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Student Academic Success Prediction System Using Random Forest Technique
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Abstract

The challenges of academic underperformance and rising dropout rates have contributed to declining
student retention rates, resulting in implications such as wasted time, increased expenses, and missed job
opportunities. Consequently, the need to analyze and prepare student data is paramount. This study aims
to address these challenges by: 1) investigating and constructing a predictive model of student academic
performance within the Data Science and Software Innovation (DSSI), Information Technology and
Communications (ICT), Chemistry, and Biology programs at the Faculty of Science, Ubon Ratchathani
University, utilizing the Random Forest technique, and 2) creating a prototype web application to apply the
model and summarize the findings, developing with Django and PostgreSQL. The dataset used for model
construction encompasses academic records from both secondary school and university for 1,336 students
enrolled in the programs spanning academic years 2017-2021. This dataset includes 11 factors: educational
programs, first-term university GPA, and academic performance in 8 core subject groups: Thai Language,
Mathematics, Science, Social Studies, Religion and Culture, Arts, Career and Technology, Foreign Languages,
alongside high school GPA. The results of the prototype model research for DSSI, ICT, Chemistry, and Biology
programs demonstrates the ability to predict student learning outcomes, with F1-measure values of 88.02%,
86.18%, 84.04% and 85.18% respectively. Consequently, the implementation of the developed system holds
potential to benefit students, educators, and educational institutions in the design and implementation of

more effective and tailored teaching methodologies.

Keywords: Academic performance, Dropout rates, Predictive model, Random Forest technique, Web

application
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umin

Tug9y w.A. 2560-2566 AngINeAans uniing1deauasnvstd nulgmdnfnwilnifinanisiseu
Aoutnstios anoon wiowiwhidgansfnwmuukuiituadiuinndu slfsnsnisaseguesinnwinaon
ndngnantiosasesnseiiies dwmaidsuasnansenulunaeduidludutinAnvussunasesiigydenat aldde
wazidelonalunisldauin Snamdngnanienmsdalddsuazsuussmnoniiuiu vieudusussmaiionaazen
uAaUyAAINIUAMEEanSLasmAlulaBfluT s TuindoumsusAvldv duhufsfudutgmiumsinuiifenss
wilvegasenan 91nn1sAnwves Valverde-Berrocoso, Acevedo-Borrega and Cerezo-Pizarro (2022) #ilé@ine
wmanazdadvddyiiinadenisianisasuioduadunuangieulussfugaudnu nuinsiadurinuenis
Annsuardsan Wewdsnanumiongiouneuiigunizounievdngnsin uaznsthdeyavestFeuuUszanana
Feutanssummsinuiiterinlafaiunuas g indad FouartaeWaeuruisaotunsdnuannsodanisgizon
wagiaIAuAINn AN IFogslivseAnsninanndety Tnsludrunisedsuarumiondifoutu luanzuio
UNINYIREH99) iﬁﬁmsﬁﬁLﬁumﬂmaﬁmﬁaﬂﬁum%'aummw%fauLLaxa'qLﬂ%uﬁﬂmﬁugmé’mﬁmmiLLazSu 5 Ty
thdnwlmisgodiedeiles uiinuinszansamnisSouivesiiSounduanas sililuvarsanzysouvninende
sauludunsihdeyadiFoundieinmey agna Inehidedn mansaiansSeudimiiiy Sty
afuedesflouarssuansaumaiiiiussloviifieaisnuldiusunardionsununsdndulasunisdnuly
s Anendesnty

Faagiiiuldandauidedaunnliilausuunaeiivszgndliinadanisreufinweing 4 siiaue
Taseadesyuu auuusiasmensaina saumaimueiesdlenig 4 fezdiedinsesiuasnensaissaninmues
fisuiiounnldUssleeilunsfinuinndu wu Shou et al. (2024) fithdoyadidou fio wa UseiRnsounss seld
msl¥nudumesidn szeznanisiiuns wasnanildluranavessSounairsuuuirasaileonsnsalussansam
nsi3uivasi3ou lWuiieafiu Kaensar and Wongnin (2023) uag Nachouki et al. (2023) fithdeyanzuuuriSoy
wazUiunvedsadsunainauuuiassagiinsgitadoiifinadennudnievesiGousiuse dmansmaaeuszuy
wuidaouanansoldteyalunsaanisaiuaznsununisaou wiefanugidouiiieudssldfdedy vonani
133 Alboaneen et al. (2022) SssissonlasmsiniausiiuteundinduiithuuusiasmensalnadiSouiiadean
FoyafFounazazuuuasuiruumudussdanuilussuy dedod Ae iueiesdledidaou ndngas (@v1iv) uay
uninendanunsalineinsaiuazainensnunanisSeuivesdiFeuld uana1nil Kaensar and Wongnin (2024) ¢
wanlunafowedansSeudiddnuanilvldnuiivueundenduieduaiedlelumsmihunsawdisaves
thAnwuminedeguasesiil wwdedtu Riansut (2016) filddumadenidviwasioinsandsavanesianse iy
Usauy e umninenderindes awanisnadeunuinnsnadeazauuaznsdenununsdeulusssuisenfnwneu
Uae finaseinsandelunmingrduesaiitudfey

faifu nuideitaauemaaiuuudasmanensifiounasianedodlafietasTiesesiussAniam
nsFeusvesindnuiluel Inelddeyatin@nuidnuludmsfnu 2560-2564 $1uau 1,336 AU 81 4 anwvin leun
Ingn1steyauaruinnssuwenduls (Data Science and Software Innovation: DSSI) walulagansaumneauaznis
d0d15 (nformation Technology and Communications: ICT) a3l (Chemistry) khaz3a%1ingn (Biology) A
Inenmans winendoguasnesl Seuszneudensvhau 2 @ ldun 1) dunsaiuuuiasadensinsaina
msFeuindnulmisemadatngy (Random Forest) lnglétoyananisiSeulusinvesindnm $1um 11 dade da
Usgnausny Teyaauniv TeyanziuuainlsaSeu 1éun insainde deyanzuunlu 8 nguanse (1. nguatwilve 2.
ANAANAAS 3. INEMEns 4. daNfiny) Arawn wardausssy 5. gufnwikasnadnw 6. Aavs 7. N1391UB1TN
wazalulad waz 8. Mwisnasenm) uazdeyanzuuunsaade? 1 luuminends 2) dunsiauiszuudegn
Wawluguuuuivieundinduiiedalivsudsn (Django Framework) uardninudeyatugiudeyalnadinsades
(PostgreSQL) tituuusiaestusuuldnuuarasuifusenusig q Tnsdsslenivesnuideiasiisiueanny
agnfiugldnuseduning 9 nanhe diieuaunsaldnensaivssdvinmnisiseuivesindnwiivdld faeunsiu
Foyagi3ouiinnudsdunisanesnvieiinanisieutieslutiusnld Gafaeuainsanununasinnsaouiimnzay
Tusreynanald luazflanivmienns aunsoldifuteyalunisinfonssumisunumsounasiasuvinus Ty
fisuldaonndasniu

Fvanslae Aol Inenmans 1/74731//5/7@”5/@1/5‘57%5717
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TunAddetnvadioneanidudiudouauidse wuifalazuddengIves Inseadrsasdsaiunuluy
FEUU NAN1SNAERUIEULLAZNNTAUTIENG TauagUuasiuavnensimuieddeluoune

TUILEIANIITIY

1. 1ilefinwinaraiianuusiassnisweinsaissansannisiSeuivesindnwidiuau ¢ arudw 1éun
Ingmsteyanazuinnssuwendud waluladarsaumauaznisdeans 1ail wazqadiiner auzinermans
WIMeSegUasIuenll sremailaUngdy

2. iilothiauelassainassuusuuuuasimuoUndindulunisnensaissansawnisisousse oA
wisudsnuaglnadinsadiien Yasind@nwduiu 4 a1v1iw laud Inginisteyanaruinnssugenduwls nalulad
ansaumeLaznsARans Ledl uazgaTiimen AnIneneans unTIne1duguasvsnil

ngeRietes

wUUIaRINIsIMUNUTEAN (Classification Model)

Junsiienzideyaiiensinsaiszinnvesdoya AdneglunuudiassuszianniniFeuiuvuilfaou
(Supervised Leamning Model) Tngihyadoyafifloguinnnuuudraaiionisneinsaluazussgndldvedneulsiiy
ﬂgﬂ%@gﬁl%ﬁﬁlﬁﬁ’]ﬂ’] (Naresuan University Publishing House, 2023) UseLanueanuudiansd uvadu 3 Ussunnmdn
(Data Innovation and Governance Institute, 2022) lawn

1. Msdwunussianuuuluun? Binary Classification) iunsienesideyatidifiewsnsalnanadmey
Wiwa 2 pand Wu msnensaimstusudvsdn@nwvestn@nulmilussiuaminendetisaniunisalunsseuinves
Tain-19 Afdeyaiudnduteyanssuirvesindne Tagliluudaemensalinin@nuilmiasfuduans wiols
Suduans (Kongchai, Hiranpongsin and Ditcharoen, 2024)

2. M3ImunUsznnwuunaleaaa (Multi-Class Classification) Lﬂumﬁmﬁwﬁ%’a;ﬂaﬁﬂéﬁaﬁ’umiﬁmuﬂ
Usztanuuuluun? ssusisziinanadmauunnndy 2 aana Ssegduunquandivesdoyasoniduvansyssianidl
AnsuAna1eiy 1y Mssuunlsaludnine shedeyathidhiidunmussudnineidulse 3 Ussian léud Tsaly
Indiunalng Tsasnadu wazlsalugedvn waznmvedudnlnaund il 4 aanadneu lnswuuiiasaznensal
dwmwﬁﬁwﬁﬁﬁu%’magﬂu 1 4 Aandla (Mekha et al., 2023)

3. N3UUNUTELANUUUMATBLaIUS (Multi-Label Classification) {unisduwunfifiaatadimeuninnin 2
Aad LLauGI’NﬂUfﬂif\ﬂLL‘lJﬂUiuLJ’WlLLUUMa’lEJﬂﬁ’lﬁ lesnndeyayamilsonaiitoyaiifiquandRmiloutuusaunsaly
nadwifslanuuAns1afy 1wy sUAWABITUNELA m‘wwuwvmmLLuﬂLUuﬂammmau‘tmmammumm WU
ANENE NNA MFeANTELIEE fensTuunUssankuurateaana luraefinssuunUssianLuuianeLaiua
A« zgniatuadnlunImi un dhnzia 3o vide e wiell (Brownlee, 2020)

wadaduldindula (Decision Tree Technique)

nsthdeyainairauvuitasamnensallugduuulassaiiwulll awnseasiuwuudtaemsuwundsznam
Iannguinegretoyaiiimunl s uaznensainguvessemsidilinetsnduunyssanldfesuuuuves
fulsl Tnssadravessilsl Usznouselvunanelusing q Sauansfafoulunienndnuaznui o voelaya Tnefiusazi
vosluuamils o wmammmﬂu"l.ﬂ"lmmmﬁmaaumﬂmaﬂwmuuu d LLaWqumslusawumﬂiwmmawauamwmu
13 mammuimmau%LLammmwm 1 szmmemmmmmmwaﬂaumLmaimasuauamLmﬂaﬂmaﬂwmvﬁuaqaﬂm
Taglnuanielusing 9 ssgnunudedindo waglvunluazgnunusies 1nguasnuimualudulmeiivsuenis
Ussinvoadmoufifesnsdell 2 aana liun “yes” el gnénasdereufinmed uas “no” vnelsgninasliide
ABNILARS (Han, Kamber and Pei, 2012)
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A1 1 dulddndulavananisnensainisdemsuiimes
7311: Han, Kamber and Pei (2012)

msduunUseinnvesiulifndulaasld Gini impurity (Gini) Uamjumrat, 2022) S dunildluildlunisg
daduladenluuaiiffiaalunisuisdoya (Split point) teas1afwmdeniusn Taee Gini lun1stinasInvesei
amhazduveamsaialangasenasissening 1 wazamanuhasdueansnisalfiauls Gadnaldan
aunsi (1)

GiNi = Y5, p(D) x (1 —p(i) (1)
Tned
C AD TUIUAAAAINBUTIIVUA

P 1

p(i)  fe anuhezduvesvanisiiaulavesnanad i

nrnldan Gini vesusazngalunn q fudsud asvinsmessihviingesen Gini (Weighted Gini) Lite
Fonmudsifidndrnimingesdn Gini drilgeulilunisdnduls (nuniidaigaifioatremaien) deu iileaain
annsauisdeyalddian Ineen Weighted Gini ilunasinvesiuaudeyavesaanadl i lusuusiiaulamsiesiuoy
Foyanamaluiulsiiaulauazauiuan Gini lunanisaifiauls Sedwnnlfnaunis )

Weighted GiNi = %, ™ Gini(i) (2)

C A9 NUIUARAAINDUNIVLA

. & ° v a ) a
n() A9 INUIUVDYAUDINATEN i Tuduusnaula
n Ao Fnnudeyanualudiudsiauls
Gini(i) fie @1 Gini Tumnnsaitaulavespaiad i

wailadrgu (Random Forest Technique)

thdudunildlusane3iiufiluietwesiBnsiousida (Ensemble) Fslivanmssiumanedaneifiuite
\isszansnmnssuundsziandeya uavdneglunguiulifadule Tnstnduazgnassanduliidadulanats 9
#u FeaziSouieyalsimiloutuanngusiodsdosuuuguannyndeyaiindutasaudnuaziuudy Tuniswensaina
Dunsnennsaianduliisnaulausasdusansu Tnssulisndulamaniussnensalnavesiies uasiumnares
nsnensalannnsime (Vote) Setasantaymnsiinlenasiinie (Overfitting) vesuuusassuasiiuwaliufing
nyInsalazilanuwiuguInnInNIsneInsaleledulddndulais sduied (Han, Kamber and Pei, 2012; Shalev-
Shwartz and Ben-David, 2014)

FTINAINTUNITUILIUYIZENSAIN (Confusion Matrix)
nsUsziulssansamasswuudiasaududiuddgfazussifiunisnensalveuwuusiaeainainise
wensalladiiiedla MTdndmiuyssiiunisduundseinn laun Aranugnaes (Accuracy) AMAIINLLIUEN

avanslee Aoz Inemans umInerageuasvodil
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(Precision) A1AM15¥8n (Recall) wazAn F1-Score (Han, Kamber and Pei, 2012; Soontranon, 2023) @eAnuaailé
NAUNIIN (3) - (6) MUEIU

TP+TN
Accuracy = ———— (3)
TP+FP+TN+FN
.. TP
Precision = (4)
TP+FP
TP
Recall = (5)
TP+FN
2XPrecisionxXRecall
F1 — Score = — (6)
Precision + Recall
1ne?
True Positive (TP) s wennsalnseudsiiinduass n3dl wennsaihaswardsiiindu Ao 939
True Negative (TN) Ao wennsainssfudaiiiniuaga nsdl wennsaiiliedwazdsiiiatu fie luess
False Positive (FP) Ao wennsafldnsetudsiiinduase n3dl wennsaiiasundeiiintu Ao liass
False Negative (FN) fio wennsafldmsstuiiintuase nsdl wennsaiinliaswddaiiinty fie 954

J9lAmsuidsn (Django Framework)

wsidsndmsuasaiuseundiaduilautnieus (Back End) fiaudieniwilnsau (Python) Sithuane
ndnlunmsilinmsaaiulediiauisfoguteyaiianududouliinetu Slfldandnenssuuuy Model-
View-Template (MVT) Tng Model ¥iwihiidudumasivtg (interface) seminagrudesauazidsniaes (Server) View
Hudnilddmsudeuileitusing q San1siunisieswe/nsnaundu (Request/Response) AURUDIELY N1TUARING
(Renden) wth HTML luuanswafidumaiman (Template) 53fen1svinnisasunna (Query) fogiaangrudosa 4
Tinsudsninsdnsuidouduedied waeillassaianferldnudmivauianniuily wy nmsBudusnugld ms
fanaiifon wnuiaduled wasdufinensioaen (RSS feed) (Amazon Web Services, 2024)

A5AIuN153Y

nuddeinvsnsinfiunisideeeniu 3 Juneundn liun nsdawSeudoya msiauwuuiiass uavnis
Waunszuu Tnefidvunsdidumsmunini 2 seazdesluusazduneusisiolul

¥ 1.1 5aiivdaya

i 1.2 manwua:alavaya

islaiialy 2.1 asiuuudasv

v
«

RF Model

* PostgreSQL

A 2 IN5ALTUNNTIVY
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n'liﬁ’ﬂm'%ﬂu“l’faga (Data preparation)

1. §afiudayaiu (Raw Data) lutumeuil ilumsifusiusudeyaiiividesiunsise wu deyanisiin
vosiinGeu deyaifenfunguansy doyaaduiudniionsazinaneniswensal lnefinisrusndoyadsd

1.1 Yoyariidn 10991n91u3Tves Wongsakoonkan et al. (2021) seyimadugndvnanisiievly
sefuisuAnunoutaeiinuduiuslufienauinturadugrdluaminendvosieiived iy ﬁﬂwzwé’ﬂqmsm 9
lupngingmans uninerdeauasnes il In1sldaiuiainsiedvrning o lunguinetmans dauaians
adiamans Ineremansgunin uazngumelulad Wuiugulunisinwdeluudazaivfiunnsnetu uenainiing
UspifiunamaigouluisdiaslsaFouiiamnuunnatude frulumadedididoymindissnnasuuuaey &
Usznaudae insandelulsniou azuuuly 8 nduansy uazkamaiFoulussdududi 1 luuminends wldifeds
vmnenaduqrdvesfioulussiuumiinedy

Tnedayathidnisiuutadeimun 11 Jads Usznoudedeyaaunin wasdoyansuuuanlsadou
1¥un deyaanvin doyanzuuuainlsuiou 19u insaiade doyanzuuuly 8 nguanse (1. nguatwilne 2.
ANAANAAS 3. INeM1ENS 4. FANfAnw) Arawn was sy 5. guinwikaznadnw 6. Aavs 7. N159UD TN
uazmalulad uaz 8. MwissUszive) uazteyansuuuinsaeded 1 luumiine de

1.2 foyartimung WuaougnsfnsuiledugnniaiFoud 2 lussduuniine ds Ssusznaudae 2
anug liun 1y Aduan1siSeuannnit 2.00) wazan (duanisiSeutiosninudewiniu 2.00 uaganiugdy 9 1oy
a1een €eavn)

2. fauszandaya (Data Cleansing) waannmsiivdeyaisouiosuds axlinsvianuazeindeya
TnsmsseaouauaNysnikaramgnieestoya 1y anaaouteyaiivinmely avaaeudeyad dou wasnis
Fnszivudeyalegluguuuuiivnzandmiunmshiduuudaes

3. Amidanauanuazuazuuastoya (Feature Selection and Feature Engineering) lufunougaiie
Hunsdndenaudnunziitnatenismeinsaiwariidngssuy fannnisfinrsandeyafisiusiumn nuideiidentd
71 11 Hade wagnmavhmautasdeyalvedlugiuuufunzaudmsumsnensalsld

M13°99 1 TwasiBuntayandinyinisnieudeya

o W aa ¢ a v a A | [
d1iu | weav3dad | vlladaya RACGEIBE]) AUulULA

1 | branch fONEs | @113Y) {DSSI, ICT, CHEM, BIO}

2 | admission grade | #av | nInLBETULN

3 | gpa year 1 fuav | insnwastul 1

. y = very poor, poor, medium,
4 | thai fay | inseivin1wiine tvery poor, p
- = - P good, very good, excellent}
5 math LAY LSAYIAIRAAIENT
. o =~ = P very poor = n3n < 1.50,
6 SCi FILAY LNTAIYIINYIANANT

- o = poor = 1nm 1.50 - 1.99,
, o LASAIVIEIANANE ANEUT WAy )
7 society BIILAY medium = tAsA 2.00 - 2.49,

TRIUTTIN
: s - - - good = LnFA 2.50 -2.99,
8 | hygiene e WNSAIVIFVANYT wagNaAnwn
= — Y very good = LnA 3.00 - 3.49,
art fa WnSAIvIAaUY
- — - —1 excellent = 139 3.50 - 4.00
10 | career fa LNSAIVINTIIUDITN wazinalulad
11 | languages fay | LNINIVINTWIRNUTZNA
anuzHanTsSewleduganIAsEY | {Pass, Fail}
71 2 TusgauumIngae 1ne Pass AadlNan1siseuuInnn
12 | status Fantys 2.00 way Fail AvanIuzdue 1t

fnan1sByULagN NI BN
2.00 ¥158 a198n §18a1
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AINAIUILUUINEDY (Model development)

1. a¥anuudiass fiuddeldimundids create-model ileasrsuuudrasslngligunuunisairsidaaiy
v 391 vildanusaldmdadie Sonldyadeyaiidniullunswesszuudnnsgudeyalnadinsafotea Tngld
Feulvnsnsesdoyanuanniidesnisudmeniulsfuaziudsnuieiudrduneunisutastoya (Pre-
processing) Fsazannsatioutoyaliiuudiasstidgy fuandunind 3

data = TrainingData.objects.filter(
Q(branch__id_ contains=settings.BRANCHES[@])
| Q(branch__id_ contain=settings.BRANCHES[1])
).values()
df = pd.DataFrame(data)
features = settings.FEATURES
target = settings.TARGET
X = df[features]
y = df[target]
pipeline = Pipeline(steps=[ (‘preprocessor’, ColumnTransformer(
remainder=’passthrough’,
transformers=[( ‘categories’,
OneHotEncoder(handle_unknown=’ignore’), features)])),
(“trainer’, RandomForestClassifier(
criterion="gini’,
n_estimators=100,
random_state=123,
class_weight={“status’: ‘balanced’},
max_depth=5))
1D

AR 3 Adansesdeya wendmuus waleyauavarauuingss

2. mMsflnuaznimagaunuUsIaes ndnfiaiuuuiaenaiedu avddeyafiulaudalituuuuiiaes
ilevimsiinlaglddds fit neuazvhnismeasuuuudiass Insutsdoyaiduysiinuasgamaaeuiiieinuszansam
yoauuuansaensld 10-Fold cross-validation uauansrlaABveRzLLLATILLLERY 10 SOUNTVIAABY LitD
HoatunsTenesiinia niesunasiings (Underfitting) veswuusiass susdsiiuandlunini 4

model = pipeline.fit(X, y)

cv_result = cross_validate(pipeline, X, y, cv=10)
avg_accuracy = cv_result['test_score'].mean()

|
o o =%

27 4 AdsnuaznIsadeU

ANSNAIUISZUU (Web application development)

Tudumouigidunisiuuudiasanisneinsainaildlutunoutoundmuivssgnduagldaunisly
amwumé’amaqﬁmmﬂwam%’ulﬁaGiaaafﬂLLaszumﬁmmiﬂuiwu TngazlgalAmsuisnuntiednnisuay
Usvananadnslussuy LLaz‘Lﬁt’ﬁwaﬁmﬁaﬁ’;LaaLﬁaézj"m%’mﬂﬁgm%a;da wuudnaedwazdoyardldnig o %qmmaaaqﬂ
msvaulased

1. A192URULATEBNUUUTEUY (Planning and Design) t1uni1siiasivsinageenuuuilsidunisineu
Tifuszuu eanunsaagumsvhauvesssuuldfaununmgaina (Use Case Diagram) fan1nil 5
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<]

Student

wmnsainadnia
waIAGEY

anmuLAnuaTa

= s o ° '
AINN 5 agﬂﬂﬁﬂﬂumivrm’mﬁluizuuN’luLLN‘Lm’]‘WQaLﬂa

Tnanluea
s =
Adennmaia

i o

nsiinusnasaiag

““Include. .

//
N/

Teacher / Program

3

Admin

a 5o ° a 5o ° Yo d'
INNINN 5 LLﬁﬂﬂ‘Wﬂﬂ“UUﬂ’ﬁW'N’]‘lﬂ.u53UU Iﬂﬁlﬁ’]ll’ﬁﬂﬁ?ﬂLLaSBﬁU’]EJ‘WQﬂ‘*UUﬂ’ﬁVTN’]u»L@@ﬂW’ﬁ'NVl 2

AN5199 2 5198z EANINTUNITYINUY

Weridy 518az198ANTINY
Wngseuy nsaeudnsgld Tasazfinai3onlénisdudumu (LDAP Authentication) suu3nns
ALY (User) uagsviar1u (Password) vesuvingndy
nensaiNadLsIves wensalnadusavediseu lnsaznsivaevaindeyatnd 11 Yade waziun
ASEY Arsesiuszanana fusuuiiassmsneinsaiia iouansanuznisdiansineg
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A modified Greedy Algorithm for Multidimensional Knapsack Problem
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Abstract

The Knapsack Problem (KP) is a combinatorial optimization problem that involves selecting items to
be placed in a backpack in order to maximize the total value without exceeding the specified capacity. This
problem can be formulated as an integer linear programming problem (ILP). In this study, we focused on the
multidimensional knapsack problem (MDKP), which has multiple constraints and is more complex to solve.
We experimented with different methods for sorting the benefits and evaluated the results using the solver
function in Microsoft Excel. We considered 49 examples of 0-1 binary and pure integer knapsack
problems. The experimental results showed that selecting items based on modified benefit values
(profit/weight ratio) yielded better results than using the difference in benefits, as measured by the mean

absolute percentage error (MAPE) across all samples.

Keywords: Multidimensional knapsack problem, Combinatorial optimization, Integer linear programming,

Greedy algorithm, The mean absolute percentage error
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Pomidanududounarldnanu slsinu tuneuisssainlililinanssmnsiigaudlimmeuilndidssiy
wawaBnz gty Welmdlannuiweisuileuituneussinuniuisuuuadiuulnedan Fanei
1

wiidtiaesisazanunsaudtamgatls wifillaruuandsressainasmngiign pududeutesutas
Funouuazmsuszandluigmitiiouasiieiu sligifeaulavsuusdunonissuvasiuudonindiedens
fauudly venandldinauesmiadeiifeadesiuiBuitymoadvatedfneduny damsed 2 laoderuaus

9
Anw1s1eazdemiuLdNaN Varnamkhasti (2012)
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A15199 1 LWSguiguItuuuarluuiulSrgnauwazsnaam

) ¥ a Y o
sULUUYUnDY 4af taidy
Tuvvazluy 1. Judunewidndedulaneldmmeou 1. lisudseAudneenunamasaneian

(Fadan) NANgaluLasTuney
IngldAtafamadnslutunaudnly

2. fruseussudeligenndudou fese
NSNRLIALY

3. Mglannulgmaunidn
Wagnouazdriawn 1. @wnsanwaasvianzfigals

2. Ttulgymaunalug e

w3elyl 91atludnisuitamladla

v
o

1. §YunaudutaunI

2. A9k NSNYINT (MUIBAINTT) W1

NANENUITAUILIULAIT TuRBUATITaRna1usarINaRa AR UL ULAZAINNITANEIUTTE

989 Durmus, Guneri and Incekirik, (2019) Al9A1AULANAN19VBIAT benefit (Ens1d1unlsaetntindava) un

= o w = a ! o 8 v Ay vee ] al' Ya o = 1Y
LiENa’W]Uﬂ’ﬁLaaﬂawmsLaQQLﬂ ‘V]’ﬂ.‘wwaLQaBWl@Nﬂ?WNLLWﬂW’NQWﬂNaLQaEJLVTlI']g‘V]?jﬂ Q?Qﬂﬁ]ﬂauiﬂuﬂ{]myﬁ’]qﬂﬁﬂa’]EJ

falneldaniadsunsnn benefit waza efficiency (Puchinger, Raidl and Pferschy, 2010) 111389816 Un15La8N
dwedldguilnl Wemmuawas wisunuhnawasildunuseuiisuiunaasainileidu solver lulsunsudniagy

lulasweriondia MalienuanunsafnwmaeasiBeanslafleidu

M19199 2 asdanddenneesiunisundymgad

solver 310 Minsan (2021).

MU NNIVD9

BuAldym

Glover (1965)

Senju and Toyada (1968)

Pisinger (1999)

Hassan et al. (2005) kag Murat et al. (2013)
Mohammad, Saleh and Abdeen (2006)

Akcay, Li and Xu (2007)

Irmeilyana, Bangun and Izzah (2017)

Mingo Lopez, Gémez Blas and Arteta Albert (2018)
Al Etawi and Aburomman (2020)

Exact algorithm

Heuristic algorithm

Greedy algorithm

Genetic algorithm

Brute force algorithm

Greedy-like heuristic method

Branch and bound/ Greedy algorithm
Genetic operation

Dynamic Programming

TUTLEIANITIRY

v Aaaa o o a a ) o a & ° I Y & aa
1) widgmgudvaredanddmuusindulawuuminiauasdmnvsdnduladudnnuiuun metuneuls
avluulneusuusandnsdiumlsneumindses (Fundt A1 benefit)
2) Wisuilsunawasiildainde 1) funawasainnsldileidu solver lulusunsudisagululasverviond

LY

Uszsnnaaslgimnmuanisidsdnuiuiu

Wesanlymgad fe Jymnsidenveddgilaesisadenveddgalifiyarsmasgn Jaduguuvuniieves
Tgymimuans@ednnuiy TuwidelzuansUssinndymimuanisidsiunudu 3 uwuu Al
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1) eymivuan1siBediuruLiuug (pure integer linear programming problems) Ao Jgyminnuan1sidegiuiu

@

winifisuusdndulayndadiandudvaudy dseunsi (1.1) - (1.3)

n
Handugauseasd Max z= ZCij (1.1)
i1
i m n
aeledeuly ZZainj <h (1.2)
i1 ol
X; > 0 wasludwawdy j=1,2,..,n (1.3)

o m fie Sruudulsuay n Aednuiuteuly

2) Yaymmuanis@sdiuaufuiuuna (mixed integer linear programming problems) fie dgymivuanisida
Srunududdulsdndulavisidandudruiuiuwasiulsinduladus avdandudiviuase faunisi (2.1) -
(2.3)

n
fleidugauszasd Max z= ) ¢;X, (2.1)
j=1
J:
i m n
nulaouly ZZainj <b. (2.2)
i-1 j=1
X; 20, j=12,.,nuag X Dudwowdu @wivuw j)  (23)

3) Jgmidmuamadeiuiuduwuuninie wsedywimmvuensideiiuauduiuu 0-1 (binary or 0-1 integer linear
programming problems) @ Jsymimuanisi@iduuiuiifidudsdndulanndiandu 0 vse 1 dweun1si (3.1)
-(3.3)

Heandugausvasd Max z= ) cX, (3.1)
-1
i m n
aeledeuly ZZainj <b (3.2)
i1 =1
x;€{0,1} , j=1,2,..,n (3.3)

lunddeisaulafnudymgadniiaduusuuuninia (binary integer linear programming problem)
wazdaymgadifianduusidusuauduwd (pure integer linear programming problems)

A5AIUN153Y

TuidefasuansduneuitasTuvuuuiy duneuidasluvnuudivslagldaadevosan benefit uay
Funeriazluulaglden efficiency 91naiseves Puchinger, Raidl and Pferschy (2010) uazuanINISLATyRIeE
fupeuitasluvnuuuiudafielininiesdridunisndonvedldgudianuuandiatu anduinanasiildn
asrdeuiuraasannsLifaidu solver lulusunsudnsagululasweriiendiwa Tnsrnausnisuidaymgad
vanefinfideduundu 0 wie 1 uwazdamiifiaduundusiuuduu nfeg1annsguveslymgudaneis
7lU (Multiple Knapsack Problerns, 2023) fifisauuslaiiu 105 fuazdoulaliiiu 30 doul
funouiBasluuuuuiiy
SumouRt 11 AN benefit r; =c¢i/ag; e j=12,.,n, i=12,..,m
Fumoudl 2. ndeuen 137 nannlutiey
fupoud 3 Awesduiilien r;; ingmaggnldinluludnen udwsaaeuramglnl Mddliiiuaugruayld

Yol 1y sewandlulud Lwii’ﬁmmqLﬁuiﬁl,ﬁaﬂﬁuaq%uﬁiﬁm 1;j aaudaly
fupoudl 4: arasuAemgsn fedulfanugunnivdosihduaemiuga Teenanmasiduns
Sndunsalsug Winduluvluduneud 3
funouiBarluuuuuuiuudlagldeiadevesd benefit fdunouismauttiymisialuil
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Sumouft 11 A benefit r; = ci/ag; e j=12,..,n, i=12,..,m

Sumouit 2 e AN (Z}lzlri]-)/m A j=12,..,n

Fumoudl 3. Sndeuen 1" nnnldides daduwiiuliiiansand ¢ funnnilideddunou

fupoudt a: Aswesduiilien 1" wngaaggnldilludneu udnsadeudauglal MdsliRuanugsug
Tdvastudiliien 1" sesaunilulnd LwifﬁmmﬁgLﬁu“lﬁl,ﬁaﬂsuaq%uﬁiﬁm r;; " ddudnaly

fupoudl 5: asrvdeudeugTm Srvedudfanuquinnivieintudmingsn Wesnanmssidunis
Snunsaidug Wndulumlutuneud 4

fupouisarluuuuuuiuugdlnglden efficiency Sduneuisnauddaymistolud

Funeudt 1: Fune efficiency e;; = a;j/b; (U¥uugean benefit) ypdn j=1,2,..,n,1=12,..,m

Fumeuil 22 Funmen e;j" an ¢/ Xiz,(a;j/b;) wnd j=1,2,..,n

Fumoudl 3. Sndeuen e;;" Mnnannluties Marduwiniulvifiansunen ¢ Funnnilideddunou

fumeudl a: Awestuilian e;;* wngrazgnldiiluludiieu udmsanaoumeuglvl dddsiiuaugsie
Tdvestuillie e;; " sosaundnlulud LLGif]JWﬂ’J’IiJ‘i!Lﬁuiﬁlﬁ@ﬂ“ﬂm%uﬁiﬁﬁ’] e dviudnly

fupoudl 5. ardeuAANugIm dwedudfarugunnniwiewntusanugny TWeenainnisdiduns
Endunsdisug Wnduluilutunoud 4

‘i]’]ﬂ%umau%%aziuuLL‘U'U‘U%’U'LJE\T A 735", e uay e;;” F3971u3F8v09 Durmus, Giineri and

Incekink (2019) THfAraseuas benefit wwauas (i = riqry) dedssdiunisdendwes fuegai 3.1

feg14 3.1 Hapgaitiuuy 0-1 Aisuau 2 douly (Two-dimensional 0-1 KP) fwualidendwasainiamn 7

Juiitelifiyarnsamgean (mheuum) Seiiilidugnuszasd

Max z = 20x; + 10x, + 40x3 + 20x4 + 58x5 + 44x, + 26x; = 217-=1 Cj Xj

meldideuls

15x; + 23x, + 7x3 + 9x4 + 10x5 + 13x¢ + 5x; < 50 (v3an)
12x4 + 15x, + 12x53 + 11x, + 25x5 + 21x¢+ 18x, < 70 (Fdmtinvsenug)
14x, + 13x, + 15x3 + 14x, + 16x5 + 15x¢ +7x;, < 100 (Usu1919)

xp ={0,1}dej=1,2,..,7
Idrunauisagluunuuuiulalaaadevedan benefit uazel efficiency wanaAnlunns19n 3-4

a1579f 3 A1 benefit e j=1,2,..,7ui=1,2,3

ng
G Qj Gz QA3zj Tij Ty

x; 20 15 12 14 133 167 143
Xy 10 23 15 13043 0.67 0.77
x3 40 7 12 15 571 333 267
x, 20 9 11 14 222 182 143
x5 58 10 25 16 580 232 3.63
Xe 44 13 21 15 338 210 293
X; 26 5 18 7 520 144 371

W Tqj=Cj/ay; We ¢ fe dulssdvbvesduys X Tuilsidugadsvasd
ayj fe duUszdvsueswiuls X; Tueulan 1 e j=1,2,...,7

Wi 1y way 135
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A15197 4 1 efficiency nnen j=1,2,...,7 wav i =1,2,3

Xj € @y ay asz ey ey Y
X1 20 15 12 14 0.30 0.17 0.14
Xy 10 23 15 13 046 0.21 0.13
X3 40 7 12 15 0.14 0.17 0.15
X4 20 9 11 14 0.18 0.16 0.14
Xsg 58 10 25 16 0.20 0.36 0.16
Xg a4 13 21 15 0.26 0.30 0.15

X; 26 5 18 7 0.10 0.26 0.07

M50 5 d1dU (rank) A0 1357, e wag ri]-d =Ty — Ty — T3 (AWNaA19Y8s benefit LuLa7)

Xj Ti]-* rank ei]-* rank Ti]-d rank
x, 148 6 42.42 6 1.76 7

X, 062 7 14.83 7 1.00 4
x3 390 2 128.44 1 0.29 3
x, 182 5 59.32 5 1.02 5
x5 392 1 104.10 2 015 2
Xe 280 4 78.57 3 1.64 6
X, 345 3 72.80 4 0.04 1

NNFIeLN 3.1 Halmasiildandwiunisidendsewnen e;;" lawiiunaaasanilaidu solver uagli
fteidfugausasiviiufe 162 Fwnnndnsldddunsidendmestion 7;;* way ;% audidu fwnsi 6
meedl 6 nawagveslymguinanefifuazariliidugnuszasd anddunsidendwedeelden " e 19
waza et solver (Mnau 0 wueds ldiden / 1 nuediaden)

NAtQaY NALAAYIIN WALAaYIN NALAAYIIN

X; NNTy;” e Tijd solver
xq 0 0

X, 0 0 1 0

X3 1 1 1 1

X4 1 1 0 1

Xs 1 1 1 1

Xe 0 1 0 1

X7 1 0 1 0

Z= 18153 (VW) 144 162 134 162

A19197 7 uae 8 LLamwaLaammﬂﬁgmqqLﬁwmaﬁaﬁﬁﬁhﬁmﬂﬁlﬂu 0 %39 1 wazdarmuusiludvaudu aan
fhoghanasgruvestgmgadvatsfialuiifidius n i $uudouly m douly kawssainduneuiBarluuuuy
Usudge Aldmsizeadidunisidenyesiiunndnaiu fie Aads benefit (ry;* ) Ham19veAn benefit (r;;4) uazen
efficiency (e;;*) InewSouifisuunaiaasainileddu solver U 2 uansdnadsvesiorarauiianainduysalan
Sunmsidenvesiiuansfuisanuuuy Weudusanasain Solver vosdymgaiinanefffdafuusdu 0 vio 1
wazAFuUsdusuamiu audau
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a3197 7 waavaslymguiivanafiindedauusdu 0 3o 1 (U BIN) aanfiegnsunsgiu ORLb Weing
Weish wag Sento

Jgin n m  wawesdIn r;  wawasan T’  WawasIIne;  Waawan Solver
1 28 2 123309 104799 139278 141278
2 28 2 102932 87371 128322 130773
3 28 2 62620 62380 93278 95677
4 28 2 111291 104799 115321 119337
5 28 2 62620 62380 93278 98796
6 28 2 102932 87136 128212 130623
7 29 2 82087 75013 93962 98251
8 105 2 1081247 727159 1091507 1092911
9 105 2 459738 354475 620060 623952
10 27 4 2792 2706 2792 3073
11 28 4 1644 375 2840 2852
12 34 4 2528 2913 2825 3164
13 35 4 2528 2913 2824 3164
14 30 5 4090 1571 4534 4554
15 30 5 3398 1330 4483 4531
16 30 5 3634 1430 4021 4506
17 30 5 3121 1277 4475 4531
18 30 5 2451 1151 4514 4514
19 40 5 5169 1519 5461 5557

20 40 5 5091 2164 5478 5542
21 40 5 5201 1519 5478 5567
22 40 5 2415 1110 5246 5246
23 50 5 4953 1351 6265 6339
24 50 5 3160 1263 5500 5643
25 50 5 4955 1111 6008 6339
26 50 5 3649 1082 6025 6159
27 60 5 4207 1062 6845 6954
28 60 5 4174 887 7213 7458
29 60 5 3390 1142 6828 7289
30 60 5 7668 1989 8293 8633
31 70 5 7928 1062 8175 9580
32 70 5 4243 1242 7051 7698
33 70 5 6619 2911 9380 9450
34 70 5 5199 1341 8714 9074
35 80 5 6620 2466 8836 8729
36 80 5 6219 2635 7493 8079
37 80 5 8778 3737 9818 9979
38 80 5 7643 2815 9787 9787
39 90 5 6934 2380 9278 9584
40 90 5 7190 2514 9764 9819
41 90 5 6147 2705 8671 9492
42 90 5 5563 2585 8638 9410

avanslee Aoz Inemans umInerageuasvodil
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Jgin n m waweeIn r;  wawasdIn g’  wawawIIne;  Waawan Solver

43 90 5 9278 3128 10819 11187
a4 20 10 1525 1629 1925 2139
45 100 15 3641 3382 3653 3741
46 37 30 959 294 1022 1035
a7 40 30 433 136 504 762
48 60 30 7429 1311 7606 7772
49 60 30 8478 1046 8709 8659

a3197 8 nawaveslymguiivanefifndaduusdudwnuiy (Jam GIN) 91ndaeg1w1nsgIu ORLIb Weing
Weish uag Sento

dymr  n m  WARAYIN r;  WawaseIn ' Wamasan e;  WALRAYIN Solver

1 28 2 260810 259650 712800 712800
2 28 2 258170 258170 594000 594000
3 28 2 124920 124020 356400 356400
4 28 2 259490 259100 712800 712800
5 28 2 126240 125340 356400 356400
6 28 2 244530 244530 584830 584830
7 29 2 105444 68652 123200 168670
8 105 2 6432000 6432000 14871000 17691816
9 105 2 1072000 1072000 2478500 2921634
10 27 4 3773 1078 5152 5157
11 28 4 3463 800 3456 3482
12 34 4 3371 1705 3363 5675
13 35 4 3371 3233 3363 5675
14 30 5 6180 6180 6767 12810
15 30 5 9094 6608 8896 10356
16 30 5 8490 8542 8542 10356
17 30 5 4726 2511 6390 7350
18 30 5 4787 2456 6030 7083
19 40 5 11146 7358 10954 13206
20 40 5 11454 5544 10816 11599
21 40 5 12028 7358 8301 13972
22 40 5 10496 10329 9120 12590
23 50 5 16428 13311 17283 20506
24 50 5 15017 12824 15482 17218
25 50 5 16428 13400 17283 20144
26 50 5 16239 13276 16852 20008
27 60 5 20051 17864 20541 20506
28 60 5 12252 4000 11122 17312
29 60 5 16924 13080 15674 20713
30 60 5 27295 27360 27362 37024
31 70 5 23340 18370 23303 32384
32 70 5 22406 19936 22969 28022
33 70 5 15224 12370 11098 26262
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dymr  n m  WaRAYIIN r;  WawaseIn ' Wamasan e;  WALRAYIN Solver

34 70 5 14010 15026 11098 25340
35 80 5 26083 23832 27334 33956
36 80 5 25842 22400 26072 32294
37 80 5 27424 21600 27252 37182
38 80 5 17412 9170 15276 30174
39 90 5 29540 26482 30622 37546
40 90 5 29540 26912 30622 38164
a1 90 5 29540 26472 30622 37114
42 90 5 29540 26446 30622 37444
43 90 5 28140 11200 19932 48024
44 20 10 1068 1627 1926 2207
45 100 15 2760 2540 3096 3932
46 37 30 834 210 1016 1244
a7 40 30 307 129 363 825

48 60 30 12454 1691 12348 15579
49 60 30 21858 2782 22500 26286

NS 7 hag 8 ﬁwataaEmﬂmu%'ma"’lﬁuﬁqamLmvmmmmmﬂmwa’mé’uyﬁmﬁm&JLﬁEJUﬁ'UNaLaaEJ
371 Solver wihunmAedsresiayarANURANaIREUYIal (the mean absolute percentage error : MAPE)

N
MAPE = D3i=q

Xi—A; 100
—| X — (@)
A N

Wle X; Ao nawasilanntunewitasluuiuuliuus
A; f9 nalapan Solver
N A fwudiege (lwandded N = 49)

NALABIINAINUNSIEBNAIVBIIANanY

Jgywn GIN- @ Jgymn BIN

~
o

61.35

D
o

ﬂ??ﬁJNﬂWﬁ?ﬂﬁm‘yjiﬂj
u
o

w
o

S
o

32.14

Z4.58 21.06

%

=N
o O

ARAgIesSaa

4.26

o

1: @1RUNI5LaeNYB9aN ru“

2 : @dunsidenaesan

3 ANFUAMTABNTB9AN eu“

Ml 2 Anadgvesierarauiana1nduysainldnstesidunisidenvesiiuansieiu

Fvavslag Ao Inermans unIneraseuasIvel
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ayunan1sIdeuazdalauauuzaINnITITY

fumeuiBarluuuvuuiutgsiithanldudtymaadvareffiduduneuisnmauddgmitligaenndudon
fen15UsuAT benefit wagldan efficiency @aunsamualaaslalnalAssiunainasanilendy solver uaglinaiaas
findnnslden benefit wuuiAy annwd 2 nuikalasNdRuMsIAendwewnea e Tullymquivareifvia
fisuusidu 0 vde 1 fdnedsvesiesazanuiianainduysaiiesnin 5 ddlvinanasimnsiigalndidvsiunaiaas
nilaidu solver dunaagaindifunisidendawediea r waz r° ﬁm'ﬂLa?{waﬁaaazmmﬂﬂwmmﬁuuﬂiiﬁ
D 24.58 wag 61.35 puddu dvsuigmaadvarsdndmfuuaduinudunuisaeasanddunisiden
devesiien e finedsvesdeazauianaiaduysaliosdigaduiy ielisuifisunanasvinisauusdu o
e 1 fuduUsiifiandusiuaudy nud ddunsidendwvesdiedn e Tullymiidwundu o vie 1 Wnawma
TndiAssiunalaasannileddu solver snniga

fausinAedevesiosazanuiiemainduysainndidumsdendsesen e lullymgaivareiadd
Auusiduuusuarininamasandidunisidendmesiie ) uway i uwidmuiaaisvesdesazainy
Aawanaduysainnnin 10% §Adedesiulgean e wieAnwiisduiiielinataaslndifssiunaiaasaniladduy
solver mm‘ﬁu
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Abstract

In this paper, integral representations of the Pell number B .. and the Pell-Lucas number Q,,.,

n+r

are presented. Using Binet’s formula for the Pell and Pell-Lucas numbers establishes some identities

equipped with using simple integral calculus prove the integral representations.
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Introduction

Several integer sequences are all practical branches of modern science. For instance, the Fibonacci
and the Lucas sequence are a well-known mathematical series that has been extensively researched in the
literatures. The Fibonacci sequence has been generalized in a variety of ways, including preserving the initial
conditions and the recurrence relation. Recall that the nth Fibonacci number F, is defined by the
recurrence relation F,=F  +F ,, for all N>2 with F,=0 and F =1. It is well known that the

representations of the Fibonacci numbers are given by the following two identities:

Binet’s formula (Koshy, 2018) for the Fibonacci number is

F :i n (_1) 1“1‘\/5, a

a — , Where o =
"5 a" 2

nd

Simpson formula or Cassini identity for the Fibonacci number is

I:n—l I:n+1 - I:n2 = (_1)” :

The nth Lucas number L, is defined by the recurrence relation L, =L, , +L,,, for N>2 with
L,=2 and L =1

Binet’s formula (Koshy, 2018) for the Lucas number is

n

n (_1)" 1+\/g
2

L,=a" +——, where a =
a

Simpson formula for the Lucas number is

Ly Ly, — L2 =5(-1)""

n-1 =n+1 =
In 2015 (Glasser and Zhou, 2015) Glasser and Zhou have given an integral representation for the

Fibonacci number:

ok | 2 (S0l ) sl

"5l 2 7o X 5sin? X + OS2 X

Moreover, integral representations for the even and odd terms in the Fibonacci number are

o b 2t s A,

N 5sin? X + os? X

L[ﬁﬂrﬂ L Iw[sin(xlz)]{sin[(Zn +1)x sin X]dx,

Fyon = 2 ,
SN 7 J0 X 5sin? X + cos? X
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where N is a non-negative integer.

In 2022 (Stewart, 2022) Stewart has used the connection between the Fibonacci numbers, the Lucas

L ++/5F,
2

numbers, the golden ratio a" = , and identity Lf1—5F,12=4(—1)n to give the integral

representations of the Fibonacci number F, and Lucas number L, :
Fo=DR (L +BRx) d
kn—z—nf_l(  +VBFX) X

L, =2inj_ll(|_k +(n+1)VBFRX)(L, +£Fkx)"71dx,

where N is a non-negative integer and K is a positive integer. The special cases of such identities for k =1
are also discussed in Stewart’s paper (Stewart, 2023). Moreover, other integral representations for the

Fibonacci number F and Lucas number L

kn+r kn+r *

Fiove = (TR FiLy + (1 )VBF, Fox) (L, +VBRx) o,
v =g (SR Lo +(n+ DB, L)L, +BFx)” o,

where N, I are non-negative integers and K is a positive integer (Stewart, 2022).

Like Fibonacci and Lucas numbers, the Pell family is widely used. Pell and Pell-Lucas numbers also
provide boundless opportunities to experiment, explore, and conjecture. Further details can be found, for
instance, (Trojnar-Spelina and Wtoch, 2019; Erduvan and Keskin, 2022). The nth Pell number P, and the n

(1+«@)n—(1—ﬁ)n

th Pell-Lucas number Q, are explicitly given by the Binet-type formulas: P, = 2\/5 and

Q.= (1+ \E)n + (1 - \E)n , respectively.

In this paper, we give new integral representations that have never existed before of the Pell number
and the Pell-Lucas number by using Binet’s formula for the Pell and Pell-Lucas numbers to establish some

identities and simple integral calculus to prove them.

Preliminaries

In this section, we briefly recall some of the concepts and results that we will require.

The nth Pell number P, is defined by the recurrence relation P, =2P, , + P, ,, for N>2 with
P,=0 and B, =1. The first few terms of the sequence are 0, 1, 2, 5, 12, 29, 70, 169, 408, 985,...
Binet’s formula (Bicknell, 1915) for the Pell number is

(1.1)

where @ =1+ J2.
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Simpson formula (Horadam, 1971) for the Pell number is
Pn—l I:)m—l - I:)nz = (_1)" .

The nth Pell-Lucas number Q, is defined by the recurrence relation Q, =2Q, , +Q, ,, for N2 2
with Q, =2 and Q, =2. The first few terms of the sequence are 2, 2, 6, 14, 34, 82, 198, 478,...Binet’s

formula (Bicknell, 1915) for the Pell-Lucas number is

-1)"
Qn =¢n +( n) ! (1.2)
@

where @ =1+ V2.

Simpson formula (Horadam and Mahon, 1985) for the Pell-Lucas number is
+1
Qn—l Qn+l - Qr? = 8(_1)n .

Lemma 2.1 Let n be a non-negative integer. Then the following hold:

1. ¢n :Qr1+T\/§R1’

2. Q2 —-8P? =4(-1)",

3, %z%(Qn ~8R,).

Proof. 1. Combining Binet’s formula for the Pell (1.1) and Pell-Lucas numbers (1.2), gives

Qn+2ﬁpnz(¢"+(;—ln)n}+[¢"—ﬂjz 2¢".

Q
Q, +\/§Pn

Then " :T which completes the proof.

2. Squaring both sides of Binet’s formula for the Pell (1.1) and Pell-Lucas numbers (1.2) and

subtracting them, give
Q?-8P? = [gf“ +2(-1) +[(_—1)THJ—{¢2“ ~2(-1)" +(ﬂjm} =4(-1)",

which completes the proof.
3. It follows from (1) that

1 2 _Z(Qn—\/gpn)_Z(Qn—x@Pn) (1)
¢ Q+V8P, Q78R  4(1) 2 (@ -8R

Lemma 2.2 Let mand r be non-negative integers. Then the following hold:

1. 2P,,,=P.Q, +PQ,,
2. 2Q..,=Q,Q, +8P.P.
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Proof. Using Binet’s formula for the Pell (1.1) and Pell-Lucas numbers (1.2), we get

o )

S O I

Main Results

In the first of this section, the integral representation for the Pell number B can be found by

employing other known relations between the two numbers B, and Q, .

Theorem 3.1 For n is a non-negative integer and K is a positive integer, the Pell number R, can be

represented by the integral

Po = n;k fl(Qk +«/§ka)n_ldx. (3.1)

Proof. Straightforward simple integration leads to

it [ +\/§PkX)de L L—Qk +*/§Pka _ 1 (Qk +*/§ij _[Qk _2\/§pk J . (3.2)

2" J8 2 J8 2

Applying Lemma 2.1 (1) and (3) in (3.2) with n replaced with K, and replace k by kn yields

ST BRx) o i((ﬂk —ﬂJ - i{wk" —ﬂ] _p,.

2" V8 @ J8 @

This completes the proof.

The integral representations of the Pell number for even and odd orders are shown as follow:
Corollary 3.2 Let n be a non-negative integer.

1. The Pell number P,, can be represented by the integral

P, = nfl(3+\/§x)nfldx. (3.3)
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2. The Pell number P, ., can be represented by the integral

Pyt =%J'_11(2n+3+(n +1)\/§x)(3+\/§x)n_1 dx. (3.0)

Proof. 1. Notice that P,=2 and Q,=6. Setting K =2 in (3.1) gives

P, =

n

nZF:z J'_ll(Q2 +\/§P2x)n’1dx
n J'_ll(6+2\/§x)nildx

= 2n—1

= nJ:ll(B + \/§x)nfldx.

Thus, (3.3) holds.
2. Reindexing of n by N+1in (3.3), we get

Pp.s =(N +1)jjl(3+\/§x)ndx. (3.5)

Using P,,,, =2P,,,, + P, with (3.3) and (3.5), we obtain

n+2

1
P2n+1 = E(P2n+2 - P2n)

= %((n + 1) fl(B + \/§x)ndx — nfl(S + \/gx)n_ldx)
- %fll(Zn +3+(n +1)\/§x)(3+ \/§x)n71 dx.

This completes the proof.

n-1
Remark 3.3 As in Corollary 3.2 (1), B,, is product of n and the region under a curve Y, (X) = (3+\/§X)

between —1 and 1. Indeed, (3.3) becomes

P, = n_[_l1 y, dx.

For example, see Figure 1.

Figure 1 The region under a curve of Y, (X) with =1<Xx<1 for n=1,2,3.
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Next, we provide the integral representations for the Pell-Lucas number Q,, based on the two
numbers B, and Q, .

Theorem 3.4 For n is a non-negative integer and K is a positive integer, the Pell-Lucas number Q,, canbe
represented by the integral

Qu = [[,(Q +(n+1)vBRxX)(Q. +vBRX) o 6

Proof. Replacing n by N+1 in (3.1) becomes

(n+1)PR,
i

kn+k —

“[* (Qc +VBRx) dx (3.7)

Integrating by part (3.6) and using (3.7), we have

2—1n _11(Qk +(n +1)J§ka)(Qk +\/§ka)nfl dx

(Qk+fpkxjn(Qk+<n+1>J§ka)} - (Qu #BR) o

1
/8P,

1 Q \/§Pk n 1 Qk_\/gpk kn+k
N +2 J(QW(””)*@Pk)‘n\/gpk[ 5 J( (n+1)fP) e,

Applying Lemma 2.1 (1) and (2) to the righthand side of the above equation gives

1ir Q + n+1)+/8P x Q +\/§Pxn_ldx
L1 (@ +(n+1)ERx)(@, + BRx)

=n\/1§P ¢ (Q, +(n+1)VBR, ) - - (_1)n( ~(n+ 1)IP) 2Pk

N8P, ¢ nP,

1 1 4 kn 1 (_1)kn (_1)kn 2Pk k
= —| = 1)p"P, —— 1)L p, |-tk
nPk |:\/§(0 Qk+(n+ )(0 k \/g (pkn Qk+(n+ ) (pkn k nPk

_afaf . () o (D75 | 2P
B npk{ﬁ[(p o JQR+(n+1)[¢ T ka] np,

Applying both Binet’s formulas (1.1) and (1.2) with n replaced by kn and Lemma 2.2 (1) leads to

zin _11(Qk +(n+1)v8xR.)(Q, +\/§PkX)de - [ +(n+1) Pan]_%
k
2P

= kntko

npk,

1

= n—Pk[(Pank +PQq )+ nPkan:I

1
= nPk [2Pkn+k +nR, an]_ ll(;:k

= an’
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which completes the proof.

Now, both B, and Q,, are then used to establish integral representations for the Pell number P,

n+r

and Pell-Lucas number Q,, ., as the following theorems.

Theorem 3.5 For nand r are non-negative integers and K is a positive integer, the Pell number P, can

be represented by the integral

Bover =%J‘ (nPQ +PQ, +(n +1)\/§PkP,x)(Qk +\/§ka)nil dx. (3.8)

Proof. Using Lemma 2.2 (1) with m replaced by kn, we get
1
Pkn+r ZE(Panr + Pkan)' (39)

Applying Theorem 3.1 and Theorem 3.4 leads to

2

1
W

Py = 1((”2_?fl(Qk +BRX)" dij P ( [ (Qc+(n+1)VBRX)(Q, +vBRX) de
[ ("RQ, +PQ, +(n+1)vBRPx)(Q +BRx)  dx

which completes the proof.

Theorem 3.6 For nand r are non-negative integers and K is a positive integer, the Pell-Lucas number

Q,.., can be represented by the integral

1

ZMI [(81RP, +QQ, +(n+1)vBRQX)(Q, +VBR, x) " dx (3.10)

an+r =
Proof. Using Lemma 2.2 (2) with M replaced by kn, we get
1
Qunir :E(Qk”Q +8P,P.). (3.11)

Applying Theorem 3.1 and Theorem 3.4 leads to

Qunsr =%((2—1nj_11(Qk +(n +1)J§ka)(Qk +\/§ka) dij +8[ J.ll(Qk ++/8P, x) 1dx] Prj

_ij (87RP, +Q,Q, +(n+1)VBRQX)(Q, +BRX)" dx,

which completes the proof.
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Conclusion

In this paper, we give integral representations of the Pell numbers and the Pell-Lucas numbers by
using Binet’s formula for the Pell and Pell-Lucas numbers. We establish some identities and simple integral
calculus to prove them. Nevertheless, to find integral representations of several integer sequences, such as
the Bell numbers, the Padovan numbers, K — Fibonacci numbers, and the K — Pell numbers, are still open

problems.
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Abstract

Securing sensitive data stored in database environments is a critical challenge faced by organizations
across various industries. Inadequate database security can lead to devastating data breaches, compromising
the privacy and confidentiality of crucial information. This research focuses on the importance of robust
database security measures and the role of the Gid Crypto tool in addressing these concerns. Gid Crypto, a
stand-alone application, efficiently encrypts and decrypts data using private, public, and shared keys. The
previous version stored encryption keys and contact names directly in the MongoDB database, posing a
security risk if attackers managed to hack the password. This research introduces a new mechanism leveraging
One Time Pad (OTP)-based encryption to enhance security. By implementing OTP, the tool ensures that
contact lists, private keys, and secret keys are encoded before storage, making the data incomprehensible
without the appropriate decryption keys, even if unauthorized access occurs. The enhanced Gid Crypto
application maintains data integrity, confidentiality, and authenticity, effectively protecting sensitive
information in databases. Comprehensive testing confirmed the tool's robustness, accuracy, and efficiency,

establishing it as a practical and cost-effective option for database security.

Keywords: Encryption, Decryption, One Time Pad (OTP), Database security, Data encryption
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Introduction

The rapid advancement of technology makes it easier for anyone to store, transmit, and access data.
However, this convenience also brings significant risks, particularly regarding sensitive information that
malicious individuals can intercept, alter, or steal. Encryption plays a critical role in protecting databases from
both inside and outside attackers by converting sensitive data into a format that is unreadable without the
proper decryption key. This ensures that even if an attacker gains unauthorized access, the data remains
secure and unusable. For inside attackers, encryption prevents misuse of legitimate access, while for outside
attackers, it serves as a formidable barrier against hacking attempts. By safeguarding data integrity and
confidentiality, encryption helps maintain trust, compliance, and the overall security of the organization's
information assets.

Several studies have been conducted to enhance the understanding and application of encryption
and decryption techniques. A research work by Ibrahim et. al (2023) examined database security by employing
ASCIl code for data encryption in conjunction with their proprietary algorithms. Shingari and Mago (2024)
investigated the protection of sensitive medical records sourced from Internet of Things (IoT) technologies.
With the growth of cloud technology, numerous researchers have turned their attention toward cloud
security. For instance, Fatima et al. (2022) suggested the implementation of the Advanced Encryption
Standard (AES) for encrypting data within cloud-based applications and storage solutions. Similarly, Hammami,
Obaidat and Yahia (2020) concentrated on safeguarding personal data during authentication processes in
cloud environments.

Currently, various commercial and online cryptography services are utilized across diverse systems.
For instance, VeraCrypt (Evkan et al., 2020; KakaSoft, 2021) is a tool compatible with Linux, macOS, and
Windows operating systems, capable of creating hidden drives for data encryption that remain invisible in the
file system. However, its complexity can hinder effective use for some users, potentially affecting system
performance. Miguel (2024) conducted a comprehensive review and evaluation of several popular encryption
software options, including IPassword, Boxcryptor, NordLocker, Kruptos2 Professional, and CryptoForge. These
tools typically require subscriptions. Among email encryption services, Cisco Secure Email Encryption Service
(TrustRadius, 2024) offers an inexpensive plug-in, but it only supports Outlook and Microsoft 365. Proton Mail
(James, 2024; Preveil, 2024; Rubenking, 2024) provide robust encryption services to secure email messages;
however, their free versions offer limited features, with additional functionalities and unlimited storage
available only through paid plans. Addressing these limitations, we have developed a tool named Gid Crypto
(Jean and Alherbe, 2024), designed to encrypt and decrypt data in emails, text messages, and CSV files. This
tool was designed to be user-friendly and does not require any additional subscription fees. Gid Crypto was
also utilized by Ngaogate et al. (2024) to safeguard patient data at rest. The tool encrypts data before storing
it in a database, with decryption occurring before entering the data classification process.

One Time Pad (OTP) encryption uses a random key that is only used once to encrypt plaintext. It
ensures the security of sensitive information from unauthorized access. The OTP process generates a random
key that is the same length as the plaintext. Each bit or character of the plaintext is then encrypted by
combining it with the corresponding bit from the OTP key using modular addition. Besides being an
uncrackable encryption method, OTP is cost-effective as it usually does not require additional hardware or
software, making it a practical option for enhancing database security.

Certain research efforts have explored the use of OTPs to secure data, for instance, Budiman, Zarlis
and Hafirzah (2021) combined the Rabin-p algorithm and OTP to protect data images. Their research result

shows a conclusion that the larger the size of the images, the longer the time is used for encryption and
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decryption. Indra and Nabila (2023) conducted a study on securing text messages by first using RSA to encrypt
the plaintext, followed by using OTP with the same plaintext to maintain data authenticity. Kumari, Balaji and
Lyengar (2023) used OTP for secure data in cloud computing and explained the OTP process.

In this research, we proposed a new security mechanism to enhance the efficiency of the Gid Crypto
tool in securing data protection and privacy within database environments. By implementing OTPs, we
strengthen the security of data by encoding contact lists, private keys, and secret keys before their direct
storage in the database, as was observed in the previous Gid Crypto version. Consequently, even if
unauthorized individuals gain access to the database, they will be unable to comprehend the stored

information without possessing the appropriate decryption keys.

Research Objectives
1. To encrypt data while storing and retrieving from the database.
2. To keep the data confidential so that those not involved cannot understand that information.

3. To secure data from inside and outside attackers.

Research Method

In this section, we describe the current Gid Crypto system, detail the implementation of OTP, and
explain how applying OTP can significantly enhance Gid Crypto's security. We also provide testing details to
ensure the robustness of Gid Crypto’s encryption and decryption capabilities. The following information will

explain these aspects comprehensively.

Gid Crypto Application

Our development tool, Gid Crypto (Jean and Alherbe, 2024), is a stand-alone application designed
to encrypt and decrypt data efficiently and rapidly using private, public and shared keys. The tool was
developed using Diffie-Hellman, Mersenne Twister, and AES techniques to ensure secure data. Speed tests
indicate that the encryption and decryption processes are performed within a reasonable time frame, and
attempts to attack the system were unsuccessful in obtaining the keys. Figure 1 shows the current Gid Crypto
encryption and decryption workflow where Bob and Alice represent a pair on the contact lists.

To establish secure communication, each communication pair must create a contact name. As shown
in Figure 1, Bob created Alice as his contact name, while Alice did the same for Bob. Subsequently, Bob
generates a private key and a public key. These keys are used to create a shared key for Bob. Bob then sends
the public key and shares it over the internet with Alice, enabling her to generate her secret key.

Similarly, Bob’s secret key is generated using Alice’s public and shared key. The contact name, private
key, and secret key are stored in the database on each side. During communication, Bob and Alice use their
keys to encrypt and decrypt messages, ensuring their conversations are secure. In this way, the current version
of Gid Crypto ensures that communication messages are protected and secure enough, as described and
tested in our work (Jean and Alherbe, 2024). Even if eavesdroppers intercept their encrypted messages, they

cannot read the content without the proper keys.
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BoB ALICE

Create New Create New
Contact Contact

Select Private Select Private
Key = p1 Key = p2

Generate
Public key = x2

Generate
Public key = x1

Generate Shared
key(p1,x1) = s1

.
R N ——

Generate Shared
key(p1,x2) = s2

key(x1,51) = sk2

N
Encrypt(textA) CiphertextA | Decrypt(CiphertextA)

uses sk1 uses sk2
L. L/ "

OR

textA

uses sk1 uses sk2
e A S A

]" e "7 Decrypt(CiphertextB) | Ciphertext [ Encrypt(textB) J

Figure 1 The current Gid Crypto encryption and decryption workflow

To enhance Gid Crypto's efficiency, we have pinpointed specific areas for improvement. In the current
version, we found that the private keys, secret keys, and contact names are stored directly in the MongoDB
database. Despite Gid Crypto’s implementation of password-based access control, if inside or outside
attackers hack the password, they could access the database and view the stored encryption keys, enabling

them to decrypt the protected data.

Enhanced Gid Crypto Application

In this research, we have enhanced the capabilities of Gid Crypto to encrypt the contact names,
private keys, and secret keys before storing them in the database. The plain text will be encrypted using
random sequence OTP keys and stored in the datastore. For decryption, the data will be retrieved from the
datastore and then decrypted. This process ensures that if an unauthorized person were to hack into the
database, they would be unable to discern the contact names or keys, thereby increasing the data’s privacy
and security. In doing that, we developed the application using Python, leveraging the PyQt5, PyMongo, and
Cryptodome libraries, among others, and utilized MongoDB for the database.

We have utilized the OTP methods to assist in encrypting data for security enhancement. The OTP
encryption and decryption technique are applied to both sides of the communication, as demonstrated in
our example with Bob and Alice. Figure 2 illustrates the enhancement process of the Gid Cryptosystem,

specifically on Bob's side.
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Figure 2 The Gid Crypto Enhancement

One Time Pad

The OTP is an encryption technique that only uses a predefined secret key once. The key length is
equal to the size of the message being encrypted, and we use this key in an algorithm to modify each
character of the text that we are encrypting and store the resulting cipher in the database; when that data is
needed, the algorithm, is used to decrypt the cipher to plaintext. Our proposed OTP-generating method is
described as follows:

1. In Gid Crypto, contact names are generated as strings that may include spaces and underscore,
while private and secret keys are solely numeric. However, there are no restrictions on the length of contact
names, private keys, or secret keys. Users can make them as long as they want.

2. According to the condition of the contact name and the keys generated above, we would use [A-
Z], space, [0-9], underscore (), and [a-Z] (a total of 64 alphabets) for encryption and decryption. Special
characters such as @, #, and ! are excluded since they are not used in naming conventions and cannot be
used to create public and private keys. The numerical value of each alphabet is shown in Figure 3.

3. The OTP random key (K) value is uniquely generated using our developed function
Random_Sequence(). This key is the same length as the plaintext used to modify each text character. Even
if the plain text characters are identical, the generated key will differ each time. This key is only used once

to encrypt the plaintext and decrypt the ciphertext, ensuring unique encryption and decryption for each

instance.
Alphabet AlB|C|..|Y|Z|space| O |1]|..]8|9]| _J|a|blcl|l.|y]|z
N“\Z?Jéca' 112|..|24|25| 26 |27|28|..|35|36|37|38|39|40/.. 62|63

Figure 3 Numerical value of each alphabet
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Key Generation Function

We developed a Random_Sequence() function to generate OTP keys as follows:

For contact name:

1. Specify the Plain Text: The length of the OTP key sequence will equal the length of the plain
text.

2. Map Characters to Numerical Values: Each character in the plain text is randomly mapped to a

numerical value ranging from 0 to 63, resulting in a sequence of integers making the OTP keys.

For private and secret keys:

1. Specify the Plain Numbers: The length of the OTP key sequence will equal the length of the plain
numbers.

2. Map Numbers to Numerical Values: Each plain number is mapped to a 256-bit length number
from 0 to 9.

The length of the plaintext and plain numbers can be adjusted as needed. If the communication
pair wishes to use a new set of OTP keys for the contact name, they can delete the current contact and
regenerate a new contact using a new plain text to issue a new random sequence. This process is similar to
updating the OTP keys for private and secret keys. The encryption and decryption processes are explained
below:

Algorithm for OTP Encryption

Step 1: Identify the plaintext to encrypt (contact name, private key, or secret key).

Step 2: Convert each character, number, space, or underscore into a numerical value ranging from 0
to 63.

Step 3: Use the developed function Random_Sequence() to generate OTP keys of the same length
as the plaintext.

Step 4: Add each numerical plaintext value to the corresponding OTP key.

Step 5: Perform modulo 64 on each resulting value from Step 4 to obtain the ciphertext.

Algorithm for OTP Decryption

Step 1: Subtract each ciphertext numerical value from its corresponding OTP key value.

Step 2: Perform modulo 64 on each resulting value from Step 1 to obtain the plaintext.

Figure 4 illustrates the encryption and decryption process using OTP for a contact name “Alain Jean.”
In this example, the contact name has two “a” and two “n.” The developed algorithm uses a different key
for each occurrence of the same character. For instance, the OTP key for the first “a” is 44, while the OTP
key for the second “a” is 53. Consequently, the ciphertexts for “a” are different.

Figure 5 illustrates the OTP encryption and decryption process for a private key. It demonstrates that,
with the developed algorithm, the ciphertext can be identical even if the keys are different. For instance, the
numbers 2, 3, and 9 all have the same cipher representation as “Q.” This means that if an unauthorized
person accesses the database and sees the "Q" values, they might incorrectly assume they originate from the
same initial plaintext. Therefore, attempts to decrypt the data, considering it comes from the same source,
will be unsuccessful.
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ENCRYPTION

Plaintext A | a i n J e a n
Numerical value of Plaintext 0 49 38 46 51 26 9 42 38 51
OTP Key (K) 53 57 44 32 52 51 44 32 53 19
pk = Numerical value of Plaintext + K 53 106 82 78 103 77 53 74 91 70
pk MOD 64 53 42 18 14 39 13 53 10 27 6
Cipher text P e S O b N p K 0 G
DECRYPTION

Cipher text o] e S O b N p K 0 G
Numerical value of Ciphertext 53 42 18 14 39 13 53 10 27 6
OTP Key (K) 53 57 44 32 52 51 44 32 53 19
ck = Numerical value of Ciphertext - K 0 15 -26 -18 -13 -38 9 -22 -26 -13
ck MOD 64 0 49 38 46 51 26 9 42 38 51
Plain text A | a i n J e a n

Figure 4 OTP Encryption and Decryption for a Contact Name

ENCRYPTION

Private key (Plaintext) 2 3 9 5
Numerical value of Plaintext 29 30 36 32
OTP Key (K) 51 50 44 32
pk = Numerical value of Plaintext + K 80 80 80 o4
pk MOD 64 16 16 16 0
Cipher text Q Q@ Q@ A
DECRYPTION

Cipher text Q Q Q A
Numerical value of Ciphertext 16 16 16 0
OTP Key (K) 51 50 44 32
ck = Numerical value of Ciphertext - K -356 -34 -28 -32
ck MOD 64 29 30 3B 32
Private key (Plaintext) 2 3 9 5

Figure 5 OTP Encryption and Decryption for a Private Key

Figure 6 illustrates the difference between the data stored in the database using the previous Gid
Crypto method and the data stored using the new Gid Crypto version with OTP encryption. The figure shows
that the contact name, private key, and secret key are encrypted before being stored in the database.

v Name: Array (1) v Name: Array (1)
@: "Alain Jean" 8: "peSObNpKoeg"

PvtKey: Array (1) PvtKey: Array (1)
8: "2395" @: "QQoA"

Mypubk: Array (1)

4
4

4
4

Mypubk: Array (1)

B: "2354367" @: "2354367"
* PubKey: Array (1) * PubKey: Array (1)
B: "3653747" B: "3653747"
v ShrKey: Array (1) v ShrKey: Array (1)
B: "56754876" @: "56T754876"
v secKey: Array (1) v secKey: Array (1)
0: "2603962" @: "QTHyVTI"
(a) Previous version (b) Enhanced version with OTP

Figure 6 Comparison of Gid Crypto Datastore: (a) Previous version (b) Enhanced version with OTP
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Evaluation

Detailed tests were conducted to ensure the robustness of Gid Crypto’s encryption and decryption
capabilities, focusing on three primary areas: accuracy, security, and performance. Samples of data used in
the experimental evaluation are shown in Table 1.

Table 1 Samples of data used in the experimental evaluation

File types Data examples
Clear text As Moore’s Law marches on, the Internet of Things continues to gain traction, and
data personal privacy is an above the fold news story, the importance of cryptography on the

modern Internet continues to increase. While once the realm of mathematicians and

hardcore computer scientists, cryptography has gone mainstream ...

(1946 Characters, 302 Words, 24 Lines)
CsV file dex,Customer Id,First Name,Last Name,Company,City,Country,Phone 1,Phone

2,Email,Subscription Date,Website
1,EB54EF1154C3A78,Heather,Callahan,Mosley-David,Lake Jeffborough,Norway,043-797-
5229,915.112.1727,urangel@espinoza-francis.net,2020-08-26,http://www.escobar.org/
2,10dAcafEBbA5SFCA Kristina,Ferrell,"Horn, Shepard and Watson",Aaronville,Andorra,932-
062-1802,(209)172-7124x3651 xreese@hall-donovan.com,2020-04-27 https://tyler-
pugh.info/

3,67DAB15EbedBEda,Briana,Andersen,Irwin-Oneal,East Jordan,Nepal,8352752061,(567)135-
1918,haleybraun@blevins-sexton.com,2022-03-22,https://www.mack-bell.net/ ...

(1699947 Characters, 119670 Words, 19998 Lines)

Programming
' Date Developer Comments |
' |
' 02/25/2010 Jack Original code |
' |
'rms ( Room Management Services) application/web service

Imports MySql.Data.MySg(Client
Imports System.Text
Imports System.Math
Imports System.lO ...

(7334 Characters, 548 Words, 267 Lines)

The specifics of each test are explained as follows.
1. Accuracy tests verify the correctness of encryption and decryption of various data types, including
private keys, contact names, and secret keys, to ensure that the process preserves data integrity and accuracy

without any loss or alteration. Table 2 shows the results of the encryption and decryption accuracy testing.
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Table 2 Encryption and Decryption Accuracy

Test Case Description Expected Outcome Actual Outcome Pass/Fail
Encrypt Private Encrypting private | Encrypted cipher Encrypted cipher Pass
Keys key with OTP modified with a mix of | modified with a mix of

random key letters and numbers letters and numbers
Decrypt Private Decrypting private | Decrypted cipher to Decrypted cipher to Pass
Keys key with OTP plaintext matches the plaintext matches the

random key originals originals
Encrypt Contact Encrypting contact | Encrypted names Encrypted names Pass
Names names with OTP modified in a cipher modified in a cipher

random key with a mix of letters with a mix of letters

and numbers and numbers

Decrypt Contact Decrypting contact | The decrypted name The decrypted name Pass
Names names with OTP was restored to the was restored to the

random key original plaintext name | original plaintext name
Encrypt Secret Encrypting Secret Encrypted cipher Encrypted cipher Pass
Keys key with OTP modified with a mix of | modified with a mix of

random key letters and numbers letters and numbers
Decrypt Secret Decrypting secret Decrypted cipher to Decrypted cipher to Pass
Keys key with OTP plaintext matches the plaintext matches the

random key originals originals

2. Security tests evaluated the system's capability to protect data against unauthorized access and
tampering. These tests focused on generating true random digits to fill the pad, with a length of 256 bits
sufficient to cover the most extended key or name. We also employed multiple pads, ensuring that if an
attacker managed to decrypt a name using a brute-force attack, they could not use the same sequence for
the secret or private key. The objective was to determine if the encryption would hold long enough for an
attack to be detected or for the cipher's utility to be completed. The results demonstrated that the
encryption was robust enough to withstand a brute-force attack for over a week. Simultaneous attacks on
the three ciphers (name, private, and secret key) were unsuccessful, as none of the number sequences
matched the keys or names. We also conducted the Frequency Analysis test to determine if any patterns
were discernible in the name cipher. No discernible patterns were found, leading to the termination of the

frequency test. Table 3 provides detailed results of the security tests.

Table 3 Security tests

Test Case Description Expected Outcome Actual Outcome Pass/Fail

Integrity Check Attempt at Not even 1 character Pass

decrypting cipher

Unable to decrypt

name or keys in 24 was decrypted in 24

without the proper | hours hours using a “brute-

key in the force” attack method

reasonable time with a word dictionary

frame
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3. Performance tests focused on evaluating the system’s efficiency and scalability. This included
measuring the system performance during the encryption and decryption processes and determining whether
these operations affected the system. Table 4 compares CPU and memory usage between the previous and
enhanced version of Gid Crypto with OTP encryption, while Table 5 details performance tests. The summary

results of the tests are depicted in Table 6.

Table 4 Comparison of performance test examples between the previous and enhanced versions of Gid

Crypto with OTP encryption, based on the samples provided in Table 1

Performance Clear text Ccsv Programming
Test Previous Enhanced Previous Enhanced Previous Enhanced
Category Version version with Version version with Version version with
OTP OTP OTP
CPU (%) 8 8 17 17 9 9
Memory (%) 36 36 36 36 36 36

The performance tests consistently showed efficient resource usage, with no significant changes

observed in CPU and memory usage.

Table 5 Performance tests

Test Case Description Expected Outcome Actual Outcome Pass/Fail
Resource Measure the load Efficient and no notable | No discernible load on Pass
Utilization for on the system to load on CPU, resources, | the CPU or resources or
encryption encrypt data or time constraint time constraint
Resource Measure the load Efficient and no notable | No discernible load on Pass
Utilization for on the system load on CPU, resources, | the CPU or resources or
decryption to decrypt data or time constraint time constraint

Table 6 Summary of Results
Test Category Total Tests Passed Failed
Encryption and Decryption Accuracy 30 30 0
Security Tests 10 10 0
Performance Tests 16 16 0
Overall 56 56 0

As shown in the “Test Category” column, we conducted various tests. For the security test, we used

brute-force attacks, while for the contact name encryption and decryption accuracy test, we employed both
brute-force attacks and Frequency Analysis. All tests passed, demonstrating that our application provides a
high degree of privacy. Additionally, the performance tests consistently indicated very reasonable resource

usage, with no noticeable changes in CPU and memory usage.
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Results and Discussion

Our proposed methodology significantly enhances the security of data storage and retrieval in
databases, effectively addressing the research objectives in the following:

1. Enhanced data security: We effectively developed a method to encrypt data while storing and
retrieving from the database. Compared to the work of Ibrahim et al. (2023), encrypting text-type data resulted
in text-type ciphertext, and encrypting number-type data produced number-type ciphertext. Their approach
addresses a significant security risk since an attacker could infer that numeric ciphertext likely represents
numeric data, such as age or salary. In contrast, our improved method makes it impossible to determine
whether the original data was text or numeric, enhancing security and protecting the data more effectively.

2. Dynamic encryption with OTP: Utilizing OTP for data encryption means that each instance of
encryption produces a different outcome, even for the exact text. This is because a unique key is generated
for each encryption instance, making it significantly harder for attackers to decrypt the data through repeated
attempts. Our work keeps the data confidential, so those not involved need help understanding that
information.

3. Mitigation of outsider and insider threats: Our approach ensures that even if a malicious insider or
outsider can entirely bypass and access our database, they can only understand the encrypted data with the
proper decryption keys. This robust encryption mechanism mitigates the risk posed by unauthorized access.

4. Efficiency in encryption and decryption: The comparison between the previous version of Gid
Crypto and the enhanced version with OTP encryption shows that the difference in performance is negligible.

Consequently, this improved tool can be used to encrypt data efficiently while maintaining high security.

Conclusion and Future Work

This research successfully enhances the Gid Crypto tool by incorporating OTP-based encryption,
significantly improving the security of sensitive data stored in databases. The tests confirmed that OTP
encryption effectively protects contact names, private keys, and secret keys, ensuring that even if
unauthorized access occurs, the data remains incomprehensible without the correct decryption keys. This
enhancement addresses the critical issue of securely storing sensitive data, thereby ensuring the
confidentiality, integrity, and authenticity of data stored in databases, which is a valuable addition to the
tool's initial version.

Despite the significant advancements achieved, there are still areas for further improvement. Future
research should focus on expanding the accessibility and ease of integration of OTP encryption, making it
more straightforward to incorporate as a plug-in or add-on to other solutions. Additionally, exploring further
cryptographic techniques will be essential to enhance security even more. Moreover, integrating real-time
monitoring and automated threat detection systems could provide proactive security measures, enabling

identifying and mitigating potential threats before they cause harm.

References

Budiman, M. A, Zarlis, M. and Hafirzah (2021). Implement hybrid cryptosystem using Rabin-p algorithm and
One Time Pad to secure images. Journal of Physics: Conference Series, 1898(1), 012037.

Evkan, H., Lahr, N., Niederhagen, R., Petri, R, Poller, A., Roskosch, P. and Troger, M. (2020). Security Evaluation
of VeraCrypt. Bonn: Fraunhofer Institute for Secure Information Technology.

Fatima, S., Rehman, T., Fatima, M. Khan S. and Ali, M. A. (2022). Comparative analysis of Aes and Rsa Algorithms

for Data Security in Cloud Computing. Journal of Engineering Proceedings, 20(1), 14.

avanslae pasrInermans uminerageuasvsIil



294 | Journal of Science and Science Education Vol. 7 No. 2 (Jul. — Dec. 2024)

Hammami, H., Obaidat, M. S. and Yahia, S. B. (2020). An Enhanced Lightweight Authentication Scheme for
Secure Access to Cloud Data. In Proceedings of the 17" International Conference on Security and
Cryptography (SECRYPT 2020) (pp. 102-109).

lbrahim, S., Zengin, A., Hizal, S., Akhter, A. F. M. S. and Altunkaya, C. (2023). A novel data encryption algorithm
to ensure database security. Acta Infologica, 7(1), 1-16.

Indra, Z. and Nabila, R. C. (2023). Implementing the RSA Algorithm and the One Time Pad Algorithm for Text
Message Security. Formosa Journal of Science and Technology, 2(1), 379-388.

James, T. (2024). Proton Mail Review 2024 — How is it in Reality?. Retrieved 5 May 2024, from Travelsecurely
https://travelsecurely.com/protonmail-review/

Jean, A. and Alherbe, T. (2024). Gid Crypto: Application for End-to-End Encrypt and Decrypt E-mail and Data.
Journal of Scientific and Technological Reports, 27(2), 90-102.

KakaSoft (2021). VeraCrypt Review 2021: Price, Feature and Alternatives. Retrieved 12 March 2024, from
Kakasoft https://www.kakasoft.com/review/veracrypt-review/

Kumari, A. B., Balaji, H., and Lyengar, N. Ch. S. N. (2023). One Time Pad Encryption Technique in Cryptography.
International Journal of Computational Learning & Intelligence, 2(1), 1-7.

Miguel, P. G. (2024). 18 Best Encryption Software. Reviewed For 2024. Retrieved 28 May 2024, from
Thectoblub https://thectoclub.com/tools/best-encryption-software/

Ngaogate, W., Jean, A., Wattanataweekul, R., Janngam, K. and Alherbe, T. (2024). Hybrid Machine Learning
Algorithm with Fixed Point Technique for Medical Data Classification Problems Incorporating Data
Cryptography. Thai Journal of Mathematics, 22(2), 295-310.

Preveil (2024). Simple, Encrypted Email and File Collaboration. Retrieved 10 June 2024, from Preveil
https://www.preveil.com/

Rubenking, N. J. (2024). The Best Email Encryption Services for 2024. Retrieved 3 June 2024, from Pcmag
https://www.pcmag.com/picks/the-best-email-encryption-services

Shingari, N. and Mago, B. (2024). The Importance of Data Encryption in Ensuring the Confidentiality and Security
of Financial Records of Medical Health. In 2024 IEEE International Conference on Interdisciplinary
Approaches in Technology and Management for Social Innovation (IATMSI) (pp. 1-6). Gwalior:
|EEE.

TrustRadius (2024). Make confident technology decision. Retrieved 7 March 2024, from TrustRadius

https://www.trustradius.com/

Copyright by Faculty of Science, Ubon Ratchathani University



f

JOURNAL OF SCIENCE & SCIENCE EDUCATION Vol. 7 No. 7 (Jul. — Dec. 2024): 295 - 304
Faculty of Science, Ubon Ratchathani University http://doi.org/10.14456/jsse.2024.23

Research Article in Science

Encoding and Decoding by Using Pell and modify Pell Matrices

Supunnee Sompong', Phongphan Mukwachi', Sa-at Muangchan' and Jirawat Kantalo®”
!Department of Mathematics and Statistics, Faculty of Science and Technology,
Sakon Nakhon Rajabhat University, Sakon Nakhon

*Email: jirawat@snru.ac.th

Received <26 April 2024>; Revised <17 July 2024>; Accepted <26 July 2024 >

Abstract

In this paper, we study the Pell, modify Pell sequences, and the matrices whose entries are related
to Pell and modify Pell sequences. Moreover, we apply these matrices to present a new algorithm for
encoding, which transforms plain text into cipher text for secure transmission, and decoding, which involves
decrypting the received cipher text back into its original message.
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Introduction

Several sequences of real numbers are important in mathematics and have been widely studied for
their properties and applications such as the Fibonacci and Lucas sequences. In this paper, we have studied
the Pell and modify Pell sequences which are among the well-known sequences. The Pell sequences (Halici
and Dasdemir, 2010) is defined by

P, =2P, 4+ Pz (1)

for positive integer N > 2 with initial condition P, = 0 and P, =1. The modify Pell sequences (Halici and
Dasdemir, 2010) is defined by
Gy =204+ 0o 2)

for positive integer N> 2 with initial condition ¢, =1 and ¢, =1.

At present, there are many research studies related to the study of the properties and applications
of sequences of real numbers, particularly in the application of cryptography theory. For example, in 2018,
(Tas, et al., 2018) proposed a new method for encryption and decryption using the Fibonacci sequence. In

2019, (Sumeyra et al., 2019) have introduced new algorithms by using Q — matrix and R —matrix which are

11 1 2 (3)
Q= and R= .
10 2 -1

fn+l fn In+l In (4)
Q"= and R" = ,
fn fn—l In In—l

is Fibonacci sequences and |n is Lucas sequences. See more examples in (Stakhov, 1999; Hoggatt

respectively defined by

Then

where f,

and Ruggles, 1963; Shtayat and Al-Kateeb, 2019; Flaut, 2019; Sundarayya and Vara Prasad,2019; Shtayat and
Al-Kateeb, 2022).

In this paper, we will present a new method for encryption and decryption using a matrix whose
entries are related to the power of matrix associated with the modified Pell sequence, and we will provide

an illustrative example of this method.

Preliminary

In this section, we will introduce and study the following definitions and lemmas of the Pell and
modify Pell as defined in (1) and (2).
Lemma 1. (Horadam, 1994) Let P, be the Pell sequences and (], be the modify Pell sequences. Then, for

every positive integer N,

L0, = Pra— Py
2. qn+1 = pn+1 + pn
qn+1 + qn
3. =
pn+1 2
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Lemma 2. (Ercolano, 2010) Let P be a matrix, is defined by
2 1
P:[ } then Pn:[pn+l P }
1 0 pn pn—l

and det(P") = (—l)n for N is positive integer.

Now, we will present new definitions and lemma that are useful in our research.

Definition 1. Let Z, be a matrix for K € {1, 2,3, 4}, is defined by

1 -1 11 11 -1 1
Z, = 7, = L Z,=  Z, = .
11 11 1 -1 11

Definition 2. Let Tnk be a matrix, is defined by
Tnk =ZP"
for positive integer N and K € {l, 2,3, 4} )

Lemma 3. Let Tnk be defined as in equation (7). Then we have

1 -]-n1 _ qn qnl:|
_qn+1 qn
) T | }
’ __qn _qn—l
3. Tn _ qn+l qn :|
: L qn qn—l
a Tn _ —q, _qnli|.
! _qn+l qn
Proof. We will prove 1. From (5), (6) and (7), we have
Tnl =2Z,P"

_ _1 _1:||: pn+l pn }
1 1P P

_ | P = Pn P~ pn—l}
| Prat Py Pt P

_ I qn qnl:|
_qn+1 qn

For 2-4, the proof is similar to the proof of 1.
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Note that: From the definition 2 and the determinant of product Z, and P", we have

Main Results
In the main results, we present two sections. The first section introduces a new algorithm for encryption
and decryption, as shown in Figure 1. In the second section, we will demonstrate an example of using the

encryption and decryption algorithms.

Secret Key

@ ) @ @

“HELLO" ? “KiP@” ?

Plain Text Encryption ( Cipher Text Decryption (

“HELLO"

Plain Text

Figure 1 Diagram of flow of work

New algorithm for encryption and decryption
Firstly, we will introduce the notations used in the new algorithm.

1. Let M bea 2mx2m plain text square matrix. If entries of M has a spaced between words,
we will add zeros. Moreover, if M does not satisfy the given size requirement, we will also
add zeros until it is complete.

Let B, be a 2x2 blocked matrix divided from M from left to right.

Let E; be any 2x2 matrix.
Let T, bea 2x2 matrix, defined as in equation (7).

Let | be the number of matrices B,.

A L T

Let N be positive integer, defined by

I I
where {E is the largest integer less than or equal toE.

So, we have

where 1<i<m?.

Then, we assign values based on modular 29 for the following character Table 1.
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Table 1. The values based on modular 29 for the following characters.

A B C D E F G H
n+28 n+27 n+26 n+25 n+24 n+23 n+22 n+21
| J K L M N 0] P
n+20 n+19 n+18 n+17 n+16 n+15 n+14 n+13
Q R S T U Vv W X
n+12 n+11 n+10 n+9 n+8 n+7 n+6 n+5
Y Z 0 : )
n+4 n+3 n+2 n+1 n

Encryption and decryption algorithms are as follows:
Encryption algorithm
Step 1: Divide matrix M into matrices B, for 1<i < m?.

Step 2: Choose N.

Step 3: Define b} for 1<1, J<4.

Step 4: Calculate d; such that d; = det(Bi )

Step 5: Construct key matrix K such that K = [di b,l] for k € {1, 3, 4} .

Finally, we will send matrix K and N to recipient for decoding the cipher text.
Decryption algorithm
Step 1: Choose Z, fork € {1, 2,3, 4}.
Step 2: Calculate Tnk .
Step 3: Define t; for 1< j<4.
Step 4: Calculate eé such that e; = tlb; +'[3b‘i1 .
Step 5: Calculate ejl such that eL =t2b; +t4bjl.
Step 6: Find solutions X, for 1<i<m?.
If we choose Z, or Z,, we find the solution X; from
2(-1)"d; = ezil (tyX; +t1b1|) - e; (t,x + t2b1i) .
If we choose Z; or Z,, we find the solution X; from
2(-1)""d; = e (t; +by) — €3 (t,% +1,b7).
Step 7: Let X, =hj .
Step 8: Construct matrix B, .
Step 9: Construct matrix M .
Numerical Example

Example 1. We suppose that the plain text is “HAPPY NEW YEAR”. Then, M defined in equation (10) is plain

text square matrix with size of 4x4(in the case M=2).

H AP P
Y 0 N E
M:
W 0 Y E
AR O O

(10)
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Encryption algorithm
In the encryption algorithm, M defined in equation (10) has B; for 1<1 < 4in step 2, which are

H A P P W 0 Y E (11)
B, = B, = B, = B, = .
Y 0 N E A R 0 0

4
Since | = 4 n= [EJ =2 . Then, we get the numeric as characters based on modular 29 from Table 1:

H A P P Y 0 N E
23 1 15 15 6 4 17 26
W 0 Y E A R 0 0

8 4 6 26 1 13 4 4

We get the entries b} in matrices B, for 1<1, j <4 which are following in table:

b =23 by =1 bl =6 b; =4
b? =15 b? =15 b? =17 b? =26
bl =8 b’ =4 bd=1 b? =13
bl =6 by =26 by =4 by =4

After that, we calculate d, such that d, :det BI . We have

2 12
d, = det(B,) = det[ j (12)

6 4

15 15 3
dz=det(Bz)=det@ D 135, (13

17 26

8 4 (10)
d. =det(B,) =det 100,
s = 0et(By) G[L 13D

6 26 .
d, =det(B,) :det[ j (15)

Finally, we have obtained the key matrix K, which is

86 23 6 4 (16)
135 15 17 26

“l100 8 1 13
80 6 4 4

and send K and N to recipient for decoding.

Decryption algorithm
In the decryption algorithm, the recipient will receive matrix K for using in decoding, with the following

steps.
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1 -1
Firstly, we choose Z, for K € {1, 2,3, 4} . In this paper, we choose Z, = L L } Then, we calculate T21

3
7
We calculate e; =tlb; +'[3bjl and eL = tzb; +t4bj1 for 1<1 <4 to construct matrix E . So, we have

1
from lemma 3., we get T21 =|: } So,wehave t, =3, t,=1 t,=7,and t, =3.

e =(3x6)+(7x4) =46,
e = (3x17) +(7x 26) = 233,
&5 = (3x1) +(7x13) = 94,
e; = (3x4) +(7x4) = 40,

e; = (1x6) +(3x4) =18,

e; = (1x17) +(3x 26) = 95,
e; = (1x1) +(3x13) = 40,

e; = (1x4)+(3x4) =16.

In the next step, we will find all solutions X; for 1<i<4.

To find solution X, , we observe the following equations:

2(_1)2d1 = ezlt (tx + t1b1l) - e; (t,x + t2b11)1
2(~1)2(86) =18(7x, + (3% 23)) — 46(3x, + (1x 23)),
_184-172
12
X =1

To find solution X, , we observe the following equations:
2(-1)°d, = €2 (t,x, +tb?) — e’ (t,x, +t,b7),
2(—1)2 (235) =95(7 X, + (3x15)) - 233(3X2 + (1x15)),
780-270
X, =———,
34
X, =15.

To find solution X, , we observe the following equations:

2(_1)2d3 = ei (t3X3 +t1b13) - ee? (t4X3 +t2b13)’
2(~1)2(L00) = 40(7x, + (3x8)) — 94(3x, + (1x8)),
208-200
X,=———
2
X, = 4.
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To find solution X, , we observe the following equations:

2(_1)2d4 = ej (t3X4 + t1b14) - e; (t4X4 + t2b14)1
2(—1)2 (-80) =16(7x, + (3x6)) —40(3x, + (1x6)),
208+48
X, = ——
8
X, = 26.

Hence, we have obtained b; =x =1 bz2 =X, =15, b23 =X, =4and bg =X, =26.

So, the matrices B, for 1<1<4 which are
B_bllb;_231 B—b12b22—1515
“Tlob b |6 4] * |p2 p?| [17 26]

b’ b 8 4 b by 6 26
S TS i T Bt R il PR
;5 Dy 3 Dy
Finally, the matrix M is

23 1 15 15

M_{Bl BZ} 6 4 17 26

H
Y
8 4 6 26| |W
1 13 4 4| | A

B, B| B

T ©o o >
o < Z2 T
O m m T

The message after decoding will be “HAPPY NEW YEAR”.

Conclusions

In this paper, we present a new algorithm for encryption and decryption of messages. This algorithm,
involves dividing the message matrix into size of 2M and applying properties from the n" power matrix
related to modify Pell sequences for decryption. Additionally, we provided an example demonstrating the

steps of encryption and decryption using the new algorithm.
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Abstract

This Python simulation learning activity for estimating the area between curves was created to teach
students how to simulate problems with deterministic behavior, which is another important step in
developing students' simulation modeling competence. The target group of twenty-eight grade 12 students
learned to use the Python program to estimate the area between curves using a developed hands-on
simulation. After the activity was completed, the students' competency in simulation for estimating the area
between curves using Python was evaluated. The results of the evaluation indicate that the designed activity
can improve the desired performance. In addition, the evaluation results revealed that students' enjoyment,
value, interest, and self-efficacy in performing activities led to positive outcomes. The findings of this study
point to a strategy that interested teachers can use to improve students' basic competency and knowledge

for learning about simulation modelling further.

Keywords: Python program, Mathematical modelling, Simulation modelling,

Simulating deterministic behavior, Area between curves
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Introduction

Mathematical modeling is one way in which mathematics can be used to solve real-world problems
effectively. Mathematical modeling consists of four main processes: converting real-world problem situations
to mathematics; selecting a method that corresponds to the mathematical model obtained from the problem
for the results; converting the results back to describe the actual problem situation at the source; and refining
the mathematical model based on the applied model results (Blum and Leif3, 2006; Galbraith, Holton and
Turner, 2020, Hartmann, Krawitz and Schukajlow, 2021; Schukajlow, Krug and Rakoczy 2015; Wake, 2015). The
development of mathematical modeling competencies has occurred in many educational curricula in
response to the need to develop human resources in the country who can effectively apply mathematics to
everyday life. A general goal aspect is the development of mathematical modeling competency on basic
mathematics content according to curriculum standards for students to use in daily life (English, 2012; Kazak,
Pratt and Gokce, 2018; Krutikhina et al., 2018; Patel and Pfannkuch, 2018; Shahbari and Peled, 2017; Stillman,
2010). Another intriguing and equally important aspect is the development of unique modeling competencies
to encourage students with special interests to pursue higher education in order to become experts in a
specific type of mathematical modeling (Farihah, 2019; Frejd and Arleback, 2017; Greefrath and Siller, 2017;
Kotelawala, 2011; Leung, 2013; Ortega and Puig, 2017; Rodriguez Gallegos, 2015).

Another important model that can be applied to situations that cannot be directly analyzed is
simulation modeling. With the appropriate program on the computer, simulation modeling simulates the
actual behavior of a problem situation. Then, examine the data from simulation modeling and apply the
results to explain the actual problem situation. (Kin and Chan, 2011; Maria, 1997; Tobrawa et al., 2022;
Volosencu and Ryoo, 2022; Zarate Ceballos et al., 2021). A problem scenario that necessitates simulation
modeling to find an answer can be classified as simulation modeling for deterministic behavior problems at
first (Barros, 2007; Chowdhury and Liu, 2014; Papageorgiou and Paskov, 1999). and simulation modeling for
probabilistic behavior problems (Paler et al., 2013; Cecconi et al., 2017; Sanchez and Arroyo, 2019; Gandrud
and Williams, 2017; Zollner et al., 2021). It is critical to educate early learners about simulating deterministic
behavior problems when teaching simulation modeling in general. The problem of determining area and
volume will be raised in the lesson to demonstrate the simulation, which can estimate area and volume and
is thought to be a solution for deterministic behavior (Albright and Fox, 2019; Giordano, Fox and Horton, 2013,
Gordon and Guilfoos, 2017). However, teachers face the challenge that simulations require a suitable
simulation tool, which they must be able to use to simulate the results and graph the results to better
comprehend the students. And students can practice simulations of deterministic behavioral problems; the
selection of tools for learning management is often quite challenging. Because it must choose a tool that is
flexible between facilitating the development of independent commands as needed and supporting a pre-
made instruction set as a tool to expedite development, it is required to choose a tool that is capable of
supporting both. As a result, simulation modeling is dependent on the development of appropriate digital
and mathematical tools. The same is true for previous modeling studies that required the use of digital tools
(Brnic, and Greefrath, 2020; Greefrath, Hertleif and Siller, 2018; Greefrath and Siller, 2017; Schénbrodt, Wohak
and Frank, 2022) and mathematical tools (Sinclair and Jackiw, 2010; Urgena and Lapinid, 2017) to achieve the
desired results.

Learning activities on simulating deterministic behavior with Python were created for this study. The
learning activities involved calculating the area under the curve and the area between the curves. The
simulation of deterministic behavior in problems of area under curve and area between curves is crucial
because it builds on knowledge of numerical methods for determining the finite integral of some functions
that cannot be analyzed. The second gives an example of simulation modeling for deterministic problem
situations (Albright and Fox, 2019; Giordano, Fox and Horton, 2013; Gordon and Guilfoos, 2017) although this
type of modeling is commonly thought to be used for problems with probabilistic behavior. Python's selection

as a mathematical tool should be due to all of the benefits of Python programs. That has evolved into a
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widely used programming language today. One of the anticipated outcomes of the activity was the
improvement of students' competency in simulation for estimating the area between curves with Python.
The second expectation is that students will experience enjoyment, value, interest, and self-efficacy in the
activity.

Simulating deterministic Behavior with Python

This section describes the use of random number simulations to solve situations involving
deterministic behavior in which certain outcomes are possible. In cases where there are no probabilities
involved, the presented problem involves estimating the area between curves (Albright and Fox, 2019;
Giordano, Fox and Horton, 2013; Gordon and Guilfoos, 2017). Consider the concept of the area under the
curve enclosed by y = f(x) as a continuous function, as shown in Figure 1, and consider the 0 < f(x) <
M and a < x < b boundaries.

A Points are not counted when they
/ Lie above the curve p = f(x)
M »/

1

|

I

|

|

|

|

| Points below the curve
| are counted
I

*P(x,y)

[ -

» X

Figure 1. The rectangular region of high M and long b — a encompasses the area from y = f(x) tothe a <
x<bh

Consider randomly selecting point P(x,y) from the rectangular region. This is the result of
generating random numbers x and y on a < x < b and 0 < y < M and counting the point P(x, y), which
is located within the region whose area we wish to estimate.

A the area of the region to be estimated.

Apg the area of the rectangle.

P the number of random points on the area to be estimated.
Pr the total number of random points.

. A _P ! .
The relationship — = P—C can be used to estimate the required area.

AR T

This process revealed that from the need to find the area of a region, rather than searching for tools
to directly measure the area that must be known, we shifted the concept of the area problem to the idea
that if we bound a rectangle, we know the exact area required to cover a region for the purpose of calculating
its area value. Then it is comparable to throwing a dart over a rectangle containing the desired area. This
means that the ratio of darts that hit the unknown area to the total number of darts thrown on the rectangle
is equal to the ratio of the unknown area to the known rectangle's area. When converted to a mathematical
process, this results in the creation of a random point on the rectangle containing the area to be evaluated.
As a result, this is another study of the same problem that does not directly determine the value. This is
what we call simulation modeling, and because it creates a simulation model to consider problem areas with
deterministic behavior, we refer to it as simulating deterministic behavior.

The preceding concept can be used to create simulations to estimate the area between curves. To
demonstrate the simulation process, we will present a simulation to estimate the enclosed space with y =

4 — x%,y =3x,x = —4,and x = 1. The procedure is as follows:
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Analyzing a graph of area to be estimated
Because the Python code can approximate the area to be enclosed by y = 4 — x2,y = 3x,x =
—4, and x = 1, as shown in Figure 2, it is possible to consider generating a random point P(x,y) on the

a<x<band0 <y < M rectangles with an area of 80 square units.

( & areagraphforactivity3.ipynb t & areagraphforactivity3.ipynb
File Edit View Insert Runtime Tools Help All changes saved File Edit View Insert Runtime Tools Help
_ +Code + Text _  +Code + Text
v @) #rom sympy import symbols G © from sympy import symbols
Q from sympy.plotting import plot from sympy.plotting import plot
x=symbols('x') x=symbols('x')
33 plot(3*x,4-x*#2,(x,~-5,5)) <> plot(3*x,4-x**2,(x,-4,1))
{x) 8 {x} & ol
(] 10 ~ (] A - 2 -
s 4 4 3 2 1 1
~ P / 2
£ - / ,
4 Ve 55 N\ ] / > 4
o = g / -
/ \ .-
~ \ /
/ \ / -
r 2 \ i > 8
7 N\ /
“ 15 >
/ \ o 10
20 \ =3 12
<sympy.plotting.plot.Plot at ©x7felldbd3ase> <sympy.plotting.plot.Plot at 8x7fell4bBe59a>
=] =]
= L)

Figure 2. A graph of the area to be enclosed using the y = 4 — x2,y = 3x,x = —4, and x = 1 equation
on the left, and a graph of the —4 < x < 1 and —12 < y < 4 ranges on the right, which are boundaries to

form a rectangle containing the estimated area.

Creating a simulation formula
When attempting to estimate the area that needs to be simulated, we can take into consideration

the following formulas:

A represents the area of the area enclosed by y = 4 —x2,y =3x,x = —4,and x = 1.
Apgis the area of the rectangle —4 < x < land —12 <y < 4.
P, is the number of random points in the y = 4 — x?, y = 3x, x = —4, and x = 1 region.

Pr represents the total number of random pointson —4 <x <land -12<y <4

By considering all the variables, a formula A = 80£—C can be developed that will be used to estimate the
T

required area for simulation.

Writing the simulation algorithm
From analyzing the graph of the region to estimate the area and developing a formula that will be
used in the simulation to estimate the area, an algorithm for commanding a computer can be written as

shown in Table 1.
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Table 1. The random number simulation algorithm used to solve the Area Between Curves problem.

A simulation algorithm for estimating the area between curves
Input The total number of random points n in the simulationon —4 <x <land—-12<y <4
output The estimated value of the area enclosedby y =4 —x2 y=3x,x = —4,andx =1
START
Step 1 Set counter = 0
Step 2 Fori = 1,2, ...,ndo Step 3-5
Step 3 Generate random coordinates x; and y; correspondingto —4 < x < land—12<y <4
Step 4 Calculate f(x;) = 4 — x? and g(x;) = 3x; for random point x;
Step 5 If g(x;) <y < f(x;) then counter = counter + 1 else counter = counter
Step 6 Calculate Area = 80counter/n
Step 7 OUTPUT rectangular region, region to estimate the area, all of the random points,

and the estimated value of the area

STOP

Coding a Python for creating simulation to estimate an area
From the simulation algorithm written in Table 1, it is possible to write a Python program that will
cause the computer to simulate the problem in order to find an estimate of the area whose code is displayed

in Figure 3.

0 £ areasimulationactivity3
File Edit View Insert Runtime Tools Help Lastsaved at March 1

+ Code + Text

° from random import random

x=float
& y=float
s=float
> t=float
Z=float
{x} n=int
p=[]
9=[]
= u=[]

counters=8
' Asiaasiiam et )
e( ' Pnnvaaduiauainty ')
n=int(input())
for i in range (1,n+1):
x=random{ ) *5+(-4)
p.append(x)
y=random( )*16+(-12)
q.append(y)
S=4-x**2

print

T=3%x

u.append(s)

v.append(t)

if te=y<=s:
counter=counter+1

else:
counter=counter

plt.scatter(p,q)

def (z):

return 3%z
def g(z):

return 4-z%*2
z=np.arange(start=-4.,stop=1.,5tep=6.681)

plt.plot(z,f(z),'r-")
plt.plot(z,g(z),'r-")
plt.axis([-4,1,-12,4])

plt.show()

= area=38*(counter/n)
print(counter)

b} print('AREA=',area)

Figure 3. Python code for constructing a simulation to estimate the area of a region enclosed by y = 4 —
x2y=3xx=—4andx = 1.
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Drawing a conclusion for simulation results
After generating the code that instructs Python to simulate the problem, the area between the
curves enclosed by y = 4 — x2,y = 3x,x = —4, and x = 1 is approximated. As depicted in Figure 4, a

simulation was created in Python using 1000 random points.

8 & areasimulationactivity3
File Edit View Insert Runtime Tools Help Lastsaved atMarch10

+ Code + Text

° plt.show()

area=86*(counter/n)

_ print(counter)
print('AREA="',area)
<>
O asdaasdaniudilalds
) ANIUIGFUWNINUALVNAY
[ 1leee
4
O 2
0
-2
-4
-6
-8
-10
-12
-4
266
= AREA= 21.28
>_]

Figure 4. A random 1000 -point numerical simulation for the area problem of a region bounded by y =

4—x2y=3xx=—4andx =1

The true value of the region bounded by y =4 —x? y=3x,x=—4, and x =1 can be
determined by using the definite integral, which is equal to %5. Compared to the estimates derived from the
simulations presented in Table 2, it is evident that a larger number of random points reduces the error. In
order to create a simulation that provides a more precise estimate of the area, a large number of random

points must be considered.

Table 2. The numerical solutions from simulations using increments of 100 from 100,000 random points to

estimate the area of the enclosed region by y = 4 — x?,y = 3x,x = —4,and x = 1.
Number of random points Estimated Value Absolute error
100 18.40000 2.43333
1000 21.84000 1.00666
10000 20.45600 0.37733
100000 20.80960 0.02373

By creating a simulation for estimating the area between curves with Python, as depicted in Figure

5, the simulation process competency can be reduced to five subcompetencies.
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Simulation process to estimate
the area between curves.

Analyzing a graph of area
to be estimated
e Creating a

simulation formula

Coding a Python for creating l Writing the simulation
simulation to estimate an area algorithm

Drawing a conclusion
for simulation results

Figure 5. The five subcompetencies generated by the simulation process for estimating the area between
curves using Python.

In this study, students will complete a python simulation activity to estimate the area between
curves, with a list of all 6 activities summarized in Table 3.

Table 3. A list of activities and their characteristics for students to learn how to use Python to create a

simulation for estimating the area between curves.

A list of activities

A characteristic of activities

Activity 1: Create a simulation to estimate

the enclosed area by y = x%,y = x,x = 0, and
x=1

Presentation of a simulation by a teacher as

a demonstration

Activity 2: Create a simulation to estimate
the enclosed area by y=x2-9,y=—x—

3,x=-—3,andx =2

Presentation of a simulation by a teacher as

a demonstration

Activity 3: Create a simulation to estimate
the enclosed area by y =4 —x2%,y =3x,x =
—4,andx =1

The instructor guides the students through
the process of creating a simulation.

Activity 4: A group of five or six students is
tasked with determining the area to be estimated

and developing a simulation to accomplish this.

Simulations are created through group

activities.

Activity 5: Allow each student to create a

Individual tasks for the development of

simulation to estimate the enclosed region by | simulations
equationy = —x3,y = —x,x = -1, andx = 1
Activity 6: Create a simulation to estimate Activities  for  individual  simulation
the enclosed area with y = x2,y = —x — 2,x = | competency testing
—1l,andx =2

Scaffolding for Learning in the Age of Covid-19

This is due to the fact that estimating the area between curves through simulation is a new activity.
It is essential to devise a strategy for scaffolding students in order for them to achieve their objectives. And
because of the COVID-19 epidemic, it must manage online learning. Digital technologies must be integrated
into the process of student scaffolding, which has been shown to improve learning management (Borba et
al., 2016; Clark-Wilson, Robutti and Thomas, 2020; Greefrath, 2011; Schukajlow, Kolter and Blum 2015;

Stender and Kaiser, 2015; Tropper, Leiss and Hanze, 2015), which consists of the Facebook Group, Facebook
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Messenger, Zoom, Google Form, and Google Collaboratory, utilizing these digital technologies to organize

scaffolding for supporting students' learning in the following ways:

Teacher simulation-based activities

As students enter the classroom via the zoom channel, the instructor instructs them on how to
construct a simulation to estimate the area between curves. It illustrates each step of the simulation and
generates simulation-specific Python code via Google Collaboratory. Recorded videos of the activities are
uploaded to Facebook groups for student review.

Simulation activities led by instructors.

After students have joined the class via Zoom, the instructor will direct everyone in the room to
work together to develop a simulation that will estimate the area between the curves. The code for the
simulation is written in Python and was generated using Google Collaboratory. Students are able to watch
videos documenting the activities they participated in after they have been posted to Facebook groups.

Team-based creative simulation activities

The instructor divides 5-6 students into small groups in the Zoom Break Out Room as students enter
the classroom via Zoom. Each student group created a problem by simulating the area between the curves
and building a simulation to estimate the area between the curves. The Python code for the simulation is
generated by the Google Collaboratory. Instructors enter the Zoom Break Out Room to provide group
guidance. Students submit their work and video presentations via Google Forms upon completion, and
instructors post videos on Facebook Groups to share their knowledge with all students.

Individual activities to create simulations

When students enter a Zoom classroom, the instructor directs them to individual sub-rooms in the
Zoom Break Out Room, which are ordered chronologically. Every student creates a simulation to calculate
the area between the curves. The Python code for the simulation is generated by the Goosgle Collaboratory.
Individual observation and assistance are provided by instructors, with a particular emphasis on assisting
students with relatively slow cognitive development. Students submit their work via Google Form.
Individualized simulation competency testing
When students enter the classroom via the Zoom channel, the instructor provides them with a link to a
Google Form simulation exam to estimate the area between curves.

Tools for Evaluating Learning Outcomes

The idea originated from a study on mathematical modeling competency assessment (Ferri, 2017,
Lingefjard and Holmaquist, 2005) that investigated the effect of simulation activities on students' competency
in simulation for estimating the area between curves using Python. According to the simulation creation

procedure, competencies have been categorized into the five areas below:

S1: competency in analyzing a graph of area to be estimated

S2: competency in creating simulation formula

S3: competency in writing the simulation algorithm

S4: competency in coding a Python for creating simulation to estimate an area

S5: competency in drawing a conclusion for simulation results

The individual competency assessment is based on a consideration of the entire process using a
scoring rubric that can reflect each student's individual achievement or competency level based on
performance. Based on the quality of the students' grades, the rubric classifies the competency levels for
each sub-competency into four categories: Excellent 4, Good 3, Satisfactory 2, and Needs Improvement 1

Score.
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For the emotional promotion activity expectations, four evaluations were conducted: enjoyment,
value, interest, and self-efficacy. The Likert scale questionnaire was utilized to assess the impact of the
simulation activity for estimating the area between curves with Python on the students. This includes updated
questions from a research study on the subject (Krawitz and Schukajlow, 2018). The following is a summary
of the questions:

Q1: I would enjoy solving simulation problems to estimate the area between curves.
Q2: | think it is important to be able to solve simulation problems to estimate the area between curves.
Q3: It would be interesting to investigate simulation problems in order to estimate the area between curves.

Q4: | am confident in my ability to solve simulation problems to estimate the area between curves.

Research Methodology

This research aims to promote secondary school students' competency in fundamental simulation
modeling. This will be the initial performance that will be further developed at a higher level. The research
methodology section consists of participants involved in the study, research tools, data analysis approach,
and research process, which can be summarized as follows:

Participants involved in the study

The participants in the study were secondary school students who took part in the Science
Classrooms in the University-Affiliated School Project. There was a total of 28 students in Grade 12 who
participated in the project, and their ages ranged from 17 to 18 years old.

Research tools

The research tool consists of learning activities on simulation for estimating the area between curves
with Python, the Python program as a mathematical tool, learning tools such as Facebook, Zoom, and Goosgle,
and learning devices such as smart phones, tablets, laptops, and personal computers based on student
needs. In terms of data collection, it consists of an assessment of the students' simulation competences for
estimating the area between curves with Python. This evaluation takes the form of a subjective test given at
the end of the activity. Finally, we used the Likert Scale questionnaire to assess the effects of the activities
on enjoyment, value, interest, and self-efficacy.

Data analysis approach

The rubric results comprise the analytical approach. The data on the frequency of learners in each
competency level within each sub competency is presented. The overall level of competence in each sub
competency is summarized using the mean scores of students. The mean scores and standard deviations of
the Likert Scale were presented to identify students' levels of enjoyment, value, interest, and self-efficacy as
a result of activities.

Research process

The process involves developing and preparing research tools, considering the preparation of the
target audience, performing simulation activities to estimate the area between the curves with Python and
the target audience according to the planned scaffolding strategy, and analyzing the results to draw

conclusions.

Results and Discussion

To demonstrate how this developed activity can improve students' competency in simulation for
estimating the area between curves with Python, along with activities that can increase students' enjoyment,
value, interest, and self-efficacy, an evaluation case of one student's work will be presented to visualize the
work representing the level of competency of each sub-competence that is a key component of the
simulation for estimating the area between curves with Python. The results of the rubric assessment of

competency in simulation for estimating the area between curves with Python will be presented, followed

Copyright by Faculty of Science, Ubon Ratchathani University



115915 ImIEATUAS TN IMIaR AN TV 7 1au7l 2 (nA. — 5. 2567) | 315

by the results of the students' enjoyment, value, interest, and self-efficacy. They can be presented in the
following order based on the foregoing:
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q.append(y)
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u.append(s)
v.append(t)
if te=y<=s:
counter=counter+1
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def f(2):

return -z-2
def g(z):

return -z**2
z=np.arange(start=
pit.plot(z,f(z),'r-")
plt.plot(z,9(z),'g-")
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Figure 6. The pictorial representations for competency levels of students for each sub-competency of
simulation for estimating the area between curves with Python

Consider Figure 6, which cites the work of one student. This concretely reflects the results of the
simulation competency assessment for estimating the area between curves with Python. Labels S1, S2, S3,
S4, and S5 were added to indicate the work position corresponding to each sub-competency that is an
important component of the Python simulation to estimate the area between curves, and Remarks 1, 2, 3,
and 4 were added for further reference. The outcomes of each sub-competency assessment are as follows:

S1: competency in analyzing a graph of area to be estimated

Figure 6 demonstrates that students can analyze the graph of the desired area to estimate the area

completely correctly. Python is used to generate a graph of the area to be estimated between the y = —x?
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andy = —x — 2. A rectangular boundary is drawn around the area between the curves. The results are
correct and can be used in the next step. As a result, S1's sub-competence evaluation result is excellent,
with 4 points.

S2: competency in creating simulation formula

S2 sub-competency assessment results revealed that students were able to correctly construct a
simulation formula of the desired area to estimate the area from the results obtained in the previous step.
However, taking into account Figure 6 Remark 1, the formula A% =§ remains a general formula. It is
considered incomplete because it cannot be used immediately in the next step. In this case, the formula
should be changedto A = 12 S, yielding a score of 3 Good.

S3: competency in writing the simulation algorithm

When considering the sub-competence in this area, this is the subject that still needs further
development. Students understand the steps to be programmed to create a simulation but still lack the
ability to write algorithms. The difficulty of writing an algorithm comes from the fact that each step is logically
put together. The language used to write algorithms is a language with logical and mathematical meanings
involved, which is difficult for students. Another is that students are unaware of the importance of writing
algorithms. Students do not know that algorithms are very important in the development of other programs.
Therefore, it is not important to ask how the program is created correctly or what the algorithm will be. In
S3, at Remark 2 position, g(y;) should be adjusted to g(x;) , at Remark 3 position f(x;) < y; < g(x;) <
¥i < f(x;) isinvalid, it must be solved to g(x;) < y; < f(x;) and finally Remark 4 Enter the formula for

t t
finding the wrong area should be revised from w to 12 221

— the assessment result is in Needs

Improvement level, score is equal to 2.

S4: competency in coding a Python for creating simulation to estimate an area

According to Figure 6, the simulation python code for estimating the area between the curves of the
students was at an excellent level, representing 4 points, despite the fact that the algorithm writing in the
previous step was incomplete. As previously stated, this demonstrates that students do not understand the
significance of writing the algorithm.

S5: competency in drawing a conclusion for simulation results

As for the S5 sub competency, there is one thing that needs to be said about the number of
simulations to be considered. A simulation for estimating the area between curves will give more accurate
values if using a large n. In the simulation, the student selected the number n = 1000. The simulation result
is shown in Figure 6, which shows a graph of the area to be estimated along with the points. randomly
generated in the simulation. A total of 389 random points are shown in the area to be estimated. The area
value is presented as 4.668 compared to the actual value obtained by the integral f_zl(—xz) -
(—x —2) dx = 4.5 is still a little off, possibly due to the increased number of simulations. The evaluation
results are therefore at the Good level with a score of 3.

It is possible to deduce, based on the findings of the evaluation of competency in simulation for
estimating the area between curves with Python, that the number of students who achieve each sub-
competency in simulation for estimating the area between curves with Python corresponds to the number

of students who achieve the competency level depicted in Figure 7.
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Figure 7. The number of students at each competency level for each sub-competency of simulation for

estimating the area between curves with Python

The results of the sub-competences can be summarized based on the evaluation results shown in
Figure 7: S1 is the competency in analyzing a graph of the area to be estimated. It was discovered that the
majority of the students performed at an excellent level. Aside from that, only a small number of students
were at the level of needs improvement, implying that teachers needed to consider how to improve further.

S2 is competency in creating simulation formulas for the area to be estimated. The majority of
students were graded as Good, with only a small number receiving an Excellent rating, indicating that there
were minor errors in the process that teachers could easily add to their knowledge and correct. There are a
number of students ranging from satisfactory to needs improvement for whom instructors should reconsider
this sub-competence development approach.

S3 is competency in writing a simulation algorithm to estimate the area between curves. The majority
of the students were found to be in need of improvement. Only a small number of students performed the
activities at a satisfactory or higher level, despite the fact that they were able to complete the process and
achieve good simulation results. However, developing this sub-competency is absolutely necessary. This is
due to the fact that it is a critical factor that influences the development of other advanced competencies.

S4 is competency in coding a Python for creating simulation to estimate an area. It was discovered
that the majority of the students performed at an excellent level, with only a small number performing at a
satisfactory level, which was a minor error that teachers could easily correct. Most students agree that writing
Python is enjoyable. As a result, there is a lot of motivation behind this activity. Students are consulting with
one another. A meeting with the teacher is required. The activities promote knowledge sharing. As a result,
the performance test results in this sub-competency section are favorable.

S5 is competency in drawing conclusions from simulation results based on estimating the area
between curves. It was discovered that all students had competency levels of satisfactory or higher, which,
based on the results of previous activities, affected this level of sub-competency.

The results of the assessment of the students' competency level in each sub-competence can be
assessed as a score using the rubric criteria to find the mean to represent the overall picture of the student's
level in each of the sub-competences in simulation for estimating the area between curves with Python, as

shown in Figure 8.
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Figure 8. The mean score for competency levels of students for each sub-competency of simulation for
estimating the area between curves with Python

Figure 8 depicts students' simulation competency for estimating the area between curves with
Python. Overall, the sub-competency S4 had a mean score of 3.93, higher than 3.5, indicating excellent

competency in coding Python for creating simulations to estimate an area, whereas the sub-competency S1,
S2, and S5 had mean scores of 3.36, 2.64, and 3.43, respectively, between 2.5 and 3.5. These results indicate
that the competency in analyzing a graph of an area to be estimated, creating a simulation formula to
estimate the area, and drawing conclusions from simulation results is Good. Finally, the sub-competency S3

averaged 1.36, indicating that competence in writing the simulation algorithm to estimate the area between
curves is lacking and needs to be developed further.

The results demonstrate the success of using simulation enhancement activities to promote
simulation competency for students estimating the area between curves with Python. Consequently, for
starters, students in Science Classrooms in University-Affiliated School Project perform academically better
than average students. The second result is the use of digital technology to assist in the planning of a good
scaffolding strategy, which is consistent with the findings of several studies that describe the effectiveness of
digital technology in promoting good learning outcomes in mathematics (Borba et al., 2016; Clark-Wilson,

Robutti and Thomas, 2020; Greefrath, 2011; Schukajlow, Kolter and Blum 2015; Stender and Kaiser, 2015;

Tropper, Leiss and Hanze, 2015). Finally, using Python in simulation is an important tool provided by the

Google Collaboratory. It is more conducive to student learning because it is more convenient and efficient.

It is similar to a mathematical tool program whose researchers have previously reached conclusions about
the promotion of student learing (Sinclair and Jackiw, 2010; Urgena and Lapinid, 2017).

The results of the evaluation of the simulation for estimating the area between curves in Python
based on the learners' enjoyment, value, interest, and self-efficacy are presented in Table 4.
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Table 4. The assessment results of learning activities on the simulation for estimating the area between

curves with Python on learners' enjoyment, value, interest, and self-efficacy.

items | Evaluation lists Mean Standard Results
deviation
Q1 | would enjoy solving simulation problems to | 4.39 0.89 agree

estimate the area between curves.

Q2 | think it is important to be able to solve simulation | 4.30 0.76 agree

problems to estimate the area between curves.

Q3 It would be interesting to investigate simulation | 4.13 1.06 agree
problems in order to estimate the area between

curves.

Q4 | am confident in my ability to solve simulation | 3.91 1.12 agree

problems to estimate the area between curves.

According to Table 4, the students agreed that the activity increased their enjoyment, value, interest,
and self-efficacy in creating a simulation in Python to estimate the area between curves. This indicates that
the simulation activities for estimating the area between curves with Python have a positive effect on the
four desired emotional characteristics of the student.

Python simulation for estimating the area between curves Activities that emphasize leamers' group
processes and strategies for providing assistance and empowering students are utilized. Multiple studies have
concluded that this type of activity has a positive impact on students' attitudes (Davadas and Lay, 2018;
Schukajlow et al., 2012).
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Abstract

This research aimed to study mathematical learning outcomes of Grade-8 students on the
Pythagorean theorem using inductive approaches to achieve the 80/80 efficiency criteria. Second, the study
aimed to compare mathematical learning outcomes of Grade-8 students on the Pythagorean theorem using
inductive approaches before and after learning. The third objective is to study satisfaction levels towards the
study. The sample was obtained from simple random sampling among 30 Grade-8 students in a school in
Bangkok by drawing lots. The research tools include a learning plans, a test on mathematical learning
outcomes, and a questionnaire on students’ satisfaction. The statistics used were the mean (%), the standard
deviation (S.D.), and the dependent sample t-test. The results revealed that the efficiency level exceeded.
Moreover, the Mathematical Learning Achievement after the study was higher than before, with a statistical

significance of .05. Lastly, there was an overall high level of satisfaction with the average of 4.89.
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Abstract

The purposes of this research were 1) to develop lesson plans on MACRO Model Learning Activities
with Think-Talk-Write Technique on sequences and series with the efficiency 75/75 criteria, 2) to compare
the mathematical understanding using MACRO Model Learning Management with Think-Talk-Write
Technique on sequences and series between before class and after class, and 3) to compare the learning
achievement using MACRO Model Learning Management with Think-Talk-Write Technique on sequences and
series with the criteria of 75 percent. The research sample group consisted of 42 Grade-11 students at
Kalasinpittayasan School in the academic year 2023, selected by cluster random sampling technique. The
research instruments were as follows: 1) 10 lesson plans on MACRO Model Learning Activities with Think-Talk-
Write Technique on sequences and series. 2) 5 items of the subjective test to assess mathematical
understanding of sequences and series. 3) 30 four-option of mathematics learning achievement test. Statistics
used in the research included: a percentage, a mean, a standard deviation, formulary of the efficiency of
learning activity, t-test for one sample and t-test dependent sample. The research findings were as follows:
1) The lesson plans on MACRO Model Learing Management with Think-Talk-Write Technique, which enhance
the mathematical understanding of sequences and series were found that the efficiency were 77.56/76.90
according to the 75/75 criteria, 2) The mathematical understanding of sequences and series after participating
in the learning activities based on MACRO Model Learning Management with Think-Talk-Write Technique was
statistically higher than before class at .05 level, and 3) The mathematics learning achievement of sequences
and series after participating in the learning activities based on MACRO Model Learning Management with

Think-Talk-Write Technique was statistically higher than the 75-percent criterion at .05 level.

Keywords: MACRO Model, Think Talk Write, Mathematical Understanding
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mefeatalinnujimneie 1) ieiauusunisiafanssunisFeuslasnisdansidouiuuy MACRO
Model $auffuimaiia Think-Talk-Write 1309 drdunazeynsu liuszansnmanuinasi 75/75 2) lilelIouiiiey
audilanisadinenans 1309 dduuazeynsy M3sulasldnisinnsiTousuuy MACRO Model $auy
wiatla Think-Talk-Write 1389 ddulazeynsy sewinenouFousazudaou 3) ewSeuifisunadugrvnansiiou
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wagoynsy fulnueifesas 75 vesnzuumiy nguiogeilélunisidonsd dud dni3euduisoudnund
71 5 $1uau 42 au Tsuseuniwdugfinetassi In1sdnwn 2566 deldunlasnisduuuungs (Cluster Random
Sampling) t3eailafl#luns3ds leun 1) ununisdnn1siSouiuuy MACRO Model $aufumadia Think-Talk-Write
1309 drdunazoynsy $1uru 10uNY 2 wuunaasuiaaduidalanisadaaiansd wuusaide
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wAdla Think-Talk-Write (384 AAuLaYaYNTY ﬁwaé’quémnmaﬁaugmdwLﬂﬂdﬁﬁ%@&lﬁz 75 Y09AzhUULAN el
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Abstract

The purpose of this research was to study the impact of online training program on the topic of
formative assessment on teachers' understanding of the concept of formative assessment, their capacity to
create learning plans based on student work using formative assessment, and their perceptions of this
program. The sample group used in this study was 5 teachers who participated and met the requirements
for the online training program. There are 3 secondary science teachers, 1 primary science teacher and 1
secondary mathematics teacher. Documents data and questionnaires regarding teachers’ opinions were
gathered. Content analysis was used to analyze qualitative data, and mean and standard deviation (S.D.) were
used to analyze quantitative data. The results of the research found that teachers: 1) comprehend formative
assessment better; 2) can analyze teaching and learning scenarios and offer recommendations for modifying
instruction to include more formative assessments; and 3) can reflect on their instruction and adjusting to
incorporate more formative assessments. Additionally, teachers who took part in this training expressed strong

agreement with their opinions regarding online training courses (X = 3.79, S.D. = 0.42).

Keywords: Assessment, Formative assessment, Assessment for learning, Online training program
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anufilflunsuidymidioaiwieinudsiiaenadosiuaniunisallulantagiu sufshlugnisudstulussdu
lan (Office of the Secretariat of the Education Council Ministry of Education, 2019) miﬁ]“mmiﬁauﬁﬁdua%m
aussnuzdesefunsuseliududiuddyy Inonsuseidiu (assessment) lWunszuIunIInTIR@UNSEBUT VRS
thiFeu fetsmsinuaziedosdefivarnvaneiiielilsdeyauitedouas UssiliunuamuesinGou madamsiFeus
993 TIMIUsifiuaumzanTesmjIInsuas oM szuemdngns tnon1sUseiiuguiuuvileiiddy
somsianaussnuzvesiniFeu fe msuszliuszuiedeu viio msUszliuilensiaun (formative assessment)
(Keeley, 2008)

nsussiliussriafeudunssuiunsusaidufiivansduneu uazdiiunisesseidlesmaonnisGeuns
aou msUstifiuguuuuiidunsUssiiudieldiannmadssdulumstauiniadouivesingou Tneagldisnsuas
isesileUssidiuiivarnvans safnsiudeyanisiSeudvesiniFeusdradumensuagliilumanis udinis
AnszndeyaindniSewinnisiseus viafinnisimuinisiseuinseld dnissudanuiainuaiunse vinwe
nszUIUMsIazAudnYuESuTlwsTasAmuaUsrasdiiimuallunsdanisifeunisasuvdelsl madnoudilal
aunsaussgeUsrasduoamaious agfesnisnsiinstigliinGsuinmaiouimumnasiinall lneaglitoya
agyioundy wie Teyadoundu (feedback) MannmuntinGeu Wy nslitouuzi fedunn Ansdeulosang
wufuanuglniiferiuanug sefuanuanunsavesiiSou gaidu gafimisUiuUgmTeriaun naenduiausILE
Brsdelii3suansaiauniaiouvesmuesdell lnensliteyaasiounduausaiatulusuuuureans
wangszninasivinseulundunsesisyana (Bell and Cowie, 2001; MacMillan, 2014) waga3dsanansalideya
wiaihdumnssounuesiusunisaouiinisuulunfilinzamdold asuiuuweidls nssuaumsdans
Fousifuedals figalafidiesuiuusudludely Faazidunsimuinisiounisasuvesnuiesiieliinioulin
mmr’h’mﬁﬂumiL%'auifmummgmw'%éh%i’m (Bell and Cowie, 2001; Hattie and Timperley, 2007; Popham,
2008)

nsUseliusgnhassulianuddglunsduasulidnSsuludasthmnensteuslunnansyiniasanyly
Feingmansuaradinmans fnuiteflssyihnmsssdussninZeudislfinEsuadsesdanuiludeoniin
ngnmanianenuedlafty (Duschl, 2003: Ruiz-Primo and Furtak, 2007) wazdeglvinglavianudnlauwifn
MnemansvoiniSeuldfty (Furtak, 2012) uamnﬂﬁmﬂ%miﬂisLﬁuiwiwﬁaudmaiﬁmaﬁuqmémqmi
Bouvestinouluivadamanssiy (Andersson and Palm, 2017; Wiliam et al,, 2004) fausinsussifiusening
FeuazdanudAguanang 9 ‘UismﬂimmuLaL%EJET&@ﬂﬁmméwﬁzyﬁumiﬂizLﬁuLﬁaaqﬂmamiﬁauﬁ (summative
assessment) 11nnMsUszIiuszriaEsuilesanszuunsfnufitunisasunaznsliazuuudundn (Brown
et al., 2009; Carless, 2012; Han and Yang, 2001; Poole and Adamson, 2016; Tuan, 2010; Watkins and Biggs,
1996) Bslunidurmiafeiiintostunnudlafefumssiusrihaiouresnsing Smuiegivedanudila
AearumsUsziduszninaieuvainvansuazunnaiaiu lasaguisdiusianuinlesssumanazidmuneyosns
UszifuseviaSouduodnsd TuvasfivisdusianudlansussfiuszviaGounanndou Taefimnudiladnnig
Ussifiussrnadeunsdesintuamslutunisaouvhidu lansnsofluduimietuasuld uandlaiinisussdu
seuhaFeuiigauszasduas sunuuifisriumsUssidiuiieasunanisfeus Bnsiililunisfvioyaifiosyisiuns
Boudvosindeufiegdonlddilivarnvans Ineagldmadaunanistdusalutudouwasnsmeumauvosineu
swdsnavindeasuilundn uenaniiflensldsunsunamsdsnifiunsdouivosindeuudiaglailifinisihdeya
asaummwaulitoyaasvisunduiledaaiuuasauenuzuummansSeudoudiuingou viouluuiuddeu
WaunmsaouvsmueaiieatiuayunisiousuesinG oy LLawaﬂmﬂﬁﬂgﬁﬂﬂLﬁuﬁwiﬂwﬂmaamwizLﬁuiwdw
Soulunivesnisdaadu Wann nszdu uaziiinussgdlalunisiGouvesdifou saulufeusslovillunivesnisian
AULDIYBIA (Saneewong, 2020)
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M mngvesnsAnulutagiu sulvsmnudfguenisussiliussniaSeunasdoyafsdtuany
ilafinarnindouvesasinemuiilingnuiudineiu nane q esdnsuazanidunisAnuildddaniseusuds
URTRNMsuUUETYMIAY (face to face) Tudonisussifiussninadeuiu uiidesnanunsalnmsunsszuinves
Tsafaidaladalalsun 2019 (COVID-19) silildannsadaniseusudsufifnsuuudgminfuld Usznaufu
sULuUMsHRuTIndnvesagiazyanainsmensAnwisinsdasundasloiiunisioudimeitosiudoosulat
wntu maantudaaiunsaeuivemansuazvaluled (aam) Flddavimsnanseusungosuladlundngmsnig
Usziflusgninadou wounsliasiaouinanud anmdilafigndeauazaiisanunseninfsanuddyuesnis
Usziliusgniradeulunisimuinisseunisaeu mssusuasluguosulawilviasdidrsunisevsuiinnududaselu
MsimLIALLEY (independence) 1iniisldine (accessible) fimmudaveu (flexible) luldosaaiauazaniuf s
ansaseuslanuanusinunzauiuuiunveanues (self-paced leaming) (Fajri et al., 2021) usin1seusuly
sUuvuesuladfdfidediauisusens Wy nswane eiusie snanudymenavinlilldedsiuhaiidesangeusy
wazfidsumseusilaildegluaniuiifiontu lumsesnuuunsdanisiouslusuuuuesulatisiesinlassainaves
é’ﬂﬁuLifamsuaamaﬁauj}?ﬁﬁmm%’mwu finseSuieneazduavemdngns asmneveamdngns fdeUsznouns
susufitsdauasliAnnsSeuiungidrfuniseusy fRenssudilifiSeuiidiusin anunsathluuszgndldle s
Usziliunagnmisavviounanuveagiinzuniseusy uagiinisdemnslunisiindedeansseninsdidniuniseusuuay
Inens (Bragg, Walsh and Heyeres, 2021; Martin, Bolliger and Flowers, 2021; Watson, Castano Bishop, and
Ferdinand-James, 2017) §3danduiislumsesnuuunagiianndngns lnsordedeyannaidosing o Mferdosi
nsdseiiusgniiadeu uaranudlavesngiiertunisussifiulusuuuudl (Bell and Cowie, 2001; Hattie and
Timperley, 2007; MacMillan, 2014; Saneewong, 2020) \udieyaiugulunisnsunuesnuuunisdanisiFeuslu
ndngnseusy finsssyanganansvesmdngns finsdadduidomunsnisiiouifidaa Inglundngmsasiinng
praeuAMISifvesagiiniunmseustneuwdnoy MnduagazlfdeudifonluudasuniFou Srsfimsusses
o fimsuansogaaniumsaiveansldinisussidiuseriadeuluduteu fdoUszneumssusuiividaaialy
Aansioud Walemaligidriunisevsulsthenuiildlunaumanilunsinuvessuies 1wy msazsieunisaou
TuduBsuresmuios n1sufuununsaou Tavailuuuiinduasuuunaaeuidunsmumuaudlaludom Seng
wseamoumanuiiiudmanlsiouardsimeuianluszuutasmineinsazimsnsauasas viounanuve it
Sunseusy Smdngmsiivsenoude 5 undeu Ae

uniGeuil 1 1unslideya enuduiusseninmdngas msdamsisouiuaznisuszdiu sauluisanumneg
voan15UsEiu NsUsziulugUuwuung o

unizeuil 2 Bunislideyaiientuiedisismsuaziedesdeldlunsifumunudeyanisiieuives
thisuiaenndesfuidmnevesnsious

uneuil 3 Wunislianumineg sUuuy dnvag wazdsglevdvesnisusuiduseninaieulundsvos
AsfasuLazinGey TutauumdlunsihmstssdusswhadouludfiRluteaseu

uniFoud 4 1Junsliienuvine dnwass feg1diBns suuuy wazuselovdvesnislideyaazioundu s
Uasterilsfauazdomuanidedunslideyaasvioundu

unFeud 5 GunmihnnudiildGeusinanis 4 unBsundesest NasumsiansmsEeudanaany
thiFguiofauninGsudwemany viotnifeundudnly

fidefirnualagsinvinavesnsosnuuundngaseususeuladlundngmsnisusziliuszninaSeuiise
a3 anudilasaganuauisalunisinaununisianisseunsaeulagldnsuszdiuszninedeu wasanufniu
vosngitrfumssvsuiiteduuumdumsinumingaslifiussavsamidsdusely

IUIZaIAN15ITEUATAININITY

Inquazasindnuesnifed fe efinwiuszaniamusamssususesulatlundngnsnsvssidiusening
Seudraunsadaasuanudlanaranuansavenslun1sNwrunsIansnsseuslueassulavielsd Aoy
1y Usgneume

1. anuanudilangriunsussdivszninadeuvesagduegalsdaniniiniuniseusuesulad
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2. AvwaNseenglun1snwnunsinnsmeseuianeanuneulagldnsussduseninadeudu
agalsnasniunseusuesulal
3. AnufAnvivesngiifidendnansnisuszdiussninasewlusgslsdiniseusy

ad = a o
Wellun193de
lunsifeasalifegwinlunisfinuuszaniamvesnisevsuesuladlundnansnisuseiliussninauseuy

Y 9
a '

Tagfnw Ainsgsianuinudilafsriunisussliusznieadou mauannsavesaslunisnusunsianisnsg
Soud wavanuAniiusiendnansndininniseusy neldszdeuitidevesnguiiniu (Interpretivist) (Creswell and
Miller, 2000) #ilanudrdgiunisvianudilafeifuunngnisaiviofanssusing q fenisianamaneuazl
arwmaneudsinudiu neifeadsiuszneude 3 duneu nsluduneud 1 Bumsdnwrihagianugemnudilad
gndeaisaiunsUssidiussrinaeudisdunntesfiedavdiinkiunisousy anmaneudiauilulufanssuves
uniSeudl 1 uaz 3 1AeINsUsERiusEnhaSsulas MU UL SaRuAnAA N Saif g1 wazlvitelausuuy
Tnglimsldnsussiussriadounnty luduneud 2 Wufnviaganunsathanudifeatumsssidusewing
BouildiFouluvdngmslulflumsnasumsinmsnisBeuivemuessnranuineuldvdoli amnmsneudiana
TulufanssuumiZoud 5 uarluduneuil 3 Wumsinwmwaniuresasiifidendnges snuuuasunumdsinay
véngas fanwd 1

mufrnuthlafedtu mahanuiineiung AMUARLTIUYDIAG
NsUsEINTENISEY Usziliusgninadeuluns dlsonangns
U893 WHUMTIANITNSITEUS
‘ - ‘ ' WUUADUA IV INAY
mineumanlulufanssy WHUNILIEUG wengns
Junoun 1 Junoui 2 Junoun 3

2H 1 1159 EUNNSIFY

Jidn9un33de

ﬂfjuﬂsmﬂsﬁ”léﬂumﬁ%’aﬁ Gh ﬂgﬁanmLﬁ'EJuL%"ﬁ"mmmmﬂuwé’ﬂqmﬁﬁwmu 50 A kaznguAIDENTi
THlumsideadsil fo asfihuinusiniseususeuladlundngrsmsUssidiuseninaudou ves aam. S1uau 5 au las
nsgusegdliiBnsdenuuninzas (purposive sampling) Agiit1imnAfort 5 au avuvannuatedlugmin
flasuuazszdutu Inoidungdaouivinermans lussdudsoune S1uau 3 au Huasiaeudenineremans lu
sziuUszandne Sruau 1 au wasduagiaewivindinaans Tussdudseufinw w1 au

iseslafldlunside

1. ndnanseusueeulaiitenisusviliusenitaiey ﬁﬂ“@um%ﬂm%%mm3ﬁmﬁﬂ36mmi WaHIUNIS
peRdUATIIgNFBTEN DT ATIIINTaLLAYA T IAIRARaIBITEA B 1 TuusazunFeulnediTeungy
nmeuen InstenanslunuililunsidvazananunBoudl 1 3 uay 5 Wuvdnlag

uniFoud 1 JunsfinwniamnudhlafeduenuinnndlavesngfeafunmsssiiunsGous

uniSeuit 3 unmsanvivianudilaferiuanuinnudilevesagiiesfunisussifiuszuinaiou an
NMTAATIL0E19A0 UM ININTABUTBIAT 2 AL TINTINITALOUNITAOLUTDINULDY UALLALDUULULIMIIUTUUS
WTINsABLTesEnuNsallayMsdeutesediimslinTUssliuse i Seudiuiy

unidoud 5 1BumsfnwmatiaruiildGeudinnis 4 uniFeuvesasuiiesizst Mausunsians
GoudnnwanuinGoulpefaninnslinsussdussninabou

avanslee Aoz Inemans umInerageuasvodil
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2. wuudszifiuanudnuiiuuesngiifirendngnseusuesulatnisussifiuseuinadou Mdnwanduuy
11ASEUNIUSEANAAN (Rating Scale) Au3BvesaIATY (Likert) ifannTulneifouasfiudnivmsuagsinms
pyRaeuANLgnFodlagiidsvganaeuen

nsiiusausaudoya

PAteddunafiununudeyannenaslunuresngusegnaiidnnidadiuilussuveusueeulatves
NGNS WALLUURBUDUMRIINIUNANGAT TnefleazBondaoluid

1. lenanslunuvesnguieaiidinw fitevinsiengideyanonarslununsmeudmaniluuniFeud
13 uaz 5 1undn Wednwinnudanuiilavesnguiidnuiisfunisssfiussninaioutagauanansaluns
Usggnaldmnuinldissunnlunisesnuuuusunisasureanuesiiinisiinsusediusevinadeululd wdmindiy
nseusueeaulall

2. wuudeUANNdINaUNANgRs FiTevinnsigiiteyanuuuasunuvdsainnseusy daduinosi
n1sliRzuuuLUUIUSAdULUULENE DY (analytic scoring rubrics) 5 5¥AU 1ne 4 (Wiusieeg19uIn) 3 (Wiudae) 2
(Roudhaiiiude) 1 (bifude) uag 0 (aifudeegienn) sesusavusifiu Tdun dwdom mssenuuundngas
doUsznounseusy mnuAaiuifronisussfiunuiosniendiannindiiveusy sviedeiausuusdu q My
Usglevlionsiaumangns

nsATIzvidaya

wdanfususndeya fiTevhnisiessiteyadnaunmisiuanuianudilaasauannsaly
msUsegndldmnuiildiGeuresngiieafunmsussiussninaiouainenaslunuaiieneilasldnisinsziids
{le (content analysis) (Hsieh and Shannon, 2005) wazdeyadauiuanfsatuaudnfiusendngnson
wuuaeunuvdsInaundngasiagliriads (mean) uazAndoauuinasgiu (.0) Tasinaminisuszidudiadeves
sefumuAnildmnudediewerssdudummmaiounamsiinseyt Auelsvesaruuudsl (Wright and Master,
1982) e

Aade 3.50-4.00 mnefs danuAniiudendngnsniseustluseiugenn
Aady 2.50-3.49 mnefs dauAniiudevdngnsniseusaluseiuan
Aade 1.50-2.49 mnefs danuAniudevdngmsniseustlussiudunans
Aade 0.50-1.49 mnefs dauAniiudendngnsniseusaluszium
Aade 0.00-0.49 nefs dmuAniiudendngnsniseustlusziusann

NaN13ITBLAzaNUIIINE
1. mw:’g’mwL%’ﬂ’laL?imﬁ’unWiﬂsmﬁussmwL'%ﬂu*‘uaaﬂgwé’amnmumiaum
wnastunumsasumanuluunSeud 1
rouduiSeulundngasmsUszidiuseninaiou agfiamezdoudiiounzdesmeudmaniuiuunageunou
L%‘Equawé’ﬂqmtﬁamwaaummiﬂa'mLﬁﬁﬂﬁ]Lﬁ'&nﬁ"umwixLﬁumiL?Suilﬂ&Jﬁl’ﬂﬂiuguuawmmuwmLﬁua&hﬂi
NNIANYUBNETLUNUAITNBUAIDIN wudmgﬁymaqﬁmﬁumﬁﬂizLﬁumiﬁ'auiaahwmﬂwma 1y
¢ Tudruarunangvaenisusziiunisiieus Sosay 40 vedng (A7 2 Tu 5 AW) TyUNDIYDINTT
ﬂﬁzLﬁumﬁﬁauiﬁ,jmﬁﬁlﬂﬁmsﬂﬁmﬁuLﬁaagﬂmaﬂﬁﬁL%'aui (summative assessment) LHUUIY
esndunanisiSeundiniivnidousouunSeuauud faet1einey
“n1sUseliiunisiseus Ae N1IRTIRERUAINS Yinve LanAR yosiniSuiilandsannnisdounds”
(AgFinsumMseUTIALT 1) Uy
“iotaingiSouldanuiandaiisoudnndeniiiods vssguinguszasivielsl” (agfidhiunis
ausLAUT 2)
Tusaurfingiesas 60 (A3 3 Tu 5 aw) TarundleinmsussdiumsiFeusiduisnmanddunsiaun
Qﬁau?jaaamﬂé’aaﬁué’ﬂwmwmmiﬂisLﬁuiwdw}%au fafDYNAINDY
“nsuszfiu Wunsyivsudeya/asaume 9nnsUssliudiieu 91nuUUin wuunageu n1s
Funnwel nsdane wiedu o LﬁaLﬁuﬁa;ﬁaﬁm%miﬁﬂuﬁwmr;:iﬁsuiﬁmmzauﬁmmLmﬂsm"
(ﬂg@’rﬁﬁumiausmuﬁ 3)
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“msUszdiunsiFoud WunseuiunislunissiusdeyaansaumeaiioriunanisufoavestiSeu
wazunfAaamving wawhnsdadulasasiaudiseunuingUszasdvioldmunevemangns
Tagannsawmuinsiiouivesdioulussninaiou uaznmsdndulaifoafuszdunansiSeuives
HIS8U (summative assessment)” (ﬂg@lvﬂiﬁumiammuﬁ 4)

o TufuvesidnsildlumsiiudeyanisideuivesinSeulunszusunsusaidiumsiGeul
$ouar 100 vadng (A3 5 Aw) imslEBmsivarnuats uiBnisiiaganlualilunsiivioys
RerfumsiSeudvesinGou fo msdananginssuvesinGoulureaiou msnmaanuuuiinga
vosiinFou MsUspidiutunuuazmsvindeaoy

o TudhuunumvasaguazinBounazyssleviiiaguazinSeuldiuainnszuiunisusaifiunig
CEIVH
$ovaz 100 9833 (AZW 5 AW) TawuAniuiinsUssduduunuimsesagviidu Tnoagdug
UsziduitelilddeyanisiioudvesinGeou ednduvdeazunanisifeus wasiileauinisiou
n1saeu wilddnisnandaunumvestiniseulunssuiunisysediy wagAmauvesasliinis
nanieisnsieuuimafiaziteyaiildanmsussiduluinundesiomdeinSoulvinng
Foudiinteduinagiinldedidls sastsldfinsndnfsnslidoyaasfounduiidulsslomity
Wniseu

MnfneULeInga 5 Auazfieuliiiuiiasiiniuianudladstunsssiiunisidouiuisseiu
iloufulasuaUssiuuanieiu sderaidewnainuszaumsaiiagineldieu Ussaunisallunisaouiiunnss
fiu waggUuuuresnsifeunsasluuiunvesssmalnedsdsnasonnutilaferdunsussifiunisSeus Toe
yuNesvesngieIiunsUsefiunisBouiatuluiinsussiliuiioasunanisious aonadesfunansideves
Baumgart and Halse (1999) finutiaslueduiaefiunisussdiunamsissuvasinGeuluguiuusesnisasulatsnia
Sou waznsasunuuiidniden iednduindnSouldFeuinugauszasdnisFeuiniol uazauiilafeaiu
unumvesaglunsuszidiunisiious aenadesiuamuideiifetesiuuiunvesieadsululsemaluiauielde 1
wuiagasdiunumvdnluieasou WundnlunisdansiSeunisaeu lusasiitniSoussiresiiunumlunisiSou
nseeuuaz dugsuilinsaeusinag (Biggs, 1993)

vdanivhuuunaaeuneuSsund astiirsumseusuaglizudouluunEoud 1 lnoasagldBeusifeaiu
Anuduiusseninméngns msdansSouiuaznsuszifiu Welidlanudfyuaznszuiunisvesnisuszidiu
suiluBsenumnevesnisysaifiy msUssdivluguuuusing 9 Sssamfansussdiussninadou warluuniBoud 2 a3
wliiGeufifeniuiBnisuaziniesdiefimanvaneiianunsaltlunniususndeyansiseudvesinFoudeliagyn
Aufidiugrumndianesiuldidlanstuy ainduagandsuiifertunisssdussriaeustidndsluunFoud
3

tenaslusunisnsumaaluunGeuil 3

rouszFovluuniBeuil 3 azazdesinuunaasuiouiey Fadunsasivasuanufifiufingiineadiunns
Uszifiuseninadou Inengasseadendennuifeidestiunisussiiussuinaoumunnudilovesautes Jangiidn
Fumsousui 5 auagfienufenudilafeatumsussdiussrihadoundhaudinnundeud 1 udannising
wnanslusnumsneudaunououluunidoud 3 nuinfesar 100 vesas (azia 5 au) Ssasfinudanudlants
UsziflusewiaSeusgimainnans lnedmnuidhlavisedsiindiofuuazunsegnaiunnsisiu Tng

o Fruanuvunsuazgauszasdvasnisysaifiusndnaou fevay 100 vesng (A3 5 Au) fiaw

ilansefuinmsussdiussninadeudumsussfiuiniilumsiaunnisBeuivesinGou uingdosas 40 (a3 2 Tu
5 A1) i lafesfunsussdunmsGeuiiaiuluinsssduieasunanisSeudinnudlaiiuenainnis
UssillusgninaeuazdiglunmsiauinisSeuivesdnEtey Sddlunisimunssduazuuuresinbey (aggithiunis
ousNALTl 1) wazmsUszifiuszniaFeuldlunsdaduiningeudaeglunguiis Urunans wiesewsne (asfidniu
nseusuAuil 2) uenniingiosar 60 (Agfiinsunseusuaud 2, 3 uax 5) Ssdianudilamatsadiussrhado
lianansolfifleussduruifiugiuvesinSoureuiiasdoudomls
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® G1UNTTUIUNTVRINTUSIIUTENINNEEY Tovas 100 vesAg (AN 5 Aw) daadilanseiudl
matszdfiuszniseudunssuiunsiintuegwieidomasnnisieunisaeu ldlinsedionseidnmsusadu sau
TfainsUssdiussninseungdesimslideyaasieunduinluussleniionsiaunsiieusuiinde

e furaadsnisiildluniainudeyanisBeuivesinseulunszuiunmsussdiusenitateu Sevay
100 989A3 (A3919 5 Au) Tanudilanseiuindgnsiildlunisifivdeyalunisusedfiuseninaseuaunsaldle
wannnanedn

o FuunumvssaguasiinFeunazyseleniiaguazinGeulduainnszurunisussiliuszving
3oy $owar 100 v03A3 (A31 5 Av) danuidlanssiuinsussdussniadouduunumuesng vildagnsuis
na3eufvesindsuhinFeudammdirladesidoussndls uazasdoafeudifuiuluiomorls Jeaglugitmane
yoamaiFou uenaniagiosay 40 (Agfidnumseusuaud 1 uar 2) SflanudlatimsssdussniaGould
annsatelithiBeuiansainsesdmnuiimenuesld uazasiosas 20 (agfidriunseusuaud 2) fanadiladn
mMsUssfuszriaFouliaansailitniseuinusegdessniiosFeus

fmeuvasnslunuvasuamAeuSeuuniGouil 3 ilimsuldiasianudlaigndeadsrfunisussidiu
seriaseu MnsUssdusenieSeudunssuiunslilieiesiieniodinisuseidiu (Popham, 2008) nslideya
avsoundunniniseududuniisvesmsussifiuseninadeu (Black and Wiliam, 2003; Sadler, 1989) wagnisifiu
FWwnNtayan1sieuivetinduuaunsainlaeg1mainuaels (Bennett, 2011) §§ﬂawuLﬁi’fﬂaﬁgﬂéfmﬁmﬁ]mmn
Aufifinvesag uareasnmsAnwluuniFoud 1 Afnsnaniinsussdiuseninaiousnihaud egndlsing
faflagifaudlarannedouisafuanumneuazgeusrasivesnsUseifiuszrinaiou Tnengiesas 20 (AgHLHn
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Abstract

The purposes of this classroom action research were to 1) compare grade-11 students' pre- and post-
learning analytical thinking skills by using inquiry-based learning (5E) emphasizing analytical thinking and 2)
compare grade-11 students' post-learning analytical thinking skills by using inquiry-based learning (5E)
emphasizing analytical thinking with a criterion of 70 percent. The target group consisted of 25 grade-11
students from a school in the secondary educational service area office Chanthaburi Trat during the first
semester of the 2023 academic year, selected using purposive sampling. The research tools include learning
management plans and analytical thinking tests. The data were statistically analyzed by using percentage,
average, standard, the t-test for Dependent samples, and t-test for One sample and the criterion of 70
percent. The study discovered 1) the results of grade-11 students' analytical thinking skills were higher than
before learning, with statistical significance at the level of .05, and 2) in comparing the criterion of 70 percent

was higher than before learning

Keywords: Analytical Thinking Skill, Classroom Action Research, Inquiry-based Learning
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Abstract

The objectives of this research were twofold: 1) to study the behavior and survey students'
satisfaction with teaching and learning activities in the form of active learning in the course “Information
Technology for Digital Life” at Ubon Ratchathani University; 2) to investigate the learning achievement of
students enrolled in this course. This quantitative research employed a questionnaire for data collection,
with reliability verified using Cronbach's alpha coefficient analysis, yielding a value of 0.96. The sample
comprised 255 students enrolled in the course during semester 2/2023. Statistical analyses included
percentage, mean, standard deviation, t-Test, and F-Test. The results showed that many respondents were
female, affiliated with the Faculty of Management Science, the Faculty of Arts, the Faculty of Law, and the
Faculty of Science. In terms of student achievement, learners had a significantly higher average post-study
score compared to the pre-study score, with a significance level of 0.05. The assessment of students in
behavioral studies revealed the highest scores, with a mean of 4.30 and a standard deviation of 0.48. Similarly,
student satisfaction was rated highly, with a mean of 4.31 and a standard deviation of 0.47. Satisfaction with
the physical characteristics of the classroom was also high, with a mean of 4.17 and a standard deviation of
0.53. Furthermore, the study discovered differences based on gender and faculty affiliation. These differences
impacted students' perceptions of behavior and their level of satisfaction with active learning activities.
However, gender did not significantly influence perceptions of satisfaction with the physical characteristics of
the classroom at the 0.05 level. Faculty affiliation had a significant impact on opinions about behavior and
satisfaction with active learning activities at the 0.05 level. Based on the results, the university developed a
learning process that emphasizes the participation of learners in teaching and learning activities. This approach
aligns with the policy on developing teaching and learning processes for the 21 century, promoting more
effective learning and self-development among students. Therefore, the findings suggest that active learning
methodologies can significantly enhance student engagement and achievement. This research contributes

valuable insights into the implementation of active learning strategies in higher education.

Keywords: Digital technology, learning and teaching activity, active learning, learning in the 21% century
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Abstract

Experimenting to determine the speed of sound in air is one of the physics experiments involving
theory and calculations. Teaching focuses only on theory; students may not understand and could become
bored. Teaching incorporating modern equipment or musical instruments can enhance students' interest
and enjoyment in learning. Therefore, this research aims to create an experiment to find the speed of sound
in air using a flute and vote, and the sound frequency produced by each note will be measured using a
smartphone. Flute is an example of open-ended tube resonance and vote is an example of close-ended
tube resonance. In an experiment, the relationship between the length of the resonating tube (L) and the
sound frequency (f) will be used to create a graph and calculate the speed of sound. In the analysis, the
experimental values of the speed of sound in air will be compared with its theoretical values. The
experimental results show that the speed of sound from flute and vote is 345.38 m/s and 348.03 m/s
respectively. When comparing the obtained values with the theoretical speed of sound, which is 347.26
m/s, it was found that there is a deviation of 0.54% and 0.22%, respectively. This indicates that flute and

vote can be effectively used for teaching purposes.

Keywords: Flute and Vote, Musical instrument, The speed of sound
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3. WeSeufisusnsidwendoslusiniAmnauduiussenininnuiids ez auenivesiedunesan
in3esnusdvgeuasmaiumsasidiveadedlusimeniungud
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/antun133e

Tun1539eil4n153 9813 eUSunas (Quantitative research methodology) TugUuuun1533u18amnans
(Experiment research) Litov1dnsnirvendoslusiniavesnissnunivgenazlmn dsiinguiiiosninuiides
gUnInin1sVAaes INmeaes Han1TITenareiuTena asuNanITITeLavelauawUEINNNTITY il

naufiFasnnnuiides

aufvendesfie Sunundudeiiniuga uildu 1 3uni wie dnnudusavdedunudiuvesiindoud
Hruga nila Tu 1 3undl Smhodudmd (H2) Wullinauivensefunauviounauveadss @ewjuazdudesd
flanuden LﬁmLmammﬂmﬁwﬁﬁmmﬁq& (Bodinchart, 2012) M3suuntdemnuAuamg q wusladu 3 Usianm
Ao (1) Lﬁ&Nﬁﬁmmﬁlagﬁluﬁaﬁmmwwémmm%’ui’lé’ fimualutiag 20 — 20,000 50 (2) 1dssfidiauarng
PfiuyudleuEondn dunsilein (nfrasonic wave) finuddinga 20 153nd waz (3) ideafislaaudigandngasd
wywdlagusendt danslaiin (Ultrasonic wave) flanudiunnndn 20,000 Bsnd

fatlssdudsaduriinaivenanuunniondedaiuegfuaufivenden fwm1s1eft 1 Tauansmsui
seudslinauUAINITINeTans Suandes In fslanud 256 Hz seluidudes s, &1, W, wea, a1 waz 7 faud
\{u 288, 320, 341, 384, 427, 480 Mud U SaanntuaziSudes Ta’ Gsilanud 512 Hz Tngaudveades T 1y
2 whweudes 1n 3onseduides 1o’ §91 Hesduun (octave) vaudes In uarluhusaieatu seduidesdu « wu
seaudes 13’ Aldudesguuaveades s G915 azilauiidu 2 iweades 15 (Niran, 2017) dwsudes Ta” il
Arwid 1024 Hz Tnsanuiveadss 1o’ 1 2 wihweudes Tn’ Bonides In” §41 2 quuaveadss 1n ledaliings
Pl 90 9 gutn Anufiveadesnuriasiintudu 2 wiae (Niran, 2017)

A151991 1 NSHUSTEAULEEIAUAS LUNOINYFAERNS

\Feg 1n (O) 15 (D) (3 W (F) | w8a (G) | a1 (A) i (8) o' ()
ANUE (Hz) 256 288 320 341 384 427 480 512
R e IIRTI 1 9/8 5/4 4/3 3/2 5/3 15/8 2
Audes 1a Q)

e « dydnval “”7 81u31 Insd AedydnuaiiuansisrnudNgaiuvendedlinauns

dnsnirvendesaztuegivaiinvesiinartuazeungiivesianarsiideuiunieinu dmsudediau
MR INMARUdNTUSIENnIEnSwendssiugamalivessiananadeulanad

e =331+ 0.6t (1)
° 19 o < a A a = ! I3
MUl v, = dnsuswendusngamgillan ey m/s
t = gaunnivesinad fwhedu °c

a

9InaunIs (1) awnsamuumdnsiiivesdsslueinia Mgamgll 0 °C uaz 25 °C lewindu 331 m/s
uay 346 m/s AUAIRU

msduiesvesraudedurioaineaiialdainnissufussninaudsmnnssnusasadudeassiou ady
fumsduiiestasadulududeniivaeisaowiaiu e lhdonduasAnadulududonindousilunsenugenie
wdasToundulundunndunduds (Niran, 2017) mmzﬁamam?{m%m%ﬁLWaﬂWiazﬁauSﬁuagjﬁudwimful,ﬁu
UaneTavidadandeiumnanisassouvasnavluduionifilarenswieUasdass auseu

nsdiviearmalaneUasunis oz lianusamdeudinuldly Weodsaiunisiuerniadilulue
UaneUnazrlidosdiaazioundu 180 s WuisatunsazviowvesnduluduionUasnds uasfisnulaisda
ﬁmmmzé’ﬂﬁqﬁmmﬁug{m viliansUadusumisinuesnsnsedavesluanasne wieiduujimvesnay
ANAU

avanslee Aoz Inemans umInerageuasvodil
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nstvieeMAUanaln Aaudsiauar g uAUARUALA LR WuReInUnsasReuveInauludwden
Uaedase Nillavfiednduiugudnansesietesunillaiisuiuanueniaduiiiue vilviiulaieilavesie
mmmL‘TJWTWmeiqUﬁﬁwsﬂaqmiﬂizﬁmaﬂuLaqammﬂ yisalutnuaindunnusu (Parameth, 2016)

Tupmd 1 uansmsduiosluvieUaeln JsaeiiuinllonnuenvewioeiniAen L ssezinwesujinio
dafuminnu A/2 Rarsannisauiediusnsueiindfinis vewmesvaislnaz ldnuduiusuesnnueivienuaue
pawdu L = 1,/2 w3e 4, = 2L datu anudyagiuvesnsduiedluiseinalaielaiens L fe

f1=_=_ (2)

e £, Ao Avwidlyagiu Tviae Bsnd (Hz)
v Ao dnsuiwendu fve wesdeind (m/s)
A, fo Anuenndusnueiindfinis Swe was (m)
L Ao AMIU81YI0eINIe D1y lwns (m)

drumsdusiosdnunianuenaaumdu A, = 2L/2, A; = 2L/3 wag A, = 2L/4 Biimnaundu f, = 2f; ,
f: = 3fiMag f, = 4f, MuaIRU AstuaunallesaLdvesnsdunesluieUatuidnfe
v

fa=n— (n=1.234..) (3)

2L

"3 fo=nf n=1234..) (@)

We f, Ao Anudaiduesuetndg? n vy 1830d (Hz)
n Ao awugisueind (n =1,23,4...)

= a0 O ' = v o2& YR | a sa v
Wewan n FAIAUA 1,2,3,4,... Baansliiiuin msduieduvioaniawuulaeilnilioynsuguesinla
AAE £ (ANANATI), fo, fo, fare fn

Tunnd 2 wansnisdusiasluvielateUna Feaziuinvareaulavesialdusumisinvesnaunisnszdn
diainnsduissnsausnaglianuduiusanuenvieduanuenadudy L = /4 vieldrnudyagiudu

fi =i (5)

dle f, Ao Audyagu vy 8sed (Hz)
v fip onsu5wendu dnig waseeIund (m/s)
L fe AnuenvionIna duiig was (m)

mmﬁ;ﬂagmﬁ%Lﬂuﬂ“{mﬁwaqmm?{aﬂagmﬁuamaﬂawL?Jmﬁmmmqwhﬁ’u n 9 leLoslnu (overtone)
vavieUaneUnazliiniareUnuazUjindareiln Seilnladfionsueiing? 2, 4, 6,... warilonsueiindiidusuiud
Wiy drunsduiesdauniinuennduy As = 4L/3, Ag = 4L/5 waz 1, = 4L/7 dsfimnuddu £ = 3£,
fs = 5f, waz f, = 7f, MUaI9U Fofuaumsiluvesmuivesnsduiesuievaneaie
fa=ng; (n=1357..) (6)
w30 fo=nfi (n=1357..) (7

We f, Ao Anudaiduesuetndg? n v 180 (Hz)
n A9 amusnsueind (n =1,3,57...)
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2v 3v

4
flzi fo== fszz f4=i
M=2L A=3L =il A=-L

A
A
N
L N A
N
A
A

3 5 7
f1=:_L fszﬁ fszﬁ f7=ﬁ
M=4L A=IL =il A =1L

A A A

A
A
N
A
L
A
A

A

W
N v/

A 2 nsduiedlurioannaaneaiianudsssurianzensueindfiduava (Bodinchart, 2012)
nsiindesvaaAiasaunTugs (fegrnisduiiaslurisaniaaeila)
vaofundosnuniussandniiiay fdwsznevuandunmil 3 Fewesdeiinannisléauunuai
Uangvesianvgedaiinineg andolsignunvdedeududeadn 4 Whauhuludsfiasdutesivananiaiean
melurduogdmuieatugiasdy Adeningununuta sununusiviliandewdodouldtuiuresnds wvgs
wfimangslussogieing q fuluazgiietsduidedmiaadaliins 1 deldihlagiudsmngasilivie
omauinudeh uanieUaihilngisiudesdies fagriliviooneadunaindudesdigdu (Boonsatta,
2014)

nsiindevaaaiasauniining (Fegranisduiedduisarniauateln)

Tmaduedesausissaminiliitu fdulsznoufuandunmd 4 Femedmaiaanmsldauun
Whlnglsilmanieaynlmasguiinuaa vhsuuindldadedunmsindin wWhludsgnlmausargn Seandiing
awtliAnnsaziiouredes Tnsuinalmedunimognlmaczgnaadetan seiudesgesvesgnimndai
hAnduslindns q Susgfurumdurinugudnansnesgnlma wazanuemvasgnime lneidewhiigadiaaingn
Tmeiluajuazeniian wasidesgaiigainangnlmeiifoundnuazduilan (Phathong, Chan-on and Danpradit,
2017)

Fvanslae Aol Inenmans 1/74731//5/7@”5/@1/5‘57%5717
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i — anugy
guanunu® .L
e )
ilam
Q
Q
O - EAGITE N
Q
0]
Judadue .O O

f ? 35oudan

A9 3 LAsesnunIvaenaudIuUsYNaU (Datkamjon, 2022)

wnlm

A4—  unulmn

AW 4 1r3osnunIlmandoudiuysyneu (Phonkhate, 2019)

gunsalnmaass

\nSesnuAIvgeLfinsee

\n3eanunlmn

us99in &1 30 RS

NN

wesludimes (Barigo u B-0344)

aundlviugy 12mini Guanuideddumag 20 Hz - 20 kHz)
wSaufndueunaindu Audio/Spectrum Analyzer dvsuinannudides

AN e

A5n1snnaeg
a o < a a
Aol 1 Mamdnsniivaadesluainianiangu]

U
U
U
AU
T

U

= e

1. Tweslufiwesuningamgivaeyinnimaaes 5 a3 uazduiinaa nieumaumgiiiade

o 1 a 4 ° o < = a o 2 W < =
2. u"lﬂ’@m%{]ﬂilﬂaEJJJ'W‘H‘LJ’JEUWWE]G]T]Li’JSZJENLaENSLUE]WﬂWﬁ NANNIN (1) ‘U'LWlﬂNaLUUE]C‘]S’]L?’J‘U@QL?!EJ&U

21INMANNUNG Y] (v;)

AauN 2 N1SUITATNSIvawTluaINIAIINAUFTURUS TENT19AUDL B LATAINENI VDDA UNDS

= o
NNATRIAUATYEUAZININ
2.1 nMamgnTIEvadesluaInIAINATaIRUAsYEY

1. il iannnnaiinunkiIveunIsInuaIvgy WaginAue1Iveiaduies (L) 9nniea
ufegiUaluusiazdililn 91w 5 ASY AL 5 wieummanueTiadevevioduiie (L,,) vedusay

falum

b1
AN
U
N

oM

Copyright by Faculty of Science, Ubon Ratchathani University



115915 IMIEN UL TN IIaR AN TV 7 4891 2 (n.A. - 5.A. 2567) | 391

2 3
b g

(n) - ()

AR 5 (n) MU mTe195gn IANNAeIUINUNLAIYBUATOIAUASURY LAY
() MTannteIvesieduies (L) nnviisesauiagilnluidagalin

2. Fadsgunsaineass Ingliamnivinunfansueundindu Audio/Spectrum Analyzer vinsa1ntnunua
JusresUszann 10 wufuns dnmi 6

A DInuARY

H .--";.) >> '3 da O
| SO, <« a@nsvlvluifnng
! :—-. ol | | P

; o) wannaadu

' dmsuinanud

Al 6 MfnnsgUnsaimeasgnsuTendeduenameinIawmussTge (Petudom, 2017)

3. wWuesewunivgewsaziilin uazinanudides (f) Mmeaunivliuifesaweundindu 5 Ase wislum

AANNREELRRY (fyp) Wagmen fi
av

o o s ' 1 v R 1
4. eunINANUEIRUSTENING Ly, Wy f—Iﬂsﬂmmu y Wuanuevieduios Ly, wagwnu x u —
av

av

WAZAIMUIIAIAIUTUY (slope)

5. thananudu (slope) Ml mdnamdnsiswesdsdueinaainaisinunivge anaunsi (3)
fo=5 Fmualin=1)9eld L = % Faniiguivaunsidunse y = mx + ¢ 9gldd1 slope =~
n

mauagladnsuvendesluainaainaiomunivas (v,) = 2slope

2.2 msmansuswveadeslusiniAanniasesnuniining
1. dapnuenivesiedunes (L) Mnaynlmalufisvaegnimaluusiagdalidn 31uu 5 a5 niaumen
ANENRDYVDINOFUNDY (Lg,) VOSUGBZAINUR FAInINA 7

Fvavslag Ao Inermans unIneraseuasIvel
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= o AR ] U e =
AN 7 NFINANUYNVDINDAUNDY (L) IULLV]agg}?IUG]sU@QLﬂiaQWUG]%‘IV?ﬂ

2. Andsgunsaineass Ingliaunininunifansueundindnu Audio/Spectrum Analyzer ¥11931n3gnln3n
JuszerUsvanm 10 wufung dannd 8

o
o

AUNSNNUNRARS
LONNALAYU
AmsuinAun

al
LAS BAAUAT 11IA

= a & ¢ Y < = % - =
NINN 8 ﬂ']imﬂmﬂ’q‘ﬂﬂim%ﬂa@ﬂ‘lﬁﬁ]@]iﬂLi’J‘UENLﬁEJ\‘ﬂu’e)']ﬂ'lﬂﬂ’JEJLﬂi@\‘iﬂu@]ﬂ‘ﬂﬁﬂ
(Department of Cultural Promotion, 2021)

3. wWesewmumndlmausaraalun waginannudides (F) Aegunsnlnuffnniueundiaduy 5 39 antu
hAnlauAIRNNEENRRY (f,,) WarrIAn fi
av

v o 6 ] 1 7 o v
4. FeunsANuEIRussEnINg Ly, way f—Imﬂmmu y Wuanuenmieduiios Ly, wavwnu x u
av

fi LAZAIUIIAIAINTY (slope)

av
5. 1hA1Anudu (slope) Al unAunmensswesdedduainiAaniasonuasiuin naunsi (6)

v

=2 (Fvuali n = 1) le L = == famnidleuniuaunisidunss y = mx + c 3gken slope = 2
LY “fn y pe =7

fatuarlaonsuSwesdeddusniAannasesnunsimn (v,,) = 4slope

= a o < v o g ' a TR A
Aol 3 MSeuliisudnsiiiveadeslusinirananuduiussenitanunidesuasaugivasiadunas
NLATOIAUATVEUALINIAAUAMING B

d = o < = - S YR a 1%
mnseuiisuamdnsisiveadeduainavennissnuniviowazlnn (v,,) fuAmamged (v,) agld
Sovavanuranadourasdnsuivendesduenranasesmunivgonasimaiisuiusnsniudedusiniany

V] ANANNTT
av% == 1009 (8)
t

NaN13IBUaTaRUTIENA
lun93dell {Adelduvmanisnaasseenidu 3 nou laun neud 1 nsmdnsusiveadedueinianiy
noud neudl 2 nsidnsuswendeslusinimainauduiussenitenuiidswasAue1IeveduRpaIN
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\wsawmumsvaEuazlng wazneull 3 n1silSeuiisudnsnswendeduninaanauduiusseninenuideay
ANNENITBIVRAUTBINATOINUAS VG BLAEIMANUAM Mg ] S1uaviBundell

aoufl 1 nMamdnsurveadesluainiAniangu]

Tunmsmdnsiiwendeduenmanungud §ideliihnmesesingungivaeshnmsmaaesisma 5 ade
LLazﬁﬂUmqquﬁLaéa @® wudﬂqmmﬁmﬁa (t) Wity 27.1 °C §am13197t 2 dlednnmumdnsideadedlusinia
INAUNTT v, = 331 + 0.6t ﬁqmugﬁ 27.1°C agld v, = 3314+ 0.6(27.1) = 347.26 m/s Foru SasSwes
dedluaniemungud (v,) winiu 347.26 m/s

A19199 2 gaungivaigyinnImaaes

adell | onmgfiumsshnanesas CO) | guugfiade (0)
1 27.0
2 27.1
3 2713 27.1
4 26.9
5 27.0

aaudt 2 nMsvsnsudrvaadeslusiniAainanuduiusssnineanuiideswazanueniveiodunes
MneasauRsvgauazivan

2.1 mamdnsizivaadesluainiainielssnunsvge

TumsinAiAuevewiodueazm R FsssLennaleduTamauiidssuuassvlnuvesialin 9
§n manm%iaqmum%‘éufja Toun 57 o’ v o o W' Y o lenauanstennsed 3

a ' a R a o a 1 A a
M99 3 ANANUSURFYVDINDAUNDY (Lg,) WaZANUAALNRAY (fy,) haT f— VDIATDINUAIVRY
av

1 v = 2Lf
fafuit | Fln | Ley (x 1072m) fu (Hz) | F o CWOTHZD
1 5" 10.76+0.04 969 1.03 208.53
2 a’ 12.26+0.04 884 1.13 216.76
3 w 13.73+0.04 804 1.24 220.78
q & 16.01+0.04 729 1.37 23337
5 o/ 18.42+0.06 664 1.51 244.62
6 W 20.57+0.08 609 1.64 250.54
7 g 23.06+0.04 557 1.80 256.89
8 7 26.16+0.04 505 1.98 264.22
9 o 31.56+0.04 452 2.21 285.30

91NA15NT 3 WU ANNEVBMBdUNRaNAseIAURsYadlUR 37 a” v e o W o' ¥ 0 fianuena

188 (Ly,) WU 10.76 + 0.04 cm, 12.26 + 0.04 cm, 13.73 + 0.04 cm, 16.01 + 0.04 cm, 18.42 + 0.06 cm,
20.57 4+ 0.08 cm, 23.06 + 0.04 cm, 26.16 + 0.04 cm 4ag 31.56 + 0.04 cm AIUAINU LATEADAAADINUNITIA
Aanuiidsssswennaiatuiamanuiidesuuansniv ifanudieds (f,) Wit 969 Hz, 884 Hz, 804 Hz,
729 Hz, 664 Hz, 609 Hz, 557 Hz, 505 Hz wag 452 Hz @1Ua16U M1naadfuium1snssivandssuainia
Youwszazdliin auaunsi (3) Gelduanumisied 3 Aedutl 6 wud AshsSwenduslusnirveasiltnden
AmNuAAIALAABUIINAMIMguTN LHesaniedesaunTudelistaduideassuiuuiades Jedsnadeniides
°anLwiaxﬁﬂﬁmﬁaaﬂu’mﬂgﬂ’lﬂuﬂLLﬁ’JaaL"flu%'aﬁi”]ﬁ’m‘ﬁdnmaiﬁﬁﬁwé’mwL%qLﬁﬁlﬂummﬂﬁﬁi’m’g’mﬂa’mm?{aumﬂﬁh

avanslee Aoz Inemans umInerageuasvodil
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Mg uinin selutiioandianueainiedsudeng1n3ddisn1smdnsuindsddusinirainaruduresnsin

o o & ' 1 Yo a
ANUAUNUTIENIN Ly, Uae 7 LLaﬂﬁlﬂﬂﬁﬂr}‘W‘W 9

av
0.35

0.30

0.25 y =172.69x - 0.0753 ad

R?=0.9958 e
~ 020 o
E .
=
= )
" 015 .
¥
i+
0.10 Lo
0.05
0.00
0.0000 0.0005 0.0010 0.0015 0.0020 0.0025
-1
/£, (Hz")

a v v € ' 1 44' al '
AN 9 ANUAUNUTIENIN Ly, LAY = VBUAIDNAUATVHY
a

v

a o o & | 1 A a ] 1 a &
1NAINN 9 AFINAIUFUNUTTLUINS LavLLax f—m@ﬁLﬂi@ﬂﬂumiqu wuLJUnsIldun sataun1sidu
a

v

Ly, = 172.69 (fi—v) —0.0753 winwWSeuisufuaunisi (3) Mduaunisaudvesnisduiesluvievateda
fo= % Arnuali n=1agla §= slope w30138ulai1 v = 2slope WnuaIAIUTUIINNIINAE LA
v =2(172.69) = 345.38 m/s ﬁqﬁ?umﬁmé'mqL?’maqLﬁﬁlﬂummﬂé”mm%mum%d&J (Vo) WU 345.38 m/s
dloRnsanaunadunsadisdiy wuilummguiduadaunuaisasdu o wilunimesesdianiu -0.0753 wande
thAduandaestimesaunsidunsednaduasle Ly, +0.0753 = 172.69 (Elv) %qlﬂﬁqﬂﬁmmumnﬁwqwﬁ

Fatfuen 0.0753 AariimasaztiiudnluanndAimueivesieduiionads Swsnlildnnuenveweduiesiinises
Huuarlinalndifeatusmagud Ssaniliendn end-correction wipsrbzaamAdauvaiaduiios denndaaiiy
11338904 Lopresto (2011) Fe@nwimerarmeifigniesveaieduiosvediniosnuns Boomwhacker 7Lusie
Uaneida nudn lefaariuenivesioduiedlunsasiilin wazifinifudaenn end-correction wdaazvinluléan
gnsnsesdssluainialndlfesiuamiamg vl

2.2 nmsmsnsndveadedusinisainaiosunslnig

TunsinArAue e wioduewarmBidssLennaletuTamm B dosuuaunsnlviuvesilin

12 67 vapIasnumsivin louwn o’ 8/ 97 0" & o ' ¥ o a @ u lenasmnsnen 4
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a ' q' O v aa a{' 1 5 =
A31e7l 4 FAueTIRRLTeYadUTeY (L) wAvAIDEBNGRY (f) waz — VYBIUATDINUASIYIN
av

o v o Y] v 2 1 _3 1 v = 4'Lf
aaun | e Ly (X 1072 m) fav (HZ) — (x1073Hz™)
av (m/s)

1 o 5.09+0.04 1560 0.64 317.62
2 1 6.74+0.05 1300 0.77 350.48
3 5/ 7.41+0.09 1169 0.86 346.49
4 o 8.63+0.11 1040 0.96 359.01
5 a 9.58+0.12 907 1.10 347.56
6 o/ 11.30+0.15 790 1.27 357.08
7 o 13.25+0.21 652 1.53 345.56
8 5 14.77+0.15 587 1.70 346.80
9 o 16.76+0.02 515 1.94 345.26
10 a 19.71+0.02 434 2.30 342.17
11 % 21.89+0.03 394 2.54 344.99
12 1 26.40+0.04 332 3.01 350.59

NA15197 4 NIneaesnTsvendadluaineierioswmusslmn aruenivesiedunoeilin
g/ o 5 o d W WY e awu Tawe1nais (L) WU 5.09 + 0.04 cm, 6.74 + 0.05 cm,
7.41+0.09cm, 8.63+0.11cm, 9.58+0.12cm, 11.30+ 0.15c¢m, 13.25+0.21cm, 14.77 + 0.15cm,
16.76 + 0.02cm, 19.71 4 0.02 cm, 21.89 + 0.03 cm a8z 26.40 + 0.04 cm MIUAIRU LAZADAAFDIAUNITIN
Arauiidsediswenndinduinauiidesuuauisniny idauiede (f,) Wfu 1,560 Hz, 1,300 Hz,
1,169 Hz, 1,040 Hz, 907 Hz, 790 Hz, 652 Hz, 587 Hz, 515 Hz, 434 Hz, 394 Hz Wag 332 Hz A1U81aU %10
apsmuuAsnTSwendelus naveuizazflin auaunsi (6) Feldnanunisnd 4 aeduil 6 wui A
Snsnsmeadesduommeudiilindiaruemandounndmamguiliinntn ssdmamsnsiindsdueinie

o LY T4 1 1 Yo =
INAIUIUVDINTINANUFUNUTTZIIN Loy W88 ? wanglarenInd 10

av
0.30

0.25

y = 87.007x - 0.0004

0-20 R? = 0.9988

L,, (m)
(=]
&

0.10
0.05

0.00 1
0.0000 0.0005 00010 00015 00020 00025 00030 0.0035

£, (Hz")

o o o ¢ ' 1 a =
AMNN 10 ANUFUNUDITUIN Lav LY f_ GU@QLﬂi@Q@uWiIVn@

av

a v o 6 1 1 a = ' < ¥ = &
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Abstract

This research aims to 1) compare the academic achievement and mathematical problem-
solving skills following Polya's steps before and after learning through problem-based learning, and
2) compare the academic achievement and mathematical problem-solving skills following Polya's steps
after problem-based learning with the 80% criterion. The sample consisted of 33 Grade 11 students
from Ratchasima Wittayalai School in the first semester of the 2022 academic year. The research
instruments included problem-based learning lesson plans, an achievement test, and a mathematical
problem-solving skills test. Data were analyzed using percentage, mean, standard deviation, and
dependent t-test. The results showed that the academic achievement and mathematical problem-
solving skills following Polya's steps were significantly higher after learning than before at the 0.01 level,
and the academic achievement and mathematical problem-solving skills after problem-based learning

were significantly higher than the 80% criterion at the 0.01 level.

Keywords: Problem-based learning, Polya’s problem-solving steps, Combinatorics
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Introduction

The development of human thinking to be rational, creative, and systematically organized is
crucial for analyzing and planning solutions to everyday problems. Mathematics plays a significant role
in this development and serves as a fundamental tool in the study of science, technology, and other
disciplines. The primary goal of mathematics education is to teach students to think critically and
develop problem-solving skills applicable to daily life (The Ministry of Education, 2008). Thus,
mathematics instruction must emphasize systematic problem-solving methods to develop essential
skills for tackling problems and accumulating problem-solving experience based on individual
capabilities.

The goal of mathematics education is to develop students into systematic thinkers and
problem-solvers. However, assessments like the Program for International Student Assessment (PISA
2009-2015) show that Thai students' mathematics scores are below average and declining (Institute for
the Promotion of Teaching Science and Technology, 2013). Observations indicate that Thai students
lack the ability to apply mathematical knowledge and skills to real-life situations. Essential
mathematical skills include problem-solving, reasoning, connecting concepts, communication, and
creativity. Additionally, attitudes towards mathematics and teaching methods are critical. current
teaching approach often focuses on direct instruction using problems that do not connect to real-life
applications. This causes students to overlook the significance of mathematics and fail to recognize its
relevance to daily life. When students are not exposed to problems that resemble real-life situations,
they lack the skills to analyze problems, plan solutions, and apply the knowledge they have learned.
Consequently, students struggle to use mathematical knowledge to solve complex problems in real-
world contexts. Moreover, the emphasis on teaching methods that limit creativity and reasoning restricts
the development of critical thinking and the ability to senerate new approaches to problem-solving.
Therefore, it is essential to promote and develop students "mathematical problem-solving skills" by
focusing on connecting knowledge to real-life applications, fostering systematic thinking, and providing
opportunities for students to engage with more challenging and relevant problems. (Ransungneon,
2012).

Polya's problem-solving process, widely accepted in education, involves four steps that
promote systematic and clear problem-solving: 1) Understanding the problem: students identify what
is required and the relationships between given elements; 2) Planning the solution: students find
connections and integrate them to form a plan; 3) Executing the plan: students follow the plan or
devise new strategies; 4) Reviewing the results: students check if the results are reasonable (Polya,
1957, cited in Suwan, 2011). Using problem-based learning (PBL) is another effective method that
focuses on student-centered learning, promoting critical thinking, problem-solving, and meaningful
learning. PBL uses problems to motivate and engage students, fostering active learning and the
integration of knowledge for practical application.

Given the importance and research findings, as a mathematics teacher, | am interested in
studying and developing mathematical problem-solving skills using Polya’s steps through problem-
based learning. This approach will benefit teachers in aligning teaching activities with the Basic
Education Core Curriculum B.E. 2551 (revised B.E. 2560) and provide a framework for enhancing learning
outcomes and problem-solving skills, thereby fostering higher-order thinking and creative processes in

students.
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Research Objectives

1. To compare the academic achievement and mathematical problem-solving skills following
Polya's steps before and after learning through problem-based learning.

2. To compare the academic achievement and mathematical problem-solving skills following

Polya's steps after problem-based learning with the 80% criterion.

Conceptual Framework

The researcher studied theories on problem-based learning and relevant research, including
works by Khammanee (2011); Stepien and Gallagher (1993), cited in Laolearndee (2011), The Office of
the Secretary-General of the Education Council (2017). The research framework can be illustrated as

shown in Figure 1.

Independent Variable Dependent Variables

Problem-Based Learning: PBL academic achievement

Step 1: Problem Presentation on the topic of Combinatorics

Step 2: Understanding of the Problem

Step 3: The Study of Problem —
Step 4: The Synthesis of Data mathematical problem-solving
Step 5: The Conclusion of Solution and Y skills following Polya's steps on

Knowledge Gained the topic of Combinatorics

Figure 1. Conceptual Framework

Research Methodology
1. Research Hypotheses

1.1 The academic achievement and mathematical problem-solving skills of Grade 11
students on the topic of combinatorics will be higher after learning through problem-based learning
(PBL) compared to before.

1.2 The academic achievement and mathematical problem-solving skills of Grade 11
students, when solving mathematical problems following Polya's steps using problem-based learning
(PBL), surpass the 80% benchmark.

2. Population and Sample Group

The population consisted of Grade 11 students in the first semester of the 2022 academic year
at Ratchasima Wittayalai School, totaling 685 students across 18 classrooms. The sample group was
obtained through cluster sampling, selecting one classroom with 33 students.

3. Research Instruments

3.1 Problem-Based Learning Lesson Plans: A total of 18 lesson plans, each lasting 1
hour, totaling 18 hours. The quality of the lesson plans was evaluated by 5 experts to determine the
Index of Item-Objective Congruence (I0C). The 10C was found to be 1.00, indicating that the lesson

plans were highly appropriate and aligned with the learning objectives.
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Figure 2. Example of a learning activity following Polya's steps using problem-based learning

3.2 Achievement Test: A multiple-choice test with 5 options, consisting of 30 items.
The test was presented to experts for quality evaluation. The test's item congruence was determined,
with an acceptable congruence index of at least 0.50 (Nilaphan, 2012). The achievement test was
piloted with 30 Grade 11 students, who were not part of the sample group, to analyze item difficulty
(p), which ranged from 0.37 to 0.73, and item discrimination (r), which ranged from 0.40 to 0.87. The
reliability of the test was calculated using the KR-20 formula, yielding a reliability coefficient of 0.92.
3.3 Mathematical Problem-Solving Skills Test Based on Polya's Steps: An essay test
consisting of 5 items. The test was presented to experts for quality evaluation. The test's item
congruence was determined, with an acceptable congruence index of at least 0.50 (Nilaphan, 2012).
The problem-solving skills test was piloted with 30 Grade 11 students, who were not part of the sample
group, from a total of 10 items, selecting 5 items for analysis. The item difficulty (p) ranged from 0.55
to 0.73, and the item discrimination (r) ranged from 0.23 to 0.38. The reliability of the test was calculated
using the KR-20 formula, yielding a reliability coefficient of 0.78.
4. Data Collection Procedure
The researcher conducted a problem-based learning (PBL) approach with the following details:
4.1 Pre-test: The sample group of students were given a pre-test, which included a 30-
item multiple-choice achievement test and a 5-item essay test based on Polya's problem-solving steps.
The scores from these tests were recorded.
4.2 Implementation of PBL Activities: The experimental phase involved 16 hours of
PBL activities, following these steps:
Step 1: Problem Presentation
Step 2: Understanding of the Problem
Step 3: Study of the Problem
Step 4: Synthesis of Data
Step 5: Conclusion of the Solution
During the PBL sessions, student performance was recorded each hour using a learning

outcome recording form.
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Figure 3. 5 Steps of Problem-Based Learning management, as cited in Khammanee (2017).

4.3 Post-test: After completing the PBL activities, the sample group of students were
given a post-test, which included the same 30-item multiple-choice achievement test and the 5-item
essay test based on Polya's problem-solving steps. The scores from these tests were recorded.

5. Data Analysis
Data analysis using basic statistics includes measures such as percentage, mean, standard

deviation and dependent t-test

Results
1. The learning outcomes on Combinatorics of Grade 11 students using problem-based learning

as the basis are shown in Table 1.

Table 1. Comparison of the average scores from the pre-test and post-test measuring learning

outcomes on Combinatorics before and after implementing problem-based learning:

The learning outcomes n mean S.D. df t
pre-test 33 19.94 244
32 19.039**
post-test 33 26.02 1.14

**Significant at the .01 level

From Table 1, the test results measuring the learning achievement on Combinatorics for Grade

11 students showed that post-test scores were significantly higher than pre-test scores at the .01 level

of statistical significance with the implementation of problem-based learning.

2. The learning outcomes on Combinatorics of Grade 11 students using problem-based learning

compared to benchmark of 80% are shown in Table 2.

Table 2. Comparison of the average scores from the post-test measuring learning outcomes on

Combinatorics of Grade 11 students using problem-based learning, with a benchmark of 80%:

Experimental results

n

Full marks

Criterion

mean

S.D.

df

t

post-test

33

30

24

26.02

1.14

32

10.370**

**Significant at the .01 level
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From Table 2, the post-test results indicate that the average learning outcomes of Grade 11
students on the topic of Combinatorics, after using problem-based learning (PBL), are significantly higher
than the benchmark of 80% (mean = 26.02, S.D. = 1.14). The t-test analysis reveals a statistically
significant difference at the .01 level (t = 10.370, p < .01), confirming that the students' learning

outcomes exceed the established criterion.

3. The mathematical problem-solving skills using Polya's method on Combinatorics of Grade

11 students improved significantly after implementing problem-based learning, as shown in Table 3.

Table 3. Comparison of the average scores from the pre-test and post-test measuring problem-solving
skills in mathematical counting principles using Polya's method, before and after implementing

problem-based learning:

The learning outcomes n mean S.D. df t
pre-test 33 27.64 281
32 37.172%*
post-test 33 45.26 3.23

**Significant at the .01 level

From Table 3, the post-test scores measuring mathematical problem-solving skills using Polya's

method significantly improved after implementing problem-based learning compared to the pre-test

scores at the .01 significance level.

4. Mathematical problem-solving skills according to Polya's steps on Combinatorics of Grade

11 students, with a benchmark of 80%, as shown in Table 4.

Table 4. Comparison of the average scores from the post-test measuring mathematical problem-solving

skills using Polya's method on Combinatorics, with a benchmark of 80%:

Experimental results

n

Full marks

Criterion

mean

S.D.

df

t

post-test

33

50

40

45.26

3.23

32

9.500**

**Significant at the .01 level

From Table 4, The post-test results show that the average mathematical problem-solving skills
of Grade 11 students using Polya's method on the topic of combinatorics are significantly higher than
the benchmark of 80% (mean = 45.26, S.D. = 3.23). The t-test analysis indicates a statistically significant
difference at the .01 level (t = 9.500, df = 32), confirming that the students' mathematical problem-

solving skills exceed the established criterion.

Discussion

1. Academic achievement: The academic performance regarding basic counting principles
through problem-based learming (PBL) showed post-learning scores higher than pre-learning and above
the 80% criterion. It clearly indicates fundamental problem-solving skills following Polya's steps and
PBL, emphasizing self-constructed knowledge from real problem situations. Students start by solving

problems, gather ideas, connect knowledge, sequence steps to find answers, and stimulate diverse and
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accurate problem-solving. This is consistent with Thanwiset and Keeratichamroen (2018). It was found
that post-PBL academic performance was statistically significantly higher than pre-PBL performance and
exceeded the 70% threshold (p < .05). Correspondingly, Abdullah, Tarmizi and Abu (2010) conducted
research to find that mathematical problem-solving skills averaged 83.03%, exceeding the 70%
benchmark.

2. Mathematical problem-solving skills: The mathematical problem-solving skills of grade 11
students, using Polya's method, exceeded the 80% criterion post-PBL. This improvement stems from
initiating PBL with problem scenarios, where teachers set goals to guide students in problem-solving
from given situations. These problems are explained as scenarios or events encountered in daily life,
explicable with theory and practice. When presented, the problems serve as starting points in student
learning processes, where students explain situations through group processes to maximize learning
outcomes. This aligns with Cotic and Zuljan (2009), who selected a sample group of 179 nine-year-old
students in Slovenia. Research results indicate that students taught using PBL successfully solved
complex mathematical problems more effectively than those taught conventionally. Additionally, it
was hypothesized that most Slovenian students scored lower in mathematics problem-solving than
students from other countries, despite having good computational skills. The research also showed
that PBL teaching methods instilled confidence in students that difficult problem tasks can be solved,
aligning with Ounpomma and Pavapuyanon (2017) development of mathematical learning activities
based on constructivist theory, focusing on Polya's problem-solving probability. In fifth grade, the
academic performance score averaged 15.29, equivalent to 76.45%, with 43 students passing the
threshold out of a total of 51 students, equating to 84.313%. Students' problem-solving skills in PBL,

focused on Polya's problem-solving theory, averaged 75.70%, reflecting a high level of proficiency.

Recommendations
1. Implementation Suggestions:

1.1 Detailed Problem-solving Steps: Teachers should thoroughly and clearly explain
each step of the mathematical problem-solving process to ensure accuracy and understanding. They
should also encourage students to engage closely in learning activities to achieve the intended learning
objectives.

1.2 Diverse Problem Scenarios: While using different content-specific problem
scenarios, teachers should aim for similar approaches to finding solutions. This approach promotes
diverse learning experiences and ensures that students develop comprehensive problem-solving skills.
It's crucial for teachers to prioritize creating foundational problem scenarios that stimulate students to
apply their knowledge and skills fully during problem-solving discussions.

2. Future Research Recommendations:

For future research, it is advisable to explore other innovative learning methods
alongside PBL. These could include integrated learning activities, project-based learning combined with
inquiry-based learning activities, or learning approaches that encourage knowledge discovery. This
would enrich educational practices and potentially enhance students' understanding of the subject

matter.
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Abstract

The objectives of this research were to: 1) develop learning achievement in mathematics on
exponents of Grade-7 students using SSCS model with Think-Pair-Share technique to be above the standard
70 percent, 2) compare learning achievement before and after learning management using SSCS model with
Think-Pair-Share technique, and 3) study student satisfaction with learning management using SSCS model
with Think-Pair-Share technique. The sample group included Grade-7 students who were enrolled in the first
semester of the academic year 2023 at Khaowongpittayakhan School, Khaowong District, Kalasin Province.
The sample group consisted of 32 individuals from one classroom, and they were selected through cluster
random sampling. The research employed various instruments, including lesson plans, achievement tests,
and satisfaction questionnaires. The statistics used for data analysis encompassed mean, standard deviation,
percentage, and hypothesis testing using the t-test. The findings of the research using SSCS model
demonstrated that: 1) the mathematics learning outcomes of students after receiving instruction using SSCS
model along with Think-Pair-Share technique exceeded the 70 percent benchmark, with a statistical
significance level of .05, 2) the learning achievement of students after studying was significantly higher than
before, at a statistical significance level of .05, and 3) the average level of students’ satisfaction regarding the

implementation of SSCS model with Think-Pair-Share technique was in a high level of satisfaction (X = 4.31).

Keywords: Learning Achievement, Exponents, SSCS Model, Think-Pair-Share Technique
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Abstract

The integration of digital technology in education is pivotal for enhancing educational quality,
especially in science education. This is critical for advancing human capital development in Thailand. Our
study developed a specialized modular approach to improve future teachers’ essential knowledge by
incorporating digital technology. This approach promotes an understanding of the nature of scientific inquiry
for pre-service science teachers in the new era. The researchers engaged 50 third-year pre-service science
teachers in 10 hours learning module. Their Technological Pedagogical and Content Knowledge (TPACK) was
evaluated through an open-ended situational test both before and after the module. The data analysis
utilized descriptive and inferential statistics. Results showed a statistically significant improvement in TPACK
scores post-module, highlighting the module’s effectiveness in fostering knowledge integration. This research
underscores the necessity of integrating digital technology into teacher preparation programs to boost TPACK
among science teachers. The design of this technology-infused inquiry-based learning module, rooted in the
TPACK framework, equips pre-service science teachers with vital management skills in science learning
integrated with digital tools. Our findings advocate for the importance of the modular approach in enhancing
the preparedness of pre-service science teachers, enabling them to provide high-quality teacher education
in the digital era. This study contributes significantly to the quality of future science teacher preparation,
ensuring they are well-equipped for effective teaching practices to new-generation learners. The practical
implications of our study are far-reaching, as it provides a roadmap for improving science education through

digital technology integration.

Keywords: Technological Pedagogical and Content Knowledge (TPACK), Technological integration, Nature of

scientific inquiry, Teacher education, Pre-service teacher
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WleatiuayunsiseuiuudumeuaznsiSeuiuuuasdiou fURf droduauvinusluanissuil 21 (Srisawasdi, 2014)
Atelulssmalnedauiaginermansildsunisiinduuasiau TPACK ansanauedevniidudouriuns
Tweluladlfesrediusyansamuiniu PaeliinGeuwdrlauunfamadnemansonldditu uenand nsfinduly
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¥
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Idnasinermansiuluganisiouissmiinermaniduiasdadueiesdlenifiussansamlunisiamn
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Srurutesfiilonalddsauionssunisduiaznisingrranseg1auwiade sndndeuldviinisduiaisnis
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et al., 2014) yenanidsdnsFnuiinandisiuinnnudilalunszuiunsadsenuimanemansiianudiey
sonisianudiladayanisinermans (Driver et al., 1996) aealsfiniy mm%wumﬂiaau‘[mmlmimumiﬂﬂwu
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(Lederman et al., 2014)
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Koehler, 2006)
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AnermansLuuAdeud weundindudisraunanii Lﬁasziaaé’wmammasmfﬂ,umiL%'auishuummﬁmsﬁwm
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Chaipidech and Srisawasdi, 2021; Pondee, Panjaburee and Srisawasdi, 2021; Srisawasdi, Pondee and Bunterm
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case, Practice in the team, and Application of the case) (Pondee, Panjaburee and Srisawasdi, 2021) Wunais
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AavgnefanTIuN1TTEU
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nsdiAnwILUL 3 Fumeu lud Yiauensdifiedns (Showing the Case) UfTRMuTmAuduiiy (Practicing in Team)
ey miﬁmaaﬂLL‘U‘umiG‘hLﬁun’luimaﬂﬂiﬂﬁzqﬂﬁmﬂmzﬁﬁﬂm (Application of the Case) (Pondee, Panjaburee
and Srisawasdi, 2021)
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Abstract

This research aims to: 1) compare the number sense related to subtraction among grade-1 students
before and after the implementation of open approach with the Concrete-Pictorial-Abstract (CPA) approach;
2) compare the mathematics achievement in subtraction among grade-1 students before and after the
implementation of open approach with the CPA approach; and 3) examine the relationship between number
sense and mathematics achievement in subtraction among grade 1 students. The sample group for this study
consisted of 24 grade-1 students, academic year 2024 from Ban Bueng Kan School, selected through cluster
random sampling. The research instruments included lesson plans, a number sense assessment, and a
mathematics achievement test. Data were analyzed using basic statistics, t-tests, and Pearson's correlation
coefficient. The research findings revealed that: 1) the number sense related to subtraction among grade-1
students was significantly higher after the intervention at the .01 level; 2) the mathematics achievement in
subtraction among grade-1 students was significantly higher after the intervention at the .01 level; and 3)
there was a positive correlation between number sense and mathematics achievement in subtraction among
grade-1 students was significantly at the .01 level (r = 0.946).

Keywords: Number Sense, Open Approach, Concrete-Pictorial-Abstract (CPA) Approach
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lan1ATmid (The institute for the promotion of teaching science and technology, 2017) A3NFANLTIT1UIY
(Number Sense) tduminuanunsadiddaluivadneans Jordan, Kaplan, Ramineni and Locuniak, 2009) Tag
v ansdilalunnfafsriuinnuiasmiuduiussenined o Samufmuamnsalunmsdanistusiuau
MsUszanae wasmsinauladertusiuanluaniunisaisa 4 mmiﬁﬂL%&f&ﬂmuﬁal,i‘]uﬁyugmﬁﬂﬁzyﬁm%fumi
Bouduasitaniinuemeadamans lnendngnsununanrsnisinwsuiugildmunauamiiGoullneliseulu
sefuiulszoufnu i 1 feudiladeinarludesnisuin maau nfeuansadlannuduiusvesinauas
ATRABUANANVRANNaYRIAIRaUlE (Ministry of Education, 2017) nsdaSulvigiseuiiaiuidnidediuiuiad
anuddnBatensiannguamgiSousuadnmans

agslsfiny anmdymnisiSeunisaeundaaanidinsdanuriime fissuratsaudivinanudilaly
wndansadamanies1ednts iesniniinisaeuiiunisviesiuagnisuiYymmuuuuuaumnninIsie
Anrginaznmndilaanumnevenion leewdefinnsananuaduguininisdouadamans iFos n13au ved
iFeuduuszondnundi 1 TsaSeudnudsnu Ynsdnw 2566 wud sindesnasgiuiidimuel’ Ssaenndosiu
NaN1IMAdaY National Test (NT) wudn thidsuthudsnudinanisvadeuainuannsadumssammninag i
WApsziulsune wandliifiudn mswanaadugrinnsSeudsliuszaunadnisanantneiingy venani
definrsananlunuadamanivesinFou wuin dnifeuldarunsauansunusiuauidmualild liaiunse
pyvEUANLaLRALHavasAnould nanfe tniGeurinanudilafeafumnuduiudvesiniauuazasivaoy
muaumgaunavesineuld msfaulGousiaudindadnnuidiaudifyedibsidesiniunsaugiu
nsWAHad Y aFeundamans

nsdnn1sBouiieiSnisuuuilia (open approach) WuuwmavilsigatiunsiidausiuvesgGoulunis
Andunazuidameenuies WiEoulinnuandeiuidinmuddyisionsiannguamiiFousuadnemeans
wagdsN1sLuULUA Inprasitha (2022) na1331 MsIan1siseusiuuia Usenaume 4 Funeunisaou loun uil 1
nstiauesnunsalilymdaneda dud 2 NssEUIMYAueIainE ey fuit 3 mathiaueuAnuazeAUs 8
STt U ey wag TuR 4 miaiﬂimamiﬁaﬂmLLmﬁmaqﬁﬂﬁ'auﬁLﬁmﬁﬁu’l,u%uﬁau (Nohda, 2000) &st281#
thidsueudadamansluluuressuoazatvayuliminivuansaudafiuiefuadamans uennidal e
Tomaltindsuuigmuasudstumufsvemunaisatuadamant wnfindnannsdanindouiuvudndudy
wumsiamadoudgdigBoutanudlaludomadnmanslussdugs aonndos Wadeesirisak and Pattanjak
(2022) wuin wdsnsdansFeuiuuuda dhiFeuiinnaudilaneadamansaunsauanaunAniisafuanudy
sUsssuieviiaus uazdorumneilndauduuusssulfessieliles aenndesiu Bowornsak, Suriyon and
Srikhao (2023) wuirduiFeuilinsianageudimauuudas TnefiuasiuiueeniuuuarnianssunisFeusd
Bududeanunsailym anduaslilemadnSeuiadeiies duasulvinEsuianudilanmademansgatu
warAmUIBNstiInsedumsRaTuensAntiesed nisadeaudladedn wesnsaiuaieuiulaves
giFoulumsuansanudniiu nsdanisBeuduuuidadsdaaiunisFoul Aflanumneuazidunsiseuisou iy
sewinsfiiou FstaeuiindseAninmnisiieuslusterenn aenndeadiu Vannakovida, Changsri and Inprasitha
(2024) souilududsuiifnnsFoudfeiinuuudainGouaneenismuidndeuudsnadeusiue
wanaumusedendnwdesly nande msdamsiFeuiuudateimunliiniFoulinnudngsunldinunslide
U3ENoUNITHARIUNY

fadimsdanisBeuduuudn venanmatinuassiuanuymliidoulddrddgmuga A ddnysn

o
vaa &

Usgmsvilefingdaoudesiilsisie nmsuanunulunsifoudadamanidezdiglitnSouannsaSeusldfssiu
WSIZNSRERNUIETIEas e NAnTIvEentunsteu Yisanauluuiusssukazdivasnniuianud il
ﬁugmL?‘imﬁumiﬁauﬂuﬁaﬁﬁu q nsiddelunisuanaunuddnsuddamartelidnidouaunsadestostiym
mwﬂa‘jmmam%ﬁLﬁugﬁﬁiimﬁwlﬂﬁﬂmmuﬁwmmzﬁmmam% (Chaiprueksathon, Pattanajak and Inprasitha, 2018)
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a o =

Aide3aldAnwinuanisnisdnnisiieusniuuuifa Concrete-Pictorial-Abstract (CPA) Wun1sdnnisiieuiiiie

Y
a 1% ¥

iduaemnudlaluinemsadinmansosaduszu dumslddeuanumu loud nsléingasa (concrete) n3
Tinmusedyanual (pictorial) wazn1sldauAnsUINsTIN (abstract) Inma and Poonpaiboonpipat (2021) nan7
11 msdnnsBounuuudn CPA BrelifiSouannsadenlssmnuitilenndsiiueadiuldlugnisandinseids
wwsssuegelivsransaminluganudnlalundnnisnsedaanslaeggnees aenndesiuiu Lokkathat,
Phukrongtung and Kanngandee (2023) $18413111590N15138U3AULWIAA Concrete-Pictorial-Abstract (CPA)
dwmalitnissuiiuluimiuazarudlansadeaansgaiu SsdmalitniFoudnedugnifaeiy WomnidetnFeu
faudaudlaiia awnsnaiisesdnnuildfenuesideiiagdaousenuuuly dwalitniFoudnadugms
mamsﬁaugﬁumua"ﬁu

Nnfinaaniedu mswmunsBsunsaouadamansliiiszaviamgegadndudesiilsinisdaaia
aru§AniBesiuiu FlunideilldfinnausgndldiininFouiuuulaiuiunisianmaBsudiuiuaia Concrete-
Pictorial-Abstract (CPA) tleiaiuadanuidnBeuiuuassaduqrinenisdouvesinFoutussoadinudii 1

TUILEIANTTIY

1. deiSeuifisuanudinideuiuesinGeudulseonfinui 1 deuuazndnisdanisFeuduuuide
AUk WIAA Concrete-Pictorial-Abstract (CPA)

2. WilewSeuiisunadugrdnensiSeundamans Bes n1sau veslniSsutulszaudnudi 1 deuwas
MAIN5IANTSITEUIUUULTUATINAUMIIAR Concrete-Pictorial-Abstract (CPA)

3. Lﬁaﬁﬂmmmﬁmﬁuﬁ‘wwiwmmﬁﬁﬂL%ﬂﬁimauﬁwaé’uawémﬂmiﬁsmm’jmmam% 304 N8V V04
thiFeudulszonfnudi 1

HUNAFIUNTIAY

1. anudAnideiwnuresindsudulszouinudi 1 wdinisdamaBudiuudniuiuuunin Concrete-
Pictorial-Abstract (CPA) gani1naun1sinn1sseusuuuilansiuiuiuifn Concrete-Pictorial-Abstract (CPA)

2. wodugrsnamaFouadnmans iFes msau vestinFeudulszaudnudil 1 ndsnisdanisFeudiuy
\WUnsuiuwuifa Concrete-Pictorial-Abstract (CPA) geninnaun1sdanisiieusuuuiasiuduuiuifAn Concrete-
Pictorial-Abstract (CPA)

3. arudAnideiunuinnudiiuinisindusaduginiins Sousdnmans Fes maau vestniFouty
Uszaufnundii 1

8AUUNTINY

1. WUULRUNITIY

n93¥unssiliunsidefamanes (Quasi-Experimental Research) Ingg3T8ALIUNITNAADIAIULKUATT
18 LUUnNauAeYInnaukAMaIN1INAaeY (Edmonds and Kennedy, 2017) Fauandlunsad 1

A15719% 1 LUULRUNISITY

Group Pretest Treatment Posttest
n T X T2
n wnu nguimnefililumside
X Wy N33aNsiseuiiuudasauiuludfa Concrete-Pictorial-Abstract (CPA)
T wnu msnadeuinanuiAniBssunuasiadugvisnianisioudeunsianisieus
T uwnu manageuinnnuiAndsinunasiadungvimnsGeundsnsdansious
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2. ngudlwaneildlun1sisde

Uszanns e thigsudutssaufinud 1 TsaFeuthudanw diinouasiiuiinsfnwussoufnutanm

naudioehs fe thieudulszaudnundil 1 lsudoududnw ddhoumesiiufins@inuussouinunis
1w Jnsfinwn 2567 S1uau 24 au Alsunlaenmsduiegnauuungy Tngldveadudungudy

3. in3esdleildlunside

3.1 unun1sdaniadoud Hes maav vesiinFeutulszaufnudi 1 TngldmsfansSeuiuuudadaudy
wuIAA Concrete-Pictorial-Abstract (CPA) 91194 14 KU WNUAE 1 AU savheAY 14 Ay Tm&ﬂ‘i%’a%’fﬁmmumi
fannaidoud $1uau 16 weu auesediderriy Swu 3 viu B Gidermngdudenadamans $1ou 1 v
HBrmngiunsaoundamans S1uu 1 v uazfideivainumsiawazdsyifiuna S1uau 1 v ileUszidiu
ANUMINZANVBIKNUNTIANTTEUS Han1sUsEdunudn whunsdansiteuiinumunzadlagsiegluseduunn
(Mean = 4.22 ,S.D. = 0.82)

wnrsinmdngn g rdundemant

(Lason stuch)

unzBmuwuitin (Open Approach)
) N "

i dunaudoadan s SowTadans 38000

24 msahissenuuudelifimuiividiluscunmaigwmeds Iuﬁﬁu&rfﬂ)
doad am hauewRedetud

(@)

fonsu “Uamowaueu”

Tunradraeunsaiigwmeda
isluvausitagaunidou

Fowdn : Usmes 5 i, Sralduan, Afnuan, ulenarinined (Fwiufaluienssw), lufenssy

o el o dos s () Saufly : sUnmlamey, uamenldvm, summilamaslugh 5 ), Unminames,

wih a7 w21

e qnmuden 3 u (Rawiodn), sUnwuden 2 Su (Anwian), UnmveSaon

3, 5), Unsaienmns (-, <), Searudnnszay (Gaus:londyinual, dmev), tinmodn

o |

Ummin

u 200
ww unei i T
i s

wedoatusnn s e = =—=nl PSS

e e 3

o %o

i - V)
[p—— JETY T T re— "3 a ﬁ
2 i 2 Tavitn

Dnprrees AU oo e o s s laviopr i B . -
weney nmiamadlugn 5 # Unmnlames

ameldim

Uszlendydnual

ABY wdsUm #

MR 2 WHUN13IANTSISELS (N) FI9E19N15RBNIUUANNLLIAR CPA Approach (v) way fieeslufianssy (A)

1namd 2 iudegraununisdnnisiiouduvuiliasamAuuudn Concrete-Pictorial-Abstract (CPA) Tng
FAdvlseenuuudaminisuan Taglddgymnssuiuvesvailulaud Inelddenuuuifn Concrete-Pictorial-
Abstract (CPA) disi] Qﬁﬁa’l%ﬂmLLasmWUaﬂiﬂ,aLLﬁaLmuﬁaﬁLi‘Jugﬂﬁﬁu (Concrete) waglunisuanaunuduIulan
Freudenunudeninuansuny (Pictorial) wazldludanssufudelidniseulduansdydnuainsadinmaniiiu
UIUEI5Y (Abstract)

3.2 wuunegeuinAuidnidediuiu Wukuunegeuysie 3 dauden $1uau 20 To deax 1 Azuuu agld
i’mmmﬁﬁnL%\iﬁi’m’mmamquﬁy'q 5 61y (National Council of Teachers of Mathematics, 1989) loita 1) A3 3Lla
FIUATUNLIBTDITIUIU FIUITINITTU SIIUTISUFUT wazaurnvesdiuiy Sauau 4 9o 2) anudile
AuduTusSivanateaessiuiu S 4 90 3) arudilafeaturueduindvesdiviusaznislSeuiiou
$119U $1U 4 98 4) ArudilanaTiAnt ureIN1SHITIUNNSIBIR UL $1UIL 4 8 war 5) AmwEnselunnsAn
FundulaldiegBavguuasnmUszinadesdiuiu S1uau 4 9o Faanssii 2
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M13°99 2 MpgraiuunageUInANUIANTEIILIL YaetinBeutulsEaNAN BTN 1

ANSENATUIY

1. ANUN IR UAMUAUNIGVBITIUIL FTUIUTINIT
U TMUIUIDUAUN LATVUINVDITIUIU

finoe19dadaU
NaM wdesafivenagifu
RN B
-
N, 1Au
U 2 AU
A. 3 AU

2. ANUNIANNEIRUSINa N B8V

tolasioluiifinadnsiviiy 3
n. funinigey 5 f Junilly 3 f
v, fuden 5 du ndueenly 1 du
A. Hsnaeneg 6 Au Tueenly 3 fu

3. anwanansalumsindalulaliegnstinngunay
MsUsTANUAIYRITINIU

Toudluau 7 3u Aewdusen Uity Js9viwide 3 Ju

A, 5%u
9. 47U
A, 33U

4. AU INATAATUTDIN1TALTUNNTVBIIUIU

Joladinaansvinau 9 - 3

n. 10-4
9. 8-4
A. 10-3

5. anudnlaiefunnadiivsvessuiulasns Telafinadnsunniign

Wisuiigudnuau n. wilfinenldl 6 aan Tviuue 1 aen
v, fvusluan 6 Su wdueenly 2 Fu
A. fsnaened 6 Au Tueanly 3 Ay

Tneg3delauuunaaeuinanuidnidediuiu 31w 25 4o dausreglieiviy 31w 3 v Nt

wuunegeulunaaesldiuinssuililingudmunaiemauninvewuunegeu Insdndanuuunageudiuiu 20

18 NilAANABAAREUTLLENY (I00) BE5¥MiNg 0.67 - 1.00 HA1AuEINd1E (p) 581319 0.22 - 0.71 UazilAn
FIUNUN (1) NI 0.42 — 1.00 HANNTIATIEVIANUTDIUVDILUUNAZBUTAIANULTBIUNIRTU Winiu 0.76

3.3 LuunadeUTaNadunnsnIensiseuAtinaans 1309 n1sau [unuunedeudsie 3 fden $uau 20

U0 Ueay 1 Axuul ATEUARNINUIEAIATaNGANTIUTIFeIN1sTn wazlomiisesnisin Inedideliiuuunaaauin
HAFUVENINFIFEU F1UU 25 Tarlauerodidenyay 31U 3 inu antuthuuuneaeulunaaedddivtinSeun
Lilgnquidmuneiiemauninesiuunagey lngAndensuunagaudiuiu 20 48 NilAauaenndondaiion

(I00) 2g5mi19 0.67 - 1.00 UAAINEINGY (p) F¥WIN 0.20 - 0.80 kazdA181UIATIUN (1) S¥MI19 0.20 - 1.00
NANNTILATIEIAINUTDLUYDILUUNAFBULUUNAFDULANANLTBLUT9RTU WU 0.81 (FRagauuunaaaunanisna

it 3)
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A399 3 AMIBENLUUVRdIUIANAdUGVIENIINISISBUAdinAIERS 1599 N15aU YastneutuUssauAnu U 1

gaUsaen Jasau

1. WlaanuvisngveansauluanumingveIns | 3N mﬁamuuﬁmmgﬁ%u

wieantunsaneanty mmﬁnlﬂ
!

' @@—
a2 S’B”u
v. 33y
A 4 3u
2. Whlannumnevesnisaulunnnumngves Mnam sadmdesiusadung sstueyidu

AMULANANY < ’ &7 N ’ 2
N NS , N/ N

n. 4@y
9 5AU
A, 6 AU
3. yWadwEnsaUTLIuRtiFsalaAY 10 Jolanaansunnnin 7 - 2
n. 7-3
9. 8-3
A. 9-3

4. MaiuTIvTINtoys

AseldinafunursdeyaaninGeungutinne fe tniFeutulszaufinui 1 TsaFoutudnw
dtnouaafiufinsfnuuszauineeniw S1uau 24 au sutuseu fadl

0.1 YguiimeinGeu duasinguszasd wasdunoumsiansSeudiuinGeundguitmng

4.2 naaaunawseuiuinssungulmng lnglduuunegeuinAnuianidednuiu waskuunaaauiang
FugrismensiFeundinaans

4.3 audun139nianssunsiseuiauurun1sdansseuilagldnsdnnisiseuiuuuilasiuiuiuifa
Concrete-Pictorial-Abstract (CPA) $1121 14 WHU WHUAE 1 AU TINTWAL 14 AU SpozadUnisias 5 AU 194
oAy 3 &Unno

4.4 SloRuganisdnmasudnuununsianiaious fiseveaeundadeu Tngliuuumaaeuinnnudinias
$1UIU wazLULTAAR U TKadLg VSN SuAdnmanfat Ui

4.5 dhdeyatilaluiiaszyimneada uaziiausnanisideludusioly

5. MsAATIzvidaya

5.1 WnnghiFouieumnuiindsuuesinidoutulssoufinu B 1 deuwssvdinisdaniadouduuy
\UnsauiuuiAn Concrete-Pictorial-Abstract (CPA) lngiindayansiadeuniskaniadnuuunfvestoya Normality
Test (Shapiro-Wilk) wuindeyafilsfinisuanuasuuuund (Famns1eil 4) Suideyaluneaevausiigrusoaiinaasy
# (Paired t-test)
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A15199 4 NAN1INTIAADUNITUINWITLULUNFVRITRYA Normality Test (Shapiro-Wilk) U8z UNANTANT
VRIS UTUUSTONANY TN 1

< —
ASLLUY n ASLLUULAN X S.D. w p-value
PRUTIU 17.54 1.81
— 24 20 0.937 142
NDULIYU 6.67 1.12

2. ApswiUisuifisunadugrsnisnsidouadaaans 3es msau vesthiSeudulssanAnwdil 1 neu
WAENAINITIANITIEUIUUUITATINAULIAR Concrete-Pictorial-Abstract (CPA) Tngi1Uayans1980uN1ThaNIaN
wuuUnAvesdeya Normality Test (Shapiro-Wilk) (fan13199 5) wuirdeyaiildfinisuanuasuuuund Sahdeyaly
VndeUaNLAgIUeatiAnaaauil (Paired t-test)

M990 5 NANIIATIVABUNITUINUAUUUUN AR Normality Test (Shapiro-Wilk) U84AgkUUKNARNVENNNTS
SeuANNFAIENS 1589 N15aU YasUnSsuTUUST AN TN 1

<
ASLLUY n ASLLUULAN X S.D. w p-value
PRAUTIU 17.67 1.90
— 24 20 0.938 154
NDULIYU 4.21 1.58

3. AAngranuduiusssninanuidnidaTuuiunadugnininisiseuadinaans (3o N15aU V89
UniFeutulssandnutn 1 lngldnsmduussansanduiusuuuiivsdu (Pearson Correlation)

HaN1538UazaNUTENE

NAN153Y

nansdnnisieusuvuilasiuiuuuiAn Concrete-Pictorial-Abstract (CPA) Aifidearmddnidadiuiuuay
KadunvENIMIsusadamans Fes msau vestnidsudulszoudnu®i 1 Aideutsnmsagunasendu 3 nou
il

poufl 1 namaiFeuiisuaruiindsiuuresinSeutulszoninuidi 1 feuuasudnsdnniadous
wuulasiuulwiAa Concrete-Pictorial-Abstract (CPA)

el nsiieudsuanuiindeuresinouiulseoa@nndi 1 dounasndsnisianiadous
wuullasiuiuwidn Concrete-Pictorial-Abstract (CPA) Tngldazuuuainuuunaaeuinainuidnidadiuiu ves
tidsutulszonfnui 1 waslfaifnaaoud (Paired ttest) nausngFamaai 6

A15199 6 ANNFANTIIWIVRITNSBUTUUSEANAN YT 1 feunaznaen1Idan1sileuiuuulasiuiuuuifn
Concrete-Pictorial-Abstract (CPA)

ALY n | AZLUULAY x S.D. Sovas t p-value
NRITEU 17.54 1.81 87.7

— 24 20 22.36** .00
ApuLS U 6.67 1.12 33.35

** syAutydAYNINENANTZAU 01

NANT199 6 WU ANNFANEIIINTesTnSBuTUUTEaNAN Y TN 1 nddldsumsdanisiFeuiuuuta
FAULUIAA Concrete-Pictorial-Abstract (CPA) AziuARLYINGU 17.50 AZUUY INAZLUULAL 20 AZUUY AR
& v i vo Y = v o v I a & v
Jueuay 87.7 uassuldsumsdnnisieuiinzuuunfowiiu 6.67 avuuu 3nAzLULAY 20 Azuuy Anlduiey
ag 33.35 nanfe dnieutulszanfAnwyN 1 Ianuidndediuiuvesiniteudulssaudnuli 1 vaslasunis
FansiSeusuuuilndiuiuLuifn Concrete-Pictorial-Abstract (CPA) gandineuldsunmsdnnisiseuagaiiid Ay
meatAnTEeu .01
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aeudl 2 nanisSeuilounadugrinnanisisundineans Sos nsau vesiniSeutulsvaudnudil 1
AouwarnaN1sIANIsseuIuuUnsINiuLLIAR Concrete-Pictorial-Abstract (CPA)

AflinnsinatouiisunadugrinanisGeundamans Bos n1sau vesinGeutulszoufinudil 1
AouuarndIn15Inn1si3eusuuulasiuiuuudAn Concrete-Pictorial-Abstract (CPA) PnuUUNAeUTHadugND
nensisundamand uazldadfvagoud (Paired t-test) NaUsINgFan1TT 7

M99 7 HadugnsnenIsSeuadinmans 1389 n13aU YasinSeutulsEaufnuUn 1 neukayndin1sInnIsseus
wuulUasiuiuwi@n Concrete-Pictorial-Abstract (CPA)

AZLUU n | AZLUULAY X S.D. fouay t p-value
PRI 17.67 1.90 88.35

— 24 20 204.69%* .00
AouSau 4.21 1.58 21.01

** syAUtUAIAYNINEDANTEAU 01

NI 7 WU eedugvavnenisiieu 3es msau vesinidsutulszandnut 1 ndsldsunsdans
Boufuuudnsmiuundn Concrete-Pictorial-Abstract (CPA) fiaziuuiadsinfiu 17.67 Asiuu :nAzlUULiY 20
azuu Anilufesas 8835 uaznouldiunsdansisousiazuuuiadenindu 4.21 Azuuy MnAsLULAY 20 AzLUY
Anidudesar 21.01 nande Thissutulssoufinudi 1 TnadugrinensiSeundinmans Bes n1sau wasldsy
n13dan1siseusuuuilnsiuduwuifin Concrete-Pictorial-Abstract (CPA) a@aninneuldsunisdnnisiseuieenad
Teddymeadafiseiu 01

pouil 3 namsAnwAuduSsErsn L AnGE ufuRadugrEnansFeundamand 3es msau
vosiniSeutulszaunudil 1 waalisunsInnsiseuikuuUngiuiuwuifin Concrete-Pictorial-Abstract (CPA)

PAdelinnginanmnuduiusseninanuidndadmoutunedugrivnainsSeuadaamans 3eq n1sau
yosiniFsutulszanfnu¥i 1 mnazuuunadeundsldiunisdanisdouduvuladiufuuuifn Concrete-
Pictorial-Abstract (CPA) 21nHudins1ehannuduiuslnenismdulssanianduiusuuuiil o$du (Pearson

Correlation) HAUTINGIAT1 8

M19197 8 NANIIANYINTANIANUEUTUSTENINANUIANTITIVIUAUNAFUG VTN EUANAAIANST 1599 N3
au vastnFeuTuUTTaNANYITN 1

Correlations NadUNENIINISIEY ANSENARTIUIY
v < - Pearson’s Correlations 1 947%*
NAFNOVENINITLIYU
p-value .00
e o Pearson’s Correlations 947 1
ANANFANLYIIIUIUY
p-value .00

o o a

** SyUUEIA N ADANSYAU .01

o

NANT97 8 NU mmiﬁﬂL%aﬁi’mauﬁuwaé’mqw%‘mqmsﬁaumﬁmmam% 3o n13au vesiniFeuty
Uszaufnw ¥l 1 naslasun1sdnnisiseusuuudasauduwuifn Concrete-Pictorial-Abstract (CPA) Slanudumiug
fumsunethalifedfynisadnisssu 01 Tneflidulssavdanduiusiviniu 0.947

aAUsEKNa

Mssudiun1site Ses HAN133ANTSISEUsLULTATINAULLIAA Concrete-Pictorial-Abstract (CPA) fifisie
AnufAndediuiuuaskadugninianaseunsademand $es n1sav vostniFoutuuszand nu¥ 1 anusn
afUTenalswail

1. anufAndeduvestndoudulssanfnun i 1 vdsldfunisanisidouduvuaiiuiuuunin
Concrete-Pictorial-Abstract (CPA) flavuuwadewintu 17.56 avuul naswudy 20 azuuy andudosas 87.7
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Abstract

The purposes of this study were: (1) to develop of mathematics activities learning based on
Constructivist Theory cooperated with electronic media to promote problem solving abilities on Triangle to
meet the efficiency criterion of 80/80; (2) to find the effectiveness index of the learning based on
Constructivist Theory cooperated with electronic media to promote problem solving abilities on Triangle; and
(3) to compare the mathematical achievement and problem solving ability of students learning based on
Constructivist Theory cooperated with electronic media to promote problem solving abilities on Triangle to
70 percent of criteria. The participants in this study were 17 students who studied in Grade 6 at Banchok
School in the second semester. However, they were selected by using cluster random sampling. The research
instruments were: (1) mathematics learning activities based on Constructivist Theory cooperated with
electronic media; (2) the learning achievement test; and (3) the mathematical problem-solving ability test.
The statistics for data analysis are percentage, mean, standard deviation, and Hotelling’s T to test the
hypothesis. The results of the study were as follows: (1) mathematics learning activities Based on
Constructivist Theory cooperated with electronic Media were 86.71/80.00, respectively; (2) the effectiveness
index of plans for organization of mathematics learning Based on Constructivist Theory Cooperated with
Electronic Media was 0.5953 indicating that the students' scores increased by 59.53 percent, respectively;
and (3) mathematics learning activities based on Constructivist Theory cooperated with electronic media
accounted over 70 percent criteria at the .05 level of significance and mathematical problem-solving ability

of students at over 70 percent criteria at the .05 level of significance.

Keywords: Constructivist Theory, Problem solving ability, Electronic media
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Abstract

Due to the curiosity of children at the young ages, the primary school years are crucial times of
learning for cultivating students’ interest in science, building up science process skills, and developing
scientific attitudes. In this work, we have designed learning activities and applied STEM activities on thermal
properties of matter for primary students to enhance students’ understanding the concept of thermal
properties mainly thermal expansions of solids, liquids, and gases. We have also developed students’ science
process skills and students’ attitudes toward science at the same time through STEM education. The activities
provided in this research were the expansions of air in self-inflating balloon experiments when heated, the
expansions of water in flasks when heated, and the expansions of iron nails and holes on metal disks when
heated. The STEM activities were assigned to train the students to apply their knowledge and skills to build
straw thermometers. During the lessons, we observed that the students actively engaged in the activities.
After attending the lessons, the satisfaction surveys showed that the levels of the satisfaction of students

and teachers were high.

Keywords: STEM activity; Thermal property; Thermal expansion; Straw thermometer; Primary students
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