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Research Article in Science Education

The Impact of the Concrete-Pictorial-Abstract (CPA) approach
on the mathematical communication and conceptual understanding

of decimals in Grade-6 students

Teerachot Lokkathat™" Natthaphon Hongthong' and Narongsak Rorbkorb®
!Master of Education Program in Research and Evaluation, Faculty of Education, Prince of Songkla University.
2Department of Research and Evaluation, Faculty of Education, Prince of Songkla University.
*Email: Teerachot.lo@ksu.ac.th

Received <12 September 2024>; Revised <4 November 2024>; Accepted <6 November 2024>

Abstract

This research aimed to 1) compare the mathematical concepts of Grade 6 students before and after
learning through the Concrete-Pictorial-Abstract (CPA) approach, 2) compare the mathematical
communication and interpretation skills of Grade 6 students before and after leamning through the CPA
approach, and 3) study the relationship between mathematical concepts and mathematical communication
and interpretation skills on the topic of decimals among Grade 6 students. The sample group consisted of 29
Grade 6 students from Lertpanya School, selected through cluster random-sampling with the classroom as
the sampling unit. The research instruments included well-developed lesson plans with an overall
appropriateness rating of 4.43 out of 5, a mathematical concepts assessment with a reliability coefficient of
.842, and a mathematical communication and interpretation skills assessment with a reliability coefficient of
.96. Data were analyzed using basic statistics and t-tests. The research findings revealed that 1) the
mathematical concepts of Grade 6 students after learning were significantly higher than before learning at
the .01 level of statistical significance, 2) the mathematical communication and interpretation skills of Grade
6 students after learning were significantly higher than before learning at the .01 level of statistical significance,
and 3) there was a positive correlation between mathematical concepts and mathematical communication

and interpretation skills on the topic of decimals among Grade 6 students (r = 0.709).

Keywords: Mathematical concept; Decimals; Mathematical communication and interpretation skills;

Concrete-Pictorial-Abstract (CPA) approach
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Abstract

The purposes of this study were: (1) to develop leaming activities on linear equations with one
variable in mathematics using Polya’s method with Think-Pair-Share technique to promote problem solving
abilities to meet the efficiency criterion of 75/75, (2) to find the Effectiveness Index of learning through linear
equations with one variable in mathematics using Polya’s method with Think-Pair-Share technique to
promote problem solving abilities, and (3) to compare the mathematical achievement and problem-solving
ability of students who after learning through on linear equations with one variable in mathematics using
Polya’s method with Think-Pair-Share technique to promote problem solving abilities to 75 percent of criteria.
The participants in this study were eighteen students who studied in Grade 7 at Dongnoiwittaya School in the
second semester. However, they were selected by using cluster random sampling. The research instruments
were (1) mathematics learning activities on linear equations with one variable in mathematics using Polya’s
method with Think-Pair-Share technique to promote problem solving abilities plan, (2) the learning
achievement test, and (3) the mathematical problem-solving ability test. The statistics for data analysis are
percentage, mean, and standard deviation. Moreover, to examine the hypothesis by using a Hotelling’s T2.
The results of the study were as follows: (1) the lesson plans for the organization of mathematics learning
activities using Polya’s method with Think-Pair-Share technique was 83.23 /80.19, respectively, (2) the
effectiveness index of plans for organizing mathematics learning activities of Polya’s method with Think-Pair-
Share technique was 0.6871, indicating that the student’s scores increased by 68.71 percent, respectively,
and (3) mathematical achievement of students who studied cooperative learning using Polya’s method with
Think-Pair-Share technique meet the specified criteria at .05 level of significance and mathematical problem-

solving ability of student technique meet the specified criteria at .05 level of significance.

Keywords: Polya’s problem solving process; Think-Pair-Share technique; problem solving abilities;

Academic achievement
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Abstract

This research aimed to evaluate the quality of a fluid dynamics experimental kit developed by
students, focusing on two primary aspects (1) validation and reliability of the experimental kit and (2) quality
assessment by experts, teachers, and high school students. Data collection was conducted through ten
repeated trials across five experimental setups, along with qualitative analysis from assessment forms. The
findings indicate high validity and reliability of the kit, with results consistently aligning with theoretical
principles. Additionally, experts, teachers, and students rated the kit’s quality as “very good” across four
dimensions, physical characteristics, usability, maintenance and repair, and suitability for instructional

purposes.
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Abstract

This research aims to 1) compare the pre-test and post-test physics learning achievement of students
using flipped classroom and chatbot applications, 2) compare the post-test achievement of these students
to those using traditional instruction, and 3) assess student satisfaction with learning physics using these
innovative methods. The samples of this research were two classes of 12th-grade students in the first
semester, academic year 2024, divided into two groups: a control group of 40 students and an experimental
group of 40 students using cluster random sampling. The data were analyzed using dependent-sample t-test,
independent t-test and one sample t-test. The results showed that (1) the post-test of learning achievement
is higher than the pre-test at the .05 statistical level, (2) the post-test of the physics learning achievement
using chatbot applications with the flipped classroom is higher than the normal earning at the .05 statistical
level, and (3) the overall satisfaction of learning physics using chatbot applications with flipped classrooms
was at the highest level and higher than 4.51 at the .05 statistical level.

Keywords: Chatbot application; Flipped classroom; Student satisfaction
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Abstract

This research aimed to 1) compare the geometric thinking on geometric transformations of
Mathayomsuksa 2 students who received instruction using GeoGebra with a criterion of 75%, 2) compare the
mathematical understanding of geometric transformations of Mathayomsuksa 2 students who received
instruction using GeoGebra with a criterion of 75%, and 3) examine the attitudes of Mathayomsuksa 2 students
after learning through GeoGebra. The sample used in this research consisted of 156 Mathayomsuksa 2 students
from Anukoolnaree School, Kalasin Province, selected through simple random sampling. The research
instruments included: Lesson plans on geometric transformations 12 lesson plans Geometric thinking and
mathematical understanding tests Student attitude questionnaire Data were analyzed using basic statistical
methods, including: Mean (X), Standard deviation (S.D.), Percentage and t-test for one sample. The research
findings revealed that the Geometric thinking of Mathayomsuksa 2 students who received instruction using
GeoGebra was 81.33%, which was significantly higher than the 75% criterion at the .01 level. Additionally,
students demonstrated geometric thinking at all levels above the 75% criterion, with statistical significance at
the .01 level. The mathematical understanding of students who learned using GeoGebra was 82.81%, which
was significantly higher than the 75% criterion at the .01 level, aligning with the research hypothesis. When
analyzed by specific aspects, it was found that students had the highest level of mathematical understanding
at the action level (84.78%), followed by the process level (83.33%), the cognitive structure level (82.85%), and
the object level (80.29%), respectively. Students' attitudes were at the highest level overall (X = 4.72, SD. =
0.51).

Keywords: Geometric thinking; Mathematical understanding; GeoGebra
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FEAUNIINTEIN 4.00 339 | 0.77 | 84.78 | 6.37* | 0.00

FTAUNTLUIUNTT 4.00 333 | 084 | 83.33 | 4.93* | 0.00

JAUIN 156 4.00 320 | 079 | 80.29 | 3.36** | 0.00

syaulassasavnedggn 4.00 331 | 079 | 8285 | 4.94* | 0.00
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AIUNTINNITIEUS 4.69 0.57 UINNER
AUASHERY 4.70 0.50 WNTign
AuFBNISTIUNSaOY o

4.81 0.42 UNNEn

LUsinsu GeoGebra '
AUNTEUIUNTITEUS 4.66 0.54 WNTign
57 4.72 0.51 WNTign
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TUsunsu GeoGebra amnsaduiaiuszdunuAnnasiadnues Van Hiele (1986) 1109910 TUsunsu GeoGebra
ilusunsudanain A3 ouanusaduiunasAnuiiousldsenuies dwmaliinSeuinniuauls uazidlaly
[omiAsatestuisviadinunniu aenadesiu Khansila et al. (2022) wud1 AnssunisiFoud GeoGebra tniFou
A11NT00BNUUY LA NUHULUYNIMILATgmmasyade dniduidnayniunisld GeoGebra denalvinadugms
yamaideudifiugstiu aenndasiu Kanachan et al. (2020) wuih n1slddeneufinmes Tsunsu GeoGebra vl
HiFoullainsgiededu fudu waraynauuiunisuitym Sﬂﬁgqé'ﬁaummmL%umwﬂ%’mﬂ?{auﬁh wazgusela
MLIUAUINTT TINDINTNeEY tagmsuiUgmlaglalusunsy GeoGebra

2. wamaFeuidisuauidilanisadinaans 3es msudasmasnadisvesinSeuduseudnundi 2 7
le¥unsdnnisiSeuslanlilusunsy GeoGebra Autnasizenas 75 wuin thiseufiarudilomendneans 5o ms
wasmasnadevestiniFoututseufinui 2 vidldsunsianiadoulneldlusinas GeoGebra gintrfesay 75
fisgiutiodfgmeadan .01 lefiarsananmsihuvunaaeundsnisinnsiseudvesinFeu nui dniFeuiian
\ilamsadinmanssziunisnseiin gean fesas 84.78 1ilesan GeoGebra taglvinnsuvasmasviadn 1wy A3
ViU NsagYiou NsIdeU wazn1suene anusaxeaiiunadwslaviui inunsifiniiuansnmanuiiivieassiid Tetae
Tinsiarudlanguifiieates wu madeusumisesganiesunsadilaléieiniu Sehsantymean
nlaianainainnsiusunsluauedld sesasn Aesedunszuauns fevay 83.33 tniFsuannsavianudila
Funousng 9 Wi uavanusafiumsiasuulasiiiietu sliRnny waruSuuiduneunisuladdlnenss Seae
Trinideudlansruaunslusiarsunould@ndanniu seaulasiasamedya Sevay 82.85 nsiseuInITiUas
masadanaredunszuiunsidenlesiuvdnnisadamansdu q sgnadaou dneuliiiesudFeuinsuas
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fiANFURUSIENIYL WagTEEEiRINYAAUENaTg detrsatremmuilalussiulnsaiiidenlsaiure:
wARAdinaans wagseduing fesay 80.29 N5lHlUsuNTL GeoGebra dwwaliiniaiFounisaeu 1Foan1suas
masnadelussduinginnudaau waedussninmuntu dnidsuamnsodfiunavdsuamesing uandile
dnwasg uazpuantAvesingildsumsudas ileadilemeadnmanslussduingiuluegismuiu wagiinny
ands Thildaeaiuaisauansalunmadenlssszriumnansadamansisudelinaredudsitanns
e wartszndldldieTunugdu sedoradomnain ununstanisdeuslaglilusunsy GeoGebra fifiTeld
faundu dunistssidunrumnganlaedideisg saonuiinsufulplidanumunza wasaenndasty
dsvasdiindld Snvsenudnlamsadamansidunnuannsolunmadilawunin ngud wénns uasauduiug
Y9903AANNTNATAMERS naenIunsiiauidinanludssendldluaniunisaling q egranunzan laglily
LﬁENm'ﬁamaﬁ’m%aﬂﬁﬂﬁmu%umauwhﬁy’u uinmfimslinseiidavaus nmadeulosuufn waznisuidomeig
#519a535A728 (National Council of Teachers of Mathematics, 2000) @anadasiu Skemp (1976) na1111 NTaDU
Aresdaiuligizoudanudiladduiudiinniinsasduiisadnszuiuns msensiSeusideduiuyagl
ﬁL%EJUWGNUWﬁﬂHSﬂ’ﬁLLﬁﬂﬁleLLaxﬂ’ﬁﬂ%’Nﬂ’]’mL%ﬁi%‘ﬁgﬂgu Faaonndesiuauiteves Jan-ngam and Suanpradit
(2021) ilsinndedidnnseling (E-book) Taeldlusunsu GeoGebra nui1 awnsanseduiisoulimuaulaazns
Sousle 1lesann TUsuunsu GeoGebra iurensdsilddmivasnsdisan uaziiasesidasing o 1udedivaele
deuneuiunIn S euinnszuiunsfin manuduiusvesdayaiuauisoesuie uazaguanudnsivgenld
AILAULBY

3. wan1sAnvanARvestnsuuTsENAnwIT 2 ndn1sdantsEeuilnglilusuny GeoGebra wutn
tni3suilanainfvdslasunisdanisisouslaslilusunsu GeoGebra lunwsmeglusyfuunnian (X = 4.72, S.D.
- 0.51) MRS esuinEeuiianafsesiudenisisounisasu TUsunsy GeoGebra gean agluseiusin
Viqfﬂ (X = 4.81, S.D. = 0.42) WipsantinSeuiauadlandousanunsadiladonandenissounisasu [sunsy
GeoGebra 5838311 fMuAsHaoy aglusziuanniign (X = 4.70, SD. = 0.50) ilosnaganansaidudenandunis
osuneAomsidzunisanu Wiunsu GeoGebra Tdntuiiovn wiowindufinsfutni3ouilitnidouiianaffidens
Frumsdanisious egluseduaniign (X = 4.69, SD. = 0.57) iesntnFeuiianudilanfeuisanunsaney
Sronalududeouldludon Bes nsudasmasnade shldidnBsuannsntanudluldludesdeluls du
nszuIuMsBeus eglussduanniian (X = 4.66, S.D. = 054) ilasanagianszuiunisiioudlusunuuiivaula
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Abstract

This research aimed to 1) develop mathematical problem-solving ability in fractions among Grade 5
students using cooperative learning with TGT technique and Bar Model, benchmarked against a 70% criterion,
and 2) compare students' mathematical problem-solving achievement before and after learning using
cooperative learning with TGT technique and Bar Model. The sample consisted of 30 Grade 5 students from
Bansiyaeksomdet School, selected through cluster sampling, during the first semester of the 2024 academic
year. The research instruments comprised four instructional management plans, an open-ended problem-
solving ability assessment consisting of four items with a reliability coefficient of 0.83, and a multiple-choice
academic achievement test consisting of 20 items with a reliability coefficient of 0.74. Data were analyzed
using descriptive statistics, including mean, percentage, and standard deviation, as well as inferential statistics
through a t-test. The findings revealed that 1) students' mathematical problem-solving ability in fractions after
learning using cooperative learning with TGT technique and Bar Model was significantly higher than the 70%
proficiency criterion at the .05 level, and 2) the students' post-test achievement in mathematical problem-
solving was significantly higher than their pre-test scores at the .05 level. In conclusion, cooperative learning
using the TGT technique combined with the Bar Model is an effective instructional method for enhancing
both problem-solving skills and academic achievement. The use of the Bar Model enables students to clearly
visualize the relationships within the problem data, thereby improving their analytical, planning, and problem-
solving accuracy, while the TGT technique fosters group collaboration and unity, which are essential skills for

learners.
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Abstract

The objective of this study was to 1) compare the mathematics problem-solving skills of students
following instruction using the Think-Pair-Share technique and the Group Investigation technique, 2) examine
the changes in mathematics problem-solving skills of Mathayomsuksa 1 students before and after instruction
using the Think-Pair-Share technique, 3) examine the changes in mathematics problem-solving skills of
Mathayomsuksa 1 students before and after instruction using the Group Investigation technique. 4) assess
students’ satisfaction with learning through the Think-Pair-Share technique, and 5) assess students’
satisfaction with learning through the Group Investigation technique. The sample consisted of 80
Mathayomsuksa 1 students from Phothawatthanasenee School, selected through the cluster random
sampling method. The research instruments included 1) lesson plans designed for the Think-Pair-Share
technique, 2) lesson plans designed for the Group Investigation technique, 3) a mathematics problem-solving
skills assessment, and 4) a student satisfaction questionnaire. Data were analyzed using descriptive statistics,
including the mean and the standard deviation, along with inferential statistics through the t-test. The research
findings revealed that 1) there was no statistically significant difference in mathematics problem-solving skills
between the two groups after instruction at the 0.05 significance level, 2) students who received instruction
through the Think-Pair-Share technique demonstrated a statistically significant improvement in mathematics
problem-solving skills after instruction compared to before instruction at the 0.05 significance level, 3)
students who received instruction through the Group Investigation technique also exhibited a statistically
significant improvement in mathematics problem-solving skills after instruction compared to before
instruction at the 0.05 significance level, 4) students reported a high level of satisfaction with learning through
the Think-Pair-Share technique, and 5) students reported a high level of satisfaction with learning through the
Group Investigation technique.

Keywords: Think-Pair-Share technique; Group Investigation technique; Mathematical Problem-Solving Skills
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2 a1 lnginnauulasnaansnaaes (Koonkaew, 2019) Asuandlun1sei 1

M19199 1 JUNUUNTITY

Group Pretest Treatment Posttest
R T Xy T2
R2 T X2 T2
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FyanwalnlgluluuiaunImaaes

Ri Wy nguneaes filumsianiseuuuusnilesemeiaiiiouddn (Think-Pair-Share)

R Wy nguneaes fildumsianiseusuuusnilesemeiiangududu (G

Ty W msnaaeuinvinuznsuidamnsadinmansieuisuvesngunaasildunisdnnisg
Boufuvusiiosnemaiaiiougan (Think-Pair-Share)

Ty Wy msmaaeuinvinuznsuidamnsadinmansieuliouvesngunaasiildunisdnnis
Seujuwuusiuiiememaiangudua (G)

X1 wu  msdansBeuiuvusuilesemaiafiougda (Think-Pair-Share)

X Wi msdanisiseuiiluuniuilememaianguduau (G)

T, wu  msnegeuiainvgnisuidgmmadinmanivdiieuvesnguraassdildiunisians

Seuiuwuusiuliemewaiaiioudan (Think-Pair-Share)
T wiw  nsnmedeuinvinwsnisuidymniendeaan sudnseuveingunnasilasunisdnnis
Seuiuwuusiuliemematianguduau (G)

2JsEvnsuasnguAlLeng

nauUszns 1w dnifeussduduisonnedi 1 TsaFeulnonimunad sunelnsrsy Smfasvyi
mABoul 1 Ynsfnwn 2567 S1u0u 14 FeaFeu SuaudniFeu 554 au

nauioens Iud dnigeussdutuiseudnu®d 1 Tsadeulnsnaunail sunelnsrsu Smiaswys
maoui 1 Un1sfne 2567 $1uau 2 e 80 au ld19nMIduEaegaLUULUINGH (Cluster random sampling)
(Koonkaew, 2019) V'?ﬂﬁmu%%’aﬁﬁ‘?mqﬂs:mﬁiuﬂﬁm%'smLﬁauﬁﬂmmsuﬁﬂzy,mmmzﬁmmam%‘uaﬂﬁm{%w
i1 2 Ny FeTmstanianoud 2 3 Gifeivimameaeumuuaniwemansouresingeu 2 ndu wuiiing
msnaaouillaiuandnaiiy

3.a30sdlenldlun1s3sy

3.1 usunsdamsiieud WuununisianisiSouiuusuilememaiaiiiougan (Think-Pair-Share) $1uau
4 uHuUMTTEN kagmsiamsiseuiuuusuilememalianguauu (G) 31U 4 uNun1ISEuS Meg1auTIeINTeA
nsdansBeus 1 - 4 wandunini 1 uaz 2 suddy

TaegideldumnsinnisSouduuusuiiesemaiaiiougn (Think-Pair-Share) $1uu 4 wnunsSeu3
warN15IANISISEUILUUTITaMgnATANaNEUAY (G) I11IU 4 WHUNITTEUT 59U 8 uNuNISSEUS Ynauede
fidenvgy $1uau 3 viu edssfiunumnzauvesununsdanisidous TnsununisdanisSeusiansdany
mnzaueglusziusnniige feefennumnzand 4.67

Awi 1 UssmansianIsseuiwuuNilemewmailaitoudan (Think-Pair-Share)

Fvavslag Ao Inermans unIneraseuasIvel
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AR 2 UTIEINANTSIANISSEURUUTIiledemATianguEuau (G))

3.2 wuunadauiniinwznisuAtymnispdinaans wuulsde 4 fden 91U 12 U9 uazlodaausniiy
F1uru 2 1o Taefidlfhununisdnnisioud S1umu 8 unumsdamsBous dnauededideivay S1uam 3 viu
Tnefienaonadaaduienn (10C) sz 0.86 - 1.00 MntumiuuunaaeulunnassiuinGeuiililingunaseiio
vmaunvssLuunagey Tasdndendeasuldasediuiu 11 4o Wunuuusiy 10 4o wuudmidiuau 1 fe Adldn
AN (p) BEf5EMing 031 - 0.81 Herd1unashuun (1) 0.22 - 0.88 uariiAAudesiu whiv 0.73
3.3 wuuasuaumufimels teneasurufiswelevesinSeuiitidenisSeulasldnisdanisisouiuuy
saileshemadaiiiouddn (Think-Pair-Share) wagnsdanisizeusuusuilesomedangududu G 5 4 sy ldun
suvssemAluieadeu sumsinmsious funsinuazUssiiuna uazsulssleviitldannsfeus s1uam 10
fo WuuvuUszidiua 5 spdu TaefAdeldhuuvasunuanuiiowsla tiauededideivigy S1uau 3 viwu Tasdle
Aruaenadaadaiion (10C) s2ing 0.67 - 1.00 mMafmuanasinsuUanariads Tagldndnnisutsdas maua
ALV URS AATY (Ritjaroon, 2009) gsvadl
ALLULIRAY 4.21 - 5.00 eRs Wiugeunilan
AzuULLRAY 3.41 - 4.20 mnefis Wiusheun
ALLULIRAY 2.61 - 3.0 MNBR WufeUunans
ATLULIRAY 1.81 - 2.60 yneda Wiudetes
AzLULLIRAY 1.00 - 1.80 ynafls Wiushetesiian
4.nmsfuTIusdaya
fdesiiunmaiudeyatundunaass Aotnutuiseudnud 1 lsudsulnsrimunail sunolwsisw
Fwinsy3 S1unu 80 au fitdsdnmamadeud 1 Unsinm 2567 Tnefitunou il
0.1 WiniZeudusisoufnudd 1/1 wasiindousutseninudil 1/12 neaeudewdsu feteaouusiy
$1uau 10 9o uazdniiodiuau 1 o Fddanlunsmagou 55 ui
4.2 nszvaumsianisdoudiuuiuiiewadaiiiougfn (Think-Pair-Share) fitunoud eyl
il 1 n13An (Think)
agnsEdummAnvesiniFou MemsisdnwiifinnuimedennuaiunsomsnishnvesiniFou
TngagaadiiantdnSeulunisldanudn
d4dl 2 n13dug (Pain
TiniFoudugrumuiiimualy wu Suguuuitdsdniu vieduguuuiaviidndu dniFouusazgs
yoneiRefuanudiidemulilviduesiaesils wiouisaganudsuiu
it 3 mauaniBeurmug (Share)
vdaninEeunsazgaguanudsuduliud agliiniSeundasdesninuaniddsuanudniiiuves
aAnuadliiuifiewluduidouldsuis

@

N3EUIUNIMIIANISSEUUUUT TR ematianguauau (GI) ITuneuddny 6 Tuneu fail
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il 1 iuetiym agtmuatigvieanumsaiieuads WedunisnssfunnuaulalumsiGeusves
nisou lunmsmuuimslunisudledym Tnelgmuieaniunisaiiildasmnganfuties waranuaiunsaves
niseu

Fuit 2 farsaniym ﬂgiﬁﬁﬂL%'EluLLammmﬁmLﬁwiaﬁﬁgmﬁaamumiiﬁﬁy’u lagorvagldnisnsvauly
fniSsuianudaudsiunisnnufavietiauadunsienseidymesnduvans q Usadu dieliinSeuwdanis
pv1nFToiiansein Adinuiesdngnudolsl mﬂﬁ?uuﬂmeju 3 89 6 AY warneunInglaBnarelungusiudufnm
ﬂzym?iﬂguauwma diemmeuviouuinslunisudladam

i 3 Maunu Winidsuusiagngumaudunisuasnanud Tnensuanuasnulifuamndnmelunguly
Anwnduairdoyamuuvadadouiving 4 ensesiduamuiivieyanaitiodtes agihmthiduiivinsuassiueay
aganltnuiniseu

il a4 aeiloufoR WiinBeusidunsumonaunuunuilindd lneagdudliuusiuasinmuma
NSYINUYDITNITEY

fudl 5 Wnreideyauasinauananu dnidsuutazeuagUenuifinueddluduunlfifiounglunguils
Mndudieseideudedoyailiuasmioasuimiuioiauenanunihiudou mnduaguasiinSousmifuagy
auTldanniadouslunded

il 6 Ustifiuna agtinidouiuiulssdiulunuiuuungusosuar s Lve sty

4.3 fidesidunsdansiGouimuusumsdnnisBoud sausumsinnsBouii 1 fusumsinnsFeus
7l 4 $1um 4 mu enuidsuee 55wl vesihiSeudusisendnudi 1712 lngldnsdanisiseusuuusuilomewmain
\loudAn (Think-Pair-Share) wazvasinssutuTsendnu i 1/1 Ingldnsianisiseusuuusiuiiememaiiangy
fuAu (G)

4.4 dlefideridunsinnisBeuiasumsunuiiimuaud, FalsinFeutuiisounudi 1/1 uasdnidou
Fusiseufnulil 1/12 neaounduiou fedeaouustoduau 10 4o uazdnifodiuu 1 4o dldalummason
55 Wl

4.5 drsrmmwiienslavesinGeudulisennuti 1/12 AdensdamsFeudivuiuilemomaiaiiiou
#An (Think-Pair-Share) wagds1anrmienelavestiniFoutulisondnudi 1/1 AldnsdansBeuiuuuiuiiode
wailanguauau (G) ngliiniseuihnuudsziduanuiianela

4.6 thifeyaildluinszsidoyameaia

5.n53anzsidaya

5.1 AineiiUisuifisuaiadsasuuundiiouresiniFoussduduliooudnu i 1 Aldfunisianisdous
wuuswilosemaiaiiiougdn (Think-Pair-Share) AunsdanisiFeuiuuusmiiosemaianguiudu (Gl) Ingth
AzuuunduTou 1AaTgimiaeds ardauDsaULINATIIL WaRIINIMAADUAY ttest WUU Independent
Samples T-Test

5.2 AnneidisuiisudiaioazuuunouisulaazuuunduisuresinSoussiutuiseuAnw i 1 7
IisunmsdamsiFeuduuuiniiosomedaifiouddn (Think-Pair-Share) funsdnnsiSeuiuvuimiesmnemadangs
dudu (G)) nsthazuuundaiouiisufuasuuuieuiou uinssimanadowardindouvuinasgu wagtun
NAFBUAN t-test LUU Paired Samples T-Test

5.3 LinsgiariienelavestniFeussdudutsoufnu i 1 Aldsunmsdanmadouiuuuindledemaie
ileugAn (Think-Pair-Share) wazn1sdanisiseuiiuusuilefeomaiangududu (G Tasmsieszimendouas
dnudsauunmnsg

Fvanslae Aol Inenmans 1/74731//5/7@”5/@1/557%5717
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HaN153d8UazaUTENE

Nan133vY

nansdnAanssunsiFeuslagldnnsdansseuiuvusuiiosnsmaiaifiouddn (Think-Pair-Share) funis
FamsiSeuiuuusuiiesomadanguiudu (G) Msevinuensuitymmandamaniuazaufisnslavesinboy
fusiseadnudil 1 agunald ded

1. wan1sFeuiiisuinuznnsudtyvinsadinmansvasFouvesnguiiniFeuiiGeudaenisianisteul
wuusaufledremaiiaiiougan (Think-Pair-Share) funguiinizeuiizeudlenisdanisBeuduuusuiedis
wediangududu (G)) vastinGeuduisendnunii 1

waUSsuiisurinuznsuityvvnandamans vdaiouvesnauiniFouiliiunsinnisBeuiuvusude
semadaiiiouddn (Think-Pair-Share) funguiiniFeudlssunisdanisBeuduvuimiesemaiangududu (Gl)
Fauanslumsnedl 2 wud mnuuanweInzLUVE NS uTe ST 2 nau Ingld Independent Samples  T-
Test fiazuuuiinuen1suidyminadanansd lduandisiu sgraditeddynisadaiisedu 05 Tnevinuwenns
uidgmmsadnmanindsSouvosnguinGouiliiunisianisisouduvuiudesemaiaiiiougdn (Think-Pair-
Share) fiazuuu (x = 9.05, S.D. = 2.70) uaznguiiniFoudldsunsiansBouiuvuuiememadanguauiu ()

ATLUY (x = 8.72, S.D. = 3.02)

M13199 2 wansSeuiigurinvensuidynmnsadinansvdsieuvenguiniteunissumenisianisseudiuy
Sudedemadaliouddn (Think-Pair-Share) funquiniSsufiiseusisn1sdinnisiseuiiuusiudememaiangy
dufu (GI) vaslinSeutuliseuAnwin 1

ANSNAGEDU N ATHUULAY X S.D. t p
wadaiiounan 40 15 9.05 2.70 .

e 0.507 0.613
wauAnguauay (GI) 40 15 8.72 3.02

*JodAgnsananszau .05

2. nansilieudisuiineznisuilymnispdinaansiouseuiunaassuvasnguinsauniEeudens
o = P - a o a . . o o Y o = o
dIan1sEsuiuuuTiienemaliaiNougAn (Think-Pair-Share) vastinSeudusiseufinuntn 1

HaSeuiieurinwensuidayyneadinenans neuleulasndussuvainguinSeuilasunisdanisiseud
wuuTiuiesmemailaiioudan (Think-Pair-Share) Aawandlunisei 3 wud nqudniseunlasunisdanisiseusiuy

o o a

ullesemaiiaitouddn (Think-Pair-Share) fiazuuuvaussuganitneusey egwiiduddgymeatianszéiu .05

M1599 3 wamsiUTeuiisuineemauilagmnieadinmans neussukasvaassuramnguinseuilasun1sdanis

Sewiuwuusiuilemewmailaitoudan (Think-Pair-Share)

A1SNAFDY N ATHUULAY X S.D. t
AU U 40 15 4.47 2.54 057
PRAIUU 40 15 9.05 2.70 '

*JudAgneanAnIzau .05

3. nan1aUieufisuineznsuilymniedinadansiauseuiunassuvanguinEeuniseudens
o a oy oA v a Ay o o Y o = o o
InnsiFeuiuuusuiienematianguiuau (Gl) vesinFeudusiseufnudn 1
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HaSeuieurinwensuidayyneadinenans neuleulasndussuvainguinSeuilasunisdanisiseud
wuusiudlemematanguduau (G) Auandunisned 4 wud ngudniseunlasunsianisiseusuuuiiudene

o @ a

wailanguaudu (G) dazuuuvdassuginineusey egwilfvddymeatanszdiu .05

M990 4 wamsiUTeuiisuinemauilagmnisadinmans neussukasraassuranauinseuilasun1sdnnis
Sewjwuusiuiiememaiianguduau (G)

ANSNAGaU N ATHUULAY X S.D. t
AU U 40 15 5.00 2.42 0,00
PAUIYU 40 15 8.72 3.02 '

*JudAgneananIzau .05

3 = ¥

4. wannuiawelavasinFeuntidenisiseudisnsianisGeuiuuvuiwilodlmaiaiougaa (Think-

=1

Pair-Share) vastiniSeutusiseufnuti
M15797 5 uananan1siasgianufisnelavesnguinteuniseumenisiansiseuiwuusiuiedsismaiia
\WaugRn (Think-Pair-Share) wuinliniseuiianuisnelegluseauiinynau

)

A15199 5 nTasigvianuianelavesnquiiniseu MTeumen1sianisiteuiiuusiuleniginaliaious
(Think-Pair-Share) (N = 40)

M

51815y X | S.D. | wlawa | d@19ud
druussenaluviosFeu 430 | 091 | umn
1. nsdnfanssumsseuivisduasulrinssulduanuisunnusiuiey 4.40 | 0.90 | N 2
2. msdafanssunisiseuivigduasulidniSeuianunseiosefulas
s, v 4.20 | 0.91 un 7
aunauulunsiseus
A1uN15INNITEIUS 421099 | un
3. MsdananssunseuihedudtuliinSeuladnAnias e
ver  ad 4.30 | 1.04 | 1N 4
wagmuuImensuitgymereiivuneu
4. M3dnnanssuNsSeuIvdasuliinGeuUssendldanug
v 4.13 | 0.94 un 9
Tunsundeym
5. Msdnfanssunisiseusteduadulidnsoududdndunsuddamle
v 4.15 1 0.98 un 8
AEAULEY
6. M3dnnansIuNsseuieduaslvidnSsuuilymriuanunisein
Y o oas o 4.23 1 0.97 un 6
doAnRIUTINGI
7. asldamuzanlunisdanisiseus 425 | 1.06 | w10 5
AunsiauasUsziiiung 4.40 | 0.94 | wmn
8. M33nNAINTTUNIREUINMTIALaEUssidunameIsivainvay 4.43 | 1.03 | 3N 1
9. M3dnnansINsFeusinTTanasyseiuna Tideyadeunduiiieln
o o wa 4.38 | 0.84 un 3
UniFeuimnnuedlanvy
sulszlevdnliannnisiseu 4.15 | 0.86 | umn
10. msdafanssuMseuihedaatuliinteu Wilaem anansavimmn
o M vak 4.15 ] 0.86 un 8
HaN3 ULy
1RAYIINANUNINGTR 4.26 | 0.95 | w1

avanslee Aoz Inemans umInerageuasvsdil
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5. nanuianelavesinSeuiilidentsiudlenisianisBouduvuiuiiedremaianguiudu (GN
vastiniFeutusisoafnu i 1

A5197 6 uansnan1TiAEiaafianelavesiniSeuifnensisusensianisiousuvusniesie
wiadlanguiuau (G) wuhtnSeudanuiaelasglusedvannnau

M19199 6 AufanelavestiniSeundnen1seumensiansiteuskuuTudememaianaudauau (Gl) vasiniseu
FuslseuAnu U9 1 (N = 40)

518n15UsEIEY X | SD. | wlawa | ardud
AuussenAluviaaltey 4.10 | 1.04 | umn
1. nsdafanssumseuiheduasuliinseulduaniudeunnuiiuien | 430 | 0.99 | un 1
2. n3¥efanssunisleuitieduasulviniSeuiinnunseiesosunay
o v 390 | 1.06 un 8
aunauulunsiseus
AUNTIANTSIEEUS 4.06 | 1.05 | 1N
3. M3dnnanssuNsseuideduasuliinseuldinAninsen
v oAl 413 | 1.02 an a4
WagmLUImMINsuAtymegeiivuneu
4. M3InfanssuNsseuIvdasuliinGeuUssendldanug
v 4.08 | 1.05 N 5
Tunsundeym
5. Msdnfanssunisiseusteduadulidnsoududdndunsuddamle
v 405 | 1.11 ann 6
AEAULEY
6. M3dnfansIuNsseuiteduasuliinSsuuAly e unisein
v o sa o 4.00 | 1.11 un 7
aonAdRIiUTINGSY
7. astthanmngaulunsdnnisiteus 4.05 | 1.01 | 11 6
Aun1sinuazUssiiiung 4.18 | 0.94 | w1
8. M33nNANTTUMIBEUIHNMTIALazUssdunameIsivainvany 4.15 [ 086 | umn 3
9. M3dAnanTIUNsFeuIinsTanasyseiiuna Iideyadeunduiiveln
Y va 4.20 | 1.02 N 2
niSeuimnnaueslafvy
sulszlevdnliannnisiseus 4.15 | 095 | wumn
10. msdafanssuMseuihedaasuliintey Wilalem anansavimmn
o M vak 4.15 | 095 an 3
HaN33eulafTy
RagTINANNNING R 410 | 1.01| wumn
n1saiiusnena

msffiunside Fes matsudisuinugnsuigmmsadamans tngldnsdanisieuiuuuiuile
femafaifieugddn (Think-Pair-Share) Aun1sdanisiseuiuvuinilofemadangududu (G) vosdniou
Fustseufnu®i 1 aunsaedusena dail

1. narFouiiisuiinuzmsuidaminisadnmans ndausouvesnguiniFeuiliiunisdanisFouduuy
sufleshamadaiiougdn (Think-Pair-Share) AunguiineuiilasunisinnisBeuduvusmilesemainngududy
(G) wu FinwemsuitgmmsedinmaniudaFeuvesnguinGeuiilisumsianisiFouiuuusuiememaiaiiou
dAn (Think-Pair-Share) fiaguuy (x = 9.05, S.D. = 2.70) uaznauiinieudilssunmsiansBeudiuusuiomeaia
nawAUAY (G fiazuun = 8.72, SD. = 3.02) iflevadpuanuuanssreszuuuiLieuvesinFouis 2 nau Tag
T4 Independent Samples T-Test fiaguuuiinuznsudUammadamans liunnseiu sgraditodfynieadn
sedu .05 lesannsdnmisiFeuiuuuiiesemadaiiiougin (Think-Pair-Share) lumaiamsiseuuuusuiled
annsotluldsugFeuldynsedudu TensedulifBouudazauilonialddn a¥assd uanisuanufaiu
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ofiusy wazaslevinAnssusiwAufuanndnlungy Tnsenaduandauvielandiildsuandaeu {Eeunsavauas
AnvndmeuieauesteuwdInidneuresauedukanUdsunase Ausefuiioudmilsny snnduidneures
uLeIFevesiiouin efuseTmAvaInEndngwils uazanvhermneuiifigaiauBnlunguiiunssiuaniiaus
sthdureu (Dachakupt and Yindeesuk, 2018) Fawanuiivilnstini3ouaesnudisfugosfinimanuivilnsyana
\issnufenilonaiazianainiitosnin waznsdnnisieuduvuiufiesemadanguiudu G) 1Wunszuauns
dansBouiidatiunsufifeis WunsdafenssuludnvaznguufoinsfiFeudie Yssaunsalnsaanmsiadsy
anunsaiataasmsuidam WeliAnmsiFousainnisnseyh fnfin Bnasle fURRAYINvEnszUINTANG 9 way
Anvinwznisianzuaronanuisuiudungy neysiulidiseuidasslunsfinvimenuimuvdnussusules Ti
Foudsuinmavhausiudiuddu Annsdueimdeyaniuianunawing 4 AdldenslutesSousindu el

a

Seuieddonis@nwiduaimanuimenueddanisninuivla (Mingsiritham, 2011) AnANa1vetNNTANE

2P e

ee e

i1 2 viu Suduwelsindddmaiansdanindeudiin 2 Selduadnsiiluunndreiu

2. maudtammsadamanineuoutundaSeuvesnguindouiGousensianstoudiuusmilons
wiadaiflaugfn (Think-Pair-Share) wastinFeuduiisoufnu ¥ 1 wud1 Fnvensudtaymysadnmans voangs
fniseudildunisdanisiSeuiuuusmiesomadaiiougin (Think-Pair-Share) ndu3ougsnitneuSeusged
foddynsadiffisziu 05 1osnnmsdansSeuiuvusuiiesemaiaiiougan (Think-Pair-Share) ifuiuamg
vilsfiannsathuunidam Fewinwemsuidgmnadamans vesiniFeuls dndouinnnuiarndlalaens
ponuuUMsSsunmsasuvesagiiiuinSeuliddnuduluianssunsieunisaeu TnsidniFeuss fugiutniFeud
Bouseuldiumsienleldainagrieguasnuiesiitiandn wazdielvidniSeuiianunseissesulunisiiounasniiad
duasulvdniSeuinauAnsivgeaiainuglunisundym Wawiauslususng 9 Faaonndosiu Ningsih et al.,
(2019) weUndiaduiunisdnnisieuiuuusmiesomadailougan (Think-Pair-Share) lun1si3euindnmans
nansidenudt dniSeuiildsunisasunisinnsSouiuuusmiesemaiafiougddn (Think-Pair-Share) fianis
FoudganininiFeuiiaeusesuuuunsBouiuuuund uaz Tubtawee (2011) wansdnnsiFeuiuvusimiiose
wadiailouddn Afroauannsalunsnessiingua Fosdnmdunilnadd vesindoutuliooufnudi 3
amsidonud mmanasalunisinedisdivanavesinisutuiseninundi 3 dansldsunisdanianFeusuuy

o a

Juilesgmaiiaiveunfn (Think-Pair-Share) gandunaeisesay 60 sgilduddyniadiniseau .01 uay Khotcha

o

3 a o

et al., (2023) wansdnnseuuvuiuiesemaiafiougAndiiieonaduavdnnanisisounasiinue nslivema
Sosdnmdunilnudii sesindousuisonfnudi 3 lsnFourdssssulain nan1s3denudt nansiiouidioy
wadugvisnansBeudinedamans Bosdnadwailnuld nadugviviaSeudganineuou sgeditduddymna
adffisesu 01 wazdiaonndasiu Nanang and Rahmawati (2022) Wamnanuasnsalumsuitammendineans
MunsinnsiFeuiuuuimiiosemaiaiiougan (Think-Pair-Share) dmiuiniSeusisondu nansidewuin ns
Fannsi3suduuuiusioseimaiaiiougddn (Think-Pair-Share) Tngini3oulunguiivihauisatu LKS uagldisy
Auuzihanasifsafuinisulasdgmiiessidutuudasmisadamansannsaiauiaiuaiunsalunis
LLﬁ’{]zymmmaimmam%mmiﬂL‘%&J%ﬂﬁ%&Wﬁ@ﬁﬁﬁﬂL%%Iuiauﬁ 3 ynnsutineuiidndeluseudl 1 uas 2

3. msuidgyynendinmansieuSsuiuvdaSeuvesnauinisouiiiousiensinnsSeudiuusmilese
wadanguavdu (G vesinidsutuiseufinu @i 1 wuid Favensuddgmmeadamans vonguiinSeulazy
nsdamsseuiLuuiuiienemaianguiiuau (G) naussugenitnewseu Insen1sinnsiseuiuuusuiene
wadangududu (G)) Wunummiiiaansahuusdym Fewinvemsuidynimeadamansveainizould
wielviinFeuinnsmiuiilalasniseenuuunisisounisaeuvesnsiddnGsuildiusin dniFeudiSouseunas
yaanudeiulunuesazldfunisienlaldanasrieifiounislungy dawalidnizeudausiulafininnitnisi
Aonssuuuuiien wazdameliinSeuiiamunssielesulunisfeu duasulitniSeuinnnudnsivsen avnugly
msuiteym vinwenisvihausuiulungy swanuludiusing 4 Famonadesiu Muhammad (2018) Hav8IN"g
JansBouiuvusuilesemaiangududu (G fifldemsuidammsadaamaniuazamuiulalumiowosindnw
T SMP Negeri 2 Rembang nan1538enuin anuanunsalunsuidymniedaemansuazanuiulalunuiewes
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tni3suii3oudionsianisdouuuuimiiefemadanguiudu (@) fufinirniuainsalunisuflagmims
adnmaniuazanuiulalaglénisSouduuuund uas Nisa and Cuevas (2022) MmsdansiFouiiuusmiions
wadlangududu (G)) ieWmunadugysnmsGeuiadnmanivesiniFou nansidenuin msdanisFeuiuuusmile
memalianguduau (GN) ausauiulsmansseudivadamanivesiniEou MTsN 3 Malang leunnai #anis
FeufinednmanivesinSouilifunisaeulaglizuuvunisioudves STAD wazdsaenadesiu Unton et al.,
(2023) mMsimuvinyensAneglimaravasinssulinAdamansiunsInnsSsusLuUTIememalangy
dudu (G) kanIfewut AzuuuiounIsAgaUntY 51.90 Mndezuuundinsvaaeudl 76.71 ddusUuuunms
Innseusivuniuiiememeldanguduau (G) anunsaimuinwen1svinyen1sAneg e divananntinmansues
wnizeule

a. prwidfianelavesinFouiidsonisiFousnenisiansifouduvusiuilefomaiaiiiougdn (Think-Pair-
Share) Tostinisudusiseunudi 1 egluseduann uazduiifiezuuugean fo msdafanssuniadouilingnuas
Uspiiunadeisiivannvans wnesUuuumstanisSeudiudunslitnidoufnmiFeuliuguesmuies Tneagazll
iiludsduuumdunsinmduaisieisnsithiSeuauls astvihddudaoslvduusiduinEeulussninams
dansi3oud wazdsdaasaliiniounuAnsiveen Ravinuglumsudtym Wauvinegnismsdeasiugiies
Aan1suanivdsuiFsudtedunaziulaglunisiuuunaaeuini3suarnsauanildsuiuguesiaeld il
vssemalududsuduluegenuivaynauuiunsSeu Ssaeandaaty Moonkham and Moonkham (2002) 1u
sUuvuvesianssunsdeunsaeuiidalitniewhaudundy TnedunnmsfugiufaudhmiuAavesiagun
ofuselungy wlelildnnudnvesnguidufanssufihliinGoulsiaumainssumsdsen mugluduanuiana
ilaludesiounaziaonadasiu Thanyacharoen et al., (2023) MsAnwmadunydnenisiieuinadamans
Bosmyu vastindeutuisenfnundi 2 lngldnisdanisdouiuvuinilefemaiafiougin nanisidonud
awitselavesinGsundslesumsinnisisouiuuusuiiesemaiaiiougan (Think-Pair-Share) fauiswelaly
amsmeglusziuiinniiae

5. anwfawelavestiniFeuiddenisiFoufenisinnisiSeuiivuiuiedemaiangududu (G vos
tni3ututsendnudil 1 eglussduann wesduiifinsuuugean Ao msdafanssumaBsuitisduaiuliiniould
waniAsuanudifuidiiou inszguuunmsdanisdeudiudunisdaniadouiuvundy nelvinidoudungy nquas
5 - 7 Au Aazdinuis nana seu Tneasasueunmnedymlvituingeu mnduliinFeuasngusmiununulums
ﬁmLLﬁﬂﬁgmLLazLLﬂwﬁwﬁam%ﬂluﬂejﬂumi?mﬁu%’aaﬂasm q wusznevlunsuidymuaviinausisnisilalam
dioulutuidou astinihiinedlimuusiinGeuriiiu sihlfinSouldarunduansosn ndiya ndon Taemdods
funazfumelungy thifsunmelungulduanasunnundiuistunelundudslduandeusunguiniFoungudu
sheuazgavnednFouinieuamisoagiiluesdanuivesauiedld Fsaenadesiu Boonwas (2003) n1sdanis
Bouduuudwilesmemaiangududu (G) WunsianduinFeuiowieunisinlassnungy Tasendendnnisnis
Fouduuuiiiendonisiiounuusiuusasaile (Cooperative Learning) FefidnwaznisiFounisasufiutadinizou
sonidungu Tnedaruamisounndsiunaiiimunesanfuasiinginsslunistiomdedetunas fu wazds
aoandesiu Muhammad (2018) Havesnsinnisieusuuusimilememaiangududu (G)) fiflronisuitiymima
adinaansuarauiulalunuesvesiin@nuily SMP Negeri 2 Rembang nan153demu3n Auauisaluns
uidgmmsadinaanfuazanusiulslusuewesiniSeuiiousensioudiuusuilelaslémadangududu (Gl)
fuiineuannsolunauidymmeedamansuazanuiulalngldmaGouiiuuung
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ayunan1sIdeuasdalauauuzaINnITITY

Nan133vY

n53dei3ee nMswisuifisuinugnsudtymmaendamans TaeldnsdansiSeuduvusudesomaia
dioudRn (Think-Pair-Share) funisdantsiFeuiuusmiiofemaianguiudu () vesindoudusisenfnudi 1

v
Y v A

ausnasunanTIdele sl

1. warFouiiisusinuzmsuitymmaademans ndaieuvesnguiniFeuildiunsianisFeusioy
sufleshamadailiougdn (Think-Pair-Share) AunguiinsuiildsunisinnisBeuiuvusmilesemainngududy
(Gl) \ilenagounnuuAnmIYoIRT LU L suva TS BuT 2 nay lngld Independent Samples T-Test wuin &
AvuuuTinvznsuitdymnendinenansi lduananaiu egreliteddymnsadafisesu .05

2. Finwemsuddammendamans vesnguindouildiunmsinnisSsuiuuusndlefomaiaiiouddn
(Think-Pair-Share) ndai3suganinnousoy sehdiduddymsadnnszsiu 05

3. finwgnsuitdammsadamans vesnguiniFeudildiunisiansdousuuusnilomnemaiangududu
(G) ndaFouganinnowSou egailduddynsaiaissiu 05

a. awfianelavesiniFeuiiionisBousionsinnisBouuuuswmiememaiaiiougdn (Think-Pair-
Share) vastiniFeuduiisounudi 1 eglusgduunn WeRasansedunut dndeuianufioelaoglusydun
VNAY

5. wannufiselavesinFouiddensiousemsinnisiiouduvusuiememadanguiudu (G ves
tnidouduiisennu i 1 eglussdunn Wefinsansiedumuh dnFeulisiioneloeglussduuinyndu

Forausuurlunsiseaiely

PNWANTITeNUI MalTeuifiguinuenisuidynimeadinanans lngldn1sdanisiseuiuuusiuilone
windaLiiougfn (Think-Pair-Share) AunisdnmsBeusuuusiuiiofemaiianguaudu (G vesinGeutulisoufing
U7 1 forauouusssil

1. dewafdernuznisuiymmsadamansuazanufienelalunsdanisiioud fuduagannsotms
Fnn1sieusuuuswilosnmadaiiioudfn (Think-Pair-Share) nomsdanisiouduvusuiesemaiangududu
(G Wllunisdanisisouiadinmanfiftoimuvinvensudtymmeadamans iosanmanisufinuznns
LLﬁ{]z:w'mwam’jmwam%mmmﬁmmaﬁauiﬁu’q 2 wmada dualiupnaeiu

2. sUwvumsiamsBeusitnioudugniedunguiilenaniudsunnudndiudaiunay funsenisisouiuuy

= o a a v

Fude FelniSeuaunsaieuinniunaviuludnuaesiinseduliiiansimunsinvensAnuazn1sdoanssiniu us

LA v

nsdugriedanguuIenstenviibiAndymeanuliaugalunisiiaungy wu dniSeundianuansownnsieniu

(rsfuins niegauiugew) viliunguenalidlianuaugalusiuaiiueaunse
3. 1919ANANTTUABUT WY AITIAATTIAT AN ZEY
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Abstract

This research aimed to 1) develop problem-solving abilities to meet a criterion of 70%, 2) compare
learning achievement in solving addition and subtraction problems of whole numbers not exceeding 100,000,
and 3) investigate the satisfaction of Grade 3 students with the implementation of KWDL learning technique
combined with educational games. The sample consisted of 37 Grade 3 students from Bansiyaeksomdet
School in Somdet District, Kalasin Province, enrolled in the first semester of the 2024 academic year, selected
through cluster random sampling. The research instruments included a lesson plan, a test for mathematical
problem-solving abilities, a learning achievement test, and a satisfaction questionnaire. Data were analyzed
using percentages, means, standard deviations, and t-tests. The results indicated that 1) students achieved
an average problem-solving ability in addition and subtraction problems of whole numbers not exceeding
100,000 with a score of 83.36%, which exceeded the established 70% criterion, 2) the mean Pre-test score
was 8.54 (S.D. = 3.66), and the mean Post-test score was 12.78 (S.D. = 3.53), with the Post-test scores
significantly higher than the Pre-test scores at the .05 significance level, and 3) overall, students reported a
high level of satisfaction with the implementation of KWDL technique combined with educational games
(X =291, S.D. = 0.27).

Keywords: KWDL Technique; Educational Games; Problem-Solving Ability
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UNANLITENINYIFERSANEN

nsnaILIAMNERITatunisuilanddeyinisuanuaznisaudiuauiiulaiiu 100,000
Tagldmatin KWDL sauiunan1sfne dmsutnisautulszaufnwiln 3

Usruden nasll’ Usenns wiwesmsiing” waz Udnn dushan’
lasmansUnsin Ty nenedlamans AasANIAIaNTUAzUINNTTUNISANY) UNITINEIAENIHAUT
v nenadamans AMLANYIMaNTUATUIANTIUNISANINNI TN 1N TWFUT
*Email: prapaporn.no@ksu.ac.th

UNANELD

ﬂﬂii%’&ﬁﬁi’mqﬂﬁzmﬁlﬁa 1) Wawiauansatunsuilangdyniisuiuinusisesay 70 2) Wisuliiey
NaﬁquémqmsL%‘auslumiLL?ﬂﬁméﬂigmmi‘u:mLLazmianﬁwmuﬁﬂmﬁu 100,000 wag 3) Anwianufianalaves
tniFoutulszaufinui 3 fifidenisdnfanssumaiousinaia KWOL Saffuinumsine nduiregieiildlunis
39 Wud Thidsutuuszoufnudil 3 fisdidneluniadeui 1 Unsine 2567 TsaSeududuenauie s1ne
audie damiannedug $1uru 37 au Geldunannsdenguuuungy Lﬂéaqﬁaﬁiﬁumﬁﬁa TAun LaunsIanIg
Sou3 LLummmmmmmiumm?ﬁwaﬂmmmmmmam wuunaaeUIaradugys wuvasuauauianele adnlu
mynsesiteya louA Sovay Aade duudsauuasgu uaznsmagoud? nanisidewuin 1) umiaumumu
Laasjmmmmaaiumnﬁwsﬁ]igmmimﬂLLaum'ﬁaumuauuUlumu 100,000 Anidudesas 83.36 Faganinnousi
fitvunli¥esay 70 2) nadugrineuiSeuliazuuuaie 8.50 (SD. = 3.66) uarwduiouilazuuuiaie 12.78 (SD. =
3.53) uansinadugvs v sugenieuSsusgaided dymsaianisediu 05 uag 3) dnBouiimufiaelasonis
nsdnRanssuMaseudinalln KWOL saudununisfinw Tlunmsiweglusgduann (X = 2.91, S.D. = 0.27)

AdAgY: lnAtia KWDL; 1nun1sfine; anuaiunsatunisuilangteym
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unin

Jeradinaanidunuind1dyes1ederentsiauiineeidniuluanissed 21 lnedreasuadia
AUEIITAAIUNITAIANITAL N15AY N1TARAUTR wazn1sunlgymegnaunuizan SININ15ANDY1Sa519aT3A
mslHivanasgaduszuu uasmsiieneiliymedisseunsuuarasiBenifiu (Ministry of Education, 2017) A3
dnRanssunsBoufiviadamanslummssei 21 JadatiunsiGoudafBoudugudnans Tnefdsdeanuunnsng
sevihayanasgamnzay Jensludagiuliifenimihiidienennnd widesairsusssinmanisSeu nsedu
anwaule uazaiausadumalalitniSouinanunseiedosuiioziious dune Aunt uazuitiymsenuiesiu
3§ﬂ1§‘171|‘v1mﬂwma (Chananil, Noisombut and Chananil, 2019)

a814b3fn10 ndeyaaifniun1s@nwrseduUszne nan1sMAaausEauYIA NT 9asd1tnany
ANENTIUNIINIANYITURUEIY T1891u AzuuiedsinadaamansvosinFsutulsvonAnw¥ 3 fuwldy
dutudntien Taazuuuiadeludnnsfin 2565 ogffi 49.12 wasTmsfinm 2566 Tezuuuadefistudu 52.97
(Office of the Basic Education Commission, 2024) d1113Un15naaauseausIf O-NET lagan1dunaaaunig
nsAnwIUienR Fulszoufinudil 6 lusedviademans nuiasuuuadeludnisfing 2565 ogfl 28.06
wazUn1sAnul 2566 ﬁﬂzLLuuLaﬁaLﬁwﬁuLﬂu 29.96 (National Institute of Educational Testing Service (Public
Organization), 2024) ufigiiuun Tty Lm'ma5zuqwémwﬂ13L'%EJu'i“miﬁmmamﬂuizﬁwizmuﬁﬂmé'famagﬂu
nauseoudieh mnnsdunavesfidelutudeundamansdmiuiniFoutulssaninudi 3 lsaTeuthuduen
auna Jawianiwdug Ynisfnw 2567 wuhdniseudlngldausoszydoyaddglulandUgmadaaansle
wu Tandlidaynorls uardosmanuesls Snvidiliannsndenlosfoyaiiodonnssuiunismeadnmansd
winzauuaseulseloadydnualld dwaliliamnsouilanddymldedigndias wenanl MsdaRanssLTisIuIN
fnidsudmnanunssiotesunariiaulalumsGeusludusen

Tuthsleuszaufnunoudu SsogluimumstudauuugUsssumumnuiveaiond nsasusnunuiy
FBmunzanlunstislidniSouldiioudegsaynauiu vimie wazimuifnoninyosnules (Piaget, 1969)
nunsAnunfatisduaiunsidiuiuiaznszduliiinnissouiifiannumineuazdsdu (Khammanee, 2012)
Chuicomwong, Wichaiwong and Chuicomwong (2019) wudwmﬂ%’mméwﬁ’uﬁamiL%fauiszj'aaa%wmmaﬂa
nsrfununsziiodedu uarduaiulitnsudeuiesnsdianugy nienisaivesdanud Anodrafiaua ua
witgyegraluszuy ﬁamii:umdwﬁé’aﬁuaﬁmmNaﬁ’qu%‘mamsﬁ‘aﬁtﬁqﬁu

Wil msdansieunisaeuiiunsanninwemsudtamlneldmada KWOL troasaldinEeuiamn
Winwen1sAnnsziegalivanauasuilandUgmnlaedneliussd@nsnin (Pengjan, Tanachaikhan and Panyapreuk,
2017) winfin KWDL Usznaudas 4 dunou léuf 1) K (What we Know) fiSeuszydoyadlandls 2) W (What we
Want to know) f{i3suimuadsilandsiesnismsiu 3) D (What we Do to find out) §i3sunsunuvidesiiunisiite
IR e 4) L (What we Learned) Q’L%ﬁuaiﬂéﬂﬁlﬁl,%ﬁui (Phusamart, Juntachum and Khechornphak, 2021)
3383 Somsiri and Seethong (2022) Ssatfuayuinmaia KWDL FelviiniGouannsaszytoya Weulsdoya
Tulang wagnaunuwidgmedraduszuu dwalidnSoudlatymuasuilanddymlsegsdivssa@nsam

Femnil fiTeTsaulafmuinisdanisdouslngldinaia KWOL Saufuinunisine iewaduais
aruanasalunsudlangdaymuesinSeudulseoufinu i 3 nenaunaumedia KWL uazinumsnuilungy
anseadineans Seslangdamnsuinuaznisausauiuliiiu 100,000 iewauinuznsuilangdamednad
Usgansnw

TUILEIANIITIRY

1 iieanauansalunsuilanddymnsuinuaznisausiuauduladiiiu 100,000 vesndoudy
Uszaudnun i 3 ﬁiﬁ%’umﬁmﬁﬂﬂﬁuﬂ’ﬁﬁauiwﬁﬂ KWDL saufutnunisanw Wiguiuinuaisesas 70

2. WiewdsuiisunadugninianisisouiedandUgmnisuinuaznisavsruauiuliiiiu 100,000 ve9
tneutulssondnundi 3 Aeuwagnaslinanssunsieudinalin KWOL saufuinunisiinm

3. iilefnumnufielavesinGeudulssonfinu i 3 AdsomsdatanssuninFousinaiia KWOL iy
LAUNISANEN

Fvanslae Aol Inenmans 1/%77?1//5/7@”5/@1/557%5717



84 | Journal of Science and Science Education Vol. 8 No. 1 (Jan. - Jun. 2025)

ANuN1TIY

WUULAUNNSIE

A7 luN15338laglduuulkUN1IAABY WUY The One - Group Pre-test-Post-test Design §338/la
AuATURoUNTITe T (Nillapun, 2015)

A9 1 LUULHUNITITY

ﬂzju Pre-test Treatment Post-test
n Ty X ip)
n Wi nausiegelunside
T WY NISVIAdeUNaUnIsInaad (Pre-test)
X Wi nsdamsiseuimemaia KWOL sufuinunisane
T, b1 NMINAADUNRINITNAADY (Post-test)

UsEyINIUazNgUAI9E19

Uszrnsiildlunside Iiud dniSeuduiszounund 3 fisdd@nuluniadeudl 1 Innsfnw 2567
Tsadsuthuduonauiie sunoauiia Sminniwdug S1uau 135 au S1uau 6 vie

nausogeililun1side Tiun dnifeutulssaunundi 3/2 Atdsinwiluniadoud 1 nsine 2567
Tsadouthuduonaude suneandia Swmianmidus $1uu 37 au daldnainnisdenduuuungs (Cluster Random
Sampling) Ineldwoaeuduniedy

\n3asiioitldlun1side

1. LLmumaf{’fmmiL'%EJuifL'%'aﬂwéfJiymﬂﬁmﬂLLazmianSwmuﬁUlmﬁu 100,000 drniutinieudy
Uszandnwdi 3 I6sunsesnuuilagléfanssumsifousiivszgndimada KWDL $afuinunisfne 1w 8 uny
Tnsustazunuldinaniou 1 4alus wardnfanssunsSeudiunvios 2 afs mmszeznavisiu 8 Falus uansamsng
71 2 Fregranumsinuiildluuaunisdanisioudi 1 uanaisnnd 1 FefadelfhununisdansiFeuiduom 8
LN Lausofileavasunsaoundamanisiuiu 2 i wazidmyiunsiawasussidunadiuiu 1 v
ileUsziliunnumnzauvesiunsdinnsFeus nansussdunuin uwumsdansBeuiianumnzaegluseiu
uniign (X = .84, SD. = 0.29)

M137199 2 tevuardwiudaludluununidnnmsiteus;

UNUN13IANTSITEUS 5os an (Flus)
1 TandtgynnisuanaruautiulaiiAu 100,000 il
2 Tandtgymnisavdrwruiulaiiiu 100,000 il
573 8

2. wuuiamnuanunsalumsudlanddymadamans Gunuunaasudndeiliinanuianudlazes
fneuludedangdamnisuinuagnisausaniuliifiu 100,000 1w 8 Je Fedinausinslinzuuudensed 3
Fiduldihuuuindinariauesiofidoingdiuiu 3 v ldun filvsmgdunsasundinaans 2 viwu uay
ABmanumsiauazuszdiuna 1 v edssifiurumnzansesuuuiaauannga sansuszidiunuin wuy
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Abstract

This study aimed to compare students’ scientific problem-solving ability before, during
implementation, and after learning by the open approach supplemented with Feynman’s learning technique
in a topic of Force and Electrical Energy. The target group consisted of 6 Grade 6 students from a small-sized
primary school under the Udonthani Primary Educational Service Area Office 4, during semester 2 of academic
year 2024. The students were selected by purposive sampling. The one group pretest-posttest design was
employed in this study. The research instruments included: (1) 6 lesson plans based on the open approach
supplemented with Feynman’s learning technique (2) scientific problem-solving ability test based on Weir’s
(1974) framework, covering four components-problem identification, problem analysis, problem-solving
method presentation and result verification, 24 items based on Weir (1974) concept (3) The worksheet form
assessing scientific problem-solving ability during implementation processes, and (4) a semi-structured
interview form for oral problem-solving ability testing after each lesson finishes. The researcher analyzed
guantitative data from pre- and post- tests and analyzed qualitative data from worksheet forms and oral
testing during the implementation. The research findings indicated that students who learned through open
approach supplemented with the Feynman learning technique had higher post-learning scientific problem-
solving ability (Mean = 33.50, S.D. = 5.86) than pre-learning (Mean = 26.72, S.D. = 5.75). From the analysis of
scientific problem-solving ability data during the implementation, it was found that students showed
continuous improvement in their scientific problem-solving ability, both overall and in each of the 4
components. The prominent finding was that the students' ability to propose solutions and evaluate results
improved significantly and reached a good level in the later learing management plans. This resulted from
students engaging in hands-on practice and self-directed leaming, leading to an understanding of the

principles and correct scientific problem-solving methods.

Keywords: Open Approach; Feynmen’s Learning Technique; Problem Solving Ability
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iduawinuznsAaudtam daduiladdguesnsBouiluamsswil 21 lnslenzesadslugaiiinermaniuas
wialulagiminedesings {issudndudedianuauisalunisfnedslmegna dududoyauazdndulaogiedl
wdnns wieldlunsdssiinludenniidudeunaziddsunuasegnanaliat (Organisation for Economic Co-
operation and Development, 2023) ag1alsfinuainaninidamnsdnnsdeuslutagiu nuhdnSeunaisauds
VevinwrnsAniinszsikaznsuAtynideszuy SedmwasonnuanunsalumsiSeudinermansluszeren (NGSS
Lead States, 2020) fiathd miﬁwmﬁﬂwmiLLf’T{]zy,mmﬁwmmam%ﬂ'giﬁwLﬁumuﬂixmumsﬁauﬁﬁﬂﬂiamdﬁ
Hi3ouldAn dunm naassuazdoasediauszuu Fsmnuaansalumsuitymmaineimans smuundsues Weir
(1974) Uszneusne 4 esdusznou leun seudlam mnefis anuannsalunisssyussiutlamiddn mslnsies
Uy snefla anwanansalunsuenaumgiuvissswesdam masdaue¥smsaaudtam mneds arwanunsaly
mMsmIsmsAnuidamivinssiuanmauestiam waznisnsivaousadns nnel AnNansavenNadiinaInnng
whtymauAsiiausld wuammidaildfunissessuiddnenmgslunsdaasunnuamsalunisudtyminis
Ingrmans Ao n1sianisdusuuuiln (Open Approach) FaufunisidalenaliigiFouldiidiusanlunszuiuns
Brudiiunsaaion nswandsunnufaiiu nsRntinsigiuaznisedusesiuiu nsdaniadeuiuundad
iudAyegilandUymuuuidedilifidnoudiniods Nohda (1986) Wilvgieuseddanuanasrsassiuay
nszvumssidgymedralusyuu I5ngruainuuifnves Nohda (2000) luuunvesadinaans anunsavensny
ugsnaFoudinereansls faudnsiarudlalang Ainssaniunan Maunu naaes lUaudanisagunauas
doansimouremuies nivvIumswanirenadesiuesiussnouasinuemauAtiymaunseuninsguun
Huuufeiidimuinisessoifesfaudnarsamsseil 20 Tasanigluuiunveanindouinandamansuay
Wemans lnedignsiuludunisduaiunisaniiasen n9RasIaN uaznIseAUTIB Y N15AnwIves Furtak et
al. (2012) wansl¥iidiuin nsaeufiiiunisdediniy g Fsuagldmnasuuundnluaniunsailiuiuou duwal
ansnszylgmuazAumisnisudluegiedisvidou Snldsuniseenuhduasunuanansalunsudtaymma
Anermanile nsidalenalifiSounanuurdniivainnaisainlandifien (open-ended problems) uazld
N3TUIUNT “problem-solving approach” Ll iSsudnitnsiziuazuanilasuisansevinetu Insmeaeddly
nM3dsunsdeuiimedamansssiulszoufnunuazreenarelUdsinermansseduiseudnu Nohda (2000)
WazINNSANYILAE Phechsum, Sathitphakigul and Bangtho (2017) wu31 tinSeusianuansatunsuideymmn
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LiauimLw,ﬂ,wLsauaﬁmamm%’mmaumﬂﬁ]mammmaammaa (self-explanation) Fafunszurunsddayiivael
mLiaumﬂﬁ]LLu’mmmanmﬂmu meﬂmLiaummmmwaaummmﬂwmmu TnensaouBuniessuaidonie
ANWIYDINLLBIBENB AL TRLIL (Feynman, 2018) Foliiiufisanudifyvesnisesuefinszdnauds aannisinu
1ng Reyes, Medina and Santos (2021) war Harahap (2020) uanslitiiudn inafianisiseudiuuleduuuyiegli
FiFsuansafiauanndileluddnegianssiiosedu innsendrszezenuazannsadenloauuafning o 1a
og195vUv uenniinAdalsduaiunisfnasiou (reflective thinking) uazn1313u5uUUBIATI Famuizan
agsBsiunaugBouseAudszanfny anmsAnwienansiiieadeanuin madansBeuslneduuuduisnanied
a1unsn snszdunsdaninFoud faelifFouannsadlauazanduiemiidudouldineiu Goldstein et al. (2019)
T BouanunsausuussmanisSouvesmuiosainuinue AT uuisnnissei 21 Weanuidlasgredosusi Tae
mslinunitlddudou nssduliinSeuansayaoondowdodewiomennin mndsiidiendonsesuisassld
guanliidunm Ssazdnelidladomlfinedunas e liinsandsUssiuidslidlals Reyes, Medina and
Santos (2021) WudnuszaunisainmsiFeuduuulnilituinGeu WlanududuiunmsiSeusidsdniSeoueady
guénansvilitnouiianundflasiFoudiasneudionmnniu SndsdaasudifouliAnauaulafianFou
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mwanusalunsuitymmdnemanslugidou JstagtudilidnidelalusiunesinGouussaufnuveslneg
ﬁﬁnmmsgsmwmi Open Approach ffu Feynman Technique Tuwidedosusaliiiwazndsaulnil fgosnis
arudnlaegnaduszuy ssluduunAniiugiuuasmssegndld wummaiagdeligidoulifisusannsode
widemldwiniuusdanunsnesuiedsiidlaldesnsdniau fingrauazannsadevensdnuslugiduldesiad
wiamauaziduszuy FoidudmmnedidyesnsFeusluanssei 21 egausiase ﬁqﬁy’u;ﬁ%’&ﬁqﬁmmaﬂﬂﬁ%ﬁw
n13dnnsseuimelsnsLuuliaEsumemaianisiouivesiduwiu wdaasunnuaunsatunisuidyminig
Ingnmans Fowssiiuasndsnilnih vesihiSeudulssaudnudi 6

o/ 13 a o
NQUILAIANITINY

1. wawSsudisuanuaunsatunisuidymmaineimans neukasraasou fen1sdnnisiseuiiuuie
sumamaiansFeusietduan Seausdniuasndsnulii vesinSeutulssaufnundn 6

2. WisAnwiauausalunsuAtynmaineamans Seusstiiuazwasauluin szuinesnisdnnig
= P a a v a = ¢ o & = A
Souiuvulaatumamaliansiiousinetduu vesinSeutulseaudnundin 6

AR AUN15IY
1. LUULKUNI5IRY

nseaseifunuidenimeassdusiu (Pre-experimental research) Ingianan1snnassnaulazraisey
(One Group Pretest Posttest Design) (Campbell, Stanley and Gage, 1963) #3011515% 1

AN9199 1 LUULRUNITNAGOILUU One Group Pre-test Post-test Design

VASAUNaUITEY (Pre-test)  N13dANTsEUUUUUALESY  nadaunaslTyy
drematansFeuslvduuuy  (Post-test)
Oy X Oz

NAUNAADY

(experimental group)

O: fie mInageufausey (Auamsalumsuidyynisimemans)
X fis m3dan1siseusuuuilaEtumemalinnsSeusinguuiy 5o usslniuasndsanulni
0, fiv MIMAdeUNAUIEU (ANUENNTatuNLATgmainerans)

2. ngudmung

dnidsutulszan@nuil 6 nadeudl 2 Yn1sfinw 2567 S1uau 1 weudeu Tasdiinousuiu 6 au
Usznausetnizeumans $1uu 3 au uaziwands $1uau 3 au Tulsadouruadnuimiduimingnsstd
dinnuaiuiinisfinwussoudneionsstil lwe 4 Afinsdanisdeudfeitnmsuuuds lusivinemansly
seuiuUszondn

3. inveslafldluns3de

dmsumaidendall §idelalfidostlafsd

3.1. sasileildlunismaass

WHUN13INNTSIFEUSAETNSWULUA (Open Approach) wasusiematianisiseusinetduiunasluianssy
Tumhenadoudi 6 3os usdlvifuasndaamilaiih sausfedusn 6 unu Maan 12 92l (wuay 2 alug) 1dur
Luseliih 2995lihegnedne 3dliiuazawiulnd 4nsaeadliil 5.nsdedsasiiuuueunsy 6.113
soasrifuuvny

FAduliiununsdanisiSouddiuiu 6 unuwausliiBoiny 3 vy Weussiliurumanzauyos
peAUsENaUM1Y 9 Tuukun1sdnnisiseus lnefiansuinsiaaeulvinzuuuuuunnsidiunsuseiiiue 5 sy
(Srisuksaard, 2002) WU uHuNsIAMEBusTinumIzaegly “seduunndian” ynesduszneuLazynumL i
AtdRImINE AR NUMIINNSSEUS 1-6 0Effl 4.84, 4.74, 4.82, 4.83, 4.82 uay 4.81 MUAIY
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nsdnmadsuiuvudaasudomadnnsdoudieium Fos usdiiuasndanulnih vestniFouty
Uszaufnundi 6 ileduaiuanuannsalunsuitymmaineimans fidevosndiegnanisinnisdoud Seq
nssoLeadlnih Tnefiduneudsmaad 2
3.2 inFaailefldluntsuszifiunanisise
3.2.1 wuuinanuaiuisalunisudtymimiainearmans laedaanuaiunsalunisuntyninig
WemaninouwasndiNsinnsieus Wulsdeediadonnau 4 duden $1uiu 24 de Tinasinisbinzwuudmiu
foreugtuuuidonneuisiouusiazde feil nougnasuduauysalld 2 Axiuu nougniissusdulinsuiuaysal
16 1 Azuun uwazmauiavselineuld 0 Avwuy
Mnfuthuuuinanuasalunisuidymmsinemans finsunseaeunnugnieuasamiu
Foauvaaiem arugniadlunisliniu sutienunsadation (validity) TngligBemndiuam 3 viu e
AIiiensadadenivedoraiusede (tem-level content validity index: I-CVI) fiansanasanafiuuasli
Az Tng -CVI Al Polit and Beck (2006) aglvinzuun 4 seu leun 1 vanefs dodnalianansninnadnvas
lansemudieny, 2 nuneds Tefniudesuiuusnniaeianuanunslansaniulionw, 3 vuelis defniuses
Yulsndniesiasinaudnvarlanswiudeny uaz 4 nunedis dednuinnudnuuzaswmiude
wuhanuiismsadaidemvestedniusede (-cv) whitu 1.00 ynde eglussiuausasensuld
Favun Fnnuilssmsadaiemvenniesdionya (s-cvi) winfu 0.87 (> 0.80) alustvannsnseusuld (Polit
and Beck, 2006) 9ntuthlunaseddfuiniFoutulszaufinudi 6 In1sfnw 2566 $1u2u 11 Au fagsuns
Famaidoufuvudauasivszaunisallunisiuvutaludnvaefdideatiatu wuh Seenueinds (P) egludag
0.33 - 0.75 warA18TUIIMLN (1) 0glutas 0.33 - 0.83 uazArarudeturesuuunagouisatulnglddussans
woanAsouunA (Srisuksaard, 2002) Wiy 0.86
3.2.2 wwuvszdiumnuannsalumsuitiymmanenmansseninaSeu Sadunuudunangingsy
eyAraluLiaasfusEnauvaINsLAdymmaInemans uaginuanainisiiazuuulaglduuuussduuin
(Rubric) s¥ysEAUANNIMYBINGANTTUNSUATMOInenmansog1esdnau 3 seAuamnIn Ao  welduazuSuuse
Fadunasinsuszifiuanuannsalumsuitymmaineimans (Weir,1974) waziinausinnsuszifiunansiuusm
uiazasAUsznouresamanstlunsuidymmanemans uaauminevesauuuien1sMSnInady
(Wanitbancha, 2006) §ial 0.00 = 1.33 AzuuY Ao fiauanuisaluseauusuuse 134 - 2,67 Azuuu A 3
Auansalussaunelyd wag 2.68 - 4.00 AzuU Ao dANuANNTAlUTEAUA
mnuﬂmLﬁummmmwaaummnnmaqmummmmmq FrmudenATesIywitelernw wuriil
ﬂ’J’mLVIENG]SQL“II\‘ILNE]W]‘UENLV’]SEN%JE]?’]EJ‘UE] (FCVI) Wity 1.00 aunsosensulddy uazAmuiiswmsadautomves
\3nsiiaviann (S-CVI) Wity 1.00 anunsasendulddu nan1snaaouAmeInd1e (P) 9g38ning 0.33 - 0.71
A181UI9s LN () fiAsearing 0.42 — 1.00 uarfinadinrundesiurosuunaaeuisatulngldduussaviuaari
ATULIA WU 0.86
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Implementing Mathematical Argumentation-Based Learning Activities to
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Abstract

Mathematical thinking is an essential skill that enables learmners to deeply understand mathematical
concepts and solve problems with logical reasoning. However, research and classroom observations indicate
that student is still unable to systematically analyze and solve geometry problems. This research aimed to
study the effects of implementing mathematical argumentation in mathematics learning activities on
mathematical thinking in the topic of polygons for Grade 6 students during the second semester of the 2024
academic year. The participants were 8 students from a small school in Phetchabun Province. The study
employed classroom action research methodology consisting of 3 cycles for a total of 11 hours. The research
instruments included 3 lesson plans (an appropriateness average value of 4.88), activity worksheets, and a
mathematical thinking ability test (an IOC value of 1 for all items). Data was analyzed according to the
components of mathematical thinking. The results from the activity worksheets showed good development;
initially, a similar number of students were at levels 1 and 2. Across all three cycles, students exhibited
advanced mathematical thinking in specific domains Level 2 the highest level in the following order from
highest to lowest: problem-solving, representation, and reasoning. These findings were consistent with the
results from a mathematical thinking ability test. After participating in the learning activities, students were
able to correctly summarize problem solutions and better explain the reasoning behind applying

mathematical knowledge to understand problems.

Keywords: Mathematical Argumentation; Mathematical Thinking; Polygon
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Abstract

This research aimed to (1) develop and evaluate the efficiency of virtual experimental media on
the topic waves and light using Scratch, for Grade-9 students, based on the 80/80 criterion, (2) investigate
students’ post-instruction learning achievement against a 70% benchmark, (3) compare students’ pre- and
post-instruction achievement, (4) examine students’ learning progress, (5) evaluate students’ advanced
scientific process skills, (6) explore the relationship between their learning achievement and the advanced
science process skills, and (7) assess students’ satisfaction with the media. The samples included two
groups, (1) 45 Grade-9 students for evaluating the media’s efficiency, and (2) 159 Grade-9 students for
evaluating learning outcomes, selected via cluster sampling from Hatyaiwittayalai School, Songkhla
Province. The research instruments included (1) virtual experimental media on the topic of waves and light,
(2) inquiry-based learning lesson plans integrated with the media, (3) pre- and post-tests of learning
achievement, (4) a science process skills assessment and (5) a student satisfaction questionnaire. Data were
analyzed using mean, percentage, standard deviation, t-test for dependent samples, and Pearson’s
correlation coefficient. The results revealed that (1) the developed virtual experimental media had an
efficiency of 83.07/82.67, exceeding the 80/80 standard. (2) the students’ average post-test score was 24.23
out of 30, significantly exceeding the 70% benchmark (21 points) at the .05 significance level, (3) students’
post-test scores were significantly higher than their pre-test scores at the .05 significance level, (4) over
80% of students demonstrated moderate to high learning gains (gain = 0.62), (5) 77.36% of students
achieved good to excellent levels of advanced science process skills, (6) students’ learning achievement
was positively correlated with advanced science process skills (r = 0.774) at the .05 significance level and

(7) students reported high levels of satisfaction with the media.

Keywords: Virtual experimental media; Scratch program; Waves and light; Learning achievement;

Advanced science process skills
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Lamda gnuhlude Lamda Amplitude ]

| sl Amplitude

A N
N4 ViRRV]

mRinrmaio

OO D €D D

(n) ()

a A A o a o a
AN 3 LATDIUBNINANTTH (M) NANITVNINANTIH (V)

maunmuazUszansninvesde Tastnde dile uagidlouuriinisldnu Wiideangeim
ilevninenmans wazdumalulad $1uau 3 viu Ysslugunimaesde Taslduiasadssaime (Rating
Scale) MmuUKULYRA Likert 5 sedu UJoshi et al., 2015) nan1sUsziiulagsiuegluinaeinuin (Anade = 4.87,
SD = 0.18) ﬁﬁaﬁmumsﬂsmﬁuﬂmmw LLasU%’UﬂqamwﬁaLauaLLuzsuaqriL%mmzyLLé’ﬂUmaaUUisEW%mwmu
\neust 80/80 (Phromwong, 2013) lu 3 Fumau T¥uA MsNAABULLUTIBYAAA (3 AL) WUUNGH (9 AL) LATWUY
maau (45 aw) edernunasiszanininuds dnvhdsuardiieatiuanysal tluldiungusegidlunside
$1uru 159 AU ieAnwinavean1sTiderenadugnivianisdeu anudivmnanisiieu fnuenseuannInig
Inenmanitugs uazeufinelavesinGeuiifvede

3.2 unun1sianisieuduuviuasuiuiuienimassaaiousss Sas Aduuazuas 1 5
Suneu (Bybee et al., 2006; Soratyatorn, 2022) lauA %uﬂizﬁummauh $Ud929 TueBUNY TuvENEAIL WAy
fuuasu tniFeuarlidensmanonaliousidluturosmsdiang uas furerariu Insununisdnnsdeusiiomn
11 wnu Taan 18 AU maaawwesnunnsianisBoud TnsthurunisdanisSeuslulngdeamg maefu
VANGNITUAYNITADUY UAAIINGNAENT I1UIU 3 11U ATIVADUAVINADAARDIVDINUUFUKUY niuiinduin
UudgsmnuvaiausuuzvastiTenmg nansUssiiunui uumsdaninFeudis 11w Sdelianuaenndosmes
AUAALY (I0C) Wiy 1.0

3.3 uuunaFaUIaKaduqNENINIsGEY (a9 Aunazuas HuLuuUsToyin 4 Fuden §3de
asredeanudtuau 60 4o 1iBmgsiuiu 3 v anaaeuanudenadesszrioasuifufdingein wiou
Tieiaueuurlunisuiuusstomonlivnzan W filsmgiminermans uazmsiauasUssiiuna nans
nsTdeUNUT uuunndeudiddvinnuaenados s 0.50 Auld S1uau 58 4o Fefleirhunasiauaenades
matlonmn Jadendeauinad Uil smuuusihwesiByimg uasiluneseddiuinFeutudsenngd
7l 3 $1uu 45 au SaesSoudenivfinermans \3os eduuasuanuds wasthreu e svnunmesdedoy
Tnefarsanaiaue1nde (p) warA1d1uRsun (1) vesdeaeuusavie dadeasuiiiirnaueinde (p) ¢
527374 0.44 §3 0.80 wazfA1g1w1agiuun (1) ogszning 0.22 G 0.57 131w 30 o dnvinduwuuneasuaty
auyzal Azuuwiy 30 Aziuy mMAABosiu (Reliability) Tosuuunageuitcadulnglignsvasaines-3usndu
20 (KR-20) l¢iFnanudesiuintu 0.92 Geagluszdugenn

3.4 u:uuﬂszLﬁuﬁ'nmﬂizmumsmﬁwmmam‘%gugq Usznaumeuuuduninnsvifanssy
nsnaaeuazinmsin sz H§35uasedu Tasd198991nnsounuIRnues Institute for the Promotion of
Teaching Science and Technology (2021) §1uau 6 vinwy len 1) ﬁﬂwmiﬁy’aamagm 2) NingeNIAvuALaL
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AUANFILUS 3) vinwen1smvuatendeuifins 4) vinven1smaaes 5) vinvensiianumineteyauazasteasy
uag 6) sinvznisaauuudiass deiunsasaseununnlaeideivia Aansanaudonadesuenusing
Uszilufiuseaunmun nuesinye (AxkUL) Nan15ia1sa wud uvdsediudenvianuaanndeas 0.985 Lans
AanumEnzanlusyavas dwmsuinainisiiazuuuldsuuuy Scoring Rubric (Nitko and Brookhart, 2014) sgéiu
A 4 U 16UA 0, 1, 2 uaw 3 AzuuL AuAVUANLEINIINTERUManlUdsiugega Tnofiansanainea
nsUfiRRanssuuazauunnsasiivsngluusiazinue Snnsed 2 duuudssdiuluneaeddfutnGoutu
fSseudnundi 3 $1uam 45 au ludureunmsmusyavinnaesdomsvanoaaiiousse tiemeanuidosurouuy
Usziiiu Tngdunmduyssans danvesasoutia (Cronbach, 1951) wud uwuuUssifiuiiannandesiu winfu
0.81 wansisendosiulusedud mIanvananzuuuliinueidosaziodnszdunuannsanisines vesiniSou
wUasdu 4 szeu laun fiunn (> 80%), i (70-79%), Uunans (60-69%) washasu5uusa (< 59%)

v
[

M13197 2 Inausinsuszliuineen s UIUN SIS manstuge

. FTAUAMAIN (AZLUL)
inwe
3 2 1 0
1. inwens c%gqauuagmﬁaamﬂﬁaaﬁ’u é?qauuagmﬁaamﬂé’aaﬁ’u @?&ammagmﬁlﬂaamﬂﬁan Tadaansa
ﬁy’ﬂauuagm Jaymegradmaunas Uy wadsldasoumaunn | Audym wielianw (?T’aamﬁgmlé'
AsaUAgUYNYsTIAUE1AgY Uswiiu AGEGE!
2.9wems | AmuallodeliRnisves | Avuadonudalinng syyfudsiidoarmue ldanunsaseydn
ety | dudsddynndiliegig vossulsdfgylagneias Temleuuanisle ueld | wlsvienivun
WeUdtRns | daeu Aseunqu uazdnla uadslipsuduvselidany | awnsalideudius Henuilemgs
939 el UfuAmslaiae
3. 97inwen1s | svusiwUseu daudsnu FEUMLUIAY fanUsnnu srysulslivassian | lanansaszuda
nuakag wagsaulsmuamiamald | wavdudsmuauldgnies | vieiieRianaislunis wlslaqlaviseszy
AuANALUT | agregndesuaydniau wsiliinsudu Mvuafuys Ravium
4. inwens 1. gonkUUkasUURNS 1. ppnukuUkarU)URNS 1. eonuuukazUfuins | Lldawnse
VLR nasownutuneuitmuald | vasesmuduneuiitvun | vesesmuduseudidinua | sanuuunis
oghegniowmasiivszdvinm | gndeafiouiavun i Iguedumeu vded GGER
2. Guiindegaainmsneaes | deRawaniieadntos JoHanaIANIN 2. lyfanunsaduiin
aghaduszuu asudiu 2. Yuiindeyaninnsveaes | 2. Juiindeyaainnis Joyavisedanseii
gndies uazdmaulagldngs | 16 uddeiursdruiion naaslilinsutuuarli | deyald
wioTsnsdanseshdoyad meld ligneeamielsl doau Ingliamnsald
wingay wazuanmieves | daau lngldinsamse M13NNITBNTTANTEII
Uo3ADEYNAD Tmsdansgyhdeyald ud | deyald
faldvnganiian
5.9nwens | Binmgiideyannnisnaaes | TinTgiideyannnisnaaes | desievideyauazauna | lianmnsadnsed
fauvang | ldegnsdivieua aguna loudasunadaliaenndes | luduiusiudoya wie Toyaviseattoasy
wazasloasu | denmdesruteyauay vioddlideulosmmigiu | wannuianans ey
AUNRFIY
6. M3as aauuudiaesiianinan aauuudiaesiianinan aauuudansd ldanunsaasi
wuudnans BBUNLUIAR NIFUIUNNT BBUNLUIAR NTFUIUNT wuusransitlaingaiy wuudnaesliiag
WU INGNITAINNG W3UIINGNIT0IN wwAn selivelianatn | wselineeuvi
enemansliegnsgndieday | Ineimansligneies usd Faau
doaumnedaiau doanslaidmiou

avanslay Aoz Inenmans uningragguasivsdil
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3.5 wuudssdiuanuianelavesiniFouiisidedenimaasuaiiousss Fes adunazuas iunasay
Usgnnaa 5 5edu $1uau16 4o woadu 4 §1u ldun 1) duden 2) drunm n1wn Fanws wagd 3) fu
mnufAniinAnsedenismaasaaiiousts 4) MunsuanseendefanssumsFous duvuussiduiaueiidevey
$1uau 3 v ledszifiunmaenadesweauulsifiufuterany nuiuvulssiulifsinwaenados Wiy
1.0 wansdsaudenadodlusydugende anduihuuulssdiuarufianslaluldfungusegdludunsunam
UsgAvsnmwesde uasmanuideiuvesnuudsyfiufedulsransuearvesasounia faanudetiuminiu
0.939 Faoglusziugamnn msudanamufiawelaldinust 5 52y (Srisa-ard, 2010) léuA 1nTign (4.50-5.00) 310
(3.50-4.49) Ununand (2.50-3.49) oe (1.50-2.49) wag teel an (1.00-1.49)

4. maiuTIuTINtaya

4.1 fidunsvaaeaitenUszdviamuesdenisaasuaiiousss os AdulazLas ANl
wasgiu 80/80 lasthlunasadldfuinGeudusieninuti 3 lu 3 duneu Tdun maveaeuuuunsyana (3 au)
LUUNGY (9 AY) WazlUUNIAFL (45 av) T E1 (szminaFow) uay £2 (mdaGew)

4.2 vmsnaaeuneuou tnslduuunaaeuianadugrdmaniadou iFes adunazuas Jadu
wuuUstewda 4 faden 91uau 30 9o THaan 50 wil anliunisiuinSeunguieg1aduau 159 au (4 feusuw)
rouEuAInTIINIITous

4.3 ffanssunisieufuuudvasusaniunislddenimmeassaiiouads lagdnudunisniy
uruMsIAnITEeussiun 11 wy wionftUssdiuinuenssuiunsneine mans dugevesingouanuuy
Juiinfanssunisvaaesluusiaziuy

4.4 dudunmaveaeundaiou Inglduuunaaeuianadunyimnmadouyaieuilliiowsou
$1uau 30 4o 1dnan 50 Wil AutinGeunguiegiafentu WellnseinnuiimimmsBou wesieudiou
KadugENINIsSBUno ULz 5L

4.5 Uszidiueuianelavesindouiidinedonsassuaiounte Ingliusziiunruionela e
siusdeyadunmudaiu pmuddn uasdadueiuzvasiinbey

5. MsAATzvidaya

5.1 JiA1gsivszAninmvesdonisnanssaionuats 13ee aduuazuas lasfiansana
UsEAnSnImnTzuannig (E1) anwanisviuuuiindinsenitaou uazauseansaimwadugys (£2) 9nazuuy
wuuneageurduseu lnediailudosavnugns E1/E2 wWisuileuiunamianmsgiu 80/80

5.2 AnsgrinaduguinianisBouvdaiou Tnemanais Sovas uavdrudenuumnsgu wda
VageUaNUAgIuNIEda Wisuifisuduinasisesay 70 lneldadfiveaouail uuunqusiegislidasesariu (One
Sample t-test)

5.3 JAseianuuanA1Temadugsn1an1sieunoussulasdusou lnsldadivaaeuai
wuungusiegdlidaseseniu (Paired Samples t-test)

5.4 31AT18RAUATINEIMIINISIS8U (Average Normalized Gain) 21nAZLULADULIJULAZUAT
Seu lngAIANENIVRe Hake (1998)

5.5 Ainnginuznaruunseineimanitugs lnsmaiads Yesay uazdiudoauy
WnsguankuuYsTululsasiu

5.6 3lm']sﬁmmé’uﬁuﬁ‘swdwmaﬁquémwmwL%Emﬁ’uﬁﬂwmxmumimﬁmmmam%%y’uqq
Inel4aiA Pearson Product Moment Correlation Coefficient

5.7 innwvienufisnelavesiniFeuiiildenisiSouisedenismaasaaiiouss lasmaads
wavddoauunpsgiuresuuuasuamanaielaluuiaz iy
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HaN1538UazaAUTIUHA

4.1 wansvUszAvBamussienvaaaataiiousss Fes ARuLazuAS

nansiiATziUszavsaimuesdeonisaasaiaiiouais 13e adunazuas Insldinusi 80/80 wuinded
UszaviBnmivindu 83.07/82.67 Ssgeninnasifidivun dsuandlunisned 3 IngUszavsnmusanssuiums (1)
uazHadws (£2) ludumeuninauuegil 83.07 way 82.67 iy uandliiuindedaumngausonisiluld
Tuns¥aianssunisiiounisaeuase seilaenadosfuuuiAnues Borg and Gall (1983) Mdunisimundedie
nszvrumsesaiuszuukasinsussidiununlustestuney Welsdulvindeiianndamnnuazdmaronis
FousvesfiToung1auiiaga uenand Mery et al (2024) ldAnwn1sl4dean Scratch lunsdaninoud
InenmanissiusenAnumeudu wuiide Scratch SdnenmlumstelitniFeudiladenmeanemanslas
Ju Tneamnziom sy uasduensefunnuaulauasussgslalumaious

M19197 3 HAN1IMIUTEANSAINVRIFBNTNAABUANBUITY 1309 ATULAZLAY TUTURBUNITNAABITIBUARS NEY
g08 UagnIAFuIY

M UszaNSn 1NV USELANSNINVBIHAANS Jszansnn
JUABUNITNAADY
N53UUN1T (Ey) (E2) E1/E2
NYYAAR 77.78 71.11 17.78/71.11
naxgay 79.63 79.26 79.63/79.26
N1AEUU 83.07 82.67 83.07/82.67

* NeuiuInsgILNLERe 80/80

= L Q‘ = [ | I L (3%
4.2 namsnwNadugNaNeNTsEuNaEey euiuinauaifesas 70
HaNTIATITIRaFUgVENNISISsunaseY 1agly One Sample t-test LitoNAdBUANNRAFIUNINERRA
v A a a v A " w I a & v = i

wudn dniSeudeziuuafenduiouniniu 24.23 azuuu nAzLULLAL 30 Avuuy Anduseay 80.77 Fegendn
WnuNspBay 70 (21 Azwuw) ognslitedAgnisadfnszdu .05 (t = 18.65, df = 158, p < .05) Aslanslumn1s199 4
wansirdensiseuinldlunisnaaesansadaasulinseuussarnadugnsnemsteulusedunaniiunsgula
ag et aenadesiunuIdLas Chotimuk and Khochon (2024) finuinn1sdnnanssunisiseuiluvduasm
ANuiTNiuieslfuRnismaaedaiouass neimuANansalunsassiesuenInemansvesinGey
PNUUUNAADU BElUTEAUR wazdnadugvismenisiseuganinnaeisesay 75 egnalitedAnynsyiv .05

A15197 4 NaNTIATITINAFUVIEVNINSBBUREASBU U SaEaY 70

. - ANEDA , .
AuUs AZUUULAN = ANUINT0%
S.D. t
wadugvEMesnsdsuvdadoy 30 24.23 2.18 18.65* 21

o

* fdd Ay eadanszau .05, df = 158

4.3 nansAnwUSsuiisunadugnamennsieuieuBeurasd e
mMaUSsuiisuaruuundsnouwasdudeulagld Paired Sample ttest wuin AzwuLLRAEAOY
Foungfl 14.86 azuuu Anilufesay 49.53 vusfindadoudutudy 24.22 asuuu Andudesar 80.73 10
AzLLUAL 30 Avuuy Tneflanuuandsegnaldoddyneadaisedv .05 Fuanddunsed 5 wansiinsdanis

avanslag maizIneImans unInenaguasIveIil
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Boudfoguuuvdvaeuhuiuionismaasuaiiouss aunsaensdunadugrivnanmaiFouvesinGoulfosnad
Hod1AYN19ads donrasiuIUITeVes Srirasa, Chaiprasert and Sirisawat (2021) fiwun QRN
safudedidnnseiind HewanntinGeulifinadugriniamadeuganinusidosas 80 uasfinadugninisnis
BoundaSougeiniineuSeussaiituddymean asvieuliifiuihdenismasouatiousieiimutuiivszaviam
TunsdaaSuanudlawaznadunydminisSouesingay

A15199 5 NaNISUSHUTIBUAIULANAINUDIAZLUUIRAINAFUNENIINTSITUNDU LA NS AT BUTDITNITOUTY
TseufnuUn 3 Nlasunisdananssumsiteudimesuwuudvasusiniudenisunasualousss (509 AduLasLA

. B ANEDA
N1INAEDU MU (AU) ASLLUULAU —
X S.D. t
AoULS U 159 30 14.86 2.33 37.30%
PRSI 159 30 24.22 2.17

* fdudAyyneadan sz .05, df = 158

4.4 wamsAanzianainmimanisteuvesinEey

NANITIATIZRANUAINLINNISITOU (Average Normalized Gain) 31NAZLUUNDULATNALITEU WU
thiFoullAedenousousyi 14.86 azuuu (evas 49.53) uasvdaSouayil 24.22 axuuy (Govay 80.73) Ineilm
Gain Wit 0.62 Fednegflusefuiunansaeulunisgs aanmsives Hake (1998) (0.30 < g < 0.70) 3an5197 6
AnuuAnsEIsAzLLLiouLasnd Uil asouliifuegndaauinmsdaninFouiitiunsiufduius de
dommmaeaiiouaieuiumsiFouiuuvduasy dwalithiSeumusaaiuesdeuilmisunsidusiueds
nsgieFesu amsimuneudlgludoninermansldogaiiussaninm deasormnufantiminiaiou g
aonAdasfundnnsyeInsiFeuiuuuainsesdauy (Constructivism) Ai3ouiijuiusiudoniefonssuuas
\AnnnsiFeuetiauriasa (Bybee et al, 2006) lasidoinanufiinanmsasiieufd msivszaunisalngs uas
nsazvieuAnYeiFuuLes (Zacharia and Olympiou 2011) WWulfirfuauideves Smetana and Bell (2012) dq
318974 mﬂ%’?iami‘wmaaaLaﬁam%ﬂu%ﬁmmwamﬁmmmLﬁmaﬁmqméwwmil,%wumﬁl,‘%auiﬁaEJ'Nﬁ
foddty Tnedanadonaduguiifiutuain 62% Wu 81% aendsnisdeianssunsdeuifedensmnassaton
39 LuaamﬂaamimamLamauﬁ]imsfmmiaumamammmwami‘mmaaawzm%ulmmwmau duasunisdin
Sinsied wastaeliAnmuilownAaeinundedy Tuved Herga and Dinevski (2012)ua¥ Rutten, van
Joolingen and van der Veen (2012) s3yi1n15lddenismaassiaiousss vaefmuinnudilauuifanig
eEns IiﬂEJLQW’]a‘iLLu%ﬁ9117;Lﬂuu%ﬁii‘u%aﬂﬁﬂLéﬂuIﬁQJ%uiﬁLﬁﬁUL‘V]I’Wig@aﬂ’j’]ﬂ?i%ﬂaaﬂiuﬁaﬂﬂﬁﬂami%%
TneAerelinGeuldniloufod naaesn WilawnAauasiAnniaidouiiantsdetu nsnmadowioufivuiu
nMaaesatdedidosiindiumsuaniua gunsaiuazia Ssaenndasfunamsidvasuiiinui dniFeudiFeu
medonsmeassaiiousisdazuuuedenduiouginitnoudsutazianuiivimenisSoussdudiunans
(g=0.62)

A5 6 AUNINTININNTLSBUVRINNLS B UTUISEUANWUN 3 1 159 AU

AINAFU AZUUULAY X Sowaz S.D. <g> | FzAUAIUANINTN
ADULTEU 30 14.86 49.53 2.33
o = 0.62 UJunang
NAUITEU 30 24.22 80.73 2.17
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4.5 wamsAasEiinEENsEUILNIINIINEIMARTTUg

KamsUssiiuineznzuIuNIdemanitugsesinFeulngld One Sample t-test Wy
AzuuUIRABRgSorAL 74.73 (S.D.= 8.44) Fegeaninasinmsgiuiidivunlifedosas 70 fansedl 7 awnsauda
wamnasisrauamn i thiFeudnuenszuiumamsinemanstugseglusedu # wesdulumutmane
yoen5inn1sFeus luvaeidn 0. = 8.44 mneanudt azuuuvesiSoudulngjeglutis 74.73+8.44 azuyu
nanszedilusziulunaddinies mLiﬂumﬂwmmaaquﬂﬂaLﬂaaﬂu ANAMYBINITITBUSIANUATYTIAL
Uidefie uansimsinnisSouduvudvasusiududenisnaasaiiousss dreiamiinuznszuIun1INg
InenmanitugaesinGeuldesiedivszavian aonadosfuaniifores Gunawan et al. (2019) finuin tnideu
ABoushedonmaasuaiieusisfinzuuurinuznszuiumsmeineimansgsniinguaiuay sgrsddodidiynis
ot Inediazuuuegiiesay 87.72 luvaisiinguaiuauilnzuuuiesay 77.93 Tnslanizinueduniamauuisu
nsUfdRnsvaans uagnsioansuadns WuAeaiu Biswal and Behera (2023) finuinnisiFeuiuvdvasuiing
FainsensiauvineznszuunmameinemansdugeveadFeuluseausing 4 uazuusiilidinisysannsiu
domsvmaeaiiouaiaiteisdszdvsnwlumsisous

M15197 7 HanTIATIeviagluLRaeinuenssUuN S Angmanstugs vesinSeutulisendnwidi 3 Nlasu
nsdaRanTsUNMSSEuIMme ULuvaUdeUTIiUToN naeuailoudss 509 ARULazILAY

. - ANdan , .
A3 ATHUULAY = AN
X S.D. t
VINWENIEUIUNITMOINGIAEaNTIUES 100 74.73 8.44 7.05* 70

* fvddAgyneadAnszau .05, df = 158

4.6 nan1FR TR US T skadugVa I SeuRUTineznSTUAUN TINY N AERstuga
nanSeTeianduiudifie fdu (Pearson’s n uandliifiuiwadugvimanaigoulinruduius
L%qmﬂiuszﬁuqqﬁuﬁﬂwﬂismumima’immmamﬁu’uqq agnaditfudfynieadffisedu .05 (r = 0.774, p < .001)
fanandlumsneil 9 uansininiFouiiivinuenszuiunsmaneimeansgs SninadugrininisGougnalude
aonAdpefuauifores Suman (2020) inuinfinvenszuiunismainenmansuagnadugninianisdeu &
audiiuslussduuiunansiage TasdeussAonssuiidaaturinusmand Wud maeuiuuvduasuasnslide
miﬁ&mﬁ'ﬁmmzam Fafnadawonseiunadugrinidinemansediadved Ay wona ni Dolapcioglu and
Subasi (2022) §as18auivinuznsEUILNMSIIINEImansnaluIndenadugrsnanisSeuuaratansa
nsFeuFineemanslunmsin wuideafu Klankeson (2017) finuinnsdnnisisouiuvuduansmanussuiu
gamInaasiaiioutdsheiaumadugyiniinsiFoulasinvenszuiunmmanemansuesinSouldegaed
FodAynneada eann denismeaesaiiousss ilvinisnaaesfivseaniam daau wartaoads Freaun
audlameinermansuarnsandeining faiufdaadut invenssuaunmsmanemans uay waﬁ’uqm%
mansieu lundeudu

GI’IS'N‘VI 8 Naﬂ'ﬁ’lLﬂi’]“"lﬂﬁﬁﬁNWUﬁi“’W}NNﬁﬂiJi]‘V]ﬁV]’Nﬂ’]SLﬁEJ‘Llﬂ‘UV]ﬂ‘H“’ﬂi”U’]Uﬂ’]i‘lﬂ’N’JV]Eﬂﬂ’]ﬁ(ﬂ %JUQQ

fauus r (Pearson) p-value AUTUNUS
NAFUENENNTIT e ULASINYE ERTely
- . 0.774 < .0001 -
ATTUIUNITNININYIANERNT 38AUgN (strong)

avanslag maizIneImans unInenaguasIveIil



136 | Journal of Science and Science Education Vol. 8 No. 1 (Jan. - Jun. 2025)

4.7 Han15ANEIANNNINWE lavastiniSaudulsaufneUN 3 Nireden1sMaaaLElauase

'
a

A9 10 uandliiiud dndeuduiseunund 3 Sanufimeladedenismnasaiion
934 Besndunazuas lnsnmsmeglusziuan (Ade= 4.24, SD. = 0.75) TasdniFeuiianufianela s
mnuiAniindnsede (Aedy=4.46) 1udduil 1 azviouindedimnamnzanlunisnszduussgslanazniaiFeous
wuufdausan dnifeuaiusaseuildnuaiiuauls dauangulunisldou egrlsinng daddndiunis
uanseensofanssuMssudiedenmaasuaiiouais (Aade=4.07) lefuarufianelasiign widdeglu
sedunelawn uandliifuininSeulirnufovelafldtdusulummaasmnduneu Idunumindonuies
aulaiFeunnniy fanunsefiotedu fenuaynauu uasfiudusunmsoudefonimeasuaiionas aenndes
funAfoves Artswang (2015) fiwuin siiseudimnufielademsisouiieviesjiRnmsiadiadioulusefuan
FaudumsBuduin FonmeasuaileusiedmaddensiGouivesiifounasldiunissenivlussiumn

A15199 9 NanNsANwIANURINElIveIlnSsuTUITsEUAN YN 3 FEFBNISNAABAANPUITY 1509 AAULATLES

578015 X S.D. iiﬂu ANAuN
aMuNanela
1. ghuilewn 4.12 0.75 110
2. UMW AW FBNYS Lazd 4.32 0.73 110 2
3. fuerwianiinAndedenns 4.46 0.67 1N 1
NARDUALDUTI
4. AUNSLERYBBNABAINTIUNNT 4.07 0.84 110 q
SEUIMLNTNARBUATDUDTS
iy 4.24 0.75 n -

agUnan1sIdeuazdalEuauUZIINNITITY
d3UNan15AY
nansIsedliiuh 1) demmaaesaiiousse e afunasias fiadretudelusunsy Scratch
fiuszansain winfu 83.07/82.67 Jeganinnasifidivun 80/80 2) Wni3euiinadugyismanisFeundenduiou
ganiinasidesas 70 sghaitodAymaaiafiszsiu 05 3) hieullnadugrismansiSoundaou gendnouseu
odiiddyneadnfiseiu 05 4) dhideulinnudmtnianisdeulusesuiiunaiulvannnindesas 80
(gain = 0.62) 5) tii3sufiinuenszruiunamainemaniiugslussduAtulufesas 77.36 vosinGouimun lng
finzuuuiadefosay 74.15 6) nadugrdniinisiouvestniFouianuduiufidauanfuinuenszuaunisma
Ingenansiugeogaiifddameaiffissdu .05 (r=0.774) wae 7) dniFeulienufisweladedensmnaesation
T34 309 AAuuazuas agluseduinn fadu msdaniadeuiuuvAvasuiuiudemavasesatiouaieiuszavsam
Tumsdsasunadugrsnienisiou LLaMwmﬁﬂwsﬂizmuﬂ13w1ﬂ3maﬂﬂﬂam§%ugasuaﬂﬁﬂﬁsmasmﬁﬁaﬁﬁag
Jorauauuz
Foraueuugiiionninansideluly
1) n1slddensmassuadousiununzand mivuiunvesieuisuiiviauaaugunsaiad
IﬂﬁJLawwﬂuamumiaﬁﬁﬁmdﬂLa%mm’%auimu Anywhere Anytime Learning (AAL)
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2) msdansiSeudiuvduaey asduasulvingiunumlugiugddineaus (facilitator) Ingld
fonunsedunuAnedrsdithneg dWelwindeuldfinmsdeunfis Jeser wasdummmeuanianssuns
VLGN

3) agfiaeumsineusivionuzuuniosiu uitihZewdstuislddensmaasuatiousss iile
ieuai1smuinle anguassalunisldau wasiinuszavsnmuesianssunisSeus Wumsiseunamiels
HouivinueAdviaiisdulugamalulad

1) msiniseenuuuAanssuifanuaulasnntu iy inadvenmans mssiassaniunisal
vidonsFeuiuuuutedu (Gamification) WienszdunisildusmuaziiuussgdlalunisFous

5) msAnwinsuszgndlddenimaasaadiourieinduguuuunsieusiinarnmats 1wy nns
SeuuuuTuile (Cooperative Leaming) mﬂ%mmﬁamiﬁwﬁ (Game-Based Learning) #39n139AN13136UN13
aoulugunuuesulay (Online Learning) tler3ouifisunadugvdluuiunnsiieuiiiuanseiu

6) msveemATeluSiuniFeuinermanivtedu lnslamgindeiidnuuruiusss fudeu
v3osnndensnaedas 1wy Foe T vide wsswaznsiadeudt Wiieussliulsavsnmyasdeluuiuniinredu
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Abstract

The objectives of this study were: (1) to compare the level of mathematical conceptual
understanding of division among Grade-2 students before and after participating in learning activities based
on the GPAS 5 Steps approach, (2) to compare the mathematical conceptual understanding of division among
Grade-2 students after participating in the learning activities based on the GPAS 5 Steps approach with the
criterion of 70%, and (3) to examine the retention of leaming in division among Grade-2 students after
participating in the learning activities based on the GPAS 5 Steps approach. The sample group consisted of
one Grade-2 classroom, comprising eight students, at Chum chon Song Dao School, under the Sakon Nakhon
Primary Educational Service Area Office 2, during the second semester of the 2024 academic year. The sample
was selected using cluster sampling, with the school as the sampling unit. The research instruments included
a lesson plan, which was rated at 4.76, indicating the highest level of appropriateness, and a mathematical
conceptual understanding test with a reliability coefficient of 0.90. Data were analyzed using basic statistical
methods and t-tests. The research findings revealed that: (1) the mathematical conceptual understanding of
division among Grade-2 students after participating in the learning activities based on the GPAS 5 Steps
approach was significantly higher than before at the .01 level, (2) the students' mathematical conceptual
understanding of division after participating in the learning activities based on the GPAS 5 Steps approach
exceeded the 70% criterion at a statistically significant level of .01, and (3) Grade-2 students who participated
in learning activities based on the GPAS 5 Steps approach demonstrated retention of mathematical learning

on the topic of division after a two-week interval.

Keywords: Mathematical concept; Division; GPAS 5 Steps approach
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unii

msianelngazfeatiuluiFesnmamsavesnsFeulasiomegFoulsiinue Finlunsiaunues
othadtaifies adneansdelfsdnlsnauasivssansamanniu lunsadeasss Anesnsdivema Wuszuy uae
fwuuuny anunsndneilynvseaniunisalliegeseuimuiaseunsy MINesnisallng MRy n13anaula
wazmsuitymauduinuedid iy adnmansiduitaniotuasing q Tneededydnuaimardamsetielin
diladsiAntu uifhdsimdAnegtuasfuuussa fusnsdunaililuiausysfullaufmsaianalulad
figudou muasalunsindnssikazniseidamiifuszuu %alﬁ%’umﬂmiL%Huifﬂaimmamiﬂu%ﬂﬁﬁwﬁig
agneBalunsiauinuznsaniiugin wazthWldluginusedriulaegregnsios (Ministry of Education, 2017) u
sssumRve T nsinmansuiidnvasduunusssy wesndunmslddysnvallunisderumng Sadudeeniios
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adinmansluudtgnmieldinu asfirnsdilaferfuanumneinuaseuduiusifsdestuvesluvial un
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dsdududensidouivestniFeulasianziviadnmans
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wazlanddaym fasdosnanstunounisudlatgmassnsms ilildausadoslosnnudifudrsunslsivesa
naadinenansle wavdanalimianisulaninuvunsveslgvimsadinenanslignses ludilannuduiusuazen
ddnrasnsdniunis msms suddsldanunsadearsnadamanslivinfians Seldanunsadnuiunisudtem
vidosuiunmsudtymiin uisdsasetdesliiuuuiindnfiunnsisandiegne videdsiiagnsaeuuudalaly ds
waniluandfiiuienusniiufiesdesusuildsuiinisianisdoudiie I Souiluiminsadamans 3os ns
s daduiiugruvesmadowdensing 4 lorvazdmadeiilesdnisFoundamansludendu q uazsedugaiu
sl

AsinfanTsuliRssnuNAuINISTesUnSoUw uazAesAdsdanauini1snissenienazafdyginie
uananiduosaianAniiiedmivinFeuflanidladesodiususssn Wnluloussaufinueglutag
fimunsmsanudn waransadlamuadomdnisuitamiidusussald erdlsfinungaisneteusili
adinmansifusussanniudmiviinSeusashlimnidlawnniitulagldnssuiunsinniaFoudivhly
mnwldsuszaunisalldmesunsuaznisidenfanssuiinssiuingussasd aenndesiudinudagiuarluouan
'ﬁaé’faamﬁEJﬂ15L%u%éhﬂmzmuﬂﬁﬁm%u’umLGTNWUU (GPAS 5 Steps) a3 1aLUULHUNTA909AM NS UALILUULNY
miﬂgumwmmﬂumﬁmamau (Reflective thinking) finsUszifiunauuaznsUfoRnuanineTafiaiiasse
winnssuiienmunninvesnuuazdinunainos o uaamaamﬂumuawm

WWIRA GPAS 5 Steps Ao n3zuIuNsARtugadeszuy Suduedostiodanisluniaiousuvy Active
Learning Bsaztaegj3ouaunsnthluiFeusimonisufoaield Sefuinduedosdeddnlunsiiumuinugluns
BoudlituGeu wasyhlii3ouiBmatousiiaty sufelifiZouamnsnFoulfediedldiogaiiussannm
1nPu GPAS 5 Steps \utumeunazgaiilumstanszuiuniadoudiieliSouaunsofiazainesdanuslie
aules wazansafiaztilvlflunsufiRatdunisuidamdmivaniunisaling Fedaitldannszurunismenil
wansanaeluiivesiiFeu uazuusiasufudinuuarynannmuesdiSeu suszasvieusenuilusuuuuvemay
#19 9 Tngusznoudielaseadieinuznszuiunisin 5 dunou Usznoude dufl 1 msnusmwesdenteya
(Gathering) \unsfmuadszidulunmsniusudeya tuil 2 Insiuazasuarmd (Processing) Wunisldununm
AuAnITedan ARl usTUY ST 3 %uﬂﬁﬂﬁLLazaEUmmiwﬁamiUﬁﬁ’a (Applying and constructing the

Copyright by Faculty of Science, Ubon Ratchathani University



MIAITIN AR TUAL TN AN siny U9 8 1awi] 1 (uA. — e 2568) | 143

knowledge) NMsUURNULATaEIDIN Suit ¢ Sudoansuaziniaue (Applying and communication skill) Lﬂu%uaqﬂ
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ﬂﬁauﬂquﬁa%i’mmﬁwmﬁﬂﬂmwFi'fluﬂszisﬂé’a,;é’maiuaﬂamsmiﬁﬁﬁaé\y’ﬂajLﬁu 2 wdn #mns 1 wdn lnoi
ka3l 1 wdn amsasiauazmslilasi wazmA1vesilinswaAlulsleadydnualianin1samvesdiuu 1
vdn fudnnuliiihu 2 vdn s 15 o duandlumsnad 2

Copyright by Faculty of Science, Ubon Ratchathani University



NMIITINIMIAnTUAL TN A siny U9 8 1awi] 1 (uA. — el 2568) | 145

A15199 2 AR UUNAABU AN IUTTANNISAMAANERNS 1399 N15YNS YasUnBsuTUUSTaNANUN 2

£

AN fIS 1 wan
Tnefinansil 1 wan

MTIn AIDYBUUNAADU
wawessailingu | Yol 1 Tgnuea 12 gn feuusbian 4 au nnusazAuazladiuuign
Atulselen n. 2 an ¥ 4
Lo v NuAnm
dydnwallaninis ¥.3an
msnsisAslaii 2 A. 4 an

1%

99 4 fi1an 60 W ARl UIlY 3 a9 Au Iaziui

M TaIRILAENNT N5 U o
e o | Wune
Taiassin 9. 20 W19l
A. 30 U
Yo7 10 20 + 4 = []
n.3 ¥
NUNN
. 4
A. 5
' Y] ' v A P < 1% | Py Py ' v
mevewlimgy | Jefl 11 auweligneu 24 e widesnisuusgnexliiiien 6 au lagliieuusazauld
Antulselen iy aumeassedliigneuusazauiin
dodnwaluansns | Mdenuduius ex[1=24
ANYDIIIUIU 1 n. 4 e ¥
Yo o e C B NuUNNA
nantuIwIuliAY 9. 5 1in
[ =3
2 widn A. 6 iR

ol 12 $ruvevoswimiailyla 36 ves uarussgadlundes nassas 6 vles tdeussy

litsmunagldndesily

Tdpuduiius 6x =36
n. 5%
2. 6T
A7y

X A
NUNNA

Jof 15 WaldsaTwianun 63 1 wazdasnisuuaeaniiunen Aonay 9 s
azldvianuanaon Tdanudunus ox[1=63

. 5 AdN X A
NUNNA
9. 6 ABN

A. 7 ABN

Tnegidelfiuuunaaeuinulusiminisadnmans d1uu 20 9o YauesiefiBormay 1wy 3 v
MntuiuuuneaeulunaseddtuinGeuiildldnduidmnefiomemunmusuuunagey Tasdaidonuuunnasy
$1au 15 e fiddmuaonndonduilom (100) Wiy 1.00 Sdrnueindie (p) szwing 0.25 - 0.58 wadlen
1NN () 58I 0.33 — 1.00 namsdanesienuidesiuveauunaasulnelignsduustaviueannsouuin

= 4 I o
UAAINULYDUUYNRUU AU 0.90

avanslae Az IneImans un1Ineraeguas1varl



146 | Journal of Science and Science Education Vol. 8 No. 1 (Jan. — Jun. 2025)

4. msusIuTwtoya

Afldvinafununadeyanninidounduiesns fe dnFeutulszaufinudil 2 Tsudougumudesan
dinnunituiinsinuussoufnwanauns 1n 2 nadeud 2 Ynisfinw 2567 auduneu feil

0.1 UguiimeinGeu duasinguszasd wasdunounisiansSeudifuinGeunduiogg

4.2 negeuneuseuiutinSeunguiiegs lnglduuunaaeuinuluiiminiadnaans

4.3 ANUN13INAINTTUNTTEUTMUUEUNITIANSSEuLaglE n1sTanIsiSeuiauuwiIfn GPAS 5 Steps
109U 10 UHU UNLAY 1 AU TINAY 10 AU sveznadUaviay 4 au sauviau 3 dUa TasmsiansSeudas
Buannistuusn Sudann srusamdena (Gathering) fasussdnuiiiolfnssiunuamilavesinGeu dufl 2 dufa
Anszuaraguanug (Processing tiFeuiinszsfaniunisaidymaudszaunisaivesinFeusiudu tuil 3 4u
UitRnazasunuimdsnisufia (Applying and Constructing the Knowledge) Hini3euasiloufod uiftaymiiny
Tuaaunsaliifivun LLa:ajﬂmmﬁﬁlﬁammmﬁ{jzym $uit ¢ Sudeansuiiaue (Applying the Communication
skill) egFeumnuindninmsuiiud anihdeasuildindoans uardonnumneysadamans uagduil 5 du
Usziiluiflowiiunmiuinisdinunay 3na1s1sae (Self-Regulating) ﬁﬂL%'auﬁwmmﬁﬁlé‘lﬂﬁwaamﬁauﬁé’ﬂﬂLﬂﬁ’ﬂﬁ]

4.4 FoAuganisdnmatsudnuununisdanindous fifenasoundadeu taeldiuuneasuaulusiming
AdlnAaRsAtURY

4.5 thileyailaluiinszvimeada wasiiausnanisideludiusely

5. mslaszidaya

5.1 Aseidisuiisvsluieiniadamans Fos n13ms vesiniFeutulszandnudi 2 dou
WAENEINITIANITISIUIAULUIAA GPAS 5 Steps lagtdoyansiaaaunisianiasiuuinfivestaya Normality
Test (Shapiro-Wilk) wudrdeyaiildiinisuanuasuuuund (Famnsnad 3) Suideyalunnasvauuigiu Foada
nnaaudl (Paired t-test)

M19197 3 HANNIATIFABUNTUINLITUUUUNFAYEITBYE Normality Test (Shapiro-Wilk)

ATLHUU n ATLLULAY x S.D. w p
PANIYY 11.13 3.09

— 8 15 0.860 0.120
NDULIYU 6.63 2.92

NAN13298UATaAUTIENA
HAN1TIANITITOUTANMLWIAA GPAS 5 Steps Nilsiouluriminiendinaans 5o 19115 veadniSeudu
Uszaudnwnd7 2 {iduuvsnsasunasenidu 3 nou fadl

3

aoudl 1 nanisSeuiilsualuiiminandineans Sos n13ms veaindeudulsvaudnudil 2 deunas
NAIN1IIANITTEUTAIUUWIAA GPAS 5 Steps Q’%’ﬂiﬁmmwﬁl,ﬂ%auLﬁauuiuﬁﬂﬁmmiﬁmmam%éﬂmﬁﬂL%&Ju%u
Uszan@nuUi 2 neunazndansdnnisiBousmuuuan GPAS 5 Steps Tngldazuuuanuuunaaeuinslusicinis
adineans vestinifoutulsvaufinui 2 wasldadifivaaoud (Paired sample t-test) Hausngfamsnsd 4

A15197 4 dlwimineadinaansvosiniSsutuuszaufnwyn 2 neulasndin1sINNITTUIAULIAA GPAS 5

Steps
AZILUY n ATUUULAY X S.D. foway t p
nauIeU 11.13 3.09 74.20
T4 8 15 11.900** <.001
noUSHU 6.63 2.92 44.20

**syauUltdIAyNNananTzau .01
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nmsedl 4 uludmdmaadnmanivesiniFoutulssoufinu®i 2 udinsdnmadoudnuuuin GPAS
5 Steps fAzLULRABYIAY 11.13 Avbul 91nAzuuUiY 15 azwuy Andudosay 74.20 waznauldfunisdanis
BousTazuuundoniiu 6.63 azuuu nazuuudy 15 azuuu Anidudesay 44.20 ndmie thiFouduuszoudng
Ui 2 fluiminandinmans ndsld3unsdnnisFeuinuuuifn GPAS 5 Steps gsninneuldiunisdnnisiBeus
agnaiifuddnymneadfiisesu 01

naufl 2 nanisiFouidleualuiiminsadamans os n1sms vesinBeudulszaufinudi 2 vdinsdn
AYNssuNsBouiMILLLIAN GPAS 5 Steps Auinasidosay 70 {idElilinszulusimimendnmans 3es M3
vostindsutulssoufinu i 2 udnisdafanssunsBoudmuunin GPAS 5 Steps Tngldazunuanuuunagey
Souluitminiendinenans 13os n1593 vestnBeutulsvaudnudil 2 warldadnnaaaud (one sample t-test)
NaUTINGFIA1TT 5

M13199 5 wludiminisadindians Soq N33 YestiniSeutuszaudnwmin 2 ndsnsiafanssunisiteuinig
WUIAA GPAS 5 Steps fulneusisouay 70

AZLUY n ATLUUAY | tneusiseeay 70 X S.D. t p
AU YUY 8 15 10.50 11.13 3.09 10.200** <.001

o o a

**SyRUNEIANSADANSEAU .01

o

9nM15197 5 wudh uluviineadaman?d Sos nsms sesinSeutulssanfnudi 2 ndsnnsdaianssy
N5i58USANLLIAR GPAS 5 Steps finzuuadewiiu 11.13 avwuy aneAzuuwiy 15 azuuy Andudesas 74.20
LasnasdesdinzuuuRasYingy 10.50 AUy I nAzLuLiY 15 Azsuuy Andufosay 70 nande TniSeudy
Uszaufnwndii 2 Sludiminnsednamans 5o n1smns ndsnsdaianssumsi3ouimuuiunan GPAS 5 Steps genin
nasfmunegiileddymsaifvisessu 01

aaudl 3 naniswisuiiisunluimineadanans 3os n1suns vesinFoutulssondnun e 2 udenns
IANITTEUTANMUUIAA GPAS 5 Steps haglIUszuenAIINNSTEUIAULWIAR GPAS 5 Steps sveeiian 2 dUa
Tneldpzuunanuuunaaeuiaulusiminsadamand vosinSoudulszanfnudi 2 wazl¥adfinaaoud (Paired
sample t-test) HaUsINGFIMI197 6

M13199 6 N1swSeuiisunluimineadamans Ses NMvns vestnSeudulssaufnuln 2 ndansiansteus
AIULUIAA GPAS 5 Steps fUVIUTEEEMEIINNNSITOUTATUUIAA GPAS 5 Steps Sepeiian 2 dUani

AZLLUY n ATHUULAY X S.D. t p
NRITEU 11.13 3.09
o = ) - 8 15 1.930 .095
NAUIYU 2 dUAN 10.50 2.83

M3 6 wuth sluifminsedamansvesinGeudutszaninud 2 ndimsdaniaBoudnuunin
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Fan1si3oudmuiuafn GPAS 5 Steps wazldinisnaaevaunfguseaiavaaeuil (Paired ttest) famsnadl 4
wud dlurdnieadamansvesinSeutulssaudnudi 2 VHINTIANITIEUTAULWIAA GPAS 5 Steps HlAzuuu
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WU 6.63 Azuuu nAzuLLLAY 15 Avuuu Andufesas 44.20 nanfie thiFeudulszoufinui 2 fuluim]
MIARIAFNERS NAILASTUNITIANITTEUIAULWIAA GPAS 5 Steps ganinneulasunisdanisiseuesadiiuddy s
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5 Steps Aifumsinnssudiinssduligidoutamuails fdnufieliiFoufsauiifuitogrounnlnse
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wAtdgwy warsmduausLuIAan LAY MU IAULD Lﬁaslﬁl,ﬁaui"mﬁuﬁLﬂﬁ’wﬁ’jn%'mﬂ,ﬂﬁﬁ]vmmsaﬁwmLLf"ﬂ,m
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donAdaaffu Chuenmala, Chuntra and Ugsonkid (2023) 7ina1vin NSIEUITINUNTZUIUNNT GPAS 5 Steps Hunns
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A¥u09 Naktamna, Kuharueangrong and Othakanon (2020) finudn AsdvesiiBoundsnsdafanssunisiFeus
Tnglduufn GPAS 5 Steps geninneuFsusesiifoddymeaiaiszdu 05 esangaoulfinaununisdnnis
Goufitaau Sadfieududify dansisounsasuiiudGouininueaimdmnudilanndesie o Aldlunns
gou In1seniregnansensufuRIi S euiunmegsdaan Wunsdanisiseuiidegnaiunszuiunis GPAS 5
Steps uazaanAdedfuIdevas Papun and Kongnavang (2022) finuin waé’uqméwé’amﬁmﬁﬂﬂﬁumﬁmnm%'auif
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MALUIAR GPAS 5 Steps AziuuaaundsiFeuvosiniFougenitnouseu sgreiiod favnaaiiiszdu .01 nande
dndsuldduanuiuazdszaunisaiainisdnnisideuissaiiuaula JeildgiSouinanudnaiisassdds
NIEUIUNTT GPAS 5 Steps Tauffudesiaififeviardu il Feudnauarndlalunsiinuas Uoa Tnefide
ToRfifefidideaidufgaenuaulawaraunsndeuluuiasduneussnauiads uidiinFeuldidlafidianunse
dlAnwisneauasle

2. auuAgnunifededt 2 i wluvierinsadamans Ses n1sms vesiniFeuduusaufinudi 2 nds
n153nAanssunsSoudnunuIfa GPAS 5 Steps gsndnnmsisosas 70 WolddndunisianisBoudmunuifa
GPAS 5 Steps uaglivinismaaevauuRgiufisadfinaaeui (One sample t-test) fan15197 5 wudn ulusiminig
adamans (3oe M3 vestinideudulssaudnu e 2 VAINITIANINTIUNITIEUIAULUIAA GPAS 5 Steps 3l
ATLUURABINAY 11.13 Azuuy MnAzuuLLiN 15 Azuuy Andudosay 74.20 wasinamiidmuniazuuulads

Windu 10.50 ArLUY INALLULLAY 15 Avwuy Andudesay 70 nanfAe TniSeudulseaudnenUn 2 Tuluiminig
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Auanasn sauduinuenisidouituiiuguiid dyedisbefiazilugnateuslussiuiigaiuuasnsdeansse
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mmau‘h‘iuﬂiuLmuamumim‘luﬂiumummsummamﬁumumaum 3 sasthranutuminausluduneud 4
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Abstract

This research presents a novel method derived from combination of traditional techniques, namely
the Bisection method, False position method and Edmond-Halley’ s method, to enhance the efficiency of
root finding algorithms. The research also compares the performance of this traditional methods with the
new hybrid method by coding in Python. The results show that the new method demonstrates superior
efficiency than the classical methods. Furthermore, a classe’s structure based on the strategy design pattern
was developed for code implementation, facilitating systematic coding and improving maintainability and

scalability of the algorithms.

Keywords: Bisection method; False position method; Edmond-Halley’s method; Hybrid method,;
Strategy design pattern
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Introduction

In solving the equation f(x) = 0, sometimes it is not possible to find the solution directly, as the
equation might be difficult to solve. However, there are numerical methods that can approximate the root.
The simplest method is the bisection method, which involves dividing the interval in half. Another widely
used method is Newton's method, which uses the slope of the graph and an initial reference point to
approximate the root. Another method is the false position method. There are several research articles that

study the approximation of roots. Gemechu and Thota (2020), proposed new iterative algorithms aimed at
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determining the roots of nonlinear transcendental equations. These algorithms utilize nonlinear Taylor
polynomial interpolation combined with a modified error correction term grounded in fixed-point principles.
Furthermore, the study examines the potential to extend these higher-order iterative methods from single-
variable cases to higher dimensions. Jun and Jeon (2019), extended the bisection method to solve nonlinear
equations. The paper discusses convergence properties and iteration counts, and includes visual graphs.
Sabharwai (2019), proposed a dynamic blend of the bisection method and the regula falsi (false position)
method to enhance the performance of root-finding algorithms. The blended algorithm demonstrated
superior performance, requiring fewer computational steps to converge and offering a robust solution for
root-finding problems where classical methods may struggle. Tanakan (2013), presented a computational
algorithm that enhances the traditional bisection method for solving nonlinear equations, with the goal of
increasing both efficiency and accuracy in root approximation. Burden and Faires (2021), introduced hybrid
algorithm that combines the strengths of the trisection method and the false position method. The results
show that the proposed algorithm surpasses the secant, trisection, Newton-Raphson, bisection, and regula
falsi methods, in terms of both iterations count and average runtime. Bogdanov and Volkov (2013), modified
quadratic interpolation method for finding the roots of a continuous function is proposed, focusing on the
positioning of a parabola that interpolates the original function. The method identifies the conditions under
which two interpolating parabolas will be situated on opposite sides of the given function. Cortez et al.
(2023), introduced two novel hybrid methods for solving nonlinear equations by leveraging classical
techniques like bisection, trisection, and modified false position. These hybrid methods, termed bisection-
modified false position and trisection-modified false position.

This research brings together three well- known methods: The Bisection method, the False Position
method, and Edmond Halley's Method, to create a new approach called the Hybrid Bisection False Position
Edmond method (or Hybrid method). The goal is to develop an optimized method that combines the
strengths of each individual approach, leading to more precise and efficient solutions. By leveraging the
stability of the Bisection method, the adaptability of the False Position method, and the fast convergence of
Edmond Halley's Method, the method aims to achieve faster convergence while maintaining high accuracy.
The research emphasizes how each method’ s unique advantages enhance the overall effectiveness of this
hybrid approach, ultimately improving performance in solving nonlinear equations.

Research Objectives
1. To develop an efficient estimation method for finding the roots of nonlinear equations by refining
and integrating traditional techniques to enhance accuracy.
2. Evaluate and compare the effectiveness of traditional methods and hybrid methods to identify which

approach demonstrates superior performance.

3. Designing appropriate coding strategies to achieve effective results in solving complex problems.

Review of Literature

In numerical analysis, finding the roots of nonlinear equations is a critical task with significant
applications in various fields. There are many methods in numerical method for finding roots, two widely
used methods for this purpose are the bisection method and the false position method. The bisection
method employs the intermediate value theorem to progressively narrow down an interval containing a root,
ensuring convergence but often at a slower rate. On the other hand, the false position method enhances
this process by applying linear interpolation, typically leading to faster convergence when the function
behaves consistently near the root. In the following sections, we will explore the algorithms, advantages, and
limitations of these methods, providing a clear understanding of their roles in solving nonlinear equations.
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Traditional Root-Finding Algorithm methods

1. Bisection Method

The most basic method for finding roots of f(x) = 0 is Bisection method. The bisection method divides
the interval in half at each step. Before starting to approximate the root, it is necessary to check if there is a
root within the interval by examining the signs of the function at the endpoints. If the signs at the endpoints
are opposite, then a root exists within that interval. Following each halving of the interval, the newly
calculated x-value undergoes evaluation to verify whether the value represents the root or lies within an
acceptable error margin close to the root. If the criteria remain unmet, the method proceeds by identifying
the subinterval most likely to contain the root, based on examining the signs of the function at the endpoints
and at the newly calculated x-value. Any pair of points with opposite signs indicates the presence of a root
within that interval. The interval then undergoes further bisection to compute the next x-value, and the

iterative process continues until achieving a satisfactory solution. The formula for approximate value of the
XL+XR

root finding with Bisection method is x = , where x; is x-value on the left of the interval and Xxp is x-

value on the right of the interval.

y &

=

Figure 1 Bisection method

Figure 1 illustrates the bisection of the interval, with the initial interval is [a, b]. The first midpoint
obtained is x4, and the next interval to consider is [a, x;]. This process continues, yielding x, and so forth,
until a value close to or equal to the root x* is reached.

The Bisection method, while conceptually straightforward, exhibits notable drawbacks. This method
converges slowly, resulting in the potential loss of valuable intermediate approximations. However, the most
significant advantage remains the guarantee of convergence to a solution. As a result, this method is
frequently employed as a preliminary step before applying more efficient techniques, Burden and Faires
(2001); Kincaid and Cheney (1990).

2. False Position Method

The False position method or Regular falsi method is an approximation technique for finding roots

that begins with an initial interval, that requires examination to confirm the existence of a root. The two

endpoints are then used to find the intersection point on the x-axis, yielding the first approximation of the
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root, denoted as x;. Subsequently, the interval containing the root is considered, similar to the Bisection
Method, by examining the signs of the function at the endpoints and at x4. If the signs are opposite, a root
exists within that interval. This process continues until a root or a value close to the root, within an acceptable
error margin, is found. The formula for approximate value of the root finding with False position method is

x = M, where x; is x-value on the left of the interval and xp is x-value on the right of the

Fxp)—f(xL)
interval.

A4

Figure 2 False position method

From Figure 2, the exact root value is x*. The line connecting the points (X, f(xg)) and
(x1, f (x1)) intersects the x-axis at (x5, 0). The line formed by (x5, f(x3)) and (x4, f(x1)) intersects the
x-axis at (x3,0). This process continues until an approximate root value close to x* or the true root is

obtained.
3. Newton’s method

The Newton's method or Newton Richardson’s method uses the principle of the slope of the tangent
line to the graph to find an approximate root value. At the beginning of root-finding, it is not necessary to
specify an initial interval; only an initial approximation of the root is needed to estimate the next root value.

fx)

The formula for estimating the next root value is x;41 = x; — .
fr(xis1)

y

'

/
y=£)

G fGa) /)
14

"

(Bco,f(xo))
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Figure 3 Newton’s method

From Figure 3, the initial root approximation is xq. The 14 is the tangent line to the graph at the point
(xo,f(xo)) and intersects the x-axis at (x70), where x; is the approximate root value. From (xl,f(xl)),
the line [, forms the next tangent to the graph and intersects the x -axis at (x5, 0), where x, is the new root
approximation. This process continues until the true root is obtained or an approximate root value within the

desired error tolerance is reached.

4. Edmond-Halley’s Method

Edmond-Halley’ s Method or Halley’ s Method is a root approximation technique that offers faster
convergence than the Newton's method. While the formula resembles that of Newton's, this utilizes both
the first and second derivatives for root estimation, Noor and Noor (2007). The Edmond-Halley method,
named after the renowned English mathematician and astronomer who lived from 1656 to 1742, represents
an extension of Newton's method through the incorporation of Taylor series expansion up to the second
derivative. This method is particularly suitable for functions where the second derivative can be computed
efficiently. In cases where the computation of the second derivative is challenging, Newton's method serves
as a viable alternative, as it relies solely on the first derivative. This method requires only a single initial root
approximation and does not need an initial interval. This method is particularly suitable for functions where

calculating the first and second derivatives is straightforward.

To find f(x) = 0, Taylor's expansion can be used for the function f(x), resulting in
' —Xi z .
FO) + (= 2)f Ge) + S5 f () = 0.

2f(x)f (x)
X; — . 2 .
Z(f (xi)) —f)f ()

Therefore, x;, 1 = . This formula becomes representative of Newton’s
method when f"(x;) = 0.

All four methods are effective in solving f(x) = 0. A comparison of their strengths and weaknesses

is provided in the table 1.

Table 1 Comparision of root-finding method.

Method Derivatives Required Robustness Speed Applicability

Bisection None Highly robust Slow Suitable for any function
that guarantees a root
within the specified

interval

False Position None Robust Moderate Appropriate for continuous
functions, particularly
those that are not

excessively flat
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Newton First derivative Sensitive to Fast Effective for functions with
initial guess derivatives and when a
good initial guess close to

the root is available

Edmond-Halley First and second Sensitive to Fast Ideal for applications
derivatives initial guess demanding highly accurate
results and when second

derivatives are accessible

The Hybrid Edmond-Halley Method

This section focuses on integrating and enhancing all three methods: bisection, false position and
Edmond-Halley method to develop a new, more effective approach. The combined strengths of the bisection
and false position methods will be utilized, as these methods rely on an initial interval where a root is assured
to exist, guaranteeing a successful outcome.

Algorithm for Hybrid Edmond-Halley method (Hybrid method)

To solve f(x) = 0, this approach combines three methods: the Bisection method, the False Position
method, and Edmond-Halley’s method to improve efficiency. The bisection method is a reliable root-finding
approach that ensures convergence when a sign change exists across the interval, though its convergence
rate tends to be slow. In contrast, the false position method often achieves faster convergence through a
secant-based approximation. While bisection is preferred for its reliability, false position is advantageous for
faster convergence under suitable conditions. A hybrid approach that combines the strengths of both
methods with an additional corrective technique, the Edmond-Halley method, can yield more efficient and

accurate root approximations.

The process proceeds as follows:
1. Initialized Parameters:
1.1 Define function f(x) and the first and second derivatives of f(x).
1.2 Set the initial interval [a, b].
1.3 Define the tolerance tol and the maximum number of iterations max iter.

2. Check Initial Interval Validity: If f(a) - f(b) < 0, there is a root in the interval. If not, exit the
algorithm.

3. Choose method: Use Bisection or False position only one iteration to find an approximated root X;.
3.1. If absolute error of f(x_Bisection ) < absolute error of f(x_False Position ), choose Bisection. Else
choose False position.

3.2 Check tolerance: if |f(x;)| < tol, return x; as the root.

4. Improve root: Use Edmond-Halley’s method with initial guess x; from 3.1.

lterate to find root: For each iteration up to max iter:

If both f'(x;)and f"'(x;) exist: ;41 = X; 2f () f" (xi)

2 2 F OO ()
If x; .1 falls outside the interval [a, b], reset the initial guess of Edmond-Halley’ s method

Evaluate f(xj41)-

as the root from the previously selected root and repeat Edmond-Halley.

5. Check Convergence:
If |f(x;41)] < tol, return x;44 as a root.
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6. lIteration Loop: Increment number of iteration. If number of iteration > max _iter, terminate and report
no convergence.

7. Repeat Steps 3-6 until convergence is achieved

The hybrid method begins with the application of the bisection method and the false position
method to estimate the root in the interval. If the estimated root does not meet the condition |f(x;)| <
tol, the root obtained from the method yielding the smaller absolute value of approximated root is selected
as the initial root for the Edmond-Halley method. The Edmond-Halley method is then employed to refine
the root approximation. The updated approximation is evaluated against the same convergence
criterion, |f(xl)| < tol. If this condition remains unmet, the process advances to the next iteration. If the
updated root fall outside the interval, the root from the previous method is reselected as the initial guess
for the Edmond-Halley method. This cycle continues until the condition |f(x;)| < tol is satisfied, at which
point the root is obtained. Thus, each iteration consists of an initial estimation through the bisection and false
position methods, followed by refinement of the root approximation using the Edmond-Halley method. The
total number of iterations involves one iteration of the bisection method, one iteration of the false position

method, and additional iterations from the Edmond-Halley method, as required to achieve convergence.

Advantages of the Hybrid Method

1. The hybrid method incorporates bisection and false position techniques to effectively manage cases
where the initial guesses are far from the root, ensuring reliable starting approximations.

2. By utilizing the cubic convergence property of the Edmond-Halley method, the algorithm achieves rapid
refinement of the root approximation, significantly reducing the number of iterations required near the root.

3. The method enhances reliability by seamlessly reverting to the more robust approaches of bisection
or false position in situations where Newton’s method or Edmond-Halley method fail to converge, thereby
avoiding computational failure.

4. The hybrid approach dynamically selects the most appropriate method based on error minimization at

each iteration, ensuring accuracy and efficiency throughout the root-finding process

Performance Evaluation

In order to test the efficiency of the Hybrid Edmond-Halley method, a series of examples will be
employed with a tolerance of 10719, We will compare its performance to established techniques,
including the bisection method, false position method, Newton's method, Edmond-Halley method, and
Hybrid Edmond-Halley method. This approximation aims to highlight the strengths and weaknesses of each

method in terms of accuracy and computational efficiency. There are 6 example tests.

f(x) = 0.3x? — 4.5x — 15, with exact solution is x =-2.807764064044151.
f(x) = e* + 0.2x% — 10, with exact solution is x =-7.070767433290999.
F(x) = x2 + x — 48.75, with exact solution is x =6.500000000000000.
f(x) = sin(x — 1) + x% — 9, with exact solution is x =2.834533011882032.
f(x) =10In(x) + )2—6 — 5, with exact solution is x =1.434103727265730.

Lok LN e

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



160 | Journal of Science and Science Education Vol. 8 No. 1 (Jan. — Jun. 2025)

6.

f(x) = x3+9.41361457x2 + 15.23940620x — 15.50505725, with exact solution is

x =0.696039315664213.

The results of these example tests are in Table 2-7.

Table 2 Approximate root of f(x) = 0.3x% — 4.5x — 15.

method | Initial | Number of Root Absolute error CPU time (seconds)

S interval/| iterations

guess

Bisection | [-10,10] 32 -2.807764064054936 0.000000000066700 0.035902500152588
False [-10,10] 21 -2.807764064028455 0.000000000097076 0.000996589660645
position
Newton -10 6 -2.807764064044152 0.000000000000000 0.000998258590698
Edmon -10 4 -2.807764064044152 0.000000000000000 0.002987146377563
Halley
Hybrid [-10,10] 5 -2.807764064044151 0.000000000000000 0.001994609832764

Table 3 Approximate root of f(x) = e* + 0.2x? — 10.

methods Initial Number Root Absolute error CPU time (seconds)
interval/guess of
iterations
Bisection [-10,0] 34 -7.070767433324363 | 0.000000000094336 0.041887283325195
False [-10,0] 16 -7.070767433281620 | 0.000000000026516 0.000996589660645
position
Newton -10 5 -7.070767433290999 | 0.000000000000000 0.000996351242065
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Edmon- -10 4 -7.070767433290999 [ 0.000000000000000 0.003029823303223

Halley

Hybrid [-10,0] 5 -7.070767433291000 | 0.000000000000003 0.035856962203979

Table 4 Approximate root of f(x) = x2 + x — 48.75

methods Initial Number Root Absolute error CPU time

interval/guess of (seconds)
iterations

Bisection [-10,0] 38 6.500000000021828 | 0.000000000025466 0.031914949417114

False [-10,0] 13 6.499999999995794 | 0.000000000058876 0.000954151153564

position

Newton -10 5 6.500000000000000 | 0.000000000000000 0.001015901565552

Edmon- -10 4 6.500000000000000 | 0.000000000000000 0.003029823303223

Halley

Hybrid [-10,0] 6 6.500000000000000 | 0.000000000000000 0.003989458084106

Table 5 Approximate root of f(x) = sin(x —1) +x2 -9

methods Initial Number Root Absolute error CPU time

interval/guess of (seconds)
iterations

Bisection [-2,4] 37 2.834533011860912 | 0.000000000003829 0.047030448913574

False [-2,4] 14 2.834533011879617 | 0.000000000013061 0.000996589660645

position
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Newton 4 5 2.834533011882032 | 0.000000000000000 0.001000165939331

Edmon- 4 4 2.834533011882032 | 0.000000000000000 0.002995967864990

Halley

Hybrid [-2,4] 5 2.834533011881290 | 0.000000000004036 0.075797080993652

) 2
Table 6 Approximate root of f(x) = 10lnx + (;) -5
methods Initial Number Root Absolute error CPU time
interval/guess of (seconds)

iterations

Bisection [0.2,4] 34 1.434103727276670 0.000000000065662 | 0.057822227478027

False [0.2,4] 24 1.434103727274182 0.000000000050734 | 0.000995874404907

position

Newton 0.2 Exceeded | Failed to identify the - -
maximum | root
iterations

Edmon- 0.2 - Failed to identify the - -

Halley root

Hybrid [0.2,4] 5 1.434103727265730 0.000000000000000 | 0.067799091339111

Table 7 Approximate root of f(x) = x3 + 9.41361457x2% + 15.23940620x — 15.50505725

methods Initial Number Root Absolute error CPU time
interval/guess of (seconds)
iterations
Bisection [0,10] 33 0.696039315662347 | 0.000000000055609 0.042885065078735
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False [0,10] Exceeded | Failed to identify - -
position maximum | the root

iterations
Newton 10 8 0.696039315664213 | 0.000000000000000 0.001022577285767
Edmon- 10 6 0.696039315664213 | 0.000000000000000 0.024210691452026
Halley
Hybrid [0.2,4] 5 0.696039315664213 | 0.000000000000000 0.002997159957886

Performance testing of the Hybrid Edmond-Halley method (hybrid method) across various types of
functions reveals mixed results regarding time consumption. In some cases, it requires less time to find the
root, while in others, it takes more time, with moderate results in certain examples. However, a clear
advantage, as shown in Tables 2-7, is the hybrid method's consistent success in approximating the root across
all test cases, unlike other methods that occasionally fail. For example, the Edmond-Halley method fails in
Table 6, whereas the hybrid method successfully finds the root. Furthermore, in Table 6, the Newton method
exceeds the iteration limit, and in Table 7, the false position method also surpasses the iteration limit of
1,000 iterations. Additionally, the hybrid method employs a number of iterations comparable to Newton’s
method and Edmond-Halley’s method but fewer than the bisection and false position methods. Overall, the
hybrid method demonstrates exceptional efficiency and the ability to handle all problem scenarios

effectively.

Strategy Design Pattern

The Strategy Design Pattern addresses the growing complexity of mathematical problems in fields
like computational mathematics, data science, and engineering by offering a flexible framework for algorithm
management. This approach allows for seamless integration and interchange of diverse mathematical
methods without altering the core codebase, significantly improving software maintainability, scalability, and
efficiency. By enabling dynamic selection of appropriate algorithms based on specific contexts or constraints,
it overcomes the limitations of traditional, rigid software solutions. This bridging of software design principles
with mathematical problem-solving not only enhances system flexibility but also fosters innovation in
computational mathematics, providing a versatile framework for managing algorithms across a wide range of
applications and facilitating rapid advancements in the field.

Experts can provide class diagrams as recommended practices in addition to the fundamental ones
made by software engineers. The most popular best practices are the Gang of Four (GoF) design patterns,
which were first presented by Gamma et al. (1994). The programs written using most of the design patterns
were simpler compared to the programs written without using design patterns, Qamar and Malik (2020).
A family of algorithms is defined by the Strategy Design Pattern, Sarcar (2022), which encapsulates and renders
replaceable each algorithm. It permits variations in the algorithm that are not dependent on the clients using
it. Also, the clients ought not to be aware of the data. Avoiding exposing intricate, algorithm- specific data
structures is encouraged by the Strategy pattern. It describes, enumerates, and makes a family of algorithms

interchangeable. Khairin, Kusumo and Priyadi (2022), analyzed the impact of design patterns on mobile
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application performance. They found that design patterns can affect application performance depending on
the design pattern used. The Strategy pattern and Visitor pattern optimize memory usage by 1%. Ngaogate
et al. (2024), suggested the Strategy pattern for implementation of two machine learning techniques, Back
propagation and Hybrid with Fixed point.

This study employs five distinct algorithms to determine root values for various functions.
Implementing these algorithms in Python is essential to enable the mathematician to more easily assess their
efficiency. To support this, we present the following class structure and strategy design for code

implementation in the research on comparing machine learning algorithms, as shown in Figure 4.

Hybrid_Edmon_Strategy

- a: float
- b: float

Root

- strategy: Find_Root_Strategy : gg?f‘rﬁgzin"’zg 9
+ hyb?\d_edmon{funcj:: float

+find(func): float

E Use
Extends \E;,
Bisection_Strategy
<<abstracr=» - a: float
Find_Root_Strategy - b: float
+ 3 Symboal < —FExtends——

[ + find(func): void
+ get_input(): void
+ bisection(func): float

+ find({func): void
+ get_input(): void

Exfends
Exionds e Edmon_Halley_Strategy
- initial_guess: int
False_Position_Strategy Newton_Raphson_Strategy + find(func): void
_a float i s i + get_input(): void
- b float initiel_guess: int + edmon_halley(func): float
+find(func): void
+ find{_func): \.roid_ + get_input(): void
+ get_input(): void + newton_raphson(func): float
+ false_posifion(func): float

Figure 4 classes’ structure based on the strategy design pattern

The Strategy pattern enhances flexibility and algorithm switching between methods dynamically without
changing the structure of the underlying code. The main program simply calls each method by using the

same instruction as below.

# get function from user

func = input(“function: ")
x = symbols('x)

1
2
3
a
5.
6. # call Bisection method
7. root = Root(Bisection_Strategy(x))
8. root.find(func)
9

10. # call Hybrid Edmon method

11. root = Root(Hybrid Edmon_Strategy(x))

12. root.find(func)

The codes at lines 7 and 11 above demonstrate how simple it was to switch between the Bisection
approach and the Hybrid Edmond-Halley’s method. Additionally, the Edmond- Halley, Newton Raphson, and

False position were the three additional research methodologies that were simply called.
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The Root class contains “strategy” as an attribute in order to support polymorphism of strategies defined
by the Find_Root Strategy class.
class Find_Root_Strategy (ABC):
# attribute
x = symbols('x)
@abstractmethod
def find(self, func):
pass
@abstractmethod
def get_input(self):

pass

Furthermore, the Strategy Pattern improves the mathematical software's maintainability and
extensibility because it allows us to easily add a new class that implements the necessary method while
maintaining the same interface and integrate it into the current system without changing other code. For
instance, all we would have to do is develop a new class that implements the Find Root_Strategy interface

if a new algorithm called the Fixedpoint method were created.

The FixedPointStrategy : another mathematical method for finding Root

class FixedPointStrategy(Find_Root_Strategy):
def find(self, func):

its algorithms

The Strategy design pattern brings several benefits to mathematical applications by decoupling
algorithm selection from core logic. This approach reduces code duplication, improves modularity, and
streamlines testing. By encapsulating each algorithm in its own class, the codebase becomes more modular
and easier to understand. Modularity is essential for testing and validation, allowing for the independent
testing of individual algorithms. This separation simplifies debugging and ensures errors are traceable to
specific algorithms rather than being intertwined within the larger system. For instance, to verify the
functionality of the Hybrid Edmond method, the Hybrid Edmon Strategy class can be unit tested

independently, without concern for the rest of the system.

Conclusion

The hybrid method integrates the bisection method, false position method, and Edmond-Halley

method, utilizing the strengths of each to efficiently approximate roots. In all seven test cases, the method
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requiring the fewest iterations was the Hybrid Edmond-Halley method, followed by Newton’ s method, the
false Position method, and the bisection method, respectively, under the same tolerance of 10719 |n some
cases, the Edmond-Halley method and Newton's method fail to find roots due to the selection of an initial
guess. A poorly selected initial guess can obstruct the convergence of these methods to a root. The Hybrid
Edmond-Halley method addresses this limitation by incorporating adjustments that ensure the selection of
a suitable initial guess, enabling successful root-finding. Additionally, methods such as bisection and false
position often require an excessive number of iterations in some cases. The Hybrid Edmond-Halley method,
however, achieves convergence with a significantly reduced number of iterations when compared to these
methods.

The Hybrid Edmond-Halley method provides an exceptionally efficient solution for root-finding,
requiring very few iterations. Employing a hybrid framework effectively addresses the convergence limitations
of both Newton's method and the Edmond-Halley method. Additionally, the computational time remains
practical, underscoring reliability and suitability for practical implementations.

For coding, the Strategy design pattern is a valuable tool for building adaptable mathematical
software systems. By decoupling algorithms from their clients, it allows for seamless switching between
different solving methods without requiring extensive modifications. This flexibility is crucial in fields like
computational fluid dynamics, data approximation, and machine learning, where problem characteristics or
performance requirements may necessitate different approaches. The Strategy design pattern also enhances
maintainability by reducing code duplication and promoting modularity, making it easier to integrate new
algorithms and maintain existing ones.

Future work may involve developing a hybrid approach for root approximation, combining various

methods to overcome the shortcomings of traditional techniques.
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Abstract

This research aims to compare the performance of pre-trained deep learning models, namely
MobileNetV2, ResNet50, and VGG19, with traditional machine learning algorithms, including Random Forest,
Support Vector Machine (SVM), and Logistic Regression (LR), in classifying images of 10 pest insect species that
impact key economic crops in Ubon Ratchathani Province. A dataset consisting of 4,875 images was utilized
for this study. The research methodology involved feature extraction using pre-trained deep learning models,
followed by training traditional algorithms with the extracted features. The experiments were conducted
under a supervised learning framework, with parameter settings kept constant to ensure fair comparisons.
The results showed that feature extraction with MobileNetV2 combined with Logistic Regression achieved the
best performance, yielding the highest accuracy of 0.898 and an F1-Score of 0.869. This study highlights the
potential of integrating deep learning techniques with traditional algorithms as an effective approach for
improving classification tasks. Such integration can play a pivotal role in enhancing agricultural sustainability

and efficiency in the future.

Keywords: Deep Learning; Image Classification; Pre-trained Models; Pest Insects; Sustainable Agriculture
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éfulﬁ%gﬂa%fwﬁumﬂmiejuﬁaaﬂwﬁaaﬂa (Bootstrap Sampling) kazn1sguiiandiudsdaszursaiuluudaslnug
(Feature Subset Selection) Wiarfiuadnunainnane (Diversity) LAZAAAIINLELIRINNITLAR Overfitting Tu
aszvIuNsasalnuavesduldiusazdu agldunsin Gini Index Wuwnasilunsdedulaidenduusuaginaminisien
Joya (Splitting Criterion) Iag Gini Index fienusaunisi ) (Kongchai, Hiranpongsin and Ditcharoen, 2024)

C
Gini(t) =1—pr (2)

t: Tnuale 9 luaulddngule
C : Puupaanmualutoya
p: dndruvestoyalunatain i lulvuaiy

dana3fiudnwasaanmasuuydu (Support Vector Machine : SVM) 1ludanesiiuniseuiuuuiifaou
(Supervised Learning) figneanuuusifieuiilyminissuunyszian (Classification) Ingldndnnisumlaives
1wy (Hyperplane) Manzauiigalulasvade ieusndoyavesnatasie 9 sonaniu Ingnisifiu Margin
seuisaandlvinniign Gasegnsteyaiiogindleadinau fianaziFendn nnwesatuayy annsadamsiuteyad
lianansouenlduuudunsdldiiu Kemel Trick Sataeiasudoyaludsfififigau ielitoyaludflmituaunsousn
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aaﬂlé’dwasﬁu Tng Kernel Function ﬁﬁaml‘?}' lawA Linear Kernel, Polynomial Kernel, Radial Basis Function (RBF)
wag Sigmoid Kernel dana3iiu SVM dAnuaunsalunisnivaumiaunasenitansnediuteya (Fitting) uaznis
WAnIABa Overfitting Hunsdimesddny 1wu C Fsaruauanudavgursinisuendeya uag gamma darmug
Snwmzanuldsadlawodinau lasaunisitugiuves s gnienulugUvesnisudtymniaiudsdnsam
(Optimization Problem) fsaun157 (3) (Cortes and Vapnik, 1995)

1 n
minimize  — |lw |f +CZ§. (3)
) —

do  ywex +0)21=&, Vi

1ne?
w nnwesuutnvealawasinau
b : Bias d@wsuusuauuialaasinay

o Y

& 14 Slack Variable Faygnlidoyauissetie egiiniuvedaosinaulunsaliteyadudau

C : muRuAU3Y (Penalty) dwsudeyafiliansnsauenldauysal

n13138u31398n (Deep Learning) L‘ﬂumwﬁmﬁﬂhaa%fwé']ﬁwﬁzuﬂuammé“ﬂwmz (Feature Hierarchy) 210
foyarndnlaglilassnsyssamifiounatsdu (Multi-ayer Neural Networks) dafuasiilazunaden 1dosann
uansinannsatagudnvazdeilolusruumaiouiueuaiesuuudain (Traditional Machine Leaming) Tng 354
annsaatnnadnvazanamlilagsnluia wadansBoudiddnvarmansdaneifiugnihalfiieussaiivaned
Mmiun laseeuszamiieuuuuneulgdu Lﬂuagﬂ’liL%SU%L%QgﬂﬁQﬂSL%}ﬂE]EJI“L!ﬂ’]iﬂo’ILLUﬂ‘UizLﬂVlLLa%LL‘U'Q?i’Jun’]W
(Image Classification and Segmentation) LLaxé’qL‘ﬂuiﬂiqa§1q1ﬁu§1umaqé'aﬂa?ﬁ:umqé’f’mﬂ’lil,%'auifl,%ﬁﬂﬁﬁwm
naaadlunuidet Snits ONN Ssfiauanansalunisaiaandnvazanamlasdnlui® Tassadafiugiues CNN
Usgnouetunisaoulagdu (Convolution) Funsienmdnsae (Pooling) Fun1snsedu (Activation) uazty
\Beulosuuuauysal (Fully-Connected) (Anwar et al., 2018) Tunszuaunisieues CNN azudoyadignia
UssLanliudamuaana e luldusudgeimsiiiiesiiansaiinaeuld (Trainable Parameters) tiloLfisiaay
g lunsatun uaﬂmﬂﬁﬁﬂﬁﬂﬂﬁumidwmﬂmiﬁaui’ (Transfer Learning) Aenszuaunseneleusimiin
(Weights) 91nuuudrassfilddunisilnaeuliaramii (Pre-Trained Model) daritunsilnasusgatudusedoya
FIUIUNIN LLé’aﬁﬂmaﬁwiauﬁmﬁﬂlué“al,l,uuai'ﬂaaﬁuﬁgﬂaaﬂLLuumLﬁaLLf’ﬁJzymﬁLﬁmsﬁaﬁu N13AENDANIT
ousiislovdegsdsluamuAiaseinmnisnisunmgafidmauniwdide 1wy Tunuddsves Krishnapriya and
Karuna (2023) #lduuudraesdnenennisiFeusiinunsilnaeuniud leun Sanesiiu VGG19 danediiu ResNet50
wavdanesiiu Inception V3 Litesuwuna1n MRI 28310 mamiﬁﬂ‘mLLamﬂﬁLﬁuﬁﬂNaﬁwéﬁﬁwﬁzﬁm%quﬂums
$ruundszian dedunuiseisddvinisnaassiudanesiiu VGG19 dane3fiu ResNets0 wazdanesi
MobileNetv2 Tneilsteazidenveusarsanesiiudsioluid

Sana37a33319 (Visual Geometry Group : VGG19) iJulasstneuszamifisuwuy CNN Aildsunisiamn
Wielflununsduunuszianamuaznsandringlunm lassai1swesdanedfiu VGG19 gnesnuuusilmzeudious
flarwdn Tnefiionun 19 1awwed Ysznaudie 16 Convolutional Layers uaz 3 Fully Connected Layers ALAUYD
Sano3fiu VGG19 fie 1514 Convolutional Filters wuiaLin 3x3 7l Padding waz Stride aadi vilwauisadu
Snvamsudsiuilunmldedsanden snidddlasadranuudiudu (Sequential) Maiwedavsemududu 4 Fa
Frglinisiwndanudussuusazirenonisiluldnu danesiiu VG619 lasunisiinaeuuuyadeya ImageNet
waznaedunildunvusassiuguildfumudenlumiseiuneuinneitaflunssuunussanam ns
#5930 T09 wagmsuendiunmlnedsasgnldaulunarsuiumidlusluuudafiunasuuy Pretrained Models fi
inludsuldlusuanignia (Simonyan and Zisserman, 2015)

Fana3fiuisaiins0 (Residual Network 50 : ResNet50) Lulasstnsusyamiiioudedniifilaseadng
Hanua 50 1aeod smaamwummmwuﬂs ﬁ'ﬂﬁﬂ’lWSL“LJﬂ’lﬁLﬁSUﬁ%awaW%U‘U@uIWEJSLGULLU’JF’M Residual Learning
1A59@519989 ResNet50 Usznaunay °Uu Convolutional Layers °Uu Batch Normalization Wag °Uu Fully Connected
Layers n¥o1n1514 Bottleneck Architecture fifa8ans1uIunIs 1 Amesuazifiunnanialunisdiuan Skip
Connections 3 BLAUNIIANTENINLALLDS gﬂﬁmﬂ%ﬁ,ﬁdﬁ%gaLLasm’lLa&mmmmlwar;i’mimqsziwléﬂmmq %478
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antlam Gradient Vanishing uazifisamansnsalunisiinaoulassiefidaudngs ResNet50 fiauanunsaluns
auluraInvaneu Wy MITLnUsEannIm 11snsaduing wagmswengdiunin laedigawmulunissessunis
Uszananadeyavunslvauazdudoussrstivszavsam sl dunisduuvuirasanasguiigninluldesan g
Tunusnuasuiawmesiviad (He et al., 2016)

Sana3iiuluunenind2 (MobileNetv2) ulassieuszamifisnndadniioonuuuniileldnuuugunsaliid
NI WU aursnliuiazaunsal 1oT lnsgadunisandiuiumsndmesiazanududouvenisaiuim
Tnssad1vesdane3fiu MobileNetv2 1uafn Depthwise Separable Convolution autsnszuiuns Convolution
soniluaestunou ldud Depthwise Convolution ﬁﬂiaQ%au“aLLaﬂmwwaq (Channel) wag Pointwise Convolution
Viﬁqu%’au‘jamﬂ‘lqﬂsziaqmuﬂ'ﬁﬁﬁmmt,t,w 1x1 Convolution WSaviifiuuuafn Inverted Residual Block Faumnsing
9711 Residual Block uuuaiiy Taglénisverefifdeya (Expansion) fouftezaniiias (Projection) vinlilassainad]
UsganSamlunsifivsnundeyaddnniouannisgadedoya wazld Linear Bottleneck unu ReLU Activation Tu
vntumeuiietiostunmsgadedoyaluiiffia qauruvesdanaifiu MobileNetv2 fo Aruatunsalunisinuemiy
wiudrwesuvuirasslusaziiaanislimisanudmasndany vlimngdmiunsuszananateyaniwlunud
fosnsanusuazlssdnsanaanelddesiinvemineins (Sandler et al., 2018)

/ATUNTITY

FBndumAemssuunuuasdnsiivanamats Tagliuuudiassiiunsiinaeudimihdmensioud
B98N : nadinuiludaminguasivsiil Useneudie nsiiusiusindeya mawleudeya madenuuudiaeiaznns
Anaounuustass Inefiseazdendisil

nafiusiusaudaya maldeildyadoyanindrouuasdngits 10 vdia 1dnduled iNaturalist (2024) 39
Juwnannesuguwuesulatdmsunmstuiinuazwisludeyaninumainuaieniadinin Ima%’agaﬁﬁmﬂﬁﬁmmﬁ%’ﬂ
f§1uanun 4.875 nm awitanldeudunmilifaduavsniotes dnlunnslda mu%’aﬁiéﬁagamwma
wasdnsiafidfayrofimasugivludminguasveni Fsaguldlumsed 1

nsiassudaya nsnseudeyadudusmenisivusnisvesyndeya (data path) Fednlassairady
Tawnosgesuenauaana (Class) 19y class1/ ua class2/ Tavld ImageDataGenerator iflelvanuazuuastoyanin
wsaumﬂs‘umamamaawmsuaiuaalwma [0, 1] uazudstoyaluyadmiunisiin (Fesaz 80) LLau?jﬂﬁW‘MS‘Uﬂﬁ
n329d0U (Souaz 20) e validation split=0.2 waz stratify=y LwaiwamaausuaqLmammammu mwmwmmﬂi‘u
wAlinsaiuBunATauUTIReT (224x224 Aintwa) kazdnnstuguiuuiund (batch_size=32) uananil aﬂsumi
far seed (seed value=42) iielinadnsnsudsdeyadanuasivazannsaviddlunnadedsulusunsy lumsis
AdNwAY (Feature Extraction) Iduvasuuudiassiinunisimsuaiswii (Pre-Trained model) titeutasninly
yadoyalrdunnnesaudnums Fsvgnldlunuudiaes RF SYM uag LR tleasauuudians

NSABNKUUINABILATNITENADULUUTIADY mﬁﬁaﬁmlﬁumiﬂi:EJﬂﬁl‘ﬁmvﬂﬁﬂmn%‘auﬁ%aﬁﬂi'wﬁu
mﬂmmﬁmmﬂﬂivmmaua Tngandunisuulusunsy Jupyter Notebook WolmseiuazUsediuusyansam
gauuUaesiiden Insutsnisanweanidudesdiumdn fail

wallan1sIkunUszianteya GquumumimLLuﬂﬂixmw%'au“a Q’%%’aiﬁl%ﬁana?ﬁumiﬁejui?uaqm%im
(Machine Learning) kUU Supervised Learning Lﬁamﬁ’;f\Jaa‘uﬂixﬁw%mwmaqmiaﬁm@mé’mmz (Feature Extraction)
NUUUTIRDINTTHUILBEN FeUsznoudne Sanesiiu RF sane3iu SYM uay Sanesiiu LR msnmassisiiunis
Wlausd scikit-learn TnesaAmsiiwmesiluandaiy (Default Parameters) dmTuyndanesy Lﬁa%’ﬂmqaﬁﬁim
TunseuLiisunadns

walan19i3euiidedn ludiuvesniaiteusidedn JIdelaussendldinaiia Transfer Learmning sy
aandmenssulassdioussamifisuiiniunisiinduuugadeya ImageNet GeUsznausne §ane3iiu MobileNetv2
Fane3iiu ResNet50 uay Sanesiiu VGG19 msnaassiildmifiunsniilausts Keras uavnszuaunsinaouluina
gniarinunsaunsnaaesestalusruy fanmdl 1 lasnadndainmstieneanisidoudinausluguuuunsi
Fan g 2 sz“faLLamﬁwiz?w%m‘wLLa3LLmIﬁumiL%Emisuml,wiazé“aﬂa%ﬁm TABIAU X LERII1UIUTOU (Epochs) dau
WAU Y LaAINarIANgNeaBs (Accuracy) ddududiiu fie Training Accuracy WagidulduUse fie Validation Accuracy
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nansinviliiuindanesiiu VGG Wududendinfian \iesa1niia Training waz Validation Accuracy Indlagariu il
ANURURIUTBY YuENTana3iiu MobileNetV2 81aLfin Overfitting Uazdane3id ResNet HAIMURUNIUG

[

M15°99 1 MeaviBuauuasdngiientuldlunuidel

‘Tia ‘z’ia’iwmmam% FIUIUNN
nusuTunuly Parasa lepida 256
FINNUENI N Rhynchophorus ferrugineus 769
FILIANTNI Oryctes rhinoceros 390
LUAIADUNDY Hypomeces squamosus fabricius 548
LA TUNOY Bactrocera dorsalis 93
ﬁLgaMuauﬂizﬁ in Spodoptera litura 769
EYRER Leptocorisa acuta 680
ﬁLgﬁlﬂa’Nﬁu Conogethes punctiferalis 762
é”;aﬂmumqwu@h Batocera rufomaculata 462
%ﬂLLmumﬁﬂm Patanga succincta 146
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11  # Define a pretrained model

12 base_model = tf.keras.applications.VGG19(weights='imagenet', include_top=False, input_shape=(img_height, img_width, 3})

13  #base_model = tf keras.applications.ResNet50(weights=imagenet’, include_top=False, input_shape=(img_height, img_width, 3))

14  #base_model = tf keras.applications.MobileNet\2(weights="imagenet’, include_top=False, input_shape={img_height, img_width, 3))

16 base model.trainable = False # Freeze the pretrained layers

18  # Add a custom classification head

12 model = tf.keras.Sequential([

20 base_model,

21 tf.keras.layers.GlobalAveragePooling2D(),

22 tf.keras.layers.Dense(train_data.num_classes, activation="softmax')

23 1)
25 model.compile(optimizer="adam', loss="categorical_crossentropy', metrics=['accuracy', Precision(name='precision’), Recall(name="recall)])

27  # Train the model and store the history
28  history = medel.fit(train_data, validation_data=val_data, epochs=10)

30  # Extract features for comparison with another algorithm
31 feature_extractor = tf.keras.Model(inputs=base_model.input, outputs=base_model.output)

33  def extract_features(data):

34 features, labels, image_data = [1, [1, [1

35 for images, label_batch in data:

3 extracted_features = feature_extractor.predict(images)
features.append(extracted_features.reshape(extracted_features.shape[0], -1))

38 labels.append(label_batch)

39 image_data.append(images)

40 if len(features) * batch_size >= len(data.filenames):

41 break

42 return np.vstack(image_data), np.vstack(features), np.argmax(np.vstack(labels), axis=1)

44 train_images, train_features, train_labels = extract features(train_data)
45 val_images, val_features, val_labels = extract_features(val_data)

oy |
[

aw# 1 Amdssadinsinaeulazdinisanaaudnyuy

Training and Validation Accuracy Training and Validation Accuracy
0.30f— Training Accuracy p —— Tralning Accuracy
== Validation Accuracy el === Validation Accuracy
0.28 0.60
0.26 0.55
-
g 024 E‘o. 50
3 5
o
& 022 3
0.45
0.20
0.40
0.18
0.35
0.16 M L . .
4] 2 4 [ 8 ) 2 4 6 &
Epochs Epochs
=% Y a = =% LY a =
(N) Han1sHNFDUVDIDANDIVIU ResNet50 () HansHnFpUVDIDANDINU VGG19
Training and Validation Accuracy
— Training Accuracy
=== Validation Accuracy
0.95¢
0.901
>
1t
£
3
o
& 0850
0.80
0.75¢
0 2 4 6 a8
Epochs

(M) wan1sElndauYaIBand39L MobileNetV2

Al 2 nsvluansneugniswesdaneliiu ResNet50 (n) Saneiiiu VGG19 (1) wazdane3iis MobileNetv2 (a)

avanslee Aoz Inemans umInerageuasvodil
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NaN15IBUaTaRUTIENA

nsnanesisiunafienisudivulsyavsnmuesdaneifiunisdouliBdniunsiinaeudamii T
Fana3fiu MobileNetv2 Sana3fiu ResNet50 wagdanaiiiu VGG19 aufudanaifiunmssuunuuusuiu Sanesfiu
RF $ane3fiu SVM uazdane3iiu LR lunssiuunamansunasdngiin 10 wiin Sefldnnusim 4,875 am deyalsn
niuled iNaturalist.org fanmiaeegnensnsit 1 Tnsutsdoyaidugnnisilindosas 80 uazyansnsIvasuiosas
20 vidanwieudayauazin Feature Extraction mensiseusidadn wiazdaneifiugnnaaeusunszuIunsieus
LUU Supervised Learning melditeuluiinuaudnesmsifinosiiudu (Default Parameters) msinUszansnm
RN madnsSsadAfdafausd 0 f 1 (@ 0 vuneiaosiian dauan 1 vneianniian) Idun é1 Accuracy
A1 Precision A1 Recall wazAn F1-Score (Sombat et al., 2024) Ingfinan1svnnasssiansei 2

A19197 2 HaNINAFRUYTEAVTANYRINSISEUSENuArBanes NI UNUTEIAY

Feature |[Classification

Extraction Model Accuracy Precision Recall F1-Score

MobileNetV2 0.880 0.909 0.861 0.885

ResNet50 0.290 0.600 0.003 0.006

VGG19 0.607 0.926* 0.311 0.465

RF 0.134 0.096 0.099 0.097

Taidl SVM 0.404 0.297 0.286 0.266

LR 0.390 0.308 0.310 0.307

RF 0.804 0.772 0.651 0.660

MobileNety?2 SVM 0.871 0.909 0.809 0.841

LR 0.898* 0.894 0.853* 0.869*

RF 0.386 0.259 0.271 0.250

ResNet50 SVM 0.236 0.148 0.152 0.101

LR 0.422 0.346 0.328 0.324

RF 0.583 0.635 0.418 0.399

VGG19 SVM 0.647 0.648 0.493 0.493

LR 0.752 0.711 0.678 0.690

NPT 2 nansveaeUYsE AV YRS S BudiEeEnuasdanesiunsduuntussian uandliiiuin

Fane37iu MobileNetv2 1unvuinassfifiusdvsnmaiandefisuiuuuudasidu nsamzilothluly
Sufudane3fiu LR 3slé Accuracy g9gnde 0.898 Uag F1-Score qnqmﬁ 0.869 wansbiiufernuauaatunIsILun
%a;gaﬁgqﬁm Precision a¢ Recall wonanil nsdudiu SVM Ten Precision gean (0.909) Fawmsngdmsuauils
auddniuanuusiugluntssiuunUseinn lnefinadnsannisvia Confusion Matrix wansanmi 3 Jaduwad
unilanels witlurseanaidadanugndedlunisduunliiung wu uiasiunes uaz Fuaudivien Aflanugndesly
nsduunaanaifesas 61.11 wag 74.07 Auadu lesnnuuudasaieuslidnelunanafisidneseesvied
dnwazadeadsiu vilimanauduay

Fano3iu ResNet50 finadnsfinituinssiuegadaiau Inglanieideieuuuy Standalone #ilvien
Recall 1l 0.003 uag F1-Score 0.006 Gsagiouinnuusiassilimunzdmivdoyaillilunimaassusiilon
ResNet50 w1 lgsauniu LRlﬁNaﬁwﬁﬁﬁEjﬂiumju ResNet50 (Accuracy 0.422, F1-Score 0.324) L fanas1n91
MobileNetV2 way VGG19
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danea3iu VGG19 darulanisuluniu Precision lagleein Precision geanluuuy Standalone ( 0.926)
o¢13l5Anu Recall uag Fi-Score §4in (Recall 0.311 wag F1-Score 0.465) Fauansdslymauliaunavesnis
$uun usilewdane3iiu VGG19 insauiusanesiiy LR wuiildnadnsiinau (Accuracy 0.752 uay F1-Score 0.690)
uAtlaNI19ane3%u MobileNetV2

Sane37iuiiliifinisyih Feature Extraction Usgnausie Sane3fiu RF Sanesiiu SVM uazdane3iu LR lng
Liifinsvihnsadanudnuuzseuuudians Pre-trained Inadwsfianlunndu Tnslamz Accuracy Aaniiies
0.134 Laydane39u RF A1 F1-Score ﬁ?ﬁz‘jﬂagjﬁ 0.097 wansliiuiNnsly Feature Extraction #38 Pre-trained
Model theifinuszansnmuasuuusiaedldonsdniam

Confusion Matrix
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E fidewuounszin 1 1 0 1 0 0 2 0 0 2
- 60
wausivlud o 0 0 0 0 3 46 1 0 1
. - 40
wiaReuNEd 4 0 2 0 0 0 3 5 a7 0 2
wiasiunes{ 1 0 0 0 0 3 0 1 11 2 o
wiadsd 1 1 0 2 2 7 0 2 1 120
| | | | | | | | | -0
PP i~ Tl o By I .\:3 a o o
FFEFIFFS &S
F &P F L w F & ¥
o & & A8 S & & g
20 -‘29 e P o RS & &
& NS '« @ %@‘
4@5 B

Predicted Labels

AIN# 3 Confusion Matrix 999 8ana37iu MobileNetV2 (Feature Extraction) S1ufudane3fia LR (Classification
Model)

A3UNAN13IVLLATUDLAUBLUERINNNTIRY

nansIdonansliiiiuindaneifiu MobileNetv2 $aufusanesiiu LR Tinadnsnafian lneiian Accuracy
g9aa71 0.898 Waz F1-Score gaanl 0.869 deawvioufisnuanunsalumsduunnnusasingfivldogistiussansam
Tuvazfiuuusrass ResNet50 linadnsonan Tnatamziloldsmuuy Standalone ilasandgmenalsiaugaves
Jayanaraudutauvadlung (He and Garcia, 2009) lun1anduiu VGG19 fianulaaaulusu Precision wiés
1naunalu Recall Me3Tedaliifiudn nsnaunsidoudidednfudanesfuuvudufudiofiunuiuglums
Suundsziandeyaldesnsdaiau fedu Tauusthlihuuusians MobileNetv2 Tuguiuunaunaiuiy LR Tuiaun
\uszuuaneduuasdngivdajuing wu weundiedudmiuinunsnsiegunsal loT iieannisldasiadiil

Iy advayunisinensuuuddu wasiiudannuaunsatunsiansdngivedefivsyansnmlueuan

AnANTIuUITENA
YOUDUAM AMEING NGRS UMNINE1FeguaT1venll dmsunisativayunmsaniiunuideluased
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MAdeEes "MduunuasdnsivanawaielaglduuuitassiiiunsiinaeudimihnonisGoudids
an: nadfnuludminguasvsiil' lddeyanmarsunasainiiules iNaturalist (https://www.inaturalist.org) G
weuninelidya ey niuy Creative Commons Attribution-NonCommercial (CC-BY-NC) #aynalildiiie
nsfinvnagidelaglivasmuanils maduiunddedlifinimaaeduiyudviednd uarlidelmananudss
videnansznunsauseyana dnd niedundon lasufuRmundnasesssunisidsegiuntsadn loun wdnau
isnluynna (Respect for Person) siumsléteyaanunasiieygnuazliasinogisgnies vanaauusslo 1
fiodunse Beneficence) saitfuainsosdauiiiulsslenirenianisinuns uazudnauegfisssu (ustice) Tngld
Foyatiirfddesnuiifiounasmnzaunamdniiosssunmsidsaina
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Abstract

Technology plays an important role in both everyday life and education, particularly in facilitating
online learning. Digital learning uses digital technology to creates dynamic, flexible learning environments
that encourage interaction between students and teachers as well as amongst students. This method places
a strong emphasis on problem-solving techniques, critical thinking skill development, and cooperative
learning. To successfully incorporate technology into learning experiences that are in line with pedagogy and
content, educators should utilize the TPACK framework. GeoGebra is a recognized digital tool for teaching
mathematics that improves teaching and learning methods in the digital era. GeoGebra, which is appropriate
for students of all ages, promotes conceptual comprehension and mathematical thinking abilities by allowing
experimentation and inquiry. Additionally, the use of GeoGebra encourages self-directed learning, aligning

with the demands of 21- century education.

Keywords: Digital learning; TPACK framework; GeoGebra; Self-directed learning
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unin

Tugaadva waluladfunumddgiludinuszdrfunasdunisfine lnegnihunldidueiesdioie
atduayunaiFounsaeustiedivssdninw welulafdeligsuamsaiFoudldmunuadladuyana niouis
dadumsUssuuasianvinuzvesueddogeiies uenani faoudsannsalimalulalumsssnuuudiy
na3euiivmngay sufeudmsdanisnszuaumatsunisaeuldesaiuszuy fomgl milivedauaniedosdo
naeudiimuntuiumalulad wu madeudiuulifdisuusth (Scaffolded Learning) wiansiisusuuuiaduuss
(Reinforcement Learning) Feiidneaingelunisatduanunszuiunisifeuiiasiauiinuvevedisouaged
Usgansam lunanisasundasansmalulagdidiunuimdAy dmsvatvayunisaeuadinaiansvangudyy
Taglonnzegnads sumsdaaiunszuiumSeuiimenuesuasmaiannmiudiladdnvesiFou

GeoGebra \lugeniuiifitasliiaeuannsaaiiassdfonssunisdous Inevauswionufosnisuas
ATWEANINIYRIEFEu il MIvonuuuAInIsLfifinalnnIneunduSHluTA (Automatic Feedback) daeligiFou
15%@?’?’1LLuSﬁ’]‘ﬁlLMM”IS?I&JSLuiwﬁ’jNﬂ’I‘iL%EJui w%fauﬁgasdaEﬂﬁrﬁaauﬂ%’vﬁﬂmsﬂﬁmmsamﬁu{]wmﬁQ"L'%‘aul,w%zy
(Dos Santos, Abar and Almeida, 2022) waglunszuiunisinnisiseusdatalondlvifdiouaiunsausediung uaz
USuuganisiseuivewmuiedliegeiiss@vian nsneundunuusnluditisiaiuaianmsteuiigaljauius uay
duaSumsfsiineiiunssuiunadoud Mddeyaasviounduiiiouiuussinue (Narciss, 2008) Snviadaeliiideu
AN1N30aS N NLUUUEUTLS (Interactive) wazi3oudriunisvaaasluuiuniiauats maiFeusludnwas vl
Jlsuamsnidonlosumndauinsssy funisuszondldludinetaldogdiussansaiw uazdadelifiFouls
WALINITANLUUIINTZUIUNSWAEN5VIN UL (Febriani et al., 2024)

mnmadueanaluladegninng fuudaeundnmanifesdimauiufuasimunnuies iilel#inns
BrunsaoulidniugeaiouararuiesnisveiFou unanuillfiaueioatunsBeuademaniuuuitvade
GeoGebra afulusunsumndinaansisidnvasidulauniin (Dynamic Mathematic Software: DMS) Hilad a3
WﬁaaulﬁﬁmmiuazmmLsﬁﬂ,f\]Lﬁmﬁ’ULmeamiaaﬂqumiﬁauélwuﬁ%ﬁa (Digital Learning) wagn1sussendldy
wsosflefdvafioatuayunizFoudadnmant ufsannsathmausilulssgndllunsseniuunisinmaious
wazmstImsdamstudeulfesnedszavsam

n133euiuuuRidia (Digital Learning)

N1338USUUUAIYEA (Digital Leaming) o ﬂizmumiL%Suiﬁi%mduia%%ﬁa lunsatuayunisiseounis
aou teaanimwindeniifiaumainvans SujduiussenineSeutudaou uagseninagSeuseiues wuns
duaSumsiFeusuvuidiuun msimunvinyensaniinsen wagnsundym leelgagaanglunisasuasaning
dlafidndafertuuunaaiidudon Tnsasdsuulasainmafounisaeulusudsunuuda lugnaFouuuy
NauNa1u (Blended Learning) ﬁ]uﬂszﬁa5@miﬁau%:l,wuaauiamﬁmgﬂLLU‘U Tneviunstdmaluladifiewuuinis
Goudiuudsuldnunnudesmsionzvesdieu atuayunsandainng duadunmsuitymodisaiisassd
(Gupta, Rana and Raj, 2024) LLaxmsL%‘EJuftuﬁmL%&Juﬁﬁmﬂ%mvﬂuia&ﬁaLﬁuﬂizﬁm%mw wenani n13i5eu3
wuuAdadaldneninlunisusulsanseurunsseud s auiuaiufen15veedisy wasYIed1ulsaIy
agmnlunszuiunisUssifiunauaznagnsnisaouvesiaey (Cimeanu and Moldoveanu, 2024) Bnviadaifiunis
ihanazanuwinienlunszuiunsideous siunslfindesiionazimedanisaouivgligiouiidiusmoiai
UsyAviEnm uenainid maﬁauiﬂugﬂLmuﬁé’qﬁqLa%mmﬂ%‘auit,mwﬁé’uﬁuﬁ MmN uaznsUssiiunadid
ﬂizaw'ﬁmwmmsﬁu 18 Oregon Department of Education (2023) IamuupanasureslunanIsisounsaouL Uy
fA3a (Spectrum of Digital Instructional Models) eanidu 3 EULLUUﬁamWﬁ 1
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suluuNIsIsguNISaau sUlLuUNISISBUNTSaaU suuuuNsISsUNISsaau

fusuissu uuulausa
( In-Person Instructional Models ) ( Hybrid Instructional Models )

wuuoaulad
( Online Instructional Models )

Msisusaulkegrdalfiounvkuaiiadulu WuniswauwaunsiBauMsaauluduseu | nss UDUNTSISYUSAOKUAAOUNISHIUEDON D
KoolZeu laguuus:aumsaimsiSougiiuy | WUWUKUN (In-Person Learning) ua:misiseu | saulad lastduwaawasuuasiadooiaaania
WUHKUN (In-Person Learning) 919soutionts | $Hudavnivoaulad (Online Learning) 10 18U S:UUNSIANISISBUS (Learning
uauxauinAluladulusENIsaouLlUUNED downu loegEuus:dlamaissugivluaniun Management Systems: LMS) uastasooia
wanu 3vualuanIwioadaulaloudso suluul doansoaulau issuaIsaEeus
BouasIvANUEAKEUTKRAUNS:UDUNSISBUNTS Tonnnnm:a‘\

dou UasauISaUSUTAIKUIEUNUADIL
dovnNsyDvKISuULLtasAU

‘ —

AN 1 @UnasuuealinanIsSEuNISADULUUAIVA

namil 1 annduvedinnansSeunsaeuluuiivia Snsussgndliinaluladfdvialunisatiuayunis
Boumsdeu MnszdutuiFouluauimatsuiiemuenuuooula lnsfneandoadwield

1. Unuunsdsumsasuluguidou (In-Person Instructional Models) iuguuuunizdeuntsaouisnnis
Lsau%‘[mamaauua iFounumihuluaniuilaidludioadou nsFeudzunuuifigauiinisiiujduiuslnenss
sewinsdaeutariiou Ssannsathmeluladindszgndiiteiisdszansnmmsiounsasuls wu mslénsFous
WUUNALKETY (Blended Learning) Fufunsuaumaunsaeusuuiiudrumneluladniva Inefldnuaszd oyl
1) M3FeuFuUUNUNIN (Face-to-Face Leamning) fi3sunaziaounuivluanuiifeatu 1wy feadou uazmane
dwduianssuiidiesnsuduiudlaenss 1wy mveaedluviesfjinis niensviianssungy 2) msldvalulad
atfuayumsaou WumsihmelulaBunldiftodfiuganimmsidounisaeu 1wu sy Smartboard wiemsasusiiude
fadilile 3) msaannudiuuasmsiidusin FamswumihdutsaiuaieeuduiusseninegSounasasy
sudssgniadeudandu ki fauiusuuuidalnidslifaouaiunsnfuisunisaeul fimunzanto
anmunsailéviud 4) nisaduayunisSeudianizyaea lnedaouamnsalimuusnitansyanaldietu wasdung
waFnssunsBeuivesiseuluaniuiiaie

sUuuuMa3sunsaoulutuEou (n-Person Instructional Models) SsnndugUuuumsaiiunisaoundni
A msuRsnssitFes s st nlauas viensEeufiBe i sgdlsfimunsaunaumalulagiiels
nsaeuluduFeusienumanvansuasiussansnmanndedu

2. sUwuumsiseunsaeuiuulauia (Hybrid Instructional Models) LﬂugﬂLLmesSaun’ﬁaauﬁmauwmu
st msdsumsaenlududeu (n-Person Learning) war nsiSeuntsaourugamiealar (Online Learning)
Tneguuuuiitisasuardanguliiudidouasiaoulunszuiunsinmaioud SeaunsaoonuuuazUsuideuls
puANLFBINTIWATUTUNTes ey fdnunrddded 1) manaunauguLuunsdeud WunsrmnsFeunisaeu
TusuFeursadriunslideuasunanosuooulal dufFouannsndeniFouusdmriuszuveeulay uasuisdiu
TuduSeusimuaagan 2) Mai3euiiitavdu TaegFouaunsadnmsanandoufivnsautuiaedd Famne
dmufiSeuntmnusiomsiany 1wy fiSeuiiegilnansediiidediiasuna 3) msysanmselulad Wuns
ildmealulad Wi Leaming Management Systems (LMS), 3alenauwloisud, wavdonisaeusaulall Lﬁaaﬁuaqu
nsvuaunmsFeuditdlutuidounazeaulat 6) niadeudldyniivnnm lunisdeudansasnuuulimngautungs
fideu Wy msSeudidednluiutou uasmslimeluladiftonisfnviuonnanGou ds suuvunmsdaniadeusd deil

1) Woasaunaunu (Flipped Classroom) ;EL'%EJuﬁﬂMLﬁamLﬁumé’umuﬁﬁimﬁaﬁaaauiaﬂﬁaumL%%’u
Gou WieldnanluveassulunseduneviovhianssuiBsufoa

2) fanssunsieuduuunanaty (Blended Leaming Activities) fiFouidnsslufanssusislusioudous:
wagrusyuveaulal Wwu maihnunguluiesioulasnsiuuuiininesulal
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3) Manyuisunissunisaeulutudsuuasfeaisuaiion (Virtual and In-Person Rotations) N5
fiEsudungu TaonguviladeulutuiFousiwnsisnnguniaFoussulat nduadufumumsaim
sunuunsieunisasuuuulauia (Hybrid Instructional Models) ilunisiFeunsasuiivanzandiviu
nsfnwigalnl osnannsaviuasunmuanudesnisvesdiFeu uasnaunaunisldineluladitniunisiGous
Weuduniuslangnasda
3. UnUUNsSunsauLuueaulal (Online Instructional Models) Aeguuuunisdnnisiounisaeud
suflunsiamunshuremseulay lnglfimaluladadvadudonarddunistevenidemuazinnssuniaiious
sfansvsndiunanisiieuvesitou sUnuvitnldunanosunisifoud 1wy Leaming Management Systems
(LMS) vidoinTesilovszyumilnag iloassaninuindonnsBousituszansnm TnsUssinmuesguuuunisiBounis
aouuuuonulati (Online Instructional Models) oty
1) M3seuskuudalasifa (Synchronous Leaming) Hunsdeumsaewintulunaiieafuiuunaniedy
poaulatl WU Zoom, Microsoft Teams %30 Google Meet fiUfduiusuuuiiualnilseninaounaziisoy wasining
dmiun1sediuse NMIUTIENEEn Lagn1svinnanssunay
2) mat3uufuuuesddlasia (Asynchronous Learning) T iFouamnsaiindadomuasianssuningous
IFmunaitazan iemeraduiflonisaou tonaiseeulay videwuulinaluszuu LMS wasmanzdmiugFoui
Aoan1IANUEavEUluN1TIANIT 1IN
3) N15i38usuuUNaNNEAIY (Blended Online Learning) 1uni1ssindafiveinisiseuuvudlasiauases
falasiia BefiFousnafnuinguiiiudemooulavidmih (erddlasta) uasdrfaufRanssungulunaifitmun
(@elasida)
TngdnuardAguessULuumMsSeuntsaauluuasulatl (Online Instructional Models) it eluil
1) Msldunanvlosumava
- LMS % Moodle, Blackboard %38 Canvas Wﬁm%’umiﬁmmﬂﬁamLLazﬁfﬂnisumiﬁ'auif
- unaseiun1sdeans 1w Zoom e Microsoft Teams lddwmiunsaouan
2) msi3ouiidavey
- {iFouanunsaSeusldanniifsisumeside

q
o w

- mnzdmiudiGouiiidediadunauasaniud
3) msWmuemnAdva
- flemnaFeusiinifanlugUuuuiiadfiie wu Silensaou Sulinsiin viounFounuulinoy
4) MmsfinmunasUsziliunaseulall
- 53UU LMS Hiefanuanuimviivesiseu waglinisussilunauuvesulal wu wuunegey nstiu
R GENRETH]
éfaf?ugﬂLLuumiL%umiaauLLUUaaulaﬂ (Online Instructional Models) 1umadendiddadmiunis

Seuilugadagdu lngiangluanunisalifitedndamesnunaiiaraniui uenaintd msldmalulagddadieas
Tonalunisieuinvanvansuasdanguuiniu

WUINNNITIBUNNTERUANAAIENTUEARIYA
nsBouiuuuiialiinadamansaseenuuuliduaiunnudilevesGoulunufniidudou uazains
anmnndennsiFouiifuiduius laeldmaluladfdviariieatiuayunszuiunsGeusluvannvanefia léun

1) nslddonrsi3euiuuuldney (Interactive Leaming Tools) Hun1sldiasesileddvia Wu Tusunsy
peufialnosidiansnsuiannis nsmuulawdin uazueundinduadamans elvgiouilenaioudiiunisas
floviuaznismaass f1e81919u GeoGebra faglifizowdrlansuasisviadaldfdedu (Cimeanu and
Moldoveanu, 2024)

2) M5yYsUINITNITSeuswuuiUjduius (Collaborative Digital Platforms) Ineldunanwosunisiseus
Aviafidaaiunsianungy wu msuidamsiuiulu Google Sheets 1130 Microsoft Teams HaelvigiFouldiFeous
Fumsvhnuswugdy Feiannvinugnsuityvuunguuaznisieudiuuainisesdniuisaniu (Nguyen and
Tuamsuk, 2022)
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3) mIa¥vaniunsaldraesiivilousis (Realistic Simulations) nsldaniunisaisaeduinadinarans
W MsadaLuusiaesaunsiieatestuanunselluTinusesiiu wien1sld MATLAB waz Python iileudanina
aumsnTuou sdaaiﬁﬁﬁamﬁummL%auiaqswhmaimmam%fﬁ’umﬁ%muiu%%mﬁa (Cirneanu and Moldoveanu,
2024)

4) n3UsiunaluuRlTa (Digital Assessment Tools) LIunslszuUUsEIIUNALUUARYA LU Kahoot
¥30 Google Forms telvfasuanunsavszifiunrudilavesdFouldosmaiuasusulgaieninsaouls
W gaNiuANaBINsvaeHiseuLiazaAY (Gupta, Rana and Raj, 2024)

5) MsaNIinYen1sAnlAsIEikazAUami (Critical Thinking and Problem-Solving Skills) A15t38u3
wuuRdaluinadnaaniaisdudunisduasulidiseuandcdinmeiiazunlymegeaieassd lngnisasna
anumsaliidedlinisiinszsitena n1seenuuunsinl uaznslilusunsuiiiAates 1wy Mathematica 3o MATLAB
\ieWainwedsna s (Nsuyen and Tuamsuk, 2022)

6) nsatuayunsisudianizyana (Personalized Leaming) Faimaluladddviaansaviuiioniuay

Aanssulimangauivanudeinisianizyans wu Msldssuudyausehvg (A) Nheszyulndouresdiouuas
wugthiomitmngandmsunnswau L fiud (Gupta, Rana and Raj, 2024)

FefunsBuiuuuadvialuinademanimsoonuuulnelfivaluladfiadoassd etielvgFeuian
WlauunAnidendinaansidudeunarinmunsinuedday laud nsAniiasesi nsufdamn nislimauanis
adinmans nsdeans nsAnaiassAuagnsyusINAUgHY

nsauLuIAn TPACK lunisaauntinaans

nsysanmamaluladidnldlunsianisseudliliudideafsnfugunsallunisianisiFeus usaos
ﬁwﬁqﬁﬁ%‘mmazmsgmaﬁiﬁmaiuiaﬁﬁw (Earle, 2002) ImamiﬁﬂmﬂﬂaﬁuﬂﬂuﬁaqL%‘Uusuaaﬁaaumﬂ%ﬁmaﬁga
maviniazmaaulsitugiFeu fafuiaduisddyiifaeunsdoaiinnug mnudila Waued wozanuidovenieiv
walulagnian1sanyd LﬁaU%’UT%’LwﬂIuIaEiuﬁaaL%'auiﬁmmsauﬁw%umm@ﬁ'au (Kartal, Kiziltepe and Kartal,
2022) NTUKWIAA TPACK (Technological Pedagogical Content Knowledge) agdielviaeuanunsaiinunaiug
wazmslimaluladinufuguunminisaeuvewmuies uarduaiudaoulvifidongsumaliladuasdanusiule
Tunueaienfunsaeusemaluladifisdy (Kartal and Cinar, 2024) &3 TPACK ({uuunanitiaunlag Mishra and
Koehler (2006) tilpaunsanuduiusszninsesdnnuiausnuddaiisndudmivnsaoulugaiadia loud arwg
Fruriiew (Content Knowledge: CK), A1U3AUNTEBU (Pedagogical Knowledge: PK), kagainuiaunalulad
(Technological Knowledge: TK) Imaﬁ@m@fmwaf’]aammﬁmmiéﬁﬂdn%n'aiﬁﬁmﬂﬂiaauﬁﬁﬂﬁzﬁm%mwuas
wzaufunslémalulad funnd 2

 ——
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Fennmil 2 IfeSuisesdusznouves nsauwaAn TPACK 1 7 asduszneu duleluil

1) auduion (Content Knowledge: CK) Aonrufduadnmaniiiguanlmudoniiviuas
syt (Koehler, Mishra and Yahya, 2007)

2) auiumalulad (Technological Knowledge: TK) iRgdosiuauilunsliinsesdlonléinalulad
wazauanisalunisuiuiluanizveanisildsundasegrssindiveanalulad (Ozetin-Koca, Meagher and
Edwards, 2010)

3) ANUIIMUNITADU (Pedagogical Knowledge: PK) Aeatu wiada nseuauns 35015 wwanansdans
L%ﬂu‘;f Lﬁ@iﬁﬁﬁ'EJuVLG’TUﬁqi'quizmﬂﬂluﬂﬁL%'&’Jui (Koehler, Mishra and Yahya, 2007; Ozgtin-Koca, Meagher and
Edwards, 2010)

4) mmiﬁmlﬁammmﬂmam‘msaau (Pedagogical Content Knowledge: PCK) \igafiuiinisnislunis
vharudladomedamanslunisdaniaioud uardunimada nszuaunis s wumenisdaniaFeusi
wannuans warUuidlominangtumaeuiifiegifuvesii3ou (Mishra and Koehler, 2008)

5) anudduidenuuininalulad (Technological Content Knowledge: TCK) wsneAmisisn1sysan
nslfmaliladuazadnmanisiudu 3 Tk HrelifaeuannsoszyliiumaluladlafiusslovinniigelunisGeus
AdinAans uazadnmanstumealuladinuiieadesiuogisls (Mishra and Koehler, 2008)

6) mmiﬁmmam%ﬂﬁaaummﬂL‘Vlﬂiuiag (Technological Pedagogical Knowledge: TPK) #u18A31u04
AnufifsafunsdsuulawesnsuaunsasunaznisSeuilunisysannisldinalulad (Mishra and Koehler,
2008)

7 mmi’éjmlﬁam HWINAERSN1TdeU wazinalulad (Technological Pedagosical Content Knowledge:
TPACK) fio A3l Lﬁmﬁulﬁdmmummiﬂﬁé’ﬂ 3 TusNUIIIUAY TPACK szhaiﬁl,%'ﬂﬂ’iwgmmmimzﬁﬁﬁﬂﬁé’uﬁuﬁ‘
ffu (Mishra and Koehler, 2008) ffasuannsassynisufiduiussewinmsaeu e uanmeluladliuinfazysan
mameluladldogaiusyavsnmanntuyiniu (Angeli, Valanides and Christodoulou, 2016)

%1 neuuwIAn TPACK Ifauayunslinaluladlunssuiunsdounisaousesdiuseansamm sagli
faouannsnUszgndldnaluladlviaanadeatuiieviuarisnisaeu duadunsiouivesdSoulnensnaunany
walilaBeiiunsiidandn anuaule wazanudilavesiifou wasdimeuiuusgunmnisaevlugaidsia Tag
faeuausnoenuuuAInsIuiinevaussnufesnsvesgieuluanmwindeunisiiouiivainvats daaou
ansndonlfimalulad eafadevmadtviaviovondursmadnmanslunsianisSeuiadamans ne
aunsalinuldfusdnisaianisaeulyaudansligSeulddrsansnasuauinnsidoulfonues Tsuns
adinenansuuulauifin (Dynamic Mathematics Software: DMS) La3esilefdviafitenldfiusgaunsnans saels
fi3puanmsodanamaisuasmesTngniontuuas el FoudloesnsdntsituAuitulnssaseiiadiedy
\esanTusunsuadaaanswuulaunfindaruduiusidaseadng (Akyuz, 2018) %QﬁﬂﬁrﬁL‘%euaﬂuﬂiaﬂisLﬁu
aounsal Andule dearsnisadamant uagivuadieSuemendamansluanimuindesnasuiadanuule
WIRNTILANANIINEATNLINE BULUULAL (Gokce and Guner, 2022)

GeoGebra 1a3asilaAdvialunisizoudndinaans

GeoGebra WJulUsunsuadnranswuulauiin (Dynamic Mathematics Software: DMS) ﬁﬁmmmmsa
varnmanedmunsi3sunsasundamans sessunisasutazmsieusifeaiuisviade fvade asedn nsm
A uazunagda sodustignitautulul 2001 Tny Markus Hohenwarter Insfiitmneifiaioslssuufnms
adinnanSludsivadiauazisuadinidiieiu GeoGebra aunsaldanulinsuazilianhedmsugiSou faou uay
inide FetedassunszuiumsSeuiuvuuFausiug uaratuayunsiausinuemsandainsesiuaznsuitym
(Hohenwarter and Jones, 2007) Tneflgauauddnitielvgldonuamusaaiisuazdrsauvuiaemsadinaansle
ogailUsEANB TN Fegnaty fiFouaunsaadiinsm flaidu warsUisnadeiidudou wioutmaasadfsuutas
Aduusiledananadndsiud Tetaeifinanuirladdnifstuuniomandamans uazfasudiaunsasenuuy
uniSeunuUUFETUS (interactive) aavimuafidauinsdonisieudadamanssinunislidonisaeu (Sugandi and
Bernard, 2020) 5m?'?qsj"qﬂizﬁu‘ﬁmuﬂﬁ‘umQ’aauiuﬂﬁuuszmmiaaumﬁmmam%ﬁwLﬂ%‘laqﬁaa%ﬁa (Alabdulaziz et al.,
2021) flansnsansedunisiSens gadulvidiFeuduguinans (Marasabessy and Helsa, 2024) Fsanunsaldlunis

Copyright by Faculty of Science, Ubon Ratchathani University



13T IMIEN TS IN Ian ANy U9 8 kil 1 (u.A. — d.g. 2568) | 187

L%aumsaauﬂzﬁmmamﬂunﬂszﬁwﬁgu (Bueno, Lieban and Ballejo, 2021) LLa:ETaa'awaﬁamaﬁqu%mwmaﬁaumaq
FiFounavduaiunsiufauiusseningSouduaou veliSeutianudileluuniou HelifiFouianusivle
noUAIDINLATTEAITIBERINEABY duaiuniaFeudienuedutudsuadamans auiilig Feulssay
audfalunisieug (Phoodee, 2023) Tnwensuasiidianunsasesiumslfnuuumainuaisunanosy un
eufialaos uituidn videasnivliu silnsSounisaeundinenansanansadniddlunniiuaznanan (Phoodee,
2020) uBNAINTl GeoGebra fataelifaouansautsiiudomaisunisasunaziansaulusUuuvosuladlfieni
GeoGebra Materials adundminensigldaninlanannsnsulvanuazanivanls dddutlaqgiu GeoGebra l#
naneiduiesesilefilasumnudeuluramsnwmiadamansilan seauaiunsalunisideuloanaluladiunis
BousiTvadnsassd GeoGebra teliisi3bunasaouilonaanuvinueduadnmanslfosnsdntauazn e
B9 uonNTaNFLISHANLE GeoGebra SsiniwensnsFeusfivanvansuasiinuinings fasuanansoviunld
DufansauluduiFeuld Tnsgaianssufieenuuvaniiielfluieniouadamans doudszduuszoudnuauds
freufnw 1wy niwensdmiunsGeusifeatuy sunsasmiade uazauns faniwd 3

p il A
T <A - == %
==
EXPLORATION  GRADES 6-8 PRACTICE GRADES 4-5
EXPLORATION  GRADES 4-5
Sum of Interior Angles of a Triangle Identifying Patterns in Input-Output
Exploring a Cityscape Bar Graph Tables - Multiple Operations

a A o 1Y) a A A 1Y) aa ' 2 A A v o a a
NN 3 (N) FDLNYINUNITIALALLIVIAUA (V) ABLALINVADALALANUUILIUY (A) FBLNEINVINUIULAZNIANS

AT 3 Wi GeoGebra ﬁm%fwmﬂimiL'%‘&Ju%fﬁwmﬂwmaLLavmuﬁaummmiwﬂ'ﬁL’%EJu%%maimmam%
fndngmsnauansemsiSeusadinman @iuuiulse wa. 2560) mmMaﬂamiLLﬂuﬂaNmimﬂwwuwu%m wwadnany
2551 Ty Tiud Snuuasitvadn myauazsuadn sasadfuazmnhondy szmaamamaamwumma
atfuayunisfouifiiussaviamuazinaulalnedaouaunsadundenliliaenndosiuuTunvesnuiosls 4
Aanssuwmanitilifiouaunsodnanasnaansienuies tioladuaisnnuidlafiinded du

d3UNan153Y

GeoGebra LHunounaiadunisfifinnulaasulubesvesnisysannmsmaluladidniunsiiounisaou
adnmanslugaiavia fenuautinaduayunsifouiidaufduius (nteraction) wazaunsauiuianssuls
mnzaudueudesnsvesifouluneyana Sseesuaiunnudilal G ouAnfunaanndamansi
Fudounasiuuiusssy niouiiduasuinuinuedidy Toud nisRndiasizet msudtam msldmguana
adlnrnans nsdeans nMsAnaisassAuasnsinnuswiugdu wazddamnudanguiazanuazainlunisidden
1% GeoGebra tluninensiinssguardmiunsiiounmsasulunnssdunsanuuazanunsathluldfudFeuluyn
$19%8 Fan1511 GeoGebra wildaziaulifiuianuddyveinsiauisnnsasulidenndesfuarudenisves
nMsAnwAnsIui 21 faeusndudosiamwinugsumalulad wazuiulduuimenisaeudiaiieassd iunsou
wwdn TPACK Teanunlusuuuunsasuvesuuuidviadssndusosegluuiunvesaues ileadrsaninuindonnis
Goudinanla SufdusiusfugSounaziivszdniaim Tay GeoGebra laiifivstrsidonlouumnanmandnamansids
wnsssuiunsUseyndldlugingse widsenseiulidissuivnumdAglunssuiunasouivewmuessiunisly
Aoufines uituidn vieaunsnlniu lunsdsan naaeurasvaass fsnmil 4
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i 4 n13lY GeoGebra Usgnaufianssumaiseuslutuseu

Fefun1sUszgndlfintosiiondvta 1y GeoGebra lunaiFsuntsasuadinaans dredalonalifisould
fimurnnudlafidndslunuafensadnmans Ruyuaufnadiassd duasuaiieoinsenszuiunsfnds
adlnenans duasulvigiseuiinnuaunsalunsiseuimenues uagasanuwinigailunssuiunsiseu; Mfinw
Tugediviadafeatiuanudangu arwiivais uaznisnevaussierufesnsvesiSeu iowIoamanliniey
fuiloruanurhmelulaniimaliladfiunumddnenadeliies Ssaenndesiuanudesnisveansiousluanissy
21
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