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Igun Anadsuardiudsauunasgiu sansfine wui Spunawniinantuisuedanuduussnsewing 7.38 =
0.2 f4 12.68 + 1.27 Lungwada fedreildidunauiesas 10 Tieanuduussdaiads (12.68+1.27 wngwa
&) IndiAssiuganaunu (13.28 + 0.42 WnEw1ada) SnNIATuth 15.4 + 1.48 % ATwvLIULY 1.47 £ 0.01
Alansusiegnuiaiindiuns wardidurunsnanduiagUssana 16.47 um (137.2 Vivsonsnauns) Sy dunay
annsathanliselovdldunniudenaduingfusdndguia wardaduvendunau fovas 10 Tasthuin
annsolilunsnandgrentudetuiosnsluamsilildmidessuiminlasaionsls

ANdATY: unay Tamesuings Yegleaiu Bguiaiun

SreBeunanuil

Wesen NAuYaS, asugn quﬁ, Innnn Unny, @ndde Tav1u, #1991 NDIFNTI555Y, waraunna ¥135ml. (2565). Ka
voianUetleauiiunauseaudivedguiaiun. MEsIneIAdasuazIneaansine, 5(2), 182-190.
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Abstract

This research aimed to investigate the effect of rice husk ash as a reinforcing material (Pozzolan) in
the production of lightweight bricks with dimensions of width 20 cm, length 60 cm, and thickness 7.5 cm
(lightweight brick size according to the standards of the Department of Industrial Promotion). Production of
non-autoclaved system type 1 uses light materials in the production process include portland cement, fine
sand, aluminum powder, lime, gypsum, and reinforcing materials (finely rice husk sintered at 600°C for
replacing sand in the amount of 3 formulas, such as 5 wt%, 10 wt% and 15 wt%). The brick was cured with
water for seven days. Testing properties of lightweight bricks include compressive strength, water absorption
rate, and density. The data were analyzed using descriptive statistics such as mean and standard deviation.
The results showed that all lightweight bricks had compressive strengths between 7.38 + 0.42 to 12.68 + 1.27
MPa. The means compressive strength of the sample with 10 wt% of rice husk ash (12.68+1.27 MPa) was
approximately the same as the control unit (13.28 + 0.42 MPa), water absorption rate 15.4 + 1.48%, density
1.47 + 0.01 kg/mB, and the production cost of materials is approximately 16.47 baht (137.2 baht/m?).
Therefore, rice husk ash can be used as a raw material for producing lightweight bricks, and the bricks with a
10 wt% of rice husk ash can be used to produce bricks for masonry walls or indoor partitions that are not
part that supports the weight of the building structure.

Keywords: Rice husk ash, Reinforcing material, Pozzolan, Lightweight Brick
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sgnadutanieairsiildiumnudemdussiannluansieains saduiivensulusuanaudailan
LﬁiuLLassJ"aL‘fJu'vmLﬁaﬂimﬁﬁww%uQﬁﬁaamaawﬁunﬂumimam (Panel hoszigeteles Co.,Ltd., 2017) WABFUIALUNE]
fodialumsuiuusdldtion Suiminldlinnn dfednvasvestaniitisnsurilidggaduihisinaderuiu wn
finswienitonviiiiAnanudemensaunninlaig (Onprom, 2021) Msldianuaumas (Pozzolan) Q8L
mmamWszﬂ,uﬂwﬁsﬁﬂ'1umaaﬁgﬂhw‘iﬂﬁ@gﬁmmmwuuazLL%&LLSﬁLﬁmm%u (Muangtong, Kongpun, and
Nekhamanurak, 2014) n1sdnvetleaiuainsssunfsnussenaldivauneunsnaiunsavilavainvans wu dianld
TunuaeunInnaun viduamauduioannisiaujisendanilaluneunia andlyminsifanisiy annis
LN annsTaL ALY waztuids Wusy Basldnuasihunldumuinseviounudiyudiuusinig
Sns1du anauiRvesTanUoelvausssumAfiananiiaa fe Smiinun ausuuiui Sanuwsugs fannw
wiause Saflnrundululdienilududinusznouluneunin uazldnouniniitmbetminiiunas ewndniueg
HuansnanuuuLgsn wu Adhaee Whunau Tngn3uineagadanigu wanidingnouadadanlsaiitntide by
# (Sinsiri, 2014)

iunauiduiangninanlfifudiunanvesianneainsmanevia 1wy Sgunan Sguery Sgfmuey Lilesnn
nsilesdUseneumaniilsznoufedanideainsovhuiisevetleaiu (Pozzolanic reaction) fuuaaifeulansen
Lo unandnanufiserlewnstu (Hydration reaction) sswinsyulwudiuihneliAnasidenyssauueaifeond
analansnla (Chindaprasirtand Jaturapitakkul, 2013) Tnafins@nwvageuanifvesnaunInualUIRaNuAaU
Tumaidutaqaiuiids Fmuhiidanusuussdavenisiudguu 14 fu Indifesiudguegiitenldlunsnoatns
(Chaichana, 2019) lutlagtiunisiragmielfundudiunaslunisudntagroatns Ssfienudoufisndy wind
ﬂwﬁ%mmﬂ,uﬂ%mm‘ﬁL‘vm13aaﬂmEJLmuﬁimqﬁU"LaiLﬁu%aaaz 20 vilnlamasdawiiuyudiuud (Sata et al., 2012)
miAfeliteinguasasd efnuanifvesdguiaunifdunantanssuidmindunaviieunielfonmnd 600
ssmwaoa Tunsuandguiaiuniifidiunay Tiun Yuduuduesauaus nisaziden neozgiilon Yuvn uas
fut Llelunummansthfagmdelivnamsinwesunliusslominazantymuaninzyaduindon

(Y [3 a o
'JGIQiJigﬁﬂﬂﬂ']'i'JQU
WeaRnwanlivedguiaiunldiunan Tanaiumaminaunay

WANUUNTIY

nsinsuTagitldlusuide

1) YuBusivednuans Useianii 1

2) nasuthiiunsseudhenzunsaues 4
3) U (CaS04.2H;0)
4) w
5) YJur1 (Ca0)

6) Fagmaunu Ao iunauiiiunisuiuanm Tagsiunszurunsifeialnliiiigumgll 600 s
waidua Wunan 3 Falus (il 1n) Aausnunauiniudfauysal (dunavdin/am) fedaudRausalfiduiag
Yanlwauldl (Sirisurawong, 2015) (0wl 19) ualiiaziBunuazinuunalaenisseusienzunsaues 325

&as@uﬁlﬁw (Aluminum Paste)

gunsalitldlun1sinen

1) WRNNSABFUUIN 20 X 60 x 7.5 WUALUAT (VUIABFUIAUIRNULIATFIUYRINTUALATUAAIMNTTH)
2) wlihgaumgiigs (amesniin (il 1n)

3) gunsalfaludmiununeatns léua wndedun dabh v Swasyu nszuenma uaze ALy

q EYj
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(n) (@)
A 1 (n) wwlwihgamgiig (1) Wunauigumgil 600 esrLyaila

L)

nsnandgauImsrdslasldsruuiiliiiunsyuiuniseuleth (Non-Autoclaved system) Usiawil 1
lnonaningAvaugnsidiu laun Yudmuduazyuvilugnsdin (30:9) Budunazasesgiiionludnsdiu (9:2)
V58 WABLNAY 1 3 Sas1au (15197t 1) masdrdneusarldadlunuufiuiann ((mdl 2n) aanduilusnly
fisu WHusveziaan 3 Su (Sirisurawong, 2015) ‘Vié’ﬂmnLa‘?a??ums%u‘gﬂﬁw@giﬂﬂuima‘l,%"i%'m?ﬁ’aﬁﬁ]uiwmaw 7 Tu
(709 29) (Senaart, N. and Nonthawee, P., 2019) uagvhliuiailothlunaaeussly

ANSHENIFUIALUN

M19199 1 dnsdndngiunanlunsnandgunaun

Component (%)
Sampler ) R :
Rice husk ash | Fine Sand | Portland Cement | Aluminum Paste Cao Gypsum
SO 0 50 30 2 9 9
S1 5 45 30 2 9 9
S2 10 40 30 2 9 9
S3 15 35 30 2 9 9
()
AR 2 (n) NMITUFUBFMBLARLN (1) N13ULBFITN5TIU
‘M INAEaY

NINARBUANATULTIOAIATIZWEUURLTING AaelATamnaauaniRLteng (Universal Testing Machine)
(n i@l 3n) lnerdgunaiudegeiifienglivesndt 14 Ju (n il 3v) umegeunissuusing windudnsduay 2
Uy
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()
1wl 3 (n) insemeaeuanTRleng (¥) BgIalNTiiIuNIARUNIAULTIER

nsAATIvidaya
AIAIUATLLIIBAVDIDFIAUNTNARTU (P) 1te lunzwada (MPa) aunsanil@anaunis (1)
FXC
dlo F Ao wsinnasgaiineuninudendiagneiuls miedu dadu
C fio AFIYUTENOUUTUAIANUAULIISAUDIDT

A fiD MU TISULSINAVBIABUNTAUADNFIDE19 MUIE U ANSIURT

N3 HUTUAMAMNUBIBFUIALU AL UAIINATULSIBAN NN TTIUNAR S9N RRa 1N T30 (Wen. 1505-

2541) 9unla 4 %guﬂmmw (Ministry of Industry, 1998) (A1514f 2)

M990 2 FUALNNUAZTTAYRIABUNTAIIALN

M AMUAIULTIER (HaAu/ua.%) - AR TS UnSIadY
YUAUATN — — ¥ile o ¢
: Aafe ANEA (AlanSu/gnurAninBiuns)
0.4 0.31-0.40
2 25 2.0
0.5 0.41 -0.50
0.6 0.51 -0.60
q 5.0 4.0 0.7 0.61-0.70
0.8 0.71 -0.80
0.7 0.61-0.70
6 7.5 6.0
0.8 0.71 -0.80
0.8 0.71 -0.80
8 10.0 8.0 0.9 0.81 -0.90
1.0 091 -1.00

NAN1SILWATBAUITIENA

AU TIBALAZNTAATUN
v Y a dad 4 v oo a a o PR
HAN1IVAHDUAINAULTITATDB T NTINUANA 10,000 msesiadiuns fausznaudiuiay
Auusssnvasianaeun3aiililinisauyu windu 1.18 fen1svedeumeiieg 198giluiinisuausdeLdunay (S0)
wagBgniinsnaudunauludnsadiusening Sevay 5.0-15.0 (S1-53) dnsndruay 2 fieu 11U 8 fiow wuii B3
WIAUMAAENITNAGBY (S0-S4) anansasudminusinageanadeeyi 112,502, 62,508, 107,501 wag 72,500 U3wiu
MUARU waHAUAULTITAREY WU 13.28, 7.38, 12.68 uaz 8.71 wnew1ana muadu nedgniiniskaun

Copyright by Faculty of Science, Ubon Ratchathani University



AT IIANTUAS NN ANy T 5 1wl 2 (n.A. — 5., 2565) | 187

unavifiauduussdanniian fe shadiuvestanaduidminidiunay feaz 10 (S2) annsafutiviinusing
geandl 115,002 fadfu waeilanusuussdaadeviniy 12.28 wngmada (5197 3) dmunanimaaeunIIgaTy
ihuesdguavesasnsvaaesdisnadowiiu fesas 16,0, 14.1, 15.4, uar 14.9 audsu Tasdanumuui
laAsUDILAATNNTNAABLYINTY 1.45, 1.46, 1.47 waz 1.45 nn./a.’ auasu (1157197 4)

M19197 3 ANUFIUKTITATRBFUIALUINH A IUN AN AR ESUMEUAUNAY

o e usanagsani AUATULSIDNVD D Y v
AEALEIUATEY v i om vy ® AUATULIIDALREAY
AN5NAABY - Alag198g3ula 1A .
(59v82) P— ~ - (CHARGER))
Alansuuss 4IRU (WwnzWaAa)
11,217 110,001 12.98
SO 0.0 13.28 + 0.42
11,727 115,002 13.57
6,630 65,018 1.67
S1 5.0 7.38 £0.42
6,118 59,997 7.08
10,197 99,998 11.78
S2 10.0 12.68 + 1.27
11,727 115,002 13.57
7,138 69,999 8.56
S3 15.0 871 £0.42
7,648 75,001 8.85

A19197 4 N13RATINYRIdTNANUNNHEIUNA A ESUMAL LAY

W] WZ o v '
e e GLIGEHIREN Svcinugs | Swsnden N159ATUUT | N1IRATNUNRRY | AINAVILILLY
(3oway) (Alanu) (Alany) (3ovaz) (5oway) (nn./a)
13.2 15.3 15.9
SO 0.0 16.0 + 0.14 1.45 + 0.02
13.0 15.1 16.1
13.3 15.1 13.5
S1 5.0 14.1 + 0.78 1.46 + 0.02
13.0 14.9 14.6
13.3 15.5 16.5
S2 10.0 15.4 + 1.48. 1.47 + 0.01
13.2 15.1 14.4
13.0 14.9 14.6
S3 15.0 149 + 0.42 1.45 + 0.01
13.1 15.1 15.2

vy
U A YA v

nideasell §idelddennisuandsuiauuuliiunssuiuniseuletn Yssnnil 1 nan1snadeudiAdy

' v
¥ [ S a =

funssdnvesdgainindatuidulumundnmguivdeuueiinUinaimnzauvesianaiuidslasunud
Tagavldiiudosas 20 azfinruudausslndiesiudiuud (Muangtong, Kongpun, and Nekharmanurak, 2014)
Fedunsliidunaundudunalunmandedgmaiuuaded Sdddeuuusmesaglfifsuriniuiudsillfdiumay
Ml msitanesuidedsdiandiiduasvesleaunlfifudiunanlunsuandguiaiun agianudunsndia
wdosdlesdusznaumaniifivszneusedanlutiinaugadeiinisufuuslassadns Tasnsinldundiguvgiigs
11NN 500 ssAwadea azvinliAnUfAseenlvarutiuueadenlansenlesiiiunanananujizenlensiu
ﬁzwj’mﬂuu%mwﬁﬁ’uﬁﬂ (Sirisurawong, 2015) viliAnasidonUszaunaaiBeudainalansn Tnadunisiinufaze
o 4 wleteiiuanuudausdiineunda (Chindaprasirt et al., 2020) Mandnfanasuidsidudiunasluns
wandgurauluadsiléquugfifl 600 ssmuwaidea Felidrudrelidgildddnvusfiannsaiuussdaligean
uenndigamuimnuanisvadounsgeduinddegsevinedosay 14.9-16.0 aenndesuuuiAndnuasnagadinii
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%Q@gﬁﬁ%ﬁaﬂ@]mﬁmizmm 10 - 17 % maaﬁmﬁﬂ@g (Faculty of Engineering Civil Engineering University of
Phayao, 2016) svaaaskandginaluadsivnynnismnaedlddgidanumuuiulndifestuszuing 1.45-1.47
nn./a.> Fedeilividnuesdgdefoudsiisdeudiaunn iesaniduiinsudauuuliiunssuauniseuledh
uanAInmManandgieianiseuledneldarudugs FalinsliiadesinslumsnaniiansavinliAagnsuniely
\Hodguasshliftminiiuinianmsldansiadineresernmea (Dolah, 2009) Fedldsuuszanalunisasmugs Seden
TflunsuandgunalunseRuenaInnssulienalye (The securities and exchange commission, 2013)

Fugunmaadguiaiun

miﬂizLﬁusij‘y’u@r:umwsumagmaLmﬁﬁdaumamaai’ama%uﬁ'lé’amﬂLﬁwLmauLﬁaLﬁﬂuﬁ’ummﬁwmmé’mmu
1ASgIUNAASUTIRAAMNTIL (BN, 1505-2541) wudn F19819gns S1 oglutunmnn 4-6 dwmiugas s2 egludu
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14.74, 16.47 wag 18.19 U ANNAGU
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WoRa1su LB uAIAINNAILLIISNEIgnveBgAUANNINSTIUNEAUNRRaIMNTIN (WBn. 1505-2541)

o«
v

wut ganauiinanldiis sgnsnsvaastegsevinduguamil 4-8 Falamdululdlunsingnsdnsdaiunay
Faquaduidsnnidunaviisesas 10 (52) dldldlunsieains iesnnlimmnuiuussdadianiigas S uas gns
53 Tnediflthuinuas Usinaslnddesiu Samnzdmduaulasadrsenassuuliian-12ay (Load Bearing Walls)
Turnzitgns 51 uae $3 wnzuAmsldnunenifailidessuiminidesniuussihuldreuineh fadl lusse
Inedgnanniifeuldornunivans fo dumuamm 2 muanesgiu wen. 1505 — 2541 i 0.5 wdATuMuILLY
(Dry Density) laiifiu 500 Alansusiegnuieiiuns uagindausadn (Compressive Strength, fo) laitfoendn 30 Alansu
fon131auRLng (Dolah, 2009) a1 nn1smaaswnandgunauluaeillngl#iiuuulsiiunssuiunisouloth
(Non-Autoclaved system) Usztawil 1 Tagld¥aniuininnnaunu lnsnsihAumieasauiuiansssumnd gl
anunsalvandAfavosdglusinuauvuiniy (nsudadeusuinsvesdy) Weifisuiunisnandguialundiiiy
ﬂsumumiaiﬂam (Autoclaved System) fensiidnunsrosdgittudniundtluiinasaiiu usipsldinalulad
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Abstract

Recent progress in the detection of ultra-small magnetic fields down to nano-Tesla level at room
temperature and without magnetic shielding has shown potential applications in magnetic marking, labeling,
and detecting for target biological entities such as viruses, genes, proteins, and bacteria. Herein, we present
the detection of stray magnetic fields of superparamagnetic iron-oxide nanoparticles (SPIONs) in liquid
medium (Trypticase Soy broth, TSB) and SPIONs bound to test bacteria (Escherichia coli). The stray magnetic
fields of SPIONs captured E. coli, and that of the control samples were measured using a highly sensitive
magneto-impedance (MI) sensor. The output voltage of Ml-sensor of SPIONs-captured E. coli sample was
significantly lower than the control samples. Homogenizing samples prior detection and the introduction of
the external static magnetic field, Hex, of ~ 0.2 mT to the samples showed remarkable enhancement of
magnetic signals. The preliminary study of SPIONs capturedE. coli in dairy beverages has been performed.
This simple and versatile technique for detecting magnetic nanoparticles can be further developed for a
portable magnetic biosensor.

Keywords: Superparamagnetic iron-oxide nanoparticles (SPIONs), magneto-impedance (MI) sensor, ultra-
small magnetic fields
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1. Introduction

The rapid detection of magnetic nanoparticles or magnetically labeled bioanalytes has been
extensively investigated due to wide ranges of biosensing and biomedical applications (Anik et al., 2021; Wang
et al.,, 2017; Zhong et al., 2021). It has been established that a significant change in the particle’s size in
nanometer scales of magnetic materials such as magnetite (FesOa), cobalt ferrite (CoFe,Oa) (Liu et al., 2020),
two-dimensional ferromagnetic monolayers (Bonilla et al., 2018), etc. can alter dramatically the physical and
magnetic properties of the nanostructured materials (Krishnan, 2017). In particular, the emergence of magnetic
nanoparticles exhibits unique magnetic properties such as the single domain, and the absence of remnant
magnetization and zero coercivity of the magnetization curve of superparamagnetic nanoparticles. Recently,
SPIONs have been intensively explored because of their tremendous potential applications in magnetic
imaging, hyperthermia treatment, targeted drug delivery, and magnetic biosensing (Handa, 2018). To date,
SPIONs can be tailored into a few nanometers via the synthesis process and used in targeted molecules or
micro-organism of interest. Therefore, the rapid detection of magnetic signals from the SPIONs is highly
promising for biosensor technology and medical diagnostics.

Stray magnetic fields generated from the magnetic nanoparticles are very small and not be able to
detect using typical magnetic sensors. Only high sensitive magnetometers including giant magnetoresistance
(GMR) sensor, superconducting quantum interference devices (SQUID), and giant magneto-impedance sensor
(GMI) are capable to detect the weak magnetic fields (Makarov et al., 2016). Among the mentioned magnetic
sensors, SQUID magnetometer is the most sensitive compared with the others; however, operating under the
cryogenic environment makes it not suitable for a practical application. Recently, a highly sensitive GMI-based
sensor has been employed for detecting stray magnetic fields of magnetic nanoparticles and magnetic beads
tagged to pathogenic microorganism (Yang et al., 2015; 2016). Devkota et al. reported the detection of
Nanomag-D beads using an acid-treated amorphous ribbon (Devkota et al., 2013a; Devkota et al., 2013b).
Later, Yang et al. (2016) employed a giant magneto-impedance sensor on the antibodies modified with gold
surface which resulted to ultrasensitive detection of injected E. coli-Dyabead complexes into a microfluidic
device (MFD) prepared by MEM technology. Despite of high-sensitivity detection of E. coli-Dyabead, the
fabrication of open-surface MFD is sophisticated and expensive. Hence, an alternative technique is needed
in order to detect the weak field intensity from the targeting biomolecules or captured micro-organism using
a contactless device or a magnetic nanoparticle-based test kit and reasonable cost.

Recently, MI-sensor developed by Nagoya University researchers has been used for the real-time
measurement of biomagnetic fields in living systems (Uchiyama et al., 2009). This improved- magneto
impedance sensor dramatically showed the weak-field detection down to nano-Tesla at a working distance
of ~ 1 mm without magnetic shield (Nakayama and Uchiyama, 2015). Thus, the utility of the contactless MI-
sensors and magnetic test for detecting magnetic signals from target materials with magnetic beads or
functionalized magnetic nanoparticles will be an alternative technology for the development of future
biosensors.

In this study, we present a new alternative technique for detecting stray magnetic field from SPIONs-
captured pathogenic bacteria in TSB and contaminated beverages. A highly sensitive MI-sensor was employed
to detect small magnetic fields down to nanoTesla range generated from SPIONs and SPIONs-captured E.
coli. Moreover, versatile techniques using the application of an external static magnetic field, and
homogenizing samples by vortexing showed the remarkable enhancement of magnetic signals from the

samples relative to the controls.
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2. Materials and Methods

2.1 Synthesis of Superparamagnetic Iron-oxide Nanoparticles (SPIONs)

In this experiment, the bottom-up approaches were employed to synthesize the magnetite
nanoparticles. Thermal co-precipitation technique was used to synthesize the superparamagnetic iron-oxide
nanoparticles (SPIONs), as detailed in our previous work (Sroysee et al., 2016). The semi-translucent samples
of SPIONs were prepared for successfully transmission of electron beam through it. The sample size and
shape were investigated by transmission electron microscopy (TEM, Model JEM-1230; JEOL, Tokyo, Japan)
and operated under vacuum at an accelerating voltage of 20 kV. The magnetic property was
investigated using vibrating-sample magnetometer (VSM). The optical images were taken using an

optical camera: an Olympus CX23 with magnification of 1,000x.

2.2 Bacteria Preparation

Escherichia coli (ATCC 25922, Gram-negative bacteria) was streaked into Trypticase Soy agar (TSA) to
obtain isolated colonies. After incubation at 37°C overnight, four or five colonies with an inoculating loop
were selected and were transferred to a tube of Trypticase Soy broth (TSB) and then incubated for 3-5 h to
standardize the culture to 1.5 x 10° CFU/mL (corresponding to 0.5 McFarland standards). Afterward, the

culture was prepared about 1.00 mL for each experiment.

2.3 MI-Sensor Calibration and Detection of E. coli with SPIONs

The measurement of small magnetic fields using a commercial MI-sensor developed by Aichi Micro
Intelligent Corporation (Mohri et al.,, 2009) was performed and calibrated. The magnetic field was generated
using the paired coils (N = 154 turns, radius of 0.20 m) in Helmholtz arrangement developed by PHYWE:
Science Education. The coils were connected in series and set-up in the same direction as earth magnetic
field. Then, small currents of 3, 5, 10, 15, and 20 pA were applied to the coils in order to generate static
magnetic fields 2.08, 3.46, 6.92, 10.38, and 13.84 nT at the coil center, respectively.

The Ml-sensor, which possess detecting range of magnetic change between -40 pT to +40 pT, was
located at the center of the Helmholtz coils to probe the presence of a relatively uniform magnetic field. A
constant voltage of 5.00 volts was supplied the MI-sensor throughout the experiment. It is worth mentioning
that the developed Ml-sensor is designed for the measurement of the change in a dc magnetic field with
respect to the previously static field, and the corresponding field sensitivity is ~ 1 mV/nT. The standard noise
of the Ml-sensor is ~200 pT/\/E. Further details and specification of the product can be found in the data
sheet of the product given by Aichi Micro Intelligent Corporation (Steel, 2022). The output voltage was read
through a digital multimeter (mV resolution). The experimental setup is shown in Figure 1 (a).

Firstly, the detection of weak magnetic fields generated from 5, 10, and 15 mg of SPION suspension
of 1.0 mL in microcentrifuge tubes were measured at a working distance 5 mm in order to evaluate the
capability of our concepts as shown in Figure 1 (b). The sample holder was controlled by a stepper motor
controller and an Arduino UNO board current driver at far-off distance ~ 60.00 cm and constantly rotating
toward the Ml-sensor with 4.0 rpm. All samples and controls were measured at the same positions and
rotating speed.

Secondly, three pairs of the sample and control were prepared for the systematic detection of
SPIONs-captured E. coli. The prepared E. coli samples and only TSB were added into microcentrifuge tubes
containing 5, 10, and 15 mg of SPIONs for 1.0 mL. The suspension mixtures were mixed with vortex for 10
sec. Then, the samples and controls were ready for the stray field measurement. In order to enhance the
detection of the stray fields generated from the samples, sample homogenization prior detection by
vortexing, and the application of an external static magnetic field, Hex, of ~ 0.2 mT toward the samples were

systematically performed (Moghanizadeh et al., 2021).
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MI-sensor

AN

Figure 1. Experimental setup showing (a) magnetic field calibration using the Helmholtz arrangement and

(b) schematic of the magnetic nanoparticles measurement.

Thirdly, the detection of E. coli contamination in dairy beverages purchased from our university
canteen was carried out for iced coffee (S1), iced milk tea (52), and chrysanthemum tea (S3), respectively. In
the succeeding procedures, the amount of 10 mg SPIONs was selected for our further experiments because
the experimental results drastically showed a large significant signal between the sample and the control.
The sterilized iced coffee, iced milk tea, and chrysanthemum tea of 0.5 ml with SPIONs 10 mg were prepared
for the bacterial contamination test. The amount of 0.5 ml of £. coli with concentration of 1.5 x 10° CFU/mL
was added into the prepared beverages one-by-one. The controls of the sterilized iced coffee, iced milk tea,
and chrysanthemum tea were added with TSB 0.5 mL, respectively. The sample preparation for the detection

of E. coli with SPIONs is shown in Figure 2.
@ (b)

E. coli & TSB E. coli +TSB+SPIONs & controls  E. coli +TSB+SPIONs (vortex)

E. coli added beverages Beverage samples & controls  vortex sample & control

Figure 2. Experimental setup showing (a) £. coli suspension and only TSB, (b)-(c) £. coli and 5 mg (S5), 10
mg (510), and 15 mg (510) of SPIONs added for 1.0 mL,, (d) £. coli spiked samples, (e) beverage samples &
controls, and (d) beverage sample & control (vortex)

3. Results and Discussion

3.1 Material Characterization

When the magnetic material sizes reduce into nanoscales, the particle sizes of the materials play an
essential role in physical and magnetic properties. Figure 3 (a) shows the particle size and morphology of
magnetic nanoparticles synthesized by the thermal decomposition technique. The approximated size of the
particles is ~ 10-15 nm and some of the nanoparticles is slightly smaller than the others. There is a slight
difference in particle shape; however, their overall morphology remains similar. The size and morphology of
the SPIONs play an essential role in magnetic properties. When the size of the magnetite is very small, the

surface area to volume ratio becomes critical. As a results, this particle possesses only one single-domain
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and exhibits superparamagnetic state. The critical diameters of the SPION are approximately few nanometers.
In this state, the magnetic moments of the SPIOs will be aligned when an external magnetic field is applied
(Krishnan, 2017). Furthermore, as the particle’ size decreases in the ion state, the magnetic moments of
SPIONs randomly flip direction under the influence of temperature because of the superparamagnetic state.
The magnetization of the magnetic field curve at room temperature for the obtained ferrite nanoparticles is
shown in Figure 3 (b). As can be seen in the Figure 3 (b), the absence of remnant magnetization and zero
coercivity of the MH loop was observed from the samples. The maximum magnetization (Ms) of the FesOq is
~ 9 emu/g which is in accordance with the previous works reported for small sizes of iron-oxide nanoparticles
of ~15-20 nm.

- - L3 02 10

o #® Yo o ¥ 22 ® .
% m Sl "y 6| Fe,0,Nanoparticles
-~ ??. B, ~. \‘»". s T=300K
L 3 . 2

> " ,,,a“z q‘ s ’ ‘: : g 2t

ﬂ. » .‘ o 2, a; o

> "",’ "o el 2

L 5 e 3" X
“ ' ' 41
s &

0 nm#. .0 4 )'."
ﬁ“MAvh:,ll' L 1)) S

10 8 6 -4 -2 0 2 4 6 8 10
Applied Field H (kOe)

Figure 3. The sample size, shape and magnetic properties were investigated by (a) transmission electron

microscopy (TEM), and (b) a vibrating-sample magnetometer (VSM), respectively.

3.2 Bacteria mixed with SPIONs

As mentioned previously, the ferrite nanoparticles are able to capture E. coli. cells owing to the
electrostatic forces between positively charged particles of FesOs4 in suspension and the negatively charged
membrane of bacterial cells (Li et al., 2019; Quintana-Sanchez et al., 2021). Figure 4(a) shows optical images
of E. coli magnified by 1000x using an optical microscope. There is no SPION or their aggregation appears in
the TSB and E. coli mixture. The bacteria mixed with 5, 10, and 15 mgs in TSBs (concentration ~ 1.5 x 10®
CFU/mL) are shown in Figure 4 (b)-(d), respectively. As can be seen in the Figure 4 (b)-(d), some of SPION
aggregation and E. coli are obviously observed under the microscope due to the typical sizes of the bacteria
and SPION aggregation; however, a single SPION or finer SPIONs could not be observed through the light

Mmicroscopy.
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Figure 4. Optical images (1000x) of (a) £. coli in TSB (1.5 x 10° CFU/mL) (control), (b)-(d) E. coli mixed with
various amount of SPIONs namely for 5, 10, and 15 mgs in TSB (1.5 x 10® CFU/mL), respectively.

3.3 Magneto-impedance Sensor Calibration

The measurement of weak magnetic fields at the center of the Helmholtz coils; 2.08, 3.46, 6.92,
10.38, and 13.84 nT was performed, respectively. The relationship between the expected magnetic fields and
measured relative changes of the output potentials shows good linear characteristics. The field-detection
sensitivity is approximately ~ 0.9865 mV/nT (Figure 5 (a)), which is slightly different from the given specification
in the product data sheet (1.0 mV/nT). As expected, this experimental measurement of ultra-high sensitive
magnetic fields was obviously reported for an amorphous wire Ml sensor that are capable of sensing nT fields
(Nakayama and Uchiyama, 2015). Figure 5 (b) shows the relative changes of the output potentials for the
stray magnetic fields of SPIONs suspended in TSB 1.0 mL. The linear relationship between the amount of
SPIONs and relative changes of the output potentials is observed. The corresponding output potentials are
3.83, 8.67, and 14.33 mV, for the solution with 5, 10 and 15 mgs, respectively. In our experiment, the stray
magnetic fields of SPIONs in a powder form were investigated as well, and the detected fields are 5.83, 10.05,
and 15.33 mV, respectively, which are slightly higher than the suspension one (not shown in the Figure). It is
worth mentioning that there is no change in the output potentials of the MI-sensor when the E. coli and TSB

without SPIONs was measured.
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Figure 5. Relative magnetic field change for (a) each concentration of nanoparticles, the linear response for

(b) the low concentration regime.
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3.4 The detection of E. coli with SPIONs

To further investicate the stray field generated from magnetically captured bacteria by SPIONs, the
comparison of the measured voltages subtracted from the blank control among various SPIONs controls was
also performed. Figure 6 (a) shows the output voltages obtained from the Mi-sensor from the samples and
their controls at different SPION concentrations after the samples aggregated for 10 min. It is noticeable that
there is a slight difference between the output voltage measured from the sample and the control for each
concentration. As expected, the differences of the output voltages of the samples and controls (Av) are 0.67
mV (SPIONs, 5 mg), 0.67 mV (SPIONs, 10 mg), and 0.33 mV (SPIONs, 15 mg), respectively. In order to explore
the larger changes of the output voltage, the method of sample homogenization prior the detection was
prepared. As can be seen in Figure 6 (b), there is a significant difference between the output voltages and
the controls. In particular, the change of the output voltage up to 2.67 mV was observed for the 10 mg
concentration. The differences of the output voltages of the samples and controls (AV) are 1.00 mV (SPIONS,
5 mg), and 1.33 mV (SPIONs, 15 mg), respectively. In order to confirm the ability of the magnetically captured
bacteria, the arrangement of an applied magnetic field of ~0.2 mT in downward direction was introduced
toward the samples during the measurement (Moghanizadeh et al., 2021). Figure 6 (c) shows the
enhancement of the output-voltage changes for all samples when the samples and their controls
experienced an external magnetic field. The differences of the output voltages of the samples and controls
(AV) are 1.67 mV (SPIONs, 5 mg), 2.00 mV (SPIONs, 10 mg), and 0.67 mV (SPIONs, 15 mg), respectively. Despite
the enhancement of the measured output voltages with different SPIONs concentrations, the output-voltage
is further enhanced by homogenizing the sample using the suspension technique.

It is established that stray magnetic fields generated from SPIONs, and SPIONs bounded E. coli.
depends crucially on their shape anisotropy (Wu et al., 2015). If the SPIONs bounded E. coli. are not obviously
aggregated down to the bottom caused by the gravitational field, the superimposed fields would be reduced
compared with the control samples (Sandhu et al,, 2018; Moghanizadeh et al., 2021). As expected, this
process can be prevented by vortexing the mixtures before the measurement. Furthermore, the application
of small static magnetic fields in downward direction try to push the SPIONs down to the bottom, which can
decrease the horizontal stray magnetic fields toward the sensor. As a result, the overall output voltages
decrease (see Figure 6(c)) (Mohri et al., 2009; Steel, 2022).

In order to preliminary investigate the feasibility of the method in real practical application, the quasi-
experiment setup of everyday contaminated beverages was simulated and explored. For proceeding
experiment, only the amount of 10 mg SPIONs was selected to mix into iced coffee (S1), iced milk tea (52),
and chrysanthemum tea (S3) purchased from our university canteen. The Mi-sensor was employed to
measure the signal obtained from samples (namely control) and spiked samples. As mentioned in the
experimental part, by employing 10 mg of SPIONs into the samples and controls (C1-C3), resulted to significant
change in the outputs in comparison with the other concentrations as presented in the previous section.
Figure 7 (a) shows the significant differences of the output voltages obtained from the iced coffee (Av~1.67
mV), iced milk tea (AV~2.67 mV), and chrysanthemum tea (AV~a4.67 mV), from their controls. Furthermore,
homogenization of the sample by vortexing of the mixtures for 10 seconds prior to the detection was also
conducted. As with the case presented in the previous section, a significant difference of the output voltages
of the samples and controls (AV) are detected, yielding 3.67, 4.33, and 4.67 mV, for S1, S2 and S3, respectively
(see Figure 7 (b)). Similarly, there is also enhancement in the change of the output-voltage for all samples
when the samples and their controls experienced the external magnetic field (Hex ~0.2 mT) in downward
direction (AV), yielding 1.33, 4.33, and 5.33 mV, for S1, S2 and S3, respectively (see Figure 7 (c)). As mentioned
previously, the aggregation of SPIONs and SPIONs bounded E. coli. down to the bottom part plays an essential

role in the differences of the output voltages of the samples and controls. As expected, similar to the results
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of the TSB suspensions have also been observed, i.e., the sample homogenization prior detection and the

application of external magnetic field enhance the magnetic signals (Handa, 2018; Moghanizadeh et al., 2021).

14 14
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Figure 6. The output voltages of (a) the MI-sensor obtained from the samples and their controls at different
SPIONs concentrations after aggregating the samples for 10 min, (b) after repeatedly homogenizing sample,
and (c) when the magnetic field of ~0.2 mT was applied to the samples in downward direction.
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Figure 7. The output voltages (a) obtained from the Mi-sensor from the iced coffee (S1), iced milk tea (S2),
and chrysanthemum tea (53) and their controls (C1-C3) after aggregating the samples for 10 min, (b) after
applying a vortex mixture machine to suspend the mixtures, and (c) when changing the arrangement of the

applied magnetic field Hex ~0.2 mT in downward direction.
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4. Conclusion

In summary, we have demonstrated the sensitivity of MI-sensor in detecting weak magnetic fields of
few nanotesla without magnetic shielding. In particular, we employed the Ml-sensor to detect the stray
magnetic fields of SPIONs captured by E. coli bacteria with the concentration of 1.5 x 10% CFU/mL.
Homogenization of the samples by vortexing the mixtures for 10 s prior to the detection and the application
of the external static magnetic field (Hex) ~ 0.2 mT toward the samples dramatically showed enhancement
of the magnetic signals. In addition, common beverages, namely iced coffee, iced milk tea, and
chrysanthemum tea were tested using the Ml-sensor. Significant decreases in the corresponding output signals
were observed, i.e., 1.67, 2.67, and 4.67 mV, for the iced coffee, iced milk tea, and chrysanthemum tea,
respectively. Preliminary results indicated that the decrease of the magnetic moments is the result of the
SPION captured by E. coli bacteria. These experimental results would lead to the determination of bacteria

concentration and can be developed for magnetic biosensors.
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Abstract

This research aimed to produce charcoal briquettes from Flamboyant (Delonix regia (Bojer ex Hook.)
Raf.) and Black rosewood (Afzelia xylocarpa (Kurz) Craib) pods and evaluated the performance of them as an
alternative fuel. Flamboyant and Black rosewood pods were burned to obtain charcoals and mashed into
powders. The charcoal powders were mixed with the starch paste at the ratios of 1:1, 1.5:1, and 2:1 (kg : L)
and then compressed into fuel briquettes. The fuel properties and heat utilization efficiency of charcoal
briquettes were analyzed based on ASTM and Water Boiling Test (WBT), respectively. The results showed that
the moisture and calorific values of all tested charcoal briquettes qualified the Community Products Standard
of Charcoal Briquettes. The charcoal briquettes from Flamboyant and Black rosewood pods at the ratio of
2:1 showed the best fuel properties as evidenced by the lowest moisture values and volatile matters, but
the highest fixed carbon and calorific. Charcoal briquettes at the ratio of 2:1 also showed the highest work
values and heat utilization efficiency. During the combustion process, all tested charcoal briquettes were also
highly flammable and produced low levels of crackling, drop shatter, and smoke emission. Due to the use of
a small amount of starch paste and giving the largest number of charcoal briquettes, charcoal briquettes at
the ratio of 2:1 were probably the most suitable to be selected to manufacture charcoal briquettes. In
addition, the ratio of 2:1 also showed the best fuel properties and heat utilization efficiency. Overall,
Flamboyant and Black rosewood pod wastes could be considered as a potential renewable raw material to

produce charcoal briquette instead of wood charcoal for household cooking.

Keywords: Charcoal Briquette, Flamboyant Pod, Black Rosewood Pod, Heat Utilization Efficiency
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nszvummhliuuiavsietiamennudou wWeatudsuduiiitu Salaviimesntsvanunimimomi
i Lilelennaadunndy (Provincial Energy Office of Nakhonpathom, 2018) é’fﬁmmiﬁdwqmmﬁamﬁﬁuaéw
sorilos Uszanm 450-500 esAaldua uaztaaveferanilidudui Wedwlilumuianinuauds av
Funaupfudihansasunaeduniula Sees « laUavdesniufiazyaes Wlelnuassniununuds Fslantiimm
waggaseumieniodesiuenatiluvinufAzeduaulumn aavhegumgiisvanasedieseidesauiniy

samgiivedundeunieuendalugeiivihliaudusa (Provincial Energy Office of Nakhonpathom, 2018)
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NNMsIsuIInEnmaungaFuasilinuzenlus wuindidresazanudududuandunised 1 lasilhn
ugeladlirn$osazanuduniu (26.559%) anndiiinveungsuss (21.30%) wasidiotawliv 2 wlnndauisie
insesdauvisilonyuognsing sesnsidunsaty : nutiaden Rlan3u de an3) Sy 3 Sasnd fe 111, 1.5:1
uay 2:1 wansdauenuitausis 2 in Tunndrnduannsatugidusisiuandunind 3n

P 1 & 5 i
M19790 1 3@UagﬂflqllL‘Uua’]u:\]’]ﬂﬂ'ﬁLN’]Ejﬂ‘VI’N‘HﬂQQNiQLLaSﬂﬂN%ﬂWIQJQ

Tan dwindudy @landy)  ddnau Flan) Sovazauduaiu (%)
Hnvnaunganse 16.4 3.5 21.34
Hnug el 30.5 8.1 26.55

wamiﬁnmé’nwmzmamamwmmdmé’mu;viamnElanqungqN§QLLazﬂnuzﬁﬁIue

suirunnssuvislaeldnnudadondusiusyany nuirdusauriets 3 Sasidiufe 1:1, 1.5:1 uag 2:1
fsnufeurudauvisvesiinmaunganSauasiinuzaluadu 41 - 87 fou wag 38 - 98 fou auddy Fafhimiin
riousuMedeuaNiouigum)il 100 ssmiwaidoa Wunan 24 $alus ads 79.24 - 84.79 n3u dmiurudauvisann
Hnvaungeslss uag 67.30 - 84.51 n¥u dmfudusauisaniinuzadlu dendrouliuiuiieanninutuuds i
hwiindusaurisadesoteudu 4144 - 46.02 n¥u dwsudusauviaannilnmaungals uaz 44.46 - 5131 n3u
dmFudusaursanilnuzelus TnsausauvisvesiinmeunganFauaziinuzalusiisnsidin 2:1 fdnnudouuas

v
°

Uhninvesdudawisluuiinusiugsiian sesawndudnsdudl 151 uag 1:1 awdrdu (5199 2) 1esan
Snsndnd 2:1 WUSnamesmsuSusuluUTunugeiian Jdwalriiuiinamsusauisluswoudigsiian windy
Tugmasussauienudaonfvhfuiusnmdind 151 uar 11 Fafudamdwd 21 uenanagslild
Uinamessusawisiiiuinamnniianud Sadunmsuseviinauuszanalunsldnidenendusszaudne
amundiuwuukeoun 200 dns aunsaussaiinmeungse$eiiuiudaldgeaaussinn 21 Alandu uagilnugalig
Iiuszanm 32 Alandy ndaannsunagldduiinmeungadisuszana 4.48 Alandy wagauilnuzalusUszana
8.50 Alansu e luuusanmidususausiinmaungatsauasilinuyanlus aslduteiudzmds 224 n3u uas 425
n$u auddu wagldausauvisanilameungaisuszann 195 Aeu (8.08 Alansy) wazausauvisanilnugailug

Uszanad 417 nau (18.54 Alansy)
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M99 2 ANBUENIINIEATNVBIATUSALIINENSUNg I Taz Nzl

NN | USune U UM YUIALEUNIY Yo Yo
T waden | dwdld | dude AN AUdNAN \desio \adese
(Alansu: DAL Wy (wuiwng) | (Wuflung) | Nounausy | Noundseu

ang) @ansy) | (ow) (N5) (n3w)

1:1 1 41 5 4 84.79 46.02

Hnuna 1.5:1 1.5 59 5 4 84.12 45.93
‘uﬂgﬂﬂﬁﬂ 2:1 2 87 5 4 79.24 41.44
1:1 1 38 5 4 82.89 51.31

HnugAla 1.5:1 1.5 60 5 a4 84.51 51.08
2:1 2 98 5 4 67.30 44.46

nansvaseuRmsuTAdudewAwasduSaurianiinmeungenFauasiinuzalag

dudauisanilnmaungsfauagiinugalusie 3 Snardau gnihundessimauaudimudomas W
AAufeu MmNty Usinaudh Uiinamsssme uasUiiumsvouasi Tdnaduandumaned 3 uay 4 anudid
wuidusauisnilnmeungsefauasiinuzanlusis 3 Sasdiu Saanufusazaaiuiouriiunasinnsgu
HANATIYLTUENUAWNA UNY. 238/2547 Fasmualsiaanudulaiiu 8% wazaraudeuliivosnin 5,000 uraos
f9n5u (Thai Industrial Standards Institute, 2004) atslsAmunuIaUSaLets 2 wiln Aensidu 2:1 Saau
%auqqﬁqmﬁa 6,271 WAaBIRONSY ﬁm%’udmé’mLwiﬁmnﬁﬂwmuﬂgmi”'a LAY 6,238 LARBIADNSU ANNSUDIUDALYIS
Nnilnuzalus Jesusaunisiitidnanufeugeiednduduifgaunmd (Thai Industrial Standards Institute, 2004)
lunsideeSeinuheslifdeyarausounndumesinmeungmfauaiinusarlaug fifeTahduaninmaungs
ASaaziinuzaludlunsavaeudiniudou nuitduanilnmaungsdSauasiinuanlusiinad wwieuiiy 6,413
LY 6,453 upasdreniu muddu Jediamnniifunishludauia uddusausdinuautBogaduianindiulsl
535u01 13U Antwnuuiu aruisaldlduiundnduliisssuands 2-3 win laddiatu wagldwanvsy Oudu (Thai
Industrial Standard Institute, 2004) ﬁaﬁ?ﬁﬂmiﬁ’1m'aﬂ’ml,ﬂi'gﬂmuiﬁmﬂﬂﬂmauﬂgm%’qLLazEJﬂmmImiULfJumu
Souvis waedmutidudauiens 2 ofia Aflleanufeuiithuinuriinpsgiumrunusaue uny. 238/2547 wazd
AlnaesiuauliBndiey

dofarsandidaudunudt diusauisnilnmeungafaiisnandiu 211 fusinannudu (3.92+0.079%)
Yfounindnsdd 15:1 (4.79:0.68) waz 1:1 (5.64+0.23) (131971 3) luvazidedfududauisannilnuzenlasd
Sn91dau 2:1 AfUTInaAIEY (4.4720.30%) tanindmndquil 1.5:1 (5.28+0.27) uay 1:1 (6.57+0.11) smandiy
ogiituddymneadn (9197l 4) dusawisiifidnanutumaziussansamnisldaugs iesngaudsauiou
TUfuMssEmevesinlusesinansldauiies (Phutteesakul, 2010)

A15197 3 mams”?mﬁzﬁamamﬁ’aé’mvﬁaLwawaaﬁmﬁfmLwiqmﬂﬁiﬂmﬂuﬂgm%’a

DNINEIUVD ANMINNSIU Jsuna USunaua USunay ANASUDY
fusanwlaten (LARDIRDNSH) AU (%) (%) ansseivey (%) AIA (%)
(Alansy : ams)
1:1 6,141 5.6410.23b 9.55+0.13° 32.41+0.43° 52.40+0.21°
1.5:1 6,176 4.79+0.68*°  10.09+0.08° 32.04+0.89° 53.08+0.34°
2:1 6,271 3.92+0.07° 11.15+0.34° 31.27+1.10° 53.65+1.26°
(UKY.238/2547) laitdesnin 5,000  lidifiu 8 % - - -

o o

AadennnumMesnwskanasiuluaauifeIiulsunismLLanAeE 9Tt d AN @D A7 p<0.05
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definnsaniinnandudmuit dwsauisanilnmsungsdfauaziusauinninugalusiidnndiu 2:1
fIUsHaENINnTY Sasdudl 1.5:1 waz 1:1 audsu (113197 3 waz 4) iesarnuualduvesdSnandrasiien
ity Wedusauvisiiusinamsduanndu (Jutajan, 2019) SﬂﬁqdawaamaLLﬂaL"TJaﬂLﬂuﬁauﬁgmmlwﬁlﬁﬁﬂdwm
1y Faugrusauiaiiusinanudadenunninddidundedesnin vensnidmuiniensidin 2:1 Fduunm
asszetiosiign uazdiudinamiveunsianniign ufinazlimuuenistusgisdidoddnylunseda (o < 0.05)
dlowFoudloufiusasdind 11 uaz 1.5:1 Anu FeUSunaassyweasinaseussansawnsTdinurese diudd
Usinaamsszmenagialildlduiu sends wlifuddesdunnndt uasduiiiiuiinuansueunsiigeasialld
wunduidiansuauasiai vhlauddesutioonin (Phutteesakul, 2010)

M19199 4 HanFIATIRRRMaNTRALTE A1V UEALIaNE NUZA LIS

DNINEIUVD ANMINNSOU USueu Usunaua JSueu AASUDY
gusanmwdatden  (WAaeIsansy) AN (%) (%) a155%L9e (%) AIA (%)
(Alansy : ams)
L1 5,935 6.57+0.11° 10.99+0.36° 31.38+0.88° 51.07+0.78°
151 6,058 5.28+0.27° 11.30+0.45%° 31.29+1.00° 52.13+1.13°
21 6,238 4.47+0.34° 12.21+0.51° 30.11+1.90° 53.21+1.62°
(UN%.238/2547) laitlosnn el 8 % - - -
5,000

v o ' v o

ARdsfinAumesnwwenasiuluaauifeaiulIvenismuLAna19eg1litsd Ay nsaiaf p<0.05

nan1smaseuUszansansldanudeuvesdusawisainiinumungelfauasiinuzanlus

Tunsnagoulszansamnisldanufeuredudauisaniinmaungifanasiinuzaludasn s
2,000 n3u drensldiiusauvieis 2 viia Ui 500 n¥u udemds nanismaaeulsyansamnisldanuioues
muﬁml,wiamﬂEJmmauﬂan§QLLazﬂﬂmsﬁwImaﬁa 3 §hsnau (151, 1.5:1 wag 2:1) Fauanslupnadt 5 wudidiusauvia
MnilnaungaSanagilnuzanluslusnsduudennudalond 2:1 finuivilduagauszansamnnsldany
Sougsiian Tsvsvendsgunlunsdudondsiiifian mmeduiifasimouivhlduasusyans amnsldanu
$ougs uaiidnsinmawnlngdin e dwusauisiiidnsnisninigasninduualulfitini ilidudosdu
1111731 (Thai Industrial Standards Institute, 2004) dledunndnuazvesdiulusenineanisduin nuidudausis
Mninmaungsrfauaziinugalusluyndnsdnaansognanliléd lifnisunnusey Lifiatu lifwsdvagldony
wanshdudautsnilnmaungsfauasiinuzaluais 3 Samdau Sanauddfidmunasgiundnsurigmudiuge
W Un%.238/2547

M13299 5 Han1FATiUsEansamnslinuseuvesiudauianninmaungnuaziinue el

IUDALIS ansrdruveInusankdaden auilg dasmswnlugd UszAnsainnns
(Rlansy : am9) (nSumpUN) Tgauseau (%)
Hnynaungnss 1:1 217 6.78 18.64
1.5:1 1.83 6.99 15.85
2:1 2.35 6.95 18.73
HaugAlas 1:1 1.94 5.80 16.24
1.5:1 2.02 6.26 16.66
2:1 2.51 6.33 18.15
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Fadurmnufouiiganindmdauvisanilamaungslisuaziinuzalus (Wongkhamchan and Rungratanaubon,
2018) Tummzﬁmué’mLwiqmﬂlﬂﬁﬂaﬁéfunumimﬁm 4-11 vvdenlansy wagliandanuanudeu 5509.85 LAADS
sionsu Fetfenindusnuisaninmaeungsdsasasilinuzanlus (Boonchom and Chaisompan, 2020) Taguyunis
nanaugawrisanldaledainuuansneiu mess‘ﬁuagjﬁummmmsaiumiﬁnwwmmawaamjmﬁwam waydan
gUnsaifldlunisndn dwsuenateildgunsaivsediifluiosjofing InelildRnduamunisamuietu dev
auou waviatosd Wusiu Talldununiandniilaigs Sndsiinmeungatfauasiinugaluadutanudenadsiliduny
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A5 6 Iduandlifiudsnuanifdudomas (Anudu arssme 16 a1susunai uae anudeu)
vosduauvieaniinmeungarfauasiinugalaaiisasidn 2:1 fuaAfenisuandusaurisaniudentinauas
Waeniseu (Ussawarujikulchai et al., 2011) Imawudwmué’mLwiﬂmﬂEJnmauﬂgm%ﬂLLazﬁiﬂmmImﬁﬁmm
AT UR U TR S LNAR s TuE LS AU Lke.238/2507 FirsualilaiiAu 8% (Thai Industrial Standards
Institute, 2004) wazdallefanantesnitaudauisandenianauaziudoniiseu (Ussawarujikulchai et al.,

v
Sl

2011) wenanildsllAUsunuanssemetdounitaiusauriaaniieniiaauazildenyiseunin (Ussawarujikulchai
et al,, 2011) Bnéae Usinmansszmedatoswinla azuansliiiufanisfeliliuiumniy wazueadn vl
Audesanu (Phutteesakul, 2010) Lﬁaé’ﬂm(m?iﬂ"1m%‘uaumGTJWU’jﬂdmé’ml,mmﬂﬂﬂmquﬂgm%LLazEJﬂmﬂ'ﬂmﬁ
USinaransusuasingsnidusauisnidendsnauaziudenizou (Ussawarujikulchai et al., 2011) annsusy
AsageaziansgaianTRvhlRnlalfuundduiifiasveunsiain wasshliduudesiudesndt (Phutteesakul,
2010) uaziilefinrsandrmudou wuidusauisandnmeungsdsauasilinuyanlusdidanuseusnnnidusauis
MnFentgauaziuFenyFoun ndtenunaeiinnsgundnfasiruruuSau uwe. 238/2547 fitvuall
Teunin 5,000 wAaeS/n3u (Thai Industrial Standards Institute, 2008) 91nAN519% 6 FeUsUBNIEUSALTIIa1AEN
maungalfaasiinuranlusdauansidudemainiiusauiandentnauazudony 3o

UszAnsnmnisldanuiourasaudauniaaindiuag

1nesed 7 Iiandifiufassdnsamnsldminfeuresiudausanniinvnsungsesaasiinuzalued
gn31dIU 2:1 AUWIEMsHARausaLriaInUAenltanuas lUFeNL1E (Raikham et al., 2017) lagnuinaiuen
wisnilamaungsdSanazuzanlusdiinudilduas Auszgansamnsldanufeugainitdusausanniudensdangn
wagtudanuny (Raikham et al., 2017) sﬁﬂﬂwaﬂdwmuﬁmLwiqmﬂEJﬂmquﬂgqr;J%"qu,azEiﬂmmimﬁﬂiz%m%mwmﬂ%
Amuougsninausauisnidensianauazivdeniay sgslsinuidedaunadisasnsunludnuitdiudaurisann
Wasnfimauazivdeningiidnsnswluiiani: Tng 1 unit Tdawluiiies 2.23 n3u (Raikham et al., 2017) Tuvng
fidudauvisniniinmeunganfauasiinugalausly 1 w17 agldduly 6.95 uay 633 n¥u nwddy Teduides
FomdannninuFentnauasiuFeniae
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M19199 6 AUEANTRMUATBINGIVDINUBARYINIINTILIS

T 3o Yinaans S Aensusu Aieuseu 81984
ANNTU (%) SEvn (%) W () Awh (%) (weaed/ni)
audauvisiln
MWQHﬂQQN%& 3.92 31.27 11.15 53.65 6,271 -

dMIAIUN 2:1

IUDALYISEN
1Al a4y 30.11 12.21 53.21 6,238 -
dMIdIUN 2:1

AIUDALYINAIN 5.65 86.55 5.03 2.77 4,348 Ussawarujikulchai
wWaenidag et al. (2011)

ATUDALVINAN 6.68 88.37 4.57 0.37 3,901 Ussawarujikulchai
Waenseu et al. (2011)

UINIFIUY Thai Industrial
AR Ty e 8 - - - Livesnd1  Standards Institute
USRI (U, 5,000 (2004)

238/2547)

A15199 7 USEANSAINNISIRINN5aUTDIaUSALYINIINT LA

Tain il dnsnswnludl  UszAnsnmnsly 971984
(nF3/un9) ANSOU (%)
fusauvisiinmaungass 2.35 6.95 18.73 -
Snsndnii 2:1
ausaLvsEnuzAlLg 2.51 6.33 18.15 -
Snsndnii 2:1
audauTNINIURen 1.41 2.23 16.04 Raikham et al. (2017)
13A0
audauvisaINUaeng 1.22 2.23 15.20 Raikham et al. (2017)
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Mnilamaungsliauaziinuzanluaiisnsdmil 2:1 alarnudile wazArUszansamnsldanudougeiigadnde
ausagnAnlnléa lifinisuanusey Tidety ldfwdwudddng Somgdinmeaungmfuasilnusalusdeune
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ungalfauagiinugalusornnnimundudomadudondedld Tnemsfnufioynosiusznaunenisninuas
inilveadeindnniy uazmisiiaseimeiuasugamand tiomqedunulumsndn ShsmaneuununIsamu way
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Abstract

The purpose of this research was to investigate the effect of carrageenan 5 scale (0.4, 0.5,
0.6, 0.7 and 0.8%) on quality of germinated soybean jelly. Results showed that level of carrageenan
had a significant effect on the qualities of germinated soybean jelly. Jelly formulas 3 (carrageenan
0.6%) had the highest score of softness (score 7.13) and overall acceptance (score 6.90). The physical
qualities including syneresis, hardness, adhesiveness, gumminess, L*, a* and b* were 6.00, 709.00 ¢
force, 71.32 ¢ force:sec, 589.50 ¢ force, 73.03, -1.05 and 6.28, respectively. The chemical composition
of germinated soybean jelly contained moisture 90.97%, ash 0.41%, crude fat 2.23%, crude protein
4.06%, crude fiber 1.28% and carbohydrate 2.33% energy 45.68 kcal, total phenolic content 1.84 mg
GAE/g and antioxidant activity 9.14 umol trolox equivalents/g.

Keywords: Carrageenan, chemical quality, sensory quality, germinated soybean jelly, texture
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2015; Tinakorn Na Ayutthaya and Putduang, 2016; Yuenyongputtakal et al., 2017) Tawfinnsfnwinsly
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yn sy whhnuiderteunihdasnuin msldasduuuduasilfiineaiidnvuslinfuasung uw
91nU398189 Yuenyongputtakal, Wichienchot and Sukatta (2017) nudnnistdasduunlueaddnalsd
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nsAnwinavesnisliasasdnuusequanwsssadtmdeunnzien Insdaulasgnsioadnes
Tinakorn Na Ayutthaya and Putduan (2016) ¥1n15uUsUSHI8@15ANSITUUL 5 580U Ao Sesaz 0.4, 0.5,
0.6, 0.7 uaz 0.8 (mmﬁ' 1)
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A1S13UUU 0.4 0.5 0.6 0.7 0.8
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msUszamduia dwd nau sa Anuy Auveulagsm Me3E 9-points hedonic scale Tngfnaaeud
$1uru 40 AU TNsEAIEENgRSHLLUL 91ngRIiTazuuLASEENTURBAN YT NIUTEA AN LN TigR
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Usinguansnedu uansianinil 1 lwaddamdoamzsengasi 1 Sdnwawiead 1wy uilinsguidemesnain
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AN 1 ANBEUTINGUBUUARIUNARANIZIDNENTHN 9

1.2 n'lil,wnél'waaﬁwmwaﬁé"'smﬁmm'wan

mﬁﬂﬂmmnwﬂmmaauwaqLaaammaauww 30N WU LWAANINERINILIONGATAN 9
firnsuenshvesiuansniu amwuammmmmm (P<0.05) (AN57471 2) Immaaammaaqm%qaﬂamm 1
23 4 uaz 5 dAn1suendavesth aglurieiavay 4.48-7.06 mammﬂmm'ﬁLwﬂmsummsuaawaammam
W90 WU mmiLL&JﬂmmaamsumL&JaammaamwunaﬂLLﬂﬁwﬂNuﬂwimmm{L%miwLLuu Tnedle
USinaiween s uuuiindy Amswenfiveniesdesas Fadunamnainansasduuuaziiivnudaney
Thfuead ilrnsvesveneadanas mslnaduuensieenveniianniuadsianas (Ako, 2015) ﬁ%ﬁqmﬁl 4
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Na Ayutthaya and Putduang, 2016) dqmaﬁﬂﬁé’ﬂwmsﬂi’mgﬂuaqLaaﬁﬁlﬁﬁé’ﬂwmzmﬁmg‘d‘ﬁﬁniw
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Snwazioduiavonsaddundounizien winzgusiiduansnatuesaiifoddymnsada
(P<0.05) (115197 2) A1 hardness YBAYAASAMADLNIZIBN fienoglugas 523-1,603 g force wandliiuIIA7
hardness veueaduUsiunufuusuIansldas13uuy (Dominguez-Courtney et al, 2015; Kaya et al.,
2015) Tnedleusinaasiiuuutes vlhiedudaliudeh (Esuwan et al, 2012) hardness avilddes wa
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Rattanapanone, 2002) %W’faﬂ%’l,mﬂmiumsv‘iﬂﬁl,aa?i‘Lﬁagﬂmw‘fu (Thanomwong, 2009) Fetfuiil ety
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nans (Pereira et al., 2013; Kreungngern and Chaikham, 2016) #3aa1513uuueaiininudeansyinlifiinieg
Iolalf Guudl duvin wazeaudnwal, 2560) lWaTlAmANuLTdosndn YNNI mUINAn hardness qm‘ﬁ' 5
fidnanas onaiaiiosnlassairsesnsuuuiifunedudnalsdfifiuseqau (anionic polysaccharide)
LLazﬁﬁg%aLWmagjﬂﬂﬁiquLaqa (Apirattananusorn, Rueangwatcharin and Maicaurkaew, 2020) Lﬁaﬂ%mm
asFuuuiindy Unadamaiduntwildindiuineluaenedudnalsadmaliludavnnisadna
double helices vasaan1513uuy vliaaildfinnuudusianas (Stanley, 1990) deenaianisudniuves
‘Uizﬁ;awaamiﬁLLuu‘LuizuuﬁﬂﬁﬂWiwaﬁé’ﬂwmzﬁ'mLLawhﬂzmn%u (Treeinthong Raksakulthai and
Runglerdkria, 2016) A1 gumminess Y8dLAARIMEDLNIZIEN fiA1agluyie 407.50-1,200.50 g force Fadl
W ltguieaiuan hardness tngd1 summiness Bvunn wansdauaainnumdeanin Seedldndenuly
miL?i”mmmﬁduﬂmﬁauﬁdﬁﬁaLﬂa?ﬂmﬂéﬁaaﬂ uazau1sanauls (Kreungngern and Chaikham, 2016)
A adhesiveness TadLEaAtIWMABINIZION ‘uma‘aﬂum& 49.01-171.54 g force-sec 9¥WUI1AT adhesiveness
;JLLqumwmnﬂsnu Luaﬂﬁmmsummﬁw,uummu desnansIuuwrlinnsinfnfuedlasesinaan
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AN5199 2 ANNTSLENAIVBIULAYANwaLL LD FUNEYDLEARN WA DINILIDN

, . ¥ Snwaziiodusa
015 AN NFIVDIUN
9 oway) Hardness Gumminess Adhesiveness
(g force) (g force) (g force-sec)
1 7.06+0.66° 523.50+3.54° 407.50+3.54° 49.01+0.37°
2 6.62+0.88" 1,000.00+4.24° 747.50+3.54° 79.86+0.02°
3 6.00+0.99%° 709.00+5.66° 589.50+4.95° 71.32+3.75°
4 5.23+0.41° 1,603.00+16.97°  1,200.50+10.61° 137.47+1.88"
5 4.48+0.24° 1,383.50+13.44°  1,060.50+0.71° 171.54+3.44°
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wnzsongnstt 5 fuildnuurroudiudalivgus dudu waddmdeanizsengnsi 1 uay 5 Felaiuluny
inausnesgIuRAnfasigusueaisou Flimnsinrlfidugnsiunuy fafufiteTahmadndongesi 2, 3
way 4 ihlvdszdiunnuveusednuaensussamduiasiely

1.4 aunmnslstamdniaveaeadnamdsunizen

AvbuuUsTiuAUteUsedn w1 sTamduRaRAsuanssTuegalTud A aynieadf
(P<0.05) (37971 3) Inevngnsaziazuuunissensusudun esanuaniariddvnaiy guisulseny
Taognsit 3 Iisunsuuunseensuidnnningnsi 2 uay 4 uliunnssfuegisdidodfaynaadatugnsd
4 vazfinzuuuniseenudundusarensaituniounzeenliunnestuegdidedfyniada (P>0.05)
ofionsandimnuugnsi 3 lésuazuuumsseuiumumnuugean vasiinsuuunnuseulaesiu wuigas
7l 4 finnuveulnesmgegaudliunndsiusgnaiiuddyvnaadatugasi 3 WeRinsansiwiunuamduiii
meeTed Tiud dnvarusing nsusniavenin dnvasideduia wuligasii 3 Tdnwuszeaiin Ay §
arumieud laifuay wagiinnuyueglussduiildsumssensugean swideifadaiengnsi 3 Dusuuuy
vomAnAusieadivdsunzien uazthluinesinunmyssgasduuusioly

o

M99 3 AzLUUNISERNTUNIUTEAMAURARAE Y LRI IR LNIEIBNEN A 9

ATLUUNNTERNSUMNIUSERVEURFLRGY

USUuAIS1IMUU
ans . . - , AU
(Sp9ay) @ NAUTE AU
: 198593
2 0.5 7.43+0.93° 6.60+0.90 5.90+1.03¢ 6.38+0.90"
0.6 7.90+0.81° 6.68+0.92 7.13+0.82° 6.90+0.84°
qa 0.7 7.80+1.04%° 6.78+0.77 6.55+0.96° 6.95+0.71°

o

waeAn - fenes @ Tuuwads mnedls Anedeliauuandisiuedislidedfyneads (P<0.05)
™ Tuwwass nuneds Avedelifiaueensisiuegsitedifgynieads (P>0.05)
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Undn A siloaddunas anizaongnsALLUY 113IATIERAMNINYDINAR F 091 N19N 182N
osdUsznaumMaAll Usnauasoongrismannmuazqauns (msadl 4) nud mdvessaddauvdeaunizen
A1 L, a* way b* iy 73.03, -1.05 kay 6.28 auasiu Aranudunsanig 8.76 fasrusenauniaail Fail
Usunmuanuiudesay 9097 1815euar 0.41 lusufosas 223 lusiufesas 4.06 nnledesay 1.28
aflulainsndesay 233 TAmdanu 4568 Alawnaes waddundeunizsengasfunuuiiuiuia
asUszneviiuedn 1.84 fadnfuauyaesnsaunadndeniu uasilqninsiuoyyedasy 9.14 lulasTuamuya
vodlysaendsioniu danninqdunde Iiun S1uaugdunidionun 1.0x10% CFU/g USunmBast 1 tiosndn 10
CFU/g USsnaueaiwaside 1ala (Escherichia coli) Woenin 3 MPN/g wazasialdnulsunuauwduilananda
oai3ua (Staphylococcus aureus) waddvdsumzsondunuuiinmasadssoduilan wWosndulum
\nusNASFILHARSuTiyLvLEadseY (Thai Industrial Standards Institute, 2004)

M990 4 AN NVDINENTUIILEARNAVTDUNZIDNGATAULUY

AN NYDINAN TSI aAN I F DAz IeN HANSNARDY
ANTNNNIBNTN
And
L* 73.03+0.20
a* -1.05+0.02
b* 6.28+0.06
Anudunsanig 8.76+0.04
23AUTTNOUNNALAL]
Vnamnuty (Zewat) 90.97+0.13
101 (Sowaz) 0.41+0.05
sy (Sovay) 2.23+0.26
1Ushiu (Fovay) 4.06+0.21
nnly (§ovay) 1.28+0.29
aslulawnsn (Sovay) 2.33+0.04
Wasu (Alaurae3) 45.68+1.78
a1sUsznaviluedn Hadnsuauyavesnsaunadindeniy) 1.84
gvismssuoyuedasy (alasluaauyaveslnsandsioniu) 9.14
AN INNIAUNTE
$ruruqBunidviaun (CFU/g) 1.0x10°
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Abstract

This research aimed to investigate the species diversity, relative abundance and density of land snail
including also study the effect of ecological factors to species diversity and abundance of land snail in Trat
Rubber Co-operative Forest Plantation, Trat Province from June to November 2019. Sample was carried out
by direct count method from 41 rubber plantation areas of the farmer. Plot sampling was 20x20m. The result
found that the land snail was consist of 3 orders, 10 families 15 genera and 17 species. Diversity index (H”)
was 1.886 whereas the eveness index was 0.67. Macrochlamys sp. was highest abundance and found 24
plots. The relative abundance was 54.54% and following by Cryptozona siamensis and Hemiplecta distincta
which were showed 48.78% and43.90%, respectively. The density of land snail in plot 17 was high density as

0.33/m’. The ecological factor was correlated with the diameter breast high and the species of rubber tree.

Keywords: Land snail, species diversity, abundance, Trat Province
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S
H = Z(Piln Pi)
i=1

1l H’ = APYUANUNAINTLAVDS Shannon Weiner
S = PIUIUIRAVDINDYNINUNTINUTIIVAUA
P; = @PAIUIUIUYDINBDEMINUNTLA | FOINUIUYDINBLNINUNAINUA
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2) Andwilanuasiiate (Evenness index) 31ngns

— H/
. ) InS
Wie E = ANATRANNALLELD
H’ = AewtianunaInYinved Shannon Weiner
S = PIUIUVLATIIAUA

3) ANAUYNYUAUTINS (Relative abundance) 3NgRTUBS Pettingil (1969)

, o o e Snuudasdsefinumauneiiay 9
ANMIUYNYUFUANS = - — x 100
A FuuLUasdITINImNn

Ingldinasilunisudassauanugnyueseevnnunesnidu 5 seau

g wesvndmunyuan fAToazAUYNYLeETENINe 90-100
viegnTinuUoy fAToazANUYNYLeETENINN 65-89
vegNTnugnuUILNaN fAnoazANUYN YL TENINe 31-64
vegIninuynios fAnoazAuYNYLeETENINg 10-30
vegmnfinugnyutiossnn firseuavauynyutesndi 10

4) AuduiusseninenugnyguvemesnInunkazdadenistinmineruausens

AnsesilngldadAvaaourondioidu (Pearson’s correlation) lduf Agangil Anutiuresiu Ay
NIA-LUAYRIAY ANLRAIAINENITOUIVBIAUINNNG UaTaoWUGUOIE19MNT1 (BPM24, PRIT251, PRIM600, PB235)
Faduundsitegordevameosmnaun

A 2 FBn1sfinw (n) wlasuasidumslunisdrsaanesninun (v) vesvnuniidininuuusulyl
(P) viogmMNUNTINTIn wagldfFInnnuuuuAY wag (1) MIinvwn wasn1saiennresmnuntuiesuifinig

NANTTIBUALIAUITIINA

ANUVANIUALALANUYNYUYBIVIDENIAUN

NNTANIANUNAINTTA UALANUYNYUVBMBENNUNTUUTIUAINUIANNTANTINEWNNITT T TARTIA
wuog1voeiavan 897 faeens fanumainviiaiedu 3 Sudu 10 29 15 ana 17 ¥ila Kail 1dud 1) Order
Architaenioglossa # 1 Family 1étLa Family Cyclophoridae wu 1 wia lain wesusunia1du Cyclophorus
malayanus (Benson, 1852) 2) Order Stylommatophora & 8 Family lAun 1 Family Camaenidae wu 5 ¥iia laun
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maun‘ufﬂmﬁ Amphidromus atricallosus (Gould, 1843) wesunaiiutos Amphidromus xiengensis (Morlet,
1891) wioswanlnuan Amphidromus inversus annamiticus (Cross & Fischer, 1863) neunszaielugjasy Giardia
siamensis (Redfield, 1853) wagnoguUinuiu Chloritis sp. Family Achatinidae Wu 1 9dia lawn neenindnuions
fiu Achatina fulica (Férussac, 1821) Family Ariophantidae wu 4 viin laln wesvnasu Cryptozona siamensis
(L. Pfeiffer, 1856) ‘MEJEJL(?]IEJ Hemiplecta distincta (Pfeiffer, 1850) MeunINYALUan Macrochlamys sp. wasuin
Sarika sp. Family Succineidae wu 1 ¥Un lown vesldu Succinea tenella (Morelet, 1865) Family Subulinidae
wu 1 ¥fia lown weed13@13 Lamellaxis gracilis (Hutton, 1834) Family Helicarionidae wu 2 aa lauA weenis
éuﬁaﬂ Durgella levicula (Benson, 1859) warn1nLduiloula Parmarion siamensis (Cockerell, 1891) Family
Dyakidae wu 1 afa laun new ioduw Y3 ol Quantula godwinausteni (Laidlaw, 1931) 3) Order
Systellommatophora & 1 Family laun Family Veronicellidae wu 1 vl laun yndudaia Semperula siamensis
(E. von Martens, 1867) §an1519%1 1 wenaniuan1sAnuasulauainvatgvemeennun (H') nuiiien
Wiy 1.886 warAndviauainatediawinfu 0.67

A5199 1 S1eFevesmpenuAluNuiauUIE@nIalnTIneINs1 31AR Snelnals 3aminnse

wiinil/Aaani %a?wmmwam%'/ a"mzu m:ngn‘ donwamanm L
” (n = MUIUATBEN) HUBSINY  UAUNNS Ynyu
Order Architaenioglossa
Family Cyclopholidae
1. viegvieunanduy Cyclophorus malayanus (20) 6 14.63 ANUYNYUTIDY vy
Order Stylommatophora
Family Camaenidae
2. vegunuiiulug) Amphidromus atricallosus (23) 2 4.88 YnYueLIN vusuly
3. opunuiiution Amphidromus xiengensis (20) 2 4.88 YN vusuld
4. viegwanlnuan Amphidromus inversus (2) 2 4.88 YnyueaN vusuld
5. vesnszanelvgjaeny  Giadia siamensis (1) 1 2.44 YnYueLIN vusuly
6. viegU U Chloritis sp. (2) 2 4.88 YnYueLIN vusuly
Family Achatinidae
7. veevmndnduensiu  Achatina fulica (2) 1 2.44 YN vuiluiu
Family Ariophantidae
8.egvNgyn Cryptozona siamensis (189) 20 48.78 YnyuUIunang vuiuR/
pruldl

9. vioeiile Hemiplecta distincta (197) 18 43.90 YnyuUIunang vuiufu
10. vesmntaUden Macrochlamys sp. (184) 24 58.54 FnyuUIunang vuituiu
11. veenndaden Sarika sp. (1) 1 2.44 YnYUesIN vuiluAu
Family Succineidae
12. MoBiy Succinea tenella (6) 3 732 Ynyutiosun uululdl
Family Subulinidae
13, #08117813 Lamellaxis gracilis (1) 1 2.44 YnYUesaN vuiluAu
Family Helicarionidae
14. vewshutios Durgella levicula (37) 6 14.63 Ynyutioy uululdl
15. mniduiiouns Parmarion siamensis (20) 9 21.95 Ynyutioy uululdl
Family Dyakiidae
16. voifodunysal Quantula godwinausteni (1) 1 2.44 YnYUesaN vusuld
Order Systellommatophora
Family Veronicellidae
17. mndudaih Semperula siamensis (9) 6 14.63 Ynyutioy vl
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dmsumnungIesEINUNTY wususeemesnunelia viesifie H. distincta inniian (nwd
3n) §1UU 197 #108719 5098917 Ao WeENINABIL C siamensis (ANF 3 v) uag vesnindaludenvin
Macrochlamys sp. (Wil 3) 117U 189 uaz 184 f19813 muddu sgrslsinumanisfinyimunesnnuneia
viosnndaiuden Macrochlamys sp. fldnanugnguduinsuiniian 1infu 58.54 sosa9unAe neeMInaL1y
C. siamensis fiaaneuduivdivindu 48.78 wagnesifediAmuynyuduivsvindu 43.90 Tanrunmanuinas
ogflusziu arungIunas dwsuvesynunitiiendesageunauoglussduaumgnyutios Wur viesvau
tiow D. levicula (il 39) maiduilewns P. siamensis (n il 39) dwFunesniniifisziuauynyutiossnn 1wy
epunuilvig) A atricallosus (nwidl 3a) Tasnsnuarugnguresesynunlusedusiig 4 Usvenfsaugam
auysaivesiuf luudiveansifuuvasends uasunasomsiididyvesesminun

it 3 wosmnuniinuluuinafiufisutiannsainsinenmns Sain sunewnails Serinse
(n) vieaLdle (Hemiplecta distinceta) (V) vieanngeu (Cryptozona siamensis)
() wesmndaLUasn (Macrochlamys sp.) (9) negmsaution (Durgella levicula)
(2) voaduilowns (Succinea tenella)  (a) waauﬂmﬁyﬂmg (Amphidromus articallosus)

UEMA Anauts = 1 ouiuns
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ansnwdamuiTluauienamns nusiiavemeemnunlaende 2 ¥iin/uwUas uasnunesvnunndu
AuvuuLulugs 0.00-0.33 §a/m1saums Tnsudasiimuanumunudugeaaidundasil 17 (p17) e 033 v/
ANSILRS FeRIAD wladii 1 (pl) uazulasdl 4 (pd) FAiAU 0.24 uay 0.23 F/MmT1auRs AWEIRU Fannd
4ImﬂLLUanﬁwwﬁmamaammﬂu’mﬁqm fio wlasit 1 wu S1uaw 6 viin ulasd 3,7, 15, 18 wag 32 wu 5 ¥l
wonniifmuiiuiisutermnsuisdadhinunesmaunesudusslnies 1eun uwasit 9, 25-27, 29-31 uay
36-40 Tnsuvaswasauawisivad ansesnunuidnsldensmgh luiuiuas Snsdanislaenisansiivagu
fusenanulas vilwanmituiifienututios Aoudreukauds uonanidmuiudaundaianianueglndi
fufiunalififinsldershuuanilethsmande

0.35
0.30

0.25

(M2/M137191U0T)

ar

0.20

0.15

0.10

AMMURUILUUYBINRENINUN

0.05

. WUH 0. ... 1Tl HH

pl p3 p5 p7 p? pll pl3 pl5 pl7 pl9 p21 p23 p28 p33 p35

2wy
LURWNUAIDENG

2N 4 AU LY IReNINUN TuLUaLAUM9819 Ut annsalnsInganisIeie 2aninnsae

Jademaiinneingrunasens fdwareviiauazainuynyuvesvissynun

PNMIAENANHFEITUSTEINAIgnYIvewmeennuniulademeiineing1uissenis usaauth
avNIaINTINEINTIETR SmIanTia HansENYINUIIALAEANLENTEUNTERUBNYBIAUENTT Uas aoTig
Yosermiiamdiusfumanugn e mosnUnogsitudfyyeaif (P<0.05) fansned 2

A13197 2 AravduiuswansnuduTusTEnIANYnYuvemeennun wasdadenedineiner usmaiun
annsalng1ne 115910 Jminnsn

Jademeiiaainen AERAUNUS VDN SEUY @ significant
ANAITLLTILLES -0.182 0.152
Amnudunsaansluiu -0.055 0.101
AATITuTeIAY 0.181 0.217
GRDRIVRNGRRRG -0.032 0.507
AnaAesoultsziuan (DBH) Taeduenamia 0.326° p<0.003
anenugend -0.424" p<0.000

IﬂEl"ﬂ“"W‘Uﬂ’J’WiJ‘*UﬂsUiJ“UENWPJEWﬂﬂUﬂllll’m"U‘Lﬂu@luEJ'NW’W’W]EJ‘?JU’]G]SLMEU LLa“’"\]wWUﬂ’JWN%ﬂﬁUﬁﬂJ@QMBBW’]ﬂUﬂ
‘LlEJEJLlIE]G]UEJ’NWWinI‘UU’]ﬂLaﬂ bWINY mumwmm@%m VliﬂWlII‘MEU ﬁ]uLUULL‘ViﬁQ‘ﬂE]EJE]’]ﬂEJ ‘V|§JF’TJ’11J‘U‘LJLL6 E]EL!'MJ’YJ,J
L‘Miﬂuﬁiﬁ]ﬁ]ﬂ’ﬁﬁ]imLG]'UIWLLﬂyﬂ’ﬁ(r’l’]ﬁﬂ‘mG]‘U@\TW@EJVI’mUﬂ‘VNﬂaNMEﬂﬂEJ’EJEJ‘U'Uﬂ'LJ WlﬂiuLQ’Wﬁ]’]ﬂLiE]‘HEJE]GW e ﬂaw
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o1dwaguusiulyl fagldnuduiuaniudendu uenanidamuiuasmugismafiugnensans stus BPM 24 9
ANLYNYUYBIVIDLYNUNLNNTIEA Sesasunduiugens PRIT 251, PRIM 600 way PB235 agiiriadsmnugnyuues
NOUMNUAINTY 57.71%, 35.57%, 28.37% Way 13.88% audsu dwsuardaseneineingsu 9 fenadussi
auduuas ety 7,164.631,432.62 lux aanandunsa-sna SAWniU 6.45+1.22 Arpaududuiidnviai
3.14+2.18 Agumgiiomaliawiniy 29.87+1.66 ssrniwaidoa uazAadeseulssEiuen (DBH) vesfusnImng1 3
ANV 59.83+18.17 LUURALUAT

wamsfnwluadsinuivdavomesmniinulusuasaiudienamn dnllngjazifuvesmniiJudngily
dnnesUszindlng Famssenuvesuiseieuntiives Rintarak et al. (2017) n1sdisanunaneines
viegmnundngiitluszuuinanvnsuazdunadenluussmalng wuvesyinasu (C siamensis) vesindaden
(Macrochlamys sp.) weemndnsuansiu (A. fulica) wagymnduiiews (P. siamensis) Ja.duriaifientunsdinw
Tupdel] iosmnddunmsiseluiiuiiasuensmnsuduieniu waviirnundrendstunisdnwves Buahongsang and
Tanmuangpak (2022) fifnuAnuvanuiawazeunguvemesmnunluiufinuasuuukaumay sunedlesas
Friaae Tnanumnuvanneiinvewmesiaun 9 ¥ila inuadneedetunisdnuiluaded 4 5 il Téud weemnuni
T Jaden Téun esvies (Cyclophorus sp.) mesmnunitlifiladen léun wesninas (C. siamensis) vioe
e (H. distinceta) wesynndaiuden (Macrochlamys sp.) wazvesyndlsifiuden léiun mndusiadh (S. siamensis)
LAENUNNTIBUANYNYYBmBENUNYEaLAsuluTen gy Teun vesminaww (C siamensis) nesiie
(Hemiplecta distinceta) wagninaudani (S. siomensis) pgnelsAmulusuideves Buahongsang and
Tanmuangpak (2022) wuduauwinvesesmnun suAdianuvainyie ddeiauadianedesndt Su
\esnaniimsduudasiognstiosnin fio ifies 18 ulas wilunsAnwadailviluslanfusogiataau 41 was
JuhlinuanuvaNwaLa AN YN YVRWBENINUNNINNT usnNtMnmMeTsinanmsAnsuanUIeudiou
U3 es Promkerd et al. (2011) ‘W’U’jmaamﬂ‘uﬂﬁwuiumuﬂwsmwwmﬁJuﬁ’mgﬁmﬁﬁ”’wm 8 ia laun nn
Lauilowns (P. siamensis) vegmnaunsenessnau (C. siamensis) wosa3n (Sarika sp.) osmndneLensiu
(A. fu ica) noedaTiile (Succinea sp.) Mseueetdu mMndAuAnt (S. siamensis) voevies (Cyclophorus sp.) Wazyee
wshution (D. levicula Ima‘wm’masmmumumﬂaaﬂummmﬁuuaq sgnalsfmuiiosannisinuiluadeildl
nmsdnwluszuuinenuns Ssreudrmumumannranevemesmnunaeudiatiesndt ewseuiisufunisang
finuandisin@nwiuluwase fevemesnunAIs TR 19 Tudwnusenn guuniiuyu guuniiunsie gl
LLavm‘muUu \Jusiu (Buahongsang and Tanmuangpak, 2022) mwmmamﬂummﬁum HAZAINYNYLYBINBETN
Uﬂu‘u muaamimaaiwmaai guviinty 9 Toun & aﬂwmmwmwmmwum WU Auiidaundai fuiideasunald
‘wummm waiiuiisnu aaensudnuarveisdansiuinlaunens MsUgniimdafen nmsugnitvuuunausany
nsdansiivrquay Jaity n1sldansall engdmgh erguuas nsdansvey wazveade Wudu u,amuaqﬂuﬂ%a
maflnainedidrdnyang 4 Taslunuddedld@nunmanduiusifeAnunanuduiusssninuynguuemesmn
unazladen1atinaing) nan1sAnInUINVUIATBIFUEIINIT LLazmaﬁuﬁ:maasnaﬁ?uﬁmasiammm;m;mamaa
NINUN é”mﬁaammmﬁumﬂﬁuL‘ﬁuﬁagjmﬁaﬁﬁﬁmawaamﬂm dmiunesninauld (tree snail) 5uﬁwq§ﬂiiu
Audunietag snfisendnififnegmuduldl vennilaedonfide dusnamnmaneiug BPM24 finssjuuunansls]
yuuduauAuly vivludeutnsiiu annnssenriuveuas Snsdinisuanisnn agdelfiAndun MuRmeaddenl
wismuAuly Faradenugudulitunesmnunilegmuiiuiu wavendemusinauveuldlfsuvesiuenamn
tuies luvmeiianeiug PB235 duiidnunzdiunss Beadn unnfsd Jailildmnesdomsis@inveamennn
un uazdsmarilidsanumnuynyutiesninanewugdu 4 (Agicultural Research Development Agency: Public
Organization, 2022, Oke and Chokor, 2011)

AgUnan1sIeuazdaLEuaUZIINNTITY

n1sAnwIAmMaINTin uarAugnguTesosvnUn luudnuiuilarutiannsaingagannsdaie
Farfansnn wanIsAnwIMUVEMINUNTAAY 3 SUU 10 296 15 ana 17 wfa 1éun 1) Order Architaenioglossa & 1
Family TaitLA Family Cyclophoridae wu 1 afla lain weunsuu1adu Cyclophorus malayanus 2) Order
Stylommatophora & 8 Family laun Family Camaenidae wuil 5 vdia lawn waauwnﬁyﬂmg Amphidromus

atricallosus wesunviULY Amphidromus xiengensis ioasantnwan Amphidromus inversus annamiticus o
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nsvanuluejaeiu Giardia siamensis wagneeUINUIU Chloritis sp. Family Achatinidae wu 1 wdia lawn woanin
Snvwen3tiu Achatina fulica Family Ariophantidae wu 4 %iia léuA weeninaey Cryptozona siamensis wogiie
Hemiplecta distincta wosnindallaan Macrochlamys sp. wagwiia Sarika sp. Family Succineidae wu 1 %iin
1oun weBLavu Succinea tenella Family Subulinidae wu 1 @il lawn esd11a1s Lamellaxis gracilis Family
Helicarionidae wu 2 ¥ia lawn Maﬂmdéuﬁaa Durgella levicula (Benson, 1859) wagnInLduilauns Parmarion
siamensis Family Dyakidae wu 1 ¥fia léun nosifodun ysal Quantula godwinausteni 3) Order
Systellommatophora & 1 Family lauA Family Veronicellidae wu 1 v6ia lawA ninaudadi Semperula siamensis
Taedndiinramannvians (H') fewinfu 1.886 uazAdlamasiauediiintu 0.67 wagnunnuynyuvevos
mnadawden (Macrochlamys sp.) u’mﬁzjm WuALR UL 24 wlas fA1ANUYNYUFURNSLYINAY 54.54% F09R931
Huveeninas1u C siamensis wag ouLlie H. distincta TA1AuynyuduiMSLInAY 48.78% way 43.90%
pudu MsfnauwiuremesmauniukUaiegaiamn 41 wlas wud uwasd 17 faramunuiuves
VRININUNADANTIANAT HnTiga SlAinty 0.33 d/msnawns uazwuiladeiidmadennuynyuvemesyn léun
VUINVDIAUSNNIT] WALAIHWUTVDIHNNIT %'!aL?ﬁlm‘ﬁ’aqﬁumwmju%maqﬁuﬁaauiméfaﬁy’qmqmq 1eun nsiisu
enammannsnduiiondelitunesmaunld lurusforiuieusenvesmeiusidnuviefuiidudauadidnia 2
yliivesmnuniterdveguuiuldldsuuasnnnauAuly uarldsuammuiiu msfnwiifelundsivdilussuuing
TN YATAIUY L’fJuLméaﬁasUJmﬁa‘LﬁﬁwaammJﬂiéf wiidlosananuuansiavesiadedu Toud szuunis
ﬁ]’mms@LLaﬁuﬁaauﬁLLmﬂﬁmﬁ’u LU UNmuLfJumiﬂqﬂsm‘wwa’u%qLﬁ*&n Laifinnsugnitguan insldensime 1l
widsi aramanediauasynavemesasiinoutisios uiusauiinisugniivuesuuunausay laifinsldens
weh MlliRnasiviionsneliifnsusselusserenfumesmauniifianudunudesweniieudnalios fay
FINUNBYNINUNABUTIIYN YL ﬁnﬁﬂumiﬁﬂwm%gwialﬂﬁamsﬁmﬁmgﬂqusumﬁuﬁLLUaaﬂJanmwmmﬁﬁmm
adeadeiu Welmdufunuuasshegrslunsinwmesmaunasteld

fnAnssuUsEnA
YavauAMNUaTuayuN1ITeTsulssana 2562 9needn1sanaIinssuUld wasannsalnsIne1eIn s

o o

3110 IR

238555UN5IVE lunywdnsadnd
Lidl
LONENTD9DY

Agricultural Research Development Agency (Public Organization). (2022). Para Rubber (in Thai). Retrieved 19
March 2022, from Agricultural Research Development Agency (Public Organization):
https://www.arda.or.th/kasetinfo/south/para/controller/01-02-03.php.

Boon-ngam, P., Dumrongrojwattana, P. and Matchacheep, S. (2008). The Diversity of Land Snail Fauna in
Chonburi Province, Eastern Thailand (in thai). Proceedings of 46th Kasetsart University Research
Conference (pp. 151-160). Jan 29 -Feb 1, 2008. Bangkok: Kasetsart University.

Boon-ngam, P., Sriyarun, J., Tanamai, S. and Dumrongrojwattana, P. (2010). Preliminary taxonomic study of
land snail and freshwater mollusk species in Sakaeo Province, Eastern Thailand (in Thai). Proceedings
of 48th Kasetsart University Research Conference (pp. 151-160). Feb 3-5, 2010. Bangkok: Kasetsart
University.

Buahongsang, J. and Tanmuangpak. K. (2022). Species diversity and abundance of land snail in integrated
agricultural areas at Mueang Loei district, Loei Province (in Thai). Khon Kaen Agriculture Journal,
50(1), 76-87.

Chidchua, W. and Dumrongrojwattana, D. (2010). Taxonomy of Land Snails in Klaeng District Rayong

Province and Kaenghangmaew District Chanthaburi Province, Eastern Thailand (Gastropoda:

Copyright by Faculty of Science, Ubon Ratchathani University



NI TUAS NN AN TN 5 18] 2 (n.A. — 5.A. 2565) | 235

Prosobranchia, Pulmonata) (in Thai). Proceedings of 48th Kasetsart University Research Conference
(pp. 161-170). Feb 3-5, 2010. Bangkok: Kasetsart University.

Jumlong, P., Tumpeesuwan, C. and Tumpeesuwan, S. (2013). Species Diversity and Abundance of Land
Snails in Sandstone and Volcanic Hills in Surin Province (in Thai). Burapha Science Journal, 18(1), 67-
81.

Kongim, B. (2008). Land snail: the invertebrate influenced to livelihood of Human. Advance Science
Journal Science and Technology, 8(2), 1-6.

Kerny, M.P. and Cameron, RA.D. (1979). A Field guide to the land snails of Britain and North-west
Europe. Glasglow: William Collin Sons.

Nakeim, S., Surawut, S. and Kunsook, C. (2017). Final report: Database of Biodiversity at Trat Rubber
Plantation Co-operative Project, Trat Province. Chanthaburi Province: Faculty of Science and
Technology, Rambhai Barni Rajabhat University.

Oke, C.0. and Chokor, U.J. (2011). Land-snail species richness in a rubber plantation in lyanomo, Edo State,
Nigeria. Bioscience Research Journal, 23(1), 63-72.

Panha, S. (1996). A checklist and classification of the terrestrial pulmonate snail of Thailand. Walkerana, 8,
31-40.

Panha, S. and Burch, J.B. (2005). An Introduction to the Microsnails of Thailand. Malacological Review,
37/38, 1-155.

Pettingill, O.S. (1969). A Laboratory and Field Manual of Ornithology. United States: Bures Publishing
Company.

Promkerd, P., Nookarn, P., Rintarak, D., Klakaeng, S. and Kaewta, S. (2011). Survey of snails and slugs in green
house (in Thai). Annual Report 2011. Bangkok: Plant Protection Research and Development Office,
Department of Agriculture.

Rintarak, D., Kanjananithipat, N., Eimsuwannasuk, A. and Kaewta, S. (2017). Species diversity of terrestrial
pets snails in Agricultural Ecosystem and environment in Thailand (in Thai). Annual Report 2017.
Bangkok: Plant Protection Research and Development Office, Department of Agriculture.

Sasang, C., Tumpeesuwan, C. and Tumpeesuwan, S. (2018). Species diversity of land snails in some small
forest patches in Si Sa Ket Province (in Thai). Science and Technology Journal Mahasakham
University, 37(1), 85-97.

Srihata, S., Tumpeesuwan, C. and Tumpeesuwan, S. (2010). Species Diversity, Abundance and Habitats of
Land snails in a Square Kilometer on Phu No, Kalasin Province (in Thai). Science and Technology
Journal Mahasakham University, 29(4), 359-371.

Tanmuangpak, K., Tadee, V., Sukongjaroen, R. and Chummak, P. (2017). Land Snail Diversity in Limestone
Caves at Pha Ngam Forest Park, Loei Province (in Thai). Proceedings of 4th Kampangpetch Rajabhat
University Research Conference (pp. 1195-1204). December 22, 2017. Kampangpetch Province:
Kampangpetch Rajabhat University.

Tumpeesuwan, C. and Tumpeesuwan, S. (2010). Species diversity and abundance of land snails in Phu Thok
Noi, Nong Kai Province (in Thai). Science and Technology Journal Mahasakham University, 29(3),
298-307.

avanslae Aoz Inemans unineragguasvsil



f

}:{ a < a g2
/.\\ J S S Journal of Science & Science Education AIFATINYIANAAILASINYIANEAIANET
‘g‘\“ “"'\ﬂ https://so04.tci-thaijo.org/index.php/JSSE U9 5 1@ui 2 (n.A. - 5.0. 2565) | 236

UNAIINITY

NaRagvasdasaunsbataunulng
n?x* +2Y = z%paz n?¥ — 2Y = z2

JUNUT ITTUNUS WAZHSY A1F
a1 Ivedamans aalzIngrmansuazinalulad umIverdeTivapmmans any3
*Email: suton.t@lawasri.tru.ac.th

Suunaa: 4 fguieu 2565 walvunaau: 1 nsngIau 2565 sausuRnu: 13 nIng1AL 2565

o/ [

Unangs

Tuiddet wansi nawasmeiduswouduildduavvesaunisialowiulng n2* + 2 = 22
o n Wudwnuduuing eglugy
(n,x,y,z) €{(1,a,3,3)la € Z,a =0} U {(h,0,3,3)|b € Z b >1}U
{(2°°2-1,1,¢,2°%2+1) |c € Z,c > 3}
waznaasveilusauduiliduavveseunslalownulng n?* — 29 = 22 dlo n Wusuudiuuana
aglugy
(n,x,y,z) € {(1,d,0,0)|d € Z,d = 0} U {(e,0,0,0)| e € Z,e > 1} U
{(2/2+1,1,f,2/2-1) |feZf>3}u{(3131),3257}

o

AdAey: aunistalewnuln wawasiidudunududliduay

91999uUNnANil
JUNUI IITURUG Wagdsu anf. (2565). walaasveddasaunisialaunulyil n®+2 =2 uae
n> -2’ = 22, MsETInNAansuazIneNmansany, 5(2), 236-240. http://doi.org/10.14456/jsse.2022.27
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On the Solutions of Two Diophantine Equations
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Abstract

In this paper, we show that all non-negative integer solutions of the Diophantine equation n?* +
2Y = z? where n is an odd positive integer, are of the following form
(n,x,v,2) €{(1,a,3,3)la € Z,a =0} U {(b,0,3,3)|bEZb>1}U
{(2°2-1,1,¢,2°°?2+1) |c€ Z,c > 3}.
All non-negative integer solutions of the Diophantine equation n?* — 2¥ = z2 where n is an odd positive

integer, are of the following form
(n,x,v,2) €{(1,d,0,0)|d € Z,d = 0} U {(e,0,0,0)| e € Z,e > 1} U
{(2/2+1,1,f,2/72-1) |feZf>3}u{(3131),3257N}

Keywords: Diophantine equation, non-negative integer solution

Cite this article:

Wannaphan, C. and Tadee, S. (2022). On the Solutions of Two Diophantine Equations n™ + 2’ = z° and
n® -2Y = Z% (in Thai). Journal of Science and Science Education, 5(2), 236-240.
http://doi.org/10.14456/jsse.2022.27

avanslag AakIemans un1ImeaeeuasIveTl




238 | Journal of Science and Science Education Vol. 5 No. 2 (Jul - Dec 2022)

UNUI
aunislaleunulnil (Diophantine Equation) 1udnaunisnilafianunsatluuszgndlduidamasineg 16
(Dhurga, 2021; Anbuselvi and Sivasankari, 2019; Kaur and Sambhor, 2017) IﬂEJaiJmSlmIaLLWulwﬂLﬂuauﬂﬂiwn
Wl (Polynomial Equation) Uszuanmilafiiansanmwataasdidusiuaudiswiiy wazaun1slalounulnidsuuuy
wilafilesunuauls fe
a* +bY = 2?2 (1)

dlo @, b Wuswwdiuuin wae x, v, z, \WJusunuduiildduayu dregragu 1wl aa. 2007 Acu (2007) lewuiwa
wasfidusuuiudiliduavvesaumslalownulmi 2% + 57 = 22 fiflesaewaeasiviniu e (x,y,2) €
{(3,0,3),(2,1,3)} wazlud a.A. 2011 Suvarnamani et al. (2011) lanuiraunisialewnulnyg 4% + 7Y = z2
waz 4% + 117 = 22 Liflwanasidusowdunilifuau doun Chotchaisthit (2012) Tduansinnaiaaest e
Wudwnuduiliiduavvesaunislaleuiulnd 4% + p¥ = 22 1fle p Wudwuwane aglusy (x,p,y,2) €
{(2,3,2,5}u{r 2" +1,1,2" + D|r e NU{0}} U {(r, 2,2r + 3,3 2")|r € N U {0}} wazluldnun
Chotchaisthit (2013) léuansin (x,y,2) = (3,0,3) Junawasidususfuilbiduaufiswanasifisrnes
aun1slalownlulni 2% + 117 = z2 uag Sroysang (2013) lafigatiin nawaeilusuuduiliduavesaunis
Tolouslulny 2% + 37 = 22 Siflssanunatnasivingu fe (x,v,2) €{(0,1,2),(3,0,3),(4,2,5)} n99nTA
Tanakan (2014) lémuin (x,y, z) = (0, 3, 3) \Hunawasfidusuiuiliduauiowanasiisivesaunisiale
wrlulynd 19% 4 2¥ = 22 uaz Qi and Li (2015) lédnvnamasiommaifusuuduuanvssaunisialownuln
8% + p¥ = 22 \jlo p (Husurwaniz warlul A.a. 2016 Khan et al. (2016) linuitaunastalewnulng
2% 4+ 97 = 22 fuawnasiiuswiwduildifuauifivsaowaiaas fo (x,v,2) €{(3,0,3), (41 5} uag
Rabago (2016) lainuan (x,y,2) € {(3,1,5),(5,1,7), (6 1,9),(7,3 71) (9,1,23)} WHunataseanuaiidy
Sruaumduvinvesaunisialewulnd 2% +17Y = 22 uenainil Puangjumpa (2016) TanuI (x Y,Z) €
{@3,0,3),(1,1,7)} Hunawasnmuaidusiuuduildduavvesaunisialounuln 2% + 477 = 22 uasiile
Talunuand Burshtein (2018a) le@nwaunslaleuulng 2241 + 727 = 22 \ilo x, n (Husuauduuan uas z
Jusudinuing nuiaunissenaninamasfidusiviufuuinfismawanior de (x,n,z) = (2,1,9) was
Burshtein (2018b) ladnwnateaetmuaitfusuiuduuinvosaunisialownulmi 2 + p¥ = z2le p Ju
UIURNE

wasnAdeildendaegrandisiu dunaldinaziivuali a wae b luaunis (1) eglugu p* e p 1Tu
Sruamaniz way k Wusuwduuin fadu Tumuddedassnonalinisiu ned a lusndudesegluzudnan
uaﬂmﬂﬁ%ﬁﬂmmwaLaaamaaammﬂmhLLWu"Lmu"Lugﬂmasmﬁqa

%4 4 = o/
MUTEEIANTTIY

WednwmaasAiidusuwdudldiduavvesaunisialownulng n2% + 2Y = 22 way n?* — 29 = z2
e n Wudunuduuind

A5adun15IY
Turuddeilagisuanmsinaue 2 nquunidunuimdAglunsigaung uiunmanvesnuide ndaan
sxfnwnamasidudnudunliiduavesaunislalownulnl n2* +2Y = z2 waz n?* —2Y = z% dla n

g&

[

WU uuduuIng sudieu

nguun 1 (Mihailescu, 2004) ammﬂﬂIaLLWulmﬁ

—-bY =1 2)
ﬁmaLaasn'?iL‘i‘]uﬁwmmﬁmmLﬁmwal,aamﬁm fo (@ b,x,y) = (3,2,2,3) \le a b, x, y WJusuiudu tned
min{a, b, x,y} > 1
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nQufun 2 (Tanakan, 2014) aunslalaunulng
1+42Y =22 (3)
Hnamasiduduuduinliduaufissanasiden fe (v,2) = (3,3)

nauiiun 3 & n udnawduuing ud aunistalewilmg

n? +2Y = z2 @)
fnaaeiouedifusouduiliduau Ae (n,x,y,2) EAUBUC
dlo A ={(1,a,3,3)la € Z,a>0},B ={(h0,3,3)|beEZb>1}
wag € ={(2°°2-1,1,¢,2°%2+1) |c€Zc >3}
Wl auuidi x,y, z Wusuuduildifuavuazidunaaasyes (4) 81 n = 1 970 (a) waznguiun 2 9zl
(n,x,y,z) € A wagd x = 0 90 (4) uagnguiun 2 9lein (n,x,y,2) € B FetumdeRansannsdn n > 1
wag x > 0 970 (@) aglain

2V =22 —n?* = (z—-n")(z +n% (5)
Fofuezdisnnuduitliduay u vl
z—n*=2% (6)
ey z+n¥=2Y"4 (7)
0 (6) wag (7) azlen y > 2u waz
2n* = 2U(2Y 2 1) (8)
211 8) war n Wusouduuing sy u = 1 %
2V=2 _pX =1 9)

911 9) a¥ldAn y > 2 wazdh y = 3 990 9) 9léi n* = 1 uazan n > 1 dofu x = 0 Fadululils Wosann
x>0 wszariu y > 3 uazann > 1 §au dhx > 1 udi min{2,ny — 2,x} > 1 uazanNMguiun 1 azle
31 9) laliinaas fau x < 1 uavan x > 0 9l x = 1 wazarn 9) vl n = 2972 — 1 wazann (6) aly
11z =272 + 1 wmszaziy (n,x,y,zyec 1

naufiun 4 i1 n udnnwduuand ud aunislalewilm]
n?* —2Y = z2 (10)

fnanasvuaiduswauduiilibuau fe (n, x, y,Z) EDUEUFUG
dlo D ={(1,d,0,0)|d € Z,d = 0},E = {(e,0,0,0)| e € Z e > 1}
F={(22+1,1,f,2/72-1) | feZf >3}uas G ={(3,1,3,1),(3257)}
wgay auudi x, y, z Wudwuduildduaviasidunaeasyes (10) §1n = 1910 (10) azldiny =z =0
oty (n,x,y,z) €D uazdnx = 0 90 (10) agldiny =z =10 Frarhy (n,x,y,z) €EE s1zRzTumEeinnsan
367 m > 1 waw x > 0 910 (10) aglen

2V =n?*—z22=(n* - 2)(n* +2) (11)

A o 2 a1 N o g v
@Quu%zNT\]WUQHLmNWINLUuaU v ‘VW]']TV?

n*—z=2" (12)
ay n*+z=2Y" (13)
910 (12) waz (13) 9zldn y > 2v uay
2n* =2V(2Y7% + 1) (14)
910 (14) uay n Juswouduunnd dofu v = 1 vl
n¥—-2Y2=1 (15)

910 (15) 92ld91 y > 2 ward y = 3 910 (15) 2¢lddn n* = 3 fodu n = 3uay x = 1 wazan (12) azlé
z = 1 9wzt (n,x,y,2) € G sielvaginnsannsaidl y > 3 1 x = 1 910 (15) agléd n = 2972 + 1 uax
9 (12) 9ldn z = 2972 — 1 wsvaziu (n,x,y,z) EFuazarx > 1y >3 ,n> 1 uay (15 Fariu
Tnengquiun 1agldiin =3, x =2,y = 5 uazan (12) aglerinz = 7 et (n,x,y,z) €G [ |
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NAN1338uaaAUTIENa

Turideillduanmamasimuaiiduiusduiliduavvesaunslalouiulml n?* + 27 = 22 waw
n?* —2¥ = z2 e n Wudwuduuind dusnglunguiun 3 wag 4 enuddu Faasdiuldin n lidndudes
ogflugu p* iile p Wudruumans uay k Husuauiuuin ffuiadunsveenamuidenouniidliniedu
wardsiitnauladelufionismmainssesaosaunisfandilunsdd n iBudwauduuing uasdivhauledslundidy
fio Mauanssaasivmafiduiuuduiiliduavresaunislalowild n® + 2Y = 22 uag n*® — 2¥ = 22
o n Budmnuduuan

AnAnssuUsEAA
ideveveunns antuldouasinm waranyInermansuasinalulad unninedeswdgunans Alvinng
atvayulunviiduasail
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NUANT VNI UAZITITAU B30y
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UNANED

Juivnsuiudin auaudinifiddyaenglie auaudinisaduil snauladnguldaduiiviengddu

walnasnauandAnisaduiiiedds Gallian (2010) liesule3snaginrmnisaduiiveiniudndin laglduuifnves
' < o 4 ! I = a A a ! ] o o w

ANuazidy wavimuali Py (G) wnuanuiiagiduiassauniniignidenuiuuuguiuadunlalungudnin G
sioun Clifton, Guichard ua Keef (2011) la@nwanuiinazsiludanaravungunismyugy Dy, e n iludiunuin
uIn wagnuguiilives Py (Dy,) v1uideves Langley, Levitt uay Rower (2011) venemnudalig P, (G) 3adu
AnudazduinagneEndn n dlunsudiin G IruaudRdgoundu uided Anwvanutasludinanuazny
sunlvvesauasduiinaanesandn 3 fmlungunismyuguiiinaaudfdeundu tufe P3(Dy)

Ardfsy: Aaiesdu nsunsnyugy AaEuRdaundu

B1999uUNANL

AUNNT 198d uagIs13l osey. (2565). ArunasluvesnuanRdgounduuunsUnmamyusy. 15a1sINeAEns
wazAneAansAnYn, 5(2), 241-248. http://doi.org/10.14456/jsse.2022.28
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Abstract

It is well-known that one of the important group properties is commutativity. We are investigating
how far a non-abelian group from commutativity. Gallian (2010) described a way to measure the
commutativity of a finite group G by using probability concept. The P, (G) is defined as the probability that
two randomly selected elements of the group actually commute. Later, Clifton, Guichard and Keef (2011)
studied this probability on the dihedral group D,, where n is a positive integer, and found the general form
of P,(D,,). Langley, Levitt and Rower (2011) generalized P,(G) to B,(G), where B, (G) is the probability
that a product of n group elements equal to its reverse. The objectives of this research is to understand
these probabilities and we found the general form of the probability that a product of 3 group elements in
Dihedral groups Dy, equal to its reverse, namely P3(Dy,).

Keywords: Probability, dihedral group, reverse property
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Introduction

One of the important group properties is commutativity. An abelian group G is a group with the
property that ab = ba for all a, b in G. Some groups fail for this property, for example, a group of all
invertible 2 X 2 matrices under the multiplication with real entries, M,(RR). The readers can find the
contents on group theory in, for example, Rotman (1996), Nicholson (2012), and Gallian (2010) describes a
way to measure the commutativity of a finite group G. Define P,(G) be the probability that two randomly
selected elements of the group actually commute as follows.

Comm(G)
P =~
Z(G) |G|2
where Comm(G) = |{(a,b) € G X G|ab = ba}|.

Clifton, Guichard and Keef (2011) studied such probability on the dihedral group D, where 1 is a
positive integer. A dihedral group is the group of symmetries of a regular polygon which includes rotations
and reflections. A regular polygon with 1 sides has n different symmetries, where n = 3 consisting
of rotational symmetries and reflection symmetries. For n = 4, the dihedral group D, consists of 8 elements
as presented in Figure 1.

MATH
HLVIN

MATH
HLVIN

HTAM
WVLH

HTAM
WVLH

Figure 1 All elements in Dihedral group Dy

In other words, the dihedral group D,, is generated by two elements, 1;, (for “rotation”) and f;, (for
“flip”), subject to the relation

— £2 _ — -1
T =fo =e€n and fuly =1 fo,
where e,, is the identity of D,,. It follows that the elements of D,, can be written as

2 ..3 n-1 2 n-1
e, Ty s Ty 'fn'rnfn'rnfn' o Th fn-

Notice that the order of D,, denoted by |D,,| is 2n.

The following chart shows the commutativity of D,, where a 1 indicates that the corresponding
pair of elements commute, Sherman (1997).

€4 T4 7”42 7"43 fa | Tafa 7"42f4 7”43f4

Ty 1 1 1 1 0 0 0 0
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The chart produces forty 1s which means that there are forty pairs of the group elements
commute. The set of these pairs is considered as the event, and the set of all ordered pairs of group
elements as the sample space. So the probability P,( D,) = 40/64 = 5/8.

Clifton, Guichard and Keef (2011) found the general form of P,(D,,) as follows.

Theorem 1. If nis a positive integer, then
(n+3

4n ’

if n is odd;

PZ(Dn)=J
In+6
k , ifniseven.
4n

Langley, Levitt and Rower (2011) generalized P, (G) to B, (G), where P, (G) is the probability that

a product of n group elements equal to its reverse. Namely,

Comm,,(G)

P.(G) = G|

where Commy,(G) = [{(a4, ay, ...,a,) EGC" | a1a; - a, = apap_q1 a0}

Objectives

The objectives of this research are to understand these probabilities on dihedral groups and to find
the general form of the probability that a product of 3 group elements in Dihedral groups D,, equal to its
reverse, namely P3(D,,).

Main Theorem

For the dihedral group Dy,
Comms(D,,)

P3(Dn)= |D |3
n

where Comms(G) = |{(a,b,c) € D3 | abc = cba}|. The triple (a, b, ¢) € D3 satisfies the reverse
property if abc = cba.

n
Note that, on the dihedral group D,,, when nis even, the (rotate) element Tnz is itself inverse, that
ny —1 n

2

ist, © = (rn) = rnz . For the convenience, we write the elements of D,, as

r,r3rd, Lt = e, f,rf, P2 f, L, TV
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Theorem 2. If nis a positive integer, then
n+3

, ifnisodd;
4n
P3 (Dn) =
n+6 o
k , ifniseven.
4n

Proof Let A = {(a,b,c) € D3|abc = cha} and B = {(a, b,c) € D3|(a, b, c) are of the following
forms

(r&,r/,1%), where0 < i,j, k <n,

rLr L1 f), where 0 < i,j < m,

rLrif,rh), where 0 < i,j < n,

(I f,rr7Y), where 0 < i,j < m,

(LT f, 1), where 0 < i,j < n,

(I f,rh 1), where 0 < i,j < n,

(rIf,r f,r)), where 0 < i,j < n,

(rif, vl f,r*f), where 0 < i, j, k < n,

1+

O N o kR W N e

no
2,77 f), where 0 < i,j < nandnis even,

o

(ri,r”
10. (Ti,rjf,ri-"%), where 0 < i,j < nandnis even,

11. (rjf,ri,r_Hg), where 0 < i,j < nandnis even,
12. (Ti,rjf,rj-%f), where 0 < i,j < nandnis even,
13. (ij,ri,rj-%f), where 0 < i,j < nandnis even,

T .
14. (r/f, 1’ 2f,r"), where 0 < i,j < nand n is even}.

To show that A € B, let (a, b, c) € A.Then a, b and ¢ are either in the form rior ij where
0 <i,j < n. There are all 8 patterns as follows.

Pattern 1. (a, b, ¢) = (rt, v/, 7%),0 < i,j, k <n.

Pattern 2. (a, b, ¢) = (rY, v/, 7*f), 0 < i,j,k <n

Pattern 3. (a, b, ¢) = (rY v/ f,r%), 0 < i,j,k <n

Pattern 4. (a, b, ¢) = (r'f,v/,r%), 0 < i,j,k <n

Pattern 5. (a, b, c) = (ri,rjf,rkf), 0<ijk<n

Pattern 6. (a, b,c) = (rif,rj,rkf), 0<ijk<n

Pattern 7. (a, b, ¢) = (r'f, v/ £, %), 0 <i,j,k <n

Pattern 8. (a, b, ¢) = (rif, v/ f,7*f), 0 <i,j,k <n.

In Pattern 1 and Pattern 8, it is obvious that (a, b, ¢) = (Ti, Tj,T'k) € B, and
(a,b,c) = (r'f,rif,r*H EBfor 0 <i,j,k <n.

Pattern 2. (a, b,c) = (T‘i,rj,rkf), 0 <1i,j,k <nltsatisfies abc = cba that is
rirdrkf = r¥frirt Then

ripipkf = pkfript o pititk = phej-i
oi+j+k=k—j—1i (modn)

© 2i =-2j (modn) (*
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If nis odd, then (2,m) = 1. Equation (*) becomes = —i (mod n). If n is even, then (2,n) = 2.
Equation (*) becomes j = —i (mod g) Hence j = —i + gq, q EZ.Ifqiseven, then q = 2t,t € Z.
We have j = —i + gq =—i +§(2t) = —i+nt = —i (mod n).Ifq is odd, then

q =1 (mod 2). Thus nq = n (mod 2n). Since (2,2n) = 2, gq = g (mod n). It implies that

n
2
Therefore, in case 1 is even, we have either j = —i (mod n) or j = —i +§ (mod n)

Hence, in Pattern 2, forn E Nand 0 < i,j,k <n, (a,b,c) = (Ti,rj,rkf) = (ri,r_i,rkf) € B.

In addition, when 1 is even, (@, b, ¢) can be in another form which

(a,b,c) = (r',r/,r*f) = (r',r 5,1 ) € B.

n
j=—i+ qE—i+§ (mod n)

For Pattern 3.-7., they can be proved in similar fashion.

Now, we show that B € A. Let (a, b, ¢) € B. It runs through each form. To show that
(a,b,c) € A, we prove that abc = cbha.

Case 1. (a, b, c) is of the form (T‘i, T‘j,rk‘), where 0 < i, j, k < n. The commutativity holds
among the rotate elements. Then done.

Case 2. (a, b, ) is of the form (r', 774, 17 f), where 0 < i,j < n.Then
rir~irif =rif =rifr-irt

Case 3. (a, b, ) is of the form (rt, 7/ £, %), where 0 < i, j < n.lt is obvious.

Case 4. (a, b, ) is of the form (r/f, 7!, 77Y), where 0 < i,j < n.Then
rifriort=rif =r iyl f,

Case 5. (a, b, ) is of the form (r', 77 f,7/f), where 0 < i,j < n.Then
rivifrif =rilrIf2 =t =rir It = vir I ffri = rifrifrt

Case 6. (a, b, ) is of the form (£, 75,77 f), where 0 < i,j < n. It is obvious.

Case 7. (a, b, ) is of the form (r/f, 7/ f, 1), where 0 < i,j < n.Then
rifrifri=vir I f2ri =t = riyir I f2 = rirlr I ff = rivi frif.

Case 8. (a, b, ) is of the form (rif, 7/ f,7%f), where 0 < i,j, k < n.

T'ifT'jfT'kf — T‘i_j+kf3 — T‘k_j+if — T‘ksz'_jT'if — T'kffT'_jT'if — T'ka'jfT'if.

R N ..
Case 9. (a, b, €) is of the form (5, 7™ 2, 7/ f), where 0 < i,j < nand n is even. Then

() (2) () = ey
= ot i
=1/ (r™z(f2)z r

= PI(f2)E () i
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= i) () ()

o -
Case 10. (a, b, ¢) is of the form (%, 77 f,7'*2), where 0 < i,j < mand n is even. Since the

n
(rotate) element 72 is itself inverse, we obtain that

(r)If) (K1) = 7 = e et = (r142) (o £) ().

. . _..n o
Case 11. (@, b, ¢) is of the form (1 f, 75, 7772), where 0 < i,j < nand n is even. By the
same argument of case 10, we obtain that

(FAE) (r72) = (%) (D) F).

.. n o
Case 12. (a, b, ¢) is of the form (rL, 7/ f, 7/ 2f), where 0 < i,j < nand 1 is even. Since the
n

(rotate) element 72 is itself inverse, we obtain that

() (If) (r73f) = v = et = I p2eit = (P4) (££) (1),

By the same argument of case 12, we obtain cases 13 and 14 which are as follows.
i N ..
Case 13. (a, b, ¢) is of the form (r/f, 75,77 2f), where 0 < i,j < nand n is even.

Coam
Case 14. (a, b, ¢) is of the form (r/f, 7772 f,r%), where 0 < i,j < mand n is even.

Now, we count how many triples for each case.

The pattern (Ti, r, rk), where 0 < i, J, k < n, gives different n3 triples.
The pattem (8,774, 17 ), where 0 < i, j < n, gives different n? triples.
The pattem (14,77 f, 1), where 0 < i,j < n, gives different n? triples.

The pattem (17 f, 75,1779, where 0 < i, j < n, gives different n? triples.
The pattem (15,77 f, 17 f), where 0 < i, j < n, gives different n? triples.
The pattemn (r/ £, 75,77 f), where 0 < i,j < n, gives different n? triples.
The pattem (£, 7/ f, 1), where 0 < i,j < n, gives different n triples.
The pattem (r f, 77 f,7%f), where 0 < i, j, k < n, gives different n3 triples.

1+

o 0 N oy R W DN e

D .
The pattem (14,7772, 17 f), where 0 < i,j < mand n is even, gives different n? triples.

N
o

S o
. The pattern (%, 77 f,7'72), where 0 < i,j < nand n is even, gives different n? triples.

n
l+5), where 0 < i,j < nand n is even, gives different n? triples.

—_
—_

. The pattem (17 f, 7,1~

o n o
. The pattem (%, 7/ f, r]+2f), where 0 < i,j < nand n is even, gives different n? triples.

—_
w N

.. om o
. The pattern (r/ £, 75, 7772f), where 0 < i,j < nand n is even, gives different n? triples.

14. The pattern (7/f, T‘j+§f, rY), where 0 < i,j < mand n is even, gives different n? triples.
For n is odd, the triples formed by 3 group elements in Dihedral groups D,, where its product equal
to its reverse satisfy case 1-8. Whereas, for n is even, the triples satisfy case 1-14. Hence, for calculating the
event, there are 2n3 + 6m2 triples when 7 is odd and there are 2n3 + 12n2 triples when 7 is even. The
sample space | D, |® = 8n3.
When n is odd, the probability
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_ Commgz(Dn) _ 2n3+6n? _ n+3
P3(Dy) = = =—

|Dn |3 8n3 an

When n is even, the probability
Commsz(Dy) _ 2n3+12n% n+6

P3(Dn) = =

|Dn |3 8n3 an’

Conclusion and Discussion
It turns out that the general forms for P, (D,,) and P5(D,,) are the same, but the proofs show that
they both have different cases which lead to different counting. The counting on P3(D,,) is more
complicated. The further work that could be done is to find the general form for B,(D,,) but it may need
more advance counting. Other works are to investigate the probability on other properties which are, for
a,b,cinagroup G,
abc = ach,abc = bac,abc = bca and abc = cab.
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1){x+yi x,yeZ,—33x<§,—§£y<E}LﬁuCRS(y=n)
2){x+yi xyeZ—g<x<Z, §<y< }L'UuCRS(y——)
3){x+yi x,yEZ,—§<x<§,—%Sy<—}LUuCRS(y:m)
4){x+yi x,yEZ,—%Sx<%,—%<y< }L‘U‘L!CRS(]/——nl)

S{x+yilx,y€Z -n<x<nl|x|-n<y<-—|x|+n}JuCRS(y = n +ni)
O{x+yi|lx,y€Z -n<x<nl|x|-n<y<-—|x| +n}JuCRS(y = —n — ni)
N{x+yilx,y€Z-n<y<nl|yl—- n<x<—|y|+n} JuCRS(y = —n + ni)
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Abstract

In this paper, we study some complete residue systems in the Gaussian integers. By a complete
residue system modulo y where y # 0is a Gaussian integer, abbreviated by CRS(y). The research results
showed that for a positive integer n,

1){x+yi x,yeZ,—ng<g,—gSy<g}isaCRS(y=n),
2){x+yi x,yEZ,—§<xsg,—%<y£%}isaCRS(y=—n),
3){x+yi x,yEZ,—§<xS%,—%Sy<%}isaCRS(y=ni),
4){x+yi x,yEZ,—g_x<§,—%<y£%}isaCRS(y=—ni),

S5 {x+yi|lx,y€Z n<x<n|x|—-n<y<-—|x|+n}isaCRS(y =n+ni),
e){x+yi|x,y€Z n<x<n|x|-n<y<-—|x|+n}isaCRS(y = —n — ni),
N{x+yi|lx,y€eZ n<y<nl|y|-n<x<-—|y|+n}isaCRS(y = —n+ ni),
{x+yi|lx,y€EZ n<y<n|y|-n<x<-—|yl+n}isaCRS(y =n—ni).

Keywords: Complete Residue Systems, Gaussian Integers
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uni

Srunufunddeu (Gaussian Integer) Ao S1unuilanunsadeulviogluzl a + bi 1o a, b Wuswudy
wag i = V—1 fsamnsadenmnismsasda (Divisibility) waz AoUNgLOUG (Congruence) latudienfiudiuaui
nanafe I a, B waz Y Wudrwwhunddeu asnanin a wis B aswn Weuunusmedgydnual a|f dilduau
Wanddeu § F9hld B = ad wavnani a AauUNgeUdiU B wegla Y Weuwnumedydnwal a = B(mod y)
M y|(a—p) ﬁmfu'ﬁqmmmmiswdwmﬂf‘?ﬁw’%yiﬂj (Complete Residue System) vasuILLANNEToule

unfignu 1 (Pollard and Diamond, 1975) 1% ¥ # 0, ay, @y, ..., &y LJUT1UIULANLANEL T8 U 98nE1290
{ay, ay, ..., an} WussuudnnAeuiysal veqla y e 2 Joulusteluiifuese

1. dmsunndwmdunddeu B el ; € {ay, ay, ..., an} Flv B = a;(mod y)

2. dwsunn ay, @; € {ay, ay, ..., ap} 01 a; = aj(mod y) Ui a; =

szuuduanAUIYIaitesuufnddeuduiiuguidfglunmsfnwanuiaieg 01i ssuudiuau
(Number System) &sanansatiluuszendlalunisifeulusunsunauiames lnessuudaulundgnilenudsil

unilena 2 (Katai and Szabo, 1975) W y # 0 ludnaudunddeou uag U \Juszuudiunndsuiysal wenla y
3o (y, U) drszuvdwau denndiudnniddeu a ansalowedlugl @ = ug + gy + Uy + - +
w,y " lafisanuuienyingu 1nef ug, uy, ..., ux € U

domniitsdfaulafnunantfuardnuusvosamniniegluszuudiunndauiysaivossuusnnddon
W Jordan and Potratz (1965) l@dunu 4 faunu (Representation) U35y UUdIUANA1UIYsalvOTLIULANNE
\@yu sioan Hardman and Jordan (1967) Id@unuszuvdunndauiysalvesinauiundideuidvuadnian
uaz Tadee et al. (2017) ldAnwiszuvdunndeuiysalluilasidaass (Quadratic Field) Fensaungudtuiuiy
ndideude (nglufifasfinsananzssuudunndsuiysallusnufunddou) weldduny 3 funuves
seuUfandTBsuand1s91nil Jordan and Potratz (1965) Auwu fail

uuadeyaneal

CRS(y) unu szuuduanAauiysal (Complete Residue System) wagla y
Z={..,-3,-2,-1,0,1,2,3,..} Juanvessiuiufu

Z[i] = {x + yi| x,y € Z} Pusrwrudundideu

(x, ) 2138071 uanits (Lattice Point) e x + yi € Z[i]

nQufun 1 (Tadee et al. , 2017) Wi y = a + bi € Z[i] — {0} agldn
i d = ged(a, b) 39t y = d(ay + byi) dlo ay, by € Z uae ged(ay, by) = 1
Wi {x+yi|x,y€Z0<x<d(a?+b})—-10<y<d-1}JuCRS(y)

nQufun 2 (Tadee et al. , 2017) Wi y € Z[i] — {0} uaz V; Lﬂuwmaq@mLLamﬁsﬁiar;uimalugﬂ?imﬁauﬁmﬁumu
ABCD lagfiynuennail
|4 |4 |4 |4
A=Z(1+i0), B=-(1-i), C=2(-1—-i), D=2(-1+i
> (1 +10) | > (1 -10) > ( | i) 5 (=141
wazlit V, 1uenvesyauaniiefieguudiuveadunss BC war CD flidldgneen B waz D usonvazdiyn C 1
C € Z[i] a¢lan V = V; U V, Ju CRS(y)

nQufiun 3 (Tadee et al. , 2017) i y € Z[i] — {0} waz W, Lﬂummmﬁ;mLLamﬁszjﬁaguimaﬁl.ugﬂﬁm?{auﬁ’mmmu
EFGH \ngiyngannail

Y 1 ) Y _ ( 1 )
E_Z' F—y(2+l, G = 2 H=y 2 i
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£%

wazll Wy \Huwnvesgauanfisiieguudiurondunss GH waz EH ldlvgnsen E waz G wienaaziyn H
H € Z[i] a¢lein W = W, U W, \0u CRS(y)

suuldiilungefun 1 sansamanndnvesszuvdunnaauiysallaldendn udlunguijun 2 uay 3
firuenlunImaNTneesEuUAINg1 Aely Tadee (2021) liAnwnasmzULUUaNNITNTDITEUUAIUANATS
sysallunguun 3 wui

nguijun 4 (Tadee, 2021) 1 y = a + bi € Z[i] — {0} uaz n Wudwnuwauuan azldn
Lltha=2nuwaeb=0usm{(n—k)+ (U —k—1)i|k1€{123,..,2n}} 0uCRS(y)
12fma=-2nuaeb=0ui {(n—k+1)+ (U —k+1i|kle{123,..2n}} 8uCRS(y)
130a=2n—1uwarb=0ud {(n—k)+ (- k)i| k1€ {123, ..2n—1}} uCRS(y)
l4fa=-2n+1luaeb=0uir {(n—k)+ (U —k)i|k1€{123,..2n—1}} 8uCRS(y)
1501 a=2nuag b = 2n ua

{m—k+1D+U+k-3n-2)i|ke{1,23,..2n},1 € {1,23,..,4n}} 0u CRS(y)
l601a=—2nuaz b = —2n ua

{m—Kk)+U+k-3n)i|ke{123,..2n},l € {123, ..,4n}} Ju CRS(y)
l7ma=2n—1uaz b =2n—1 um
{m-K)+U+k-3n)i|ke{123,..2n-1},1€{1,23,..,4n — 2}} Ju CRS(y)
180na=-2n+1luag b =—-2n+1um
{m-K)+U+k-3n+Di|ke{1,23,..2n—1},1€{1,23,..,4n — 2}} .Ju CRS(y)

o/ - a o
MQUITEIANITIVY
Wefnwaundnlussuvdiuandsuiysalvesinnuaumd@eulunguiun 2
ad o a a v
AALUUNTITIY
n1Imasndnvesszuvdiunnaauiysallungulun 2 Fmuefimsmanidnveasn V lunguiun 2
Wues lnemlanad

naujun 59 y = a + bi € Z[i] — {0} uaz n \Judrwawmhuuan azldd

1.15’1a=nLLazb=0LL53{x+yi|x,yeZ,— <x<———<y<2}LfJ CRS(y)
1.2€ha=—nLLazb=0LL53{x+yi|x,y€Z,—E<xsg—g yS%}nJuCRS(y)
1.3{ﬁa=0LLa3b=nLL§q{x+yi|x,yeZ,—§<xsg,—25y<§}LﬂuCRS(y)
1.4fﬁa=0LLa3b=—nLL§1{x+yi|x,yEZ,—%Sx< %<y£§}Lf’JuCRS(y)

15Ma=nuszb=nud{x+yi|x,y€Z n<x<n|x|— n<y<—|x| +n}JuCRS(y)
leta=-nuszbh=—-num{x+yi|x,y€Z -n<x<n|x|— n<y<—|x|+n}JuCRS(y)
l7fha=-nuszb=num{x+vyi|x,y€Z -n<y<n|y|— n<x<—|y|+n}duCRS(y)
18a=nuszb=—num{x+yi|x,y€Z -n<y<n|y|— n<x<-—|y|+n}duCRS(y)
wgal Wiy = a+ bi € Z[i] — {0} uazannvguiiun 2 agldh

d=Laro=(0+ (e o=tao=(23)4 (),

c=br0=(S s (5 o=fero= (574 (15

1.1 a = nuaz b = 0 Mnngufiun 2 aglaan V) \Juwavegauaniiviieg nelusudmieudiuuuy

@

ABCD laviiqaganssil
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a=240 g2l L = . p=-241
—2T2b 27 2Y -T2 2" -T2t

wazlit V, \uenvesyauaniiefioguudiuvendunss BC way CD flidldgneen B waz D usionvazdiyn C 1
C € Z[i] aglaan V = V; UV, . Uu CRS(y)
WsanUavasNs YUY ABCD

NS
3
S

F 3
v
=

c(-3-3 G-3)

i 1 JUAmAauYuIY ABCD (nsdlfla = n uag b = 0)

J

1.2 a = —nuaz b = 0 anngufun 2 azlddn V) Jueevesgananiiefiod nelugudmvasusiu
w1 ABCD lagilyngensiail

A= . p=-"40 =Dy p= '
-T2 2" -T2 2b —2Tob 272!

wazlit V, \Juenvesyauaniiefioguudiuvendunss BC way CD fildldgneen B waz D usio1vaziiyn C 1
C € Z[i] aglain V = V; U V, . Ju CRS(y)
#1sangUamReauvINY ABCD

B(—

LWiwazﬁqu={x+yi|x,yeZ,—§$x<g,—§Sy<

N3

[ -]

CIE Y

r
L J
-

Wi 2 JUAmAIIUYWIY ABCD (nSdlfla = —n uag b = 0)
n n n n
R < = — = < =
X,y €Z, 2<x_2, 2<y_2}

Wwazazdu V = {x + yi
1.3 a = 0 uazr b = n anvguium 2 aglddn Vy JWueaveqeauaniisiednelugudndeudiuau

[

ABCD lngilyngensiail

a=-240 p=Dil = ;D= '
-T2 ob “2Tab —27 oY -T2 2t

wazl V, Wuiwnvesyauaniigfioguudiuvendunss BC way CD #ildlyqgasen B uay D uso19aziiyn C i1
C € Z[i] aglan V = V; UV, .0u CRS(y)
#1sangUAmEELAuYINY ABCD
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&
L 4
-

o(-33 .3

Wi 3 sUAmALIIuYLIY ABCD (nsdlfla = 0 uag b = n)

J

N3

LWiwazﬁqu={x+yi|x,yeZ,—g<xsg,—§Sy<

1.4 a = 0uag b = —n anmgufiun 2 aglddn Vy \Wuwavesgauaniisfiog nielugudmasudiu
Wy ABCD lngilyngendisil
2 n n. B n n. c n+n, D n+n_
=——=i =—=—=i e =-+=i
2 27 2 27 2 27 2 2

wazlit V, \Juenvesyauaniiefioguudiuvendunss BC way CD fldldgneen B waz D usio1vaziiyn C 1
C € Z[i] aglan V = V; U V, Ju CRS(y)
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Abstract

This study is an experimental research design. The aims of this research were 1) to compare critical
thinking scores of the students with the criteria of 70 percent, and 2) to study achievement motivation after
the game-based learning on organ systems. The sample group was grade-8 students, total 35 students from
the 1% classroom of the academic year 2021 at Rajabhat Maha Sarakham University Demonstration School.
They were obtained by Cluster Random sampling technique. There were three research tools used in this
study. The first tool was seven learning management learning plans for 13 hours. The second tool was critical
thinking test, 28 items of four multiple choices. The index of item objective congruence (10C) was between
0.80-1.00, difficulty was between 0.30 - 0.80, discrimination was between 0.29-0.73 and confidence was
between 0.87. The last tool was the questionnaire achievement motivation for 18 items. The index of I0C
was between 0.80-1.00, discrimination was between 0.31-0.81 and confidence was between 0.93. The data
analysis statistics were mean, percentage, standard deviation and t-test for one-sample. The research found
that, 1) the students’ critical thinking score was statistically higher than the 70 percent criteria at .05
significance level (x = 22.35, S.D. = 1.29). 2) Students had a high level of learning achievement motivation in
all six domains (><_= 4.29, S.D. = 0.84) included individual responsibility, (x = 4.41,S.D. = 0.84) energetic, (x =
4.35,S.D. = 0.82) moderate risk taking, (X = 4.33,S.D. = 0.88) unique of characteristic, (x = 4.31,S.D. = 0.83)
planning (x = 4.20, S.D. = 0.84) and aspiration (x = 4.13, S.D. = 0.82). A game-based learning on organ systems
has been shown to effectively improve of critical thinking and high-level achievement motivation.

Keywords: Game-based leaming, critical thinking, achievement motivation
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Abstract

The purposes of this research were to study the effect of learning implementation using
mathematical modeling and gamification techniques towards mathematical problem-solving skills on graphs
and linear relationship for students in grade-7. The research participants were 37 students in grade-7,
classroom 1/1 at a provincial school for the second semester of the academic year 2021. The methodology
of this research was classroom action research. The research instruments were three lesson plans, worksheets,
and a mathematical problem-solving skill test. The data were analyzed by content analysis. The results
revealed that most students developed in good level of mathematical problem-solving skills. When
considering four subcomponents of problem solving, problem comprehension is the most developed,

followed by mathematical modeling and answer verification and problem solving is the least developed.

Keywords: Mathematical Modelling, Gamification, Mathematical problem-solving skills, Graphs and linear

relationships
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Developing grade-7 student’s mathematical literacy through
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Abstract

This research aimed to develop mathematical literacy by using mathematical modeling in the topic
of ratio of grade 7 students. The participants were 44 students in grade 7 of high school in Phichit Province.
This study was in the second semester of 2021 academic year. The research methodology was the
classroom action research comprising of 3 cycles and took totally 9 hours. The instruments used in the
research were three lesson plans based on mathematical modeling in the topic of ratio, activity sheets and
mathematical literacy ability test. Data were analyzed by content analysis. The results revealed that, most
of students were in excellent level of mathematical literacy ability. For considering three processes of
mathematical literacy, the most developed process was formulating situations mathematically, followed
by employing mathematical concepts, facts, procedures, and reasoning and the least developed process
was interpreting, applying and evaluating mathematical outcomes. In conclusion, learning implementation
based on mathematical modeling can improve mathematical literacy. The students learned through
analyzing problem situation that is close students’ real life, creating mathematical model, and connect
knowledge to another situation, consequently, they can identify problems, select appropriate and relevant

mathematical principles and processes and explain the reasonableness of the solution.

Keywords: Mathematical modeling, Mathematical literacy, Ratio
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Abstract

It is essential to design activities that teach students how to construct mathematical
models. This is due to the fact that mathematical modeling is an important tool for addressing real-
world issues. Therefore, the educational objective is for pupils to attain this competency. In schools,
particularly in Thailand, however, it is uncommon for pupils to engage in the creation of
mathematical models. This study intends to design learning activities to help the mathematical
modeling process for Mathayomsuksa 2 students in relation to the Pythagorean theorem. There was
a total of 36 participants in the study learning modeling via six exercises. To represent the modeling
findings, the student group activity was examined using the protocol technique, and 20 multiple-
choice tests of pre- and post-learning material were administered to indicate the influence of the
activities on student accomplishment. Incorporating modeling activities into the classroom was
proven to have a favorable influence on student accomplishment, as shown by the achievement
test scores. This study resulted in a methodology that interested educators may utilize to enhance

and build modeling activities for student growth in this setting.
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Introduction

One of an ultimate goal of learning mathematics is the teachers could prepare students to
function confidently in real-world situations. Mathematical modeling is a form of real-world problem
solving. A modeling approach to solve problem focuses a variety of mathematical skills on finding
a solution and help students to see mathematics in a broad spectrum of applications (Cheng, 2001;
Eric, 2009; Seebut, 2012).

Mathematical modeling could be defined as translating encountered problems into
mathematical forms by seeing mathematics as a tool for solving problems. In fact, all mathematical
concepts have roots in the real-world situations that could be translated into the mathematical
models in order to use appropriate mathematical methods to find solution for those problems and
classical mathematical modelling process can be showed as followed in Figure 1 (Ferri, 2017; Kang
and Noh, 2012; Lingefjard, 2012; Seebut, 2012).

Modeling Cycle

Evaluating Transfering

I_’ Problem Situation 41

Solution Mathematical Model

|

Mathematising

Mathematical Result
Interpreting

Figure 1. mathematical modeling cycle

The process of mathematical modeling consists of four main stages:

1. Observing a phenomenon, delineating the problem situation inherent in the
phenomenon, and discerning the important factors that affect the problem

2. Conjecturing the relationships among factors and interpreting them
mathematically to obtain a model for the phenomenon

3. Applying appropriate mathematical analysis to the model

4. Obtaining results and reinterpreting them in the context of the phenomenon
under study and drawing conclusions.

This process could be repeated until mathematical model is appropriate to make
prediction and conclusion of observed real world situations.

However, when contemplating the administration of mathematical model learning. The
original mathematical modeling cycle has been improved to facilitate the creation of mathematical
models by pupils (Blum, 2009; Ferri, 2017; Seebut, 2012). Figure 2 illustrates the mathematical

modeling cycle for classroom activities.
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Four modeling Stages

Figure 2. Mathematical Modeling Cycle for Classroom Activities

Understanding task
- Read the precisely and
imagine the situation
clearly

- Make a sketch

Establishing model

- Look for the data you
need. If necessary make
assumptions.

- Look for mathematical
relation

e

Explaining result

- Round off and link the
result to the task. If
necessary, go back to 1

- Write down your final
answer

Using mathematics

- Use appropriate
procedures

- Write down your
mathematical result

‘—

As seen in Figure 2, the mathematical modeling cycle for classroom activities is regarded
to be centered on the actions that students exhibit through the mathematical modeling process.
The circuit is analyzed in further depth and separated into six stages in which the behavior of the
mathematical modeling process may be characterized (Blum, 2009; Chan,2009; Ferri, 2017), with a
summary of the stages shown in Figure 3.

Six Modeling Stages

Satge 1 Stage 2
Understanding, Structuring Assuming, Formulating,

Simplifying, and and Mathematising

interpreting
Context
Stage 3
Revisiting the Modeling Interpreting Mathematical
Process Output
Stage 4

Communiacting and | S5 ‘7 Comparing, Critiquing,
Justifying y Validating

Figure 3. Mathematical modeling cycle with an emphasis on the behavior of students in

performing activities

For this study, a mathematical modeling exercise on the Pythagorean Theorem was created
for students to practice. The mathematical modeling cycle is then applied to the behavior of
students completing activities, using video recording of the students executing the mathematical
modeling task. The findings will indicate the effectiveness of a classroom where modeling activities
are employed to improve pupils. In addition, this research focus on the outcomes of learning about
the Pythagorean theorem in the context of learning management via mathematical modeling

exercises.

Designing Learning Activities
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Lesson plans for learning activities to provide fundamental information on mathematical
modeling, two learning activities employing two hours of practice time were prepared and are

presented in Table 1.

Tablel. Activities that provide essential knowledge about mathematical modeling

Lesson Plan No. Activity title amount of usage hours
1 Which store to purchase? 1
2 largest pig stall 1

Lesson plans for learning activities centered on mathematical modeling and the four
learning activities listed in Table 2 allocate four hours to all teaching activities. The generated lesson

plan for Mathyomsuksa 2 addresses the Pythagorean Theorem.

Table 2. Lesson plans for mathematical modeling-centered learning activities

Lesson Plan No. Activity title amount of usage hours
1 square puzzle 1
2 right triangle puzzle 1
3 half circle puzzle 1
4 Pythagorean Theorem 1

According to Table 3, there are two plans for operational learning activities. The time spent on all
instructional activities was two hours in order to evaluate the students' skills in the mathematical

modeling procedure via the collection of group activities.

Table 3. Activities using operational learning in mathematical modeling

Lesson Plan No. Activity title amount of usage hours
1 Rim Bueng Chicken Coop 1
2 your home my home 1

Research Methodology
Research objectives

To develop learning activities to support the process of mathematical modelling for grade
8 students in Pythagoras’ theorem and to assess student performance in the six stages of
mathematical modelling through these learning activities.
Participants

The sample are 36 students from Lukhamhanwarinchamlab school, Warinchamlab District,

the Secondary Education Office Service Area 29, Thailand, in the first academic year 2564. The
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sample was obtained using cluster random sampling and was divided into 12 classroom-based
cluster from a total student population of 510.
Tools

Research tools include 6 lesson plans about mathematical modelling activities on the
Pythagorean theorem and related pre-posttests multiple choice test, 4 options, 20 items.
Procedures

First, students were given by pretest, and then used the lesson plans for 36 students by
starting with activity to build background knowledge based on mathematical modeling process after
that used the Pythagoras’ theorem activities to promote students performing mathematical models,
and finally students would evaluated again by posttest.

Second, by using results from test, students would be grouped with mild, moderate as well
as the mix ability using. Data about group activities were collected using video record to illustrate
performing and interacting of students during doing mathematical modeling activities by focusing
phenomena on six modelling stages including with;

- Understanding, Structuring, Simplifying, and Interpreting Context

- Assuming, Formulating, and Mathematising

- Interpreting Mathematical Output

- Comparing, Critiquing, Validating

- Communicating and Justifying

- Revisiting the Modelling Process
Data analysis

Data from video record would be organized to illustrate students’ performance about the
modeling stages using protocol analysis and data from the pre-posttest would be analyzed using

pair-t-test statistics.

Results and Discussions

Mathematical model constructed by students would be presented to illustrate some
focusing phenomena on mathematical modeling based on modelling stages and then pair t-test
statistics would be presented.
Stagel: Understanding, Structuring, Simplifying, and Interpreting Context

Teacher: How to find out if the triangle is right-angled?

The student No. 1: measuring the angles.

The student No. 1, 2, and 3: to measure the angles within a triangle.

Teacher: let the students measure the width of lines in the 3 square shapes that form a
right-angled triangle.

Teacher: Ask the students how long it is after measuring the width of each side in a square
shape?

The first student: answers 9 centimeters

Teacher: How long it is after measuring each side in the square shape?

The student No.1: They all are equal.
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Teacher: Asks the question, what type of the square shape that consists of right-angled in
every angle?
Student No. 1: answers it’s the square shape?

Figure 4 depicts an image of the atmosphere created by what teachers and students discuss at
this stage.

Figure 4. Student performing in the modelling stage about understanding, structuring, simplifying,

and interpreting context in classroom

Stage2: Assuming, Formulating, and Mathematising
Teacher: Let students write the length of square shapes that measured.
Student No. 1, 2, 3, 4: Students write the length of square shapes that are measured.
Student No. 4: Set the square shapes to be right-angled triangle.
Student No. 3: Use ruler to measure the length of square shapes.
Student No. 1: Write text that shows how the length of each side in square shapes is long.

Figure 5 depicts the results of the teacher and students working together to create a mathematical
model at this stage.

Figure 5. Student working through the modelling stage about assuming, formulating, and

mathematising

Stage3: Interpreting Mathematical Output

Teacher: Ask, after everybody writes the length of each side in square shapes, what shape
it is after set of square shapes?

Students No. 1, 2, 3, and 4: It’s a right-angled triangle.

Teacher: What shape is on each sides of right-angled triangle?

avanslay Aoz Inemans uningragguasiveiil



296 | Journal of Science and Science Education Vol. 5 No. 2 (Jul - Dec 2022)

Students No. 1, 2, 3, and 4: They are square shapes.

Teacher: Let students draw what you understand on your paper.

Students No. 1, 2, 3, and 4: Draw on paper what you understand.
The results of the modeling process that have been produced up to this point are shown in Figure
6.

Figure 6. Student performing in mathematical modelling stage about interpreting mathematical
output

Staged: Comparing, Critiquing, Validating

Teacher: Let students take the picture to find out relation between square shapes and
right-angled triangle.

Students No. 1, 2, 3, and 4: take the picture to compare.

Teacher: Students try to find out square shapes area that are on the length of sides of right-
angled triangle.

Students No. 1, 2, 3, and 4: Calculate to find out square shapes area that is on the length
of sides in right-angled triangle.

Teacher: Ask what the relation of three-square shapes area is.

Students No. 1: One of square shapes area is equal double right-angled triangle.

Students No. 2: Calculation to find out relation of square shapes.

Students No. 3: To show how to calculate relation of square shapes.
Figure 7 depicts how the individual student works are analyzed, compared, and revised in order to

arrive at a group consensus, which is depicted as the work of two students.

Figure 7. Mathematical models from two students
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Stage5: Communicating and Justifying
Teacher: What do you conclude the relation of square shapes on right-angled triangle.
Students No. 1, 2, 3, and 4: write the conclusion on paper and discuss about each conclude.
Figure 8 provides a glimpse into the ambiance of the modeling carried out up to this point.

Figure 8. Student presenting, communicating, and justifying in mathematical models

Stageé6: Revisiting the Modelling Process

Teacher: If square shapes don’t give the length of sides and measurement instrument as
ruler, how will you use symbol?

Students No. 2: Using the AB C

Teacher: Then, how do you write relation of length of sides in square shapes?

Students No. 1: Answer, A power two is B power two plus C powers two.
Figure 9 depicts the outcomes that were reached after carrying out the mathematical modeling
processes up to this point.

Figure 9. Revising the modelling process if model is inappropriate

Pre-Test and Post-Test Scores
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Result from comparison of pretest and posttest by using paired sample t-test statistics
(Table 4). The test revealed that the post-test scores higher than pre-test score at statistically
significant level of 0.05.

Table 4. A comparison of academic achievement on the Pythagorean Theorem before and after

learning activities

Test Number of students mean S.D. df t
pretest 36 6.97 1.92 35 124.35%
posttest 36 14.81 1.99 - -

* Significant statistically at the .05 level

Scaffoldings Strategies for preplanning anticipate what obstacles students will face in the
mathematical modeling process has a great effect on encouraging students to achieve their goals
in mathematical modeling activities on the Pythagorean theorem. The design of mathematical
modeling activities in this research considers and operates in accordance with this principle.
Research has outlined the importance of Scaffolding strategies for success in promoting
mathematical modeling (Geiger et al., 2021; Greefrath and Vorholter 2016; Schukajlow et al., 2015).

Conclusions

Learning through mathematical modeling activities on Pythagoras’ theorem takes a lot of
benefit for students. Students are motivated to perform skills about constructing mathematical
models that their experiences can apply for solving problems in any area. Moreover, from
observations of students’ learning in Pythagoras’ theorem via developed activities, the result
revealed that these activities have a positive effect on students’ achievement. For educators who
are interested in using these findings to educate kids. Activities should be regarded contextually
suitable. Begin with exercises to prepare fundamental modeling knowledge, then prepare to know

about the subject, and lastly employ modeling activities on subject to grow pupils as required.
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Abstract

The objectives of this research were to study the results of research-based learning management,
and to study critical thinking skills through research-based learning in online classrooms of grade-10 students.
The target group of this research was 19 grade-10 students at Suratthani 2 School studying in the research
and knowledge formation course semester 1/2564 and the communication and presentation course in
semester 2/2564 obtained by purposive sampling. The research model was quasi-experimental research. The
research instruments included 1) the lesson plan for the research and knowledge formation course and the
communication and presentation course, 2) the critical thinking skill test, and 3) the research assessment
form. The statistics used in the data analysis were percentage, arithmetic mean, standard deviation, and t-
test. The results of learning management in research-based learning through online classrooms in the situation
of the Coronavirus 2019 epidemic showed that the students conducted a total of 4 research studies, in which
two studies were at a very good and the other two studies were at a good level. The results of the assessment
of critical thinking skills of students after research-based learning management was significantly higher than
that before the activity at the .05 level.
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aonunsalunsszuiaveshialalsun 2019 (COVID-19) vasUsemvuiiusznevandmnunsnssuluunsinenioyau
fiwg Yminasrugiond naud 3 en1sihaAsmdnnsldfuiadulada 19 (COVID-19) vesuszrmiluiinsiine
Aouen Svingarugiond uazngudl 4 auf Fauad uaswninssunisestiulain 19 vesiniFousedudu
Tseudnui 4 Tsadsugsugdond 2 el mvsuiunuitevesinGeuduisenfnu i 4 TssSeuasugsond 2

14 4 Ny USINHaRImITIeN 3

M19199 3 KA SUTTEIUAMAINIIIRY

ATz UANNTMAILATY
18n15UsLU o . o . o
ngun 1 | ngun 2 | ngun3 | ngun 4

1. sz‘qﬁmLLazmmé’]ﬁmaqﬁmmﬂﬁ%’mL'«m 4.67 4.67 4.67 4.67

2. Snguszasin1sAnwdaiau 5.00 5.00 5.00 5.00

3. ANNAgIUNMTILNABY 5.00 4.67 4.67 5.00

4. YBUWAYDINITAN YA AL 5.00 4.00 4.00 5.00

5. GeudwiilunisAinwladaau asudiu 5.00 4.00 3.67 5.00
6. lonansuazuidefiieatesinisssuanuduiug

sevelymAudsiidnwuiugy « >0 >33 >33 o7

7. sUnuumsidomangauuloidnw 5.00 5.00 5.00 5.00

8. SumouresnsvurumslunHfedaiau 5.00 5.00 5.00 4.67

9. ipfeafialunsiiununudeyamnzay 5.00 5.00 5.00 5.00

10. mavdenldadif/nmslinseideyagndes 5.00 5.00 5.00 5.00

11, Anavsnzasvesguiuuilithiaue 4.00 3.67 3.33 4.33

12. feaguresitbusiqanusvassine 5.00 4.33 5.00 5.00

MeanZsS.D. 4.8110.07 | 4.4710.22 | 4.4710.22 | 4.8610.20
wlana AuN A A fun
Meants.D. 4.6510.18
wlana fiun

e 3 wuheAdevesindsussdututsenfinndi 4 Aldemiiimmndiuou 4 Fos Tnenme
nan1sUszifiununnauAseeglussAufunn (mean = 4.65) ilefinnsanusazaddonuit faeuAsednau 2 Bes
finan1sussiiiuegluseaudunn fe mydndulaidendaiagu COVID 19 vessenvuluundineniyaudug Jmin
431895574 (mean = 4.81) uaz Aud siauad uazngAnssunistostulaia 19 vesiniFeuduisondnu i 4
TsaBsugaug$onil 2 (mean = 4.86) wazdladdeduou 2 Fednansusziiuegluszdvd
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Aanssunmsilatuissusoulall
(Online Open Class)

Aanssudunwalldednuuueaulay Aanssudun waldeanwuueaulall

M 1 fegnsdananssumsieudiuulasenuguide iuresisussulanluniasewn 1 myasiuiidunivel
dednnawuveeulatavesulyd uarnisulavenanwITevesinseuluniaieun 2
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Aoull 2 HannsANYINYENsARBE1ETiaN sy IAUNIs AN SR EuSuUUTATIUg AT BRuTR Y
saulavvasinGussiutusissafnudil 4 TsaSeugaugiond 2

nansiIsulfisunzuuuladsresnsanog1siinsugaumdazisunisianisGouuuulassugide
iuvssdeuseulat Ingldnsdnfanssunaentinisfine 2564 uazldldisosdiowSeudisunisdneseiiinnsanio
n¥u3unaznouou Usenouluie 5 fu 25 4o Iddeyausng mnseil 4 fail

M19199 4 KansiSeuisun1sAneg il NsU M aEiauNIIRNISS U IUUlATIUEIWITY (Research-
Based Learning : RBL)

MUY AZLUY
LUUNAEU v o = mean S.D. t - test Sig.
uniseuy LAY
PN YUY 19 25 17.58 243 7.18* .000
AouLSEY 19 25 13.89 1.63

o w a o

*flo fifuddyneadnissau .05
N7 4 W1 MsAnegsiinsugamdaisusasieuFoussdamaFoudiuulassnugiideves
Tnideusyiutuisendnwild 4 Snstnegndiinsagiudewsou Aedoavadn Wi 13.89 Adnudenuy
ATy AR 1.63 wagnisAnegnaiRansugnuvdadu Anadsiauadaviniy 17.58 Amdudetuunnsgiu
Ay 2.43 WeFsufisumanuuanieesaiadevenisinegnsdRnsuyamdaiouginineuisusg1el
Teddaymneadisesu .05

= -:4 = a | aa v o i o a o a o
M990 5 L‘lJi‘c’J‘ULVI‘EJUﬂ’]'ﬁﬂma‘EJ’NiJ’JmimzyﬂmiﬂEJmu%aﬂLLazﬂauﬂ’137\]ﬂﬂWiL‘iEJugLLUUIﬂNmugm’JQEJ (RBL)

o ALRRY
n13ANBYNEIATUY I — o~
nausyu LGSEE!
Auil 1 anuanunsalunisssulam 1.84 2.68
AU 2 AHENNNTOLUNTIITAN R oTa T aLARAY N TALNA 3.42 4.37
AUl 3 Anuanunsalunsguile 2.79 3.89
AUl 4 AuEnunsalunsisle 1.95 2.68
AUl 5 Anuanunsalunisseydennalowiu 3.84 4.05

1NN 5 w1 mIAnegeiRnsugandusssundassusasiousousedanisiSoudiuulaseny
§1U33 vesiinFoussiutuisenfinm i 4 wudfidouiinisheiansugn v 5 dw i dud 1 arwaansely
nsszydlagnn fudl 2 mnuanansalunisiansaneuidedievesteyauaznisdann fufl 3 mnuanansalunis
guifs il 4 Arwanunsalunisdisds wagdudl 5 anuannsolumsssytennandesiu feadonisinedisd
TTUIUTRATIUgINIINeUTEY

aiUsena
wammmﬂmiauﬂwuimmummaamﬂmaqLﬁauaauiaumamLaﬁumﬂwvmsmamqmmsmmmmm
tni3sussdutuisonfnudf 4 lsaFougsegiond 2 §ifeldusnnseiusedulssidusing 4 anudidu il
Luan13danisifeusuuulaseuguiden wieuiouoaulat lagAnsunudnanIsUssid unnmn
nuIjgegluszauduin 1'7imamﬁﬁmﬂmﬂuﬁﬁaﬂmmﬂmifﬁmmiL%EJu%:LLUUImN”uugw%éYEJ \Husuiiinain
ns@nwdunhitnisuAnuasinegnsdasslulsuifuiinuesala Tnodndsuausanausun svihauldegdl
UszdnBam Budausinisidenitide nsmausu n1sidsusisnu srensunisiiaussuide Tneyndunouass
fdsmnuazasiivinuguastdlnddn aoslidduugauatadunuifedeaenndesiudindives Khumraksa
(2021) fiaNsTUN1TIANTSBUNTTABUKUY RBL AwvilgiSeulasunmsimunvineenssuiun1smadngimans vinue
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nslidelunsumanaug uaziinuemsfnsedugediiumsdniansnsoaiisosdnnulmiviedodunultuin
Sudunsamgdinisdnedafiveua Anedaiinnsugin wazdnegnaiuiangsy venandtniieuanse
tiausauddsuinidan Ineldnwnlunisdearsesuislaseaiieanisiaiiidedaiou uaznoudednamieiu
swazdeanssuiunisdnihauiseliduegied fanudurilunanuvesauesiitisiu favidsralinunmues
sATeegluseiuiun Feaenadesiu Phoodok et al. (2019) Afnw13es MswamzULUUASIANSSEuZUUY
Tasanuuuguide weafaasumsanedeiinsugavesinSoussduduisouAnwinoudu nansidonuia
NadugnSsN1si3sugenineuFoustnaiiuddymaaiatisziu 05 uazaenadesiu Phakhaphamongkholchai
and Sirisamphan (2018) ynnsAnwFosnsiaminue msdneg oy e lasvgmansumann e
fan1siFeuslaslinisitodugruresinieuduiisonfnudi 5 nan1s3sewudn nadugninisnisFoudes
\swgmaniimnia vesiinFoussiutuisoufinudil 5 ndudeusemstansSeusiaglimaidoduguganieu
Seueghaditudfyneadnisedu 05

2. nan1sAnwIvinwen1sAnegilTUgNMsIaNMItusLuulassugAdeuiessueeulal inns
Aneg1aiinsugyunouieu Alademindu 13.89 Ardrudeuuuninggiu TAwiifu 1.63 waznisAnediad
Asugamdadeu auedewiiu 17.58 mdudenuunesgiu fawiiu 2.43 dewFsuiisudanuuansises
@hLa?{aﬂuaﬂmsﬁmaamﬁ%mimmmmé’qFsauqaﬂd’]ﬂ'auL%'EJuaéwqﬁﬁaé’wﬁmmaaﬁaﬁizﬁu 05 Mfuuiidewnan
nsdnmadeufuuulasauguideduinssumaisunsaoufidaadunataeli Fouansoimunis aduge
Tnoduasulifnnszuiunsdnegnadussuududnmsinsey duasest faduladomang naeaaunisuspidiuwun
nansuAledgnieng 9 ﬁamauﬁwmmﬁﬁmuﬁmEJNL‘f]u%u’umauﬁmm%mLﬁ]uﬁaEmiiﬂsﬁmmmﬂq%ﬁ%’ammfﬁa
Tusednsdniau Faaenndasiiu Phakhaphamongkholchai and Sirisamphan (2018) fidnwnsWauinwensan
pg9TiNsuY I 304 Lasugaansuvane é’h8mﬁmmiﬁauiﬁmai%ﬂwﬁﬁfalﬂugmmanﬁﬂSau%’uﬁﬁ*&mﬁﬂmﬂﬁ 5
KamFiTenuivinugnsinegaifnsuguvesinFoussiuduiseninu i 5 niaSeutenisiansSoudlneld
mAfeduguginineuSeusgsidud dymsaiaisziu 05 wazaenndasiu Phoodok et al. (2019) léAnwinis
fimusUuuunsdaniafeuduvulassnuuuguide easuaiunsdneiediinsuyavesindsussdudy
foeufnunousu wui uﬂLﬁauumsﬂmamammammmmﬂm{lfnsmmumiammsLiaml,wuimmuuu%maa
dioasraiesunshnogaiinsungavestniFoussiufutsesdnunousiy Imamwmuaﬂuivmma

JDLEAUBLUZIINNITIVY

NNHANITBE0s nan1sdansBuiuuulassnugddsihuriesSeusoulatiiieduaiuinuennsaneeng
f3913ma0 vosinFoussduduilsondnudil 4 lsadougsugiond 2 {ideddodunviasdoiauouuy &
swanBenaduioluil

daiauauuzdmiunmsinluly

1. agdaoumsiaruiiunmsiamaioulaslassugiuitoduodei wasndeufinstuuglianuiud
tnSeuliluegned

2. neulitinBeuwinidy asgaeunslrimnufifsiundnmuasindsmmeuilassnugiAdountniGou
rou uielvitniFeudnlanazanansavhaulfedaliuszavsam

3. msdanmaFeulaelasanugiddeduiesedsseznatlunsinifedeudiann dududasuasda
msunalimngan wasdnaflazaesguativuglisuinyinaeanan

Foruauurlun1ideneioly

1. msinmdueatunsiansGouilnglassougmiddelulilumsiamumadugrmmamsiousasinyy
Turmssudl 21 Wy Fnueiunisasasswaruinnssy invenisuitymewian Wusu

2. mstimsATeiRnfumsianssouiiaslasanuguidelvldsudugiioumsinnisseuddu 9 wu ms
Seuduuudidausau (Participatory Leaming : PL) 18usiu

3. matansdeulnelasanugnidde asliiouldaiui waelinsufoise aetilifiFouAninuens
Heleaniwiesseuseulall
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AnAnTIuUITENA

VUBUNTEAN 8137158 A3.AURYTAN Andayas 81adRnrNYvemanslazdInumans I Ing1ae vy
a0 $51d warunedyund lvedund dnddediungns anrtulneaddn uninendessaumans Alviaanu
ouasgiiiufidsrmglunislianug saensunsiaaeuuivuyudlegidusenunisidevesinFoussdudu
freudnwi 4 TsaFeuasugiond 2 Huogege
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Unangs

msdanaEeuiysannisaeaunsn (nfusion) lasldnszuiunaseuguuuduaesmang Junszuauns
Soudnilifianunsnaenunsniondu q ddaruduiusiu aansoialEldnaluivinemand mmﬂuumwum
Tonal#dann vnass uaragUnafeaiuAamainemanuas Ui segndliluiinUss s uldfenues fadu
Tuunanuifsldinauafoisuumnisinnisdeudysannms aeaunsnlnglinszuiunsSeuduvuduiasm
anf 309 mididssmaduareeninnisad dwsuinFeutuieninui 1 Tasnssviunsduazmaruing
Ineenansluroaiou Usznaudie 5 Jumeu muuumees Llewelly (2005) 1dud 1) Fuadrsauala 2) duns
drsrauardum 3) fun1seSunsuazastoasy 4) Funsveneranud uag 5) tunisUsediuna dufanssy ‘9B
e Wnglddmuselud (1) T9Behiinmeilumuiemaniamuesdauduunnstusentunioll 2
arudutugnandeadilululdlfesidls (3) ftadeladreividliladulduit @ Sesnsliladeahidvies
vesaunsavhlsognsls lvdnmsleths uas (5) euemaiaviosmsiinald 9nguuvuvesianssudumside
TenalsinSouiidrusinlunsdaune Fudu srumudoya iausiufuduiin Ujdanismeass ielsiiniSeu
annsaesuiuazidoulesdailiainnsSouiudiiauonannisisousedsdivananandngiudaUsine uas
f\]’]ﬂﬂf\]ﬂﬁmmif\]ﬂﬂ’lﬂi‘auif\]“"U’JEJI‘MUHL‘iEJuleﬂIﬁmiuU’Juﬂ”liLL‘Wi“ﬂaﬂﬁ’lim’m%‘uf\ﬂﬂﬂ’]ﬂﬂaﬂmﬁ)ﬂgumLLa AUNY
AMreufEAUDs uenaninszuIunMsaumsmausSaliinGeuininueisndulummssui 21 1wy Vinwenns
doans msaumanazn1siiviude nsvihauswiuduiiy fsesdulselovidmivasiaeulunisiuuimisnis
Fan1sFeuiysannisaeaunsnlaglinssuaunsSeuduuudumsmanad iFes msdudesansiiiuazesnannivad
luusggndldlunisdnnisiseunisaeuluresieunseaiunsadnluusuldlunisdnnisiseunsaounislsd anunisal
nsunssznavendelifalalsun 2019 iewmuninGeusiely
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Abstract

Infused integrated learning management by using inquiry method is a learning technique that entails
interlacing related concepts by employing a learning approach to seek knowledge. It can be used effectively
in a science subject. Students can observe, experiment, and form conclusions about scientific ideas, which
they can then apply in real life. This article shows an example of infused integrated learning management by
using an inquiry method entitled “cell transportation” for grade 7 students. The process of scientific inquiry
in this classroom according to Llewelly (2005) consists of 1) engagement, 2) exploration, 3) explanation, 4)
elaboration, and 5) evaluation through the “golden century eggs” activity. The questions are as follows: 1)
Are the darkness and saltiness of each century eggs sold in markets different? (2) How does the saltiness get
into the eggs? (3) Which factors influence the saltiness of the eggs? (4) How do you make the century eggs
golden yellow? and (5) Explain what techniques you use. In this exercise, students will be able to participate
in observation, research, information gathering, teamwork, and experimentation, allowing them to explain
and link what they have learned and present the discoveries of their learning rationally based on empirical
data. This learning activity will also help students gain a better understanding of the diffusion process by
allowing them to complete the work and discover the answer on their own. In addition, the process of
pursuing knowledge equips students with the abilities they will require in the 21° century. Some examples
of the skills are communication skills, information and media literacy, and teamwork. This will be useful for
teachers to implement an infused integrated learning management by using an inquiry method entitled “cell
transportation” for grade 7 students that can be applied in teaching management in the classroom or can be

applied under the Covid-19 situation to further develop students.

Keywords: Infused integration, inquiry method, cell transportation, diffusion, golden century eggs
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unin

TutlgduanuaiyimimanaluladinnsdsuudadduegnaiiisdmalfiAnnisivasunlag
mafAETInvesmywd masuteyatiiaseing q Aunsnszaisluogini falldvswadensimuusmaily
fulaswgia deauuazausssu malesnsunases uazmsinu dnifeudadunvuiiegviunatsdaaniidns
Wasuuasil azdesdimmuiiviifunseiavesnisivdsuidas uazagluunumiviuihillunsdanisdounisaou fos
ﬁ@umﬁfﬂL%'auiﬁﬁﬁﬂwsﬁwm1zauf"fuqaaﬂaﬁﬁmuﬂﬁwuﬂmmaawnm (Office of the Education Council, 2017;
Noppakornsettakul, 2018) sl Panich (2012) ﬂéﬂ?ﬁﬂﬂgﬁaﬂﬂ%uL‘Ua‘lEJUEULLUU?J%‘ﬂWiaauLLUULaEJ 9 ﬁﬂaaﬂaummi
TrifuinGeudissodadien liduagidugiin (Coach) viagdunsnnuasminlunsiBeus (Leaming facilitator) A3
FeadsuidmnemsiseuivesinounniubouivideldanuslilugnsiauninuediddnyseTinlugelvsl
vidogarnTTuRl 21

nsdansBeufifiofauvinugdmsuinGeuluamssui 21 WunmsiansBouiidedinGoulfiGsuuas
Ansinwefinarnraieriunisdeunisaeulasnisasilor (Leaming by doing) niai3euwuy Active Learning 1ng
ﬂgﬁaaumuumLﬂuuﬂaamLUUﬂa}ﬂﬁmmwui iislidniSeulsfindinusuasBuduiinuesng q dufanssuidaou
oty st duTBmafiasteugnildiinEousinuamanaruifenuies LLauﬂa‘Lmﬂmmmmat.wugmaammm
nszvuMsianIadanisdeunsaouluziuusig q swdinisdanisdoudiuuysanmsde shlfansadds
Awg anmidnle Wnwzuazyszaunisaleing 4 vesdniFou srelidniFoudiaminisigean dsaonndosiu
WL IYUYEANIIANBILNIVIR .01, 2542 ﬁléﬂﬁmmé’]ﬁzyﬁ’uﬁﬂL%‘auu,azmﬁmﬂ15L%'auiﬁmmﬁumiaauuwuﬁm
N3 Bamsdeuuuuysannstuotiulemnuddiadumng aunim wasn1sysaNnIIINANLINEAITEILS
av18iv fetuaniufnu A3 waryaansenIsAnudsasliauddyesnads lunisdaninFeuduuuysanns
FaasiuldnndedugRnuming 23 Msdanisine sennsAnelussuu MsAneiuensyuy war MsAnwIA
Soendte doaunrudiAnyiirnug aassy nsrUIUNEREUS LALNITYIAINTT ATNANLITLNE LTI TE A
3w (Tachoochat and Biasiri, 2020)

nsdamsiseudmsinsdanisSeudmeituasnszuiunmsiivainuans Fengdaousesiiefeszdumnui
Awannsa adtyy anuaule BasiFous udsiauinmisusmevesinGou uazdu o A5udy sethilu
nsdanadeuiansldsuuuuuasiinsiidulfdn Souldadioufoaess uanieulsniemneinliaenndes
naunauiuielfinSouAainuens3oudteguuuunsdanisieuiuvuysannisdunisinnisiseuiisinig
Lé?iauimLﬁamm’m%ﬁLﬁ‘wﬁaaﬁumam%mq o VAUV lu"mvLﬂumiLs?fauimﬂamﬂ’;m%‘lus’w%mLﬁmﬁu %30
#9318 L‘WﬁﬂwuﬂLﬁaummmmquﬂ,aamaLﬂuivwLLavLﬂmmsmaammaqwqmﬂﬁm ansaanug inwe
uaz \endluaien uidymuasliluiiassdriulidenues (Umudee, 2016) isiimsdanaiGeuguuuysn
nstliinGeumeatulssloninasaumvesdeidouluuarannsaiilussgndldldenegnies dufumsdants
BounsaeuismsitunsysanniswasmnalinafBstumsdinimdngasysaunmaniemienisBeuduuuysan
n15%18 (Dechakhup, 2014) Msdanisi3auiysannisivainmateguuuy Junuuiiagiaeuanunsaludssgnduas
Uiuldludueuldiede mefamadounisasuysannisuuudeninsn (nfusion Instruction) WunisdanisSeus
ImﬂimaaummumuummwummLiaﬂmaaammiﬂLuammsuau 7 lmanfuidedosdeassiinuatumn il
uﬂLiaulé’ﬂ,wwuﬂiymuﬂmiwﬂ‘uLLa'NmﬂmmeuLmummuammimmmm (Suthasinobon, 2002 : Udom,
2005) miaauysmmmwaamLmiﬂmmmwﬂéﬁm 1. identisedlasiiuliaenndesiudines 2. Waunsaies
Tmnzaniuinguszasduazamififesnsasliifnfuiniouaenndesiunailunisaou 3. szynineinsiidioants
Tnodrdefedenfegluviosiu miteuazuszvin 4. WaurAanssunisiiounsasutazdiiufanssunuiongly 5.
Usgifiupnuinvitvesiniiey (Chinnawong 819841 Suthasinobon, 2002)

msdansiFeuiuvduianzmamg (inquiry-based leaming) WunszuumsinnsBouiiiuiniFeudy
dfey fRanssudinsedu duadulvidnSouimunnszuiunsan suannsafuaimmenuiuazainsesdanusldse
puies Tnsendevinugnszuiunsmanenmansiasiinmsmadneimans nefagduifuusiums uazd sy

avanliuntdniSeu (Taweeboot, 2017) 9i 5 Tunounsil 1) Juairanuaula (Engagement) tun1suidng

Y

uniseu Jeonaintuesninanuade anvaulavestnSeu vieadasuluiinszdunioaueussiiuiiasfinm

Junneu 2) Tun1sdrsrakazAuni (Exploration) ludufiniSeuazfodin15919uNY A1RUALLINIINISE159
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n379d0V ARy dvusmadenfiiululd asleufthileiiunusadeya Jeauma vieumngnsaling q 3)
funsesunsuazastieas (Explanation) dnGeuihdeyailléuntinest ulana asuna uaztiauonailalugusine
Wleaguanudaniu 4) funisvenesanug (Elaboration) iunsthanusiladatuludeslssiuauiiou ielv
fi3sumunsofefiansan lesasyedaiivena wednaulauazinlutsegndldluiinuseiiu 5) Sunisussidiuse
(Evaluation) tunsUseifiunisiBeuisneianssunazuuunaasy iedszifiunaindndeuiiniudeslsthe egls
uazanntfesifiosla (BSCS, 2006) Mndumeumsinmaidouiuvuduimemanudiandliiuindunadatlenaly
tnidouldfidusulumadsudifetmuauanudlaludenmeinemansauglufuinee nssuaunisig g
Institute for the Promotion of Teaching Science and Technology, (2017) Wongsriphuak (2020) ladnfianssunis
SeuFuuvduazmanuituiunsiteuiiuusudenuifanssuneduatulvdnSeuinusmiu Suaveuse
N uaganunsaauineen1sieunguld Polnak, et al. (2020) wudnsSeuiwuvduasmALIanTaNmu
wadugvEnenIsiTouinermans n1sAndinsed msudtamn waziniFeuiianadiifionisizeus Tingsa et al
(2018) wunsdnfvnssunseuiuuvduiasnaunaiuiunisianisseuilnelddynilugwin iinGeud
wadugyEansFeundaFeuganinneuseunasianuamsalunsuidamann Sopa (2018) wuinnisians
Boufinemanslasldnsduiagmanag 5 fukaziny asnsafmusedugvsnamaiou anuasalunisin
AAs1ght wazauianelasenisdnmaidouivesiniFou uenani Taweeboot (2017) IfdaRanssunisiFouiuuy
duagmanusduiansiiin wuirdanssunisdanindeuidieiaufdouludunadugrdnianisiou
arwansalunisiediesed uazanufieneladenisdnnisoufifiuundy Noiwong (2021) l¢¥aiansunis
BoufuvuduapmanuiidemedueignduiweindiniutnSeu ningnanintvssiuduisendnuinoulats
wui msdnnsFeuitelitniseulinnuianudile fieinemans vrveididulunsissinlummssui 21

mMsaidssansiwaresnainigas Wunsvuiumsiidfguavannsanuldludiausedriulaedly anwnse
thanUfudszgndlflfmnzantunismsdin defuanduduaiunsaouinermansuasmalulad (@am.) s
Uiif\gm‘famﬁ'aﬂmiéﬂLﬁmmivﬁmazaaﬂmﬂmiaa“l,wé’ﬂqmﬁLLﬂuﬂawaﬂwiﬁﬂww%uﬂﬁugwu WnsAN1v 2551 (AUU
Usuus w.a. 2560) sedutudsondnu® 1 luseduinemanstugiu arsed 1 nemanstaniw wnasgu
7 1.2 vilaauiRvesdalidin mhefiugiuvesdadiiin nsdidesensduavoonainead anuduiusveddaseaing
wagnthilvededoazdn 9 vesdinazuyudivhaudiiusiu anuduiudvedlassairsuazmihiivesefoizina 4
yosfifivinerudiiudity sauaianusluldusslond fd¥e 1.1/5 odurenssurumaunsuazniseealudasin
NANFIUTIUIEINY wazendiogenisunsuazeealudadludinussd13u (nstitute for the Promotion of Teaching
Science and Technology, 2017) lusa @ 3aiii emfiarunsaviunldlunisdanisiounisaeudidenndesiv
sz iu wu mauadnlud nmeviladu meviiladesh Wudu Wdeddundadasiannsouesemsesig
wile Insadulunanihlodeuniusnelngizsnseeafuluanedusis (vanmontree, 2016) imqauﬁﬁﬂﬁtﬁm
anmgans Lty A Yurn ledeunsveiun Tndedlelnsouansueiun sindoulidumsaransdanausvim
wazinde uwdilvlunesienenty Uszanu 30-60 Yu ansidusnwdotisnsazdes q furusngudn q veuuden
Todludnslu vilildvauag ldunafnanisasuulas Inglusululduniuagldunsaziinnsivdeuanm naneidu
voaudendne q fu uazmaiutmagyililiewduitine (Sujart et al, 2014) Ssanansoysanisaonunn
asEnsBouinsNue N a3zl 2 MsonTn wnsgiu ¢ 2.1 1ila IinueAdudu Sussaunsel Wiuwumaduny
013w lnelulaBiftetanondn fausssy uazilanadfinvoatin fiin u.1/2 fasaffiironisuszneverdnuas
i im .13 WinANUEAYYeInsas19enla (Office of the Basic Education Commission, 2008)

nANNEAY T FlleuIaaiiausuuinisianisiteudysannisaeaunsniaglinsruiunsiseuiuuy
Auianzmnanud 3es nadudssadiuaresninead dmsutnidoussiutuiseunuti 1 Tnewdulvinidould
nsTUILMIAUINEANNITIneeansTunsruARe U s TRfmenues fedstiiudnaiin “lNide
ihinaneilumafiesmarniidsuasiamuduunndistusenluvielsl uazanudutugnadoadlululals
og11ls fiadelatheaivihlsiludulsivindu whiinGeuasyililuidoihifndemesiniFouazvhoeisls”
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naUszasn
WalgwnsNanTIuNsIAN1sSeusy s saenaunsningldnssuiunsSeuiuuuduEIzmANg (589 113
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Useloniiléisu

astioulussiudusisn@nu i 1 amsathuuminmsdansGeudysannisasaunsniaglinszuaums
Boufuvuduiazmanud Fea msdudssansiiiuazeenainwad luszgndldlunisiafenssumsisoudifierian
tniFeuidluioadsuionislfaounisainisunsszuinvedelifalalsu 2019 uasihludesonlunisideludu

Seusiolule

v L= ! 14
LL‘L!'JVI']\‘]ﬂ'ﬁi]ﬂﬁi]ﬂiﬁﬂﬂqﬂiﬁlug
WWINNMIIANITREUTYSAIMTaaunsniaglinszuIunsSsuiiuvduEenIAINg 501 Nsaldesans
WikazeanNLas dmsuinSeutuiiseudnudn 1 lnadafanssy 3 ilus leedan gunsalitldlunisdnnig
= Yo - = a 1% - i
Souddwandunmi 1 uaganunsafnulufanssuld lasaunu QR Code Tunmil 1 yua1awmn

Aenm oy Yusn

L

wnfialeen Umned

' 4 awv ) . .
v L"'.L):L"V"A'IJ‘:E‘.J (Hot plate) Vs

A 1 Jaquargunsallunisdnnisiseusysannisaenunsn
Tngldnszuiunisieuiuuvduasmanug (589 Msaifessidiiareanannad

fupoulunsdaniadousddl 5 Funeu muuumees Liewelly (2005) fail
1. tua¥rearuaula Engagement) Wuduilagiosadsmuanla wivosniesnilifuiinigoudonsli

tini3ougInvies Fos msundvesiteiuiin udnseduiinFoulagldsnwselud

- vl eudunaiuezlstng

- pdsanilddeiuivasdluiiAnniadeunasosdlss

- dngviufssimsindeuiinnuinalalugainaile
mntuagiagunnlddeuihlitnGsudunaudingnasduiinSoulneldmaunasdmuaUssiuiazing
Safuedl
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a1 2 Wdengi

~ Aefidtulunmit 2 Sendievls (Wdeadh)
Tniseuessulsemulddesivioll (ae/line)

~aBeaihfisavfeddls (saiv)

_ dnideudninsadlulideasiiietuldednils (hdsuseumunudlevesinGew)

- aearhitiniSeudiuiideslstne @nideuneunudiiinSeudanele)

- WiSsueenlilaiduididderlsthe (niSeuneudsig 9)

- grdpansTileBeaifidmdemesannsarhldegnsls axldndnnnslalunisesuiensiilile
Beadhiidndemes (iSemauouuIniswng 1)

MnduagdeulssmuadoitanuiuwerdvedaiByuhiiatu sukeisnismahladeathinhegls
wazvhegnalslidudndemes gmsviAanssulluidesimead

Sudrsruazdum (Exploration) iudufingasfesduasuliingeudimauasfumdnousautuie
oSUIUTINgMIaling q MemIasdeufoRsenuies wu Fufu duna vaaes vieaiuuudaes et
vangIudsuszanteng  snedueunngmisaifiauls Tasagaesduna IidinwuasduuzthuatinGou
felufansauiinginioutan uazgunanining q Ti3sufenuda el Seuniangy nduay 3-4 Au dum
FoyaiReriunsdidesesansiiuazeeninnivad uduiindeyailimieuduuvasdeyaiduduuditudin
aslulutufinnanisaudu ndmniusdueduseluussdudelul

- ASPUAUMSUNTTINETeElS (mim?{au‘ﬁ'mmmimﬂu%nmﬁﬁmmLﬁﬁm’fusuaaaﬁmnlﬂgiu%nmﬁ
R L LN NG REDRR)

IiniSeusndeginisunsueans (Inidsunsumuanudnfiuvesingeu Inewudmeu dei
Msunsvesd msunsvenndelumsvilaiiy nsdutiiniaadiunud nsflensEansveInau
Yhvieu nsAANUENTUES Msuwtdunalsl wioudlusinsgaguysnee Jusi)

?J’]ﬂu‘HﬂiL‘Uaiﬂﬁldﬂ@ﬂLLV]iﬂmSWlVL‘ZJLEJEJ’JiﬂﬂULS’eNﬂi“‘U’J‘LlﬂﬁLLWi Imsﬂ,‘muﬂLiammavﬂauammauami‘m
VL‘ULEJEJ’J@J’] waginauenansiuiuteyanisvinludendh nedagdudaosuuzi waqmﬂuuﬂﬂmumiau
Anwlufanssufiaguaniyt wirniuiuiuedvrelulssiuiels

- tFsuAninfenssuliiBeasmesdniniioosls fgaUszasdozls (1. iiedana wazeduionis
wnsvenndeuardvesmandlesluldiBeadils 2. WiewSeuiieunnuuansvedluibendiid
msifundeuazaendnesls 3. Lﬁ@1ﬁ§3§ﬂ15LLﬁ%ﬁ’]ﬁﬂ'ﬁaﬁ’ﬂ“U‘Lgﬂiﬁﬂwaﬂﬁﬂlﬁ)

- %aq - qunsaifterlsthe (dn rendles indotu Yurm waddea diidr wiesds dam
v19 Sruned insedlianuden (Hot plate) vunau Fou vinlnauda)

- ﬁﬂL%Eju%é?aaumagmmmﬁaﬂiiuﬁdwasmii (1. Sranududuvenndoinasontsunssafule
Benihiudluansazanefidanuiuannnigiilldeihdsanfidiuann 2. dranududu
vasdvawnendrlosiinasenisunssaiuliideihfiutluan sazanefiiaududuvesdvemen
fresinazvi b ddvdea)

_fhudsduresnisianssumsneassiiaeeyls (rrududuvennde way audududvenen

ANBE)

- fhudsmuvesianssumavnaesiifioerls (Msunsveaneuardvesnondidos)

- fuvsfidesmuauueianssumvaaesifonsls (Uimani wnfdlen Yuw Suulade
thwinedlaida sroznatlunisu)

avanslag maizIneImans unInenaeguasIveIil



328 | Journal of Science and Science Education Vol. 5 No. 2 (Jul - Dec 2022)

- asodunstumsumhianssunmavnaesesauduneu (gnsf 1 (@aseuau) nFsuasazane
iundelasazansinda 100 n3u Tuth 1,000 gnuiafieufiuns Auruazats vdINSuRIY
917 150 N5y waztunislenn 150 n3u dludulngeu Wunan 15 wiil udunaduvinluaud
sinfislilvidy anduthlddefigaeiguuandeliareraudaihduadurelvauia widar
Tvtatin Wuszoznan 25 Ju gsil 2 (@rsvaass InelfisSinaunde) iade « fugasil 1 usith
Adurlalifldinde 150 nu i liidaiidemeihsuiasndaliaveaudihiuadurialye
ui udarnlotadn Wuszazina 25 Fu gnsil 3 (@aveass Inoidudvesnondlen) sindne
q fugesit 1 uibildurlaliléidunendneslngldnonddos 50 n3u anthuilddedténg
Fethguuandliazernudnihduadurnlauty wileehliain Dusvezina 25 fu gesd
4 (gnsvanes Tneiiudvesnondios) vhade 4 fugnsil 1 udldnendeos 10 ndu arntuthle
dafidseihguuasdaliazoraudaihivadluraelnauts wiiadilfain Wussezna 25
Fu dlensu 25 Nulvithladeasiildiudndiazenn Waliuis dlddeihuddunnd was
ALAY waITUTinNaNINAae)

- fhifhFeusuiufonhmameaesiithuiingeu Wesmnanumsainsundssueeaielialals
w1 2019 tnseuazidanldaunsallanaunuladng (tidanwan 1,500 Hadans $1uu 1 999
nawnunsldSninesuienszuenma Waufauwnunisldiadeddiaudeu (Hot plate) Minde
Uugadnvunn 70 n3u Tnglugnsil 1uay 3 Mindetugudnusyann 2 s gsd 2 Mindedugs
nuszanu 3 ga MlurvdefvilidmdesSeddumaununislinendles Tunsaifilifiniests
Yurmuaznunislen Wildnsmadudeulfvununisds Tngldlugnsis 3 gasuiiuld 15 dou
[EEN )

- thFewhmsvesosmuduneuildsrylluluAenssy wioutuiinuanisvaaes uaznoua
YnNeNINAaDY

aslimuuzdniadnsardoseislunisly wsediniuiou (hot plate) uargunsalsing q antulviiniSey

'
a

auliun1syiAanssunuiseylilulufanssy Inglusenitenisifanssuagudaunanisvifianssuves
fniFeuiielffuugdmnifndefionainlurugyhianssy muiaidoyadiasesuiulsuasudluanld
Usgneulunisedusenaaiianssy
3. %ua%mauaxm%’aagﬂ (Explanation) iHuduildaasuliiinousiursnufnsivsenndonuafinnng
WeeanmeAAveIlniTeueINaNgIUBwsEAINYMEIMANA d1u1TaSEuLigy AT wiana
wavastoaguld lufanssuidnigeulddunutn nisundvesans Ae nmaadeuiivesansarnuin aiidanny
duturesarsuinluguinaiienududuresarstes Tufanssuiiniouasdosamsaosuiouas
nfegenszuunsuniinuelutinussdriuld FednFeuldviiAanssuldibeaimesd Tagluns
naaosdinsUSeuifisumnuduiuveande wasdvawendesild ndsanivihianssunismaassiniFou
Iidununazansnesunelein (1) mnududuvesndefimafurililddehiissdunudusieiu e
WuduvesndeneuenluiininnitneluledwvihliAnnisunsveanieanaeuenlaviluneluly uas (2)
mnsdutuvesivosnendlesiisnsiuilildeuhiidieiu anududuvesdvosmendresanaiouen
lefimnnninmeluledailiinnisunsvesdnenddosarnaeuenlidilunngluly
a. tuvwreard (Elaboration) HudunistatanssunmadeunisaeuiidnasulitnSeuiasitnGould
Bousludszgndliluiindsedrtu anfenssudaglitniSouthanudfaguldanianssuldidenlseiy
FesuremeinemansisnslviiniFeuduiudeyaiuifuanunaai susiindediold venaningonald
MonnfionszduliiiniGoundenlesdsiliFous 1wu
- enfanssulideimesd dhiFeuasinluuiuussgndluiinussariuldodnslstne hmdnnis
nsrvauMIunsvesasluuulflunisouenomsviindu 1y nevialain nsuddu nsmes
919119)
- idesnstilaiBerhiidduaninsarildedls (aunsavilalaensldfvilideingu wu &7
nluine Fisandnydu Funanaennssdeu Fdumnugay Hus)
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- iBedhiviiadandannsailldresensdilsldthe @usmilddmmie vdethluldlunns
UseNauenmsvianey 9 i)

- ilaisiyurn dhidsuannsaidenliddaunnaunuyuvnlitis Addenvessing 4 1wu wWien
WeuRaU (Sujarit et al,, 2014) WasnnesuAs Wasnveswuas 1usiu)

5. fulszdiu (Evaluation) udunsUssidiuaag VinveresinFeulnenisdunmannginssunisSoud ms
peuMnm M3sBunefilivanalisinermans msuanseenisanuianuiilafetusluiminieinue
#1399 InsagannsnUssdiuanag Finweeig 9 veaindeuldan msdunn manoudniulutuFeu ns
mevanvuiinluluianssy msefusenoutednaiumng o sadensuansmnuaniulas Tideiausuuy

HUINIINIFIANAZNITUTZIIUY

NI 1.1/5 BBUNLNIZUIUNTLNTUALNTRRAUTANTANFIUTIU5ETNY wagenfIBg 1NN hay
poaludaludinusgd17u (Institute for the Promotion of Teaching Science and Technology, 2017) Lag3sn1s
Fan1sBeuiysannisaeaunsnlaglinszuaunsSeuiuuuduaemaid e msdudssasiiinazesnanivad
annsaeenuuumadanieisnsiauazmsUszidiuinSeuliaenadesiumaianisussiiudiFoulumnssuil 21
(Sirum et al., 2020) 19 3 fu lewn AuAus AwrinvelaenIvuIUNST arduInInemans Fauandlumsed 1

A15197 1 L9 inkasn1suseiu (Chanamee, 2014)

Aefigoansussdiu /M99 waAnssuiidanald wasdle LNEUaiNIg
Usziliu
fuaug
- efurwAunutgnay  avalutudin - dnSeuleusduisanunnieues Tutuiinfanssu gneesiosay
gNAI18819NTEUIUNNT  NANTTU NsEUIUNMIUNSHAZENAIRElAgNsea 70 Fuly
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nPas Wity
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ns¥vinviude hindeile uasiiausdoyaiiaudy Svinviude
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- AUTBUABY Fane ~ thideunaaemutuneusazantuiineg wUU&LNe suuATulY
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myifanssy susuvdngiuniedeyaiidedoldld  Aensaw
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A% 130s Mdndssaaiuarooniinigad uenainiguuumsiantsidsunisaoudannsniiluiunie
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Abstract

Assessment and learning go hand in hand. As a result, assessment for learning and assessment as learning are
used as learning management approaches that emphasize learner-centered learning, with the goal of developing
learners to have the skills needed to live in the twenty-first century as well as future manpower in science and
technology. This is because both types of assessments provide information to improve learners' learning and identify
teacher deficiencies that occur throughout the teaching period. It also gives learners the motivation to learn and learn
better when they are self-assessed. Assessment for learning is the gathering of data during the learning management
process in order to improve teachers' and learners' learning management. Assessment as learning reflects the learner's
own thinking about learning and supports in the development of one's own and peers' learning. This is in contrast to

the traditional method of assessing learning, which focuses solely on grade at the end of the semester.
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