiin wafelneldduhazans 3 ¥ia léud tndu (distillation water) Tngld38ns
falugnanmunugungd (water bath) 60 ssmivafua uazvhazaeiufioueanaged (methyl alcohol) nsaedfn
(acetic acid) Araidudu 0.1 Tuans Insnisafnddoussauvifve 3 viin 148ndrunsfivdaogia 1 ndu so
favhazans 20 fadans iunan 60 Wit Mnduihasaraieunnsesiaenszaunsaa (filter papers) tuad 1

(3) NMsihnNasuAUY (mordant)

wignAdeusssumdiildnnnisadaiieduesuaunt fol liduuesuauw iiuledeunaslsduazaotives
Fawln audududosar 10 Tnedmdndeusines wwliddonsssumiiionaaosswau 27 yavaaes (nnil 1)

unurne Waendsan Tulseauilesi suursavuadunaziden

ane oms1aIu 1:20

[ I |
nau (lusnsmuangunail 60 osALsaLTeE) wilauoaneagoa N3N0y

=)
=3)

A

| | NIDILALLANUDI LAWY ANIIUTY 10% I
[

19 afadeniindu Wiendaan afadetindy Tuusesuilosii afadedindy
- Liunosuaun - liiuesuauy - liiuuesuaun
- 1Ay NaCl - 1y NaCl - 1Ay NaCl
- 15U CuSOq ~ 1§ CuSOq - 11 CuSOq
i3 afpeemiaweanaged Wiendann afnae Tudszauilosiatnse
- Widunesuaun Wiauweanegea Wiaueanogea
- 1A NaCl - lRunesuaus - liRngesuaus
- 13 CuSOq - 1@y NaCl - 1@ NaCl
019 @ipmensnasdRn - 1Y CuSOq - 13 CuSOq
- Lifunesuaun HN9 annRlensAeYIAn Tudseauilasihatnaensaozdin
- A3 NaCl - lslfunesuaun - lslfusesuaun
- 1Y CuSOq - 1#iy NaCl - 15y NaCl
- 15y CuSOq - il CuSOq

AW 1 Juseunisannddentasynddeuiilaninnisaindiuresiviiveulnleentu 91U 27 gnnnaes

AIIEFIUAMNNETIULAZNTARLRDN T TN TINYIRA
(1) nMshnddon WhddeusssumAng 27 yaveaes lUdeuaduazilellovesddunuetios (Cyanthillium
cinereum (L.) H.Rob) filsiannnissindsunuaiiosn1uang (transvers section) #28735n13 free-hand section 9101y
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nenddou 1-2 vien Uasienszanlaalan (cover slide) udrthluAnunlasiaivesvadmendoqanssadwuuldias
(light microscope)

2) avatamanudunsa - srsshaedesiamanudunsa-an (oH meter)

(3) nrv i mAselniesing (colorimeter) Mg Uud CIE TagAn L* fio Anuainewesd a* fo Anduns-
T uavAn b * Ao AdwEesiy

@) Wisuilsunsinddenveaiedefis Aanudunsads wardnd sewindfeusssumasuaden
Fuamzsimmisdulennandudu 0.1% azanelulofiaueanesed $1udu 1-2 vien AnidonddeusssuvAfisiaunn
TndiAesfudfonduaseifisoudioy

nsnaaunwadausssuAiunmsiiuinedieIsiuiauunusley

mﬁ{]}aﬂ%ﬂ‘ﬁﬁ’]ﬂ’lS‘ﬁWU’Wﬂmﬂ’lwaéjamﬁiiu"maﬁ’mmﬂﬁu%’mﬁﬂﬂEJGLﬁijLﬂ%‘IaQﬁWLLﬁﬂLLUU‘V\iuNaEJ (spray dry)
91NTUATIDIATIERAIAUTY (%db) uavUSuanadile (Geyield) n1svinuRanuunudeslddnwfion
gaunndvdn 3 sedu Tdud 210 220 uay 230 esr ey AinadeauTuinmsguogluag 5-10% lassihng
VAas 3 9 (Phonchai, 2018) LAT1EHAMNRUTUTIUNIUALT (One-way ANOVA) ﬁizﬁuﬁﬂﬁwﬁiy 0.05 Auun
AUNRFIU il

Ho: gauinfivdlifinasoniudu

Y
a

He: pruvgfivudniinasien iy
way
Ho: aaungiiandnlaiinasousunnmad
Hi: gaumgiivndniinasieusanansd
msmé'ﬂs']dauﬁmmzauﬁqmmmﬁé’ausssumﬁﬁw’mnizmumsv‘hLtﬁ’qLmuwuslamiamsasmaﬁﬁ
thusddousssuifiiunszuun st uruesnazanefuiindy ilemdnsdniivngaudimiy
nsldauadaoly Tnefnwdnsdau 1:1 1:2 155 wag 1:10 [wursddousssund (5w) : dindu @edans)] 9
ihlgemioiofivmodnanaznuilassadrnidedofis nseaevquamduazadiarubunsa - A waz

$INSUS s U URUAS DUSITUT RN BUNIUNTLUIUNTVMIASLUUN U DY

Nan1s3eLazanUIIuNa

(1) nansdadenddeusssumadwmiumsdeuilaidafivanfivlunguueulnlegnduiiléannisadalae
Tgvinazansuazuasuauvisnsstiniu

1NNTNAFRY WU deusssurAnndruvesiivlunauueulnleeniiu 3 via lawn wnure wWiendnn
warluyseauilosi dethunatndiedvhazatesiafuuaznisfusesunuifiunneiaiu agvililddden
sssugRfiuanestuianun 27 ganaaes wasdethludomieidefivvesdiunuetios waginisAnwlaseaing
waanglindosganssaiuuuluas wuih Fveuduhafiafndetindunasifuuesuaui Cusos fmarandunsa-
A9 (pH) Wity 2.98 Tiianduns Tnedian L* winfu 25.15 A1 a* wiidu 24.91 wagan bruirfu 18.07 Fafinau
IndiRssdvadauaseiensidule Afidanudunse-ae (pH) wihiu 2.94 Flianduas e L* wifu 22.11 a*
Wity 23.80 wazen b* Wiy 14.96 ildansaneadivlasiadweaiedeiivldeddaau (rmdl 2 amd 3 uay
1t 1) adinmsieddeuventodeluadonuasiadamuuansetu isglusedivdioules (enzyme) aglu
wiazdmuanaaiy dueuluiuseinazduiulawlamed (cofactor) Miiudeeuvedlavy wazarudunse-rteding
ponsiauveseull (Hoefnagels, 2019) FaunsteuieefiudeadensssunAunurafiaindetnduunag iy
CuSOs \lunesuaust dsflannglndifesrivddousvirdulonniign ﬁﬂLﬂuﬁﬁaﬁa%'jwLﬁaL?jaﬁ%mmvﬁumié’auﬁiu
LandunsuazAtnuiunsa-ag (pH) ’Luma 2.9 donpansnunIsAn®Iveudn (Manit, 2009) mmmiﬂﬂmaaau
ﬁsimnmmﬂmaamiumiﬂﬂmLeuaau,a deie wui druvewduhadletunduiuierldasdunuaziiotn
aameuaa%mmmwaawnmagu Tndeargindvunviounddiussaniamlunisdenlndifesivdduasien
ginisiule wenanildsdinenuisatumiuuaniesddeusssuradainanivlunduueulnleeiuiuogau
apnudunsa-ie dedunadnuasdfousssumisendanasnuinddenduihtuduluanneidusg (pHs>7)
Wuddadluanedidunans (pH=7) wasdudunsduluaniiziidunsa (pH<7) (Department of Science Service,
2010) waraINTIBUNISENEIABITUER s MResasatakeulnleeduainsdilsdiuess (Supaporn, 2019)
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nuA1nudunsn-ane Snasernunsiivesweulnlseiulunndiegisedrsfiteddyvisadn Tnaaiaanudu
nsA-a1e Nilnadenisasiveswoulnlasfuiiatviidy 1 uag 4 wibilasidiefinnnudunsa-Ane wiadu 9 ain
= o ay a o Y% s A A . a a PV 1
nsfnwINM IR ddeusssuyAdmsudouaduaziiloiioras Sobchai (2006) Tuity 5 ¥llaldwA Nxnsy vy {19
9l wazduan Inevihnisatametiuasiiuuesuawiasdu qud wan indewns wazlaveavlumsmiisziuaiy
Wnduresddounazuasuausi 10% wavihludouanduassvgiazens (Vernonia cinereal) WisUsyifiuanuiianela
YoenguipgNneuLuasUnN wui denanuiushaiifslaueaniunm fuszansamlunisdoudnan

o a v A A A o v o
AINN 2 miﬂﬂﬁ&lamla\il:uaLEJaW?JﬂlaﬂaﬂﬂuwuauaEl

(n) urushs-thndu-lsifume suausi (v) urushs-thndu-Nacl

(A) uAuEnI-thndU-CuSO. (1) wnues-Methyl alcohol-laiiRnsasiaun
(3) wAuR13-Methyl alcohol-NaCl (2) wAur13-Methyl alcohol-CuSOq

(%) wnus13-Acetic acid-liifinuesuaumn (%) wAuk"9- Acetic acid-NaCl

(1) wiwel19- Acetic acid-CuSOq (1y) Wienisan-thndu-lsifusosuaus

(9) WHenisan-thndu-Nacl (9) WaensTanA-tndu-CuSO,

(3) Waenilana-Methyl alcohol-Liiifnnasunuy (m) Waendapm-Methyl alcohol-NaCl

() Waeniisnn-Methyl alcohol-CuSOq (w) Waendlsan-Acetic acid-lifiasasuaum

Copyright by Faculty of Science, Ubon Ratchathani University
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AnA 3 Mseeddenvedladaivvasdnurlelay

(n) wWaenilsna- Acetic acid-NaCl () Waendaan- Acetic acid-CuSOs

(@) Tudseauilesth-rhndu-ldduse Suausi () Tuuszauieatih-thndu-Nact

(5) luuszaudiasi-dhndu-cusos () Tuuszeuitestin-Methyl alcohol-lilifismasunuyi
(V) Iuﬂszéﬁ“m?y\laaﬁw—l\/lethyt alcohol-NaCl W) luuszauiiaii-Methyl alcohol-CuSOs

() luuszsuitesiih-Acetic acid-lfinedunwi @) luuszauilosiin- Acetic acid-NaCl

(w) luuszaudfestin- Acetic acid-CuSOs (W) dgaudunsiziwrsitiule (safranin-0)

(2) namsiaugunwadausssuvfdumsiiuinfedsiuisuunuey

sATeidinstauIguanddoussrurAunulsfiatadietindunagiiuuefuaus Cuso. 1u
nafuinulagliiedesiuruuuriudey Imﬁﬂmqmugﬁmvﬁ'ﬂﬁﬁNasiamm%luwé'qﬁwauLLﬁnLLasﬂ%mmmﬁ NuN
flgamniandn 210 ssmuwaidea \ugampifimngaudensiluimunadousssumfnnudushsfiaindedindu
warlduasunusi Cusos feivhuiauuuniudes WesnanmsariliAnnsssmedianansavaneddousssuuni
Tnefiautuvosnadfiogludinuauinggiu @uade 7.5%) wazvinlwlduiuunsduniagn (Aads 58.3%)
(m151971 2) Namﬁmi%ﬁmmLLUiUiau‘uaﬂammﬁmL‘ﬁ’]ﬁummfgu WU11 A1 p-Value fAtosnin 0.001
LLamImwmwammumL‘U’mmamqmu Aszdudodidny 0.05 (1157197 3) uay iievinsiisuiiisuanuiou
uiazszRufuauTunUI Lo uLiarssAulinadenuTuuana1sty fisedutedrdny 0.05 (A3l 4) uaw

a v

B\Iﬁﬂ'ﬁ’lLﬂi?%ﬂ‘i/iﬂ??llLLﬂiUi?u‘lJaﬂEng{]ll‘lﬂL‘U’Wﬂ‘UUiﬂJ’]mN\‘iﬁ WU AN p-Value fitlosn31 0.001 LLﬁﬂ\ﬂ‘ViL‘VN’J’]

o w

a Y i a a o v «:4' A o = = 1% . o
qm%gu“mmmwamﬂimmma NszAUUYaIALY 0.05 (115199 5) LazliaN1n1TtUIgUINEUAINNTOULARLTLAU

o

AuUunamnad nudfigungll 210 fu 220 earwaldea fouSuamsduAndsiy uifiguugd 220 fu 230
garwaldea Lifanuwandneiu fsgdutiodday 0.05 (15197 6) Fedenndesiun1sinyives Phonchai (2018)
finsnwnsifiundnamassnsruiunsiuiuuuiudeslunisudnddeunids lnsvhnsAnwgamgiivnd
fomnzaumuioumnd 210 ssrwadoa Juiiddian Aldndnnmuazarudulunasiinnsgiusensu esan
dogumgiigaiuagilisnsnisszmeingatulufe vildnedgnandouniunniy Joilinsddianutusuay
dowsadauduiinliddmdnun Ssgnasfeuduhunarsduluassnduiuludrsuuvesusuiues (chamber)
vhlsldUSnamediitosas
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ag9ft 1 Aanuunse-ane (pH) uazAdvesddousssuntuddondunsen
a1y déou ANTA-A19 (pH) RIS
F ] - [ o
Afousssuvd (Ru-ansildana-uasuausl)
1 wrvshs-ndu-la fvsesuaust 6.21 2886 | 17.41 | 31.76
2 wAushawAushs-thndu-Nacl 6.51 27.28 | 17.17 | 30.33
3 | wiurhedhndu-cusos 2.98 25.15 | 2491 | 18.07
4 uAuR1-Methyl alcohol-liiRnsesuaus 8.35 27.28 | 18.46 | 46.68
5 | wAuse-Methyl alcohol-NaCl 8.11 25.48 | 16.86 | 24.23
6 | unuse-Methyl alcohol-CuSOs 3.12 2547 | 19.46 | 24.16
7 wAUR1S-Acetic acid-lailRnsasLAUN 4.09 4315 | -390 | 17.28
8 | wAusls- Acetic acid-NaCl 4.10 3821 | -357 | 15.60
9 | uAwsls- Acetic acid-CuSOs 3.01 37.17 | -359 | 1535
10 | wWiensen-thndu-lsfuuesuaus 7.23 19.65 | -4.40 | 37.76
11 | wWiensen-thndu-Nacl 7.53 1930 | -3.20 | 36.05
12 | wWiensen-thndu-Cuso, 6.30 19.76 | -2.85 | 35.73
13 | Wiendaan-Methyl alcohol-luifinyasunus 6.57 1851 | -2.47 | 20.77
14 | wWienifiga-Methyl alcohol-NaCl 6.40 1893 | -2.77 | 21.82
15 | wieniliga-Methyl alcohol-CuSOs 3.28 19.26 | -2.50 | 20.93
16 | Wiendann-Acetic acid-lifinuesuaum 4.30 3051 | -5.86 | 10.95
17 | wieniliga- Acetic acid-NaCl 4.20 30.21 | -5.88 | 10.85
18 | wienilune- Acetic acid-CuSOq 3.90 30.03 | -5.69 | 10.74
19 | luussduilosin-dndu-liBusesuausi 7.15 35.09 | -7.59 | 18.21
20 | luuszsuitestinthndu-Nact 7.02 3290 | -5.36 | 18.90
21 | luusziuiteatih-hndu-cusos 3.50 3227 | -4.92 | 16.93
22 | Tudszduileati-Methyl alcohol lsiRusesunuyi 7.38 31.84 | -2.80 | 2091
23 | Tuuszsuiileaii-Methyl alcohol-NaCl 7.31 31.09 | -251 | 20.30
24 | Tuuszsuiileaii-Methyl alcohol-CuSOq 4.20 33.17 | -282 | 21.73
25 | ludszsuileadir-Acetic acid-ldwiuyesuausi 7.76 18.92 | 17.33 | 10.23
26 | luusesuiileadih- Acetic acid-NaCl 7.70 18.97 | 14.81 | 10.34
27 | luusesuiileadih- Acetic acid-CuSOs 3.30 18.03 | 16.68 | 10.10
ddondunsigviwsiiule (safranin-0) 2.94 2211 | 23.80 | 14.96
13197 2 Han1sMRABIgaAMg YL AATduLarUTINAR AT NS TIIA
Mnaaes | guunnd Aty | Aadeanutiy Uunaunad AneRsUIIuN
41 (C°) (%db) (mean) (%yield) (mean)
1 210 78 59.6
2 210 76 7.5% 58.4 58.3%
3 210 7.2 57.1
q 220 58 42.1
5 220 5.7 5.6% 44.6 43.%
6 220 5.4 43.0
7 230 3.7 3.4% 40.2 41.8%
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nmeaes | auungll AMNTY | AedsAnnTy USuaumsd AaREUIIUNE
vt (C°) (%db) (mean) (Yoyield) (mean)
230 3.2 43.5
9 230 3.4 42.0
99 3 mamﬁmiwﬁmmLLUiUiauﬁumqquﬁmLsﬁﬂé’m%"umm%umaaﬁﬁamﬁmﬂﬁ
Groups Sum of Squares df Mean Square F Sig.
Between Groups 25.260 2 12.630 189.450 <.001
Within Groups .400 .067
Total 25.660 8

M19199 4 HANSIUSEUIBUNANWUY LSD s¥ningamaiinnidnfuanuiuueiddousssuyii

Mean 95% Confidence Interval
(1) Inlet (J) Inlet Difference Lower Upper
temperature temperature (-)) Std. Error Sig. Bound Bound
T220 1.9000" .2108 <.001 1.384 2416
1210 T230 4.1000 .2108 <.001 3.584 4.616
T210 -1.9000° .2108 <.001 -2.416 -1.384
1220 T230 2.2000° .2108 <.001 1.684 2.716
T210 -4.1000° .2108 <.001 -4.616 -3.584
1230 T220 -2.2000° .2108 <.001 -2.716 -1.684
*. The mean difference is significant at the 0.05 level.
15190 5 Han15AsEsimLLYsUT e sgamgRiv AU SN EeussIHR
Groups Sum of Squares df Mean Square F Sig.
Between Groups 501.947 2 250.973 127.686 <.001
Within Groups 11.793 1.966
Total 513.740 8

= q =~ i a Y v a Ny a
M1IN 6 NaﬂﬁLUiEJULVlEJUWﬁ@JmLLUU LSD izquﬁmﬁ{]mmLBU’]ﬂUIJi&J’lmmaEJanﬁiiwmm

0 0 Mean 95% Confidence Interval
Difference (I- | Std. Error Sig.
temperature temperature 2 Lower Bound | Upper Bound
T220 15.1333 1.1447 <.001 12.332 17.934
T210 i
T230 16.4667 1.1447 <.001 13.666 19.268
T210 -15.1333’ 1.1447 <.001 -17.934 -12.332
T220
T230 1.3333 1.1447 .288 -1.468 4.134
T210 -16.4667 1.1447 <.001 -19.268 -13.666
T230
T220 -1.3333 1.1447 .288 -4.134 1.468

*. The mean difference is significant at the 0.05 level.
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(3) é’mwd'mﬁmmsauﬁqmmmﬁé’aussiwﬁﬁ‘ﬁsi'mnizmumiv‘hLLﬁeLuJUwusJaﬂﬁiamsasmﬂﬁw

HATINNNTNAABISASIEIL 1:1 1:2 1:5 uay 1:10 [Maudfousssuvminnurefiatndetinduuasiiuses
uoYi CuSOs (M3W) : thndu @adans)] wuidnsduimnzauiian fo 1.1 Wewsuifleunsinddeuvenioide
fwesddousssumAnousihunssurunsyuiuuuniudes snauesanidlevnisasanensdfousssumanuinauy
Tudmsndau 1:1 vilifiaraadunsn-ag (pH) WA 3.22 ArdAuaang (L*) windu 22.47 Arduas (a%) wiaiy
20.33 uazAndndes (b¥) winiu 1651 ddlndiAssiuddousssuviAnousnunszuiun sy uniukesndian
msﬁamﬁaLﬁ@ﬁﬁﬁ@g%t.ﬁﬂ%&ﬂqLLazmmmumLﬁuIﬂNa%’mLsaaaalﬁaﬁiwﬁ’mﬂu (" 4 waze1ed 7)

2NN 4 N5indveslaadAurteteyaNnN1SaNMEAdaUSITUYIRLAUNINENRMUINAULALLANNDSWAWN
CuSOq UAINIUATEUIUN S UUNUNBEATA8UINAY 8R51dw () 1:1 (V) 1:2 (A) 1:5 (9) 1:10

a1319il 7 Anuunsn-anuasAunmaveanddoussu ANAuNsT UMY WRMUUN B Ay a8 INAY

ATIEIY AINIA-A9 AMAWE
rauTedgausssuTRuAufiaiadetnauLazRY (pH) L* a* b*
wasuauyt CuSO. (n3a1) : tndu (Hadans)
1:1 3.22 22.47 20.33 16.51
1:2 3.51 20.28 18.17 16.33
1:5 4.02 29.15 17.82 18.07
1:10 4.21 27.28 17.46 19.68

A3Unan133deuazdaLauauuzaINNTITY

AdoussanvRnnuAuksfiatadeindunarlduesuaut cuso, WuiBnsataddeusssumaiinfigaain
fregefiniiimsfnulundeld lnenuidiaunmlndifesivddonduasgiemnile dethddousssumfunusdsd
afindnethnduuaslduefunui Cuso, svhusiswuuniudes wuinguugiiivndvmnzauiign fo 210 sswaidea
Tnevtlsinsddoudiautuftoglutasnnsguesylnliuinumddounniign nsasanenaddoslutihndu (nsu:
finddng) fomnzauiian Ae Sandin 11 mszdeudansofnideBofivluaniusuaruoafiulasaiugadets
Fau fedulaitunsliddeussamfnnuduhsiiatadeindunarlduesuau cuso, lumsteudaefinie
naunuddeudanssiniaiule deiauouurlunslinuiemafunddoussmalilugaearuduitesnuwamnm
UBNGHRH

AnANTINUITENA
n1s3deaseldnsagartlimedlaeldsuanueunsginauyineimansuasinalulad uninendy
swinlaseansal lunsyususyddus Neumseiaauiuaziesesdioinemanslun1snyide
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NMSWAILILIVLBUNALATU Wongwat Wisadnwiaslne Tilsssus
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[ 13

“Wongwat WgaiaLiaalne Tlsssue” Wuivweunfndunisiusindeyanisvieaiivrindedine fldau

=

anunsnvinsdududeyain lnsazuansdeyaiidfyvosin doyaniudnfiuvesinveaiion deyaiiives
fvieadlen uazmsnagnlavesivieaiisudielfiiudeyauszneumsindulalunafumanyiondisnta swideds
’“fmqﬂﬁzmﬁlﬁa 1) senuuUkariRILISULaUNAATY Wongwat ieyinidlesine Tlsssus 2. WieUssfiuusyansnn
vaafuuaundiadu Wongwat 1igriailedlne lisssuy 3. asunuanufianslevesilénfideivuounaindy
Wongwat Liigaiaidlesline lisssue szuuuisldamdu 4 ngu Ao 1) yanamily 2) aundn 3) Wnthitin uas 4)
HRuasEuu nan1IeadsuuwarUseiliunasyuu 1938n15mageundessn wuu User Acceptance Test (UAT) N3
Uszifiunaszuulduuuasuaudnvasiuuinandiudssnaanfidundanuideiuvesuuasuaiudieis
Aasgiadulsransuearn winiu 0.909 uazwausziiiuanglisn anadenufianeleeglussiuann fiaade
Wiy 4.23 Adrdeauuanasgiuiiiu 0.79 ﬁﬁﬂ?u%‘uu%]z“ﬁ’mﬁ%ﬁ%uLLazﬂizﬁUH’lﬁVimLﬁlﬂ’Jij@LfIENVL‘V]EJELﬁ

inviesiienannsadundeyaiefnwintu 4la

AdAey: Liukeunaladu nisvisadien alne

31989UNANL
Weude AnesIans, 357 uaeAs uardayudns Aman. (2565). MsimuIukEUNARGY Wongwat Wieyiniledlve T
5333g. MNTANTINYIFEASUAZINEIEASANE, 5(1), 12-22. http://doi.org/10.14456/jsse.2022.2
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Abstract

“Wongwat: Thai temples tour, pursuing Dharma” is a web application that collects travel information
for Thai temples. There is a searching function to show temple information, traveler’s comments, reviews
and liked. This information is important for decision-making in traveling to the temple. The objectives of this
research were to 1) design and develop the Wongwat web application: Thai temples tour, pursuing Dharma”.
2) evaluate the performance of the Wongwat web application: Thai temples tour, pursuing Dharma”. 3)
examine users’ satisfaction for the Wongwat web application: Thai temples tour, pursuing Dharma”. There
are 4 user groups: 1) General user 2) Member 3) Temple staff and 4) System administrator. The result of
system testing and evaluation uses Black-box testing with User Acceptance Test (UAT). The questionnaire had
a rating scale format that calculated Cronbach's alpha coefficient was 0.909. The average satisfaction level
was high, the average was 4.23, the standard deviation was 0.7 9. Therefore, the system will help promote

and stimulate tourism in Thai temples for tourists. They can search for information to study that temple.

Keywords: Web application, Travel, Thai temples
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unmin

tuanefnwnsmauniutladeddglunsimunitTinvesninelasiownzegduduuvadisusuanu
#ad Inginisuazanufinnnevatsan aaensuluuvaismvesdaunssuifandu Tusaaanu Tusuing ua
Amsnssuenils FeuRaunssusa o wghituduusanmelmusssusudiuazduaiiouendnualvasninuniu
ilnede fauimussaudfiasieuliifiuesussauuazanunasguesisuduwasufiannsafnundeunduldlu
Frusz¥Remans lusuefd ausssy Aadnssy aniiaenssy savienindealosnrnduinvesiaus sy
uazmsaugIueruy Oullasikkee, 2019) Sagtiutaniemauaniuldnaedudnudsundwiondefigausidli
arwadladfiutu Usznoufunsii nsunseau nssnseiaussss Wilassnmsduaiunisiesiiondumanansysy
Tufifmamaun sausd 2557 ileifunisdaainliinfuundsmeniolunngiineduazinndsnssiseinmaiu
eslamsmsilunszrmsmaunuaz Sausssuussmdsuonmasing wazdunmsiiiusigldannsveaiiinazuinig
Tnslanizegredinisanasuniseadiedlufiienaut aduuleviefid1ifyvesuszme (Publication database
system, 2014)

Sumedidn dalunesilofoasildsuniuien ilesnnannsaithfenguitmngldegsnitsunauay
a5 Tagladfidedinluideswosna ndadsldfunudlunisamu fafunans 9 ssdnsiasuiaminelulad
dulediileldlunsuszanduiusesdns nmsdnauedeyasiie 9 dnviesiisrfounununisidumsarmiilngns
Auvndeyamsvioafisanaznisidumaeriumslusunsudum (search engine) 1w Google Tngmdoyafitiertasiu
aauiiviesfieafiauls Seuidediieadestuniswaunivlednisieuiisanaissudse Wy Kumpala and
Srisamran (2019) lsfamniiuleddaasunsviondivrinluansioniuassedn Welifaulavietdnvieailesdinu
Foyariuledfifufauiusluguuuvanimuinden 360 ssr Feiligidrvuianuidnmiloulsidrvuaniuiioss
Chatkaew, et al (2021) lsfanniduledussnduiusnsvieniiorinlusuneoiios Smindyu Taegldluaunsag
FoyaiRerriuin Jeyaieafunisussanduiug Jeyaieatuionssu uasanunsatlunanannudaiuld azdiulsin
nuATefiAnfumsRauIUledmseniisriafinanunesiidnuasresnsiudeyaamzilafindaviy lails
W ludnwaglusuuuuresiuii (Web portal) Aoduiulsiidugudsudoyaig q Afegidusuusnnusy
Wluiieatu wastoyatmunannsofiazidenloadatuld sogaivledaun (sanook) fauduiuvhdusunilsues
Usuina Usznaulumeidomiinannnansaseuaqumnladialed waeiniinsdunszuatmifounssluusasdnaniun
ULaue ﬁqﬁ?usﬁagaﬂm/iaal,ﬁaﬁm Fsludszinalneiiinogifudiuiunn andeyavesdrdinaunsennsmann
wisnnd 1ud 2564 Useimalneiiamussmansunsiui 42,626 30 Wix0191UMAN 310 Ta T051993 42,316 I
(Information Technology subdivision, 2021) Ms3deTauAnuurAniiagianniulsdiiuguisuvesdoyainss 4
Muszma Taefidndousuannsaduminfiaulasessuunisdufunudedn dudunudmin feyavesinfay
Usznaulufetoyatiugiuvesintiu q ety YsriRenubuin anuiids maiuns suamde Budu uenaindy
maidedalduuafnanmsimunivled 2dlu (Wongnai) Fauduledildsummuiouvesfuilnadusgisann Tng
A uanmnsafuminems deya sunmuazdInsainnandnaudy aundngldnuiulsdamnsadfiudoya
Suomnsvietausuugliuilidoyaduemsitleglugiuteya uansmnudniiuidfuiueims awnsadnlvan
sUnmiAfu s wazinuaredeulinveaitoumeluiuledliuvumunadss (Songsraboon, 2019)
SetumuuAnvesiuledily mLUa&ma’mmammummiL‘Lquanmmmstszwmﬂmummuu’m faganunse
Trusmsdeyauntnreniloaldfnwdoyanewuneass iadeyat suamda dv3sal suiedoimuouuy A
AartunngfiumienfiaileliUseneumsdndulalumsiiumsviondion

nnmmratneiy asulgmiddglunstauiiuweundindudmiunmsvieadierinlutlagtuld 2 Usgnns
#io 1) HamiFesnindrdaiom (content) fayatniinszdnnszane Binumeluiuien 2) Jymmslideyadilsi
mannvangdmiulsznounisiadulauiinviondieatn fufumefitedddumnanlumstaussuuiviisus
foyataiussmauarasnsadrdadenildneluduien waenstilsidunsvhauiddyuiiowivadlu lasssuy
fiannddedn “Wongwat rindleslne lisssue Tasszuuudsdldamudu 4 ngu Ae 1) yaravily anunsadum

o £

o adeyaitn 9317 ganuAnmunddedaty 9 2) aundn awnsadunin gdeyain Weusia wansanudnmiu T

Y

azuuy negnla wazuysluduada 3) 19 wthndn awnsadiu au udlvteyada wae 4) fauaseuu aansansivasy
danstoyaninudaiiu doyadn doyaiia wazdeyaau@nld uenantu {Ideddldvihnsfnwanufisnelavesdly
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WeUSuugunluszuuinssmiuaudesnsvesldau Mellielissuuianuauysaluazgnaes Jaagaunsadaey
dudSuuaznsziumsvieaierindesine

o/

3 a v
AOUIZEIANITINY
- o =3 a o - v A |
1. \ieesnuuukariaunIuLeUndiaty Wongwat Wigrinilesing lisssue
2. ieUsyiluuseAvSnmveaiuweundindu Wonewat Wiendauledlne lilsssuy
3. ieasunuanuiianelavesylifideriuneundindu Wongwat igaiadesine Tlsssue

BANUN1IY

Fuwoundindu “Wongwat isrimiledine lisssus” Usznaudetuneuisnsive vumue 5 unou fil

fumeuii 1 Anwarudesnsvasild (User requirement) fideidumssiiunulasfnuienmduly
Iitamamedairtumalladfildwam anudululinsumsufoinuiansonevaussteaudomisves
Aldszuuvield anumugauvesyuuiugly suvsilymiiddyresmstaunduladmeiunsvieniivatasiie
flisauluduieinaznsliteyausznounsdaauledilivarnuansuninvieiie wenu Nty Sefinsifiusiusay
Foyaidndu loun Anvaddeifsfunmsiauivlsdnsioniionia unAsnsimuivlsduinsededns
Fnuiite 29lu Tnevdnnisdrdi adlu MWaensadasaumadaiiom (nformation content) fifdnwazdunis
a$1aussdunalandenszfuliiiuilanonvieniisadienisinaus wuzi 391 nuTwanuivieadien fivn
$upns aaenausessdusylevidmsunisiiunia (Promsit, 2020)

Tunoufl 2 n1591AT1MUAZEBNUUUTTUY (System analysis and design) TnglHununinnszuadeya
(Data Flow Diagram - DFD) \ileuansnisinavesteyainunasdoyanisusnidinnlussuy uazuansnislvaves
foyaannszurumsuilsludednnszurunsnis unuamUIUm (Context Diagram) LAy LnunMNsEUatoa (DFD
level 1) ¥995¥UY UAMIFTINMT 1 waznmil 2 puddu Tnsszuuutaldamesnidu 4 ngu fio 1) yaravhld 2)

aundin 3) Wmthie uay 4) douassuy
Jwazdunslua
Az duATRENY
Twazdunin
swazdeanisgnla

NYasLENIN Tgazdean1TuanIAUARLTiU
Meaudenaintn 8azLBEAN1T3I7
yararall aunn
Joyadum
Hayadn Joyasiar
Joyaaindn vogaIn
Joyan1santa
an1sy
0 Foyan1suanininufngiiu
Wongwat 187290 Jayaih
o ,
) winglne Tdsssuz Foyadura
0 Y o
voyas Joyasirriiu
GGG v o
e Joyain
Jouasveiu Y .
g Joyanisih
deyanisuilyiin
Foyan 14
Jar
WMt #13n — — Hauassuy
Twazdenin TazIdunDla
Nuavidundia UaldunswENIUY
TUALLBUATIERU Twavdenin

Twazdynn193In
TeazdyanIsuA eI
TeasBund

AN 1 LNUNINUTUN (Context Diagram) U9432UU
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Joyaaundn 1.0
ynnaall adnsannTn
TwazlBunaundn
i D1 ‘ users
v L
ToyaTHAN1 20
P @@ 5 -
doyasvar Jopadiua AN Joyadiua v
LUNGITUY
T swasBuasianiu
waziBunduua
IwazIBATHAR gaz|Bundiaa Joyasvianiy
o v de Joyadua
IR TwazlduaTianu
M D6 temple_image
TwaziBundlaa
v Joyain
b 3.0 D5 ‘ temple
v Fwaz1dunin
. R v o
HUATEUU nn1stoyain
N D2 ‘ location
Joyain '
i D9 | like_info
= . - =
waziduain I S
= = 4.0
seazdeanisuilaih D8 ‘ favorite
Jayanisudleiia é’ﬂmseﬁ’ayjamﬁ'%
Joyaih D3 ‘ reviews
- Joyanignla
dundin . i) .
Joyamsuansarmdniiiu b4 ‘ review_image

T eazlBENNIIN
FwazBeanisgnla 1 % D7 review_comments

swa:Lﬁwnﬁuammmﬁmﬁu

Toyaqld dansdoyadld D1|  users

swazdung 4y

HAUATEUY

AN

D9 ‘ like_info

L ‘DZ ‘ location
UVBUFIN
6.0 :
auLBunIn :" ‘ D3‘ reviews
- Aunin
I G :‘ ‘ D4‘ review_image
quﬂﬂﬁ‘ﬂ’li‘t] TWALLDYAIN
\ D5| temple
:'{ ‘ D6 ‘ temple_image
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wonNu fIFelaldununinauduiusveaouii (Entity Relationship Diagram - ER Diagram) iie
wandlassasanazauduiusresguleya wansian i 3

| review_comments ¥ "] review_image ¥ “llocation ¥ ] temple_image ¥
comm ent_id INT{11) image_id INT(11) lecation_d INT{11) image_|d INT(11)
@ rating_id INT{11} #ratng_id INT{11} & tem ple_id INT{11) @ tem pla_id INT(11)
@ user_id INT(11) path_image VARCHAR(200) lat V ARCHAR(50) path_image VARCHAR(200)
comm ent VARCH AR(255) - Ing ¥ ARCHAR(5D) >
- v > ¥
| |
oY l i :
[ |
i [ l [ i
| | | | |
| | | | |
I I i I I
I I i I |
| | | | 3
| | I
| | l I — tem pe v
l : T : tem ple_id INT(11)
| | — reviews x | name_th ¥ ARCHAR(SE)
l l ratng_id INT{11) S + | @ name_eng VARCHAR (50}
I b o -4 { @ tem ple_id INT(11) tem ple_small v ARCHAR(50)
| # user_id INT(11) address ¥ ARCHAR] 200)
: ] likes_info v rainghumber INT{11) iden ity VARCHAR(SA)
| | ®user_d g1y ————H Pute vARCHAR(ZSE) PH—————————————— —H % phone_number INT(10)
: #rafing_id INT{11) -— —l comments TEXT opening_time TIME
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| e —— — — —
! > i += % modified DATETIME 1u| @ news_release VARCHAR(255)
e
I W : etatus TINYINT (1) | history LONGTEXT
i >
| I : l lardmark L ONGTEXT
: I i | province WARCHAR (32)
| - I l e e b vidiED Y ARCHAR(SO)
|
: | | I | averagescone FLOAT
I
| i : | | statuz TINYINT (1)
e T | | I [ 2
] users hid | | |
|
user_id INT(11) | i :
name ¥ ARCHAR (80} e d I |
* email VARCHAR{SD) | I
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ststus VARHAR(I) 7~ — ~—~~—~~—~~~—~"~—~—"~—~—~————————————————7—7—7— j 1, jte -
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avatar VARCHAR({285)
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- »
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Fumouf 3 NMIRALITZUU ( System development) daduladenldlusunsuniwy PHP lun1siaiun
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g1ty nsld Google Maps APl Gudugaidousoanszuunilslugdnszuunis ieldwondwainouonlunis
ﬂ’@umLL@‘UW%m%’uﬁm%’uL‘%ﬂﬂ’L%’LquﬁiumiLLamw‘l’m.mﬂaﬁag:maﬁm I§milouuil goosle wams wenandudsly
Facebook API ffu Google API iawdaldanu Facebook login way Google login Aud1dy ﬁﬂiﬁpﬂ%’dﬂuﬁﬁﬁﬁg%‘uaﬁ
facebook uaz google annndgszuuldias lidoadenarlunsamandoulfnu nimndudineifwdrdeoya
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4) fauaszuy awsansiadaudanistoyanudaiiiu doyaln deya3d uazdeyaaundnld fderminivuans
N1305IRARUTIeENNTNA ivanean Faguaszuvanunsainmsauitidnanld lnedeniiindenisnsisdeu
fdesnsausihituiliinniseaniivu Delete wansdan1ni 8

mihanadauii

4 as dy H ’ 4 & b od
Lﬁﬂm’m'n:-mm’lmumnuhnsﬂln Delete f=1RzIFRUANATINEATM

T wilavd s miubinauugy

M Ioren By Linse L Tle nmraet—_ Actice

il 8 MegamiiiunInsiadeuTIrinveguassuy

nan1sUsziiiuauNanela

dmiunisussiliusgauanuiianeladenisldauvesssuy mekuugauaIuUssiiuaunIn 3143 8 Au
namsiasgituuaeuay Tasamsamegluszduann daadesuwiidy 4.23 dudsauunasgiuwiniu 0.79 e
fsanduluusiazsu wuin 3 dduusniifiinedsnniigrainnisdisamiufionela fe fuimguszasdnislday
(Functionality) AnuAA (Value) Frunislransnislday (Authority) fusiuniseanwuy (Desien) Tneiiaiads
aufianela Wiy 4.43, 4.35 wag 4.28 auddu eaziBeauansdslumsnei 1

d4, 1 4 D v o« A o . 4 o . N
M197199 1 ﬂ’]LﬂaEJLLa%ﬂ’J‘ULUEJQLUH@J’WW?@’]WUBQ@,‘UW@L’JULLBUWﬁLﬂGIIU Wongwat LV]EJ’J’.JG]lV]EJ 1&]5?5118

Wadonsuszdiy X S.D. | szAuAuNawala
1. sumslauselewd (Usefulness) 4.27 0.74 Han
2. fuMNQNFBY (Accuracy) 4.07 0.91 1N
3, gumsliansnsldau (Authority) 4.28 0.72 11N
4. iudnguszaan1slda (Functionality) 4.43 0.73 1N
5. guieATun15veIu (Functionality) 4.05 0.83 11N
6. AMUN1TDBNWUU (Design) 4.28 0.76 1N
7. sruputaense (Security) 4.10 0.87 11N
8. MuAuA1 (Value) 4.35 0.74 1N

AWTIT LA 4.23 0.79 N

d3UNan15AY

“Wonewat \figrTaiedlne Msssuy” Wuduweundinduiilduudalunisiauiuianudnnisvesivii
waztiuadly Taganansafusiusudeyain wasiaueteyainiisdudmivtinviondion orfidu Useiaanmidusn
sUn i anuiids feyanudniiu n13337 managnlaandnreadien shlfdnveadealdsunsudeyanon
dndulaluvieaiien ludimvesmsiinsssinazoonuuussuuldliununmnszuadoya uazununwamduiusues
wouiii iy lumsimuldfuusaniiinenssuvesssutludnvmuznisvhauresszuuiu-liuins Aen1siis
in3esfliiuinisuaziedosdliuinisidouseduey uaziedosliuinislétinisindesesweuinsaniedoslviuinig
inesflsiuinisiazdanisdadeyaiifesvendululiiedesgliuinns msuansiumisiieguesinld Google map AP
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waznsidngdseuuly Facebook API fiu Google API ludiuveimvadeunaUseiliunasyuu 19BN megeundass
WUU User Acceptance Test (UAT) nsuseiiiunaszuulduuuaaunuilanwaziuuinasdimdseannmnigisves
AiAsniidunaanudeiurosuuasunufeitie g iandulssaniueati wihiu 0.909 ndtntudeh
wuvasuawluvinsuszdiu nefiseldidennsdusegisuuuanzasiungunss Wnthiia uazidmihdidinay
mMsviesfwisszmalne Sminguasvsnil asunansusziiuanuiieelalunmsin nui grovuuuasunud
seiuanufianelasionsldnuvesszuueglussduinn Sanadewiniu 4.23 dudotvuinasgiumiiiy 0.79

aNUTENaN1TINY

nranisdsamufisnslavesdld Tasdvunnisgudaeganuuianzas loun wey mhitingtguis
25915 Saldwseidnlngjesdie Yanans fauvusy Janansazidmihiiddnaunisveadisiuiadszmelne
Jainguasiwsndl saudiuau 10 fog Ailderiuneunaindu “Wongwat isaimilesing issus egluszeiu
110 Fadodnduiuueundinduiiannsaldusynduiusuazuaniudsunansaiudafiudmiunisisniiontn
meluszmeainudeddva s duwoundinduillfuuanannsimunivledlu aduivueundiaduliuims
AUNILAEIIIT UM UdayasiueImsuInnda 200,000 S1u wazdlgldanuuinndt 2.3 a1us1e @enndesiu
$13F8984 Songsraboon (2019) AAnw1gULUUNsFAFulaldUI A i uweUnElady “adly” Tungummamuns
$1u2u 400 $rog1e wu Jededisinasenisdndulalduinsueundindu 2¢lu aglusefuann (= 3.89,SD. =
0.845) Im&Jﬂ*«ﬁfﬂé’mmiﬁaawmdmimmmﬁ%ﬁaﬁﬁmmﬁﬁmmnﬁqm IHun nsUszrduiudinudendva uagnis
Tawakudondvta uenaniu msfifueundindu Wongwat T#38msmusudeyaiatmualinmeluiuiean
wuaAnvesnsiIuin AilidliiAnauazainlumsdumdeyatn esanideyainaseunguuazasuiu
aonAdesiuNLUITeues Chatket (2017) Afnwidadouazngiinssunisldnuneundindufumiuemsvesiuslaa
nsdifnwueundindiundu Tneliismsdunwaifldnuueundindudludium 20 au wuin dadviitiuasonisldau
weundintuadly fe deyavesiruomsiaseunqy uaziimnmindedio fuiliglénuAnammelalunsldony

%’ataummzmnmﬁﬁ'ﬂ
MnmsAnwuaziauLIuLeUNAIAdy Wongwat ieninuladive lssuy §ideiteiauouurlumsidoady
i \ewandesenszuuluowan fail
1. mswmusvuuludnvaslusunsudssgnadmsuiiofannni (Mobile application) ﬁy’aszuwﬁﬁami
wounses (Android) uazleleted (0S) tierfiugesmislunisidiiis
2. Tudwmeudemiuoradududoyaninauddmsuinveadsr a1szind Fesnd unanudivhauls
sy
3. miLﬁmLﬁami’fay‘aﬁﬁ]ummﬁu 9 esessunsdivrsnsfnldnuiuseundindu

LONEI3919B4
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Abstract

This study aims to study the diversity of bird in Ubon Ratchathani University at 2 areas, which
included education area and Rongko conserved forest Warin Chamrap district Ubon Ratchathani province
during March 2020 to February 2021 using point count method. A total of 101 species representing 14 orders
and 45 families were reported in this study. Education area were found 64 species representing 11 orders
and 34 families while Rongko conserved forest were found 87 species, representing 13 orders and 42 families.
Order Passeriformes was the highest number of species (57 species), followed by Order Pelecaniformes (7
species) and Order Charadriiformes (7 species). The average of Shannon diversity index (H’) of bird in a year-
round of Ubon Ratchathani University was 2.70 (2.34 - 2.98). The highest H’ was in January (H” = 2.94) followed
by February (H” = 2.90) and March (H’ = 2.87) whereas the lowest H’ was in August (H” = 2.34), July (H’ =
2.41) and September (H’ = 2.49). Cold-dry season (November-February) had highest average of species
diversity index (H” = 2.89) followed by hot-dry season (March-April) (H” = 2.82) and rainy season (May-October)
(H” = 2.55). According to the IUCN Red List of threatened species 2016, one species, Anhinga melanogaster

was classified as Near Threatened.

Keywords: Bird, diversity, Ubon Ratchathani University, Rongko conserved forest
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yurulanseu dnduuvdsiuififianuvanvansmsiinmuasiioldnfufwisiidusunuresisssumniluiiui
Tuwauiils feirindslifinenumsinuifsrtuamumaneiiavesunneluiiuiitenan fofunsineiluadd
Failngusvasd ileAnweumanslsvesunlufiufiuniinerdeguasesd iWeluguteyalrtugiiaulaasin
Feafuanamanneiiavesunsdeldluewian

ABauUNMTIY

Nufidnen

nsfnyianuvaneiavesunlufufiuminedeguasivsidl wsnisdrsveen 2 fudl fo 1) lwafiud
nsfnw Vsgneulumeiuiflilunindountsdeu Tsmenuna audiwn fwnendevesyaainsuazdnfne vueni
auassne uazvgentn uay 2) Hufleyfneidutiseste agmaianyTusenvesumiinerdoguasnil \uiiui
‘waEﬂ,uwmaqwnmmaaauaiwmu feguinuvhanniiufininFounisaeulszann 2 Alawms Ysznaufessuy
fnafinarnuans salifusds Yufeds vangh vuessuunadnuassunalug (amdi 1)

WBmsdsn

1438n13d1979m9adi1vua (point count) AnxABuas Bibby (1992) Tnsluudasiiufiazuiagadisng
sandu 15 g0 sLﬁ’ﬂﬁaUﬂquﬁuﬁLLazﬁumﬁwmuﬂ Wi UnAuuds Uhess v uwden wavenmsiinende Wy
s Tumsdnsauaraduslifdmantias 2 au dr919gnazUszann 20 wid wlsnsdseeenidu 2 Haaan Tu
pouE 6.00 - 9.00 U. wazABULEY 16.00 - 19.00 u. dsrafiuiiar 2 adwaifion swdnfouiiuiey wa 2563 fa
WounuAius w.m.2564 lindesdeanislnariinaasni (binocular) uagndesdeanislnariianifies (monocular)
uunvinvesunlaglddlofnuisssuvivueynyds tavena wnidledlng (Nabhitabhata et al., 2012) Juiindeya
ilauazdruuvesunidlenuiiiuunlagnss

avanslag Aaly Iemans un1ImeageuaTIveIl
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I
& o o o =
WUNAWTIVEAYgURITIYETY

& o =
WUWBANFANET

500 1Ay R
wwaigianaumsmna

)

()
= X4 a @ = o a LA =
Muil 1 (n) weiuuvnInedvauasvsill () wdTennuvaniavesunliuiiuiiuanising
(A) I TIvRIvAInYlaveunluiuieysn¥lidulisesne

(AAKUasaIn: https://www.google.com/maps/)

nsnssideya

1) Aeswiiedvianuvainyia (Shannon-Wiener index) 91ngmsa Shannon (1949)
S

H= -Z(Pi nP,)

i=1

We H’ = AnaiauaIntianved Shannon-Wiener

S = FIUIUYLAVDIUNTINUNINLUA
P, = dRdIUTIWIUVDIUNYNRA | ADTIWIUVDIUNTIVUA
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4

2) WATIEH

v a

AviiANasiaLe (Evenness index) 91ngns
o

- InS
de £ = adwieuaiave
H’ = Asvtiauainatanves Shannon-Wiener
S = Sruauviaaun
3) %?mﬁwzﬁﬂ'wmmsqmgw%ammﬁ?uaamﬁﬂi'mg] (frequency of species occurrence) 3NEATVDY
Pettingill (1969)

UATIINUUNT AL

ANUYNYUFNIINS (Relative abundance) = %100

FIUIUATINIVUANYIINITANTID

Tngldinauilunisuisssaupnugnyuvesunesnidu 5 seau fie
dlo unfiwuvssunn (abundant) nuludnsidesas 90-100
unfinuvee (common) nulusns3osay 65-89
unfinulunans (moderately common) wulugnsn¥esay 31-64
unfinuties (uncommon) nuludasdesas 10-30
unfimenn (rare) nuludnsndosar < 10
WlszAnsAuAGIERas (Sorensen’s similarity coefficient) 9Ingn3v09 Krebs (1992)

-
IS = x100
(A+B)

idlo 15 = duUsvavismnundenas

Srunuriauniisriuluaositui
Srunuriauniiovualuiug A
Snuvdauniausluiug B

W
A=
B =

HaN1538UazaRUTENE

MnmsAnaramansinvesunluiufiuvinendeguasesid vanua 2 i liun fuftoydndvadu
foaie uagitulunnisfinu serihadiousswitafouiiuiay w.a 2563 udounuaiug n.a 2564 Tng3snisuga
pugad1IRTimuA (point count) mﬂﬁ?uﬁﬁa;gjamﬁmLLazﬁi’wmummuﬂﬁwwﬁLﬂiwzﬁma el

AMUNAINYLUATYDIUN

nmsAnyaTamansdisvesunluiuiivminendoguasssd wounsisdu 101 ¥dia 0 14 Sudu a4
2 (rumanwani 1) Tnsdoufiwuswiuriauniigalduiiiou snsau 2564 nudruauieau 52 ¥in nude
WWeu nun1Wus 2564 wu 48 wazideuiiuian 2563 wu 45 wila TuvueAiFeuiinuduiuriavesuntiosdign loun
WWoudamay 2563 WU 26 wila Muse WeunsngAL 2563 wu 27 viln waglfoutusney 2563 wu 29 vila (AN
2) \flefinnsanandnnuriavesunimuiaindianuvainvaneroutagailefisuiumsinmanaumainviinvesun
’Luﬁuﬁamuﬁmmﬁm WU wvInendeysny Jamdaays wu 76 ¥ila (Khachonpisitsak and Muangmee, 2016)
W Inedesvag s lwnssal dandadunsys wu 74 ¥ila (Dumrongrojwatthana and Kunsook, 2018) 9u1aansal
UMY NTUNINUMIUAT WU 96 Fllm Chulalongkorn University (2013) 113nendeinunsaans Inenuniais
weziiesh Saminanauas wu 79 wila (Duengkae, 2010) anuafiuine doguaivsil nusuvdauinnil
anufnyidug envasiiosnanvumvesiuiiinyruludseuvainvaisvesunasitogends viliuminende
guaTwsinuriavesunanniiuiitug Susuiiwurdevesuninniigniie Susfuunduaou (Passeriformes) wu 57
¥iin 599A9UAB BUAUUNNTEI (Pelecaniformes) warduAUUNYIBLAULAZUNUIIUIA (Charadriformes) WUBURY
ar 7 wiln asandestunisAnwiunluusemalnenats q ewide Afneznvunludusvunduaeuuiniian
(Phengpengpit et al., 2008; Duengkae, 2010; Tothaisong and Thunhikorn, 2010; Pongkhumpeiy, 201 1;
Khachonpisitsak and Muangmee, 2016; Dumrongrojwatthana and Kunsook, 2018) esanunsusuunduneu
\ususuifiduuandnunniigaiinisdisaluvssmdlng Susuunnszns (Pelecaniformes) uagdusiuunvoiau

avanslag Aaly Iemans un1ImeageuaTIveIl
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uazLNUUIA (Charadriiformes) wuanniusudy 2 eranidiesnananuiidnuidluiufionnsinuuagiuiivl
oudndduthieste Ysznaulufeunaninannue vauvdshuuedn wiashouelug Seithasesiad Samngau
somaiuiiuiimAuvesunnauil uenaniids aenrdaaitu (Khachonpisitsak and Muangmee, 2016) fifny1Aa
vrmmzimslsuanurﬂ,uwmﬁuﬁmﬁwmé’agﬁww Jamiavayd wuhduduuniinumniianaessusiuusn Aesuduundu
Aau (Passeriformes) wagdufuuNNTEYe (Pelecaniformes) Mua1AU unlulesdunes (Ardeidae) wae 19AUNTY
w89 (Muscicapidae) wushuauviiaunniian Tnewudas 7 viln aonndesiunis@nuives Sripho (2018) Afnwun
Tuvwnduushinlog 0. Besau Fsufame uag Sripho (2015) fRnwArmmanvinvesunlugveuuienigde 1.0
uaz Meesena et al. (2014) ifnwANIMAIIMaNsYBIUNULABLIAARY S1nausifimas davinTeasy fnuunly
NdunfulasNAigauieaty Tay Sripho (2015) nanvin nguunduuLasazdiadizULuUMIMALTUANaTY
viedlguuuumAuisimza1£as (specialized niches) ilsannsunsueaudsdu 1wy vissdamaumasiilsl visain
yiumavimgh vissdamaumaiu Jehliunlunduiannsneghufulufiuiifeatuld Yssneuduiiufidnuis
2 uitussnauludendent viang1 auung)) swddldinennatey viia %aﬁﬂ%ﬂuﬁagjmaaLmaaﬁlﬂummimaa
unnauil sihlvituilannsofsgaunlunguilfidueded

dlefinsanluutasiiuiinudt fufleydnsiduinfesnenusuusiavesumnnniiufioanisdng Tng
ufleysndursuthioatewuuniisdu 87 vlia 10 14 Sudfu 42 2 TneSuduiinuaiinuasunuiniigafio Suduun

e

e =D

Jumau (Passeriformes) WU 45 ¥lla 5998911AD BUAUUNNTEN (Pelecaniformes) WATUAUUNYILLAULALUN
uwIa (Charadriformes) wusuduay 7 iia Turasfiiufiunnisinwinuuniisiu 64 win 910 9 Sudy 34 298
Tnsdusuiinuriinvesunuindignie susuuniuasy (Passeriformes) wu 43 ¥l sosaunfe Suduunfisny
(Columbiformes) wagdufuunnszns (Pelecaniformes) wudufuag 4 ¥ila (MT19AIARUING 1) ﬁuﬁaq%’ﬂﬁﬂwﬁu
dhsestefuiiuiifiusznousessuuinafinanvans elinuuds dnufes Vave)) wuaaﬁwﬁwmﬂLﬁﬂLLawmmsz’
sadaduiiuidvislnageu gnsunuangautios Sumnzuinsinerdouasvaude Tuvaeiiuiionnisfinw
faudfaedivnavesiuiiflvgjriuasuasiiogendoiivarnvats usnissuniuvespusaazdssasienisidenues
flegende undmausouazunasins uananiiuiieyindindutinsesdedsfnfuiiuiinnnens Wy wamdhides

v &

&7 w1917 Tng Kamtaeja (2008) na1ariuiutdinnudrAgyaoun unaiuisattuszlesuainuit1alunisv

a '

Ranssumangegn léun inends dvaude Wuanuiiduguasiuuanduundane g iesanisiuiundni
fidniiy wazdnivanein wu uias Téfeuu nu uazuan Jaduemsegisiivesun

ayiianunainvila

Slensgiienduiiang 4 useu 1 U vesiiaesiiuifluuminendoguasend wuirdiedainnunainsde
Shannon-Wiener index (H") %1 12 Loy agszwing 2.34 - 2.98 fiduadewidu 2.70 Inediddrianumainein g9
fgeludiounnsiay (H” = 2.94) sesawnlaun quausg (H° = 2.90) uaziiunau (H' = 2.87) muddu luvasziten
drfinnuvainviindaaalufoudsman (H = 2.39) nsnguau (H’ = 2.41) wag Augnou (H’ = 2.49) auddy
(a it 2) dmfurrdiinrwasiauediangegeluiiou Suimu (0.76) sesasanldun WeuunsAx (0.75) uaziiey
NUAMUS (0.73) TuvauziFoudamen (0.43) ﬁmmmaﬁ%auaﬁwﬁqm MUY LFaUNINGIAY (0.50) WaAziFiau
Auegeu (0.59) muaeu Lf‘jaﬁaﬁmmmqgmawudﬂuqamn (waednneu - nua1Wud) fidedsvesdviinany
vanviingedian (H’ = 2.86) museggFeu (H’ = 2.82) uazaqeu (H' = 2.55) audidu Wolinsevidaidaiy
vannadiavesusariiud wuih Adulinnuvanneieaenadestudausiainy Ineflufleyinsinduiiseste e

¥ '

D

N a

ﬁmﬁmnwmﬂﬁjﬁﬂqmdﬂwﬁuﬁmmmiﬁﬂm Tneilenadedts 12 Wou Wiy 2.58 (2.30-2.81) luvaedi fufin
ns@nwileduiianuvainyinegsening 2.29 - 2.86 fiduadewiniu 2.54 (1131971 1)
Mndoyarasuauriauazardsinmumainsinuandfiduitiuiisninerdoguasesti wuswuiu
Uszannsvesuninnilanlutengiun aenndedifusesiuves Sripho (2015; 2018) wag Phengpengpit et al. (2008)
aune9vgiilesntaunadinaiiutisiinsenendreiuvesunanew daalvmudnauvinvesunuinnitly
qgwueﬁaﬁﬂ%wuLawwuﬂﬂizﬁﬁu (Lekagul and Round, 1991) Usnaurulugisfeunnsiautaufoumwey WJu
Gzhmmﬁiwﬁ’mjwaqLma'mfmma6’] wndweee 2 fuflanszduas ?5&a1'«Ja'amaﬁ&iammﬁuﬁmma’qﬁmma6‘] Y1
TnslanzuniisinmAunuiuvounqei (wading bird) 1y unlududu Pelecaniformes ua Charadriformes 1y
¢ Tne Whitfield and Blaber (1978) uaz Maheswaran and Rahmani (2001) Tesuiiseutinfianadhufiufigu
dwaliinmgnyuvesuniimAudvunasiifisgatu Tnsseduihfienasdssaroruanusalumaseadiumde shld
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v

unausaavdelauindu Faunnguinuynyuanlunuifneseninegiwiainingn uenainlidsaenadesiu
Nakwa (2008) 15189 u3luiungneuyjeiaaivals Janiamysysal uiurilauazduiuunazanadiilieusuim
WHUANTY auvaigguunuiuiusiatdesnitganiadueidaziidewnann lugiegery wunguimsediundedl
xY o § wa S o | a X o8 v ) e .
ﬂizﬁnaaqwﬂﬂ wﬂwmmawagmﬂaLLazLma\immiﬁumumwmﬂﬂw wﬂwuﬂﬂszmamlﬂagmu Wilson (1980)
81904lu Nakwa (2014) sreauinfadeiienadawasenisnuituiuviavesunluggruiesnitluggauq Lleaaings
ganudutifionsgauauysaiusznauivunanianssusg q ae dawalinisusingdivesunanad
60 = 3.50

Snuehe I Vv iendeguaesll g Ueuisons PN An

ARTEAILNANNENE «- - @+« UNTINDALIUATIINT = @=  UnGiUIIIDAND -..-.wﬁmﬁﬁnm

50 s 3.00
. .. ...... T @
P AR [ T .-" ...... ' O=‘-.
'-t.,, ...... o - 250
40 "4‘*__.,‘""5".-'-.-“’—"
2.00
30
1.50
20
1.00
10
0.50
0 0.00

Mar-63 Apr-63 May-63 Jun-63 Jul-63 Aug-63 Sep-63 Oct-63 Nov-63 Dec-63 Jan-64 Feb-64

IR

( H) BLEMULBKRLLURABLY

A 2 Adeiiaavainstiauaruiuriiavesunluiuiiunine deguasysnll sevniiesieu duiay 2563 -
NUANUS 2564

P ° v @ ¢ a ' a . . N & A
A15199 1 1uuduAU 94 vlla war ALalde Shannon-Wiener index kag Evenness index ¥osunlufiui
WIMEdeguUaTIvsIseninafouiiuing 2563 — NUANUS 2564

UWIINYIAY Hufwansanen ﬁuﬁa ¥ dutihfasne
QUATIYsU
duAY 14 11 13
29 45 34 42
¥iln 101 64 87
Shannon-Wiener index 2.70 (2.39-2.94) 2.55 (2.30-2.81) 2.58 (2.30-2.86)
Evenness Index 0.75 (0.63-0.77) 0.72 (0.63-0.77) 0.71 (0.62-0.80)

A0UAINUN

Lﬁaﬁmsm’]ﬁmumwuﬂmuqama (seasonal status) au Nabhitabhata et al. (2012) Tesuniinusinun
101 wila wui Sduunuszdiu 57 viln Andudesas 56.04 vessruuvdauntionun unenew 44 wia TiuAn
\Hudesay 43.56 uandlifiuinminerduguasvsnil Wuundsiniioneins vaude vieundsadrsfandlives
unenewnane via WeRiarsanaauandiuniseyingandydunwesannimiioniseyindsssund uievnd
uAd (UCN Red List of Threatened Species) wuunitdndisy 1 vfin Méun unérea (Anhinga melanogaster) Faagwy
sglusznirafounnsiay fudeuiuay Fegnimduunvieiifevegluteidssienisgayiug (Near-threatened)
mﬂm'sqzy,t,%a?{umﬁ’a (IUCN, 2016) (nwil 3 () luwauzdiafindus 8n 100 viin Qﬂ%’m’lﬁag"luamuzﬁmmLﬁaaﬁw
sionsgayig (Least Concern) dhuanunnnuniseyinslulszialnevievdaiugiignanauvessuimelng wy
2 ¥fialdun undre¥a (Anhinga melanogaster) wag UNNIEAMAY (Ardea purpureq) Farta 2 vile andnlvieglud

avanslag Aol Inemans un1IvenaeeuasIvel
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LLu’ﬂﬁﬂﬂé’Qiyﬁuﬁf (Vulnerable species) (Office of Natural Resources and Environmental Policy and Planning,
2017) uenanitunisinwiadadfimuidauuuaiu 2 f Fiuagdude (il 3 (@) nuludafeunnsiay B
fauiazgndalviegluaanusiinanudorinenisaayiug (Least Concern) wifilsivsetinifinssenumswuly
sy3uR utegslsimuidesndiliinednenunmuuneindlumane fusenidsuniiovessunealng sl
senumsnulunanliuasdonn denudululdie duunndanamievaaannsades

(n) ()
29 3 (1) UNewT (Anhinga melanogaster)

(@) Wausuasu (Aix ealericulata)

AUYNYNVBIUN

KansANY MU fufimine deguasiesd unfinutesun 13 via unitwuihdnilugduunussdiu
mﬁ’&lag'sf,uﬁuﬁmaaﬂﬁqﬂ Foilimuiutesadiuasnudusiuaunn unfiwutes 13 ¥ila unfinuuiunans 15 %ia
unfiwutios 6 wiin uazunimenn 13 wiin fufleysnsindunindete unfinutosunn 3 viia uniinuves 15 win
unfiwuUunans 14 wila uniiwuties 21 viia uazuniimenn 20 vl (11397 2)

M19199 2 Pnustiauniinululsas seAuaNUYNYLYBILAasTUNTATIRsERINLRouiiuIAN 2563 — NUANUS
2564

FTAUANYNYNVBIUN uuvila
Nufwanisinw Nuflaysnstduinsasre
unfinuveeunn (abundant) 13 4
uniinuves (common) 15 16
unfinuuiunans (moderately common) 15 15
uniinutioy (uncommon) 6 24
unfinuenn (rare) 15 28
994 64 87

wauTin1sfne unfinutesann wu 13 ¥ila I8ud unfines (Megalaima haemacephala) unauAILan
(Merops orientalis) unis1ui (Columba livia) unw vl (Streptopelia tranquebarica) unww (Geopelia striata)
unAlAsenamm (Gracupica nigricollis) UNLBESA3NN (Acridotheres tristis) unisesvseu (Acridotheres grandis) un
WBUNS (Artamus fuscus) unduudenudes (Cinnyris jugularis) UnnszaentIu (Passer montanus) Uﬂﬂiséﬂ‘ﬁwg
(Lonchura punctulata) wavunnsvameInnY1 (Lonchura striata)

unfinuves wu 15 wia W unnwin (Eudynamys scolopaceus) unnzyalve) (Centropus sinensis) un
wouma (Cypsiurus balasiensis) uﬂmﬂmaﬂﬁuﬁ%u (Ardeola bacchus) 8 (Corvus macrorhynchos) Unsunsawau
ane1 (Rhipidura javanica) unuaausinialan (Dicrurus macrocercus) undunsasdnna (Muscicapa dauurica) un
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paAnednN (Saxicola caprata) unn1awutnu (Copsychus saularis) unusenaiu (Pycnonotus blanfordi) unnsYs
A5IINA (Phylloscopus inornatus) unnszandndn (Phylloscopus fuscatus) uﬂﬁﬁmmmu (Dicaeum cruentatum)
warunnszaenive) (Passer domesticus)

unfinutrunans wu 15 wia leud unnefiutieesssuan (Alcedo atthis) undsseniue) (Phaenicophaeus
tristis) UNWeUUU (Apus affinis) uniulug) (Spilopelia chinensis) unaAu (Actitis hypoleucos) unenalle (Egretta
garzetta) UNNseA1UIR (Ardea cinerea) undidedtma (Lanius cristatus) unviuteessIH (Aegithina tiphia) un
Juluatnaung (Ficedula albicilla) Unu1akeUTY (Hirundo rustica) unuseniid@wusn (Pycnonotus aurigaster)
unnsEIUNgAS ey (Prinia inorata) uniuvaneduinia (Anthreptes malacensis) kasunnszaonA1a (Passer
flaveolus)

uniinuties wu 6 ¥iln T undidendauas (Lanius collurioides) unnszidesin (Monticola solitarius) un
A8IA9555UAN (Tephrodornis pondicerianus) unusendnn1v1 (lole propinqua) unnsy3usssuan (Orthotomus
sutorius) WagUNNILATUEITUAN (Ploceus philippinus)

undiwuenn wu 15 aia Wua unidlus (Glaucidium cuculoides) unurndeusiva (Gallinago eallinago)
WiBaauns (Haliastur indus) unenaden (Butorides striata) WnUINWIg (Anastomus oscitans) UNUSIULEINIIUI
Tvey (Dicrurus paradiseus) unaiudesUndideu (Aegithina lafresnayel) ungoana 181" (Saxicola ferreus)
unNNIzIVADAI (Orthotomus atrogularis) UNLIUNIVIINAWTYL (Zosterops simplex) UNNIAIA (Acrocephalus
bistrigiceps) uﬂwﬂuajﬁuﬁ:iﬁﬂu (Acrocephalus orientalis) unanunutnuas (Mirafra erythrocephala) unfulas
14 (Cinnyris asiaticus) wagunwaumass (Motacilla tschutschensis)

ﬁuﬁaﬁﬂﬁﬂﬁwfﬁ'ama uniwutesann wu 4 via 1iuA unaruadn Merops orientalis) unngyalve
(Centropus sinensis) unueaa)1da" (Saxicola caprata) LLazuﬂﬂﬁzéwﬁﬁg (Lonchura punctulata)

unfinuves wu 16 ¥da léun unlnseansssum Wegalaima lineata) unnwin (Eudynamys scolopaceus)
unkaunIa (Cypsiurus balasiensis) unwlw (Streptopelia tranquebarica) uniw1w (Geopelia striata) unifinA
(Actitis hypoleucos) une1anTaNNUSIU (Ardeola bacchus) UnBL adinAa (Lanius cristatus) 801 (Corvus
macrorhynchos) UnwLaIIeUan (Dicrurus macrocercus) unflAsanes (Gracupica nigricollis) UNUNSLEUTIU
(Hirundo rustica) UNNs¥ANSTIUA (Phylloscopus inornatus) unaUHuUNLAY (Mirafra erythrocephala) undwssy
@ (Dicaeum cruentatum) waguniuuasnass (Cinnyris jugularis)

unfinutunans wu 15 a8in W Hauns (Dendrocygna javanica) un@ves (Megalaima haemacephala)
unwlue) (Spilopelia chinensis) WBEuNITAT (Accipiter badius) unnindn (Phalacrocorax niger) unenaily
(Egretta carzetta) unnsz@1ula (Ardea cinerea) unwey 1 twa&wna (Pericrocotus divaricatus) un L8 898130
(Acridotheres tristis ) UnBBmeY (Acridotheres grandis) unUsenaiu (Pycnonotus blanfordi) unnsz3ungdiseu
(Prinia inornata) unnszaentug (Passer domesticus) unnszannaia (Passer flaveolus) wagunnszasntau (Passer
montanus)

uniinuties wu 24 %l liud unneiutessssum (Alcedo atthis) untssenlvie) (Phaenicophaeus tristis)
unweutu (Apus affinis) uninlas (Glaucidium cuculoides) unnszuaudinin (Vanellus indicus) unwaladnaiaes
(Charadiius dubius) W13 (Elanus caeruleus) L‘Mgmﬁﬂ%ﬂj (Milvus lineatus) unenalnulug (Ardea alba) un
NIEaN (Ardea purpurea) undLd@enaaw (Lanius tephronotus) umamﬁﬂwﬂ (Lalage melaschistos) unaiiuiios
533401 (Aegithina tiphia) UnYuwlaNe (Hypothymis azurea) unfuuuasiiina (Muscicapa dauurica) Uniu
WUAIABLAY (Ficedula albicilla) ungoana1%1m1 (Saxicola stejnegeri) un V389095550A7 ( Tephrodornis
pondiicerianus) Unnuautu (Copsychus saularis) undutkuasiam (Culicicapa ceylonensis) UnLaUns (Artamus
fuscus) UnUsaNMEDI%IN (Pycnonotus flaviventris) UnAuUAANIS (Cinnyris asiaticus) WaguNLATANNE 1N
(Motacilla cinerea)

undiwuenn wu 28 ¥ila Téun undneds (Anhinga melanogaster) unns13%IuY (Upupa epops) iauun
P13 (Aix galericulata) unmzw UV (Coracias benghalensis) unneifiveny1 (Halcyon smyrnensis) Unneifiuiac
(Halcyon pileata) unarumiigdds (Merops leschenaulti) unieng (Otus lettia) uniiuase (Glaucidium brodliei) wn
FrULAULIIA (Tringa ¢lareola) unuUngeunisieg (Gallinago gallinago) unaRuviennn (Calidris temmincki) un
fuLiieuw (Himantopus himantopus) willeua (Haliastur indus) unensane (Bubulcus ibis) unesidien (Butorides
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striata) unafiuvnenes (Oriolus chinensis) unussse@wn (Dicrurus leucophaeus) unduuuasandin (Cyornis
haunanus) unistAssunauam (Sturnus malabaricus) unistaseunaulinn (Stumia sinensis) unUseRENAI1S
(lole propinqua) Unn5EIUFITUAI (Orthotomus sutorius) UNNTEIUABAN (Orthotomus atrogularis) UNLIUAIVN?
NA LAy (Zosterops simplex) unwalvg Wus i Uu (Acrocephalus orientalis) Uniaauindes (Motacilla
tschutschensis) LLazuﬂé:mmm (Motacilla alba)

’mﬂmamiﬁﬂ‘mmmsqﬂsqmaduﬂwui’lmﬂmy'Lﬂuuaﬂszﬁﬂﬁu mﬁaagﬂuﬁuﬁmaamﬁgﬂ Ferlinuiiu
YosnSauarnuifusuauann wWu unidesmseu (Acridothrers grandis) ungaanai1d (Saxicola caprata) unngyn
u) (Centropus siensis) waguna1uALan (Merops orientalis) Wudu dmuﬂ‘ﬁwumﬂdaiﬂmﬂ%ﬂuuﬂawawﬁa
uniidrnmavluituiingndusl Seihldiwudiuldldvestn Wuunviaautinda (Tinga elareola) undre¥s
(Anhinga melanogaster) unenailien (Butorides striata) Wavunusawsmnsuaslue (Dicrurus paradiseus) WWugiu

AMUAREABUBIUNSTRINaLT

a

INMTIATIERRNdIUsEAVEANLAG AR (Sorensen’s similarity coefficient) Slawiniu 66.23% Taeluun
finuamefiuiinisfinunu 14 9iin lusaiiuninvamngluwatisesde wu 37 via wu Wauns undres unida
wuun3y wazundinuldiaesiiufinuiiona 50 9ila (1519n1ARUINT 1) InAENUsEANEAIA AT
(Sorensen’s similarity coefficient) uanslififiuinannuandouvewiaosiuifdflanmundonudiwdeiinig
wngaufuunuesiinfimilouty wasituiinaedaildinmaaniusgrdudd whldaunsanufiuununeiinldis
aosiiufl lwaiuiinsfnundauthasduiuingeud ivssnoulud ouwdeiogiivarnuas wu undsinisoun
Enuazvualvgiifihnaonied vime1 awamg suassueTdulilvg warlineniiuundsemmsvesunun
naudterrranIafagausasiiiuamsvesunliidunld dauvdsiiogerdeiivarnvarsidondmadeduendei
wanuangvasuna1dluale (Block and Brennan, 1993) LwiaijqliﬁmuﬁaLLﬁiﬂuﬁuﬁLﬂummsﬁﬂm%ﬁLmdqﬁagmﬁa
fivannvianes winissumuvesLeIRzdmadomsdonuvaiiogondy undmaudsuazunaniiaveun dwaliun

vviiallanansanuiulaluiununnisdne

A3Unan133deuazdaLauauuzaINN1TITY
MnMsfnauvainvdavesunlufiufiumineduguanvsiisswihadouiiuiay we2563 fufeu
nuAS w.A.2564 TaeliI3uganugadisaaiitvun (point count) wuunvivdu 101 viia 910 14 Sudu 45 29d
Tngduduiinuviavesununigniie susiuunduaeu (Passeriformes) wu 57 ¥ila s89asAe SufuuANTENs
(Pelecaniformes) wagdufuuneiauLarUNUIILIa (Charadriformes) wudusfuay 7 o HufilunnisAnenuun
Ay 64 a0 11 Sudu 34 294 Ineduduiinuriavesuninniianfe Susuuniuaou (Passeriformes) wu 43
¥iin s9sa3uAe Suduunfisu (Columbiformes) uazduduunnszys (Pelecaniformes) wududuay 4 wila Hui
oyndUdutiesnenuuneaY 87 wlin 10 14 Sudu 42 23 nedusuiinusiiavesunuiniignite Suduunduney
(Passeriformes) Wy 45 ¥ila 5998911A8 SUAUUNNTENI(Pelecaniformes) LagSUAUUNYVIYLAUKATUNUIIUIR
(Charadriiformes) wududiuag 7 ¥iia ilearnnisTiaseianduiang 4 vesisaosiiuil nud Aufoysnsiduthies
o wusuwauedauasdaduiinnumannadia (Shannon-Wiener index) snnninitufilunnisfinu uazainnisin
wudrunonewiininds 44 wia dedadu 43,56 % andeyadiefu uanslifuifuiiuninedequasissii
Taslamzituiioysndinduihiee Lﬂuﬁuﬁﬁﬁmmqmmuyiaﬁ aunsaliunasende wnaaidensly dwmsuun
onensulUfsunuszdrdunans g viin nufeuniifanuddnludueyinsuazuniinuidiuldenlusssued wu un
$10% uazlauuniu wasddnenmiiazlfiluunaseyintanuvainuanemstanmuesdnslunguun sadadu
wnaaGouslifugumy dnidou dndnwuasiaule sosenluuvdsieaiisndednldluouan

AnAnssuUsENA

YoaUAN MAATAMEIEARSTIn AuyIngImand uing1dsguatiusiil Alieudiemdesiug
AnuazanTlud e foRnisuazgunsal lun1svinu wazveveuauuIeted AI131 LarLIEIEIRS
Junsans Mlvieutiemdslusunsiiutoya
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AMANUIN

M1919AARUINT 1 S1eTeuninuluumine1deguasvsil sendnediunay w.e. 2563 - NUAITUS W.A. 2564

Area Seasonal
Order Family/Common name Species
ED RK Status

Bucerotiformes Upupidae

1. UNNEIWINUNY Upupa epops - + Re
Anseriformes Anatidae

2. 1Jauns Dendrocygna javanica - + Re

3. 1Waluuniu Aix galericulata - + w
Piciformes Megalaimidae

4. UnlNIEANSITUAT Megalaima lineata - + Re

5. UNANOY Megalaima haemacephala + + Re
Coraciiformes Coraciidae

6. uﬂmzmwjﬂ Coracias benghalensis - + Re

Alcedinidae

7. unneLfiutieesssunn Alcedo atthis + + W

8. UNNLLALBNU Halcyon smyrnensis - + Re

9. unnuLAUTIA Halcyon pileata - + P

Meropidae

10. UNAUALEN Merops orientalis + + Re

11. unauAIAE Merops leschenaulti - + Re
Cuculiformes Cuculidae

12. UNNIYN Eudynamys scolopaceus + + Re

13. uﬂﬂz‘lﬁmc[,ﬁqj Centropus sinensis + Re

14. uﬂﬁy’ﬂiaﬂiﬁaj Phaenicophaeus tristis + Re
Apodiformes Apodidae

15, UNWBUNIA Cypsiurus balasiensis + + Re

16. UnLaUUU Apus affinis + + Re
Strigiformes Strigidae

17. unieng Otus lettia - + Re

18. unLAlug Glaucidium cuculoides + + Re

19. UALALATY Glaucidium brodiei - + Re
Columbiformes  Columbidae

20. unws1uth Columba livia + - Re

21. unilngy Spilopelia chinensis + + Re

22. uniw Streptopelia tranquebarica + + Re

23. UnLU1IYIN Geopelia striata + + Re
Charadriiformes  Scolopacidae

24. uﬂ‘mmauﬁﬁﬂ Tringa glareola - + w

25. unUngaumIain Gallinago gallinago + W

26. UNLAAU Actitis hypoleucos + + W

27. unadusieniv Calidris temminckii " w
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M1FNNANUINT 1 (51D)

Area Seasonal
Order Family/Common name Species -
ED RK Status

Charadriiformes  Recurvirostridae
28. unfuLisu Himantopus himantopus - + W
Charadriidae
29. UNATTUAUALIA Vanellus indicus - Re
30. WilaLanvnvaDa Charadrius dubius - + w
Accipitridae

Accipitriformes 31, WA Haliastur indus + + Re
32. widenan Elanus caeruleus - + Re
33, wideeg) Milvus lineatus - + w
34, widuniandan Accipiter badius - + Re
Anhingidae

Suliformes 35, ungnets Anhinga melanogaster - + W
Phalacrocoracidae
36. uﬂm‘fﬂlﬁﬂ Phalacrocorax niger - + Re
Ardeidae

Pelecaniformes  37. ungnaley Egretta garzetta + + W
38. UNATLEIUIR Ardea cinerea + W
39. uneslnuluig) Ardea alba - + W
40. UnNYNAINY Bubulcus ibis - + W
41, UNNITELLAY Ardea purpurea - + W
42. UnyINTeNIUGIU Ardeola bacchus + + W
43, UYL Butorides striata + W
Ciconiidae

Ciconiiformes 44. un1nrng Anastomus oscitans + - W
Laniidae

Passeriformes 45, uﬂﬁLﬁaﬁﬁ’lma Lanius cristatus + + W
46. UNDLEDVAILAS Lanius collurioides + - P
47. UnBLEVAIM Lanius tephronotus - + W
Corvidae
48. M Corvus macrorhynchos + + Re
Oriolidae
49. unviiuheness Oriolus chinensis - + w
Campephagidae
50. uﬂ‘Wigﬂ‘V\lﬁ 1N Pericrocotus divaricatus - + W
51. umamﬁ:ﬂ‘mj Lalage melaschistos - + W
Rhipiduridae
52. UNDLWIALOUDNAN Rhipidura javanica + - Re
Dicruridae
53, UNUIILLYIFLN Dicrurus leucophaeus - + W
54, unuaLYIn19Uan Dicrurus macrocercus + W
55. unusanauwlveg  Dicrurus paradiseus + - Re
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ATAIANUINT 1 (6d)

Area Seasonal
Order Family/Common name Species
ED RK Status
Passeriformes Aegithinidae
56. unviiutensssum Aegithina tiphia + + Re
57. uﬂﬁufuﬁaaﬂﬂﬁﬁ'w Aegithina lafresnayei - Re
Monarchidae
58. UNTULUAIYNGN Hypothymis azurea - + Re
Muscicapidae
59. ummmﬁaqm Monticola solitarius + - W
60. uﬂﬁf‘ULLumﬁﬁﬁma Muscicapa dauurica + + W
61. UNTULNAIADUAY Ficedula albicilla + + W
62. UndulNasandin Cyornis haunanus - + Re
63. UNBBANEIHIAN Saxicola stejnegeri - + W
64. UNYANEIAM Saxicola caprata + + Re
65. UNYANREIAN Saxicola ferreus + - W
Tephrodornithidae
66. UNEEINITTIUAT Tephrodornis pondicerianus + + Re
Muscicapidae
67. UNNAUUIU Copsychus saularis + + Re
Stenostiridae
68. UNFULNAININI Culicicapa ceylonensis - + W
Sturnidae
69. uﬂﬁﬂmmﬂauﬁam Sturnus malabaricus - + W
70. unidlasanas Gracupica nigricollis + + Re
71, unidlasswnau@inen  Sturnia sinensis - + W
72. uniBeeE3m Acridotheres tristis + Re
73. um’?ﬁysmmau Acridotheres grandis + + Re
Artamidae
74, UNLBUN Artamus fuscus + + Re
Hirundinidae
75. UNUNUBUTIU Hirundo rustica + + W
Pycnonotidae
76. unUseninaLviin Pycnonotus aurigaster + - Re
77. unUsendlu Pycnonotus blanfordi + Re
78. UNUPALANANT lole propinqua Re
79. ‘Uia‘l/lmaaﬂﬁ’gf\;ﬂ Pycnonotus flaviventris - Re
Cisticolidae
80. uNNIEIUNE AU Prinia inornata + + Re
81. UNNTLIUTTIUAD Orthotomus sutorius Re
82. UNNTEIUADAN Orthotomus atrogularis Re
Zosteropidae
83. UNWIUMIVNIVANLTLY  Zosterops simplex + + w
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M1FNNANUINT 1 (51D)

Area Seasonal
Order Family/Common name Species -
ED RK Status
Passeriformes Acrocephalidae
84. uﬂ‘wﬁy?ﬁ”l Acrocephalus bistrigiceps + - W
85. uﬂwﬂml_jﬁuﬁ:iﬁ{ju Acrocephalus orientalis + + w
Phylloscopidae
86. uﬂﬂiz%mﬁ‘iium Phylloscopus inornatus + + W
87. uﬂﬂiz%mﬁﬂgﬁ Phylloscopus fuscatus + - W
Alaudidae
88. UNURNUTNUAY Mirafra erythrocephala + + Re
Dicaeidae
89. Uﬂ?ﬁmw‘jmu Dicaeum cruentatum + + Re
Nectariniidae
90. uﬂﬁuﬂﬁﬂaﬁﬂjﬁma Anthreptes malacensis - Re
91. unAuUaDNIGaDY Cinnyris jugularis + Re
92. unAuUARIIg Cinnyris asiaticus + + Re
Motacillidae
93, UNLANANLIADY Motacilla tschutschensis + + W
94. UNLANANNAINT Motacilla cinerea - + W
95. UNJUUINT Motacilla alba - + w
Estrildidae
96. Uﬂﬂixéﬂ‘%ﬂmﬂ Lonchura punctulata + Re
97. umix%fﬂmﬂwmﬂ Lonchura striata + - Re
Passeridae
98. unnIzININYY Passer domesticus Re
99. UNNTLIBNAA Passer flaveolus Re
100. UNNTEINTUIU Passer montanus Re
Ploceidae
101. UNATLINUTITUA Ploceus philippinus + - Re

B : ED = Nuilunn1sine
Re = wunUsgdniiu

RK = wuiitheusnyluintesna
W = unawenunlugguu

P = UNOWUNHIU
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Abstract

The objectives of this research were to analyze the factors affected university student dropout prediction,
to compare the efficiency of the prediction model, and to improve the model efficiency by using feature selection
with multilayer perceptron neural network. Data used in this research were collected from the Office of Student
Registrar and Evaluation, Division of Educational Service, Ubon Ratchathani University. They were consisted of 3
parts: (1) 1,029 records of basic data, (2) 6,826 records of semester data, and (3) 29,790 records of grade data. After
data preparation process by CRISP-DM method, 882 records remained with 14 attributes. The models of university
student dropout prediction were developed using decision tree, Naive Bayes, multilayer perceptron neural network,
and support vector machine integrated with feature selection methods including gain ratio, Chi-square, and
correlation-based feature selection (CFS). The efficiency of the generated models was measured by 10-folds cross
validation to compare accuracy, precision, recall, f-measure, and mean absolute error. The experiment results
revealed that the key factors to predict the university student dropout were 5 attributes including (1) grade point
average (GPA), (2) GPA of courses in the student’s faculty, (3) GPA of courses outside the student’s faculty, (4)
student loan or scholarship, and (5) student’s graduation status (target class). The best model for predicting
university student dropout was developed by multilayer perceptron neural network improved with CFS. The
accuracy of the prediction model, after model development with parameter tuning, was 90.39%. The results
indicated that the feature selection could improve the efficiency of the prediction model developed by neural
network for predicting university student dropout accurately. The developed model can be further used to develop
the system for predicting university student dropout.

Keywords: Student dropout, prediction, feature selection, data mining
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unin

n1seennatsfuvesinAnyiinainnateanng 1wy nan1si3eudininnmel lidiszaraamzidou (Ubon
Ratchathani University, 2018) ‘vﬁamimaaﬂLaaﬁaamawaﬁuﬂ L1 é’admsmﬁawé’ﬂqm WasuanTunsine Hudu
Fatlgmniseannansduresiindnunding1n o1edenansznuion1sUsEAunMAINNITANY AT WagnsdansAn
Jagtuimsiivdeyanianisfinwiegindussuu dagliaunsafanunanis@nwivesindne suddsyuunsivdey
viung wernsallenadiiin@nwienaazesnnarsfuiiiedagliindnuldnioumion viemmsthomdonouiagiuanin
fhdnw Fvesdunsandymuasanudsandiduld anmuddefdunmuindnsiimaiacme wildlunsiesed
viung ieaiisuuudians iy mslinganuduiudifielingienuidsinisesnnansduresin@n vievnauduiug
vesneiniiinasoussansamniensinuvesindng (Paruechanon and Sriurai, 2018; Pheunpha, 2020) uananiiss
wuiiimsldimadianissuundeyamaauuuiiasaiewsnsaimsssnnansfuvesindnu Wy nislimadasuliiingula
(Decision Tree) 3n3iFeusiudogeievioundwiug (Naive Bayes) Fifleuthuillndfign (K-Nearest Neighbors) Tasatie
Usgamifisn (Neural Network) wagnisitasigvinisanassladafa (Logistic Regression) Wufu (lamprik and Sudadet,
2017) safsfimsUsegndldnisdnidenaudnuas (Feature Selection) SaAuiBnsduunteyaiiioiiuuszansamls
waiugruntu AaU31n4luauiTeves Rawengwan and Seresangtakul (2017) Sittichat (2017) wa Boonprasom and
Sanrach (2018) ﬁﬂiZQﬂm%’ﬁ Filter Ranker Method %38 Correlation-based Feature Selection (CFS) Tun1sanidan
Audnwaziidfysuiunsduunteya uddodanaamdieiu linnsine sumutedenionudnvusiithunld
AnneiiuanssiulumausiazuIunuasyadeyaiitey Ssoyauaznguiiedsdmareniseannansdursudrmannvane
vrsilaforndamarenuudugilunisnensaluandrsiuly sauiamadalunissuunvievunelundazuiunili
UssBvBnmiuaneaty fadu 9ideifaiiinsdadonaudnvarinussgndliiinnesitadeiidanuddysonisoon
nansfuvesinAnyiminerdesiuiumadaduundeyalunisweinsainsoonnarsfuvesindnw eriuuszansam
voauuuaedlifiugniosusiug iy

IUILEIANITIY

1. e neimaudnvasiidudedslunisweinsainseonnansduvesin@nwuminede

2. eiSeuiiisuussansnmussuuuiiasdlunsneinsainisesnnansdurestn@nwumiinedeannsuiuuss
meIsmsfadonaudn e INiuITaswuuTIaes

3. Wlelfidszansnmvesiuudiasslunisweinsaimseennansduresin@nwismenisindengadnvazsuiu
nsasauuusaesteElasmeUsraifiswesidunseunanetu

naufjuazaiteiieades

nsAndanAuanYMe (Feature Selection)

nsidenamudnyay WuISnsfivisans uiunudnuuzvieusnn3tad (Attribute) Fsazaieifindstaviaimuas
ANuwivdesuuItaedunsuunteya Inen1sandenadnvazudld 3 Useian leun Filter Approach, Wrapper
Approach way Embedded Approach (Pavya and Srinivasan, 2017) 35 Filter Approach LUUﬂWiLaaﬂﬂmaﬂHm“Iﬂsiu
FuffuUszinmueauusiass seegldidunaeidnsusuiivanyen LLavmLLUimmmmﬂmmwmLﬂmmmdmavmauaaﬂ
mﬁmmmmmmwuﬂmmﬂ%LﬂummmauwuﬁizmwLLmazﬂmaﬂwmzLLaxﬂmaLﬂmma Yorvasiineianusngs
Lifudounarlifuiulsunmuesuuusaeiild Lwiﬁéﬁ’amsiﬁ’qﬁamilﬂ%wiaﬁumammé’wmv usinEANENYUEITNINTN
ueniu @uluis Wrapper Approach AAN YL RutuLUUaeaild ImaaJ(fzmaa‘Wﬁmﬂqumaaﬂumswmammm
WMLz aNYeIAMENYMETif MU uazAT Embedded Approach agdumduirnuesnmdnuusiiinzauiigaiiaing
wuusaes JeagldnisAuanditesninis Wrapper mhamasm;pamaan%aaﬂasmﬂssmw Filter Approach Tun1s
AndenAnaNYMe Ao 88ms1d1uLnu (Gain Ratio) 35lAawAd5 (Chi-Square) uazdSAnidanAmANvuz UL UandUTUS
(Correlation-based Feature Selection: CFS)

fuldsndula (Decision Tree)

fuliwaaule Wumedanisillinadniuaredunsauduiusaie Waunduanlne J. Ross Quinlan madaiides
Tlunsadrefuliidndula leun sanedfiu Ca.5 048) Mwdnn1sues Information Gain (IG) wie Entropy Reduction iiie
$ruunluun (Node) Tnednidenaadnuusiifiauduiusiuaaauniigaundun Root Node) Mntumandnwuzly

avavslae AazrInermans unineragguasvsil
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Fou undluaziie Gain annduiuly ausaglnunazuanidanmsdndulavudoyavesaandama vesndlsl Inetoya
%udwejmmé’ulﬂﬁﬂau%%LLamﬁdﬂﬁjwuaﬂ‘ﬂ'aaﬂa (Class) (Pacharawongsakda, 2014; Habusaya and Ditcharoen, 2020)
Tumsmeruduiusvesnndnunzazlian 16 Jedunnildan
IG(parent, child) = Entropy(parent) - [p(c1) x Entropy(ci) + p(cz) x Entropy(cs) + ...] (1)

Taofi

Entropy(c) #e —p(c) log p(c)

p(c) fe AANUaviluvesen ¢

c Ao Aanadvang (Class)

/1 Entropy agldlumsiamnsuunnsnsiuvesdoya deyaiinnausndnaiuties A1 Entropy axiiAnen wididoya

P

fanuunneneiuuin A1 Entropy dedlAge datud1teya Entropy vedlnungn (child) anansauvsuwendoualad asdlen
Entropy fnuazazyiliien IG fiAngadlewieuiulnunuu (parent)
u1dWtud (Naive Bayes)

widue Wuwedanisilasuanuieufiosainasiuuudasdlaisuaybidudou lnvordenguimutiaziiu

WJundn (Pacharawongsakda, 2014; Techapanurak, 2021) %ﬂﬂﬂ’]ﬁﬂuﬁm‘léjﬁﬂﬂ

PAICP(C)
P(CIA) = ———— )
| P(A)
Tag?

A fio AauaNwE (Attributes)
C v Aanauune (Class)
P(C|A) Ao Amuunanlundoyaniuennstadidu A azilnana C

Y
=

P(AC) Ao Armmunaslundoyafindu (Training Data) fiflaana C waziiuonmstam A

1ol A = a1 N a; ... N ay waz M fie S1uunenvidadlugadoyaiinty
P(C) Aa AAnutaziluvesaana C
Tasstneuszamiflonmesidunsounanedu (Multilayer Perceptron Neural Network)
Tnssedszamiflsnmedi§unseunansdu Wulasenousvamiiouwuy Feed Forward dafunuusiansms
adinrnanifildogrsunsvats wazlasuanuaulathundneideedaunlunainuaisanandan ﬂ’wm%mﬁaﬁwamms
Mauvealasenedsy amiuauamuwﬂswﬂaumamaaﬂi ?l’]‘V]LVIEJ&JM?EJIWIMR]’]‘IHWJ’]ﬂL‘UE]iJG]E)ﬂ‘u mmawamaum
sanifunguees 1Sunin u (Layen) Fuusn Lﬂuﬁuuiwauai’]aum (Input Layer) muﬂuuammmsamﬂ %uawauaaaﬂ

o

(Output Layer) waztuilegszurinduiutoyatouduazdudsdoynnonends dusou (Hidden Layen dilaeihalusugon
9198l11nn31 1 Fuild lassadisuanadanind 1 dewgll Jseunsaudslszianveddaseinelszamniiisunudiuiutunes

v

TAse91suuuning 9 16 2 wuu 1aun TassvrguuutuLaen (Single Layer) wag lassansuuunalsdu (Multilayer)
(Pacharawongsakda, 2014)

Output Layer

O

Input Layer Hidden Layer Output Layer
AN 1 TAS9E51ar Sy UYealAsIIeUsTEiIew

fian - https://th.wikipedia.org/wiki/lasetneUsganmiiey

TasevneUsramiienwuunatstu Wamsuanunianududeulenadusgned Tnednszuiunsilnadudunuuil
Haou (Supervised Learning) wazldduneunisdedrdoundu (Backpropagation) n1sHndunszuIun1sded1dounduy
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Usenausie 2 diudasma n1sdar1uludnantn (Forward Pass) nsdeinudoundu (Backward Pass) d1msunisdaniuly
franth Foyaazsiudrlasheusramifouiitutoyadn uasazdsinu mndndunildlugdnduniesunseisiedutoyaoen
dumsdshuounduaniminnindeusoargnuiundeliaenadestungnisuidefianatn Eror-Correction) Aarasa
YINANDUTINTA3A (Actual Response) funanauiiimune (Target Response) dindudayaasfinnana (Error Signal) Fadeyayias
Armanatiazgndsdoundutiglaseieusramienlufienssiuiufumadense waradminvesnmadeuteasgnusu
qunsziamaneuiiwisadlndnaneusvineg (Prakobpol, 2009)

FNNBIANABSUNBTY (Support Vector Machine : SVM)

dnnasannmesunydu WudanesfiulunguiSnisiseunuuiifasu (Supervised Learning) laenisunAedngy

U
v

Toyasasluilivesas (Feature Space) awnﬁuﬁawwLﬁuﬁisﬁlmaﬁﬁa;ﬂaﬁmmaaﬂmﬂﬁ’uimaa%qLﬁuLLﬂd (Hyperplane) 7i
Burdunsstuniiowdsngudeyaaosngueanantu danmd 2 Budwnesannimesunrduiulifudoyadady i
UsrAnsninlunissuundeyafifififsiuausnnld uenainiinisléflaridunediua (Kemel Function) Wiiewdasdeyalusalia
flgstu anwnsaduundeyaiiiiniuaquiedeldedisduszaniam Tngldudnnanidunssdifiansduilniian (Maximum
Margin) ﬁaﬂamml,ﬂaﬂﬁagaaaﬂl,ﬂu 2 Aand Imaﬁmmﬁmwmmﬁaaﬁqm (Boonprasom and Sanrach, 2018)

ToA
L] s
e] o
.
[ ] - 7
o ® .’ ge
® S
I/ /’
@ .,
. .
5 ® © 9
P -
4 /// g )
. 27 ® _ @
7 é &
% i @ ®
-
i 3 .
5
7 :L'l

7R 2 nsuuingudeyasmednnesnnme sy
finLUasan: https://en.wikipedia.org/wiki/Support-vector_machine

/AU
uideildnsruarunisasuanidu (CRISP-DM: Cross-Industry Standard Process for Data Mining)

v
=1

(Pacharawongsakda, 2014) Faszneudetunounsfiuny fi
n1ssiraudlaldgynn (Problem Understanding)
@358’3Lﬂ'ﬁ'}sﬁ‘ﬂzg‘vnmiaaﬂﬂmﬂﬁwﬂaqﬁﬂﬁﬂmmﬂeﬁaaﬂaﬁugmﬁuaqﬁﬂﬁﬂm nsamzloululiasNIAREY waskanIs

Seu lagdadannsuideutetedurewming1deguasiysnil (Ubon Ratchathani University, 2018) lasdasenangnsves

UnAnw Wemiladufidsmanemseannansiuresiindnw MnyatoyanIamedeussuresindny
n1svinaudrladeya (Data Understanding)
Poyaildlunidelinanszuvnunsfouin@nuinazyszinana nesudnisnisfng uvnine1deguasnusiil

5en19UNsANw 2553-2563 Tuguuuulng Excel Usenoudmedeoya 3 du loun
1. %agaﬁugm $1uau 1,029 31815 Usznausie satnAne) nanisieuledudsay saaaIunIn @a1unImn

Undne Isadeuiy nansdewadsusndn 913ndan $18ldtan o18nunsen Teldnsn wassiuauiites
2. Uayas18A1ANITANY 311U 6,826 18113 Usznaumie siatinfnwl Un1sfinwl analseu siaaniuan

dounNTnANE anNSSuRAY wavNansSeuRAETEL
3. Jayananisiseu 31u3U 29,790 518015 Useneume siatindnw Un1sfny) aaseu siaiv Fo39n wiein

LAZIZAUNANITITEUY
msm%sm%’aga (Data Preparation)
Hudunounsianmsdeyaiitewdsumiondmiunmsinmgiuasaiauuusassunmsneinsaidoya léun
1. madnidenteya (Data Selection) lnsidenaadnua (Jadoviowonvizded) andeyasduat Jefidedaden

Foyanniamdlasdadoyadiudrdouson aundedoyadil swadndnw nansifeuwaivarvay antunwinfnw

TseSewiy nansSewadousndt a93ndan 1elddan e1@nuisan Melduisan Suauiites In1sdnen maFeu swadan

Fo3v1 wheie sedunanisSou

avavslae AazrInermans unineragguasvsil
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2. mandunsestoya (Data Cleaning) Wun1siadoyaiianaiauarbiauysaioon aundedeyaiuguilédmiu
Wlussaianasaladnuau 1,025 518013
3. Mautasdieya (Data Transformation) TeglusUuuuilansnsninluiinssvideld dil
3.1 sudoyannaudnliiunsafentu eelidoyatugrulunsman
3.2 AnuakennIIdsEBEIaINsANYIdIR LIV TUNIANEY MATeu ATI9E0UTTIZIIANTY
Hulumuununsinwwield il idesamnuenvitwissamesanunwiiudmivinnsanssznadnmauuny
3.3 SNy ladseiuNamIFouTEiv AnanansSeuadeseiv uddndu 3 ngu fe (1) ngueivily
ANz (2) nauTgivuenany (3) einauniw uazienduenyitadneinildsunanisitou w
3.4 unuAuazuUastoyavamusliogluzuuuy Nominal sismun
3.5 danguanunmin@nwidu 2 ngude dusanisfinen Wuanmindnw wasfmuadusatadmuneg
lerhumsulastoyauds aundosemsiadusuiu 882 118013 (310 1,025 518M13) uagkaveansLiendoya
lvinsvdenndnuae (Wonvstm) Favun 14 uenm3tad fanaedi 1

£

M13199 1 Mensaudnvugaldlunseszideya

AMENwMY AesUY adayaiiiululd
GPA mamiﬁaum?ﬁlazau low = 0.00-1.50, mid = 1.51-2.50, hi = 2.51-4.00
GPAIn NansSeuRdsLsnidn low = 0.00-1.50, mid = 1.51-2.50, hi = 2.51-4.00
oldSchool anuAnYILAL school=15313811, collage = AME1aE, nfe = new.
fathercareer 213ndmn unknown = laisyy

noneincome = haifiduls
own_business = AU18/55A3d U6
agriculture = LNWATNT/UTTUS
freelance = 91FNdaTE/5UIN

- government = SUSIUN13
mothercareer DIYNWUITAN o v
employee = WHNIUW/QNINAUILITULONYU
emp_government = WNNUTIHNT/NINMUIBNUTIVNG
state_enterprises = 3§3aia

etc = 5‘146]

fatherincome 1elednn unknown = sz

]

none = lufisele
low < 150,000 u ol

motherincome | 518l#an5m medium = 150,000-300,000 uwisial
high > 300,000 U Wsial
sibling Fruudites none = lalfifivias, one = 1 AW, two = 2 AY, three = 3 AL,
morethan.three = 3 AudulY
loan anueyu/Qou yes = lounu/gey, no = ldlasunw/ ey
havew fn1saaus1eivn (dewnse w) yes = fnan1siseu W, no = Lifimansiseu W
GPAInside wansi3uedsngiivluan low = 0.00-1.50, mid = 1.51-2.50, hi = 2.51-4.00
GPAoutside Nans3udsnguiviusnauy low = 0.00-1.50, mid = 1.51-2.50, hi = 2.51-4.00
GPAlanguage mamsﬁ‘auLa?{aﬂdﬁmmmﬁmﬂszwm low = 0.00-1.50, mid = 1.51-2.50, hi = 2.51-4.00
graduate A0UNNTNAN Y yes = @153n15fAnw, no = NuanwndAne

A1sa31aLUUINaBY (Modeling)

ARdeldlusunsu Weka Tunisadiswuudnaes wagldinatinnsliasgsiantmingie3snis Gain Ratio, Chi-Square

= ' o 1% o

waz Correlation-based Feature Selection (CFS) TunisdndanaaudnuvagidrfgysiudunisasisiuuinaeaieiSeouiiou
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UsgdvBamuuudnass lawn (1) Decision Tree (C4.5) (2) Naive Bayes (3) Multilayer Perceptron (MLP) Neural Network (4)
Support Vector Machine (SVM) fauanslunmii 3

AIUILANTAINUILUUT1a84 (Evaluation)

H338mUsEAnTamvesiuuingenieds K-Fold Cross Validation (10-Folds) IneiU3euiiisuan Accuracy,
Precision, Recall, F-Measure Wag Mean Absolute Error (MAE) mﬂﬂ’m/mﬂaULLUUﬁi’ﬁaadﬁﬁ%ﬂﬁﬁ?ﬂ%% Decision Tree (C4.5),
Naive Bayes, MLP wag SVM $aufunsfinidenanudnuaizsie Gain Ratio, Chi-Square Way CFS fanmil 3

YATDYA

v

l¥n1sAndenmasnuae (With Feature Selection)
(1) Gain Ratio (2) Chi-Square
(3) Correlation-based Feature Selection (CFS)

A 4

LildnsAndenandnuaey
(Without Feature Selection)

v

A5NUUUTIRABINITNEINTA]
(1) Decision Tree (C4.5) (2) Naive Bayes (3) Multilayer Perceptron
(MLP) Neural Network (4) Support Vector Machine (SVM)

v

Y5zl uUsEansnInnaLuuINges
(Efficiency Evaluation)

AN 3 NTTUINES 1AL USEIRUUSEENS NNUBILU TR DI ABNEINTAIN1TEBNNAALYBILUNANEN

'
YA o =

HIdLeanLuUNINAaRINaanndasiuingUsyatin1side Al

U
§

1. a¥19uUUs1083#2873 Decision Tree (C4.5), Naive Bayes, MLP uag SVM 91naaudnuasiiavan 18 wonvi3d (s
5197t 1) wdalFeudiouussAnBnmeaen Accuracy, Precision, Recall, F-Measure wae MAE

2. AnldonAuanuyuea1838 Gain Ratio, Chi-Square lasldinmain1sAuniuasdndudu (Ranker) wuu
GreedyStepwise waz3d CFS 4l Filters AttributeSelection vaslusunsa Weka

3. @319UUUI1889A18735 Decision Tree (C4.5), Naive Bayes, MLP uag SVM mn@mﬁﬂwmsﬁiﬁmﬂmiﬁmﬁan
AudnvardiisunsuuLeyI DT linnsiadudiufie3s Gain Ratio wag Chi-Square Tudndau 50% voswenv3
Dadvanun wazsuuyifunadildann CFS AAnnnIn 0% waUSsuiouUseansnnaieen Accuracy, Precision,
Recall, F-Measure itag MAE

4. Y¥uamnfiwesvesitaiauudraedude 3 AifiAn Accuracy geflan iloiiinyszavEamusauuudiasslunis
NYNTAINTEDNNANAUTBINANY WA WUSBUTBUUSEENDSAWAIBAT Accuracy, Precision, Recall, F-Measure Way MAE

asuuvuInaesiuldeu (Deployment)

Lﬁalé’uuusi’waaqﬁgﬂémujushLLE% anunseilimnszuunensaimseannatsdu Tuguwuuweundindu Iiindnw

AUSTIS JSuiiaveundngss 1iuseneunmsdndulalunisuSmavdngss dan1siieunsaeu sadauimsaudssanasioly

NaN15398

nans3e udseanidy 4 @ feil

1. nan15USBuLTisuUsEansnmuewuusiaesiias1edaeds Decision Tree (C4.5), Naive Bayes, MLP uag SVM
mﬂﬂqmﬁﬂwmsﬁzmm 14 wenvistad (lWlaldnsAmdenaadnuue) IGuananafaniseil 2 Fewuiiasulsseaula (Ca.5)
Tnannugndesgeiian

avanslag Aaly Imemans unI1ImeraseuasIveIl
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M19199 2 wan1smUsEansnmeesuuTaesililalinisAnidenauanuuy

Algorithm Accuracy (%) Precision (%) Recall (%) F-Measure MAE
Naive Bayes 87.59 86.90 93.80 87.40 0.1384
Decision Tree (C4.5) 88.81 89.30 88.80 88.50 0.1597
Multilayer Perceptron 86.86 86.80 86.90 86.80 0.1418
Support Vector Machine 88.44 89.90 88.40 88.00 0.1156

2. wan1sfnidenAndnyaeA1838 Gain Ratio (GR) way Chi-Square (CS) Inun159ndudu (Ranker) uay3s
Correlation-based Feature Selection (CFS) @9nwu3n GR wag CS lonadnslnalaasnulnawannstng 6 dusuwsn fAa GPA,

GPAInside, GPAOutside, GPALanguage, loan uag sibling @35 CFS iA1tuninuInnd1 0% fifies 4 wen-n356 lawn
GPA, GPAInside, GPAOutside kag loan AIAN5199 3 Nalkann3tIni 14 Aemanawivung

A59dt 3 HANSARGENAMENYALAILTS Gain Ratio (GR), Chi-Square (CS) wag CFS

Gain Ratio (GR) Chi-Square (CS) CFS
AR Tiidnandu

1. GPA 1. GPA 1. GPA (100%)
2. GPAInside 2. GPAInside 2. GPAInside (100%)
3. GPAQutside 3. GPAQutside 3. GPAOutside (90%)
4. GPALanguage 4. GPALanguage 4. loan (10%)
5. loan 5. sibling 5. sibling (0%)
6. sibling 6. loan 6. GPALanguage (0%)
7. oldschool 7. mothercareer 7. oldschool (0%)
8. havew 8. oldschool 8. havew (0%)
9. mothercareer 9. havew 9. mothercareer (0%)
10. GPAIn 10. fathercareer 10. GPAIn (0%)
11. fathercareer 11. fatherincome 11. fathercareer (0%)
12. fatherincome 12. GPAIn 12. fatherincome (0%)
13. motherincome 13. motherincome 13. motherincome (0%)

3. wan15UTIULTIBUUTEANSAINVOILUUTIAD9918513618735 Decision Tree (C4.5), Naive Bayes, MLP lay SVM

MnnuenvEtiildanmsfadonaudnvazlnefiansandiuiu 7 uenvitad uaz 5 uenviddod lduauansdsmsedl 4 G
WUITIE MLP Fieiumsdndenaaidnunsiieis CFS uavand waunadnumzvde 5 o dlinamugniesgsiign

a. 9rnsamsveasslude 3 §AfeTeusuaminimeslunisairsuvudiassiies MLP ileadsuaznaaeum
UsyAvBnmvaauuudians dail

4.1 U5uAn Learning Rate TsfiAmindu 0.3, 0.5 wag 0.7 muasiu

4.2 USusuilnuatuteu (Hidden Layer) ¥4 MLP TiflAwvindu 1, 3 wag 5 auaneu
4.3 MAUAA1 Momentum WiAY 0.2

1.4 fwunantusutoyatioudn (nput Layer) winiu 5
4.5 ﬁmumm%ufhsﬁaylaaaﬂ (Output Layer) winfiu 2

FINANITNAADY WU UUUT1ADINIANAAIUYNABIGINEA AB LUUTI09Ma319970 Input Layer = 5, Hidden

Layer = 1, Output Layer = 2, Learning Rate = 0.5 8y Momentum = 0.2 Fam151971 5
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A15797 4 Han1sMUsEANSA MBI UUIIARITINAUMSARENAMENYY

Algorithm Feature #Attribute | Accuracy Precision Recall F-Measure MAE
Selection (%) (%) (%) (%)

Naive Bayes GR/CS 7 88.20 88.40 88.20 88.00 0.1366
5 87.23 87.20 87.20 87.10 0.1419
CFS 5 88.69 89.00 88.70 88.50 0.1338

Decision Tree GR/CS 7 88.56 90.10 88.60 88.10 0.1611
(C4.5) 5 88.81 90.40 88.80 88.40 0.1602
CFS 5 88.81 90.40 88.80 88.40 0.1602
Multilayer GR/CS 7 89.17 89.20 89.20 89.10 0.1389
Perceptron 5 89.05 89.50 89.10 88.80 0.1397
CFS 5 89.90 90.90 89.90 89.60 0.1431
Support Vector GR/CS 7 88.44 89.90 88.40 88.00 0.1156
Machine 5 88.44 89.90 88.40 88.00 0.1156
CFS 5 88.44 89.90 88.40 88.00 0.1156

P a a ° A v Y aa ] o o A 9 Y aa
M1519N 5 Nan1TIUTEEANTANNVDILUUINGBINATIAIYTS MLP if\lllﬂ‘UﬂrlﬁﬂﬂLa@ﬂﬂmaﬂwmgmflﬁnﬁ CFS

Model Learning Rate | Accuracy Precision Recall F-Measure MAE
(%) (%) (%) (%)
5:1:2 0.3 90.15 91.00 90.10 89.90 0.1689
0.5 90.26 91.10 90.30 90.00 0.1675
0.7 89.90 90.50 89.90 89.70 0.1708
5:3:2 0.3 90.02 91.00 90.00 89.70 0.1450
0.5 90.02 91.00 90.00 89.70 0.1405
0.7 89.90 91.10 89.90 89.60 0.1391
5:5:2 0.3 90.02 91.00 90.00 89.70 0.1432
0.5 90.02 91.00 90.00 89.70 0.1394
0.7 89.90 90.80 89.99 89.60 0.1372
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Abstract

Hopea thorelii Pierre is a tree plant in the family Dipterocarpaceae. It is narrow distribution and is
classified as a critically endangered species. It is usually propagated from seeds; however, this method is
limited by low productivity Plant tissue culture is an important technique to provide rapid plant propagation.
Hence, this research aimed to study the effects of N6-benzyladenine (BA), naphthaleneacetic acid (NAA), and
indole-3-butyric acid (IBA) on the growth of the embryo axis of Hopea thorelii Pierre in vitro. Embryo axis of
three-month-old fruits collected from Ubon Ratchathani Zoo were cultured on Murashige and Skoog (MS)
medium containing combinations of 0, 1, 2, 4, 6, and 8 mg/l BA with 0, 0.1, and 1 mg/L IBA or NAA for 8 weeks.
The results showed that MS medium supplemented with 4 meg/l BA + 0.1 mg/l IBA and 1 mg/l BA led to the
highest number of shoots (1.4 and 1.2 shoots/embryo, respectively). These results are essential information

that might be useful for the subsequent research of H. thorelii Pierre tissue culture.

Keywords: Plant Tissue Culture, Hopea thorelii Pierre, Embryo Axis Culture
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Design, CRD) Uufinsansiasayiuln dmuiugen anugawen 31uulu anwedly anundielu Suiusin wagany
817510 YdeyaiildniinszsinanisadifisnensiinszsinnuuUsUTIIUUNaie (one-way-ANOVA) (1151471 1)
LAZIATIEINANISATANIENITAATIENANUUUTUTILUUUADINNA (two-way-ANOVA) Wisuiiguauunnsstays
#7835 Duncan’s New Multiple Range Test (DMRT) fiszfiunansiosiu 95% (p<0.05)

NANISANYA
SMEwavasEnsAIUANNISOIAULRYlia BA 39U IBA wia NAA sawnuduuilovasnsfeululvg)
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aandudu 0.1 way 1 fadnfusedns mzidsadung 8 §Uai annsiezinaneadnmenisiinssinig
WUTUTIULUUNALAET (one-way-ANOVA) (151371 1) wuiimngasensdsnasonisiaigiiulaveswnuiduuile
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M15°99 1 BnSnavesansnauaunIsasaiulaelia BA $auiU IBA n3o NAA fiaududusis 9 dewnwduuiloves

pziAululng
Treatments JuLen/  ANEIWaN e/, anwemlu aundas 19U AU
gl (Hadnurading) 1duuile (wuRluns) g (wuRluns) Tu 50/ 5N
BA IBA NAA (wuRwns)  WBuusle (wuRiwng)
1 0 0 0 0.800.20P 1.10+0.06° 2.00£0.55°  0.95+0.10®®  0.47+0.05*  1.00£0.00  4.00+0.56°
2 0 01 - 1.00£0.00%¢  0.94+0.13*®  2.00+0.58°  0.94+0.10°®  0.48+0.05*  1.00£0.00  3.00+0.31°
3 0 1 - 1.00+0.00%¢  0.98+0.19%®  1.20+0.20°°  1.05+0.14*  0.47+0.08° 1.00+0.00 1.10+0.17°
4 0 - 0.1 0.00+0.00¢ - 0.00+0.00 ¢ - - 1.00+0.00  0.50+0.25°
5 0 - 1 1.00+0.00%°  0.26+0.08°  0.00+0.00¢ - - 1.00+0.00  0.72+0.25°
6 1 - - 1.00£0.00%°¢  0.70+0.12°¢  1.50+£0.50°°  0.95+0.17®®  0.40+0.11%*°  1.00£0.00  0.66+0.20°
7 1 01 - 1.00£0.00%¢  1.04+0.11°®  2.00+0.45°  0.78+0.11°°°  0.36+0.06®® 1.00+0.00  3.60+0.32%
8 1 1 - 1.20+0.20%  0.88+0.13®  1.20+0.20°  0.70+0.08°  0.37+0.05° 1.00+0.00  0.62+0.15°
9 1 - 0.1 1.00£0.32%¢ 1.08+0.25° 1.50+£0.49°  0.62+0.07°°  0.28+0.01%°° 1.00+0.00  0.93+0.45°
10 1 - 1 0.40+0.24% - 0.00+0.00 ¢ - - 1.00+0.00  1.04+0.18°
11 2 - - 0.600.24 0.30+0.10¢ 0.00£0.00¢ - - 1.00+0.00  0.72+0.18°
12 2 01 - 0.80+0.20°¢  0.30+0.00° 0.00+0.00¢ - - 1.00+0.00  1.02+0.14°
13 2 1 - 0.80+0.20°  0.30+0.00%  0.00+0.00¢ - - 1.00+0.00  0.72+0.14¢
14 2 - 0.1 0.40+0.24% - 0.00+0.00 ¢ - - 1.00+0.00  0.96+0.31°
15 2 - 1 0.00+0.00° - 0.00+0.00 ¢ - - 1.00+0.00  0.98+0.37¢
16 4 - - 1.00£0.00%*¢  0.44+0.10°  0.00+0.00° - - 1.00+0.00  0.54+0.14¢
17 4 01 - 1.40+0.40° 0.52+0.08°¢  4.33+0.88%  0.75x0.10%  0.37+0.03®®  1.00+0.00  0.68+0.12°
18 4 1 - 1.00£0.00%¢  0.48+0.11°¢  0.80+0.37°¢  0.43+0.15°  0.26+0.12°°  1.00+0.00  0.50+0.13¢
19 4 - 0.1 0.00+0.00¢ - 0.00+0.00¢ - - 1.00+0.00  0.94+0.13°
20 4 - 1 0.00+0.00° - 0.00+0.00¢ - - 1.00£0.00  0.48+0.15°
21 6 - - 1.00£0.00%¢  0.50+0.14%  0.50+0.28° - - 1.00+0.00  0.90+0.12°
22 6 01 - 1.00£0.00%¢  0.44+0.12°¢  0.00+0.00° - - 1.00+0.00  0.76+0.16°
23 6 1 - 1.00£0.00%°¢  0.42+0.06°  1.75+0.62°  0.43+0.07°  0.20+0.03°  1.00£0.00  0.30+0.08°
24 6 - 0.1 0.00+0.00° - 0.00+0.00 ¢ - - 1.00+0.00  0.82+0.20°
25 6 - 1 0.00+0.00¢ - 0.00+0.00¢ - - 1.00+0.00  0.30+0.10°
26 8 - - 0.80+0.20°¢  0.30+0.04°  0.00+0.00¢ - - 1.00+0.00  0.74+0.15°
27 8 01 - 1.00£0.00%¢  0.38+0.04°)  0.00+0.00° - - 1.00+0.00  0.58+0.12°
28 8 1 - 0.40+0.24% - 0.00+0.00¢ - - 1.00+0.00  0.30+0.05°
29 8 - 0.1 0.00+0.00¢ - 0.00+0.00¢ - - 1.00+0.00  0.84x0.15°
30 8 - 1 0.80+0.20°¢  0.25+0.09  0.00+0.00¢ - - 1.00+0.00  0.30+0.11¢
F-test * * * * * ns *

] a’

newve: AnafeNmiumeiidnysnwsinguiuendisiulupedutiferiuiansisnnuwnnitmisaifegefideddgymeadiansedu

ATl 95 Wesliud (p<0.05) WislSsuiflsuAads Me3s Duncan’s New Multiple Range Test (DMRT)
* = fianuuanensiuegsiieddgnieada ns = liflanuuanensiuegsivedrfgmieada - = luaansatale

o

HAN1SANEITIIUEEARBIONUSTE WUIgRTBINT MS TN BA anududu 1 4 was 6 fadinSusiedns dana

' < a v o < = ' =3 a = = I=] = @ a a v v
sounudnusleliiaulugeniade 1 seadeiduuile (11wl 2) WalUIguiieufiugnse iy BA Aududy 0
2 uay 8 fladnsuredns Nlinuadsdiusesdeduuiletosnit 1 ven nsinasmuauNsRsydulafivnguesn
s oA i A a | ] =3 a 9 & a 4 a = = o
Fu fio IBA Uaz NAA Wu1dnse v s7iiu IBA dawadeunuiduusledaunlugeniaiesieduuile 1 gon Feiay
wanasfuegefited1Agynieadd dugasermsiivin NAA lngliduiugenmdeseduuslewindu 0 egalsiniy
dmsugnsemsiiiuiueennieseduuslonnfiande gnsomnsiiia BA 1 uaz BA 4 Jadniusedns sauriu IBA
0.1 fadnsusiodns laglidnuiueen 1.2 waz 1.4 vaa wiulainsldasaivaunsasydulaiivnguesndusiuiule
Talafiunsgauanududuludndruivnsauansatnihbiingenuiniu (1n5199 1)
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2l 2 dndnaansmuaunsasyivlansduuilovewzfsululug: (A) livasaauaunsasgyiuls; (8) IBA
0.1 Haansusaans; (C) IBA 1 ladnsusiadns; (D) way (G) BA 1 Hadnsunaans; (E) BAIBA 4:0.1 fadniunodns; (F)
BA: 1:0.1 fia@nsunadns

msiansaiyivlalaginanugisen nuignansiidmarienugiEenifianfo gnsems MS uazgns
9115 MS i BA 1 fladnfusiedng Jsdemalirinugeentade 0.7-1.1 lwuiwns (0wl 2) Tnewdefieuiugns
9137l BA Aisziuanutudiu 2 4 6 uag 8 fadniusiedns fleradmnududuiiguiuly dwaserugiweniade
anasdoduuilelsiinsianndugen dmiumsldasnguesndufe IBA uaz NAA wuingnsewnsiiii 1BA deuals
ANLGIBENNINNTINgATOISTIAN NAA Tnefianaunnstsiusgrsiifodfameada og1dlsiniunisld BA e BA
s 1BA lildsnasiemugesenuannaiunsadin (msnail 1)

dmsunismsianiseigivlalaetusuvlusiesen (35197 1) wuingnseimns MS uazgnsenmns MS 7
/Ay BA 1 wa 4 fadn3usiedns (1wl 2) dnseigivladavly ewSsuifisugnsenvsiiiu BA 2 6 uay 8
fadnfudedns eiinsieTydvedduiidesuinuisluivunidnun msvgasas wazldarunsatadild luns
WAL IBA W30 NAA LUl 1BA fnsduaiunsaiaiuladiudaulunningnseimsiiia NAA
uansnsiuegafitodfymeaia egslsinugnsemsidmwaliduilusesenunniiandonisly BA 4 fadniusie
dn3 $2uAU 1BA 0.1 fladnsusiodns Taelisiualuinndign 4.3 lusiesen

NATATIZNANUIT BA ddvsnansanuninlutazanusnluiaiuuanaaiusgrsddediAyneada
Taognse1uns MS uazgnseisns MS Aliiu BA 1 uaz 4 fiadnsusiedns finsasydulndiulusazdmasonnuning
vioaruenivetly (il 2) Lﬁ@Lﬂ%‘&JULﬁwqmmmﬁﬁLau BA 2 6 uaz 8 fadnTusedns Faiinsiadydruvesdud
towann lsianunsaiadle dmiugnsevnsiiiis IBA 3o NAA wuingmsomnsiiil IBA Tdiuduaduanugnuazaany
nevesly assiudnugnsoimsiil NAA dmanssudsduauemuazauniidly usegdlsinunisld BA vie BA
i 1BA TAadsenundlusasanueiluliunansiunsadi (nsei 1)

Tumsinnsasgidulnvessn nuimngnsevnsdssalidsiuiusniade Ae 1 s1nderduuile dlaifia
wana19iuneata wiegnelsfinunuinnsld BA s3uiu IBA e NAA fidvSwasiuseninuensinuanaaived el
oAy Imﬂﬁqmmmi MS ﬁlnjLaumim‘uqumiLﬁ]’%zyLauimmﬁﬂﬁmmzmimqqﬁ'qm

wiinsnzEswnusuuslensideululng nuidlodurihnsnzideduduansiusntudiuunuduuiled
msUdesansuveseenuthlidvesomsiinsdsuduiihmasou (1wl 2) Tunsmzidsunuduuilo ulf
nnyansnaaedazagnelianiznisliuasiimunuyaiiedtu egslsinmuainnsdann wuinSinuuadilasud
uansnafuiisndntiesidmanesninssenvieiaiyvesunuduuilelutasdansiusndaau Tnsynnismaassiions
IisuUsinauasiitosniniganismaaesdy InseiaiulndiusnidewSoudisutugamsvaasdu
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dyduazaiusienansivg
IﬂaﬁﬁlﬂLLﬁiﬂﬂiLWWSLgﬂﬂLﬁaL?jaﬁ%ﬁﬂ%5ﬂﬁaﬂHaﬂﬂﬂﬁﬁgwgwaﬁi@miLQ%@QL@UIWUENW‘W]ILW’]%LgﬁJﬂ Fadadui
ity 1dun oia 01y wardudiuvesiisitumiziies ownsildluninmsdes Jedensduanden
(Kuamanee, 1995) safadnwzmeiugnssuvesiivie Sudmuazanefivihiunimegdomedauaunsofiagiiin
FniliAsnnasyiulafiunndistu Ssenainanmsairsussnisasanasauaunmsaiyiulaluiiegeiives
‘VI%EJR]’]ﬂﬂ’]iLaua’ﬁmUﬂuﬂ’liLﬁﬁmL@UIG]IHE]’IWW?LW’]SL?IENL‘f!’E]L?JIE) uaﬂmﬂﬁﬁuﬁm°uadmﬁm‘u@umiw%zy@ﬂmﬁmmﬁd
é’miﬂd’;ummLéﬁu%'uizijmiﬂfjuaaﬂ%uﬁ'ﬂsﬂmiﬂﬁuﬁiﬁ%'ué’mwaGiaﬂ’lil,ﬁ]%zylﬁuimmLﬁaﬁaﬁmé”m (Khamparat,
2005; Bunnag, 2013) 61@mmiﬁéamaﬁiamiw%m@ﬂmmLﬁa@iaﬁ%ﬁﬁm%wwL?ﬁumﬁ’mlfziuﬁ’u (Bunnag, 2013) Tu
nsimzidsunuduuslensideululng vugnseins MS wargnsons MS Miiuarseuaunisiasydulnisndy
sondudaduansidununlunsvensrnnveseadiiv n1siinsn uaznisiinuaada (callus) (Thongampai, 1986)
1#uAl indole-butyric acid (IBA) waz napthaleneacetic acid (NAA) maugivansnaulalnladudsifinadonisnsedu
NSWUATAaNY AIUANNTAS 0TI LagnITeAUNMILANAIU1S (Kaweeta, 1998) Ao 6-benzyladenine (BA) Wu31vn
grsemnsdwmasiemsiasaivlavesunuduuilenzifelulvg fo S1utusenndssoduuile anugeen s1uuly
fogan ANNENILU ANNINTU warAINE12TIN WenAsAuRgeltud1AYN19Eda eniudnuusnlidaunangng
funnsadia Tnegnsemsfiiy BA $auiU IBA ve NAA fidvswasiudusdensaigiiulavesunuduuilensidouly
Tuig) drures Purugen 1LY warANE1IIN AANULeNANTueg1lltud Ay nIseia nMsnzdswnususle
nzidoululngiileriindnnusen aziiuldingasenms Ms Mdy BA mnutudu 14 uas 6 fadn3udedns dewasie
unuduuileliianduseniiigaiade 1 veareiduuile dellanuaenndouazlndlfssiuauideifinngfu BA 1

a a o 1

fadnsusiedng lugnsemis MS mmm%’ﬂﬂﬂﬁﬁmaamﬁﬁqm Tumsimnzdssanas (S. robusta) (Singh et al., 2014)
12609917 (Taminadia uliginosa Retz.) (Puttharak and Yookong, 2011) kaglwy SIRLE (Gmelina arboreq)
(Nakamura, 2006) ’Lu%mzﬁlmimwmﬁymLﬁaLﬁaLmuLﬁuﬁiawwau (S. roxburghii G. Don) (Scott et al., 1998) wag
Fovadliidn (Tectona grandis) (Chanprem et al., 2018) Tagwuingnse1ms MS Miu BA 5 uaz 6 fadnsusiodns
ANEIGU a’m*ﬁa%'ﬂﬁﬂﬁlﬁmamﬁﬁqm agslsfmunansnaaedlunuidedl Qmmmiﬁlﬁu BA AMLTLTY 0 2 LAz
8 fadnsusiodns IAadssuiugendeiduuiletosnd 1 sen lidenndosssauiteuieneny Wy msmzides
mganwaznialinguan (Aquilaria crassna) (Mongkhonsuk et al., 2007) waginwinuinu (Sauropus androgynus
L. Merr) 914 BA 971 2 -3 fladnSusiodns mmmsﬁﬂﬁﬂﬁﬁmaamlﬁﬁﬁqm (Puttharak and Yookong, 2011) agnslsA
puflssidonisngdsaiodolingfeunes (H. odorata Robx.) Sudufivanaiieatuiunsfeululug) (
therelli Pierre) UU@IM158A5 MS Ay BA fimnandudu 8.9 lulasluans damadamnﬁmaamﬁﬁqm (Scott et al.,
1995)

INHANIANBIDNTNATT IBA Wag NAA (131971 1) uazrHanITIATIERAILUSUTILUUUADINIT (two-
way-ANOVA) wui1n15ld BA 5aufiu IBA w5 NAA figvsnasiuiusonisasgiiuladiuves duueen d1uiuly was
AL fnnsuananaiuegisiidedfynisadia Inogaseimnsiiiiy 1BA favSnadaadunisiaiudulaveauny
Wuulenzifeululng dwiueen anugwen Sty LLaammmaﬁmﬁﬂdwg_jmmmsﬁLau NAA ag3lidedfsy
neadA deanmsfinsandwiugenndeseduuile qmmmﬁﬁmmzawiamiwmLﬁymLLﬂuLSmﬁI@mLﬁUﬂﬂmj
fio gnsewnsTin BA 1 waz BA 4 fadn3usiodns Saudu 1BA 0.1 fladnfusiedns (1wl 2) Tngldwausen 1.2 uas
1.4 990 AIUAIAY 6'7’}@L‘i‘]uIUmwa‘”ﬂmssuaqmsﬂizﬁumsﬁwmLLazLU?}I&JuLLanaqLﬁaL?J'aﬁszmamimU@aJﬂﬁ
La%zyl,auimaaﬁmﬁﬁﬁmiwﬁmmaﬂsﬂmiﬂﬁugaﬂdwaaﬂ%ummm%’ﬂﬁﬂmiLﬁmJamiﬁai’wmuma (Bunnag, 2013;
Kaweeta, 1998)

smomslundargnsenslunisnsidsniadeds Sdanusndulunsdnilffednsiauiuas
Wasuulas orafimaniilfiAnunadavioaunsadniiliAnsonvionnld @073 dundny, 2508) maddedidliges
9IS MS LlB99819LAY7 %ahimmmuaﬂié’dwqmimmi MS fidvsnasenisiasyiulnvesnuduuslefivanyan
yi3elil Hadoraduldlfiemsgns Ms udildmnzandenamedsadeBonsdoululng@aduliify Sseeu
nmfemamzdsaiedefivngulifunarssialéinsldomsgasiiferusumedeliidonds wu dnsldgns
871913 woody plant medium (WPM) TumimwmgmﬁaL?JamzLﬁauwaa (H. odorata Robx.) (Scott et al., 1995) 15
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wnzdsaieifodmvesmeenuazndraeslinguan (Aquilaria crassna) (Mongkhonsuk et al., 2007) Maiweides
dndefifnludsmwesensun (0. alatus) wazenensn (O. intricatus) (Linington, 1991) msinziaesendnestadey
wazluiissvenmnnaes (S. macropodium Beaum) (Khamparat, 2005) sethidumsiinunismeidsaiodonsifiou
Iuimg'ﬂ%y’wialﬂmiﬁﬂ‘mim&Jﬂﬁﬂ%’uﬁqmmmi WPM ﬁaqmmmiguﬁw aglsimuisenuinisldansens
WPM o1adawasionsiasyiiulndusinlalifininiingg (Scott et al, 1995) Yaqtiufissniddefedumsliussloud
nasdundsssuvd wu msldninnuludunaulugasenmsvieleduniddmsudgniiy lesannninnuld
smeInsUsdafiansadaaiumsiaiauivlavesiivld Maikami (2021) lésenunanisidenshnnnuminesly
Auvgnitntfadu wuindudgniinauninniun 5 10 uaz 15% Jnaduaiuszeriaiindemsenuaziviinsenyeaudn
fnteduldd avdunislémnnmundemsduridsssumatuoradusumdunsinunnismsdendodonsfeuly
Tnggadwsiolule

dedoflvunswinesiinsusesansusvnevunesiineenu dunrldnnemsimisideweiifindomied
haren miméwﬁmmﬁumiﬂéu phenolics (Chirakiatkul et al., 2018) FaftwildlunisdnewiadediJuiialuaed
Dipterocarpaceae fignwazluiloliifithendlaniodu (resin) ansfivaesanlifanansifen (Hopea) A9 dammar
resin (Bupbanphot et al, 2013 Ridley, 1900) mmﬂulﬂimwmauumamams&mmmiwimmﬂmmmawa Imﬂumi
Meiddensmnzdsaiode wy nsveeugdumingie (V. diospyroides Symington) wazmsziasaiede
NUIN84 (S. macropodium Beaum) wuandin1suasgaisdiudetsesnun wazladnsuidgmleenisiduaiuiudua
(activated charcoal) #3913 polyvinylpyrrolidone (PVP) Iug_jmsmmnwwL?:w,ﬁaL?jaﬁmmmmﬁﬁwLﬂmﬂai%uﬁ
miLf\ﬁzyLﬁuimﬁamiﬁwmﬂmmaﬁaLﬁaLU%'EJULﬁ&J‘uﬁuqmmmiﬁlﬂé’flﬁmﬁma'wﬁ (Srisawad, 2007; Khamparat,
2005) fefulunisinwadasielunisfudiutuiuduiedas PYP luetmsmizideuiiedofia vaiidmuindinnsly
wiadlA bridge culture IﬂEJﬁﬂssmwmaQ@Jm%’umimmsmﬂmmimmﬁ‘ﬁmi@ummuﬁuﬁu@iﬁaqmﬂLﬁal,?iaﬁmi
Udowansdtima (Linington, 1991)

nsnzdsunusuuslensdeululngadiivhnsthadedoudumededuannsiliuasaindifanudy
wasdszana 42 lulasTuasemaaunssedunit 16 FalusteTuiud fufunsinuadsdldamnsavenlddnauintade
youadnanonIsnszdunsasyiulnveswnuduuilotiausnle amﬂiﬂmumﬂmimﬂwwauawﬂms ‘Wmﬂmaﬂ
gaudazsiafinsasyivlnneldannefisumzunnsieiuly 3 ma’maamammﬂummil,wm,a&Jamamﬁﬁumawuﬁ‘w
upnenafiueenly (Sasaki, 2006) m‘m‘umimwwLamLuaL&Jawunqﬂmumwummmﬂ'ﬁmmmhmqLLiﬂmaqmiLaﬁy
simsneasiiode Wy mamzdsanuduuilelinseey (5. roxburshii G. Don.) Tnamnzidesliiisn lutas
Sunsiwziass 1 §Uandt Aeutheuumiasduiituas (Scott et al, 1995) fatndunsAnuadadnlunsineuas
Usumsliuasainslunmsinzdeunusuuilonsifeululnade

Hagtussnunsvsesiusivliutunioliideudeineiinnmndsaiededidogsuaulsiundn
ilosnnisnevavesenilodeiivdoaniiznsinudesdsldmanzan lunsAnwedeididunsinundedu Tne
nsAnuNBvEwaTes BA Sauffu NAA wie IBA dentsialaiivlsveswnuduuilenzideululng Tunsanwadsely
ghnsineuiindilaemnsiedudniu 4 vewmsdsululng wu Yarssen Yo ddu wazsin vuddemanilay
Huusglovdsonsveneiiusionaylifuiioniseyindvesiinlndgapiuglaveld
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Abstract

Quantitative measurement of the quantum genotype of mutated amino acids in the S protein on
different variants of SARS-CoV-2 was performed with Chern-Simons current. The Chern-Simons current in our
proposed novel approach was used to plot the curvature of S protein folding based on mirror symmetry and
add more extra properties of central dogma in biology. The Yang-Mills field in genetic code is an induced
curl operator of parallel transport of unified field between hydrogen bonding between 3 types of biomolecules
over the Lagrangian system in (d, r, p)-layer coordinate system on a tangent of the four-dimensional manifold
defined by the surface of behavior field in twisted torus spanned by four nitrogen bases of A, T, C, and G. The
empirical analysis of quantum genotype of S protein between 17 January 2020 and 30 June 2021 was reported
in the histogram with left shift. The prediction of the genetic variation in S protein of various variants of interest
and variants of concern in SARS-CoV-2 were computed by using a machine learning algorithm based on support

vector classification over the fitting parameter of the quantum genotype with good performance.
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Introduction

The hidden relationship between the changing of curvature in the curve shape of Spike (S)-protein
folding and mutations occurring in the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) genetic
code was one of many open questions for scientists from different fields (Kanjamapornkul, Rongrotmongkol,
and Hannongbua, 2021). In the quantum biology approach, this issue can be explained in the context of
theoretical investigation. In the reproduction process of SARS-CoV-2, the ability to change the frame of
reference in the adaptive behavior of the virus for survival in nature with parasitism state induced the quantum
transition states by deleting some genetic codes of S protein inside the circular tube of viral RNA and producing
the new mutated quantum genotype in the excited state. Delta variant contains a double mutation in 4 amino
acids in the receptor-binding domain (RBD) of S1 and two deletions of residue numbers 157 and 158. This is
in contrast to B.1.1.7 or Alpha variant with a single mutation and three deletions of amino acids in the S
protein. Prediction of future mutation with a new location and new deletion position of amino acid in the S
protein of the new variant is concerned (Li, F., 2016). The adaptive Yang-Mills field was defined in Chern-
Simons current in genetic code of all living organisms, including viruses. If the S -protein curvature is not in an
equilibrium state with ACE2, the virus will be blocked out and tried to change its curvature with an adaptive
Yang-Mills field in the genetic code.

The source of the adaptive genetic fields related to the natural selection process induces the mutation
in the genetic materials. The new definitions of these behavior fields in genetic code involved curvature in
protein folding in the cohomology theory of central dogma (Capozziello et al., 2018). In this work, we redefine
them by borrowing the mathematical structure of Yang-Mills fields in physics (Capozziello, S., Pincak, R. and
Kanjamapornkul, K., 2017) and adding more properties in parallel transport of behavior fields in the four genetic
codes. The new definitions of a mathematical model on four-dimensional manifolds in quantum biology were
used to explain the source of adaptive curvature in S protein upon binding with the host cells in various living
organisms (Pincak, R., Kanjamapornkul, K., and Bartos, E., 2020a). At the time of research, N501Y.V2 VUI2020
B.1.1.7.2 (Alpha), B.1.617.2 (Delta), Gamma, lota, Eta, Lambda, Beta, Kappa, and Mu are SARS-CoV-2 variants of
interest and concern. More mutations such as Delta plus and Alpha plus are under monitoring with an expected
impact on business and society with lockdown phenomena (Mlcochova et al., 2021). The typical way to detect
the mutation in the S protein of the SARS-CoV-2 variant is through an alignment method over the alphabet
code of the genome (Ali et al., 2021). Many problems with this method exist, such as the time computation
being too slow (Sathipati et al.,, 2022). Moreover, the sorting algorithm over the string alphabet gives all
statistical parameters limited for quantitative measurement (Kumar et al., 2021). Therefore, the new approach
of Chern-Simons current in quantum biology was introduced for measuring the curvature in mutated S proteins.
Using this approach, all statistical parameters can be computed and input to support vector classification to
predict the new possible mutations in S protein (Kanjamapornkul et al., 2017). The detection of the source of
genetic variation in new types of nine variants of SARS-CoV-2 was an indirect application of algebraic topology
and cryptography (Anshel et al., 1999). Another point of view is that the curvature in hydrogen bonging of [Al-
[T] and [C]-[G] can be visualized with a two-form differential, which can be extended to three forms by using
a Chern-Simons current (Capozziello et al., 2018). The curvature in three alphabet codes in codon was defined
by the smallest subunit of amino acids in protein folding. On the other hand, the new coordinate system for
plotting the curvature in the genetic code had a source from 20 amino acids with transitions in the (d, 7, p) -
layer (Figure 1). One question arises from the new theory of cell biology. What is the relationship between the
smallest subunit used to represent the living organism and the curvature of the protein docking system? The
answer to this question allows the new definition of the (d, 1, p) - coordinate system used to construct the
new algorithm to be applied. The Information in genetic code produces the curvature by rotating a biological
clock like a Caesar key used to authenticate the correct folding in the protein-protein interaction system. In
guantum cryptography for biology, this encrypting state is the analogy to the smallest subunit of ciphertext

for encoding in the genetic code and transmission through the cell signal channel. The peptide bond in protein
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folding can use the Minkowski cone with an embedded parabola equation for regression to define and detect
the mutation in the configuration space of this undivided smallest subunit in the genetic code (Pincak,
Kanjamapornkul and Bartos, 2020b). The transitions between DNA, RNA, and protein were used to redefine the
old algorithm from public and private key pair in a qubit state in protein folding to the new definition of Hopf
fibration in the Kolmogorov space of biological time-series data. (Kanjamapornkul, and Pincak, 2016).

The mutations on the SARS-CoV-2 S protein were highly considered (Andersen et al., 2020), because
its composition is used for binding with receptor proteins. The S protein has a high degree of genetic variation
(Schoeman and Fielding, 2019). To detect the genetic variation part of S protein means detecting the change
in adaptive behavior field in the genetic code of SARS-CoV-2. When this component is replicated to the next
generation through viral replication, some contaminated noises exist within the natural source of quantum
genotype that gets mixed with the origin of the S clade into many SARS-CoV-2 variants. In this research, the
nine variants of concern were selected as the mutated S proteins for quantitative measurement of the
guantum genotype of SARS-CoV-2. The prediction of the new possible mutation was conducted by using the
classification between mutated and non-mutated amino acids 401-520 that covers the area of the RBD domain
(Kumar et al., 2021). The genetic variation detection of S protein can reveal the source and origin of changing

curvature in different SARS-CoV-2variants.

Theory and Methodology

In quantum chemistry, the S protein folding state is visualized by using a coordinate of atoms in each
amino acid and the electrostatic potential of the electrons in each atom that forms their molecule in the
Euclidean space. For this reason, the computation is costly and takes a lot of time. To solve this problem, the
new concept of quantum biology allows us to define the new coordinate system (d,r,p)-layer of three types
of behavior fields in biomolecules, DNA, RNA, and protein (Pincak, Kanjamapornkul and Bartos, 2019). These
new quantities of canonical spinor states are the foundation of unified hydrogen bonding in nitrogen bases
[AI-[T] and [CI-[G] for the three undivided components of three types of biomolecules into behavior field in
the twisted torus surface based on the central dogma (Kanjamapornkul, Rongrotmongkol, and Hannongbua,
2021). Moreover, the coordinate of hydrogen bonding in viral RNA, 13 has 1-1 maps to coordinate of S protein,
pi, and coordinate of host cell receptor protein p; = d; in the chain sequence in the extended central dogma
1 - pp > d;
Definition of (d,r,p)-Layer Coordinate System
Let ([A], [UL,[C], [GD:= (x,y,2,t) € X € Rf = H = C X C be a coordinate of viral RNA in the open set
X in the manifold of the genetic code of S protein. A chain sequence of transition state along with the central

dogma from viral RNA state to S protein state in the replication process,

05X = CX) S 03005 ) - o. (1)

The expression above is equivalent with differential form in De Rham cohomotogy in differential calculus,
0—>X—>Q°(X)—>Ql(X)—>QZ(X) —>Q3(X) —>Q4(X) =0, )
05x3dx S azx S a3x S ax=o. (3)

In guantum biology, the new definitions of the coordinate system for four alphabet codes in SARS-CoV-2 are
obtained using the chain sequence above with adding some extra properties of Lie transport of support vector
of behavior field along the unit circle of the predefined plane wave function in Frechnet-Serret formulas for

moving frame (Kanjamapornkul, Rongrotmongkol and Hannongbua, 2021).
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Wave function of S protein in Quantum Biology

In this section, the plane wave function of four alphabet codes is defined with a Hamiltonian operator for
the eigenvalue of their behavior field in fiber space of moving frame of (d, r,p) -layer.

Definition 1

Let € be the evolutional field in genetic code, and 8(t) be the evolutional path along the biological clock t.
The x¢ = (ecosB(t), esinB(t), t) is biological time-series data of genetic code. The (d, r, p) -coordinate of
genetic code in three-dimensional coordinates of cylindrical coordinate over transformation from four alphabet
codes in four-dimensional manifold to (d, r, p), and to (g, 6, t). The evolutional field is defined by varying
the distance in radius. For simplicity of the study, we normalized to the constant radius in the unit circle €=1.

The eigenvectors of the transition state in four alphabet codes are defined by,
2T

x[a] (1) = (cos0,sin0, t), xc)(t) = (cosg,sing,t),x[U] (t) = (cosz?n,sin?,t), (@)
and
X[ (D) = (cos%,sin%ﬁ,t) ) (5)
The spinor fields in genetic code are the projection from the quaternionic field into two complex planes with
predefined wave functions in the first d-layer mirror of the left chiral plane in quantum biology.
Definition 2
The plane wave function of behavior fields in four alphabet codes of S protein is defined in general form

over the unit circle by,

Y = el® = cos@ + isin@ = (cosH, sinB)eS* c C, (6)

with Hamiltonian operator for eigenvector of [AL[ULIC], and [G], in d-layer of fiber space,
Ho-q¥ = d‘:—ge) — jel® = elzeld = ei(9+ ) dw(e) —p lo=0 = cos> L 151n— = xq¢) (D, (7
Hopn¥ = dz;yée) = () (i)e'® = ei“eie = e1(9+“) d* :;(e) lp=o = cosm + isinm = xy (1), (8)
Ho-(q¥ = d° Lp(e) = (D)D) (1)e'® = 'z ele i(e+ ) d3;ye(e) lo=o = cos3—n + isin3—1T =xig1 (0, ©)
gy =& :;(9) —(i)()e'® = el?2mel® = e‘(eJ'Z“),dL(m lp=o = cOS2m + isin2m = x4)(t).  (10)

The eigenvalue of the behavior field in genetic code is a projection from the quaternionic field to one side
of the left chiral mirror complex plane of their hidden spinor field. It is a hidden eigenstate because these
guantities are not actual values.

Definition 3

The(d, r, p)-layer coordinate system is the cyclic cylindrical coordinate with fiber space in the plane of cyclic

polar coordinate in the projection of viral RNA state discontinuous transcript into S protein state. We have

((%,y),2) = ((r,p), d) with

x(t) = (cosB(t),sinb(t),t), (11)
r(t) = %(cose(t),sine(t),t) = (—sin0B(t), cosO(t), 1). (12)
The normal vector is p(t) state with
p(t) = 5 = (—cos(t), —sinb(t), 0),d = r X p, (13)
220 = —(3 ®), (14)
d:l(tt) = xp(V), (15)
B0 = —r(t) + pd(o). (16)
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(A) (B)

Figure 1. (A) The moving frame of (d, r,p)- coordinate system in the curve shape of protein folding with
tangent and normal vector. (B) The induced behavior field in genetic code from moving frame in fiber space

of tangent of the manifold of curve shape in protein folding with Minkowski cone in the ray of (d, r, p)-layer.

Relationship between Yang-Mills behavior field and the curvature in S protein folding

We define f with A,=p, an inertial behavior in genetic code analogy with mass in quantum biology. It is an
inertial behavior in the frame of reference in the Jacobian transform of (d,r,p)-coordinate system defined by
quantum genotype g;j. The curvature in viral RNA folding is as a source of Yang-Mills behavior field in SARS-
CoV-2’s viral RNA. In this research, we choose —l"i’;(g) = —A, = f(B) for function f, implying that the
guantum genotype is a source of curvature in the docking system in S protein binding to ACE2. This curvature
change is the source of Chern-Simons current in the evolutional path of parasitism state between virus and
host cell. The curvature in S proteins of SARS-CoV-2 can directly be computed from their genetic code of
amino acid sequence appeared by using coordinate transform over the behavior field in genetic code
AT (gij) =4, = Fl-’j-. In general, A,-x(g) is an inertial behavior in the adaptive evolutional field in quantum
genotype analogy with parallel transport of (d, r, p)- -moving frame in fiber space of tangent of the manifold.
It is an inertial behavior in the frame of reference with the left translation of hydrogen bonding between [A]-
[U] and [CHHG] in viral quantum genotype g;; of S protein. In this case, l"i’;(g) =4, = VXt (r) for van Der
Waals force field Vé*(r) = riﬁ was used. By the fact that the inversed expression contains six roots, the

guantum genotype is a source of localized Lennard Jones potential (Jones, 1924) along the curvature of
protein folding in the docking system of protein-protein interaction with six hidden transition states.

Let the coordinate transform g;; be a cocycle of quantum genotype. The coordinate system is on
the surface of twistor in a four-dimensional manifold represented the behavior field in genetic code as a source
of evolution to exchange the hydrogen bonding between configuration spaces of the viral RNA state 1;,7; €
{[A],[T],[C], [G]} in two charts of open set in the tangent of the manifold of the co-living organism. The
connection Fl-';(g) ,

r4(9) = 59" (019u + 019y — 0.9;). (17)
The connection localized between three types of changing fields in each cocycle along with the fiber space
of gauge group action g;; € G in the tangent of the manifold as a source of Lie transport of support vector in

Poisson bracket for parasitism state between SARS-CoV-2’s (+) mRNA and host cell synthesis of (-)-mRNA prior
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to the transition to (+) mMRNA again as the next generation of new synthesis of viral mRNA, and S protein from
host cell tRNA.

. Type—II
We use Lagrangian, L P

Virus (1 1") for the system of viral (+)-mRNA- host cell (-) mRNA interaction

with underlying genotype written in terms of cocycle g;; of Jacobian transform of the coordinate-system in
viral plus strand-RNA of SARS-CoV-2, < r|, with quantum genotype g” and host cell minus strand of
discontinuous transcription, |’ > for this internal reproduction process between SAS-CoV-2 and host cell. It is
a change of coordinate system underlying plus and minus-RNA sequence of quantum genotype g” between
<rlr' >:=g" <r, 1 > LetX = S3 be a manifold of a living organism with the localized coordinate system
of the spinor field in genetic code along the fiber space of protein state x = (r,p(r),d(r)) €
X, LR T X X R - R

The viral replication process in the host cell is the analogy with the flow of coordinate system by the
transformation of alphabet code in four-dimensional space to Minkowski space with the extra dimension of
the biological clock in each (d, r, p)-layer. The changing frame of inertial behavior field in genetic code of
living organisms generate all behavior fields by six differential two forms in ©%(X). We denoted these six
components by (4%, AT, Ap,Ad*,Ar*,Ap*). These connections induce adjoint cofunctors of the interaction
between six types of behavior field which formed an open set of sheave cocycles in Groethendieck
cohomology in biology for a source of the canonical coordinate of quantum genotypes in all living organisms,
M = {0,a,047,0yp, OAd*, OAr*,
coordinates system along the parallel transport in biomolecule is a discrete topology in Kolmokorov space
with power set P(M),n(P(M)) = 2° as a source of 64 transition states in the codon. The elements of M

are pairs of localized hydrogen boinding between two biomolecules with left and right chiral supersymmetry.

OA,,*}. The Groethendieck topology for measuring the distance in the six

According to mirror symmetry in the extra dimension, the observation can occur only in one direction.
Therefore, we observe only by using the Hodge start operator between three differential forms over six-
dimensional manifold M, *: Q3(M) — Q8~3(M). This star product is an origin of anti self-dual, AdS form in
the 20 amino acids of protein state since the total number of differential three form over six-dimensional
manifold is equal to 6, = 20, the number of 20 amino acids in nature by biogenesis of 64 codons. The least
action of the geodesic path over 64 genetic codes is a new definition of Chern-Simons current over behavior
field,
A=Ay, F = dA = curl(A), «F = —F, Scg=-_[ tr(ANdA+3ANANA) (18)

where k = 1,2,---,64. Let the least action defines the curvature of L-amino acids S¢g over the momentum
space of protein state p = aAu and spatial space of RNA T = A, where A4, is a behavior field in genetic code

with inertial behavior f; ;=1 ... 20, for 20 L-amino acids.

Definition 4

The Yang-Mills field in genetic code is an induced field by using curl operator over a connection,
Fv=0,A, —0,A,. (19)

The dual behavior field in AdS is * F,,, = —F" and < F* F >= —F?2, where Au is a connection or intrinsic

gravitational field from the spacetime curvature effect in the protein-protein interacting system.
Algorithm to plot the curvature in (d,r,p)-Layer Coordinate System
The Chern-Simons current in genetic code is different from Chern-Simons current in physics due to the
underlying manifold of a living organism X, = S3 =R} = H = C x C.
Definition 5
The Chermn-Simons current in genetic code J" is defined by a change of the curvature of the interaction Yang-
Mills fields between the SARS-CoV-2 S protein and host cell receptor protein or antibody,
Bos = 2K [ tr(AAdA+2ANANA), (20)

1
p__1 b 5 %es _ 9 X

J 4<F“"*F > A  dAam
where F, is the Yang-Mills behavior field curvature in proteins of the SARS-CoV-2 under the cocycle of

quantum genotype gj; of the viral RNA state. The quantity of F*Y measures the curvature change between
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the group action of the cocycle of the quantum genotype gl of the behavior field in the underlying DNA
sequence of the host cell receptor protein.

The explicit form with transition state k is written by

Jrk = /ésin(é), k=164 (21)

The resulting computation of all propagators in 64 transitions in the codon table for plotting the curvature
directly from the average of those values into 20 amino acids is shown in Table 1 (Capozziello et al., 2018).
Dataset

All samples downloaded from GISAID were used to study the genetic variation between unmutated
S protein in S clade of SARS-CoV-2 and mutated S protein in nine variants of concerns. In this research, the
empirical analysis was employed on the two data groups with 774 selected samples. The first group was the
biological time series of chosen genetic code randomly with only one sample of sequence of about 1273
amino acids in S protein per one submission day from 17 January 2021 to 30 June 2021 within 504 samples.
The second group of samples was selected 30 samples per a variant of concerns. The list of nine variants is
Delta, Gamma, Beta, Alpha, Mu, lota, Lambda, Kappa, and Eta within 270 samples of selected S protein

randomly. We have 774 samples of S protein from two different groups of the study.

Results

The new algorithm of the Chern-Simons current was performed over all the samples in the dataset yielded
two main results. The resulted running with the first type of algorithm of Chern-Simons current for computing
the time series of quantum genotype for detecting the mutations within the two-year samples. The second
algorithm was Chen-Simons current in the physiology of time series in which performed over the second group
of S protein with nine variants concerned for the classification of mutated amino acids. This result was used
to forecast the mutation of variants in S-protein with a support vector machine between nine variants and S
clade. The details of both two algorithms are shown in Figure 2. The new method of plotting the genetic code
using the Chern-Simons current was applied to classify the similarity of the shape of the wave function of the
S protein of samples. The similar wave function shapes imply that the quantum biological states in the genetic
code have similar transition states. The Chern-Simons current in the genetic code of the SARS-CoV-2 S-protein
was computed to measure quantum genotype by fitting the parameters in the parabola curve. The quantum
genotype in the Chern-Simons current of 30 samples in nine variants of concern was caulculated. After that,
we evaluated the fitting regression parameter of the plot in the trend of the Chemn-Simons current with
guadratic and cubic polynomials and measured the difference between the regression coefficients to allow a
guantitative measurement of the transition state from the mutated and non-mutated amino acids in different
variants. It was a complementary approach to the qualitative sequence alignment method with input
parameters for the machine learning algorithm. The computed regression coefficients 1, B, and B3 from the
equation ¥, = B1x2 + Bx; + B3 of B in the genetic code of the S proteins from 504 samples shown in the
histogram of Figure 3. The fitting parameters are summarized in Tables S1-S6 in Supporting Information. The
spectrum image in the mutation of amino acids 480-520 in January 2021 shows that amino acids 484, 485, and
486 are more yellow than others (Figure 4). These locations in RBD offer more evolution than other amino
acids in periods of 1-31 January 2021. Moreover, we observed from the image pattern in each amino acid in

RBD that Mu is similar to Lambda as seen from the pattern of blue color (Figure 5).

The performance of prediction of mutated amino acids in S protein
The calculations of the quantum genotype in mutated S protein of nine variants were performed by using the
second algorithm of Chem-Simons current in physiology for 270 samples and fitting with parameters in

quadratic equation y; = B1x2 + Box: + Bs.
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After that, the classification between mutated and non-mutated amino acids was considered using support
vector classification with a radial-based kernel and the input of two classes with two factors. These two factors
are the coefficient f1and B3. The first class was assigned the value of 1 for the mutated amino acid. The
second class was given -1 for non-mutated amino acid in S clade. The results of the classification of the whole
sample of mutated S protein between Delta variants and other variants with 30 selected samples are the
coefficients S,and B3 in Figure S1 in supporting information. The forecast of mutated and non-mutated amino
acids in between nine variants and S clade is shown in the scattering plot with support vector, and the
separated plane is illustrated in Figure S2 in supporting information. The machine learning algorithm in this
research supports vector classification with radial base function as the chosen kernel for training with 80% of
random amino acids 401-520 in S clade and variants of concem. Training the known samples is a support
vector with the separated plane (Figure S2 in supporting information) for classifying the unknown sample.

The performance of forecasting of unknown test sample for 120 amino acids in residue numbers 401-520 are
given in Tables S7-S9 in supporting Information with percentage of correction counting from 120 amino acids
in unknown test samples. The results are as follows: 75% for S (non-mutated amino acids) 80% for Delta
variant, 91.66% for Alpha variant, 79.16% for Beta, 79.16% for Gamma variant, 81.67% for Mu variant, 83.33%
for Eta variant, 86.67% for Kappa variant, 80.83% for lota variant, and 86.67% for Lambda variant. The
guantitative measurement of quantum genotype in each mutated amino acid in nine variants is focused. In
our 270 samples, 39 mutated amino acids are detected in the nine variants. The computation result was
comparative with non-mutated amino acids in S clade (Table 1). This procedure was successfully applied to
detect and classify the mutation between unknown and known variants. The difference between these two

guantities implies the changing of curvature in S protein folding in each amino acid in quantum biology.

A7 start
Start | !
Stop =

r . \
Input amino acids in
alphabet code of

S-proteins
Forecast beta parameter
Compute Chern-Simons Current Compute Chern-
Simons current in
Fit data with polynomial genetic code
‘ degree 2 and 3 l
Do (ITD-IMF)chain(1) Transform

Compute (d,r,p)
Generate Image of Spectrum directions in connection

of Tensor Carrelation

Plot Trend of (ITD-IMF)chain(1)
Multiply Chern-Simons
current with 3 nodes of
Plot Tensor correlation direction
Calculate Tensor Correlation T I
[ )
Compute (ITD-
] IMF)chain(1)
Calculate Tensor l

Correlation
\ Plot trend of (ITD-
IMD)chain(1)

Figure 2. The flowchart of an algorithm for the plot in (d,r,p) coordinate system. (Left) The first type of algorithm

of Chern-simons current in genetic code, and (right) the new algorithm of physiology in biological time series

data for the measurement of quantum genotype
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Figure 3. The histogram of quantum genotypes of S protein in 2020-2021. There is a value shift between
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Table 1. All mutated amino acids in S proteins from different variants of concern. The measurement of

guantum genotype between mutated and non-mutated residue is also shown.

No Amino Acids
1 L5F
2 L18F
3 T19R
4 T20N
5 P26S
6 Q52R
7 QT75S, G75V
8 T76l
9 D80A
10 T95I
11 D138Y
12 Y1447
13 E154K
14 E156G
15 R190S
16 D215G
17 D253N, D253G
18 R346K
19 K417T, K417N
20 L452Q, L452R
21 T478K
22 E484K, E484Q
23 F490S
24 N501Y
25 A570D
26 D614G
27 H655Y
28 Q675H
29 Q6T7H
30 P681R
31 AT01V
32 T859N
33 F888L
34 D950N
35 S982A
36 T1027!
37 H1101D
38 V1176F
39 D1118H

Variant

lota

Gamma

Delta

Delta

Gamma

Eta

lota, Lambda

Lambda

Beta

lota, Mu

Gamma

Mu

Kappa

Delta

Gamma

Beta

Lambda, lota

Mu

Gamma, Beta
Lambda, Delta, Kappa
Delta

Kappa, Eta, Beta, lota, Mu
Lambda

Alpha, Gamma, Mu, Eta
Alpha

All variants

Gamma

Lambda

Eta

Mu, Kappa, Gamsnma, Alpha, Delta
lota, Beta

Lambda

Eta

Mu, Delta

Alpha

Kappa

Delta

Gamma

Alpha

Bs
-4.2572
0.5784
0.0616
0.4536
-0.1726
-0.0112
0.0385
0.2344
-0.1781
-3.8385
0.1707
-0.2014
0.1172
0.0293
0.4232
-0.0217
0.7827
0.1344
-2.4618
-0.0412
0.2191
0.0948
-0.0365
-2.6878
0.1553
-0.0400
0.1729
-0.1431
-0.2581
0.9368
0.2154
0.0224
-0.2248
0.7321
0.3482
0.1537
0.6623
1.8372
0.3570

,3 variant

4.2359
3.6582
0.0568
0.0172
0.1193
0.0743
1.3523
0.5273
0.2618
0.1659
0.0489
0.0587
-0.0223
0.0309
0.0502
-0.0223
-0.0195
0.2434
0.0567
0.1154
0.0015
0.1294
0.1161
0.0859
0.0705
0.0903
0.3125
0.1101
-0.0584
0.0658
1.1109
-0.0509
0.0049
-0.0727
0.0296
0.0298
0.0076
4.0715
-0.0625

[diff

8.4931
3.0798
0.0048
0.4382
0.2919
0.0855
1.3143
0.2929
0.4399
4.0044
0.1218
0.2601
0.0949
0.0016
0.3730
0.0006
0.8022
0.1090
2.5185
0.1566
0.2176
0.0346
0.1526
27737
0.0848
0.1303
0.1396
0.2532
0.1997
0.8710
0.8955
0.0733
0.2297
0.8048
0.3186
0.1239
0.6547
2.2343
0.4195
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Figure 5. The image of the spectrum of tensor correlation of (ITD-IMF)chain(1) of S protein in nine variants
with amino acids between 401 and 520 in panel (A)-(D). The nine spectrum images in each panel from left to
right and up to down are Lambda, Kappa, lota, Eta, Gamma, Beta, Alpha, Delta, and Mu. The blue color of the
spectrum means few mutations, and the yellow color represents more mutations. The size of the image is 30
means 30 selected samples. The more irregular pattern in the image means more mutation exists among the

30 samples in each variant.

Discussion

First, we notice from the shape of the histogram of quantum genotype in Figure 3; there is a shift of
mean value of the highest peak of the frequency to the more left side of the histogram within one year from
2020 to 2021. The evolutional path implies that the coming new variant of concern in the year 2022 will locate
the left shift of the frequency of quantum genotype more than the location of the highest peak of the year
2021. Secondly, in Figure S1 in supporting information, we notice from the shape of scattering points that the
evolution of Eta, lota, and Lambda are closed to each other. Secondly, Mu is more closed to Kappa and
Gamma. Finally, in the performance measurement of the prediction of unknown amino acids in nine variants,
the average performance is about 80% which is less than the previous study with the alignment method (Ali
et al,, 2021). On the other hand, the prediction performances were calculated from unknown 120 amino acids
in the S protein of nine variants that cover all mutated amino acids in the RBD domain. The shade areas with
pink color in panel(A)-(I) on Figure S2 in supporting information indicate the boundary of unmutated amino
acids with S-clade. Therefore, we use the result of the separated plane of these boundaries to classify the

support vectors for predicting the unknown samples with the assigned value to 1 in the pink area and -1 for
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outside. The -1 means the behavior field spin down with the adaptive behavior of mutated amino acids. The
other work (Kumar et al., 2021) did not show the separated plane of support vector machine within the area
of quantum genotype. Their performance was calculated from the classification of mutation from whole-
genome in about 1273 amino acids in S protein between each variant counted from principle component of
dimension reduction from 1273 dimensional vector space span by alphabets in 1273 amino acids. For this
reason, the result of their prediction will be higher than our result, but no meaning is involved with quantum

genotype like in our work.

Conclusion

This paper proposes a novel approach in quantitative measurement of quantum genotype in biology
to plot the genetic code of various selected samples of S protein from SARS-CoV-2 variants of concern in new
quantities, referred to as the (d, r, p)-layer coordinate system. The result of the quantum genotype
computation in this work was performed in comparison with non-mutated S protein and mutated S-protein
and observed the evolutional behavior field according to demonstrate the new theoretical investigation
approach with empirical for quantitative result measurement of detecting the changing curvature in S protein
folding in each amino acid in the new quantum biology approach based on support vector classification. The
performance of forecasting of unknown test samples for 120 amino acids between amino acid numbers 401
and 520 was presented in this work with good results. The result of the computation was performed in
comparison with non-mutated amino acids in the S clade. This result can be applied to detect and classify
mutations between unknown and known variants. The application of this research work can be used to detect
the new incoming novel variant of SARS-CoV-2 in the future. If we update the input data, we can expand the

size of samples and input the new incoming future variants of concern into account more S protein.

Supporting Information

Lists of the following Tables and Figures are in the supporting Information:

-Tables S1-S6 show the result of the quantum genotype of Alpha and Delta variants.

-Tables S7-S9 show the result of forecasting.

-Figures S1-S2 show the results of scattering plot between 9 variants and results of support vector with
hyperplane in support vector classification.

For more information on accession number of time series of genetic code in S protein in this research is

available for download at http://sproteins.info
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Abstract

The fundamental electronic and optical properties of ZnHg14Se,S1., quaternary-alloyed nanocrystals
with structural parameters from experimental results are investigated by a virtual crystal approximation (VCA),
an atomistic tight-binding description (TB) and configuration interaction approach (Cl). With the reducing x and
y contents, the optical band gaps are decreased because of the low HgS band gap promoted in ZnyHgi14Se,Si.
y quaternary-alloyed nanocrystals. Numerical and experimental optical band caps appear to agree
quantitatively and qualitatively. The optical efficiency is pronounced with the declining elemental
compositions (x and y) and increasing diameters. The splittings of excitons are inversely comparative to the
diameters, whereas those are directly relational to the alloy compositions as explained by the results of the
exchange interaction between electron and hole. On the Hg- and S-rich side, the exciton fine structure
splitting is reduced, thus being a good candidate for efficient generation of entangled photon pair. The stokes
shift is enhanced in the Zn- and Se-rich side, introducing the excellent pathway for the optical filters. This
work confirms that ZnHgi1x5e,S1., quaternary-alloyed nanocrystals are very interesting systems, not only for
fundamental studies but also for future applications of quantum technology.
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1. Introduction

Chemical semiconductor nanocrystals have outstanding optoelectronic properties that have been
readily tuned through the manipulation of nanocrystal size, shape and surface passivation. Semiconductor
nanocrystals smaller than Bohr exciton radius, termed quantum dots (QDs), display size-dependent
absorption and emission. The potential applications of nanocrystals have been established in various ways
including the utilization as bioimaging, biosensing, light-emitting diodes, photovoltaic devices, lasers and
quantum computing devices. (Qi and Gao, 2008; Smith and Nie, 2009; Zrazhevskiy and Gao, 2009; Klimov, et
al.,, 2000; Sun et al.,, 2007) On top of size and shape control with corresponding spectral tuning, device
applications of nanocrystals require accurate control over the electronic alloy. II-VI ternary-alloyed
nanocrystals (AB1xC) such as CdSeTe, ZnCdSe ZnCdS and CdSSe have been synthesized with the aim to
manipulate the structural and optical properties of semiconductors by means of alloy contents x. To
overcome the limitation and extend the sensitivity of the alloy tuning, II-VI quaternary-alloyed nanocrystals
(AB1xCyD1y) with x and y tunable compositions are introduced. Mercury chalcogenide (HgX, X =S, Se, Te)
nanocrystals are a rich system for the exploration of electronic alloy. These nanostructures have been utilized
to create intra-band photodetectors with narrow spectral response in the mid- infrared region (Deng and
Guyot-Sionnest, 2016; Shen, et al,, 2017; Shen and Guyot-Sionnest, 2016), thus leading to be the scope of
interest. For instance, K. Hara et al. (Hara, et al,, 1995) synthesized the epitaxial layers of wide-band-gap Zni-
HgSe (x=0.0-0.14) grown on GaAs substrates. The visible spectral region from blue to red was controlled by
changing Hg contents between 0 and 0.06. Using the molecular beam epitaxy, the synthesis of quaternary
ZnixHgS,Sely (x= 0-0.03, y = 0-0.4) alloy layers coated on GaAs substrates was reported by K. Hara et al.
(Hara, et al, 1996; Hara, et al,, 1998) These alloy layers might be utilized for practical blue-green laser
applications. The synthesis of CdS, Zn,Cd1,S, and Hg,Cdi,S nanoparticles with size- and composition-
dependent optical features was carried out by Brian A. Korgel (Korgel and Monbouquette, 2000) These
nanostructures showed the well-defined optical spectra. The short-range principle of the charge carrier
scattering processes on the various lattice defects in the ZnCdTe, ZnHgSe and ZnHgTe solid solutions was
informed by Orest P. Malyk (Malyk, 2009). A good agreement between theory and experimental data in the
investigated temperature range was presented. Guo-Yu Lan et al. (Lan, et al., 2010) described the synthesis
of highly water-soluble ZnHg14Se,S1., nanocrystals in aqueous solution. ZnHgi14SeyS1.y quantum dots emitted
wavelengths ranging from the UV to the near-IR region (405-760 nm). According to the previous literatures,
there were widespread experimental studies, whereas there is no theoretical work. Here, Zn,Hg1.Se,S1y
quaternary-alloyed nanocrystals are used as the simulation candidates.

The key principle behind this new work is to understand the structural and optical properties of
ZnHg1,Se,S1y nanocrystals and then provide the detailed information for the potential applications. In
addition, we focus my attention on the stokes shift and excitonic fine structure splitting of ZnHg1,Se,S1y
nanocrystals. According to the previous investigations, there has been neither theoretical nor experimental
research studied in this field. Computations of natural properties of innovative nanostructures must offer
atomistic accuracy with an available computational complication. In this work a numerical answer to this
problem with the essentials of the atomistic modelling is presented. The atomistic tight-binding method with
the inclusion of five orbitals sp®" per atom, the first nearest neighbouring interaction and spin-orbit coupling
(Vogl, et al,, 1983) is used as the numerical model. Under the alloyed concentrations (x and y) in Zn,Hg;.
56,51y nanocrystals, the revised version of the virtual crystal approximation (VCA) (Garcia, et al., 2000) in the
presence of the empirical bowing parameters is considered. This technique has been used to successfully
study the structural and optical properties of alloy nanostructures (Mourad and Czycholl, 2010; Nestoklon,
et al., 2016; Boykin, 2009; Boykin, et al., 2007). Here, the numerical results of quaternary-alloyed Zn.Hgi.Se,S1-
y nanocrystals with the experimentally synthesized compositions (x and y) and diameters are used as a

demonstration.
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By means of an atomistic tight-binding and configuration interaction technique, the paper provides
the investigations on the single particle spectra and excitonic splitting of Zn.Hg1,Se,S1y quaternary-alloyed
nanocrystals. The aim is to identify and to analyze size and composition dependence on the electronic
structures, optical properties and excitonic splitting in such alloy nanoclusters. The paper is organized as
follows. In section 2, the computational methods are described by the step-by-step solution to this problem.
In section 3, the computational results for the electronic structures of ZnHgixSeyS1., quaternary-alloyed
nanocrystals computed with this model are compared with the experimental values. The tight-binding band
gaps are in a qualitative agreement with synthesized data. In the same section, we also show the excitonic
splittings of Zn.Hg1,Se,S1y quaternary-alloyed nanocrystals under several structural parameters. These
splittings are of fundamental importance for potential applications in optoelectronics and quantum

technology. Finally in section 4, we finish with the conclusions.

2. Theory and Methodology
To achieve this objective, atomistic tight-binding method is implemented and utilized. This approach
origins from the Slater-Koster scheme (Slater and Koster, 1954). Tight-binding matrix elements are described
by several empirical parameters that can fit and provide the good bulk properties for instance effective
masses and band gaps in the comparison with density functional theory and experiments. The tight-binding
method applied to a nanocluster problem generates a Hamiltonian matrix with dimensions extending to 10°.
Due to the advantage in the nearest-neighbouring approximation, the sparse matrix is obtained. For selected
single particle spectra closed to energy band gap, the eigenvalue problem is solved efficiently using
PReconditioned Iterative MultiMethod Eigensolver (PRIMME) (Stathopoulos and McCombs, 2010; Wu, et al,,
2017). Using the experimental parameters (Lan, et al,, 2010), we consider the Zn.Hg:.Se,S1y quaternary-
alloyed nanocrystals with zinc-blende structure. For instance, ZnossHgo0025€0.645036, ZN0.96H0.045€0.60S0.40,
ZN0.50H0.105€0.5650.44 and ZNo.gsHgo.125€044S0.56 Nanocrystals are used as the computational candidates labelled
as Sample 1 - Sample 4, respectively. For the surface passivation, the energy shift is terminated at the surface
as described by S. Lee et al. (Lee, et al,, 2004) Once the atomic positions are obtained, we utilize them to
calculate single particle spectra by the empirical tight-binding model accounting for spin-orbit coupling and
nearest-neighbouring interactions. In the next step of calculation, the single particle states relate to the
quantities treated as empirical parameters. An atomic orbitals are in the linear combination forming the tight-
binding wave functions given by:
v=3c %a)

Ra

Ra
All atomic positions R are termed by the summation, o is the (spin) orbital index and Cy, is the

Vv
eigenfunction in the ‘Ra) basis. Using the language of the second quantization, the tight binding Hamiltonian

for a nanocrystal consisting of N atoms is given as:

N 10 " N 10 10 " N N 10 1 ;
HTB = zzgiaciacia +Zzzxiaa'ciaciq' + Z Z tia,i'a'ciaci'a'
i=1 a=1 i=1 a=la'=l i=1 i'=1 a=la'=l

For the demonstration, ¢! (c,,) is the creation (annihilation) of electron on (spin) orbital @ centered

th
oni atom. g, and t,

fa,i'a’

are correspondingly onsite (atomic) energies and offsite (hopping) parameters. A,

is the spin-orbit effect. In practical calculations, the parameter set (¢ cand A,,,.) was taken from

ia ? tia,i'on
Olguin et al. (Olguin, et al., 2001) In the presence of x and y alloy compositions in ZnHg1..Se,S1., quaternary-
alloyed semiconductor, the virtual crystal approximation (VCA) is used to produce the tight-binding
parameters (P) as given by:

F)anHgl xSeySiy = XyPZnSe + X(lf y) PZnS + (17 X) yPHgSe + (17 X)(lf y) PHgS
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In the alloy semiconductors, the band gaps are non-linear dependent on the compositions.
Therefore, the empirical bowing parameters are considered by modifying the s orbital one-site terms (Garcia
et al., 2000).

The electronic structures of single particles states are obtained by the tight-binding calculations.
Finally, we follow the single-particle calculation with a many-body calculation to obtain the excitonic splitting
and in particular excitonic fine structure. The Hamiltonian for the single exciton (electron-hole pair) is equated

in second quantization as:
H=>Eele,+> Ehih,—> Vii“'hlele h+ > Vii* hlele,h,
i j

i i
The energies related to electron and hole are described in the first-two terms, respectively. The
atomistic coulomb and exchange interaction of electron-hole pair are symbolized in the third and fourth
term. The single exciton Hamiltonian is expanded in a basis of electron-hole configurations constructed from
several lowest electron and highest hole states. This approach is widely acknowledged as the configuration
interaction technique (Cl) or the exact diagonalization approach (Korkusinski and Hawrylak, 2013; M. Zielinski,
2013; Reboredo, et al., 2000; De Oliveira, et al., 2012; Sukkabot, 2016; Sukkabot, 2016; Sukkabot 2016).

3. Results and discussions

Now we proceed to analyze and describe the influence of the diameters and alloying contents (x
and y) on electronic structures, optical behavior, atomistic electron-hole interactions and excitonic splitting
in ZnHg1:Se,S1.y experimentally synthesized nanocrystals. Two anion atoms (Se with content y and S with
content 1-y) and two cation atoms (Zn with concentration x and Hg with concentration 1-x) with the diameters
Dc are combined to be the quaternary-alloyed nanocrystals. Using the structural parameters synthesized by
Lan et al. (Lan, et al, 2010), ZnossHg0025€0645036, ZN09sHL0.0a5€06050.40, ZNo.9oHE0.10S€056504a and
ZnogsHg0.125€0.445056 Nanocrystals with zinc-blende structure are used as the simulated candidates with
Sample 1 - Sample 4, respectively. Table 1 demonstrates the number of atoms in all Samples under different
diameters. The number of atoms mainly depends on the sizes of quaternary-alloyed nanocrystals, while
there is no alloying effect on the number of atoms. The empirical tight-binding (TB), modified virtual crystal
approximation (VCA) and configuration interaction (Cl) scheme are utilized as the atomistic modeling. Let us
start with the single-particle spectra under various alloying compositions and diameters. For the
demonstration, Figure 1 displays the electron and hole energies of ZnHgi,Se,S1, quaternary-alloyed
nanocrystals as a function of contents (x and y) and diameters. The energies of e, states are slightly different
with those of e; and eq states. In addition, e3 and eq states are degenerate. This is due to the fact that these
states are mainly from p orbitals. With the decreasing compositions (x and y), the energies of electron states
tend to reduce but those of hole states are mostly increased. In term of increasing diameters, the energies
of electron levels are decreased, while those of hole levels are enhanced. To provide a very good description
of the optoelectronics properties, Figure 2 exemplifies the optical band gaps of ZnHg14Se,S1., quaternary-
alloyed nanocrystals under various elemental concentrations (x and y) and diameters. These calculations
show that it is probable to modify the band gaps by control of diameters and contents. With the reduction
of x and y contents, the optical band gaps tend to decrease. This can be attributed to the low HgS band gap
promoted in ZnHg1xSe,S1.y quaternary-alloyed nanocrystals. In tight-binding model, the band gaps of ZnSe
and HgS semiconductor are 2.82 eV and 0.20 eV, respectively. The non-monotonic reduction of the optical
band gaps as the decreasing x and y compositions may be arisen from the non-linear tight-binding parameters
obtained by the virtual crystal approximation (VCA). The decrease of optical band gaps is displayed with the
growing diameters, as can be understood by the quantum confinement. In addition, we compare the band
gaps of our calculation results for the 4.00 nm nanocrystals with those obtained experimentally. Numerical

and experimental data appear to agree well for Zn,Hgi,Se,S1y quaternary-alloyed nanocrystals. The
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inconsistency may be occurred from the size dispersion in the experiment (Lan, et al., 2010). We reveal that
a visible spectral region can be achieved in Zn,Hg1,Se,S1y nanocrystals by controlling diameters and alloying
concentrations (x and y), which is auspicious for photovoltaics and photosensor applications. Besides, 2D
charge densities of ground-state electron and hole in xy plane under different samples and diameters are
displayed in Figure 3 and 4, respectively. The charge densities of electron and hole are localized in the center
of ZnHgi1,Se,S1y nanocrystals. The electron and hole charge densities of ZnHgi4Se,S1., nanocrystals with
diameter of 4.00 nm expansively more spread outward to the surface than those with diameter of 2.00 nm.
On the other hand, there is no dependence of elemental contents on the electron and hole charge densities.
Therefore, alloy compositions and diameters have been established as the key factors affecting qualitatively
the electronic structures of ZnHg1.Se,S1.y quaternary-alloyed nanocrystals.

Table 1 The number of atoms in each Sample

Number of atoms
Sample (ZnHgixSeyS1y) Dc = 2.0 nm Dc = 4.0 nm

1 (Zno.98Hg0.025€0.64S0.36) 191 1551

2 (ZNn0.96H20.045€0.6050.40) 191 1551

3 (ZNn0.90Hg0.105€0.5650.40) 191 1551

4 (Zno.ssHg0.125€0.4a50.56) 191 1551
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Figure 1 Single-particle spectra of quaternary-alloyed ZnsHg1.Se,S1.y nanocrystals under different samples

and diameters.
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Figure 2 Optical band gaps of quaternary-alloyed ZnHgi1Se,S1., nanocrystals under different samples and
diameters. The experiment was carried out by Lan et al. (Lan, et al., 2010)
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Figure 3 Electron charge densities of quaternary-alloyed ZnsHg1.Se,S1., nanocrystals under different
samples and diameters in xy plane. Circles represent the nanocrystals. The charge density levels are

chosen as 0.70 of the maximum probability density.
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Figure 4 Hole charge densities of quaternary-alloyed ZnHg1.Se,S1.y nanocrystals under different samples
and diameters in xy plane. Circles represent the nanocrystals. The charge density levels are chosen as 0.70

of the maximum probability density.
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Likewise, the first electron-hole wave function overlap is performed to detect changes in the
excitonic splitting in quaternary-alloyed Zn.Hgi1.Se,S1y nanocrystals (Efros, et al., 1996). The overlaps of the
ground-state electron-hole wave functions directly depend on the splitting of the excitonic states. The

overlaps of the ground-state electron-hole wave functions equate to <‘Ph:1“1’czl> where ¥* and ¥"™ are

the ground electron and hole wave function. Taking the elemental contents (x and y) and diameters into
account, the ground electron and hole wave function overlaps are showed in Figure 5. The overlaps of ground
electron and hole wave functions are gradually reduced with the decreasing alloy contents (x and y), while
those are increased greatly with the decreasing diameters. These behaviours can be clarified by 2D charge
densities of ground-state electron and hole in Figure 3 and 4. This tendency will describe the behaviours of
the excitonic splitting in the succeeding. The next goal is an attempt to answer the key question related to
optical properties in the existence of the alloy contents and sizes. Figure 6 displays the ground-state oscillator

strengths of quaternary-alloyed Zn,Hg:i,Se,Siy nanocrystals with different compositions (x and y) and

2
x(E,—E,). m, is the free-

2My |~ =
diameters. The ground-state oscillator strength is computed via h—2°|e[Deh

electron mass. E, and E, are the ground electron and hole energies, respectively. The vector of the
polarization (&) in the xy plane [110] is used. Dij are the dipole moments between ground-state transition.
There is a drastic increase in the oscillator strengths with the decreasing elemental compositions (x and y)
and increasing diameters. Therefore, the optical effectiveness is promoted in Zn-rich and Se-rich Zn,Hg1xSe,S1.

v hanocrystals with a large diameter, hence deserving for the optoelectronic devices.
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Figure 5 Ground electron-hole wave function overlaps of quaternary-alloyed Zn.Hg1.Se,S1, nanocrystals

under different samples and diameters.
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Figure 6 Ground-state oscillation strengths of quaternary-alloyed ZnHgi.SeyS1y nanocrystals under

different samples and diameters.
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It is also enlightening to look at the influence of diameters and compositions (x and y) on the
atomistic electron-hole interactions. The description of coulomb and exchange integrals calculated from the
tight-binding wave functions is described in more detail in these papers (Sheng, et al., 2005; Schulz, et al,,
2006; Zielinski, et al., 2010). The energies of ground-state coulomb and exchange interaction under different
diameters and alloy contents (x and y) are schemed in Figure 7 and 8, respectively. With the increasing
diameters, the energies of electron-hole coulomb interaction are decreased. This means that the weak
confinement of electron-hole pair is realized in the large nanocluster. There is no perturbation of electron-
hole coulomb interaction by the alloy contents. To analyze the electron-hole exchange interaction under
structural parameters, let us first move back to the intersection of the electron-hole wave function and utilize
them to describe this tendency. The exchange interaction between electron-hole pair is decreased with the
growing diameters owing to the pattern of the electron-hole wave function overlaps. Additionally, the
energies of this interactions are gradually decreased with the reduction of alloy contents because of the
configuration of the electron-hole wave function overlaps. The behaviours of the excitonic splitting is
explained by the exchange interaction between electron-hole pair subsequently. These computations
illuminate that these structural constraints are the key factors to qualitatively analyze the atomistic electron-

hole interactions.
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Figure 7 Electron-hole coulomb energies of quaternary-alloyed ZnHg1xSe,S1., nanocrystals under different

samples and diameters.
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Figure 8 Electron-hole exchange energies of quaternary-alloyed Zn.Hg1.Se,S1, nanocrystals under different

samples and diameters.
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As mentioned in the introduction, the applications of the quaternary-alloyed Zn.Hgi.Se,Siy
nanocrystals are also presented. The polarization-entangled photon pairs were initially proposed by Benson
et al. (Benson, et al,, 2000) using the biexciton (XX) = exciton (X) — ground state (0) cascade process. In
the presence of the anisotropic electron-hole exchange interaction, the splitting of the exciton states (X) is
presented. The splitting between the dark and bright excitonic energies, namely stokes shift, is instigated for
the optical filters (Butler, 2011). The splitting between these bright excitonic states, called fine structure
splitting, terminates the entangled photon generation. These splittings of excitons are directly proportional
to the electron-hole exchange interaction. Understanding the physical mechanisms of the bright excitonic
splitting is thus indispensable for quantum technology. According to the literature, there has been neither
theoretical nor experimental work done in the quaternary-alloyed Zn.Hgi1Se,S1y nanocrystals. Solving by the
configuration interaction method (Cl), the two-body Hamiltonian is extended in a product of electron-hole
configurations from 12 lowest single particle electron and hole levels with spin-up and -down components.
The dark-bright (stokes shift) and bright-bright (fine structure splitting) excitonic splitting of ZnHgi,5e,S1.y
nanocrystals are displayed as a function of diameters and alloy content (x and y) in Figure 9 and 10,
respectively. The splittings of excitons are inversely relational to the diameters due to the exchange
interaction between electron-hole pair. The excitonic splittings are reduced when the alloy contents are
decreased, described by the outcomes of the electron-hole exchange interaction. On the Hg- and S-rich side,
the reduced fine structure splitting is realized as a key prerequisite for efficient entangled photon pair
generation. On contrary, the pronounced stokes shift is presented in the Zn- and Se-rich side, introducing the
pathway for the excellent optical filters. Under the optimized structural parameters, vanishing bright exciton
fine structure in ZnHg1xSe,S1, quaternary-alloyed nanocrystals may have the applications in entangled
photon generation, whereas the enlargement of stokes shift may allow for efficient utilization of optical filter.

g —=-D_=2.00mm

—&—D_=4.00 nm
214 .\‘\‘\-

Dark-bright exciton splitting (meV)

Sample

Figure 9 Dark-bright exciton splitting of quaternary-alloyed ZnHgi1xSe,S1., nanocrystals under different

samples and diameters.
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Figure 10 Bright-bright exciton splitting of quaternary-alloyed ZnHg1xSe,S1., nanocrystals under different

samples and diameters.
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4. Conclusion

Inspired by such techniques, the atomistic tight-binding calculations of the electronic structures and
optical properties in the quaternary-alloyed Zn,Hgi.Se,Si, nanocrystals with synthesized parameters are
demonstrated. These calculations point out that it is in principle possible to tailor the natural properties of
these alloy nanocrystals by the control of diameters and elemental compositions. The optical band gaps
corresponding to the visible wave lengths are manipulated by changing the diameters and alloy contents (x
and vy), which is promising for photovoltaics and photosensor implementations. The good consistency of
optical band gaps between the atomistic tight-binding approach and experiment is successfully realized.
Theoretical modeling underlines that the energies of ground-state electron-hole coulomb and exchange
interaction depend on the diameters and elemental compositions. The splittings of excitonic states are
inversely proportionate to the diameters, whereas those are directly proportional to the alloy compositions.
The excitonic fine structure splitting on the Hg- and S-rich side of ZnHg1xSe,S1., nanocrystals is reduced, thus
introducing to a good candidate for generation of quantum entanglement. The stokes shift is enhanced on
the Zn- and Se-rich side of Zn.Hg1,Se,S1y nanocrystals, implementing for the optical filters. Finally, these
insights will be crucial in supporting the design of optoelectronic nanodevices and enabling the capability to
accurately forecast the generation of polarized photon entanglement in the active pitch of quantum

technology.
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Abstract

This research aimed to develop and validate the method for the analysis of demethylwedelolactone
and wedelolactone in extracted Kameng samples by HPLC — PDA. Various types of Kameng extractions were
examined. The optimum condition for separation of demethylwedelolactone and wedelolactone was 99.9%
(v/v) methanol and 0.05% (v/v) formic acid at the ratio 95:5 (v/v) as mobile phase. The mode of operation
was gradient elution. The results of method validation to analyze demethylwedelolactone and
wedelolactone were found as follows: the limit of detection (LOD) 0.41 pg L-1 and 0.004 pg L-1, respectively,
and the limit of quantification (LOQ) 1.37 pg L-1 and 0.013 pg L-1 respectively. The linearity of
demethylwedelolactone in the working range was 5.0 - 25 ug L-1 (r2=0.998), and wedelolactone in the
working range was 1.0 — 25 pg L-1 (r2=0.999). The method validation of precision for intraday precision of
demethylwedelolactone and wedelolactone were found as 0.38 - 1.61 and 1.18 — 1.46, respectively. The
intraday precision of demethylwedelolactone and wedelolactone were found as 0.34 — 0.47 and 0.59 - 1.20
respectively. The percentage of relative standard deviation (%RSD) and accuracy was performed by the spiked
standard method. The recovery of demethylwedelolactone and wedelolactone were found as 89.21 — 97.00%
and 100.52 - 100.81% respectively. For standard addition method, the recovery of demethylwedelolactone
and wedelolactone were found as 103.01 — 104.93% and 89.69 - 105.94% respectively. The recovery of
demethylwedelolactone and wedelolactone from both methods was acceptable. Optimum extraction
condition of demethylwedelolactone and wedelolactone from Kameng were investigated using maceration,
ultrasound-assisted extraction and decoction. The results show that contents of demethylwedelolactone
obtained from the three extraction methods were not significantly different, whereas wedelolactone was

found only in maceration and ultrasound-assisted methods.
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MIMUBNAARTEEMsTnUANAMA A M TUTER UM ZaYR IS T AL I LeNad ST
gndeausiugdanudumnesoansiFesmsinsziinnnuidesiudssududionihnmsnsemmnililfvesisnaasy
(method validation) #ewafia HPLC - PDA Iilefuffunndnunizianizvedisiianeisneisneatflasnism
wniweiiAetos 1wy mlnseidadiiaianueinisngiaia (imit of detection, LOD) Fadriasaauasnism
U3was (limit of quantification, LOQ) Aauluwesisiins ey (accuracy) Anuieswasiziasiey (precision) 13
AAeIANFURUSITUEUATS (linearity) (Chansuvarn, 2021)

asfwfiadflauaalau  (demethylwedelolactone) wazeansiflauanlau (wedelolactone) Uuanslungu
coumestans finuludiungidla (Eclipta prostrata) flassadremaaiidanind 1 fqusdulda dusniau anseduluiu
Tuden Undessiu G’humﬁnLLazﬁqm§Um’]aﬁz‘U‘UUixmwnixﬁumia%ﬁﬁﬁﬂwu (Jaisin, 2016; Sasidharan et al,, 2011)
fisenuinisnsatauuuasAy Wy Jautntn (maceration) nsud (percolation) m13RY (decoction) QREl
(digestion) w3eldmelulagidnuntae wu afadendulilasnml (microwave extraction) afnanslne?sldndumiloidss
9w ultrasound-assisted extraction %39 sonication extraction waztnveIRIaratvilnafevlaLaz SNV
a13d1fny NMSANWIYBY Aderogba et al. (2007) Wudwaﬁaﬁmmﬂagulwﬂuéhﬁwazawﬁﬁ%mmﬁqwéﬁma%a
Saszannminansafnalnsiiléandavinaraedifidation n1sAnwiwes Kumar and Dhanani (2013) wudiiavinazans
fifdhunn Wy By - Snuea (n-butanol) eafiaozdian (ethylacetate) wag Wn1uea (methanol) wuusuuans
wedelolactone ganiiainasaneiifidatien 1wy 1wniwu (hexane) Aaslawosu (chloroform) dunsAnwuiinames
asvaosiinlnemaiin HPLC fiflenuusiugngs duandy e 4

asatanayulnstouitelfdudunanlundnsusidudesdiamulaonfunuunsgiuesdnisemuasen
fSvun FuusvhazaneIddnddnlunsiuidlunsatnasddyanig Im1u%%’aﬁﬁi’mqﬂizamﬁlumsﬁmmLLaz
nsas1anulglaveisnaaeulun1siasIeians demethylwedelolactone waz@ns wedelolactone aaeinaila
HPLC - PDA wosansafinandunzifsineiBnsadauazviiavessiniazareiianudasadogsludadiuanududui
wanseiy el duuunmdildasddyivaosinfivasnsedmsuldidudunaylundnfusield

| PN l OH A = OH
OH © = Of OH O OH
DWL WL

A 1 Tassasemanivesans demethylwedelolactone (DWL)
kazans wedelolactone (WL) (Mendes et al., 2014)

A5A1IUN153Y

A19LANLAZHITINTFIY

d151adl : Ethanol AR grade >95%, Methanol HPLC grade >99%, Acetonitrile HPLC grade >989%,
Formic acid LC-MS grade >98%, Acetic acid HPLC grade >98%, Demethylwedelolactone AR grade (CAS No;
6458-55-9) >98%, wedelolactone AR grade (CAS Noj; 524-12-9) >98%

Fuanslag Aol Inemans unIneraseuasIvel
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aunsaluaziniasiio

aunsnluaziniasiie : 1A30a HPLC Bvie Waters §u Waters 717 aaduil 8% Waters $u Reliant™ C18,
pump B%e Waters U Waters 600 pump/controller, #uns3370 fvo Waters U Waters™ PDA 996 A3
ultrasonic % Elma Schmidbauer GmbH ﬁu Elmasonic P 180 H #384 rotary evaporator @ Buchi iq'u
R205 LA304 freeze dryer 8o Christ ﬁ;u Alphal-2LD

asanaansaINAuUNsLsie

B9 1 Bnsudnsin Semanzidautia 50 ¢ Wnadluemusadudu 95% vA) Usuns 500 mL Tuviaden
Unshwaalotadn welidniu ndlfuuedes shaker Wawgwun o unan 3 fu Agaumpiivies thimsinem
YoaNINTBRNUNTEANYNTEY Whatman no.l udthnindaeg1afiinunisusinseussnunifisienueaiiionsneely
8 2 efe dnhwihemueaiinseddlsiuiinseddediusn  thlUsmeemueasendieaios  rotary
evaporator (Sa5|dharan et al, 2011)

37 2 Bldedumilodeatie Jmanzdauis 50 ¢ Wuaduemueadudu 70% (vv) USues 500 mL
ihldafindaeiies ultrasonic vuarduAmE 120 kHz gamgll 80 °C i 8 Falus dalilidu nsesiu
ns¥ANENTDs Whatman no.1 thlUssmeiemusasendieipies rotary evaporator antuhluvliutidendos
freeze dryer (Lee, 2017)

37 3 msataseisnsty twenzdeuieliina 50 ¢ Wnasuihiion Usuns 500 mL dusield 5 wndi
FRBundniunnsomiunsyaensos Whatman no.1 thluvlvusedeinies freeze dryer iiushagneiuis
‘LuqqﬁﬁmLmj'sluﬁjlﬁuLﬁ@lﬁi’ﬂuﬂﬁiwmaaqsialﬂ (Chumark et al,, 2008)

Feansatnanniie 338 vunn 20 fedndu avansluwmiuea 20 mL fanadudu 1 mg mL! 91nt v
N191999728 filter membrane wfia nylon vu1a 0.45 Tuaseu Tuearsanauiuames 1,000 ul 139371902
asazanswyuealiung 10 mL aglamnuitudy 100 mg L

ﬂ’ﬁwﬁﬂua'ﬁaza’lﬂu'lmg'm demethylwedelolactone tas wedelolactone
Waa19aga18unIueaadluInuIsqaIsuInggIu demethylwedelolactone 9u1A 20 mg kag
d13a2an8119557U wedelolactone U119 20 mg vIna 1,000 pL laansasaneunsgiududu 20 mg mL” nsos
#e filter membrane ¥ia nylon vua 0.45 luasaw inulugiiu - 20 °C 1448w stock standard solution
WRELANTAZANBNIRTTINENSTUYINITIATIZN (working range) IneTiUnansazanennnsgiuain stock
standard solution USuas 250 pL YsuuSumsamemniueaidy 50 mL aglanududy 100 ug mL” Nl
Weansunsgueadudu 100 pg mL™ Y3ums 125 pl Usudsuesssmmueaidu 50 mL azldanududy
250 pg L™ mﬂﬁy’uﬂLﬂmmﬁmmgmmmvﬁm%u 250 ug L' USums 0.1, 0.5, 1.0, 1.5, 2.0, 2.5 mL U5uUSunns
mgmueatdu 25 mL agldanududu 0, 1.0, 5.0, 10.0, 15.0, 20.0 wag 25.0 pg L audsu

A1931AT12ENS demethylwedelolactone uazd1s wedelolactone #aemaiia HPLC - PDA

wmAafla HPLC - PDA USuU 3931035909 Mendes et al. (2014) lngdiasiginiuSuiaians
demethylwedelolactone uarans wedelolactone feipsaslasuninnsilwinveanaiaussauzgs (HPLC) U3
Waters (USA) ju Waters 717, Waters 600 pump/controller #5139 3adyey1ai618 photo diode array (PDA)
detector fvuaANEIAAUT 352 uilwuns laodutl Reliant™ C18 reverse phase YUIALFUHIUAUENAS
A8lU 4.6 mm ANE13 250 mm YUIABYAIA 5 pm §95IN15M18 0.6 mL min Uimmmaqmimm 10 pL
v v eIATIER (un time) 15 min lnefinvianuuanwesandouiinmun 6 anmy \ievantied
winzanlun1sihenals demethylwedelolactone tagans wedelolactone aonaInfiu Fam5797i 1
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A15199 1 NM3ANBIE@N1IEEUSU HPLC Tun15ns2a9ias1esi demethylwedelolactone wag wedelolactone

Conditions Mobile phase formula Ratio (v/v)
1 A: Methanol, B: 0.05% Acetic acid 0 min, (5%) B

Gradient 2 A: Methanol, B: 0.05% Formic acid 3 min, (50%) B

A: Methanol, B: Acetonitrile 8 min, (20%) B

9 - 15 min, (5%) B

A: Methanol, B: 0.05% Acetic acid 5% B
Isocratic 5 A: Methanol, B: 0.05% Formic acid 5% B

A: Methanol, B: Acetonitrile 30% B

nsasrvdaunuldldussisnadau (Method validation)

nsnuaveuLUslun1snTRaeua N lglveitnadeulanTadeunuisuee Chansavarn (2021) lag
nsnsnasumililiveinaasy moufl 2) andnvuriawziuaniguaniiveaislneAnyinisdinesi
Reates feil

- IndrAnsngavednisnsania (LOD) wazdndrfndigauesnismuiunia (LOQ) Tng3s based on signal
to noise Tnsn1sanansazatelmuea (blank) $1uan 10 91 vimsieseidyaaialdan blank Wisudeui
dyruve3a1s demethylwedelolactone tazans wedelolactone 1ag LOD AMRUAIINAIAINMLTINTUVDIANT
demethylwedelolactone uazas wedelolactone Tp3osiiodiaseanunsansinindyald afiveusude 3
s 1 @ LOQ MnuAaInUSuumngneas demethylwedelolactone uazas wedelolactone fiin3asile
Jnsgianansansaiaduaald Aflsensudie 10 de 1

ANUANTUSTAURSS (inearity) W3eNaITAZA18UIATFIUAMUTNTY 1.0, 5.0, 10.0, 15.0, 20.0 kA
25.0 pg L Sinsgianudutuay 3 81 dandildunadansmanuduiusidadussnindygaiuanududu
a1511935 Ulee IR s devadunss (linear range) ImEmﬁmumimmmummLmumu 0.00, 0.75, 1.50 Uaz
7.50 pg L lushegaitatndiedfudvin Tnednsednnududuas 7 41 dnamaais uay %recovery fius
avanududu Jeunslauduiusseninsdyaasuanadudu Gewiiuildnsifuaududy)

- Aruiissvesiiasigi (precision) Tasns spiked samples Feasunsgufiinrundudu 7.50 pg L
ymIiATIEd 3 61 thAfildinduanmm %RSD nges

The percent relative standard deviation (%RSD) = SXD x 100

- AULLUTDIIDIATIEN (accuracy) ) 1nens spiked samples FR8a1TUIMIFIUNTAITUTY 7.50 pig
L viinnsiasngst 9 91 hanfilaunduim %Recovery 3Ngns
C

C. -
The percent recovery = % X 100
3

el Cr = YSanaans DWLuae WL lusiiegnsansana MiAumgansuinsgiu DWL uag WL
C2 = YSunawans DWL waz WL Tusvegwansarnia
Cs = YSunauansumsgnu DWL uag WL Miiiuadludiegeansann

avanslee paszInemans umInerageuasvodil
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NaN1538wazaNUTIuNa

MInTIvdeUTAduLaITianTun15IATIe demethylwedelolactone way wedelolactone ng
ﬂmﬁﬂﬂﬁ]ﬂﬂ‘d’NﬂgmLmﬁa’W’]iﬂﬂﬂﬂﬁut.l,aﬂiﬁaﬁji“’ij 190 wluwas 89 400 wiluwns awnesuiiuanaainis
mﬂﬂauaqam Moms) TN W812AY 206.8 Wluans waz 351.9 wiluwas (il 3) mawmmwmmmmau
G]’]E‘W]‘V]G]G]ﬂa‘lﬁﬂﬁ (UV cut off) maqmmauawmaaumuaEJm’lmmmaﬂaumamaqmwmmﬂ'mmﬁmwmw
mmmmaumammmﬂausqaﬂuaqmeuaammu 205 uilung SafialndlAssiunueaduresasiigonis
ATIEN AD 206 miummi g1 liAnAuAataedeulunisinsiesi Usenaufuna PDA contour plot
spectrum (3a) \ile extract Tasulnunsufinnuenandu 352 uiluns wuin dnvazaes contour plot YBIETI
2 ‘zjummmsmLwﬂaaﬂamﬂulmamaamimum retention time ¥1nN71 0.3 min LLammaLUﬂmwlmumm
'Uiﬁ'ﬂﬁ Imaauaummmﬂﬂammum peak purity 910 Chromatogram Plot (3b) fiva9mAu 352 wilwuns §
mmmm%maqmim 2 ¥ia muu‘mﬂawmmvaummumiamemmi demethylwedelolactone wazans
wedelolactone ivhazanesiawnueaiotisndy 352 wiluwns (Snyder et al, 1997)

35000 0100
268 3(C)
3(a) o] /)
3000 [ o
5 1
0.080 ‘
250,00
%6
P | oore] [N ]
] (@Y J \-.".—WL
T T : - -
4 0,080 HI
|
i
0.050. ‘]I‘
o
0040 E' i
U
1
o | DWI]. WL
I
=19
0020 2481 5T
2 /
; \
0.010: " 7 \
. o \
e |
\‘\-.
0000
350 3B0 400 420 440 480 480 S0 530 540 580 20000 22000 26000 26000 26000 0000 32000 34000 38000 390.00
45 Mites. 0.02195 ALl Mot ol

Al 2 mimi’sﬁl‘ﬁ'mal,ﬂﬂm%miﬂﬂﬂﬁuuam‘uaﬂ demethylwedelolactone wag wedelolactone A28 HPLC-PDA
(a) Contour Plot Spectrum Ing extract Tasunlvunsy (b) peak purity 310 Chromatogram Plot way
() MsaunualUnAsuNANNEIAAY 352 UlWURTUBY demethylwedelolactone wagans wedelolactone

mﬂmiﬂﬂmmﬂwﬂmi demethylvvedelolactone u,aymi wedelolactone Tagfnunnisluavoana
\ApuTuardndnfinsauson1s e NTeTETER AT 2 SEUU fiB STUU gradient Tuan1ed 1 09 3 Uag
svuv isocratic luan1gdt 4 8 6 fusnglidiululasuilnunsy (nnd 4) wuiissuy isocratic s 3 an1ig
peak ¥89d15 demethylwedelolactone Wazda1s wedelolactone VL;J'aflmimwﬂaaﬂmﬂﬁ’u Jaldsuunldszuu
gradlent Aun15ANE Morel et al. (2017) wud Tuszuu gradient anedl 3 wlawmdsuiiduasay vanenquludl
e peak vosasaewinlianunsasonainiuld danluaniozi 1 peak maqmsmaawummﬂaaﬂmﬂ.m W
ﬂiﬁﬂgmugmaﬂmu (base line drift) lurauedl s2uU gradient annedl 2 Faandeufivsznaudewmueadudu
99.9% (v/v) waznsanlesinidudu 0.05% (vv) fmuanisivavesmairdouiiuuy gradient (M15199 1) 1504
1ATININUNTUNUIN peak 909813 demethylwedelolactone Laz@1s wedelolactone WoNBENIINDYTALIU 817
Annlassadnewesansiidosuinndnefu WANA19AUATINY Methyl group ¥84815 wedelolactone wag sy
Hydroxyl group ¥®4613 demethylwedelolactone nrsldansiiidu reversed phase ‘ﬁﬂL‘fJULWamﬁﬁ‘ﬂza
(nonpolar) srarursandaeansildfidaliuaryzansiiidioonuinou arnnanisAneInuingns
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demethylwedelolactone ¥ gnv¥a0nu1nou LAAI11a13 demethylwedelolactone f4251nn31a73
wedelolactone nsandndauaisazats B (150) 1Wunisanauidalumandoudlimunsaudiazvinlias
wedelolactone fifitatissningnuzeenuiluiign fenunsideimaiunsanosinlumandeuvililasiny
unsudl resolution gy wazdifia sharp 3 (Phale et al., 2010) fatudsinnisasranrulilivesisvnasuvea
@13 demethylwedelolactone uagans wedelolactone Tusguu gradient Tuaned 2

0.10 0.12
Geaddierit 014 Gradient 5 Geacierst
Methancd : 005% Acetic acid w g @ Methancl : 0.05% Formic acid § :; Methanal : Acetonitsile @
0.10
oce] E g on2] : ¢ -
w . S -
Y 2 z &
g = 0.104 0.8 V.Q
oce] & | | Y
| o " I
2 | ‘ 2 | 2 |
ooe 0.06~ ‘
\ | Il o]
I 0.04
.02 I
5 \ | 0.024 | 0021
W
oo0———— —-\(VH?:"J’& E— —_— "J
(. .00 s _ - 00— T —
T — —_— - 1
200 400y res 000 800 200 L 800 200 400 res 590 800
0.100
lsecratic 004 lsocratic . 0.070 lsocratic
QUL Methanol :005% Aceticacd = Methanol :005% Formic sckd £ Metharl ; Acetonitrile
Ratics 75% : 5% WV e lr Ratic 75% : 5% WV -~ Ratis T0% : 30% WV
0.080+ ¥ 0.42 g ~ opeo] ™ E
4 o T
0.070 =
g = 0,10 az= 0.050 |
0.080 I I | I “
1 |
| 0,08 ‘ 0.040-] ﬂ] |
= 005 ‘ | 2 2 g
0.040 ‘ 0,06 0030 = |
. l il
0.3
] 0.04 0.020
0,020 |
0.02 0.010
0.010 K k
\.. ) N
aepp} - — ——————— i “ - 0.00 ¥ e emmr—rrr——— T
T T T

40 inutes

600

800

T T
200

400 pinutes

6.00

8o

400 Minutes

A 3 TAsInlnuNIuYeIEIsUInEINENs demethylwedelolactone
uazas wedelolactone MUY 250 pg L™ 91nANULANAINT0I@N 1AL AR UT

nan1snsaauldlavesiinnaauveans demethylwedelolactone wavans wedelolactone (115147
2) WU’j’lﬁ%fﬁﬁﬁ’mﬁﬂqmaqmimwi’m (LOD) Wi 0.41 pg L wag 0.004 pg L' auaau %ﬁ‘hﬁ’fﬂﬁnqmﬁumﬂﬁ
mUsunal (LOQ) AU 1.37 pg L way 0.013 pg L enuasu

muduiusBadunse (inearty) sewinsiudldnsifumnududuvesans demethylwedelolactone
Turramnudndu 5.0 — 25 g L A P iy 0.998 wazais wedelolactone Tutasanuidudy 1.0 - 25 pg L' 4l
M ¥ iy 0.999 Fsagflutnasimseensulsifie > 0.995

N39T19d0UAMILTIBIMa9ITAATIEN (precision) TasduananosasauDosuuNmIsIL (%RSD)
WU wan1snaasssnlutuieaiy (intraday precision) A1 %RSD 84815 demethylwedelolactone agluyis
0.38 - 1.61 uaans wedelolactone aglur24 1.18 - 1.46 @1 %RSD VoswaNITARDI luLsaz YU (interday
precision) ¥84a15 demethylwedelolactone aglut34 0.34 - 0.47 waza1s wedelolactone agluyis 0.59 -
1.20 Fseglunnrifiveusuldnunnsguiitunfon %RSD < 2 Tnsvhmannassd-lusiasfusiuau 2 Yu

AULIUYATIATIEN (accuracy) RansanaIndosarrean1snduRu (%Recovery) UosaITHIRNTFIUT
duadludiegefiatadieisnisutninlae3s spiked placebo recovery method wui1 %recovery v83d1s
demethylwedelolactone a&ﬂ‘u‘lj"N 89.21 — 97.00% uazda13 wedelolactone aiﬂmhd 100.52 - 100.81% uway
1ne3% standard addition method §1wIU 3 AAANTUAD 0.75, 1.50 Uag 7.50 ug L wuin %recovery ¥09ans

avanslee paszInemans umInerageuasvodil
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demethylwedelolactone agluy34 103.01 - 104.93% uaza1s wedelolactone agfluyia 89.69 - 105.94% o
Tunaueineensuldfaszning 80 - 110% AUNMITINIATFIUAIUA

M137191 2 MIUATVUTEANEANTRIRUAN YUIAN Y

Parameters Information Demethylwedelolactone Wedelolactone
LOD (3:1) 0.41 pg L 0.004 ug L
LOQ (10:1) 137 ug L 0.013 ug L™
Linearity Range 5-25pg Lt 1-25pg Lt

r 0.998 0.999

Equation Y =4216.8x + 47184 Y = 3860.8x + 3520.8
Precision Intraday precision (n = 7) 0.38 - 1.61 1.18 - 1.46
(%RSD) Interday precision (n > 10) 0.34 - 0.47 0.59 - 1.20
Accuracy Spiked placebo recovery method 89.21 - 97.00% 100.52 - 100.81%
(%Recovery) Standard addition method 103.01 - 104.93% 89.69 — 105.94%

N153LAS18RUSUINENS demethylwedelolactone wag @15 wedelolactone #8389 HPLC-PDA
Fregdlasulnunsusaanslunini 6 vesansatnaindunedwindsnsada 3 33 Usenaude SBwdnin 3514
PALTOEBILLAEITNTHL NuUSuaias demethylwedelolactone Wiy 0.79, 0.78 wag 0.73 ug me vas
ansafnnudiu FeUsinaans demethylwedelolactone 91n3annsadaste 3 3aldunnsnsfusgnadiveddey
Tuvauzfians wedelolactone wulunisasndeituaninuasn153sldaduniodoswisdiusunanvinfu 0.04 wax
0.02 pe mg ! vasansatnauaiu uildnuluisnnssu (il 5) ?ja‘u'wzLﬁmmﬂﬂmauﬁﬁmiﬁ‘?jy’aﬁuaaéhﬁﬂasawﬁ
dmasoUsinuasisaosin T,ﬂaﬁmmmmamﬁﬁmiﬁ‘ﬁ%mﬂﬁﬂﬁuﬂﬁgﬂﬁusmumamﬁ‘vﬁﬂ reversed phase
wui1as demethylwedelolactone fi4au1nndn vinlnuludsnnsasadilddviazareffldadosauddidauan
Tuvariians wedelolactone Fafltatiooniazwulufwhavanefifiadendy evuea uwilinulugviazanewie
ﬁlﬁﬂﬁ‘ﬂz’mm (Nawaz et al.,, 2020; Siramon and Weanukul, 2020; Akeyothinwong et al.,, 2020)

0997 Wowve Ew
0.80
= 0.704
g
¥ 060
Tm
£ 0.50
g
c  0.404
S
%
5 o030
o
§ 0.204
Iv]
0.104
0.00- _
Fiutwin Faldntumiloduaton Fhnan

AMA 4 USuauans demethylwedelolactone wazans wedelolactone
Tuansannaindunedls smedsuendn Fensldmaumiladestiey wagisnsdu
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0.050

0.040H

0.030

0.020+

0.010

0.000+

—DWL - 5.091

P

}T)WL - 5.839

N

bl
pde

|
§.00

Minutes

T
10.00

T T
12.00

A 5 Tasanlnunsuaesans demethylwedelolactone waz wedelolactone Tunisainaindungidenieisly

AUt DLEITRE

INNIIATIVADUANULUUUALANULTIEIVBINITIATIERUSUUENS demethylwedelolactone Lavans
wedelolactone luansaians 3 35 wudn %RSD wag %Recovery (115199 3) aglutisnigeusula

A157199 3 ANULLLLAaEAULTIEBIEs demethylwedelolactone wagans wedelolactone Andunzidisiana

AIEINLANAIY

Demethylwedelolactone

Wedelolactone

Spiking of the

Conc. Ext  Conc. Spike Conc. Ext Conc. Spike
extracts 0 0 %RSD  %Recovery " 0 %RSD  %Recovery
(ugme?)  (ug mg?) (ug mg™) (ug mg™)
Buandn 0.79 £ 0.00 1.28 +0.02 1.85 97.00 0.04 £ 0.01 0.50 £ 0.01 2.11 91.22
Wlindwwdlouas 078 £0.02  1.23 + 0.02 1.53 89.21 0.02 + 0.00 0.54 + 0.01 2.02 101.25
et
ABnsdu 0.73+0.02 1.19+0.01 1.10 91.80 0.00 + 0.00 0.44 + 0.01 1.38 87.72

NUBWA a13a1AT19 3 35 1HnansuInsgIu demethylwedelolactone wag wedelolactone AT 7.5 g L™
*Conc. Ext Anudutuninlavesans demethylwedelolactone wazas wedelolactone nauyinng spike
**Conc. Spike ANULTNTUITIALAYDIE1S demethylwedelolactone uazas wedelolactone %aeiin1s spiked
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7157199 4 NN IVRINUNITIATIZINIES demethylwedelolactone wagans wedelolactone luansain

nAunzdls (Eclipta prostrata)

Plant Parts Extraction/Solvent HPLC Conditions Method validation Ref.
Roots Maceration/ Column; C18 Demethylwedelolactone: Mendes
Stems 30% Ethanol Mobile phase: gradient ~ LOD; 0.048 pg mL" et al,
leaves Soxhlet A; ACN with 1% H3POq LOQ; 0.16 ug mL™* 2014
extraction/ B; DW with 1% H3POq4 Range; 0.07 — 0.7 mg mL™
Methanol Wavelength; 351 nm R% 0.9999
Ethylacetate Equation; Y=0.000152X-0.001
Wedelolactone:
LOD; 0.15 pg mL™
LOQ; 0.51 pg mL™
Range; 0.14 — 1.4 mg mL™”
R%; 0.9999
Equation; Y=0.000152X -0.003
Whole plants  Maceration/ Column; C8 - Murali
Methanol Mobile phase: isocratic - et al,,
ACN with 0.1% H3POq - 2002
Wavelength; 254 nm
Whole plants Maceration/ Column; C18 Demethylwedelolactone: Morel
Methanol Mobile phase; gradient Range; 0.1 - 1.0 mg mL?! et al.,
A; 0.1% CoH/NO, RZ; 0.9908 2017
B; ACN Equation; Y=0.001372X+250215
Wavelength; 355 nm Wedelolactone:
Range; 0.05 - 0.5 mg mL™”
R’; 0.9804
Equation; Y=3E-84497X+0.6
Whole plants Maceration/ Column; C18 Wedelolactone: Kumar,
Methanol Mobile phase; isocratic LOD; 2 pg mL" 2013
MeOH with 0.04% LOQ; 5 pg mL™
CoHaO, Range; 5 - 100 pg mL™?
Wavelength; 352 nm R% 0.998
Equation; Y=86558X-
125096
Whole plants  Ultrasound Column; C18 - Lee,
Extraction/ Mobile phase; isocratic - 2017

70% Ethanol

MeOH with 0.5%
CoHaO;
Wavelength; 352 nm
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#3UNaN1339Y

MIRALNITIasziiienUsunaans demethylwedelolactone wazans wedelolactone a1ndiunsifia
finnuusiuLazauiiesgs ¥n15nsI9a0UANLTBs1e935AAT 189 (precision) Tnan53LAsIE intraday
precision Wwag interday precision wamﬁLﬂiwﬁaaﬂuLﬂmsﬁﬁaaﬁumummgmﬁm 9%RSD < 2 ANULIUYDIID
AR (accuracy) agluinasifioeniulavag 80 - 110% aminaueiiuInsgIuimun wagInKansAnw3snis
afafiunneatu 3 35 UszneudeSutndn ldedumiladoshouarisnsdu wuuiinaans wedelolactone 7
atnsedsuninuasisldnduniodusioudlinuludsnssy Tusasiivsunaas demethylwedelolactone wu
Tuansafnaniis 3 38 Geiraziinanquantinisidavesans demethylwedelolactone figanitnazans
wedelolactone dwalaraneldlusvinazaneis 3 wia uidlefiosanduusinuamsinuuasnanildlunisadia
3%1%’ﬂ§umﬁaL?ﬂaqﬁdwﬂwmﬂu?ﬁﬁﬁﬁqmﬁawmwuﬁgw%mmaﬁ wedelolactone Laz a3
demethylwedelolactone wagldianlunsainiasni

AnAnssuUIENA

VOUBUAMKYIBAANTI9158 810158F 88U 813198U583101A39 0 d¥ TN AMTUNNEAIERS
winedursunsunsilsn eyeneiansnnigiu auvase dnauszngi anduineimaniuazimaluladums
Uszinalng foasziiivanulng aadond Saudues dhivemand (Enngmsfivey) nedvindyine aus
Ingneans iingrdouiing AU3nwnside
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AaaiAdou fIdeTaimunuuuassnsinuveInduLaegssTnTTIe suideili ngUssasdiiewnunmiu
i launAniFeamsinmesnduuasesiniFeu feunazudsnsiansisouiiuvduiasmanuisuiuiuuiass
nsnvwesaduuasesnaie nquiregtadutinEududsenfinu i 5 nadeudl 2 Jnsfinm 2563 SwauiinGeu
36 Auldunlagisnsidenuuuianzas indesdlefldlunsiiusiunudeya UszneumeununsdanisFeusuuudu
LEMANLT T1UI 2 UK LA wwunegsum i ladeinsinumuouas Ansgideyalasmavnaeuil (t-test
WaZA1ANATINIINIINTSITEUALTEYS Hake mamﬁ’mawmmﬁauumuuumﬂLlfuuwmaauLﬁmmwmmamau
wawmdaiougeninneuoustdlduddameadianisedu 05 ArmnuiivthmenisiSeu wiidu 0.71 dneglu
seuge wazdamudnimdsdsuindoulingnagndeadnty wansliifiuiinisdanisideudiuvduias sty
wuuSassnsvinmestatetshsansaimue i lauwAnzesmsiine sedunadldegaliussansam
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3198 9unANil
daasy Ny uargsy N, (2565). Jnaeg1391891NMT 1L TIDAUEIZNJUBIALAT. 2NTE1TINeIAEAsLAL
Ingneansdnen, 5(1), 97-106. http://doi.org/10.14456/jsse.2022.9
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Abstract

An experiment is a scientific procedure used to discover knowledge, test hypotheses, or demonstrate
phenomena. To avoid concepts being misunderstood, refraction of light wave experiments necessitates
materials that clearly demonstrate the phenomenon. As a result, researchers created a simple model of light
wave refraction by rubber bands. The goal of this study is to improve students' conceptual understanding of
light wave refraction before and after teaching an inquiry-based learmning approach with a simple model of
lisht wave refraction. A purposive sample of 36 students in grade 11 in the second semester of the academic
year 2020 was used to establish the sample. The research tools include two inquiry-based learning approach
learning plans, a simple model of light wave refraction and a light wave refraction conceptual test. The t-
test statistic and Hake's method for learning gain were used to analyse the data. At a confidence level of .05,
the results indicate that students' post-test scores on the refraction of lisht waves conceptual test were
significantly higher than their pre-test scores. The Hake's method for learning gain value is 0.71, which is a
high gain. It was also discovered that after studying, students provided more accurate reasoning. An inquiry-
based learning approach combined with a simple model of light wave refraction has been shown to

effectively improve understanding of the concept of light wave refraction.

Keywords: Light wave refraction, Simple model of light wave refraction, Snell’s law, Rubber band
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umin

HEandIuinemansnmenmidnuuazesuieUingmsalsssund ansmaiidndfignAunudulsslov
AonsRMUIMIEAIUInEIeans walulad eanssuaans siutsgnamnssy Jnanddsusinglundnansynsedu
fausUszaufnufanminerds (Prongsamrong, 2006) aeslsiny %wﬂﬁﬂélﬂu%mﬁaﬁ;;’{L?auﬁﬂzymiumiﬁau
warilvimuaiileau Tudszmalneguuuunisianisiseusianddilngidunisusseny (lecture based-teaching 3@
traditional teaching) 919U 3deMsitAndAnyinaenszeziiaindt 50 ¥ dlWidiuihguuuunsdanisdoudfandld
HrglviglTeuimuaulauudAngauluud (conceptual understanding) Wandog19unaa W19 InFULUUNTT
InN19138U3LAIN (active learning) ﬁv‘iﬂﬁﬁﬁauﬁﬂaﬁuLmﬁmLLasLLﬁlﬂJLLuaﬁmﬂamm?au (misconception) TU
niouriu (Bunloet et al., 2019; Feemuasarn et al., 2017)

nsUszendldde 1wu Yan gunsal uinnssu ludedenssumsiSouiiiaudndu esndeidusinansues
nsfoasseviadaeuasdiFou il SowdladenléEngs iftumsidusnlufanssumaioud vihidessinli
WuBesiis Wasumnuinnuwsssudugusssu sy JniidndsdudesendodeussneunisinfionssumsiSous
iisldlunsnwinazesuisusngmsainiesssuni wu msiameadladosmstnimussuamos Sokolowsk
(2013) [densagunanadused dunuiann wazynseniadusediuduund (Maneechan 2010) 1o Tan
gunsal 309 Ana3sdnUTIng way Deephad and Jongsala (2008) ldeTan gunsal manduilvniv

usnandeUszneunsinmsious msdansidoudiden AdudniadvddyiduadulvgGouaansGous
nazussamgUszasdmsiseusle 1wy msdansouiuuuduianzmanag (inquiry based learning) MhilsiinGeu
lasudszaunisalnsslunisadieesdanuivesmuesitunisaleUjun fefudaitnifemansinuldiierns
f{‘]'(ﬂmi13EJu%JL‘TNiﬂﬁiﬂmmﬂﬁ'Uﬂ’]ﬂ‘ﬁ'ﬁa (Kamluamee and Duangkumnoi, 2019; Parneesong, 2017) a3 Sl
ey ‘U’JEJSL'WLJﬂLiEJ‘LJ‘Uiiaﬁ(ﬂOﬂiumﬂ‘ﬂmmilﬁﬂuﬂm’]EJ nsrAuNsnsINAanssuwardausuiielunsifanssuun
B fiauninugnszuaunamadneimanslén saiaimuanadeudlauuniaienmanuaraiuisnanuuain
Aanadeulsiduatned

(3) MIVAABINTHNAINANARAY (b) NMINAABINTITHENLUINUAAIAWTALLES (€) WUUTIADINITHALRUD LD
JUN 1 WSguileunsmeaeaisean1sinunIung vesaiuad

nsagviounazmsinmvauas [udmiehiefimunndsranndeunssiuresiSoussiutsondnuuas
WIng1devesiseuls wavasnanesiugiseulus1aUseme (Kaewkhong et al., 2010; Dido et al., 2020; John,
Molepo and Chirwa, 2015) :1nUszaunisalaeuvesiitenunAnaainadouisdfunsassiouasnsinmues
uasiufiFouudintu Tnefideldduivguavndosuvesnfnamaindou fiil (1) §idelideiilenavnans
uunINAABaRse Liesanilsadeulifvesfifinismauas (esdle) (2) fedrinvesgunsainisnnaes 1wy nsld
m1ARdY (§UT 1a) Sidedrinde liusngudused msliustu (Uil 1b) Idednin fe dedldundsiniauasidauidy
La9gs uazHoIMITsUoRNTMaas Wi lWannsadunanisafinmsinmeuaddogadaeu Snlamainies
wasilalldusngidunthaduiing uazidumieaduannsznu dealiinGeudlandnnisinimainniseaedidoin

nndgmdsnangiseidanuaulalunsiananudlasasuiluvndsranndeureSeuluiesns
wnmvesnaunadtagliinsdamsSeuiuuuduimzmanudsuiunslide Yan gunsal afauuudiasanisvinm
YosUaseEs1e UM 10) wuustasan1siinivssnAuLaRE1ed1e Teniiude tniSeumunsaaiauuudiassnsin
wanuieulaiidmue warduinUnaiRsdestunsinmreuaminguesauad (Snell’s law) auannsaagy
Junguosauadléfenues uuuassnisinimeseiuuaegnsisiinngn aunsomdoldmudunnegun
ieadeuinly wazderluimnssuynams@nu Jan gunsal Usneuse wiumanagavidousiuliuuds nszanvien

avanslee Aoz Inemans umInerageuasvodil
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v

n Ad nilse1srazd Wunya ldussin galilusunsninesuazfvae Yag gunsalisnunaiunsaussylunaes

¥
=

(portable) anunsaasranvuirassillatosnvulugisaaiunisalnsunsszuinveddsafnelisalalsun 2019

IngUIZaIANsITY

1

MAptilingUssasAioimunudilauAneuluud (conceptual understanding) 1389n715%NLAYB4

AAULAY YasinSeutulsENAnYIUN 5 AeularndinisdnnisiFeuiuuviviazmanuisiuiuiuuinaeanising
YDIATUUAIDENIY

ABAnlun1IY

1) sUnuun1533e {Ielaldununmsidewuu Tnguimegraiisanduiiemaaeunouwasnd ey

2) ngudaegn ldun dnioutuisoufinu i 5 maFeud 2 Ynisinu 2563 TsaFoundangiinetans
gunendraniiide Jwminumansaiu Iutnsey 36 aulaulagIBnsidentuulangas (purposive sampling)

3) iesilafldlun1s3de Uszneuse wunsdansBeuiuuudues way wwuneaeuanuthladonis
WNLAYDILES

wrun1sSAnIsFBuFuuUEUEIEIIALE $1UIY 2 Wy FeszneunnunisiansBeuii 1 Besdnvae
nsnmMYeIlasdIuIY 2 Falus ununsdansEeudi 2 Bee assvlfamuaznsinmusaias S1uau 2 9l
dnsuanssumatsusluwiasuusisuediofuiiteTwosniegaununisiansSoudi 1 lnefioasBendsd

Fuit 1 mzasnmauls (15 wi) asld 2 aaumsal vdigunFoudsd aniunisaid 1 aglilusuns
PhET ad1saniun1saishaes msvinumasuasshusananssiiaieaiu (@uasaglirnm WidniSeudauns wioufus
fManwin “dnddsusinansil 2 duanzdsuriolisgnils” aaunisalil 2 agifiudanudn “duddsusinansii 2
Wduiluansauenindu Anusirduuasiirmnaesaduazivdsuutamioliegndls”

Fuil 2 rsrauasAum (60 widh) dnideuiadu 5 &y AAzANANNNTOlUNTTEUS 1Ns U1unane dou uay
vhAanssuanlufanssnd 1 Bes dnvaznsinmueuas Ingliyanuudiassmsinuesaduuasegaie iefnw
nsTnvesuas il

1) lnfnaaduinsessessninsiinatsdl 1 uaz 2 wionduiduuuiain fsgud 2 ums
afauudnaed (a) adudulusesrosenineianaalagidulwIaN

2) limilwsasaduisdnnnssnuuasidusdnnm nieuissygmnnnasnuiasguing faguf 2
afumsaiaiuunges (b) asadusdnnnsenuuaySadinm

3) limilwsadaduniedunnnssmu wasduniheduinm lufuneuiifiohedenistassesimes
vihadu msddliliAndunhaduinmdssui 2 Sdumsaauuuiiass (© aaduntihaay

0) a¥aduniheduinm lasnisiBeamilsrmiiaduinmliinuienfudusadinm fogud 2
drdunisadiauuudiaes (d) wuusiaesdnuurnsinvesndunas dune Jareneg Sufinea
wazmeudn (agvhmihidudsuneanuazmnszrinsinBouvihianssy)

i o Hanaeit 2 Wussann frenz % Y dwnan
i 2 b .
Ny-15 emis
| b
® @ o = j;ﬂ # 30 '
p’;/ f
7
l T i
Sanmnai 1 anand 1 A | o o Tt T |
(a) aSduninsognesening  (b) edradusidnnnsynuias (0) @Sraduminmdu (d) WUUARIEN WU NS
FnanaaziduLLIIN Se@wnm YDIAAULES

3UN 2 dviunisaianuuinges
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Fuil 3 oBUreUarasdoaTY (30 wni) AguarinGeumiueiuTenalulssiuduielud mnnavnaesdy 2
anunsalusn luTiuansaEnIAdY Anasirdurasimnaesndu daumileundeunnssiusgsls agesune
wartiniFoudiufueAusedfisiui “dusliuanedoufianntilugonnia aruenadu Snsusiadu meinues
nasazdsuutateddls” uarldideslosnsiinmainlusunsumeass PhET Aunuudiassmsinivueuasediadien
tniFeuasieiu Tasesugliiiufnnuduiusvommnnnaeny susnim anuiiiedu wasanuemadu iednans
Wasly

il 4 Ye79A733 (20 U9) ﬂgLLazﬂ'ﬂL%'&Jui"mﬁ'uaqﬂmamiﬁﬁﬁmﬁuﬁﬂﬂ%ﬁ 309 AnwarnsinivYeILas
Tudszifiuiin “uasdiumssinuginans fflanumuuiulios (e1ne) Tusianareifiaamunnduain (Wi
wanafin) azdanasienNaIAAY ANE1IRAY ANNE tuAnnsENUNAzsNTm violilegndls

Fuil 5 nrsuszidiuna (15 ui) agUszifiuainlufanssuil ios dnvugnisinmueuas wagduniwal
thiFeuiidensdivssiumpouiilidaion

wuunagauadilaiFesnisinmvasuas iudeasy 2 drdutu Wuuuudsile 4 #uen uazedune
wiRraUsENaU 911U 10 U lner3dulionun3naideves Deephad (2010) A1AMenditeaglumig 0.20 - 0.80
BT LN 0.20 Buld SarumangauuazeseuaquIaUsrasAnsEeud innsimsliasuuutatu 1 uay
0 azuuu 1§ 1 Azuuu ensugnis 2 ddudu (Fendadengnuaresuremmpadszneugn) 16 0 azuuu ensuiia
i1 2 drdfudu (BendaudeninuaseluiemmpaUszneuiin) vie nougniamzafuiuil 1 (Fendadengn wieue
WiANaUsTNOURNA)

4) maiiunusandeya (idelinGewihnuumeasuanudlasesmsinimesuas S 10 4o melu
1381 30 UI¥ neuLAEVaINMIIARANTINMTSEUS

5) Msnszidaya

1) MTAATIERATLUUAIENIAdaUATILUURIBEelLBasEAanU (dependent samples t-test)

2) AATITRAUAMINLINIINITITBU normalized gain <g> AULUINIIVDS Hake (1998) Tnaunlaain
Fnaausznitananisdouiifintuats (actual gain) msdsranisieudgeaniidloniaifistululd (maximum
possible gain) As@1N1T Normalized gain <g> = (%post-test - %pre-test) + (100% - %pre-test) AINUNAIINL
MensBou flindaus 0 fe 1 ey 3 sEeu Ae Low gain (A1 <g> deanimiewiniu 0.3) Medium gain (A1 <g>
117N 0.30 LAtEAI1 0.70) Way High gain (<g> diAmnnnIusewiniu 0.70)

Han153d8uazaUTENa
MNALUUURUUNARBUANNDTAS N STNIvBILET §IR8tUATIEN Aall

1) HAFNONINIINISZIULAZAUAINTINIINISITEY

A15197 1 Ay ANTERULIINggIY AT kazAIAINAINTINIeNISSewade Normalized gain <g>

ATHUUNAFIU X S.D. t Normalized gain <g> wUana
fousey 3.44 0.73 36.44% 0.71 High gain
NATEUY 8.14 0.42

o w =

*upnasoeelitudAgynadanszsiu .05

21597 1 nideuilaziuuvadeuneuioulasndaFou Wy 3.04 Aziul uay 8.14 AZLUUANATY
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Abstract

This study is quasi-experimental research design. The aims of this research were to develop
science learning activities in accordance with the STEAM education approach, and to study the effect
of promoting creative thinking skills and student satisfaction after they were intervened with this
developed STEAM activity. The sample was a cohort of 5™ primary school students which was selected
by random sampling. The experimental group consisted of 30 students, whereas the control group
consisted of 28 students. A science lesson plan according to the STEAM education approach in the
topic of “Let’s Design Your Zoo”, which consists of a 6-step learning activity developed by combining
concepts of engineering design process with the signature pedagogies of art and design for a total
duration of 6 hours (3 weeks). The creative thinking skills assessment form and the student's satisfaction
questionnaire were used as research instruments. The results showed that the designed STEAM lesson
plan was evaluated as very good level. The results of the intervention of this learning activity revealed
that the students in the experimental cohort had higher average scores on creative thinking skills than
the control group in all aspects. Sixty percent of the experimental group have very good creative
thinking skills. While the majority of the control group (53%) achieved only a fair level and no one
reached a very good level. The students of the experimental group also expressed their very satisfaction

with this learning activity.

Keywords: STEAM education, creative thinking skills, science, primary school students
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1967) TnausazaufinnuAnairsassanldmioudu LWﬁ%a%ﬁ?urﬂiﬁ‘Uﬁﬂﬁﬁﬂ’nmﬁﬁ]ﬁ%’]ﬂﬁiiﬁ%ﬂﬁ’llﬂéﬂ’li
asvassradvl 4 WAntuldoedliddnaudu Guilford (1967) utsuenesdusznouvesiinuen1sAnansassd
gonidu 4 dau ldun 1) n13@n3i5u (Originality) Ao nsAnludanlmiviedaluidesilireilasdauiou
Lignlasuavunnsisainanudnesnusssunialy 2) n1sAndangu (Flexibility) Ao Aua1unsalun1sAam
Amauldvalefianie vatewiyy visnesdaaIun1salnnagtlavalads 3) nsAnaaedLal (Fluency) Ao
muaLsalunsRanALARTLAnAazaAnane e ldnseusinveaia Wuauaansadeduds
ihlgnsanednsiinaunin uaz 4) msanaziBenase (Elaboration) A Auanunsaanlusisazideniiiu
Uandesldd ileveneviennusisauavdnlildauane fauysaifdunasdmnesalufsaruannsely
nsPuunkenuezogedulazBeuaude msdafanssunisSeudinermansiiasisassdiu narsedatn
AntundontunisAnieysannisie Wesnnnisadassdanuimeinemanidniudiosendonuiann
A1EnsIvIMaINaIewuLe (Rolling, 2016) N13AALEIYIIINIS (Integrative thinking) ManefiaAiuaInIsaNna
auAalun1suessauiiu msueadunimsin anunsadenlosludusiig 9 Wenlsspnuduusesdusenay
dosiinudomanldegnamnzay dmaliFosfiuondusnundniuiiaruanysaiuazduennin (Riel and
Martin, 2017)

VTﬂwmsﬁma%fwaisﬁl,l,ammwﬁm%wsnmam%vﬁuﬁaﬂﬁmﬁagjmu@jﬁ’um%mﬂumia%aaiiﬁ
uawitaLe15859resyYs (Rolling, 2016) SntanumsduAatzfunuidemainermansfisafesends
AMNARAS19A55A (Kim and Chae, 2016) ﬁﬂ%mmam%ﬁﬂmL%'aﬂwmmﬁ@a%ﬁqaﬁﬁLﬂuﬂﬁﬂﬁwﬁzﬁuﬂﬁ
vTN']uﬂuaﬂﬁﬂiwmmam‘ﬁ%ﬁﬂﬁmmsaLLf’ﬁjzgm‘vlN%wmmam%ﬁaﬁu%%’aﬂﬁ (DeHaan, 2009) d@sWal
Anssuvneasiiiu@nuniainasifeatesfuianTsun1seantuy MINANM MIAALLLUY NsUsEAYS wagns
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avudelluunnilfuinutanssumenisinelndiivasusuonazdufneunund Bieduiunis
aSaassAvneRaty (Art: A) Fasufudeni “azfu@nen” (STEAM Education) (Yakman, 2008) fstufanss
NSBUSUUY “avin” (STEAM) Jonaneduilvadiidunszuatenlursnmsmsnuilugamensseisinuuni
(Belbase et al, 2021; Conradty and Bogner, 2020; Costantino, 2018; Kang, 2019) wasidudnmadannils
ﬁuaqmiaamwuyiwmﬁtﬁaLﬁma%mﬁﬂmmiﬁmﬁwaﬁﬁ (Belbase, et al., 2021) Gross and Gross (2016)
IiaduayuinfanssuasAufnvidunuimansBeunisaausuuaiisesdanuiienuies (Constructivism) i
wiubidnisewdugudnaisveinisiseows Aanssuazinvibiinieuldsumsimuniineenisfnasneassnain
MsvheuduAaly luvaed Kim and Kim (2018) lﬁﬁwu’ﬂﬂﬁLLmumiL%'&JuimuLLmﬁmazamﬁﬂmﬁdmﬁu
msvhRanssumsRalzdmiutineusedulssaufnnig s liinGeuldunsiamninue msudtamini
Inenmaniuazanuazidonsounsauslngldvusudiiens@inun uazAanssunsiioudasindnudiviv
ndeuseiudulszandnudedn “Hands-On Land Forms” ﬁaﬂﬁwmfﬁumima Rolling (2016) 1{udnwils
mamwmﬂmmmmmssmymmﬂm‘lamduumsaﬂmLsauiiamumuﬂamaﬂ 9 ﬂumﬂmmiammamu
IAnenudlesgedndduluifoniin fade mau,mﬂmLawwumaﬂLiaamwﬂwaﬂamaﬂma uenang
Phengnoi and Boonsom (2021) 8ﬂmwmuwamsmwwummmiiumiLiaugaymuﬂﬂmmaLaiuaiwﬂw
Hndeutuussondnun i 5 1gsunsiamuinusmsudtamedadsassilratuly uazdnidouiauds
welalumaidoudmefnssuiluseauanniian
1nmsfigideiduasiaeuneiviinemanivesinFoulussduduuszandnundi 5 Tsusouts
NYAUTI NUTMENERTUaTANTENSISEUsIuTIEIv NG q Faldin1sdnnsiseunisaRuLUUYININITANSY
783 uFeuLULLENAsEIvena Nt Tasusarseinfdraustudidsunumdomiamslumansues
puLDY uonINTEITedmuhmsSeumsaeuivetmanssedudusing 1 lulsadoudulngasdsuuuunaiou
nsaeufiiiiunisuenyieussenenw? dhiseudadinihifieueilsdsiinguenluieadsuudmiossiunnniing
Ii3ouiannsasilieufifads demaliniFeulildsunmsiininuznisisoudifiowmamanumenueuas
ﬁ'ﬂwﬁﬁ’]Lﬁuﬁmﬁuurfjﬁauiuﬂmiwﬁ 21 1y inwenisan inwen1suidym invensiansauna finvens
hensanuduiin Wudu aanmsdanmsSeunsaeusnanilasiouldiiuiemudaugfuanunisally
FAinswesineuiideundyiulymifaududou sudndudeddmansainuiuuuysanislunisfia
uidymuazdedddmndnaiiuassd JeeradmarienmunmmsnyvesiniFeulusuian
é’aﬁ?uimmﬁﬁaﬁﬁqauhﬁ%ﬁmmﬁﬂﬂii:a,JﬂTﬁL’%sJu%ﬁwmmam%mmLmaﬁmazamﬁﬂmﬁm%ﬂiﬂL'%Em%u
Uszaudnw Uil 5 Tngendenisnanuuunfnasfufnuiidnisueunneuddeterfenszuiunisesniuuid
FensuTiusENa UMY 6 TuneU (NRC, 2012, p.49) laun 1) svulaynn (Problem Identification) 2) 59U5
sﬁauuaLLasLLmﬁwﬁLﬁmsﬁaqﬁuﬂmm (Related Information Searching) 3) @anwkuu3an1swAUayun1 (Solution
Design) 4) M9k uazALIuN13wATM (Planning and Development) 5) nadau Useiliunauazusuusaunly
Fusu (Testing, Evaluation and Design Improvement) kag 6) 1iaus3sn1suidaywt nansuiiyninde

v
a

Fuu (Presentation) W uINiIfuURUUNMSAULEIENaT19aTsANIUEnaNvalIsN1saRURAUL LagRDNWUY
(The Signature Pedagogies of Art and Design) (Costantino, 2018) #4iodAUsznoUAIY 1) N15v198798

F9150uY104 (Critical Making) 2) n1si3euiiuingnsetuau (Object-based Learning) 3) n153mn% (Critique)
way 4) N15LaAnINaU (Exhibition) Inswanadunsauwuifnnsisosawansluning 1

TUILEIANITIY

1. ileiannfnssumsBeudineimansmuuuanasiudnuiiaiuainwinwe nsAnasisassd
dmsuinGeudulsraufinudil 5 Fesaudnivosnmumy

2. WeiFsuifiouinuznsnaiassavestinouilaunsinnisFeuiiefnssunsGeudan
mnAnasiuFnuiunGsuildsumsinnssouuuuund

3. ileUszdiumuiimelavesinGeudulszaufinudil 5 flveRanssuniadoudinemansau
wWIRRAFALAN
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NNWEAIANEINETIAvRINNSEUTUUTTauAnY

*  nsAR3Bu (Originality)

*  nsAndavgy (Flexibility)
* niIAnARBILAA? (Fluency)

* nsAanaziduaase (Elaboration)

*  n1sALliaysanis (Integrative Thinking)

AT 1 ATEULLIANYBINITIVY

A5A1IUN153Y
LUULAUNTSIR8

¥

n19338A5 Tl dun153demaasalasnuigidelduuuununisideuuunsidenamnaes (Quasi-
Experimental Research) UszLaw Static-Group Comparison Design (Leedy and Ormrod, 2015) @uanssail

& NSNARDY  NITVAABUVEIIEU
nnaes (E) X O
AR (O) - O
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aaanTlmliunanivunard mndniSeuduimnsvesdidnoushvdnivmiesudina dniSeuvsvae
ponuvvaldnioglsliivnzauiunsarsetinveaniunazvin lngdasldeutszanalinlesiigauaza
dnifeaIeaIuigaUss 1Tl NTE 1Y
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NYU NI15A
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o e
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3) wuudsziliunnuiselavesiniSeufitiefanssunsisoudinemansuuunanasfindnw Bos
audnivesnumy Jadunuumasyszanaan 5 sedu (5 = 1Infign 4 = 1n 3 = Yrunans 2 = e uag 1=
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swmsiimanuaenadeteglutag 0.7 -1.00 Fasneanuidianumnzaufioz ldUsadule

nsiuuagsIUTIMdaya
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wnAnasiufnudmiviniFeuduuszonfnudi 5 Fesaudnfvesnuny tnsfanssunisFeuifaingd
sjmnefiefisinsiaiuainwinwe msAnaisassdvestinoudadurinug id dydmiumsisousluanissui
21 (Carbonell-Carrera et al., 2019; Conradty and Bogner, 2020) 1umi‘ﬂ'wmLLNumiﬁlﬂmiﬁauiﬁl Aadula
ponuuutuneunsaeulagedsmanauAnasfudnuiidenToamsldauslumansaivndvidng  éun
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nsepnUUUIRNsuAT 4) Maunuuagduiunisuitym 5) naaeu UssiiuauasUsugaudlatuey was
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Abstract

The outbreak of the Coronavirus 2019 (COVID-19), has caused the students to stop going to school
and were unable to study normally. Therefore, the researcher has come up with the ideas; 1) to create and
develop the manual of artifacts from local materials by STEM education approaches under the outbreak of
the pandemic, Coronavirus 2019 (COVID-19) with an efficiency of 70/70; 2) to evaluate the scientific process
skills after using the manual of artifacts from local materials by STEM education approaches and; 3) to study
students’ satisfaction towards the manual of artifacts from local materials by STEM education approaches.
The target audience used in the study were 18 students in Prathomsuksa 5 of academic year 2021, Ban Kum
School, Ubon Ratchathani Primary Educational Service Area Office 3. The instruments used were 1) the
manual of artifacts from local materials by STEM education approaches, 2) a learning achievement test; 3)
the evaluation form for the scientific process skills and, 4) the students’ satisfaction evaluation form. The
data were analyzed using percentage, mean, standard deviation, and one-Samples T-Test analysis. The
findings indicated that the manual of artifacts from local materials by STEM education approaches had the
efficiency of 70.62/72.06. The students’ average score on the assessment of the scientific process skills by
STEM education approaches in the step 4-6 were higher than the standard 70% but not statically significant
at the .01 level (step 4: Implementation on problem-solving and developing, step 5: Testing, evaluating and
improving, and step 6: Presentation). The students also had an average score in the list of assessment no. 4,
mathematics, rated in the highest level (mean = 3.70, S.D. = 1.01). In addition, the overall students’
satisfaction towards the manual of artifacts from local materials by STEM education approaches had rated in
high levels (mean = 4.19, S.D. = 0.64).

Keywords: Scientific process skills, artifacts from local materials, STEM Education project,
outbreak of Coronavirus 2019 (COVID-19)

Cite this article:

Ruengrung, S. (2022). The development of the scientific process skills using the manual of artifacts from local
materials by STEM Education approaches under the outbreak of the Coronavirus 2019 (COVID-19) (in
Thai). Journal of Science and Science Education, 5(1), 124-140. http://doi.org/10.14456/jsse.2022.11

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




126 | Journal of Science and Science Education Vol. 5 No. 1 (Jan — Jun 2022)

umin

Ingansaimsssuinvedlsnfnitioldalalsun 2019 videlsalein 19 Tdunsnszargluifeunnussmaitilan
uywesdidundyiulsnindeguilnifiausofedeldlaedie uazundnszarsnisindoldediasniia
(Thangkratok et al., 2021) N59An55sunsaeudssiudesufusarenisidsundassnain seiudidneu
AugnsIIMINTAnwduiuguldfmuagULuuNsEsunsaould 5 JULUY MuUTUNLREANIIINEaLTEILsAY
1591501 A9 1) ON-AIR 2) ONLINE 3) ON-DEMAND 4) ON-HAND waz 5) ON-SITE (Office of the Basic Education
Commission, 2021) JUkUUNIS3BUNs@BUS 5 SULUUTagninnUulivaununisinanisdsunisaounuuiia
TsaSouthutu nduaiedisaniufnui 14 (wiuda) sunelvadon drinauwaiuiinisfnyissaudn
guasvenll e 3 dfnauangnssunInsAnwTuiiugu nsEnTNEnwEng egluviuniifianumnsauiiay
$an13i3eun1saouLUUT 4 ON-HAND (aukaud) Fiin15dnn1siTountsaounuy ON-HAND danduaneiiiau
fquiguauisuaneioudanean 2564 friusiflesanninGeuliannsaiFeuseulals wazdrnandnamuiitae
Tuituiissldannsadeuwuuil 5 ON-SITE (paules) Ituiu waranmsanuiymuazarumdenveinGeulunms
Seuingivingrmansuazimalulagannisdunivalgiuienislsasey uazamuzag nudn dniseulusedu
Uszaufny TagtaniginFouludistudl 2 (1.4 - 1.6) Saafinsenssuaunisitdrdglunisiieinamdna
InenmansuazmaluladiliSeusinlfludiaussiniu wasiidfyannisdsamiudniuisfusuuuunsGeu
aou lngldianssuguiimanewseu wui dniSeufesay 75 desnshingasuuuuliasdiouifiase wu Inmnaes
finnsuseivg Wusiu

n1sdanIsseudnuuwifnazifudnulngldlassawdugiu STEM-Project based leaning t¥un1sti
Funouanysannisiutuidasinudugi (PBL) uarasdufn fadunisdanisdeusidulidnZouldade
VTR dajauilatyminuiuvludinets ieafaaduuszaunsaliinue¥in wasilunnwIeuanumiouliu
thidsuluounan msdanszuaunsBeuiuvvasdudnuidunsSeuiiiniSeufauazadionuitymiliiedesiu
Fnvszdrfuiielildlfinaluladdadunandnannszuiunseenuuuiddiningsy awdeliinGeuldiamvinuy
nsAn invgnsldmeluladansaumna sinuznnsudtiym uaziinvenisdoans asdaouaunsndanisFouilagly
FBansdansFeuimuanimaie dnFeuliedglymuasuidgminsmilduiunnedeniiduiusivauiuaie
FadunsSeuiidmnumneserihiBsunseduliinSeuAanatoudeuilugnsaiesdnmdnnuiuniiiuaie
(Polyiem, 2018) FsmsdansiFeuduuulassnuandufnu Ao madaniadouiuuulasnuiivsznoude 6 dunou
fail 1) ssyBgmussduiieudn 2) Susunuuundniifedes 3) oonuuuiBudlatam /i 6) duiunisudlsy
Yaym/simun 5) negeudseiliuna USuUe 6) dnausnanu (Visetsuvarnabhumi, 2019) @oaAdasiunssuIunis
aaﬂu,wL%ﬁmmimaq@juéaxLﬁmﬁﬂmumma (National STEM Education Center, 2015) @0nna a9 uId@auLuu
dulangiitiunszurunisudtiym (Chanunan, 2017) wazaenadssfiunsinnisiseudmuunfnasifudnulagld
Tase91utfugiu STEM-Project based leaning (Klomim, 2016) Q’%%’a%u%aﬂisi?%u’umaumaaﬂ’rﬁ%’mmiﬁauiuuu
Tasseazdndne wldiduduneulunisfmuinuenssuiunsmeineimand uavnadugrdnenisisouves
wniseu

MnnsAnwaddeiiirdestumsiauninuenszuaunseinemans wuin inisaeulngldgie

v o

1
fieulndiAsafunisasuiinanluaudindunisasunuy ON-HAND uananiigiefldidifutunou uazse
MuazBendiiniSeuaunsosi wagiauldedsarnandnlunuitisududesdaiutuney waznisaoud
Y5IN3 STEM ansnsasianninugnszuiunsmeimetmansle 1wy n1sinwives Ruengrung et al. (2020) Aifnw
ﬂﬁﬂ’wmﬁﬂwﬂizmumimﬁwmmam‘éf’;&Jﬁjﬁamia%wmmammu%umauimqmuamﬁuﬁmsn Soq ARGHBERN
18 wuin gilensasyannasaduuinnssufianssaimunsinuznssuaunsmeingimaniléfuinugnisde
Uszinndses (Classifying) fis nseanuuudsudlodaw/amn Fnwenisia (Measuring) Ao n1siiunisudila
/i wazfinwen1sAuinuazn1sld91uIu (Using Numbers) Ao n1snaasudszilluna YSuuse wagds
daadaliiinFoulfnalulaglumadousldesngniios inrauuasinusslen iesmnguuuuianssunudunou
Tnssnuazdudnundrsiuinssuiunmsfiannsedaaduvienauinuenssuaunsmadnemans uagnisinuves
Ruengrung et al. (in press) ﬁ"l,vﬁ"%“mﬂ'}iL?EJug"LLUUIﬂiamuasLﬁmﬁﬂ‘m Tun1seeniuuimuIgANAaoIvaIlnTe
wui dheuianuaansalunsuitiymndaSuganitneudsusnadidudfymaaiafiszdu 01 1osnnsys

= 1Y = <, = = va a a o § Yo o
ﬂ'ﬂﬂ’]ﬁﬁgLmllﬂﬂ“l;‘nﬂUﬂ73Lﬁﬁ]u%ﬁ.@Eﬁfﬂﬂ5\1\1’]uLch§’]uﬂJﬂ5$U3uﬂrﬁﬂ'}5L58UE‘WLiﬂﬂqﬂﬂ']iV]ﬂE‘quﬂuﬂLiﬁluﬁqll’ﬁﬂ

Copyright by Faculty of Science, Ubon Ratchathani University



IATIMEIMaNTUaL I mIansany U9 5 audl 1 (.. - d.6. 2565) | 127

fvuatlan uaznseduliinGoubudussieaouiiuvestam aghnszuaunsmsisouiuulassnuasiudn
unlfifieliiniFoususdeyaiiisadesannuvasiunfuaneiu uazdeuniinGeuldlinssuiunsiFous asaasy
Aefielald auausouitymldenegnies uasiaueguuuuiasTBuitamlvituiousnduld

NnunAntduideiafunnudidyueanisinnsiSeuifidaasulidnEouldldinvenszuiunisma
Ingenans Aunuanuy asdleufuRsenues ileliinEsudiunudifgyueineimansiannsaiaadunly
uitymluBinUszdriuld fansadedslssiviantanluriesiu WuianssufunsausuiinGoudulssoufinw
peulaeasnmawes Jansna 9 AlegseudmnaiaduvedilutuazlulsaFouls uaziiddyagamnsald
fumerlunisadrsdsussingantanluioduinduaiulviinifeuininuenszuaunsmeanemansls nnsass
AsszRnganTagluiosiuasdreliiinSouinaufnsiveen IsuUszaunmsalfonmansauasnsdon uazdude
PredorlssamundugUsssuiuunussa sihliAeamndlaludessnitdnuldihetu dufunmsaidessivgan
'Jaeﬂ,waqaummwmmsma,nﬂ lumsdaaSuinwenssuiumanaimemans vilrdniSeuiianunieslunisiseu
Wiunntu ansnsonievenmng waransaussgndvinnseng ﬂiuﬂﬂimaﬂamiul,iaaau 9 g1

muum%mmmmmiummmmawaummamwu ON-HAND flas1sadaasusinyenszUIUAITNN
Inenmans dvsuiiniGoussiuuszanfnuineutats JalanuaulalunsiavigiientsaiisdsuseAuganntanlu
fiosiu mutumeulassnuazifiufnm neldaeunmsaiundszuinvadtsefnideladalalsun 2019 (COVID-19) Tnei
fumeunisilassnuaznfufnw wldiduduneulunisnisaiedassivgantanluiiosiu dmsuiniFeudy
UszaufnunUil 5 Tsadoutuny nquiedetisaniufinuil 14 (wudu) Sunelvaden drinnuaaiiuiinsing
Uszaufnwiguasiyell v 3 lnenisdanisiseuinenanansafusuimielunisiaunsinvenszuiunisms
Inermans siauinisSeunsaeuinermaniszdulszandnvineuvaisludagu el kaonndesiunisimun
thideulummsswil 21 wagmswundniSeusnuanssausuasaudnuuSultUszasinuvdngnsununalsnsang
%y’uﬁugmwmﬁmw 2551 Afvuald

Qe

TUTLEIANITIRY

1) ileadaussiangiionisasnsdassivgantarluresdunudunoulassnuandung dmsuindou
fuvszoufnu® 5 TsnFeutudy sunelvadon drdnmuaeiuiinsinvivszoudnuiguasesiil 1w 3
iU avBnnenunaeiuInsgIu 70/70

2) iileUszifiusinwenszuiunsmainermansainnisligienisairsdsussivianiagluviesiu
putunoulasanuanfudnu vesinFeutulszonAnu¥i 5 Tsadeuthuny sunelvnden drdneaiiud
msfinwUszauAnwiguasvenil 1w 3

3) Lﬁaﬁmenm'1zuﬁqwa%ﬁﬁ(ﬁiaﬁﬁamia%qﬁwiuweﬁmﬂaaﬁﬂ,u‘wamummumauimmuaumemn

Y
v

vosindsudulszaudnudil 5 lsadsudhuny suaelvaden dihouwaniuiinfnydsoufnuguanasii
n 3
ABAnlun1IY
ngudlwane Ao dnidsututszaudnundil 5 nadeud 1 Innsdnw 2564 TsaFeuthudu nguedete
anufnwil 14 s sunolvaden ddnnuesiuiinsinudszosAnwguasvend e 3 AiFeulusein
215101 Inegnemansuasinalulad $1uru 19 Au @arsanasulaeligiienisaisdsssanganianluiiosdiumy
funoulssnuazndudnu vanua 18 au iesantniFeusuiu 1 au farwunnsemisnsdeudouiiiseddd
Ns¥ANISEEUNSARURNITYARA)
NsEMaTIANALATED
1. madugilensainsdssehugantanluiostunuduneulassnuandudnu dwuinFoudu
Useonfinun 7 5 Tsadeuthudy sunelvaden dinnueaiiuiinisfnwussosdnuguasvsd e 3
1.1 3As1gvnanansuazAnuianUseaidsiedvn 115101 dneraransuazinalulad
wiheM 35U 1 M3Bouddsing 9 souf Bes invenszuaunmsmaineimans ieldlunisdavingiienisaine
AsszAngantagluiesiu
12 AnwsgaziBoaieafundnnsuasisnisainsgiiennsaiiedeseAvgaintaglusiesduniy
funeulassuasduinu mnenasssuazanifefiisdeafioduwumidunisiominidon

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



128 | Journal of Science and Science Education Vol. 5 No. 1 (Jan - Jun 2022)

1.3 a¥udilensaiiedelsrhugantanluiosdu audunoulassnuasdufing Siuau 1 athy
Usznaudie undl 1 arsgdrdny Leun finvenszuaunsmainereans unil 2 Yanluvieadu und 3 nsats
Asseiugintanluriesiuresindounutuneulassnuandunu Tiun Tufanssudl 1 ssydgmussifuiieude
TuAanssuft 2 srusmuwnAnfiiendes TuRanssudl 3 senuuuisudletlywy/ i lufanssud 4 dudunisudle
Ugyy/dlaun TuRanssudl 5 neaeulszidiung UTuuse TuAanssudl 6 L‘hLaua%umugﬂLLUUIUaLmE]%Gumm Ad

dragsluianssunsEuIunsUsEhvgi 6 Asll
1. vdniSeudiauedunusluuulvawesouin Ad Musznaumevihteselullognage
1.1 YPuiu (VonTedsUseRugnas )

1.2 szylaymndsznuiieutn (AadgmezlsilusIaddessfvgiaun)

o

1.3 ausiudeyaiitisates (wnAninermaniililunisaiisdalssing fanlunisai
Assging auantRvesian Bmsaiudnseiviiiorlsth)

1.4 ponuuuisudludgyni/faun 1nn1ms1edeUszivg uaznisideniag gunsal
n139BNLUY UaEMSNaUNL ey Tan aunsalilldairedsuseivg)

1.5 dnfumsudletgm/iaun (asfleai1sdssivg uaznaaeddiuauluaseuata wieuh
nsUssifivunumusuuUssdiutun)

Y a v oA 4

1.6 naaeuUssiiiung USuUe @gUnanisnaaedddiuau seyden Joidevesdslsshivg

PouuzilunisguasnuFUseiug warnsimundeseivglanninga)
2. iiniFeudaunuass feuseneulumedauseiivg nioudilonsassdasehivg

At 1 fegrslufanssunseuiunsUssiugi 6

1.4 vhgflonsairsdsssivinnTaglutiesdunudunoulassouasinng fasduauels
i3 3 viu YspiiugiiensainedaUssiivganntanluviosiu Ssuvadugiderngiuinermansdn
$1uau 1 v sunwildnsdnguiduuasnisissisiun 1 vin wasdunifouasyssidusa 1w 1 ving g
pnasumnAIzadlug e nuilinisdaguien uaznisfiant asaaouaugndes wasUspii
AN MRBUNINUSUUTUALY

1.5 tmanmsdssifiununmgiionisaiadaissAvgantaglutesiu mutumeulassnuasif
Anwrandideasiaita 3 i smanadelnsldinasives Srisa-Ard (2013) AlafsasuuulssdiuresdiTemaiia
Faust 3.67 JulU warildrudonvunnsgiuliifu 1.00 uansiesdusznavvegionisaivdsssiugantaglu
viosRufieamnzanaenadosiu fdneds it 4.59 wazdrnudoavusasgiuiiiu 0.18 Weifisufuinsi
udogluinasindanumunzauniiae

1.6 YgiionsaindassAngantaglutesdumuduneulassnuasifudnufuiuugudludu
atvauysaindluldaietungutimne fe dniFoutulszaufinui 5 TsaSeuthudu sunelvadon dridnaun
fufinsfnuuszaunuguaTesd e 3 S1uu 18 au madeud 1 nsne 2564

2. uuuvadeUIaNadnENIINsI3euT 1IN 215101 Inemaniuazinelulad vinensiFeusi 1
nsL3Budaeing 4 souda e inwenszurumanidinermans Wunuunnasuiigideaiiatunugaussasd
ilomin uuvunadeunuuusil viadenmeu 4 fFuden s1uau 20 4o TnglgiBeamaiuinermansdnu
wazflnrmgiunidonasyseiliunanisinu 53u31ury 3 vy Ussifluanuaenades (100) seninedeany
fugnUsgadn1sisens lnerdvlinnuaanades (item-Objective Congruence Index: 10C) 88581319 0.67 - 1.00
3. wuudssdurinuenszuaumsnengmansannsainsdssRvsmutureulassnuagiudne

uazniauetunusuuUlUamefun Ad lunuuUssfiunusuuuunsssiduauniwsesunaaide Tasld
HiBrmgiuAnemansdnu uazfideivgiunsideuazUssidunanisinm mdman 3 vilu AsavEeuANy
AonARDITEINToAINNAUDIAYTENEUVBILUUUTEIIU (Index of Consistency: IC) Usznousiey

Copyright by Faculty of Science, Ubon Ratchathani University



5AITINEIMaN AL I mIansAny) U7 5 il 1 (1., - d.6. 2565) | 129

Aaudl 1 MeUszdfiufinyznszuaunsmMameImansautunsulasenussindng
nsUsulivineenszuun Mg mansauduneulasuazinAny (Tunouay 5 AZWUN AZLLY
Wi 30 Azuuw) tngliasuuuluidazduneu auvinwsiissysinisnsd 1

A19199 1 nsUse Lﬁuﬁﬂmﬂﬁxmunﬁ‘mﬁ‘wmmam%mu%’umﬂﬂmmazLﬁuﬁﬂm

JURDU nweuseidiu
1. seylymuszinui Winwen1sdane (3 Azuuw) wasiinven1saeruivandeys (2 Azwuw)

2. TUTILIAATeItes  Vinwensdana (3 Azuun) warinven1sasnnuiundeya (2 Avuuw)

o °

3. penuuvdsunlatdgny  vinwgnsduns (1 azwuw), vingn1sin (1 Azluw), invensiwunussan (1

PN ATLUL), YINYEATAS1BUUTA09 (1 ATLUL) LLazﬁﬂwmsaamwmﬁumﬂ%’aga (1
AZLLUL)

4. andlunsualateymy/ YINWEA1ITEUNNA (1 AZLUL), YINEN1STIUAUTEAN (1 AZLUL)

WU WNwen15in (1 AzKUL), HN¥eIoauIu (1 ATWUL) Lagin¥eNI5aIALLILANN

v

Yoya (1 AzluL)

5. egauUseiiiung YINYENITALNs (1 AZLUL), BINYzNITIILUNUITELAN (1 AzLUL) inYen13In (1

USuuss AzUL), TinwenslEuan (1 Azuuw) wazvinven1sasnnuiuandeya 1
ALLUL)

6. tiauoTuIIY vinwgmsdnnsgiuazdernumanedeya (5 Azuuw)

nargig nslinzuunlundazdupeulviminluusaginwemunisiansanangilienny laefiansunansineey

LRYURSINULNSIURIUEIRU

audl 2 nsUszdiurinuensyuaunMseIemaniannsthiEuetuny

miﬂﬁxLﬁuﬁnwxnﬁsmuﬂﬁmﬁwmmam‘mnmiﬁwLaua%umugﬂLLUUTU&LM@%MW A4 (518119
Uszaliusunu 6 999m3 5181582 5 Az avkuuiy 30 avwuw) Tneliesuuluusassienisussdiu auinued
ﬁzyé’qmiwﬁ' 2

M13197 2 M3UsziufinyenszuuM Mg Imaninnnsiiauesiunugliuulvanesauin Ad

518n15UsElIu Vinweiiuszdiu
1. vdnmsuwAsmingmaniiidlunmsaivdsseing  dinwensdung (3 azuun)
(Science) VinvrnsasrnuiuaIndaya (2 avuuu)
2. waluladildlunsinw (Technology) VinvrnsasenuiuaIndaya (5 Avuu)

3. M3Ldonian aunsal N1T0BNKUULATNITIIHAY NNWENTALNG (2 AZLLUL)

(Engineering) NNEENITIN (1 AZLUL)
iNrNI5IMUNUTELAN (1 AZLU)
Vinwen1sasnuiuandeya (1 Azuuw)

4. Mmsl¥iavlunisdine (Mathematics) Winwgmslddnnu (5 Azuuw)
5) AnuaenndeveIgunInlszneu Vinggnsasanuuiaes (5 Azwul)
6) FununTedITAYS MINYYN15NARRY (3 ATLUL)

Winyen1sdansevinuardennuvinevana (2 Aziuw)

vargig nM3linzuuulundagemsuszdiubiimidnluudagyinuemunsinnsananngdsivg lngfiarsanan

PINYENNATUITIN VLN SUAUAA U

avanslee Aoz Inemans umInerageuasvodil



130 | Journal of Science and Science Education Vol. 5 No. 1 (Jan - Jun 2022)

4. wovasumuanuienelafifivegiionnsaineds st Augaintanluiosiu mudunoulassnuasiy
Fnw WunuunmsId@uUsEana (Rating Scale) 5 seduves Likert (Likert Scale) $1uau 10 4o Tnesinugiduamay
fuAneImanidnw fildemgiunsiteuazyssifiunanisinw wazierngiudaineuuruuinazle
AUSAE TINTIUIU 3 YU ATIVABUANNLEBAARDITENINTEMNNAUBIAUSENBU (Index of Consistency: IC)

mafuTIuswdaya

1. §AfelFosuistnanharnuanasfuinGoudesguuuuniadou naniou wyiimslunisiiou
TudUAIUINYBINITINNITISEUNITADULUU ON-HAND

2. fafanssumisidoulneldgiionsadsdsUssivgan tanluviosiu suduneulassruasfudng
dsuiinFoutulszonnu®i 5 lsaFouthudu sunelvaden drihnumeiiuiinsinussosfnuguasvsil
w3 Wanaou 6 dUn (2 Halusdednnm) saiimmn 12 99l fsnsedt 3 Tnedndeudnudeyaandiouas
yhlufanssumatuneulsanuagiufing etaswuuildlubunsuussrhagou

a1319il 3 Aanssunisiseulasldaiionisadedassivganianluriedumuduneulassuasiudng

duanvin nanssunsiFeus

a1

UniseudnwdeyavingiowaziinlufanssunszuiunisUszivgd 1 szydanidsziiuimude
1 Ingtniseusyyldym Bmsundym waztannlduntymndangluviesdu nfeuvenivanaiiidenly
TAAUUAINMENN1INIINEIAERS WU Audandy anuwied W

UnissuihluAanssunszuiunsuseiuin 2 stusindeyaiiieddes lngliiniSeududu deyalu
dumesila wiodounudilunyinuiedunisitununlduitdym wazwunfamaveimansnly

’ Tumsadredadseing 1wy Augs Annuen anunie veadsseing 1Wusu sy Tanlunisain
Assviing uavanauifvesian Buastunounsadviassivg
finFeuriluAanssunszuiunsuseAndi 3 sonuuuitudladym/Aiamn TaeliinFeunanmns

° ponuuUAsEivg wiewszyTanild duusznauie neuaslevhawseivgate
fidewihluAanssunseuiunsuseivsi 4 dulunmaudlatigm/siaun TnelrminFouhassehvsi

‘ issuesumlulvgunaseaeauluasaunty 91w 3 au naaedldiuaiussliulvinzuuu
tnidswiluAanssunszuiunisuszAusi 5 naaouussiduna Ufuuge TaslsdniFoulivuse

5 deUsefng udlifunasesmienulunseuasivssifiudnsou udndouagudon deideuarisudly
UFuuse

; thidouvinlufenssunszuiunisussivgil 6 diauenamulusuuuulvamosvuin Ad dsiaegnsly

AaNssuNszUIUNTUTERAYEN 6

3. UszifiuiinuenssuiumsmaineimansannisaiadaUszavsmutuneulassnuasifiufinu way
Mnmsnaueduugluuulamesauin Ad lasnssunisgideangy 3 viu Uszneuludae dieagdin
Inenmansdne 2 v uasdiImaiunmsidouazyssidiunamsang 1 vinu

4. niSeurhuuunedeuTanadugvinnanisdeudiuiu 20 4o ethazuunildludunsuuuneagdey
vdaFou insmaaeuludunininisdanisSeunsaeusuiuy ON-SITE (seSeuthuny Budnnisdansiouns
aougUuuy ON-SITE Tudunmiusnuesieuiueneu 2564)

5. dndsuiuvuasuniuanuiiawelaiifivediiontsadiedsUsziugantanlutesiu audumey
lassnuaziudng 91w 10 4o

nsAseideya

1. SinnesivsyAnsnmgiomsainsdsss AugnnTaglusiosdumudunoulessruasndufnumamiy
TniFeutulszaunu®d 5 Tsadeududy sunelvaien ddnnuweaiuiinsinndszondnuguasved e 3
aanneust 70/70 Taevanade drudsauuinassiu wazarfosay

2. Ansevezuuuinue s U IaIne mansaudureulassnuazduinw lnenismageu
One-Samples T Test Iagldinausi 70%

Copyright by Faculty of Science, Ubon Ratchathani University



5T NMaNTUaE N IR SNy U9 5 1audl 1 (A, - d.8. 2565) | 131

3. AnsginzuuuinugnazuiunaMainemansannistiauetunugluuulamesouin Ad Tng
yALady wazdudeauunnsgy

4. AnsrzsimufiawelavestinGeuiifrodionsasiedeseugantanlutiesdumuduneulassnu
aziiudnu Tngmnanads wazdudonuuinsgiu

a o
NAN13798
1. wansadsuazniszAnsanvesgiionisadedsUsziv§aindanludiosdu mutunsulassnuasiy
= 4 v X ¢
Anwnaieduauinaeiannnsgiu 70/70
PNMsnadeunlsEavininvesglenisadsdssivgainiagluiedumuduneulassnuanfudny
(113799 4) WU AzsuuRdsluAINTIUNITATI9EIUSERAYE 6 NTEUIUNTTENINASHUTAYINAY 21.19 AzWUY du
Hesuuninsguwiiu 4.43 avdszansnmaaduiosas 70.62 wavdiunsuuuadsndusounsonadans (£, de

Wiy 14.41 avuuy drudsauunnsgiusintu 2.06 Adszavsnmandudesas 72.06 aguldingiienisads

FwszRvganiagluiodumuduneulassnuasiunuiassuiidszdnSamindu 70.62/72.06 ganinnes
wasgudasld 70/70

A13197 4 nan1snadeumUsEansninvesglenisaiisdssAvganianluriesdiumuduneulasuasiiudne,

MU aNSA W Total mean S.D. Usgansnw (%)
Useansnmeaanszuiunis (g,) 30 21.19 4.43 70.62
Usednsnnvowasns (E,) 20 14.41 2.06 72.06

@j'ﬁamiﬁ%’ﬂa?iaﬂizﬁwﬁmnﬁ'aﬂiuﬁmﬁumu%y'umauiﬂsamuamﬁuﬁnm 70.62/72.06

2. namsUsziuinuznszuIuNMIIMANeImansanmsldgiientsaidassvganndanlutieshiuay
sumaulassuazfiudne

aaufl 1 Han1sIATIRAZILLINBENSTUIUNMIMBNEmansautunsulassuaziiudne Tagns
Ngau One-Samples T-Test Tneldnauat 70% Fa111504AAINANITNAFOUAUAITINT 5 FINUT AvUUUTNEY
N5EUIUNMINEINEManT autuneulassuasiuAnY TuReuR 4 5 uag 6 TALLULRAEINNILNMeTIRIYUA
3.50 AzLUY wio¥onay 70 uAllAn pvalue > .01 WAATIIANRREVDIATUUUTINBYNTZUIUNITNITINGFERSVD
TNEUULANAIINNAITIT LA (3.50 AvLUL, Sopay 70) aemhiﬁﬁeﬁwﬁzymﬂaﬁﬁﬁ 01 dutunoud 2 futuneu
#i 3 flavuuuedetesninnamiisds wavturoud 1 fesuuuadswhdunasiinaly

A1519% 5 Nan151AEaU One-Samples T Test

A
[

YUNDU mean S.D. t-test p-value*
1. seylymussiiuiieiudn 3.50 0.71 - -
2. TITmnAefiietes 3.28 0.52 - -
3. penLuUTow bty v/simun 3.15 0.88 - -
4. snfiunisuntateym/faun 3.79 0.88 1.384 0.09
5. nagauysEiiiung USuuss 3.74 0.86 1.158 0.13
6. YiaueTuy 3.72 0.63 1.452 0.08
*p<.01

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



132 | Journal of Science and Science Education Vol. 5 No. 1 (Jan — Jun 2022)

noufl 2 nansiieneiazuuuineznszurun I nemansannsilaustusugluuuUames
1A A4 kanMsUspifiuannnitauetunugiuuuluaweduuin Ae 9ngideanaits 3 i ndwntniGou
ahuaznnaedldisUssivsanntanluiosiuruatedumutuneulasnuaziiudne Tnefisienisussdu 6 mens
Fsanansonannan1sUsziliununsed 6

P = a ° 2 s o o S
M19199 6 AzuuRAgINASYTEININN ST LEaFuUTULUUlUAaWMaTINIR Ad YaetiniTEunIviun 2INNTINNNT
HLEIY NS 3 Vi

s1en15UTEUY ATUUUIaEY S.D.

1. vdnmsuwAsineemaniililunisadredsUseiug (Science) 3.33 0.85
2. waluladiildlunsdine (Technology) 3.15 0.63
3. M3viionian gUnIal NMIDBNKUULAYNITINMAY (Engineering) 3.67 0.96
4. mslgiavlunisfine) (Mathematics) 3.70 1.01
5. AUADAAGEIIBININTTUTUIL 3.06 0.94
6. TunnAssehvg 3.65 0.72
374 3.43 0.85

9191977 6 AzkuuedsIINMIUTTduaIN T Tuu LU amesuuIn Ad vestiniFeuriavin
nnssumafidemgyia 3 vhu wui azuuuadelnesuinfu 3.43 azuuu WeRinsansedu wud dnidoud
azuuutaasluson1sUsEaui 4 msldsuaalunisanen (Mathematics) mmﬁqm (mean=3.70, S.D.= 1.01) wayil
avuuuadslusensUszdiuil 5 mnuaenadosmesnminafuiunumilgn (mean=3.06, 5.0.20.94)

aoull 3 nan1sas1uasvnaslddsUszAnganTanlufiesiu Tnglviunases uazauluaseunia
fdwsulunismeaeddd wazUszidunnmsldendsseivg S1uiu 3 au Tnennasddduazyszifiuausonis
Usziiu 5 518m15 (518M588 5 ASLUL 598 25 AYLUL) NALARIRIAS197 7

= a a a a ¢ o Yy a o & %%
A13197 7 avwuuadenan1suseiiudslseivianianluriesduvesinSeunun lnelviiunases wazauly
AsouATIllausImMIMAaadld wasUseidiuainnisldnudeuseivg 91uiu 3 Au

s19n15UsEIEIY é’ﬂimﬁuﬂu‘ﬁ AZMUY  Azwul  S.D.  mswdawa
1 2 3 s wdy
1. nnad1y guieile 445 436 391 1273 424 024 1N
2. Winadaruudaus numnu 409 409 436 1255 418 013 1N
3. Wimafimnuauysainsuiudou 391 391 345 1127 376 021 1N
a. Yanilivihlinmnedanumanzan 364 336 318 1018 339 019  Uunan
5. ANUARAS19ATIATINE Y 272 291 300 864 288 011  11unan
TN (25 AZIUL) 18.82 18.64 1791 11.07 3.69  0.39 N

21NM19797 7 AzuuuadenanisUseiiudsssAviananluresiuvesinieurovun Tagls
funnses wazavlunseuataiidiusaunsnnassld wagdsziiivainnisldaudessiivg S 3 au wuin Teg
AmsmdsUssivgvesiniFeudiazuuy 3.69 azuuy sgluszivann JsemsUssduil 1 nade auneile Tazuuy
gsan 4.24 azuuy agluszivann wagilazuuilusensuszidiud 5 mnuAnadiassdvesiniFouliazuuusian 288
AzluuagluszAulIunand

Copyright by Faculty of Science, Ubon Ratchathani University



15915 IMIEATUAS TN IIaN AN TN 5 1oudl 1 (u.A. - ¢, 2565) | 133

gilanmatadaszieg

sl
M| uwil 3 nssutumsussRug nrzuInTUIsHugh 6

’ ‘wﬁs-:nmumm‘mamﬂmunuunu,,,,, S

87 7 15101
fuazmalulad

nsdsgilevdeannldaile nsdsTunudnseing

Y o«

AN 1 N3IANTEEUNISARULUU ON-HAND nenislipiionisadradsefuvgainianluriesdy

3. nan1sAnwiadufanalavastiniFeudifivediionisaiedasshvganniagluiasiunudunoy
Tassnuaziudng
nnuanmsUsuidiunnufiaelasegiionisadrsdssiugantanluiedunmutuneulassnuazifudne
yasiiniFeu (13197 8) wudn AndsTuazuuunuiwelavesinFouwindy 4.19 azuuu dmudouvuiasgiu
Wity 0.64 InMsuUanartadsvenziuL wud dniFeuiaufianelaluseduinn wagnuimenisUssdunig
fianolafifazuumadoguanfesensusadiud 6 gllomsaidwssiuginliinGoudladomiGouldneiu §
ATLULLINGY 4.80 Azuuy wazildidonuunnIgiusiiu 0.40 wassensuseiunuiionelafifinzuuuinds
sanfesensUssiiuil 2 dilenisadedessiviitoya evn asudiuauysal Sazuuuniniy 3.60 Azuuu uass
drudsavuinnsgiuniiu 0.72 wasanmsdunwalinGsundansainsdsssivinnianluriesduiiudulideya
Fasteluil
«  msasedasziugiedaiesadeilvilinusdndenlifanluiiodumusnvasuas auautRves
Ta9...” (S1, 03 Auggu 2564)
«_msaddssshugadsiinlinyld 3B nmmainenmansildlunisuitgmiludinss s uld
wazansnsathluUszgndldiuiFesdu q Tuewan” (52, 03 fueneu 2564)
“...mia%ﬁa?ﬁ‘uwﬁwﬁﬂ%ﬁﬁﬂﬁmlé‘l%’ﬁgﬁmwmam‘ 195189 wazlddumasitinlunisdusu..” (4,
03 fiugneu 2564)

Fvavslag Ao Inermans unIneraseuasIvel



134 | Journal of Science and Science Education Vol. 5 No. 1 (Jan — Jun 2022)

A13199 8 wam s ieriiselavesiniSeuiiisend amﬁaﬁwqaaﬂim%mmﬁ@iuwaaaummumauiﬂimu
avifuAnw

318n15Us2EU mean  S.D. FTAUAIY
=
wanwala
1. gilomsadsdsssiuginliinGeuwd ludemiiGeuldiedu 4.80 0.40 VG E
2. agialemaliiinFeuaiaasimundsszivimedvesiniFoues 4.73 0.44 WINNgn
3. gilonsasdssAvgvilidnSeulaysannmsanuiingamans 4.40 0.61 N
wiAlLlag NM1309NKUULTIIFINTIY wasANRAENT
4. gilonsassdslssivgvilidnieulaldvinvenssuiunisms 4.40 0.61 1N
Weansagiud
5. gilensassdsUseivgriliiniSeutuunAniavaiadansefuginale 4.27 0.58 1N
YuNLI08 9
6. AilonsasdsssAvginisldmalulaglunsfinwivainvany 4.07 0.58 hy
7. aflomsaisdassivsianuaonadesiuidomiiiou 3.93 0.68 1N
8. gilomsadsdsusyavsiinwiienutnlade 3.87 0.81 1N
9. gilomsaiedsseivsliiuugii Fldesiaziden 3.80 0.83 1N
10. @Maﬂ’]iﬁi’]dﬁdﬂi%ﬁiﬁju%@uﬂa (o mumuauuﬂmﬁ 3.60 0.72 un
bED) 4.19 0.64 N
aAUsENa

1. wan1sasuasnssansnmvasgiionisasidelszivgandan luiissdunutunaulassnusasiy
] a4 v £ o
Anwnadisvunuinaeininsgu 70/70
NNINAgRUMUIEANENMTRAiianiTaiedseRvganTanluesdunutuneulassuas
WinAnw) nudn AzkuweAsUssansnmueanszuiunis () anlufanssunisasnsdalssivg 6 nszulaun1ssening

a a

P a a a a & v | a o = YA a a & v
SeUlAUTEANSNINAALTUTREAY 70.62 WASEIUAZLUURATNALIIUNITONAANG (E,) UA1UssansnnAnlusauay

72.06 aguldingiiensaddasshvsanagluiosduaudunoulassnuanfunwfiadduiidussansam
Wity 70.62/72.06 LHulunanasianasgudindld 70/70 esngifeldianngiionisaisdssziuganntanlu
viosduTiiunsnsaaeuamn AN Tmey naeaauiam Uiuuge wiludugiionsaiedssiviananly
fiostuiitidon duneunsruiumsairvdnsrivinuduneulassnuasifuAnuizantuiingou Suiligied
UsgAvSnmanannasifiimusaenndesiunisinuives Pomprakan (2015) AidnwiAgifunsiannganisaenin
gunsalazmsesnuuudmsutindny) wull Yamsaeuivigunsalvagnsesnuuuiiusednsnin 84.89/ 84.06 g
nnaTiAsgLARILe 70/70 denadesffunsAnuives Thatwong (2017) Aidnwifigitunanisdaianssunis
Seusluguvvazifudne dmsuinSeunuinnisdnianssunisseuslugduvvazifufnuifiadsednsaam
76.78/71.16 ganiunasiunsgIuiidivua 70/70 uazuenanissaonadostunisinyives Theerapisit (2021) i
AnwAatunanisliyaianssunisiFousuivuasidudne wui geRanssuninFeusuuuvazifudnu e
UsgAnSnw 72.43/77.14 geniunasiunmsgudiimue 70/70
2. nan1sUszdiufineznszuunsMeIneransanmsldaiiontsadredsussivgantanlutiesdy
mutunaulassuazfiufnm
AR 1 HANITIATIERALILULTINYENTLUILNTIN SN anS mu%y’umauiﬂswuawtﬁuﬁnm
Ingnsmadeu One-Samples T Test lneldinausi 70% wudn AzkuuiinuynszuIunIImainemans putumeu
lasanuazifudny) Guumau‘w 4 5 uaz 6 finzuuuladegeninnueiiimun 3.50 azuuy n3o¥esas 70 udila
p-value > .05 memmLaawaamLLuu‘wﬂwmsumumimmmmmammaquﬂLiammﬂmqmmﬂm%wm‘wum
(a Azwuy, $ovaz 70) eglsifudrdmeada 01 esnmstuneud ) ddunisudladgm/iaun, 5) neaou

Copyright by Faculty of Science, Ubon Ratchathani University



M5ATIMEImaNTUaL I Iansany U9 5 auil 1 (4., - d.6. 2565) | 135

Uszifiuna UuUs way 6) dnauetusu nwddy iWudunouditniFeuldldnuiuasiinuenssuaunimis
Inermansegnaduilunsmianluiesiu uazgunsaiifegluthumnaiisdessivg uazlvinulunsouasmaasdld
wazdszduguamauldtunuiivnngay ussdsuasunanisvandudunoud 6 desnsauysal Jwil¥asuuuade
gendunasifiimualy duduneudl 1) spylymussiiuiisudn frvnuwadowhiunasiiaal? dewinduneui 1
seydlymuszifuiiieiuda Lﬂu%y’uﬁﬂgaﬂamumﬁfﬁﬂﬁzLﬁuﬁfgmﬁLﬁm%usluiﬁnﬁauﬁmmLLﬂﬁﬂﬁﬂﬂ@iUﬂﬁﬁwm
Uihaiiuiiavey wadliminGeusnututaninAadiuimumsdunsuidgmluvssduiymiiagendiedns eng
Hafumumnnlutuneui anmsiinsesinnluenssunssuiumsusgivsii 1 wud dndeusiu 5 au Andu
Soway 27.78 dni3vudsszyilymlalidaaune wazszyitnmsuitigmddiaenadesfuiymiviniiang Jailid
pzuuadsfunaeiinely warludiuvesiuneud 2) srusmumAefiAsites wee 3) senuuuiudladyuy
Wouwn ﬁﬂzLLuuLaﬁaﬁaaﬂdwmmsﬁﬁﬁgﬂi‘? Mnmsesginnluianssunszuunsssivii 2 Reafunmsnusm
wuaAaiAgITes WUl tniseuduam 8 au ﬂmﬂuiaaau 44.44 smu‘usuamiwmLﬁ]uwammmﬂmamumamam
wuRemeinemansild winnnsfigidedumualfsmfnieatuiunuiitnidoudentdnidsuamsuenduney
LLﬁru’Jﬁ‘VI’]E]EJ’NﬁuL@ﬂﬂléﬁﬂﬂlmm@ﬂQLE}ﬂﬂ’]i wazanunsnuenlddnitianluviesduiivefdeiduedidls wu naidenly
mangwidesnnmaenindanunie uazaruenfivanetunsilinmnaniwnamnn wagnemna denld
Taflrmsgleflimldieluriosiu waziiauamuuiase duite aviedenaildeu idenldvianarainvin
Polyethylene terephthalate %30 PET ﬁi%’uamﬂummfﬁmau Y wardwaldl Wudu Wesniienumileey
ganguld lnzdite ninseleadonenislidasiesniinssles meﬂﬂiuaUﬂﬁmwmmﬂwu‘ummquu‘wmwmam
uazimfaumananainnefnddlfnulunuogmslimulussesnils Wusu dudunou 3) senuuuBudletiamy
o "\]’lﬂﬂ’]i’)LﬂS’]xﬁﬁﬁ]’]ﬂIUﬂ%ﬂiiuﬂi%U’JUﬂ’liﬂixﬂ‘lﬂgW 3 \Agafunssanmneuasiiovhaseieg wui dniseu
7 au Anwdufesas 38.89 finssnanmieuasiievidslseivsaiesinSoudiulngseydiutsznoulinsuaiy
Funuiisngii uazvsdnlallfssydussnouiinanmiaintdu Sufideitedunmiorndeananlugiodill
szyTwazBen et uazduuzihlunsidounwsieii anunsaaguliin gilensaiisdessivianiagluiesiu
Juuinnssuiiaunsaiauninesnszuiunsmadneimansléaluinuensdana (Observing) Hnwen153wun
UseLam (Classifying) inwen153m (Measuring) Mnwen15143117U (Using Number) Lagiinwgn15a3a1nuiiuain
Foya (Inferring) Tudumaunsiudumsudlatlym/faun wasnaaoulssdiuna UFuuse wasdedaasuliniseuld
waluladluniniFeusldegruminzay InsfisunvuAanssunszuiunisidaaduimuinuenszuaunismis
Inereans fo nandsudtienueddnsnisaiisdassiviantanluiosiuniuduneulassnuasdune
Usznause 1) msseydlaymussiiuiieiuda feilidnEousuiinuasamdfguosesdanuiuazuuimans
witlymitarlugarmdna 2) mesusmunAniifsides vlidouldfnwmnfnmainemansiidestos fean
Tugflouazannuvaasing 4 firlugnsaiisdsussavgiftoudtlamn 3) senuuuisudlutamysiaun dhiSeuldeenuuy
NauruMIaTsAsUsERvg Amungunsal wazanluviesduilflunisairsieuasiievihass 4) dudunsudladymy
W thiFeuldasilasidunsadiadssiusaaiinisdidmualy Ssnsdudumsaiedassiuidu dndeuld
Ysanmsmans 4 a1v1ivn Mdenles 1. 3vineeans Ae wwiAamsinermanilisdafudnwaenisnienmues
Avsviusiidmadenslinuisseivg Wy Wneddmaendnemsutuuuuey q sangaudmiunnaiuiil
i wazituiinte q Winneidmasndnemsniusuunszaenii q wangdmiunsamavennld weglinnad
mangndnduTufuuUIsfusngaumiunneiufiuud Judu 2. Sedemans fo nisldduavlunsdseidu
Fusunnmanaasdlddassingantanluiodulasliiuneses wasailuaseuatifidrusunisnaaodld uay
Uszifiunsldaudsssivivosines 3. wmalulad fe mslfinelulaglunsdududeyaienividnisarsdesefvg
wazaaLTRvesTaniily wagnsliuewdiadusing o ludnamanssadiu was 4. m3seniuulddimngsy fe Mg
ponUUUNIaI Msidenian nsfnwiauantRvesTagildairedsssing 5) vadeuussiuna UFuuss tniFould
fuffufuauluaseuafifinnsannansaing uasufulgsdsUssivinnanvnfiviliadsUssAvslaauysalnuiidely
uay 6) tiaustuau dndeuldihnssuiumsuasanisaivissiugiomuaioud dui 1) S Suil 5) diauelu
sunuulUamesvunn Ad Wunsnumuniud aguanad wazdienenuszaunsaifilsnnnnsaiedessauglvinu
9u q If5usdelufanind 2 Auansliiiufamsldinuznnsairanvudians uaziinvznismaassveadniiou
FsaonadesiunsAnyIves Chaphithak and Chaipichit (2021) fidnwAeafunsdanmsiFeudiuudgmiduguves
tniFoututszannundi 3 nut madsuiuuudygmidugudumsdanmsGeuiidiunssuiunsialaes Susuan

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



136 | Journal of Science and Science Education Vol. 5 No. 1 (Jan — Jun 2022)

Ty dniSeuldldnszuiumsduairdmenues miasdenddyvimenuendunsSouiuuuufun yaduimu
tnidoulusuanmug finwe uaznszuiunsiioud aenadesiunisdnuives Angthong et al. (2020) AfnwuAEIRY
nsdnnisiFeuiuuulassnunaunmeasdung wuin msdafanssunsBouifisinszuiumsoudediaiy
svuu ftuneufidaawilithSeuldlniuenssuumsmsineeans VINWENTAUAUMIANLIIINWTAUSBUSHN
7 $¥nnszuaunmsvhauduiin uaraenadosiunsinuives Trjaemjan (2019) fifnwiAfunansinnsiFeus
wuulasenu nudn msseuikuulasswibiiniEeulalinslinfaudlammeisnsmainemans  dyayomane
wielviinFeulsiinuAtysng q fenues aslleJud Anw duath neaes sunuadaazaulanaamaimg
fefles Iloneumauiinulesesing wimguazua tngrunszuIunsAnLaznsUUReEsiszuy wunnsld
nszuIunIsng Kafldannisiinaztaslvidnidsuanansadadulauddamsiie q feidnisedauvnaunailin
W Fans uarAMIIIY 385U

A anﬁa'a"wawimug

] o = gd
|uvii 3 nizuUN1IUIsRug ‘ N3EUIUNTIUIAN 6

e )
$uft & dnausnssluamodiiaustuar 10T

.,?wlm iln,
oAy ﬁx"'? Kl

mm i 'r“‘liﬂﬁy‘n'lli'&

'nm': z rwrmdouaifeadas ‘

ﬁm pEnIripR AT
,nfll.d.ﬁsqi'.n LN 2}-1 ‘UB"“T‘ETMW:L Lﬂ.a LA
F9% bIEH -lm"lﬁ‘ my JO‘I'HEN 1"’*?

- .b.{ﬂl.eﬂ 79,30 ue Ha :w.ﬁ'n
e B RO e T T A

AR =T " . —— — :
Uit 3 apnuuTuilellywsiaun i 4 mmum-:u.n"l'n'ﬂa‘;mmwm
arTauARIsan T Ly

T T TR

CORRTH R~ fiey

h AR5 Tagm
B 57319 [ ames
e D % F15 5 i
475 2 12 U woim
U =2 1.4 5 a1

7= - a
Wufl 5 naspuUsHTune DT 2]

ayunanisvaael il
Miof daduvndalszivg

AN 2 NSIETINYENTASWUUTIADY WATTiNEENISNAADY

ma‘m‘/’i 2 waﬂ'mhvLﬁumnmiﬁwLaua%umusmmuiﬂamas?umm Ad wpetini3Butienun 91nNTINNTT
fidenvgiia 3 viw Ysenoulde fliermgyduinermansdnm 2 viu LLavwLﬁnmmmmumsmmavﬂsvmuwa
nsAnw 1 viu ‘maqmmmLiauamqamim%mmam‘LuwamuauLamaumuﬁuumaﬂﬂmmauLmuﬂﬂm Faranns
Uszillunuinazuuuadelaeuiniu 3.43 azuuy 91nazuuLdy 5 aziuy WeRansansesu wui dniFeudl
aruunadsluTensusadiud 4 msldfianlunisfinu (Mathematics) finweiivsudiuAerinuennsldsiuiu (Using
Number) 11n7ign (mean=3.70, $.0.= 1.01) iflasarnnisaindsUssivianntanluviosiu mudunoulassuasd
Anwn finslimaarlunisvssduiunuannmaasdddsssingantanluriesdulnglvifunases uagauly
asounfafidiusiunisnaaedd uastssidunslinuiseivg feainFeuldliinuensldsmudlunsusedu
AAMTLNLTDIFABIINTEUIUNTTLT 4 Fudunsudladawn/Alau wasnszuaunistuil 5 neaeulspiduna
Usuugs Silinzuuniedesui ¢ msldmianlunisine (Mathematics) gean drunzuuuadslusiensuszidiui
5 AUADAAZEIUDINIMIATUT LT g 1osnnmssanmaeuaiiiovhasssAvgaieestinFoudnlng ey

Copyright by Faculty of Science, Ubon Ratchathani University



IAITIMEIMaN AL I Iansany U9 5 audl 1 (1., - d.6. 2565) | 137

dnudszneuldasunuBunuiiuingaie wasvisdnldldszydmntseneuiuanmeavituivilezuuuedsly
Fudishan
3) wan1sAneAuitawelaveinGeuiitidediionisainedessivganniaglutiesiu
nansUsziiunafisnelasiegiienisaiisdsszAvgainianluvieaduvesinFey wui 9103
wanarindsvesnuuuiindeulienufimelalussdunnn WesmngfionsaidsszAvgnntagluiosiuiidon
uarlufanssunszsuiumsuseivg anu 6 Tunsuvedassuanifiudnw SsldidalenaliinEeulfasilouiifage
IfvhAenssuadioumahnuesinyssAvsvieininetmans luluAnssufimadsusiivannuaneiinsiududosa
ns9usIteya nseenuuy madadenianluviesduiiegsou q # MsUsziiuguamAsUsERvismduauly
aseuafa thizeuddsiddndewiloudumsBouuuuim 9 WU vilidnBouinanufieelaluszduun aeandesiu
KaTNNIduNalTni3sundsnsavinssRvianTaglusesiuldmed 5 ueniniiaenadosfunisfinuaes
Klomdee (2018) fidnwraniswanfinuznszuumsmeingmanstuiiugulussiuiudsyoufinundi 5 Tagld
YARUURNTINweTNiunsdansifeuiuuviuiazmanug wudt dnissulinnuianelasienisiseulagldyauuuiin
oglusgiunn ileanniniSouiianuesiniesiniiu finuamndneuienules flanadfiaseineimians
denndaafunisAnuves Theerapisit (2021) TiFnwnswaunadugnanisnisdeuinermansvosinidousu
Uszandnwdi 6 TaeldynfanssumsiSouguvvasiiudng Bos 2saslvihuazusimanlaih wuin dhiSeusia
ﬁawa’lamamm]ﬂii:umﬁLﬁau%‘LuimumﬂLuaamasmm]ﬂiimﬂiumumiwwﬂmﬂLswlé‘i%mwwmmmumsmq
Inermans uazinaduguinansdsuinemansgatu uazdpandasiuNIANYITes Pornsuriwong et al. (2020)
fiinwmansdnianssunmsSeumuuunmeasiufnulumginiand Fes mandeuil vesinidoudusendnd
7l 4 wui msdansBeuiiuuuynasfufnuudunsinnsSeunsaeuiitnGsulsasdiou foRfanssusenues
biiniseuiinnuaula aundunsiseuw dnSeuinenunsgieseiulunmsAumaineuannisnseduimeaniunisn
Angimuely dneunsazauldlinuainsavesmuesnlflunisfniinseindtymainaaiunissl dilugnis
afeuianssuluuitymlutisussdiu mnmslinnginuinensdseiiuaafimelafifiasuuuaiedgaie
iwmi‘diuﬁuﬁ 10 gilonsadrsdslssivsiidoya (o asuduauysal Sazuuuviiiy 3.60 avuuy uasiidu
\eauunpsgiumiiiy 0.72 mwmaaqLﬂmﬂawmmﬂLua‘mﬂuﬂmamiaiwaqﬂiufﬂwwuuaa Fadunuamaves
ma]amumLaiﬂwumiﬂuamwam warsUTIL e F Uy

ATUNANTTITELATTRLEUBLULAINAITIVY

MR IEUILNIANeAman ifegientsaisisssAngan Tanluiesduniutuneu
Tnssnuaziiudnu neldanunisaiunsssuinvedsnfndioldalalsun 2019 (COVID-19) Rinswvinanisfinuuay
agUnalddall 1) dllensadrsdaussAviantagluiosiunudunoulassnuanfufinu fussavsamm 70.62/72.06
Jeanusoaguld gllonsaddassAngantadlufiesdumudunoulasanuasifudng fadeduiivssavsam
et 2) Han1TeTEiRzLLLTnYENTEUILNIMSInemansautureulassnuasifufinu Tasn1smnaey
One-Samples T Test lngldinausi 70% wu ﬂvuuu‘wmswmvmuﬂ'mmmnmmammmumauhamuavmmnm
fupoud a) sumsudludaym/iaun, 5) nedeutszidiuna uuss uas 6) u%aua&numu amadu Tinzuuulade
gsninasinfivue 3.50 Azuul v3esear 70 usili1 p-value > 01 wansiiAadsvesATUUINYENTEUIUNNS
mAngmanivestinFeuuansninasiifueeslifiteddmeedan 01 warnanisuseduainmstiaue
Funuguuulamesoun Ad gestinSouimun annssumsfidessaii 3 viw wud dndeuliasuuueisly
s19msUsEdiud 4 nsldinavlunisfing) (MATHEMATICS) 3nfign (mean=3.70, S.D.= 1.01) kag 3) NAN13
UssiiumnufisneladegiionisadisdessivgantanluesdumuduneulassnuasfufnuveatinFou wu
tindsusinufianelaluszduann danadewintu 4.19 avuuu uardrmdonuumasguiidy 0.64

Torausuuzlunmsviidoadaiely 1) madansFeulfefegiionisaiadsssivgantagluiiosiu aasli
ti3sunariunasesiuiunudiionisairdassiviantanluiiedunuduneulasnuaniufinu ogazdon
rouasiloviAanssumuduney ileliin FeuausoueaiuuumaiiesrinfanssununsruiunisUssivgldog
503U uazfunaseaesiannsausaiuumsluiusiunastoya vieesdamd gidyanes 4 Tuviesduiediy
nsa¥adaseAvsld 2) lunsldgionsadedssshusantagluiiosiunmuduneulassruanfufinu aganunsn
ihlldlunsasueialviinSouidanuanunsags viethluldaeudomaialiiunguiinGounidymnaiFeu du

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



138 | Journal of Science and Science Education Vol. 5 No. 1 (Jan - Jun 2022)

dleawnanmisiisgdutidgandisininnasiaie wiedluusuldluaaunisaiung neoratluldlunisin
AanssumadsumsasulsitniFoulinadugrinenisSougdumugiumaianninueisiiudu q 3) msthsuuuy
mAfeluadsillUldiunduinidoulussduiigadu Wy dsoufnwmeudu wagasiinisiiluysannstunduatsznis
Fouddu 7 1wy dsaufnw uazAauz 1Hudu emuntdnFoulududu q wWu amnuAnaiisassdsufayausse
wazidaygyvioadu 1w

AnAnssuUsznIA

Jideveveunmeastumineduasauniuns seamans19138 as. o1l auds AildlFAuuzifums
Ainszideya fHimansnanse ns. ta3erd Aimvgassund AldlvmuuziviunsdnnisiFeuimuuunanazis
AW wazdYIeAanI1a15d A3, Wasing wiaviufiy Alalifuugiduiinugnszuiunsmanemans YBUAN
He1uen1simgle wiude LLazﬂmzﬂgquL%'&Juﬁ'mfju?ﬂé’ayLﬂi’]sﬁamuﬁLLaﬂﬁﬁWLLwﬁ’lé’huﬂzwﬁ%’a LazvaU
AWeYITNE Sauius aslsaseutiumyuine) Ymingiug$snd wisaruaiudns 01g1iving azlsaseuinung
wian Javinaswan warunsadsnud awinnl aslsaieudiuinsng Jwmdaien fisszdiuinuenseuiunis
mamermansluadei

LONAITDN9BY

Angthong, W., Thaewnongiw, B., and Nuangchalerm, P. (2020). Development of integrated science process
skills of Mathayomsuksa 5 students learned by project-based STEM education (in Thai). Rajabhat Maha
Sarakham University Journal, 14(1), 91-103.

Chanunan, S. (2017). Learning management model based on STEM education. Retrieved 5 July 2021, from
Phitsanulok Primary Educational Service Area Office 1:
https://phitsanulokl.go.th/userfiles/kit_pr/files/Learning%20Management%20Model%20STEM.docx.

Chaphithak, R. and Chaipichit, D. (2021). The Development of Grade 3 Students’ Scientific Process Skill and
Learning Achievement through Problem-Based Learning Activities (in Thai). Journal of Roi Kaensarn
Academi, 6(6), 215-232.

Klomdee, P. (2018). The Results of Development on Basic Science Process Skills of Grade 5 Students by Using
Science Skill Practice Packages with Inquiry-Based Instruction (5E) (in Thai). Veridian E- Journal,
Silpakorn University (Humanities, Social Sciences and arts), 11(1), 2004-2020.

Klomim, K. (2016). Learning management Based on STEM Education for Student Teachers. Journal of
Education Naresuan University, 18(4), 334-348.

National STEM Education Center. (2015). STEM Network [Manual] (in Thai). Bangkok: The institute for the
Promotion of Teaching Science and Technology.

Office of the Basic Education Commission. (2021). Learning Management during the COVID-19 (in Thai).
Retrieved 5 July 2021, from Office of the Basic Education Commission:
https://www.obec.go.th/archives/377135.

Polyiem, T. (2018). STEM Education: Introduction to Integrated Classroom (in Thai). Journal of Faculty of
Education Pibulsongkram Rajabhat University, 5(2), 122-135.

Pomprakan, Y. (2015). The development of an instructional package of VLSI design and tools for student in
Faculty of Industrial Technology of Kamphaeng Phet Rajabhat University (in Thai). NRRU Community
Research Journal, 9(2), 79-88.

Pornsuriwong, S. and Sungthong, A. (2020). The results of learning activities using STEM education of motion
in physics for grade-11 students (in Thai). Journal of Science and Science Education, 3(1), 30-40.

Ruengrung, S., Sukmas, T., and Kaewtubtim, P. (2020). The development of science process skills through the
uses of manual for creating experimental package according to the project steps SATIT PSU STEM

INNOVATION on simple pendulum by the uses of tracker video analysis program (in Thai). Proceedings

Copyright by Faculty of Science, Ubon Ratchathani University



IATINEINMaNTUaL N IanTANY U9 5 taudl 1 (1.A. - d.6. 2565) | 139

of Research Conference 3: Classroom Research Presentation Contest Project to develop student
learning management Student Teachers of Thailand (pp.1-16). Bangkok: Kasetsart University.

Ruengrung, S., Sukmas, T., and Kaewtubtim, P. (in press). The effect of SATIT PSU STEM INNOVATION as project-
based learning in the design and development of an experimental set approach by grade 10" students
on problem - solving skills and physics’ learning achievement (in Thai). Journal of Education Naresuan
University, 25(3), 2023.

Srisa-Ard, B. (2013). Basic Research. Bangkok: Suweeriyasan.

Thangkratok, P., Lhimsoonthon, B., Palacheewa, N., and Tongtham, A. (2021). Online nursing education during
the Coronavirus-19 pandemic: A case study of the epidemiology course (in Thai). Journal of Thailand
Nursing and Midwifery Council, 36(3), 31-44.

Thatwong, W. (2017). Instructional innovative inventory with the STEM education method for problem solving
ability and learning achievements on electrochemistry Issus of Secondary Students at the 5" Grade
Level (in Thai). Master’s Thesis. Maha Sarakham: Rajabhat Maha Sarakham University.

Theerapisit, S. (2021). Development of Science learning achievement of sixth grade students using STEM
education, subject electric and electromagnetic circuits (in Thai). Journal of MCU Nakhondhat, 8(8),
325-337.

Trijaemjan, N. (2019). The development of science process skill and project ability of Prathomsuksa 5 students
through the uses of project-based learning method (in Thai). Master’s Thesis. Nakhon Pathom:
Silpakorn University.

Visetsuvarnabhumi, K. (2019). SATIT PSU STEM INNOVATION project-based learning [Handout] (in Thai).

Pattani: Faculty of Education, Prince of Songkla University.
5’18ﬂ'\§5’1\‘1§\13'\1§’1‘1‘1’lEJﬂla‘lJLL‘Ua

nuadng naoNdy. (2559). MsdansBeuiuuuysanmsazdudnu dusuindnuiinidneg. MsasAneans
UWINYBBULSAIS, 18(4), 334-348.

W33 AAugITIYL. (2562). lona1susenaun1sannisiseuiiuulasey SATIT PSU STEM INNOVATION. aqy

AnwFans unnInendeaaIuesuns.

§in9mn nawBeu. (2561). awiiiufiny: mmdladesiugioaFouysanns. msasasiia, 52), 122-135.

107 FTUTUTUNS. (2562). MIRAUITINYENTLUIUNTMOINGIMENTLTAINEILNTOLUNTINIATIUTES
tndeuiulszandnu®i 5 demsdanisdeuiiuilassnu Gnerdnusudngnsfnumansumiodi
(Mangnswazn1sime). animeaeAaUing.

ey F3aven. (2556). meddoidesiu. (uvindsd 9). ngawme: g35u1andu.

Uslung a1anselnn yasuns nauauns algven wanTie wageIunun Mooy, (2564). N15IANTSISEUNITABU
ysnsneunasuueouladluaniunisainisszuinvedsefadelidalalau 19: nsdlfnusedn
WYINNTIFUIA. MTAITANNITHEIUE, 36(3), 31-44.

A3 ndeuR. (2561). NansmLITNYENsTUINNIIMEIMBImansTuiuglussiuTuUsEnaAnw 7 5 Tagldn
wuuinvinwesmiumsdanisiseuiiuuduanzmanus (5E). Veridian E Journal 1 #1v1uyweans
dapuAnans wazfady, 11(1), 2004-2020.

le5u Jauus1nis. (2558). seuransimuIgn1saeuivgunsaiuaznseenwuy dmsutinAnwamsnalulad

PRHIMNTIN UMINGIFYIIUAYAUNANYT. M TATYUVUIIBUNNING R VAYUATIIYHU, 9(2), 79-
88.

$un AN uaznafou lueidn. (2564). MIRALWINYENILUIUNTNTINGIMans way nadugvdmens
BeulasmsianaSeuiuuudymiduguresinEsudulszsoufnui 3. Journal of Roi Kaensarn
Academi, 6(6), 215-232.

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



140 | Journal of Science and Science Education Vol. 5 No. 1 (Jan — Jun 2022)

53U 81999 T905 uaTui uazdszam Louadu. (2563). maRaTnYENTEUINIMINemansiy
ysannsvesinGeutulisenfnu®i 5 Aldumsdanindouiuuulasamunuumeasiufn,
MIETUMINGIFEINVAYUMFIIAY, 14(1), 91-103.

T vinaee. (2562). Msfinwmanisdananssunmseuslugsuvasiudnm anuamsalumsuidym uae
KadugvEensGeu 3es Irituall vesinFeutuliseunudi 5 (Gvenfinusasmansumndndn (Gven
AERTANYI)). UMTINYIRETWAYUMEAITAI.

AudazuAny iR, (2558). Allewnsetieazdudng. ngunn: anduduaSunsdaouivenmaniuas

walulag.

anudde ey, (2560). sULUUNsIANISSEuIINANERIANAN Y. @vTinemanifny nedynsing

ANEANYIAERNT UNNINGIFEUTAS.
ANINT 138959 SLUA FUUIRE UATWITING UAWIUAL. (2563). MINAUITINYENTEUIUNMIMEAINEIMansmeeilonis
asrsemaansnutuneulassy SATIT PSU STEM INNOVATION 1303 gniuegieins Tgldlusunsy
Tracker video analysis. TasensusznaanisiiausnuddsluduGeu iewanuinissanisGeulvasian
tnAnwaguisuszmelng ased 3,
ANINT 138939 SLUA FUURE UaEWIANG UAWIUAY. (in press). #aN133ANTSISBRsULlATIY SATIT PSU STEM
INNOVATION TunsseniuuiimunynnnaesesinGeuduiiseninuti « Adsonnuannsoluns
uitym wassadunviansSeuiniand. MsansAnumans avnAnendeusaas, 25(3), 2023.
dinaunnnssunsnsinyduiugu. (2560). msdanmatsunsseulusniunisainsunsszuiavestsninda
Ta3alalsun 2019 (COVID-19). GuAuan https://www.obec.go.th/archives/377135 [5 nInHIAY 2564].
gnnsnil Sdg. (2564). mswmmwaamqmﬁ‘mdmiLsamwmmammawﬂLiau%uﬂivamﬂmﬂw 6 lngldyn
AanssumseugUiuuasiu@ng (STEM EDUCATION) 1583 29asbniiluazuiivdnii. ansansumigun
wAsNTIA, 8(8), 325-337.
@InAd WA waveRuA deivien. (2563). nansinnanssunseuinusuInsasfuAnulusedvidnd
309 Msiadoud! vesinToutussen@nun T4 4. MsESINYIAERSHATINYAIERSANE, 3(1), 30-40.

Copyright by Faculty of Science, Ubon Ratchathani University


https://www.obec.go.th/archives/377135%20%5b5

f

A R . a ‘
s Journal of Science & Science Education NsATIMLIMERSUATINeIManSAnen
fc‘f_*..%‘_j

—

; https://so04.tci-thaijo.org/index.php/JSSE ‘{Jﬁ 5 La'uﬁ 1 (1.0, - 5.8, 2565) | 141

UNANIYING

ad dl a o a Y
qsixqLaaulﬂjmwaa{]zymn'muﬂmswaLau

38 luada’”
giin meInadamans adauarmouiunes AN INIAIINT UNTINYI1EgUATIYVEI
*Email: ratee.b@ubu.ac.th

Suunau: 5 weeRnteu 2564 uwalvunaiu: 13 §unnau 2564 gauFURTUN: 24 unsIAN 2565

UNANED

v a

inuan1sdaduduisnd Ayisvidunisaiediumuuiewidymiiertunisdanismineinsifiegedia

7

o 1

ﬁi’ﬂﬁ@lﬁﬁmﬂﬁsﬁw%mwmnﬁqm dwsumsasisinuudaduonaiioulatiduiliiuanusndu ldldnama
Laaammsﬁqmmmﬁumu Tuunmnuiithiauenaiseves Paulraj and Sumathi (2010, 2012) wag Estiningsih et al.
(2019) ﬁLU%‘&JULﬁ&nﬁ%ix‘qLdi'auimﬁmwﬁgwm 8 7% W‘U’hLwiaﬁ%'mmmﬁx‘qfniaulﬁuLﬁﬂﬁmﬁaxsznmmi
Awnfiuananeil mnmwﬁ%‘isqfa"aulmLﬁuﬁ'a‘ﬁ'quﬁa&Jamna’mﬁf-ﬁ’m’;mmmaLaaammﬁiqmléfﬁaéﬁu

AdnARY: MvuAN SRy Reuluiu Kaaginziign

1999unAmull
58 Tuasa. (2565). WszuReuluiuvesdymimvuanisidadu. MsasinermansuasIneaansine, 5(1), 141-
147. http://doi.org/10.14456/jsse.2022.12

avanslee Aoz Inemans umInerageuasvodil




142 | Journal of Science and Science Education Vol. 5 No. 1 (Jan - Jun 2022)

Academic Article

Redundant constraints identification methods for linear programming

problems

Ratee Bojarasl’*
! Department of Mathematics Computer and Statistics, Faculty of science, Ubon Ratchathani University

*Email: ratee.b@ubu.ac.th

Received <5 November 2021>; Revised <13 December 2021>; Accepted <24 January 2022>

Abstract

Linear programming (LP) is one of the most important methods used in modeling and solving to
manage the resources effectively. Formulating LP model may include redundant constraints so it takes more
time- consuming to achieve the optimal solutions. This paper presents the results of Paulraj and Sumathi
(2010, 2012) and Estiningsih et al. (2019) which identified the redundant constraints by 8 methods. It reveals
that each method can detect redundant constraints with different computational times. The effective

method to identify the redundant constraints can reduce time to solve the optimal solutions.
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unin

f1vuani1513adu (Linear Programming: LP) 1uin3esilenialunisudtiyvinismiaivungdian
(Optimization problems) %Qﬂi%ﬂauﬁaaﬁdﬁﬁuﬁgmﬂizmﬁ (Objective function) ﬁagiugﬂl,%mé’u (Linear function)
wazdesataniodeulvdsiu (Constraints) Tiluauniswieeaunisidadu (Linear equality or linear inequality)
Tnefigasjamneifiomeigsgaviorsanvesilsidugauszasdnelddednin Jymivhluifedugnainnssu s
yuds Madansninens dhagldfuuuimuamadadunaaeasiiigiian (Optimal solution) INs192em
Srnumandndudlildtlanniignneldinnfvifiedisiiie viedusmslunmsdndulanieldtouluiidimun ¢
7 FBuilymivuanis@aduiinaieds wu 38037 (Graphical method) 353uwand (Simplex method) uaz3sqn
n1elu (Interior point method) Lwﬁﬁ'ﬁﬁaumﬂﬁqmﬁaiﬁ%uL‘wﬁﬂ%LWﬁwﬁ%umau?%iﬂsjﬂmﬂ%’u%’aumﬂﬁﬂ pg19lsA
mm?%'ﬁ"l,aimmzﬁ’uﬂfymﬁﬁﬁ’;LLUSﬁwmumﬂﬁaﬁﬁaLLﬂimﬂLamgmé (Sparse problems)

wauluiuvasUyminivuanisigadu
wmﬁmﬁﬂLmum"LﬂsuaqﬂmmmwummsmLé’u“‘ Srudeulaedu m Geulvwazsiuiusiuls n i
(m > n) Fadi

wigegaves  (Max) Z=C'X
melddeuly (subject to)
AX <b
@
X >0
e
X, a; &y &, b, 0
X a, a, - a b. 0
C'=[c,c,..c,], X=| 7], A=| 2 77 b= ez 0=
Xn aml am2 o amn bm 0 nx1

wialeulalugy C :I:Cj}nxl’ X Z[Xj]nxl, A:[aiJ]mxn way b :[bi]mxl dlo 1<i<m, 1< j<n Wi
fnauiiiululy (The feasible region) S Tiaenadeafiuaunis (1) fie S = {X eR" |AX <b, X ZQ}

Tuvadywisensansiviudeulvadld Ingldiliunamneuiidululy S wWasuwUas Telgen (1983)
ﬁijﬁ]ﬁ’j’]Li’]ﬁ’]u’]iﬂaﬂﬁﬂuquLf‘i‘lE]uvL“UIuaﬁiJﬂ’ﬁ (1) Arawdle oauns (1) ffeuluiuwaz/miefeaunsieulafiannse
wildeaumsiteulandlivildusnameouidululy S wWasuwlas venanideaimuaiionuuazulassam
voudouluiu fil
uninu 1 dwsud K Taq (L<k <m) Jeuludeduit k (A X <b, ) sduitoulufuvesaums (1)

fsioidle S, =S ile S, ={ X eR" |AX <b, X 20,Vi=k } uas 1<i<
undenu 2 (Weakly redundant constraints)  ileulatedui k (AX <b)a azi¥u Weakly redundant
constraints wasamns (1) deulvtedun k uleulufuuas A X =b, dmivue X7 X €S,
UNideny 3 (Strongly redundant constraints) Feuludadud k (AkX <b, ) az1du Strongly redundant
constraints vasauns (1) Srdeuladedud k Wudeuluiuuay A X <b, dwiunn X7 Xe S,

fegan 1 Aansaunslvesdaulvdedun ()-(vii) Tunni 1

X —X, <2 0
2%, +X, <7 (i)
X, <2 (iif)
—X +2X, <4 (iv)
2X, <5 v)

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



144 | Journal of Science and Science Education Vol. 5 No. 1 (Jan - Jun 2022)

X, +X, <4 (vi)
X, X, 20 (vii)
A

At 1 vinadneuidululd (the feasible region) (S) fiaenadastuaaunis ()-(vi)

nguReulutsdud (i), (v), ), () wag (vid 1Huleuleisndu dwdeulsd () wa (i) Wuteuludu
IG]EJNE)UIGZJW ) 1u Weakly redundant constraints Naubléuw (i) WJu Strongly redundant constraints &4Ln6131

YR

Weakly redundant constraints Lﬂul,aumwmgmamaﬂwmzummawLUul‘Ulﬂ ( ) 1L# Strongly redundant
constraints {Hudunseitlifigpduiatuuinadmeuitdululd (S)

TuunAruiliauenuiseees Paulraj and Sumathi (2010) ‘17'iL‘U%‘uLﬁﬂﬁ%‘isuﬁlaﬂ‘uﬁuﬁwm 57%
UATHVRY Paulraj and Sumathi (2012) T UIBUAUIB loslovich (2001) wagauidevas Estiningsih et al. (2019)
WisuLeuIsse Uuauimmumwm 335 WIS LENI09Y UanuvLéumuwmmaﬂmmLLaJLmamua&mam wPI10an
nmmsmwamaammzwq(ﬂlfﬂ ImsﬂwﬂumaLaaamqumﬂaammaq

uAseiliAgafes (Related researches)
- 91UATv03 Paulraj and Sumathi (2010) Ifefussuasiieuiisuitsyydeulufusiome 5 33 THud

1) WAmuavoULLn (Brearley et al., 1975)

2) 35 Linear programming (Caron et al., 1989)

3) 35 Deterministic (Telgen, 1983)

4) 33904 Stojkovi¢ Wag Stanimirovic (Stojkovic and Stanimirovi¢, 2001)

5) 38 Heuristic (Paulraj et al., 2006)

Pnmsanwludymuuianarafiisivaududsliiu 6 duazsuiudeulaliiiu 50 deuly wuin3s
Heuristic anunsaszydouluAulduniianlngldinariiosiian d9u38 Linear programming uag3s Deterministic
anunsnszydeulufulduldinannnnt Bmuaveunssyeuluiuldiosniisusasiusgfureumauu-an
yosuUsAnduls dm3uBues Stojkovie wag Stanimirovie szyleuluiuldtiosiian dmsnsd 1
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A15199 1 Nuukeulaiunnsadaulag 5 35 91NA88199UINNAS

o i a o 4
IuuReulufuiissyie

W | W [ = v ~a v

4 o 25N1NUA 2% Linear 99 29994 Stojkovic 99

wouly | dauds ) o o .

YAULUA programming Deterministic way Stanimirovi¢ Heuristic

16 6 14 13 5 1 14
20 5 17 18 1 0 17
25 6 17 23 3 0 23
30 3 24 29 18 0 29
37 5 29 35 12 0 35
40 2 38 39 38 0 39
45 3 34 43 10 0 43
50 5 28 49 11 0 49

Tulmruadnfidsruiuduusiiiu 10 dmuavdruiutoulvlaiiu 7 Reuly wuinds Heuristic H91uau

AIRLIUNTIAN/N1IMSHBYTIEA T8989UABIT Linear programming 35 Deterministic waz33va49 Stojkovie Lag
Stanimirovi¢ AUA1U @UIBMTUAYEULATTILIUAIALTEIUNTANY/ MTMTUINTEA AR5 2

A1319% 2 Suuiruiuniseay Msms ndaeg LN

. \ Furuleuluiuiiszydioe
U PUW o, a - a po-
4 o 25N1NUA 2% Linear 99 2994 Stojkovic 99
wouly | fduus ) L R -
YAULUA programming Deterministic Way Stanimirovi¢ Heuristic
3 2 93 42 42 93 42
3 2 93 93 93 93 42
3 2 93 42 42 93 42
4 3 167 76 168 311 76
4 3 167 75 75 167 75
3 3 186 97 88 178 97
4 5 186 88 88 336 88
5 2 505 70 159 159 70
5 a4 535 50 50 167 50
7 10 883 161 1894 1894 161

NUITres Paulraj and Sumathi (2012) WnaweTslusinldnannisves loslovich (2001) 1uFuUgiway
WisuleuAUIBIALYeY loslovich Wuan 35 Paulraj and Sumathi (2012) ldhatnsivaeuteuluiutlesninisiiu

wazsunusiidunsgay/msmsiiesndn saumdlinanseiu deveaeufulamaumdn (M =7,n=10)#

A19799 3 wazlgaualng (m =511, n= 210) m fe wnukeuly N As Fuudys Mn1sei 4
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A58 3 Snudiiunsaa/manssaznaiildnsaeuteuluiu andegsundn

. . 35 loslovich 75 Paulraj and Sumathi (2012)
7UY AU - — - —
- o AUUARLTY 981 IuUAALTY 981
Wauly fauus
N13AN/ N3 (micro seconds) N13A84/ N15%135 | (micro seconds)

3 2 747 201 326 179

3 2 815 286 326 187

3 2 a7 203 326 184

3 3 2034 285 648 185

3 3 1895 290 786 200

3 q 4245 485 1360 230

q 3 2682 306 972 231

q 3 2681 295 1248 235

4 5 107860 643 3795 336

6 3 5082 460 2724 349

7 10 221226 8516 94146 3797

M15°9% 4 Iwudrliunsaay MsmsuaznaldnsaaeuReuluiu andegsvuaivg

. . 35 loslovich 75 Paulraj and Sumathi (2012)
MUY MUY - VR - VIR
o o UIUAINUU a1 UIUAINUU 1381
Wauly fauls
N13A8Y/ N15%15 | (micro seconds) N19ARY/ N13UT (micro seconds)
50 500 7299004428 157638973 608250369 19837621
50 500 6965109510 146332149 593487546 18657901
50 500 6967810329 157647651 510430124 16727382
240 192 8011245923 930620218 774361273 2046104
511 210 12577042510 1230620218 922863013 641873563

37U398U9 1 Estiningsih et al. (2019) LUSsULTI8UAT Heuristic (Paulraj et al., 2006) 159904 Llewellyn
(Telgen, 1979) wazidvad Stojkovic Wag Stanimirovi¢ (Stojkovic and Stanimirovic, 2001) Wua1 35 Heuristic L
mmﬁmzyﬁaulmﬁwﬁm Weakly redundant constraints 1s 38909 Llewellyn wag3duns Stojkovic Wag
Stanimirovi¢ fis1uautumoun1sig I Tuie nx(n—l) fumeu il n Ao S1uaufuls uenaniisves
Llewellyn anunsnszydeulufuldifiandaiiouu 2 Busaldnamniu drigmivunelgiu msetureuds
94 Llewellyn #oaufouifisuiias 2 Seulvauasuyndeuly fnisai 5
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A15199 5 Suudeuluiuiingaasulag 3 35 A ndieg1svunaLan

31U 31U Swoudeylufuiiszydoe
Rouly Aauds 78 Heuristic 504 Llewellyn | 35984 Stojkovi¢ wag Stanimirovi¢
5 2 3 3 3
5 2 - 3 -
5 2 1 3 -
5 2 3 3 -
5 2 2 3 3
5 2 - 3 -
dyduastlyviin

NNUIBAINEIVIFU WU T5 Heuristic mmamzqﬁaulmLﬁulﬁﬁﬂgﬂuﬂzwwmﬂﬂmqLLameﬂ,wg
Tngldansaasudeuluiutiosnidu esnddwauidniunsga/ manstesiian udliannsassyieuly
\Auvn Weakly redundant constraints 1 35999 Llewellyn mmamsqﬁ'aulsuLﬁulé’ﬁﬂ'jﬁ%' Heuristic waagld
namsaeuteuluiunniy SrymivunalngTu dmiuitves Paulraj and Sumathi (2012) #ildndnnisves
loslovich 1U3ulse nainmadeudeulufutesnitifidy uilildszysuutoulvfuinsvasuld minm
aunsa3euLiieuds Heuristic 33v849 Llewellyn waz3Sves Paulraj and Sumathi (2012) e1anwu3sfinfigalunis

q
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Abstract

Thailand has endorsed human development in science, technology and innovation as part of the
20-year national strategy. STEM education has become an educational policy that drives Thailand’s economic
and social development in a long term. The key goals of STEM education are not only to promote STEM
literacy for all citizens, but also to increase the workforce in STEM professions. In this regard, one important
factor determining that students, when completing basic education, will pursue higher education and careers
in STEM is whether or not they have STEM identity—seeing oneself as a STEM person. Although research in
STEM education has constantly increased in Thailand, students’ STEM identity has gained little attention. This
becomes a significant limitation in driving the 20-year national strategy because students achieving success
in learning STEM may not ultimately choose STEM-related careers. Thus, this article aims to introduce basic
notions about STEM identity that can be a guide for investigating and developing students’ STEM identity,
which will influence them to choose the pursuit of STEM in higher education and careers in future.
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paniu 4 Usvian laun dndnwalnusssueid (Nature-based identity) snanwainiuanitu (Institution-based
identity) Sadnualnnuannssu (Discourse-based identity) wardndnualnuauiAeInes (Affinity-based identity)
faiimIuanisenvesdndnuaivesyanaln 9 astuegiuuiun aniunsal viowmgnisaifiuandenyanaiiu (Stryker
and Burke, 2000) Tngluwiazuumanizln q sndnwainieafiunun fdnswa wazUsnginauunnIgndnynl
U 9 Teandnvesdndnualusiazysuaniadl

1) SndnvalmussannAiusndnuaifignairstunndsiyaaaldsualaefuin enf madudve waznis
Huaulng wishdnuainusssurisinidestuiugnss uwinsisndnuaimadlildtuegiuiugnssndoomn
mnustuagfunsiiyaragnuasiifidnuasmeiusnssndutu ety weauniadudeeglildmned wid
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TRIUTTTUNRAYLLIS azLﬁmgﬂumd%ﬂmm%wﬁmmxauﬁmwmw (Brotman and Moore, 2008; Ladachart et al.,,
2020; Tonso, 2006) i {viedslalldgnuaslnedne ieusinssidlnevdeieiues Tndufiauannsadu
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Abstract

This article gathered research articles involving development of simple paper- and
thread-based analytical devices for chemistry classrooms allowing students to visualize and learn
easily. This type of analytical devices has been developed as an alternative analytical method to
high cost conventional liquid-based instrumental analysis. Currently, researchers have been
developing simple paper- and thread-based devices for variety of analyses, for examples,
determination of chemical reaction rate, colorimetric analysis, health diagnostics, environmental
chemical analysis, and food quality analysis. Paper- and thread-based devices are gaining their
popularity in microfluidic or flow system since (1) these low cost and available cellulose-based
materials, (2) compatible with biochemical and medical chemicals, and (3) liquid transportable via
capillary force with no external force required. In paper-based device, microfluidic channels are
created with different patterns so liquid can flow only in the given channel. In other word, the
flow of liquid in microfluidic devices can be controlled. Research concerning paper-based
microfluidic device is gaining its’ popularity. Most published research focuses on (1) fabrication of
paper-based microfluidic device with simple technique, and (2) applications of paper-based
microfluidic device coupled with new detection methods such as analysis of images captured by
smartphones using efficient and rapid color processing software. In this article, both fabrication
techniques and various experiments of paper- and thread-based microfluidic devices concerning
their detection efficiency and applications in classrooms published in periodic journals since 2007

are reviewed. In addition, strengths and weaknesses of the reviewed articles are discussed.

Keywords: Laboratory experiments, paper-based devices, thread-based devices, hands-on

learning, chemistry classroom
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wsmsRiiauunssmsduigemsiiuuinailivounh Tewssnuuuliiadouvdofuride
Yfauds (wax printen) Fsfivneifuiialy duneufiaes Ao thnssnuiledeutfudatun sl
Soudfielitiaasumanarduaduluienseaty faghliAnuinaivevimielivouthauidise
ponuuull

usedudntanuiavilsildsuanuailasazgnihuuszendlunisaisgunsaliasesilunns
Anwidefuegunisnatuiu dudedutanilbifesdonatugunisasmameiiieldlunisaue
mslvaveswedina ey gunsafienesinuuiduinedadumadenudsiiisnign womagaan Tnuld
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918 uazanmsadanlduiumedanisnsaindu q Wufstugunsaluuunsgay deeatu Reches
et al. (2010) ﬂ'&umqﬂﬂifﬁmiwﬁﬁ;amﬂLLUULﬁué’f’]’&l (microfluidic thread-based analytical device;
uPAD) Wial#lunsiinsiesiansngalusiu Tulase wasflau el ansfilflunsiinsesiazgniedoul i
Uangresdudne asiedsansnlvalumududnediousuedans Taglifesendeiiunisuendislu
nslua gunsalsgranidudedaunsasegndnisasaianedlfiduediad Wkanisiaszsii
gnAes wilugd uailuszsavdamifisuningunsalinsziluriesl fiAns Tnglidesiifegalunsiad
159N IUIAVZOAATUUINITNNNITUNNE

n1suszandaunsaluuunszaeuazidusitaludiunisfine

Tutiagiiu gunsaluuunszauuaziduseiugnihuldlumsinnsSeuslufesdouinermans
walsassunazaminedelulssmadidatan sl auvgiAninangunsalinermaniiiviuay asiad
uazviosSeuiilogedisdrin Inilinifenemsinvuisdmlifmuyfoinisesrsieiiolinisdn
Aanssunsdeuslududewduluegnehis agrdlsinm madenlfiadalunsadsgunsainisiese
vunsznwiazdudeidesinnsunainuatsiiads enfi anundonvesgunsal siAvestan dumeuns
Han warnsldusslevilansdueasou W

nsldfgunsaiuuunszauluoaiouiniameunslunsans Jounal of Chemical Education adq
usnlpenauaide Cai et al. (2012) Sdldasugunsallalaswgdinduuunseavesnshelaglduinndi
MAsNaNULNTEAENTeonilY 6 wan urazanaudiduiiugudnans 6 mm uazdvesmianisiuad
dousoruinanangudnans anduinigunsaifiadisluoud 135 °C WWuiian 30 Fufl Gsagsilsaia
avansuarudngnssmuiiteataniistemnenisive fuanduami 1 gunsaifigmitlunsamnsnesi-
Tulumsatnanuieasararsiulendu (ninhydrin) suidsiuandsiifuingunsallalasngdinduuy
nszawildugunsaififidunus ndstuldheuasansaiiluldlunisinmaouslitonssuld nsaih
gUnsffinTguuunIznvessiisiannsniin g inuiinunanesiluldesed uazanunsntily
Uszgndldfunisasululasvigdanluiesdounieluriesufjifinisiiiniesiiodndn dnieuamnsaaing
sunsaflangiiiisuiiueiesiiefinaundld nannmsligunsalieseituunssawlumsiinse
nsnoriluduandidiui dnisufianunseiiotosulummasomazimailfinuandsunnufaiiuty
wWieulwiesFeu FeiliussenmeanisBoulinrwaynauu feelidniSeudamuadlefiaziFousinins
vheudlauniZou wegnduansauAniiusniy

filter paper

L 1 1;5

* it syl

wax %0

= ™1 ﬂ'h
(W W]

Al 1 (uw) Tewnaveendu 6 wanuunszaunses; (819) Tazaewazdudignizauiiensiam
Usunansaeriluluasannainumeansavaeiiulansu (Cai et al,, 2012)
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Ravgiala et al. (2014) l¢onuuugUnsaffinseinuunszaudsairetuldielasliinionans
waunszawliidug (scrapbook punch) Muguuvuiiawadelulil 5 uan gunsalliaszinuunseany
othadheiigninlflunsGeuddmivinGeusseafnwiiiodufusuuresnimmaiguindngiumaiing
Ierrugiuntsieneinied fauaadunmd 2 asduovresnsduaumedininetlueuidei
Usznausae lslastaulsenlus (hydrogen cyanide; HON) wae Adtefiu (creatine) siad lelasiaulsenlus
Huansiufiwuldiluidlufivuasgranunssumanesia duefefudunilduomnsaiuingudinaunin
wazfifesnsaiandunile nsieseinisdviilslaevenginosueadufiapmes (universal indicator) fu
a15lugisn (biuret reagent) Auatsuanvanszatwudafial il ilewransiesummenudadiali
Uszana 5-10 wnit Aazusingddeannsadanalddonivan :innsdafenssumsiseud dhideusdnayn
fugunsalinsadinssiuuunssauiiesnannuasldisuimstvaumedfnyinedosilutoniou

HCN Creatine HCN . Creatine

(+) Purple (+) Violet (+) Purple {+) Violet

(-) Orange B (+) Viclet (=) Orange [i {-) Blue

a2 () weansuaunseaulmiug (scrapbook punch) Mlusuuuiivawadaluliisy 5 wan;
(1) Mmelwngvmsdieldduduuuulunsauaiunadfiiginel (Ravgiala et al., 2014)

2.50 0.0780

1.25 . ! 00.156 L |
0.625 . . 0.312

ONo; @ mmol-L!

A 3 adsgenisnaaedlilasngdinduuunseaeiiglinnansanesializlinaisieldnuuiu
lumsdlosau (NO,) (Wang et al,, 2015)

Wang et al. (2015) laaiaganisnaasslulasvgdfnduuunseauimeuinniunianesiaiivile
07133 (permanent marker pen) Lwa%mﬂimmlwmmﬂlaaau (NOy) Immﬁmimamwmqa YANITNAADY
wuunsyaeiituneussl duneuusn mﬂiumwmawum 5.cm x 5 cm 1N MAFURNANTII 7 39
FreUrnniutianesiallvidng11s sunouseu NenduRAResTUsTneURle pamino
benzenesulfonamide wag N-(1-naphthylethylenediamine aslutinsisna sl uskdludisiodunan
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Useunal 20 wil %umauqmﬁw neaasavarslafeululasnuinsgiuaududy 0.0780, 0.156, 0.312,
0.625, 1.25 uay 2.50 mmol-L " udaiislilufifiauszana 2 nit Awusingdsannsadunalddena
uiazaananazariduvesdiunnsnatunuaududuredulasd el dndsuansoldauivivui
fnalusunsuildlumssiuanududidelinsesiunalunsfloouluasazmesegeiuiilaslifos
flangunsaivunelug suseulunisadrsgnmvanodulaswgdinduuunseatefeuinnunsainesiad
sinamsielimumalunsdlosouazufiderfililunisasedalunsdlessunanduniwi 3 gunsol
lulnsugdAnduuunszauluaniddeiifugunsaiiifdunus nantuldie arwsadiluldlunsinnig
Sewilieaieunaraunsaiiluanaiinnsivinnalunsdlessuluamsla

Chatmontree et al. (2015) laUsgRugaunsalansanisnaasseadianinuuunszaivegieiny
diefnuiAsenadlii gunsaluvunszaugnosnuunidulausuienay 6 uan 9ndu a¥assundes
yamslvaleuasnauii 6 wan uwiazasnaufidusiugudnats 6 mm waiidesmanislvaiidouseiud
Anauguinats Mty afamilluszuutominisivadeiinisednsielnsmadeutivnnifeuluuas
thgunsaifiadrdlussuunlimanion Wunan 30 3u1f Sanshlidierarsuas@udignszmudioaing
wifsgaananslva uiazdeamnenisinaszgnilsshousiulansiiunndneiu 6 via leun danzd (zn) nesuns
(Cu) wén (Fe) azia (Pb) \¥u (Ag) uazAyn (Sn) muddu wieunenaisazarslessusufeafuiuyis
wiulavefiveslewrsnan 81 luredanznesuas (Cu) Asznenseansazarsreuiesli) Faums (CusOy)
sy dhunsnaugudnandineasoasazanslnumadesilunsm (KNOs) Fsvimihfiduansazanedidn-
Tnsladuazaznuinde (salt bridge) Aideuusrazaiasadiingrofu suanddunmit 4 9rndurinnisiac
Fndlutivosdiwadiifonsdnyilagldiaifimos (multimeten) uanaind n1sldnmunu (sub-
microscopic representation) é'faL‘i‘]u%%mswﬁqﬁmmsaﬁmﬂﬁ?j’lﬂuﬁaLLmuTuﬂﬂia%U%Jﬂﬁﬁ%a’]ﬁLﬁﬂ%uiﬁ
gUnsalaBamanaaesadfaninuuunsznwessheigninluldlumsianiadeud Fes wadfanin
Tuedlwihfudssduseufnuauisssfuaminedold

Cathode (reduction)

O Zn* @ Cu®
@ 2Zn @®Cu

= ¥ ¢ a s o PN o o o !
il 4 (dre) gunsalanSanmvaasagadianinuuunszawegiaiiy; (¥11) Msiadidndluihves

v
=

\waskazn131NIMLNY sub-microscopic representation a5u1BU AN MARYY
(Chatmontree et al., 2015)

Xu et al. (2016) léfimungunsalansansnaassdidninsluigauuunsemuernaetiieldusnans
ddunsvninalianags gunsaiasnnismaasdidninsliidauvunszavgnesnuuuliidumnss
wardvaidn Taefiawntie 6 Tadums 812 50 Sadwes iy adssuudesmanisivadenisideu
Fedia seunfiludeusednfuundssnenssualiin (power supply) Fudugunsalivihmihiudasliiin
nszuaadulhdunszuansaiiotelifugunsaluuunseauiliusiulansunafiu (platinum) iudalit
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grvnevenasavarenaufiusznaulufieg carmine wag sunset yellow udaldausnedng 250 1aad vive
wenasddaunsigiesnainiu gunsalandanismaaedidninsinilauuunszawegiesiiedaunsawen
carmine ag sunset yellow sananiulagldnaiiuszuia 6-10 Wil Asanslunni 5

Platinum
clectrodes
I/.‘\

a v ¢ a a g N | ' .
A 5 (Fe) gunsalantanisnaaesBianinsliigauuunseayeeing; uag (¥91) N1swen carmine
wag sunset yellow aananiulugigaan 1-10 w1l (Xu et al., 2016)

Prabpal et al. (2017) lffmurgUnsaiuvunsearwedisiratiieldiinszilansundndae
tetrakis(4-sulfonatophenyl)porphyrin (TSPP) sﬁqLﬁuaqﬁuﬁ“uaamiﬂizﬂauwalw%u dlerhuduneunisih
Tu3ans nandnves TSPP AlddA ity 45% Fadimelfissdmiuniniludsegndifuiioauduy
gUnsafuuunszatvessisfiel i seilanzaiudfunisnsaianed Wosuiwasanaaosiiuse
ansazanelaneuianeg JsUsenaudie K, Na', Ca?', Mg™, Cr*", Fe®, Ni*, Cu®, Zn?", A", Cd', Pb?
uay He® Lilemaaaunisidsuudasisnisdunaddonivauazmsfauamigesisamud Wasuifioy
fulooaundindu 1 loseu He uar Co” IfuamaBsuntasionsdidanndenduasnaigoaisa
wusilufirnaiedtu egslsinnu lessu Cu* Wnansiwasuwamsigesisawudiidniauiian wa
nsnaasulunasanaassaonndestumailasunlasionsdfisniauasnelgesisaudvdanni
venansaraty TSPP ludevisnaudmiunaasy (test zone) UugUnsAlIATIEALUUNTEATY Aslansly
awdl 6 ey eAdeiiuslovddonmsdamaiiouiluiesufifinisuasSanunsathgunsaluuunssany
agdeiilululdlumsSeumsaeuiidoiug Mieatedls 019 naneassiiieadestunsnsranlany
niinfideuuegluhililuiinusziunardanndousous wu thanfidmienuiesmatn thaimii
vana vietharnusih deaes sy

TSPP Na* K' Mgz+ ﬁ.@u cr*t Fe?*t o o
PN sdine 0909000

TSPP Na* K* Mg?* Ca?** Cr** Fe**

Ni2+ Cu2+ Zn2+ Ag+ Cd2+ pb2+ ng+

o 4 g o v . p L
AINN 6 ﬂ']5‘1/]ﬂa@Uﬂ'ﬁLUaﬂuLLUaﬂVINaWﬁﬂLﬂﬁ]ﬂ'.]EJG]']L‘UEWLLaS‘Vl'NWQE)EJLiaL‘UUSIJLLUUﬂigﬂ']‘t‘}E]EJNQWEJ
(Prabpal et al., 2017)

Namwong et al. (2018) lfa1syagunsainsaviiasgyinuunseausamadansiissianiuiie
IAN15I38UINILAL 309 @1stmuauiuia (limiting reagent) Tngldufasensa-tua dmsutiniseu
sedudusiooudnundil 4 lunuided dndouldasdiovssiviguniainsaiiaszsinszauignuies
gUnsafandanaztumeulunisaiamavanouuunsznvessiiansfannil 7 Uit nsa-ua Aldlu
nsAinwansiruaUsuaUsEnaumie 3 URATeN lowa U§Ase1521319 NaxCOs i CH3COOH, NaHCOs
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fiu CHsCOOH waw NaOH fiu CH;COOH muaddu UiAsenvisnusildfusdnndududuiimmeasiunis
dunansildeud

Filter paper Cross section view

Squeegee 1 Filter paper

h <
————)

sﬂm paraffin wax

Printing with solid wax on the surface of paper
a s s sssss

o o

Filter paper \
o

Melting wax into paper using hot plate

Whatman filter paper

l\‘rhz:roglpette

Wax penetrate through the paper

P v ¢ a dAo & o o B o
A 7 (918) gunsalandandndudmiumsainmismeasauuunseauegiaing
way (¥71) uneulun1sasinsnnasILuUnIEA Yoy (Namwong et al., 2018)

Luammum‘mmmmmmaamsauma 0.03 M Na,COs Tuterisnaudmsunageu (test zone) Tu
uwiazgesadil 9Nt Menasazate CHsCOOH aswsarludenisnaulngildsunnududusaus 0.01 e
0.10 M samsifeuandliiiiuin dhfnwannsavinsveasdasldgunsninssiinmesiuuunszauile
szyansimuaU3una (imiting reagent) wara1suInfiune (excess reagent) laatgnaedlaanisduns
mMswdsuwlamndmenilan nanisvaaesienanausailuiemenidusnalaensinszdany
Wuvesd @) frelusunsy Image (ImageJ software, 2021) fauanslunnd 8 nan153souandifiuin
nsdanaiFoud Fos astvuauinalagligunsaiansanimaasauuunsgaives aisiiidiutag

duasubitnseulinnudnlaluwnfeaisimuadsiiainuiiseinsa-wa o dndeulinzuuumdaeu
Wingatueghailedfy

g

end point
E‘lﬁﬂ /

g

CH,COOH - 140
001M 002M 0.03M 004M 005M 006M 007M 008M 0.09M 0.10M il

2 4204
0.03 M Na,CO. 2
X 105 =

% g 100

no. (1) 20 B (4 () 6 @ @ (9 (10 E a0

|———— excess Na,co, ——————] |——excess CH;COOH——| s "

S 604
(&)

40 T — T T —T T T
0.00 o.e 0.04 0.06 0.08 0.10

Initial concentration for CH.COOH (M)

2l 8 (d1e) gunsaluuunszmuiiefnwansmvuaUTinaeInUAze1sening Na,COs fiu CHsCOOH;
(¥27) MsiATeAdlinalanTitesgiauduvesd @wn) Melusunsy Image) (Namwong et al,,
2018)

Lai et al. (2020) Ifinngunsailiasginuunssnuiionisiassogmadaanunsadanmiiudle
fenaniislilunsnseiauiinuegiidelesou (A®) lusiannsa mstuguaunsalondensfu
Freipdosfuniving (wax printer) qunsainszmuiliidnuvasadoysevineiidenanay urguinans 6
findiung Wieldiduresdmsunenarsazanefetng (sample zone) uagaiisvasmanisivasuin 2 x 40
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PR
v =2 =

fiaduns Induiaigunsaifiaindlueul 120 °C WBunan 90 Jundl Feasvinlitisararsuasdundig
nszwileaisniadeamensiva nsnainazerdunisainsansideouifannufitenseninsegiides
looau fuansliddaluvesmausewing chrome azurol S (CAS) uaz cetyltrimethylammonium bromide
(CTAB) a¥ansmunsgiulae thansavareegilifienlossu Aududy 5.0, 10.0, 15.0, 20.0 uaz 25.0
ug mL " nenadludesisnavdmiunageu 91nt ogfifleilevsuilnalunmdeaenisinaazinujizen
fuanslid uarliiidudsaunsadunadiiulddenva nanimaaesdandmansoirlulinsgiias
Uinalnsmsnsmansminesgiussnienududuresegiideulossu fuszermanesdintuiiie
16 fawandlunmil 9 dnisoudianumelasegunsaingasiinseilulasngdinduuunszaiuienisin
svoymaduegnadunnzannsahlUlilumsinnesimuinuegiidenlessu (AF) Tusrannsels

5.0 pgmL! q=
llllllllllll!lllllll
10.0 pg m.” q==
llllllllllllllllllll
15.0 pg mL!

20.0 pg mL ([ S —
L L L Ty | i

25.0 pg mL! r r T T .
[ G L L | 5 10 15 20 25

Concentration of AP (ug mL™)

Length (mm)
- - 8] o
e o LT

a
1

a 1%} ¢ a aa ¢ % Y
2R 9 (d1e) gunsalnsimseiilulasgdfnduuunsenuiiensinssegnng (¥a1) NSNLIATII
sgminenududuvetegiiienlessu (A fuszegnavesdintu (Lai et al, 2020)

wenaNgUNIaliuUNIEATBLAY gunIalkuuduimenansatuluuszendlusmunisseunisaou
arewuiy Tul 2018 nque1uide Xu et al. (2018) AUNNAIIUAII15875 Journal of Chemical
Education afausn TasnsindudresiamndugunsaiadanisnnassdidninsTnidadielfuonaisd
Fuasrzsindanaluanagdludnanoms faniisndudmiunmsadrsgunsaluvuidusouasfiogianis
AnsagunsniaBnnisnanesdidninsliitanandunmi 10 dedeusdadniuunassrenszualifi (power
supply) warlkannusnsfngimunzauundalniingd Q‘UﬂiiﬁLLU‘ULﬁuﬁwﬁmmsaLwﬂmiﬁé’amswﬁﬁﬁ
waluanags 1¥uA carmine wag sunset yellow senanulsiniglunan 2 wit iesssgunsaiaisanis
naapsdidninslnigasgsieiitoinarsusznis Tdud ffunusi esen1stugy wasdesenisldan
gUnsainsradieneiuuuduinedigniidlunisdounisaeudmiuinAnwmssduumine s anns
duneluriesufofinis dhAnwannsnadrgunsainismaassdidninslridaseaues fufu gunsalaide
nsvaaesdidninsinidadvilidnAnvifinnuidnaynaulunisdousluresufifinsmsznanis
naaaesansadaunaldireuuidude delldmenszduauanuailalunsBouiivlunguaiviad
Bnseiluidewedlninnnniswenaisiemeadadianlnsnida
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15 Aunl

105 Fun¥i 120 Funil

a & a a a aa A % Ao caa a aa
A 10 gUnsalansansnaaedianinslniBaiielduenansaduaseindlaluanagsludnanemisnd
wialuanagdlunaue msludieian 120 Ui (Xu et al,, 2018)

Agustini et al. (2018) Ishinondusemimuidugunsalfinsgimanilnii egnadeddsuu
i Jandianairsgunsalusznauseuienveaau mdassih 1duae uasiduseanihe nisluaves
ansazaneBidninslad enfousualiaad eudivusidiudsedan duandunimd 11 gunsaiiifism
Uszana 33 v/ Wdsganamlunisiinsgiiididfie uinfuinsesdemaaiilaiinauinluglu
e iAng dndnwanusedienginuiinusiogisiiauls 017 nsaueareitn (ascorbic acid)lde
gUnsail sddeiadunadonnisimuedmivilulflunsdouaeuluies fomniinmeide
willwihluszauuSeygnila

Cotton threads — & Pieces of cotton thread
(microchannel) ™

/3

Supporting
Double-sided — )
i lectrolyte Detection
tape /oj Pencil 8
™% (aads ; cell
Capillary
— l’ force Gravitati
—;_? ravitational
Inlet Inlet l force
reservoir ) reservoir ==
£ Outlet : Outlet
E Sample
9 reservoi —) injection reservoir
Toy blocks
_ 3
k 1%
65 mm v

Al 11 (dhe) Jagimihunaseunsaliesgimaaidlnihlulasngdind uag
(¥21) winmsvhauenfeendenswalaaismugiuusdiunisadan (Xu et al., 2018)

Cai et al. (2019) lﬂu%’@%ﬂu@WEJR]'IﬂEhSiﬂWW‘Lﬂ@Uﬂﬁmﬁi’)?]']Lﬂ3W“Wﬂlwiﬂﬁwaaﬂﬂﬂéjﬁﬁlﬂﬂi’?ﬂ

o

S“‘EJ“’WN"lNﬂ'HﬂﬁﬂﬂdLﬂﬁlLﬂuﬂl(ﬂfﬂ?EIGHLUa'WLWE]‘L‘lij‘LUﬂ'ﬁWi?%ﬁﬂﬂiu']mmaﬂl’@@@u Fe )'Jﬂ@W]‘\]’ILUu

q
v

dununmsadieaunsalnsninssilulasngdindiduinadienisinssszniwaziiegninisinaigunsal
a1san1snaassuandlunni 12 Junsunisdninsgunsaiilalagnisundusiisunddivululastie
(micropipette) Aidnuyalivugiulng duihednanazgndaduly (knot) Linsanans anntwinismen
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a15avane 1,10-phenanthroline aquLLduELde TR 91ntuvenansazane Fe?' anudadu 2.0,
5.0, 10.0, 15.0, 20.0 4@z 30.0 pg mL " asvululinsinanswesdusng a1sazans Fe?* filnalumudusie
929U {A3817U 1,10-phenanthroline MAdousguuidusiig Anduasty Ssannsadanaiiuldiaen
Wairhnisiannuemvsaaudglivssiadieiluadansminsgiu yansmaaesiiteifeldou
18 fifunuin Jugie wazaansliaseiluiosufiing mmesssdausadadulfiinaie
AneimUinn Fe?' HalusufoRnng 3 dalus fidethnnsveassdlulflunaiFeudssduuiyged 7
aaseu wudindnwlinnuayndunisseivgaunsaliieneiwuuiduisuasziinunelasiegunsal
ﬁmaﬁLﬂiwﬁlﬂmy\lqﬁﬁﬂﬁLL‘U‘ULé’uﬁwﬁmmmﬁﬂﬂﬁmev‘imﬂ%mm Fe” Tusegelaas

0 5 10 15 20 25 30
Cre (rgmL™)
AW 12 (V) ’;aﬁmmL'UummvmiaswaﬂﬂmmamLﬂﬁ%ﬁlﬂﬂﬁ/\laamnmaum&lm&m’mmummn
LLamaa&mmimmaﬂmmmammﬁ‘vmam (@9) LLO‘UﬁU‘ULﬁ‘UW]EJLLauﬂi’]‘Wll’]Wﬁﬁ’]u%Wﬁ@ﬁiuﬂl’NﬂD’m
Wuduwes Fe?* fuszaziivela (Cai et al, 2019)

ayluazdaiauaunue

unanuilfsununiAteiifetestunsiaugunsaiuunssmuiasdudedmiuieaiou
il gunsafegnsheiimuntudasnsothluldlunadeudiinsasemaaeduiowssesuazmmnaos
lukesUfoRnmsdmiuGeudideviefogwnue 01fi arsisuauiina nan-ua uazedluih Wudy
Wil guUnsaluuunszamuazidumediannsatluusegndniugiuniinsanindeisnsdu wu ns
75333198 n1sesTaslenseualiin nsesiatanisigeaisalgud Lagn1INTIIARIETEEENIG
venanidsannsothluldlunisansiessiamsdintivefifededuinussariuld Wy mnsa
Beswilsunanseesiily nsasvdesziuinnaluesdlosey waznsinssiusunalanewin Judu
\esshetefvaneusznng wu Funuiid gunsalflvwiadn womazaan Wulinsdedaunden annnsld
asiadl anunsansradienziansliielaglidndudeddidorngynimeasunarlidesiianiesie
Anszindoueing fafugunsaiuunszmuuanduieiadunmaienlmiineulamdemadeluowenls
Juegned
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Abstract

Nowadays, there are new normal that teachers and learners have always brought up to date, particularly
Covid-19 crisis, highly affecting the science learning management. The important issue of science learning
management is scientific contexts that are both concrete and abstract. The abstract concepts cannot be taught
using only the lecture; therefore, the learning management has been found to elucidate microscopic concepts to
be understanding descriptions using various methods. In addition, the critical issue of science learning is “ doing
laboratory”.  Either online practical or non-laboratory practical can assist learners to memorise figures that they
have observed from video, dry practical or many simulation techniques. They cannot give knowledge as doing
the experiments. This article aimed at investigating issues of online-learning management in science and
challenging online learning to achieve the contextual learning objectives by starting from issues of learning
management during Covid-19 crisis, issues of science learning management during Covid-19 crisis in Thailand, and

Challenge of science learning management in new normal situation.
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aﬂﬂmLLaUIUiLmsmammLmaif\]ammammsmwammmﬂmnumiau Luamaaulmumiammm finvgaouyatiy
Luammimamﬂmwmiﬂgum maaumﬂwmmmmiaamwummimLW@IWLiauLmﬂamam Vi ﬂ’]'ﬁL‘UE)JJIENLiENS’nVI
Soudng@inusedniu mﬂmamwm‘lumiammiLiaug nsilufdutusvesiaeuiugiFoudafitios uasvndsatiuayy
ns3eus wu Bumnesidn AeuRimes (Fakngern and Kijkuakul, 2021)

Mndeyamsdunivaiuaznmen swdsdedsnuseulatl wiui JymnsBeuslunnmsszuveshidalals
w1 dndlngiuan liwansinsanntusisseina lnsangludsemagiiniang Jusenideddieiu iy AGUTud Barrot et

al., 2021) 8ulailiy (Malelak et al., 2021) LLmLuaLUiaUmamuﬂsvmmmuaismavmmm WU ﬂivmduﬂamu

wengmeonuuunsdaniateuduuuesuladiieliFeuldsudemannnsidoudinniige (Katic et al, 2021; Zheng et al.,
2021) 1ndgymnisdanisiseudlunizlain-19 Tulsswmelne FouAtymiiintuuioatuusanasy q lngldsunis
atduayuanmisnuisneisuasmaensuiiorliiFeuldsuuslsninnmiuiussiinnuaynauulndidestuns
IANSITEUTUUY annuites (Boca, 2021: Maheshwari, 2021: Pham, Le and Do, 2021) falunwii 2 Hapusodlasunis
susuasMsiansouiuarnmsussidiunansBeuiuuvosulay doadouimsldimaluladsing q weldlunsBeudnnis
Bous smdanslidinsnaugiin (metaverse) lew3sumsinmsisousigisoulsidosnsamindss uilddmveduwin
dluad1mnn3 (avatan) itedluideudiuaouldamvatesuuuy Tagldsumsativayuammisnusislussdunssmag
Tsa5eu uazuvinends Weolldsumalulad gunsal invesdle uazansnsayulng 1wu umesidnaniligs Alviiiiisian
anas aowinthidudaisussiunale Wudswnsmuaznnmemsine lussiiedaou funases uasfFouies
Fosairaussgslalunsidoud Sufduiusiudaounasifouiutubou afusstuedoulunsdouinnuinilily
TsaSeuviounminerds uwazdemmeneudoansligdudlonusagFeuldulu egndlsfinm nsdansBouifurineeg
ddnilianmnsovhliidoudlaldlunsianmatouiiuuesulaissnssudufoadunEouiuuy a aouids nisdams
Seuisenagnseng q adunldlunisdanisiseuiuvvesulatlanig 1wy nsldieufnwaduiavauvseenaisiou
Feou udriansiFeusuvuvieaseunduma (flipped classroom) laerasusiesdnuszaunsali3ousiinanmsinuaauin
Vindviselonansianwsnioutu warligBewiuuiilinds 9 ludeadeu Aezvilinisthuanas (Tang et al., 2020) wazyi
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v

Ssuaynauuiuianssuluiesseuldwufeitunmsiseuiuuy a anuias n13dnedinnisiieus (leaming clinic)
TWiudSeundslidnlademfiGeuivieiidonudszandnddiey entielidiseumdilannuseing q liasuduunniu

Uaauau ¢ nas

AnwLnsLAN

) ¥

- afsussiumalunistoug
AU UDIAT
HEDUABINAIUN . - -
o ANTAALATELNNTIIOUNNT N e et
-
.
douuazUjunnis adunnouan nmsdend MaFeUTANSIEEUS
. 0 u
(extrinsic wuvaaulad
factor) . .
" as1salnn 1%unnna / (online leaming)
AsEdUEYLRIN
q
wianeTy Hedumael aunauly
— walulad RIS .
o . nNILIBUT
(Institutional (intrinsic v
support) aunsaiuatiasesiio factor) LUl
: EbIUUADINMUN
//‘7' \ + HunaAsey
usegslalumsiFons Ufjefuniusly wsstuiatoulunisiseug AUETIUTO dauida
v . .
+ YULTEU NNUIU Tunnsdasdns
1 L 1

awil 2 mauideymsdanisiseuiuuueeuladliiseulasuussloviuasanuaunauulunmsseu

4 v = va a '
anuimelun1sdnnsiseuiinenaansiugaunils

Tutlagdu faeuneeuuiladymnisinnisseunisaeulunnnisunsnsyanevedhidalalsu neuigiseus

U
v

1§35ty 2 Bu Tsadouluiufiuaady @uiiiidanlsalalsudiuaunn msdanadeuiiusueouladomn ns
famaiFoudinenmans Galnaneidenidudsiivedliiviufenid esuisldannmsiufoing uaznisdanisdeus
donimemaniunadesdududesimannassdeasndlald iwu nsinwmeiniamanivesdng daugnwineuanie
Anamansvesity madasing 9 Adesdddgunsaiuaziedosdodneimans BnsdanseuiiivazdeligGouldanuily
\BeuFoRmanndigelagldiedesileviegunsallusiesfifin15ads Ae n13andn (demonstration) uigaeuaunsnyels
fiswihufiRnseneiield neligSeulfvesiifluniufouiiovnujiRing viedsgunsaiinereannioutiienng 4
wisldvasanaassmanainuda ddlulvigisowhufanislundeuiaeu dmiunisdanisBousrineiidesiinisingn
in3edludnionslifiSoumsiedimnviosmann udldtieaia idalunieudussnineiifasuasaligimureama
soulal uin1sUssiliunarinwemedeasuliaunsaiiligisouiivinwlunsvinismaassdnaidldeggndes uenain
MsdansBeuimeiinsasaud Sadinsdeulusunsuneuiimedifieainaios fiRnsiadiou (virtual classroom) Ale
ansatelideulinaasunewsou Tlunsieus vieldnumundwinlnu§URuas (Wisanti et al., 2020) v um
Ujuanisiadiountsviilusauliusg W3 (protein purification, URL: http://www.agbooth.com/pp_ajax/;
Phornphisutthimas et al., 2007) vieaufjUan suwan (lab-on-a-chip; Wietsma et al., 2018)

ANuTMevessinnsiseudineimansuuvssulatuonanmsvhufoRnsidesinliiSeudilound el
nsesureuluial (concept) voudomennlunsdnnisFeusuvuosulay Fsunigaeusinlinisaunuresulal n1s
Fsaleaulau T9IRMAY wazn1sUawesie PowerPoint 913189 1UY89 Wisanti et al. (2020) wuin nsaunuieeula
wazmsinsaleaulativeliFoudlauluimiFesieulddiian egslsfinu ddiddnyie nmssenuuunisBeuiuvy
saulatlegnels Joilvgiseudilanlurimidsna

Tud n.a. 2564 1efasunaziSeulssuiadulain-19 sgrates 2 10 SwwfuFemsIanazuansia ATK Ay
v Aansadiinisdanisdeuiuuy o anuiideld ogdlsfing nsgnmefnusnisuaznsznsgaufine
Inenmans 33s wazunnssu WmadendugBoulunsideniFeuduvunaunanls FsnsdnnisSouiuuunananud
dnwaizdAny 5 Ysznis laud 1) desdansSeuiuuuussaiuia (synchronous leaming) 1lumén vilvidSeuuasiaou

o
P

Seujuagiiufduiussiuiu nilureaisuaiauasiesssuiaiiou (virtual classroom) 2) feslinisiTeuimenuias (self-
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paced leaming) 1lea1aUszaunisalidoudauysallunariidrinannisufduiusuaznisdoudandumesidn 3)
FiousesanunsadeansiufiSounudunazgaould viedin1s3ouduvusiuie (collaboration) 19y Iesaunuiuuy
ooulay] Wuoundindusng 1 TnefmunnailidnGeuinientu 4) dosimsussiiunaisnoutasvdafou ilensiaaey
ANuifn (prior knowledge) uazailvsifilasu audidu wag 5) dosdidsatuayunisiious (support materials) 1w
wasdedaiield@nwiiuLiy Lﬁamﬁgﬂ (Carman, 2002) M33nn1si3euTuuunaunaulilanuefinisdnnisseus
Saffuszarienisdanisidouduun w aniuiine waruuvosulay uddsmnesmdinisiansfeunisaeunainuans
sULuUve BN sLilevi o unssaanssaus (competency) ﬁé’aﬂé’%’uwé’qmﬂmﬁﬁ'auiﬁful,a%?:uué’a

ogslsfinu maFeuddurinuzdinafeaiou a aniufids Wundn uwidesiinismuauldiinsdassuuszue
91mA dnsilerelaaneanesed wazdnlilszozsineseninadFousefules uagszningiSeutudasy iledeadunis
szuinveshisalain-19 lusewinmsdanisiioud Sadumnuvimesssds mndiiseRanansaviligiioubousiney

Y

3

v

UftRlaglidondnun a anwiidsld mstansdouitatuiignuszasdddadd 1) dostaussaunsalligFousous
Mnilsasouielidlaodnigidoussnvhanlueman 2) desdnuszaumsaiieuslidriuyususoulsadou 3) dosd
usansziuilelifiFoulasundamginssulumsiious 6) desdnuszaumsallifiFouannsouddgmenn q léfenuies
uaz 5) arwiianslavesioudadlinanniadouiuasniseiu wWelfaunsaduafmenuidenuediddeiu (OECD,
2020)

winsdnniseudiuunaunanuaz el S ouausnitndedeyanazitoudsuiudaounazSouaudu q 1a
wifigaszaulyvinsdansiGousiissliviligSouussgaugauszasdviniias uaznsensafnudnsdsdiusznalian
nalumuBeu snidnnisaeuianadnsmasouiuaiena uazanuunumstuithiSeuionias uadlrdadunadugys
manadsuanmstunieuutiiniifasudaliiugFeunsonanianising Buiilviarudnlaludomanases 4
Hagtufasuunzidsuiivsraunmsnidomisliueundedulunmstanmaioudosulatiinniu uinsesnuuunisinnis
Boufddiamuddy WesmnmndamaBsudiuuiunaennm asiligSeusdndemine uasmngFeulddnladon
findassuftagliuszavmududalumatouinuaussousiifidounislésu venntasvhedidlsgFoufvimnudednd
liaendeaeuszninanisaey

nseenuuuMsSeusiviligSeulstauanudisalunisGeusoulavls Ao nsysanmsineimansidheiu
Seuduuuudy (theme-based education) LﬁumﬂﬁﬁaaﬁﬁzﬁéﬁauﬁmL'%fJuiIﬂaIﬁi’fmam%maﬁ\lﬁﬂﬁ TV waziadl
sudadineaniifiouddymidonieatu LLazL%aﬁﬁ’mumiﬁmaﬁmﬁmﬁLﬁ'm%’aﬁu%%ﬂiziﬁummﬁﬁsJuLEN
(Haatainen and Aksela, 2021; Pursitasari, Nuryanti and Rede, 2015) EJ’H]I“?J’LW’JWNMY-TT@ﬂﬂiﬁ&JuiLL‘U‘UﬁzLﬁmﬁﬂm
(STEM education) Ingitiunszuiunisiauivesaiuiidundn wieldisdnnsiseuiuvuionsoundunis uazgaoudn
UszaumsnisaluveaieudieliAnmsaunuuarinndaluimidusuvesulad awtelifidoudauinuaussousi
A1AnTa (Bidarra and Rusman, 2017) dsfifusadanmdndaveamsdanisFouuvuoeulei fo fFsuldsuanssous
mufieantsly wezannsouflvaniunsaiffdnuurlndiAssiudesiildinuluud venanissaunsomiaruiidly
FenAnwanuinnunaaiouianndumedidnldoggndes wasiluimumuesiievsznouadnldluowan fiialu

v '
o a

srggdupe aussournuineniall widwinsveren Buanaunsadenanusliegisgnies iuuinuedluuseney
21%nla wagdeainmaseuimenuedlinasn®in (Pham et al., 2021)

G

Mnanzmssznavethialalsuniunsssuinluimlan sudssanalnedae s SeunaziaeuliionaiFeus
o anuiinald Saumadeniidflugisnssruinveshfatine nssunsaeuwuusolal 1u‘zj'NLLiﬂﬁﬂ§gmﬁﬂ;§ﬁw
warfaouridluiesnesgunsairoufinmes TWannsuneuiunoidmivianindoud eruaanifeanalulad sauds
assegulamsing 9 1 anlndn Ardunesiile nsdhfdumesidavesiseuusavau druluguassalumsinnsdeus
wuueaulay dapmmsdamsGeuiinemansuuuesulafidwayfiaade mseuneslusimifideansinnsiFeusloSeu
il safansdnuszaumsaieuilunmsimavnaediiiuiFou Fudthgiuasimasiendaifiodiaon o aouiia
WANTENTI9 Akl idn1sdansSouduuunauNay Ao WWUU o @0 ufine uazuuvosuladsiniu nadusaveans
JansiFouduuvoouledd Ae myinaussauziiaanisld (usvezdu) wazamnsadenanusliognagndes anaueaie
Ustnauainlsl uaziSouinaendlnld (uszozem) AdidummuvihmevesnginemanslunisianisSeuiuuuesulafe
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