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Abstract

This study was a comparison of karyotypes and nucleolar organizer regions (NORs) heteromorphism
between Thai native and foreign cats (Genus Felis). Chromosome preparations for karyotype analysis were
completed by a lymphocyte culture technique. Cytogenetic analysis was performed using conventional
staining and NOR-banding techniques. The results showed that the diploid chromosome number of Thai
native and foreign cats was 38 chromosomes (2n=38), and a fundamental number (NF) was 72 in males and
females. The karyotypes can be classified according to their chromosome sizes and shape into 6 groups (A).
It also had a pair of satellites on chromosome no. 1 in group E or chromosome no. 14 in both Thai native
cat and foreign cat breeds. In NOR-banding technique analysis, nuclear organizer regions (NORs) position
showed on chromosome no.1 in group E of all cat breeds. The study findings indicated that both cat breeds
demonstrate an equivalent number of diploid chromosomes, and their karyotypic patterns exhibit remarkable
resemblances; these results suggest that the genetic structure of the Thai native cat and foreign cat breeds
at the chromosome level is highly conserved. However, we found heteromorphism of NOR sites in Thai native
and foreign cat breeds, and differences in the amount of silver nitrate staining were observed at NOR positions
across each studied sample. This genetic variation has contributed to an augmentation in the genetic diversity

within the family Felidae.

Keywords: Karyotypes, Thai native cat breed, Foreign cat breed, Heteromorphism
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0 iluneATiaR (Felidae) udniidssgnanethum %’ma&ﬂué’uﬁué’miﬁmﬁa (order Camivora) dnfluasdil
ﬂia'UﬂanmLaaLLauLLm%ummﬂ 9 (Kitchener et al., 2017) wiiideinermaniih Felis catus Lmnaeus 1758 4nag
Tuanamda (Genus Felis) Yatuumniivannvansmeiugiasnmeiusineuasuinsmassme Susnuiazaneiug
wfilondnualidulsyiaeiug wnlnedfuideeglulssmedlne Fudeasuanunlunaddnvuseiu fo o
du maFersn ideemlddnduiudii uardvuiamnulansuduendnuaiane lutlgtuuninedilili
aufismdsslulsemalnannin vnlvalneduansiwouas sundngrunistufinnuin walneaefusuid
favan 23 anetug uiludagiunlnewdoodifios 5 anewud widu 18un arefusidesina arofusiann
anewugvud arefusandnual uazaneiiuglnuan fafuiedunseyinsuinineaeiusuiliaegdadinng
ﬁmLﬁaﬂmEJW‘LJS:LLamNLLmumwauﬁuﬁLﬁaiﬁl,ﬁmsﬁuﬁuﬁ:uﬁﬁqﬁu (Biodiversity-Based Economy Development
Office, 2014) lunansetudunaeiuginsUszmaduidesnsuazldfuanuion enfivu aneiugiveside
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ssdszmmmaniduiidoansvesfiaulameiusunidulssmdlnouasinssama
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AefiFnld D a.a. 1956 luuszgaAvnssziuumnnaiisiomiusiu Idfvuaunnsgrunesloldvednlusd
Hasaualidnnguoslaley (autosome) Insuutaean 6 nqu e ngu AF wazlasiulamnagninliludanying
(Ford, Pollock and Gustavsson, 1980; Tosihide and Kyoko, 1982) n1sfinwdnnulasluleuvesdninszaideuas
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pazkiadduIulasiulsuAnasgminiu 38 wna LLazﬁf\i’ﬂmuLquuiﬂﬂaﬂﬁvmﬁug”mwiﬁu 72-74 (Gustavsson, 1965;
Ghotage et al., 2019) sniiudninszaidouazuuaiios 4 viin luana Leopardus wirtu Aifisurulaslulewd
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palasiulay f-j‘?i 14 (De Lorenzi et al., 2017) waglun1s@nwiusinadiunuadulesis (nucleolar organizer
regions, NORs) Tunauvasdnifinseandunas Tuduiaeiifudwdudunneilsiulausansidule (ibosomal RNA)
wuddnTlunsdaatsumnduloaniuvinnuudraduredasiulengd 14 (Cho, Kong and Sohn, 2013).
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wendle (nwdl 1) (15197 1) wisdesnndudenmusinadiae (usular vein) Imaammmamﬁummm Fupounis
noasssuadulumuuumansvelddn aasafionunineneans

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



4 | Journal of Science and Science Education Vol. 7 No. 1 (Jan. - Jun. 2024)
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(fetal calf serum) uageUjTaue (penicillin/streptomycin) navansazanglmdniiu nnunsesasaranelngldifiad
wesianas (millipore membrane filter) vura 0.2 luaseu wisermisldvinmizides nendred1adenasly
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n3amaoulasTulaslagléndosgavssmiuuulfia (bright-field microscopes) antunmdielaslslaude
gasenniiserundesganssaiididsvens 1,000 wi ilensratusiuulaslulen anudvessuulasluleuing
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wiefle dydnvellastulonveunamdeodu 38, XX wazinay 38, XY (AWl 2 waz 3) upslelnduvsmueuinuay
susnlaslulovsendu 6 nqu Usvneudie nqu A lasluleugustawuuduamnguninuuinlvg) 2 g (AL, A3)
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nmsanwmemaianisdendlastuleuuwuuuinsguluniilvesazuuiaeiugsiaussnansiany
wmalaslaslulsudaduuinusesnansunisfiaes (secondary constriction) ‘17‘1I‘U§L’Jiuu%ui’mi%mmiﬂﬂui%u@:ﬁ
1 Tungu E vido Taslulongil 14 (1Al 2 waza il 3) wazannisAnwidemadanisfesuaulasluleuuuuidule
915 annsaszylaslulesaieanelidaeu nuiunlveuazusnaetusiwssmailiwmiaduleets 1 4 og
vinaasusudrsduvedaslalaugd 1 lundu £ vde Taslaluudil 14 (nnil 4 uazawdl 5) 3aleunsuansgu
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Abstract

The objectives of this research are 1) to study the models of enrollment confirmation prediction for
prospective university students, 2) to study and find the appropriate parameter values to enhance the
efficiency of the models, 3) to compare the model performance of deep learning techniques and traditional
machine learning techniques for predicting the university students' admission confirmation. The applied
models include Convolutional Neural Network (CNN), Long Short-Term Memory (LSTM), Random Forest, Naive
Bayes, and Support Vector Machine (SVM). The samples are 4,479 records of students who applied for
admission to universities during the academic year 2018-2021. The modeling of traditional machine learning
and deep learning uses 11 features consisting of prefixes, schools, applicant types, and 8-subjects grades. The
performance comparison between the two models revealed that the deep learning model outperformed the
traditional machine learning model. Therefore, a study was conducted to find suitable parameters to enhance
the efficiency of the deep learning model. The results of the study found that the CNN model had the highest
accuracy at 64.68 percent, and the LSTM needed to be more suitable due to overfitting. In conclusion, the
CNN was suitable for applying to the system of enrollment confirmation prediction for prospective university

students.

Keywords: Deep Learning, Convolutional Neural Network, Long Short-Term Memory, Enrollment

Confirmation, University
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model = Seqguential()

model.add(Conv2D{filters=32, kernel size=(1, 3}, activation="relu', input shape=input shape))
model.add(MaxPooling2D(pool_size=(1, 2)))

model.add(Conv2D{filters=64, kernel size=(1, 3}, actiwvation="relu')})
model.add(MaxPooling2D(pool_size={1, 2)))

model.add({Conv2D{filters=128, kernel size=(1, 3), activation='relu', padding="samz')})
model.add(MaxPooling2D(pool_size=(1, 2)))

model.add(Flatten())

model.add(Dense(256, activation="relu'))

model.add(Dense(128, activation="relu"))

model.add(Dense(2, activation='softmax'))

awi 5 msaidueanisiseuiidedniassguszamuuunauligiu

2.2 miﬁ'auiﬁﬁmmSﬂaﬁmﬁﬁxawn—izaxﬁyﬂ LfJuI:uLmaﬁgﬂaaﬂLmumLﬁaﬂizmawaﬁﬁ'a;ﬂaﬁﬁﬁwﬁu
1381 L Toyan1an1snw 1des Qﬂﬂ’wmﬁmﬁlaLLf’fléui‘Jzym‘[mqﬂwﬂixmmu%w ylausalivanIugeenis
Awanila (itboonyapinit, Maneerat and Chirawichitchai, 2022) lumsa$1aluwanisseusidednmieanudisses
g11-5v8zdu uandlunmdl 6 arursaesueldded 4u LSTM Layer usnldviing LSTM $1uau 64 wine uas¥udeya
ﬁwﬁw lngay LLUaaé’wé‘fwﬁauaﬁﬂLﬂi’fﬂ,ﬁaEﬂui‘uLL‘U‘Uﬁ'mmuﬁm%miﬂiumamaLLa L%Em%fﬁ']ﬁuﬁam u LSTM Layer
fiaoefiviag LSTM 1w 128 niae LLaum‘wuﬂi‘w return _sequences WJu True ‘U‘u LSTM Layer wmuwma
LSTM 91121 128 e LLaulmeiadaaﬂﬁuaua Wju Dense :u‘vm‘mm 3 ‘tju Activation Function ‘vﬂfma RelLU L‘WEJ
Uszananadeya Dense szuqmmsmmﬂ“v flaridu Softmax 1Uu Activation Function

model = Sequential()

model.add(LSTM(units=64, input_shape=(x_train.shape[1], x_train.shape[2]), return_sequences=True))
model.add(LSTM(units=128, return_sequences=True))

model.add(LSTM(units=128})

model.add(Dense{units=564, activation="relu')})

model.add(Dense(units=2, activation="softmax"))

Al 6 MasunansiseusldnileANdNSEeve-SE YAy

nsinUssansamlaieg

Tumsiauazsnuseansanlunagidelidenldrnugadonssaoulnst Cross Entropy Loss) 1umdlslu
Fsdwmmugyddlumsilnlumatuy ranauuuutausn (Classification) Ingtaniznissuuneanaiiuinn 2
Aana (Multiclass Classification) FsahulugignihanldluisnisiSeuiidednlnedwanilsanaumsi 3

H(y,p) = =X (y_i xlog(p_i)) (3)

Toil
H (y, p) Aeanugsidenesaoulnsy senisninmesdinauass (y) wazFneuiliaan1ne (p)
y_i famntivine (Target) dmsunana i
p_i Aenruinazidu (Probability) filaiaamiaannaia i Tun1ssiuun

waei3dedalald anugeads cross-entropy Saufun1sinA1AILINGT (Accuracy) Tneduiaildainaunis

TP+TN (4)
TP+TN+ FP+FN

Accuracy =

[GE
True Positive fio uudeyaignduungniesindueraiadmuneg
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True Negative fia SuUT0YA

o ¥ ! [~
gnduungnsiesilsiiluaanatvineg
False Positive Aie 31uudeyanignd

gndwundibidupanamuneg

False Negative fia S1uaudeyaiignwuninduaaradmineg

Y

=p

HaN1338UAZAUTIUHA

MnmsailuinadeiBninfouveseiesuusauiuuarnisfeudiednnuin unaiiaishemeiinns
Boufidedniiussansnmiand TaglunamsiFousidednuuulaseeyszamuuuasuligiu Samnugniesiosas
63.27 uazmheaudsveren-srrdu rnnugniesiesay 63.08 fuandunissd 3

M19199 3 ANTUAANAT Accuracy VBITANBITINNITSHUSVBAATOUUUALALLAL TaNETIUNNSISEUIITEN

Algorithms Accuracy Precision
@onidnisey luidanidnizeuy
Random Forest 58.86 33.27 77.14
Naive Bayes 61.92 22.36 84.74
Support Vector Machine 62.37 16.96 89.43
Convolutional Neural Network 63.27 66.22 52.27
Long Short-Term Memory 63.08 64.66 48.26

o
=% o

nduAdeldinnsfnmamisdmesnldlunisadicluma nadmemelianisiseudidedni 2 aila

1#ud TassdngUszamuuuaoulagu uay mihenrusissozeni-szerdu andeyanissuidvesinAnyiane
Ingrenans unvinerdguasustdl lulnisfinun 2561 - 2564 Tnoudsypdeyadilifindus wiusosas 70 uazld
dmsunaaeusesay 30 Iaefimsdnwuaznistmuaswsiives fueluil

1. Learning Rate \umsfiwesifldnddalunisaddunaiilonin Learning Rate ﬁﬁmqqmaﬁﬂﬁmi
Boudveddunaiotuid uiilomaviililunathugeiifidigade (Loss) sanluvnsd Leaming Rate fiAsiAuly
p19vililunaFeustiuasind1efl Local Minimum fadugide 1imunsn Learning Rate fiwansnsiuiitafny

a

wisimeifdwmadeUszdviamuadluinaiinian lnofmuasmsiineddu q &a# Epochs = 100 waz Optimizer
= RMSprop ﬁm%‘ué“aﬂa%ﬁumiﬁauﬁl,%aﬁﬂﬁgq 2 dane3fiu {33ulAuus Leaming Rate sonilu 6 Faedsuansly
M15197 4 waznuinilefiaswn Validation Loss wae Validation Accuracy $aufiunuin Tassieuszainuuy
ﬂauhq%’uﬁﬁmiﬁmumﬁh Learning Rate 71 0.00001 Iﬁwaﬁwéﬁﬁﬁqm‘[m ﬁﬁ’lm’mgﬂéfmﬁ%aﬂas 64.62 uay

Learning Rate 91 0.001 vaaiiieANINTEere1-seugdu Irnnugndesnfosas 64.25 Awandluning 7

A19199 4 N3LUSEULgUUsEANSAMUDY CNN wag LSTM fen1sATUAAT Learning Rate

Learning Validation Accuracy Validation Loss
Rate CNN LSTM CNN LSTM
1 62.30 62.30 66.25 66.25
0.1 62.30 62.30 66.25 66.25
0.01 63.89 62.30 63.75 65.60
0.001 63.89 64.25% 63.93 63.91%
0.0001 63.89 64.10 63.93 63.91
0.00001 64.62* 62.30 63.69% 64.98
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Lr = 0.00001 CNH (n) Lr = 0.001 LSTM ()
®  Training accuracy Training accuracy
= Validation accuracy .".h ] — Validation accuracy
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Bpochs Epochs

A 7 Learning Rate 983 CNN = 0.00001 (n) Learning Rate 98¢ LSTM = 0.001 (1)

2. Epochs lumsfimesfismuaseulunisilndunisadialuea n1stiviuas Epochs teaiiuluanvay
dealilunaiinsieuidey viliussavsnmlunsiuneldd widhiwuedn Epochs snnifiuluenadealvluinad
N13i3euTNNn v’iﬂﬁiuLﬂahjmmmﬁﬂmaﬁauaimjﬁlsiLﬂ&JLﬁumﬁaulﬁ GE a'amam'aﬂimwianmﬁi%‘lumm%ﬁq
Immamusuu muumaﬂﬂmmﬂm Epochs 1/1LL@ﬂmaﬂumLLaﬂﬂumﬁw 597U 4 m Wielile Epochs fidien
Validation Accuracy awammmamaauawam Tnadvuad s fimessu 9 mu Learning Rate = 0.00001
Optimizer= RMSprop fuaaaaﬂai‘mumuwmmamimamaﬂi mmwmau‘haw waz Learning Rate = 0.001
Optimizer= RMSprop maaaaﬂaﬁmmﬁLﬁ&Juﬁmaﬂwuwmmmﬁ AELHERELT &y wutnisusudmsines
Epochs %adaaﬂaﬁ‘wum 2 dana3iiu dAn Training Accuracy L‘wuawu Tuvue? wiien Validation Accuracy anas Tag
dane3fiunisiseuiidednlaseineysyamuuunouligdu fen Training Accuracy = 94.80 uaw Validation Accuracy
- 64.62 fauazLAnnns Overfit Lile Epochs = 100 fauansluzuil 8(n) uardanesiiunisiSeuiiddnmisoninud,
Ss&lx&l’ﬂ—iz%gu 3@ Training Accuracy = 83.63 way Validation Accuracy = 64.25 AauazLAAN1T Overfit dle
Epochs = 100 fsuansluguil 8()

A1519% 5 MsUSeuiisuUseandaimues CNN wag LSTM sensaivunal Epochs

epoch Validation Accuracy Validation Loss
CNN LSTM CNN LSTM
20 63.26 63.98 64.25 64.14
30 63.86 64.32 63.95 64.02
100 64.62 64.25 63.69 63.91*
600 64.68* 64.47* 63.66* 63.97

3. Optimizer {338 lavinnisiTeuliisuussansaneie Optimizer 311w 4 wuulduA Stochastic Gradient
Descent (SGD), Adadelta, Root Mean Squared Propagation (RMSProp) way Adaptive Moment (Adam) 1o &3
walSeuifisuyszavsnimdauandlunisnadl 6 wudn Optimizer wuu Adam veslassineuszannuuuasulagiu s
Validation Accuracy = 64.68 Snuuusaedliiinns Overfit naeaszeymsHnuuUS a8 uay Optimizer AaLLan4
Tunnil 9 (n) waz Optimizer WUU RMSprop YomhenLsyere-srezau fien Validation Accuracy = 64.65
wazLUUSaesfuinn1s Overfit fauandluninii o)
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Epochs = 600 CNN (n) Epochs = 600 LSTM (‘U)
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Al 8 Epochs w83 CNN = 600 (n) Epochs %84 LSTM = 600 (%)

A1519% 6 LSy uLiuUTEANSA MUY CNN wag LSTM aaensaivua Optimizer

Optimizer Validation Accuracy Validation Loss
CNN LSTM CNN LSTM
SGD 63.11 62.30 64.52 65.83
RMSprop (Default) 64.68 64.65* 63.93 63.78*
Adadelta 62.48 62.39 69.54 66.42
Adam 64.71% 64.47 63.66* 63.97
Opiizr = Adam CNY (n) Optimizer = RMSprop LSTM ()
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Abstract

Tackling the global challenge of student attrition and underperformance that widely affect
educational quality is a huge challenge. This is a very significant issue in Thailand. Thus, the current research
analyze data from 51,106 students and 11 faculties of Ubon Ratchathani University in Thailand for the 2011-
2021 academic years. This was done to develop enhanced predictions of academic success utilizing two deep
learning methods (Convolutional Neural Networks (CNN) and Recurrent Neural Networks (RNN)), each fine-
tuned for maximum accuracy. The predictive models were scored using the Confusion Metrics and AUC-ROC.
The experimental results show that, our research stands out for its robust predictive power, achieving
accuracies between 81% to 98%. Notably, RNN achieved high accuracy in all faculties. Additionally, leveraging
Django, Python, and PostgreSQL, we propose a research methodology and develop a web application that
operationalizes our findings to stakeholders for effectiveness. It has the capability of providing a group of
users with a practical tool enabling individual students to forecast academic outcomes, teachers to identify
at-risk students early, and faculty as well as, university staff to support informed decision-making thereby
improving educational strategies and outcomes. This comprehensive methodology illuminates effective
predictive models and system tools driving academic achievement in our university and other higher

education institutes.

Keywords: Student performance prediction, Deep learning, Web application, Graduation rate
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Introduction

Currently, many universities are faced with poor academic performance, delayed graduation, early
dropouts, or even ceased studies. This causes problems for students, their families, and institutes, which are
widely perceived as time and resources wasted. Even though many universities have invested in the education
system and provided well-equipped facilities for digital advancement, student performance and success are
still critical. (Mangaroska and Giannakos, 2018)

Similarly, Ubon Ratchathani University (UBU) was founded in 1988, approving establishment of 11
faculty in the fields of (1) Medicine, (2) Nursing, (3) Pharmaceutical Sciences, (4) Agriculture, (5) Engineering,
(6) Science, (7) Architecture and Applied Art, (8) Business and Management (9) Law, (10) Liberal Arts, and (11)
Political Science. Most all programs have a four year duration, while medicine and pharmaceutical sciences
are six-year undergraduate degrees. However, even though our university works to achieve a high number of
graduated students with good academic results, student success has declined and many are vastly
underperforming. As reported in the UBU REG system (REG UBU, 2010) during the 2010-2021 academic years,
about 17% of the students overstay their program duration, while the remaining students completed their
degree within the expected timeframe, but 29% had low scores.

To tackle this problem, preparing and graduating students with good performance are crucial tasks.
However, current approaches, such as preparing new students with skills in digital literacy, problem-solving
and communication to enhance their success, may not be sufficient in our universities. This is due to a lack
of useful data and limited understanding of student performance. In particular, there is a lack of online
decision-making tools which help students, faculties or even institute understand student’s learning
performances and their risks at an early stage. Therefore, focusing on the development of an early prediction
or warning system for forecasting student performance is essential and considered a key factor in academic
improvement.

Currently, although many systems have been proposed as tools to predict student performance and
have achieved high accuracy (Wibowo, Andreswari and Hasibuan, 2018; Badal and Sungkur, 2023; Kaensar and
Wongnin, 2023; Park and Seong, 2021), some limitations remain unaddressed. For example, there is limited
comparability of learning model performance, especially with deep learning. Additionally, there is a lack of
tunable models with appropriate parameters and optimizers. In some cases, few diverse input data are chosen
for prediction with insufficient quantification of each factor’s impact. Furthermore, there is no web
implementation of such systems.

To address these challenges, this study aims to develop alternative and new-day wise approach using
deep learning model, which are flexible and capable of handling vast amounts of data for prediction (Bhushan
et al., 2023; Streib et al., 2020). Two deep learning models (Convolutional Neural Networks (CNN) and
Recurrent Neural Networks (RNN)) with fine-tuned parameters are employed to ensure analysis accuracy and
prediction of student success based on UBU’s student data. More specifically, it was implemented as a web-
based tool with integration of Django, Python, and PostgreSQL to support prediction processes and make
useful decisions for the university.

To achieve these goals, the main research questions (RQ) are:

1)  Which of the deep learning models (CNN, RNN) with fine-tuned parameters can best predict

student performance of each faculty in UBU?

2) How will the proposed framework be deployed to generate predictions and report these results

via a web system?

To answer these questions, this study collected and used a large dataset comprise of 51,106 student
records with 27 variables, covering three datasets, student demographics, school data, and university data,

from the 2010-2021 academic years. To generate output and achieve more accurate predictions, the tasks of

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



24 | Journal of Science and Science Education Vol. 7 No. 1 (Jan. - Jun. 2024)

preprocessing data, training the models with fine-tuned parameters, evaluating the models using five-fold
cross-validation, and developing a web system were done.

The main primary contributions of this study are development of methods to make high-accuracy
predictions of successful UBU students in each faculty. These results can be used to make predictions and
identify at-risk students early, plan appropriate interventions, analyze reported data. Furthermore, this is a
practical concept and its results can be implemented through web applications designed to enhance learning

quality at a university and other higher education institutes by supporting decision-making.

Research objectives

1. To construct, compare and evaluate student success prediction model using deep learning of
each faculty in UBU.

2. To propose a research methodology and develop a web application that operationalizes our

findings to stakeholders for effectiveness

Literature review

Student prediction approach in deep learning and their applications

Deep learning is important for classification and prediction in a variety of domains. These approaches
were applied in many studies with remarkable results, especially in education (Sultana, Rani and Farquad,
2019; Bhushan et al., 2023). By analyzing LMS logged data, (Sultana, Rani and Farquad, 2019) employed 11
features to predict student success, using data collected from 1,100 records with student interaction, activities
and student learning in an LMS. Techniques such as a Deep Neural Network (DNN) and some machine learning
with WEKA and Rapid Miner Tools were applied. Decision Tree and DNN gave the highest prediction accuracies,
99.81% and 99.45% respectively. Similarly, (Park and Seong, 2021) conducted similar experiments with deep
learning and other machine learnings but used a larger dataset with approximately 1,480,275 records of
98,685 students who accessed online coursework between 2012-2019. The result showed that Random Forest
and DNN can predict early dropout of online learner with an accuracy of 96% and 85%. Likewise,
(Vijayalakshmi and Venkatachalapathy, 2019) developed a prediction model to forecast post-graduate student
performance employing various techniques using R Programming. The data obtained from Kaggle contained
480 instances, with 16 demographic attributes (gender, nationality, place of birth, parents), academic data
(school grades, days of absence), behavior (raised hands, visited and view materials) and parental participation
(answering, posting). DNN showed high accuracy, 84%. Moreover, estimation of parameters using deep learning
and machine learning techniques to improve prediction accuracy have gain recent attention. Such as
(Mohammad et al., 2023) explored the effectiveness of using deep learning and other algorithms to more
precisely predict student performance. CNN with 7, 9 and 11 epochs yielded the best accuracy, 88.89%.

Improvements continued when much research also focuses on development of web tools to
enhance outcomes. For example, (Roy et al., 2022) developed a web application with a DNN model to predict
CGPA and recommend study plans. Although it provides high accuracy, 92.94%, only a single academic term
result is considered. To provide more student data, the study of (Wibowo, Andreswari and Hasibuan, 2018)
added school grades, parent background, number of credits and student activity data to develop a decision
support system (DSS) with C4.5 decision tree to predict student graduation time, while (Inamdar et al., 2022)
analyzed previous GPAs and use Linear Regression to develop a powerful decision tool with a Django
framework for cutoff predictions in a college admission process. With limited input data, accuracy and even
system functionality are still improved. (Badal and Sungkur, 2023) enhanced a system by focusing on three
functions, predicting student performance, identifying factors and proposing a framework as a decision support
tool for grade prediction. Deep learning, machine learming and 34 features (e.¢., demographic, certificates

obtained, experience and activities data) were employed. Although at-risk student assessment and early
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prediction by the web system were strengths, utilization of default parameters and some factors might affect
the results are less considered.

Summary of existing research and motivation

Although most of the existing studies may have high accuracy, these works suffer from a limited
input data, a lack of model tuning and undeployment of the model into a system. Therefore, this study
employs five main components: (1) integrating more powerful deep learning methods, (2) tuning appropriated
parameter settings, (3) analyzing a wider range of datasets (e.g,, student demographics, school data, and
university data), (4) developing web-based prediction system, and (5) investigating deep learing for prediction
which has emerged as a new research area of machine learning. The description of our methodology will be

described in the next section.

Research methodology

In this section, a proposed methodology based on two deep learning models (CNN, RNN) are built.
The models and their settings were trained and tuned. Then, model performance was evaluated. After that,
the fine-tuned model is integrated with a web tool to predict and report results. The steps in building the

system are depicted in Figure 1.
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Figure 1 Research methodology

Data collection

Real-world data acquisition from UBU spanned from 2011 to 2021, combining three distinct sources
(demographic, school data and university data). The input data are divided into seven demographic variables,
fourteen school data variables, and six university variables. From this, we not only consolidated all the
information into a single table while considering the data relationships, but also categorized it into three
groups based on the data type. These categories include categorical data (such as entry type, parental status,
parent occupation, and their incomes) and numerical data (including ONET score and high school grades).
These descriptions are depicted in Table 1.

To ensure the accuracy and reliability of our predictive models, the dataset required careful
preprocessing. Initially, the classes were significantly imbalanced, with 12,955 instances labeled as '0' and
38,151 labeled as '1', resulting in a class ratio of approximately 1:3. To correct this and mitigate model bias

towards the majority class, we implemented resampling techniques to equalize the distribution between
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classes. This crucial step enhances the robustness and generalizability of the deep learning algorithms applied

in our study.

Table 1 The description of features in UBU

Type ID Attribute Description
1 Sex Ex. male, female
Demographic 2-4 Parent detail Ex. parental status, income and their career
Data 5 School detail Ex. is school in town?
6-7 Home detail Ex. home location and is home in town?
8 Entry GPA Cumulative GPA in high school

Thailand’s Ordinary
9-13 National Education Test
(ONET _Subject)

ONET score for Thai, Social, English,

Mathematics and Science

School Data
01 - Thai, 02 - Mathematics, 03 - Science,

(421 High school grade 04 - Social, 05 - Health and Physical
(scho_gpax01-08) education, 06 - Art, 07 - Technology and
Career and 08 - English

22-23 Entry detail Ex. entry year, entry type
University Data 24-25 Field of studying Ex. program name, major

26-27 Grade of first year GPA of term1, GPA of term2

) 1 - Student who complete the degree
Target Graduation status

0 - Student who fail or ungraduated

Data preprocessing

Effective data preprocessing is crucial for deep learning analysis. We utilized Conda for managing
Python dependencies and installing essential libraries such as Keras and TensorFlow. The Anaconda platform
streamlined this process, integrating necessary tools for data science. We employed a Jupyter Notebook for
interactive data handling and visualization. This produced a versatile web application that allows for dynamic
coding as well as presentation of data and analysis workflows. Key preprocessing tasks were done as follows.

1. Data cleaning In the initial stages of our analytical process, we undertook a comprehensive data
cleaning and preprocessing routine. This fundamental step encompassed a variety of tasks aimed at refining
the dataset for subsequent analysis. Key among these tasks was standardization of column names to a
uniform lowercase format for consistency. In this step, an automated method cleans the student dataset
using a Python script. It consists of processes incorporating data, managing missing data using interpolation
methods, handling data anomalies, sklearn one-hot encoding and label encoding, and finally standardizing
the data. Standardization is necessary for data compatibility with deep learning algorithms that require
numerical input. Categorical variables, such as those indicating program enrolment or faculty, were
transformed into numerical values through label encoding. Abnormal data are recognized using threshold
and clustering methods to eliminate faulty data from the data set. Missing values can be handled by removing
those records that lacked complete information, thereby cleaning the dataset for more accurate model
training.

2. Data transformation This study employed a label encoding technique to transform raw data into
a format amenable to analysis. This process can handle abnormal values and outliers in the dataset, reduce

the influence of abnormal values on the prediction model, and improve the robustness of the model. It was
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necessary to convert categorical features into numerical data, thereby ensuring compatibility with sklearn
functions (e.¢., with methods such as transform (array of trained_data) ).

3. Data normalization Following data transformation, normalization was implemented to mitigate
the large variances between maximum and minimum values of features. This normalization scales the feature
values to a decimal range from 0 to 1, contingent on their respective maximum and minimum values. Such
a step is fundamental for deep neural networks, aiding in more consistent and expedited model processing
(Bhushan et al,, 2023; Mohammad et al., 2023) From this context, the Min-Max Scaler technique was
employed. In this equation, 'valueold' denotes the original value of the feature, while 'value' represents the

normalized value. The Min-Max Scaler formula is (Fullan, 2018):

valuegyig — ming

value = * (new_max, — new_min,) + new_min, (1)

max,— ming

This formula was used to adjust the values of each feature to a normalized scale, thereby enhancing

the homogeneity of the dataset and optimizing it for effective analysis.

Deep learning model training

This section presents the methodology for training deep learning models, following extensive data
preprocessing. Numpy libraries were used for loading datasets, while Keras and TensorFlow served as the
backend for model training, which proceeded in structured stages.

1. Data splitting In this step, we implemented a five-fold cross-validation strategy for dividing the
data and reducing overfitting, ensuring a thorough evaluation of model performance. The dataset was
segmented into five equal parts, with each serving as a validation set (20% of dataset) once during the
process, and the remaining data combined to create a training set (80% of the dataset). This cyclical validation
guarantees that every data point contributes to both training and validation, thereby enhancing the model's
robustness.

2. Hyperparameter values setting We explored a range of parameter combinations to determine
the most effective settings for our models. To fine-tune parameters for the CNN and RNN models, variables
were set to create 108 and 36 patterns using different values and some default settings for each faculty. The

possible hyperparameters for each classifier are shown in Table 2.

Table 2 Experimental setup showing using various classifier values.

Classifier Hyperparameter List
NN filters=[ 32,64,128], kernel_size=[3,5,7], strides=[1,2], padding=[ 'valid',same’],
activation=["relu’, 'tanh’, 'sigmoid']
RNN epochs=[10, 20, 50], batch_size=[ 16, 32, 64],

activation=[ 'relu’, 'tanh’, 'sigmoid’, 'softmax’]

3. Construct and fit the model We explored a range of parameter combinations by tuning
parameters for each model to determine their most effective settings. Hence, variables were set to create
CNN and RNN with 108 and 36 patterns using different values and some default values for each faculty. After
that, we applied seven algorithms that were suitable for the nature of our models. The display of code

example for building the deep learning model is presented in Figure 2.
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parameters = {'filter_p':[32,64,128], ‘'kernel_p':[3,5,7], 'stride_p': [1,2],
'padding_p': ['valid','same'], 'activation_p':['relu’,'tanh’,'sigmoid’'] }
paras = [len(e) for e in parameters.values()]
size = 1
for s in paras:
size = size*s
model_abb = 'CNN' # Conveolutional Neural Network
for fac in fac_id:
result = pd.DataFrame(columns=['fac', 'model’, 'parameters’,'accuracy’','precision’,’recall’,’'f1'])
for ft in parameters['filter_p']:
for ks in parameters['kernel_p']:
for std in parameters['stride p']:
for pad in parameters['padding p']:
for act in parameters[’activation_p']:
kf = KFold(n_splits=5, random_state=16, shuffle=True) # K-fold cross-validation (k=5)
for train_ind, test_ind in kf.split(dataset[fac]['x']):
x_train, x_test, y_train, y test = dataset[fac]['x'].iloc[train_ind], \
dataset[fac]['x'].iloc[test_ind], \
dataset[fac]['y'].iloc[train_ind]['target'], \
dataset[fac]['y'].1loc[test_ind]['target’]
model_str = f'{filters=},{kernel_size=},{strides=},{padding=},{activation=}"

try:
#Stepl. Preparing data
scaler = MinMaxScaler() # Normalize input features
X_train_scaled = scaler.fit_transform(x_train) # Fit,transform input data&converts data
X_test_scaled = scaler.transform(x_test) # Apply learned transformation to test data

X_train_reshaped = X_train_scaled.reshape((X_train_scaled.shape[@], X_train_scaled.shape[1], 1))
X_test_reshaped = X_test_scaled.reshape((X_test_scaled.shape[@], X_test_scaled.shape[1], 1))

#Step2. Defining and Fitting model
model = Sequential()
model.add(ConvlD(filters=ft, kernel_size=ks, activation=act, input_shape=(X_train_reshaped.shape[1], 1)))

model.add(MaxPoolinglD(pool_size=2)) # For 1D temporal data.
model.add(Flatten()) # Collapsed into one dimension.
model,add(Dense(64, activation="relu')) # Apply rectified linear unit activation function.

model.add(Dense(1, activation='sigmoid')) # Apply sigmoid for binary classification
model.compile(optimizer="'adam’, loss='binary_crossentropy’', metrics=['accuracy']) #Compile model
model.fit(X_train_reshaped, y_train, epochs=10, validation_data=(X_test_reshaped, y_test)) #Fit model

#3. *** predict and visualize results
y_pred = model.predict(X_test_reshaped)
y_pred = np.round(y_pred)

accuracy = accuracy_score(y_test, y_pred)
precision = precision_score(y_test, y_pred) Get result score of precision

recall = recall_score(y_test, y_pred) Get result score of recall

fl = f1_score(y_test, y_pred) # Get result score of fl-measure

result.loc[len(result)] = [fac, model_abb, model_str, accuracy, precision, recall, f1] #Collect result
except Exception as E:

print(E)
break

Evaluate model
Convert probability to binary prediction (@|1)
Get result score of accuracy

H W W W

Figure 2 Code from the implementation of predictions using CNN1D with Keras of Python

Model building generally is a three-step procedure as follows:
1)  Preparing the data: This stage loads the dataset and check the data.
2) Defining and fitting model: This stage defines, compiles the model with an optimizer and
fits the model to training data.
3) Predicting and visualizing the result: This stage out puts predictions and evaluates model

performance.

As illustrated in Figure 2, a CNN applied to a 1D Convolutional network reshapes the input data to
perform predictions. Precisely, its starts with preparing the data by adjusting its dimensionality with the
“reshape()” method, creating indices to split data into training and testing sets [xtrain, xtest, ytrain, ytest] with
“split()”. Next, it defines the model by integrating Flatten(), Dense() layers and compiles it with optimizers
using “compile()”. Last, prediction are made with the trained model using “predict()”. However, model

performance must be evaluated predictions visualizing in a plot, which is described in the next section.

Evaluation

The evaluation phase is to measure model performance. Post-training, models with varied
parameters were evaluated to ascertain differential performance across several optimizers. For a
comprehensive assessment, key metrics such as accuracy, precision, recall, and Fl-score, were employed as

the principal indicators. Additionally, the Area Under the Receiver Operating Characteristic curve (AUC-ROC)
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score was utilized as a metric to gauge the model's discriminative capability. Validation of model performance
utilized the remaining 20% of the dataset, which was subject to a five-fold cross validation procedure. The

mathematical expressions for each metric are provided as follows (Fullan, 2018):

1. Accuracy measures the proportion of predictions that the model classified correctly, defined as:

True Positive+True Negative

(2)

Accuracy =
Y Total Examples

2. Precision indicates the frequency of actual positives among positive predictions, which is useful

in minimizing the number of false positives, defined as:

. . True Positive
Precision = — — (3)
(True Positive+False Positive)

3. Recall or the true positive rate, represents the model's capacity to identify all relevant instances
of true positive values, defined as:

Recall = True Positive @)

True Positive+False Negative

4. Fl-score, the harmonic mean of precision and recall. This parameter provides a balance between

the precision and recall metrics, defined as:

Precision*Recall
F1—Score =2+« ——— (5)

Precision+Recall

5. AUC-ROC is a method of validation and visualization the performance of a classification model
at different threshold values. ROC curves and AUC provide a discriminating form to support model

evaluation.

Developing a web-based application

To use a trained model and implement the system, a web application was developed that contained
front-end and back-end workflow, developed using Django, Python, and PostgreSQL to forecast and report
the results. This system was designed based on Django (Model-View-Template) and run within the Celery

framework for task management.
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Figure 3 Django and Celery process flow

To begin in Figure 3, data required for prediction is collected from clients for entry in Django
templates as a front-end on the client side. Next, it is hosted through a Django Framework on a back-end
system where the stored version of deep learning is integrated. To accomplish this task, Django sends data
to Redis Message Broker and invokes Celery to consume it. When the task finishes, Celery saves results and
updates the task status. Simultaneously, Django checks this status in parallel and directs results to the front-
end to display and report results pages via web sockets and the Django channel library. The program code
shows a prediction function in loading, transforming, and predicting using Django and Python to conduct an

analysis, which is illustrated in Figure 4.

import pickle # For model deployment
import numpy as np # For data management

with open('MODEL.pkl', 'rb") as model_file:
loaded_model = pickle.load(model_file) # Load model

with open('SCALER.pkl", 'rb') as scaler_file:
» scaler = pickle.load(scaler_file) # Load scaler

def Prediction(faulty_id, sex_enc, par_stat_enc, is_sch_intown_enc, home_loc_enc, is_home_intown_enc,

entrytype_enc, par_inc_enc,par_occ_enc, entry_gpax, on_thai, on_soc, on_eng, on_math,
on_sci, GPAX@l, GPAX©2, GPAX@3, GPAXe4, GPAX@5, GPAX@6, GPAXe7, GPAXes8,entry_year,
pgm_enc, major_enc, gpa_terml_enc, gpa_term2_enc): # Define function and their parameters

input_data = [sex_enc, par_stat_enc, is_sch_intown_enc, home_loc_enc, is_home_intown_enc, entrytype_enc,
par_inc_enc, par_occ_enc, entry_gpax, on_thai, on_soc, on_eng, on_math, on_sci,
GPAX@1, GPAX@2, GPAX@3, GPAX@4, GPAX@S5, GPAX@6, GPAXQ7, GPAXeS,
entry_year, pgm _enc, major_enc, gpa_terml_enc, gpa_term2_enc] # used 27 input data

input_data = np.array(input_data).reshape(1l, -1) # Convert input to 2D array

scaler_fac = scaler[faulty_id] # Perform scaling on selected feature

X_new_scaled = scaler_fac.transform(input_data) # Apply the learned transformation to test data

model_faculty = loaded_model[faulty_id] # Load the model

prediction = model faculty.predict(input_data) # Predict the labels of the data value

result = "Fail" if prediciton!=1 else "Pass" # Prediction=1 (Pass), others=Fail
return result # Return output

Figure 4 Code snippet for predicting output

Experimental results and discussion

Two sets of experimental results are discussed to address the research questions of this study.

Evaluation of model prediction results

To address RQ1, we compared and evaluated two deep learning approaches to predict whether
students would graduate from a program (achieve a GPAX of 2.00 or more) for each faculty using the UBU
student dataset. Furthermore, we tuned parameter settings and reduced the imbalanced information using

Synthetic Minority Over-sampling Technique (SMOTE) to enhance performance.
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Figure 5 Performance results of 11 faculties with a parameter tuning algorithm

As shown in Figure 5, student outcome prediction is very high for each faculty with accuracy ranging
from 81% to 98%. Hence, the outcomes showed that the RNN model produced the most accurate predictions
in all faculties. The model prediction for the Faculty of Architecture and Applied art produced an F1-measure
of 98.39% that reported the highest accuracy. However, the model for evaluation of Law student might be
less than the others, but in fact, the accuracy of 81.97% is still high. The list of all 11 faculties with their fine-
tuned predictive models is shown in Table 3.

As such, we concluded that RNN works best, which is accordance with the research of (Vijayalakshmi
and Venkatachalapathy, 2019 and Korchi et al., 2023). It is proved that the RNN provided better accuracy

than the other methods such as Regression, Naive Bayes.

Table 3 Performance evaluation results applied to 11 faculties

Fine-tuned Accuracy Precision Recall F1-measure

Faculty Predictive (%) (%) (%) (%)
Model RNN CNN RNN CNN RNN CNN RNN CNN
MED RNN 97.47 87.10 98.88 88.71 96.07 84.48 97.44 86.49
NURSE RNN 98.28 97.12 100 99.51 96.33 | 9455 | 98.12 | 96.88
PHAR RNN 98.16 97.01 100 96.78 96.34 97.29 98.11 96.99
AGRI RNN 86.88 82.34 | 86.07 80.58 88.14 | 85.61 | 87.05 | 8283
ENGR RNN 87.67 87.40 84.47 85.45 92.63 90.40 88.21 87.68
SCl RNN 85.44 78.28 83.37 76.22 88.75 82.49 85.86 79.07
ARCHI RNN 98.62 88.22 99.46 86.83 97.41 89.14 98.39 87.33
BUS RNN 87.53 80.59 86.30 77.14 89.34 | 87.14 87.75 81.77
LAW RNN 82.07 75.00 79.77 70.61 84.65 84.31 81.97 76.71
LIB-ART RNN 87.79 81.46 86.98 79.74 89.29 85.35 87.95 82.21
POL RNN 87.38 75.05 86.57 70.28 88.37 87.26 87.44 77.74
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In Figure 6, ROC curves of all compared algorithms are used to assess the predictive performance of
models. It displays a comparative analysis a model across various academic disciplines, with each curve
demonstrating the model's capability to balance the true positive rate (TPR) against the false positive rate
(FPR) at various thresholds, as indicated by the respective Area Under the Curve (AUC) metrics. The AUC
values, ranging from 0.88 to 1.00, reveal significant variation in model performance, with the model for the

health care and medical fields achieving the highest discriminative accuracy.

Receiver Operating Characteristic (ROC) Curve
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Figure 6 Representation of ROC curve of RNN algorithms

Furthermore, we fine-tuned deep learning algorithms to evaluate the influence of hyperparameters
on predicting student success. Iterative experimentation across various settings focused on the most effective
hyperparameter combinations applied to faculty-specific datasets, which are given in Table 4. Specifically,
the RNN model was tuned by varying three optimal parameters (ie., epochs, batch size and activation
function) to obtain a better result. As a result, we found that setting an optimal epoch=50, defining a batch
size in [16, 32, 64] and using a ‘relu’ or ‘tanh’ activation function could provide high accuracy. However, even
though a small filter size and large batch size can improve the model performance, they might increase the

computational cost of the model.

Table 4 Optimized Hyperparameters of all the best performing classifiers.

Faculty Classifier Optimized Parameter Settings
MED RNN epochs=50, batch_size=16, activation="relu’
NURSE RNN epochs=50, batch_size=16, activation="tanh'
PHAR RNN epochs=50, batch_size=32, activation="tanh'
AGRI RNN epochs=50, batch_size=16, activation="relu’
ENGR RNN epochs=50, batch_size=32, activation="relu’
SCl RNN epochs=50, batch_size=16, activation="tanh'
ARCHI RNN epochs=50, batch_size=32, activation="relu’
BUS RNN epochs=50, batch_size=16, activation="relu’
LAW RNN epochs=50, batch_size=64, activation="relu’
LIB-ART RNN epochs=50, batch_size=16, activation="tanh'
POL RNN epochs=50, batch_size=16, activation="tanh'
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Web-based Application in prediction and report panel

To answer RQ2, we developed a web-based prediction and reporting system that can provide a
mechanism to analyze student performance and provide summary reports using a fine-tuned predictive
model. The prediction and report panel are shown in Figure 7.

AW - Faculty Academic Year
“'_ Prediction and Retention Dashboard s v i o *
@ Dashboard

Student Count Retention Rate Prediction Result Rate
.o ure Prediction
ey b 569 students 499 students 351 students
i Prediction - 87.70% 6 70.34% @

= Manage

™ Stugent Count By Grade Stugent Count By Status ‘Stucent Count By Prediction Result
2 About us

Predicting Students' Academic Result Group By Faculty

Figure 7 Prediction results dashboard for the Faculty of Science, which include dashboard showing a

comparison of success prediction for each faculty.

The system consists of the following two modules. First, it provides a brief summary of student
backgrounds, grading, retention rates and especially prediction in completion rate for the whole university as
well as the individual faculties. For example, Figure 7 shows a report of Faculty of Science student
percentages for the 2022 academic year indicating the likelihood that they will complete their degrees used
an RNN fine-tuned model. Moreover, it also shows the percentage of students who will likely succeed in their

studies across all the faculties.
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The second part was done to demonstrate the impacts of various factors on academic performance

in a data-driven approach for decision making. For example, when a user submitted their form in Figure 8,
prediction results of a fine-tuned predictive model are displayed indicating whether they are likely to

complete their studies. Histograms highlight important features affecting student performance in Figure 9.
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Figure 8 Input form for individual predictions
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Figure 9 Form reporting individual student prediction results

Successful testing of HTTP and web sockets shows the final application is working correctly, and the

database can support deep learning algorithms. This establishes interoperability between the subsystems,

and that the fine-tuned algorithm is working well to produce results.

Furthermore, we conducted the time measurement in the process of the prediction process from

when a client made a request to the system until the task was completed and the results were displayed to

for specified faculties. As such, faculty and university administrators can better understand student success

UNIVERSITY DATA

University Data

Term 2 GPA
Wo245
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users. These measurements are repeated 35 times to reach the result. The result of execution times to
complete a prediction were captured and used within application developed in Python, which are depicted
in Table 5.

Table 5 Performance of prediction speed in web application

Minimum time (sec) Maximum time (sec) Average time (sec)
0.0649 0.1849 0.1125

Conclusions and future work

This study is a thorough analysis of a dataset obtained from Ubon Ratchathani University. The dataset
consists of 27 attributes, covering 11 faculties, and includes data on 51,106 students over the period of 2011
to 2021. Utilizing deep learning algorithms, we unveil patterns in student performance, with a particular focus
on the predictive capabilities of specific models in various academic fields. This comprehensive dataset
enables us to improve predictive models and expand their usefulness in educational environments.
Moreover, development of a web application was done as a prediction and decision-making tool by
implementing the optimal model with Scikit-Learn of Python, PostgreSQL, and a Django framework.

In summary, addressing student success can be done using the approach of this study to enhance
educational quality, identify at-risk students early, and in decision-making, Furthermore, it would be beneficial
to integrate this approach into other relevant educational platforms.

In future research, the study intends to include additional factors such as Learning Management
System (LMS) activities and social network datasets. This will expand the range of student data analysis to
include correlation and prediction. This expansion aims to improve the predictive models by utilizing
advanced deep learning algorithms and ensemble classification methods. The goal is to increase the accuracy
and performance of student success predictions. Furthermore, this will be directed towards investigating and
comparing several machine learning and deep learning models to predict student performance at our

university.
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Abstract

In this work, the hydrogel copolymers from 2-acrylmido-2-methylpropanesulfonic acid (AMPS) and
acrylic acid (AA) or Hp(AMPS-co-AA) at different ratios were successfully synthesized by the free radical
polymerization for the use in the adsorption of Cu” ions through functional groups within the hydrogel
network. The bound Cu®" ions within the hydrogel structure were subsequently reduced to the copper
nanoparticles (CuNPs) by the reduction reaction using sodium borohydride (NaBHa) as the reducing agent. The
swelling of hydrogel was investigated, and the Hp(AMPS-co-AA) supported CuNPs were characterized by
Fourier transform infrared (FT-IR) spectroscopy and thermogravimetric analysis (TGA). After that, the catalytic
activity of Hp(AMPS-co-AA) supported CuNPs was investigated in the hydrolysis of NaBHa for the hydrogen
production. The reaction parameters were calculated by Arrhenius and Eyring equations. It was found that
the activation energy (E.) was found to be 18.20 kJ mol™'; whereas the activation enthalpy (AH") and activation
entropy (AS") was 20.84 kJ mol™ and -197.54 kJ mol™" K", respectively. Furthermore, Hp(AMPS-co-AA)
supported CuNPs can be reused up to five times without a significant loss of the catalytic activity. This work
indicated that Hp(AMPS-co-AA) supported CuNPs were very useful in the hydrolysis of NaBH, for hydrogen

production and even in catalysis of other reactions of interest.

Keywords: Hydrogen production, Hydrolysis, Copper nanoparticles, Hydrogel polymer, Sodium borohydride
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Tusmidded lelanaanedmesnaniiunain 2-evataniila-2-wiialnamudalnia uedn fu oxa3an uadn
Frednsdinsing 4 aunsndunszituldlaserdeuisenisianedweiuueyyadassilelflunsgadulesou
roUWeshenyilaituiifiegnelulasssnminglalngion ndswniu levsunsuiesiignaisnielulasadne lalng
wagnidsulidusynereuiessziuunlu Insendeufiserdsnduainnsliladenlulslelasdvinmiiidu
3 Anwinisvandivedlelasaa nasnswiinszieuniareUesseduunlululalasiaanedwesnay lnsady
wadayFesnaudrosudunsuseanlnsalnluarnsdsuuanintnuesanslnsendognantinisanuon
n&sniu Anwsyavinmlumaissiitemedlelanaanefueinauiisesivoynaratiesssduululunsges
ameihdeladeululslalasddmsunmsuanuialalniou dunumsiimesiimevesUfieonnnaunisorsisiea
Lavaun3eNe3er nansAIANUI nssnefutud (E.) fewindy 18.20 k) mol™ Tuvmzitounalndsau
nszfuuazioulnsdndsunseduiianiifu 20.84 K mol™ wag -197.54 k) mol™ K aud i uanand
lelasinanediuesnaniisosfuaunianotiledszduuludsanmnsoinduunldlnilduinnis 5 ads Tnsdns
UsgAnsnmlunsiseliiter nuddeiuandiifiui lelannanedwesuauiisesiveynianatiosszduuilud
Uselmdogannlunisdesaaeidmeladenlulslslnsddmiunmanutalelasiou sauvislunissewjisendu q
firanla

Adney: nsndaufdlalasiau msgevaaein sunareUWesszauunly lalasianedwes ludeululslalasd
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umin

Tuilagtu ninenadomdmeadaduwltuanasedsnaiidmsdusuaufesnmmdinuiifiutuegs
seviies nsliustloniiTomdnleadaduionssudng q Aeliiieuaneiidmansenuieanmuindeusianiemss
LaETNISRL Fathy ATIUREININE I UAzeRIslinudAyegneBidnsusruunsunuasdaiundanuluewian
winulelasiauduidansuilutimarediiiun uwasfunmadenndsuiduiinssodanndon esaniided
vaedefiunnisainideimasleada (Ayub et al,, 2018) walulafdmiuiivlslasiauiuegivussinnuesgansied
Fanfniiu wu nsifivluglanglalased Janansueu uazlalasdvaanas (Kojima, 2019) usiu nsiiulelasiau
TuguTulslalaselésuanualasgrann msizuenanazannsadniiulslasauluviinaiguds Seansathn
wanlelnsinuiiielduingAuensadidemas (fuel cell) Fsgunsaifiudsundseudldainnszuumsmanaiian
UFATeseninuialelnsaunazutaendinulidundsnulni ngliodenszurunamnlndiuagliindy

a

ansiaua (Le et al, 2021) ledeululslalase (NaBH.) dnduasindisuniisvedanslalasaninisfnyninfiasdle
Weuduaisinifveiindu FefiSesazlaeuia (wt.%) vesnisiniulalasiaueg 10.8 wt.% Wleinujisennis
aanasaveeun (hydrolysis) sinalatfululslalasalussuuiddseufisen (catalysts) azliufalalasiowdu

NARS U fsaunIs (1)

catalyst
NaBH4(aq) + 2H O(l) —> NaBOz(aq) + 4‘H2(g) (1)

ﬂ’]iﬁa’]EJG]’J‘SUEN‘LJ’]WJEJISULG]EJ&JIUIﬂEJIﬂWﬂG]TUﬂ’]iﬂmﬂ’]ﬁ]&l’mﬂﬂ]N‘?J’J’NIUiuU‘UV]lJG]’JLiﬂﬂgﬂiﬂ’]@uﬂ’]ﬂiuﬂ‘u
uluveslanzdinszna 019 151fon (Rh) 37w (Ru) unatafien (Pd) waz unadidy (PY) 1ilesanlanzinand
191A1AD LTINS umasmmummmLimmulﬂisiﬁamwﬁusamuauww'mmLUumLiﬂuﬂgﬂsmmiamamsuaqm
selmmenlulslalnsdunty wu Taveas (Co) dniia (N) uaz Aeuied (Cu) Wudu (Liu, Qin and Zheng, 2021)
symareUiafszAuLTY (copper nanoparticles, CuNPs) unildludsafizenirasldsumnuaula 1osnnd
sengnuasivszavamifiuinlansinszga egrlsfnu synelangseduunlufiuualiuiiossudaiurilieuna
ounAlngfiudes q TsdsualvigyidedssiniamaneldidoulovesniadsufAisen (Sun et al, 2019) Kty Fan
5995 (supporter) 3adaudnduiiiesilieuniasedvunluiiuszdniamuazteifiuauaiosnimuesnis
AeuFRzeluseriaiignldaounnty

\udimsududin Jasmaneviagnihunldaududisesiuiuegrunsuanglunisinieuoyniaseiuunly
293lanzAg 9 Lﬁ'aﬂmimﬂLawwxi’aqﬁwmﬂwaama% lalasiaa (hydrogel) Wunediuesfiusznouseasldves
uauaLuaifﬁlﬁmmmﬁﬁwﬁﬁ%mwa%LuaﬂiLsu%’uLLazﬁmiL%amm”miwdwmEJT,SU' (cross-linking agent) vt
Foudeaslanodiwesilulassinmdisania lalasiaadafunodiuesiliarasiudvougaduilinely
lassadasenyileriduniaed (hydrophilic groups) ¥liasng 9 uinwune laun vsllansenda (hydroxyl, -OH) nyjans
Uanda (carboxyl, -COOH) nyjaziilu (amino, -NH,) uaznydalia (sulfonyl, -SO2-) Wudu (Gaven et al., 2022)
oy lelasias adunedwe il umuaulesgrannuasiimailuldusslesdlugusie 9 wu lugunisunmd
I%Lﬁu"iamiiaLLa.umumJmwamﬂa'aEJsna'i'wmauuwéaﬂwﬁﬂ%?w%mw Tushunisinens MHduTanmaufuiie
dunsiui Wanugutuuna uay LE]@E]’]‘LJ’JEJG]E]ﬂ’]iLﬁ]iiULG]UIG]‘U@QW‘U Wudu (Cao et al,, 2021) 91ANTNUNIY
155n3su faullalasmanedwesfidunseildazgnilulivselovndlflufudy q Ananmanedsildnanluud
wimshanlfidussesiulunmasdsneymasziuinluvedaveiiieldlunsisafizen (catalysis) Tusnddemand
gailogilo

2-pzAsaniila-2-iialnsinudaliida weda (2-acrylmido-2-methylpropanesulfonic acid, AMPS) tJuans
veuswoiniiiveuihudeflantflalasilan (hydrophilic monomen i warawsathluduaszsisauiuueus
L;J@%?]'ul;ﬁ'aﬂ%uﬂqn@mauﬁamaﬂﬂwaaLuai‘ (copolymer) launnung Fodu miaseiifesmsduaseilalnsaanin
Tawodlwo$ann AMPS fu ezA3dn uedin (AA) AnwigantRvesTaniivSesldfeomaiiama 9 1y Melinsizsiian
duvsduazeiiunidiemaiinyiSesnsudnesudunsusaaiuninsalnd (fourier transform infrared spectroscopy,
FTIR) LLazmﬁmiwﬁmamﬁ'auLLanﬁmﬁﬂmaamﬂmaawﬁaﬂmauﬁamﬂmm%@u (thermogravimetric analysis,
TGA) maamﬁ]umﬂ%laimLaa‘waaLua'ﬁﬁlﬂuéfﬁm%’ﬂumim%auagmﬂﬂaﬂLﬂai‘széfuuﬂu (copper nanoparticles,
CuNPs) Ingede fAsenidnduainnnsimdlessunatiles (Cu*) igngadusionyilaidunmaniifoganelu
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lassasndlalasiaa inanedueynialanzaedilesfiiiuszyauivsesyninneUilesszauuily tnedllalasiaa

° 19 a

wodwesihuthndusisessu Wieldnuduiisswiiserdwiunmsnaauialalasauanujiseimstosaansuise
lpelulslalasa

INUIZaIAN1sITY

MiAdeiifngUszasdifiodoimsduaneilelasaanefiueideisnslanediueslagdu nelfuouaies
AMPS U AA maanaufnuinisliusslenilelanaasialanefweiidanmedlddlunndussesiudmiunis
wisueynaneuesseduuluilelfouduiiiefAtenuuiiswug (heterogeneous catalyst) sauvistladel

dwananisuasuialalasiauainujisenisgesaaetmeludeululslalasd

/ATUNTITY

GRETGHT

ameiiluruiidunseiinses analytical grade) lilaglsidndusoailviuigriiiuiu 2-ova3anille-
2-uialnsinudalnia wedin (2-acrylmido-2-methylpropanesulfonic acid, 99% Acros Organics) 8zA3aA LOTA
(acrylic acid, 99% Sigma-Aldrich) Le#idu lhanea latunnlatan (ethylene glycol dimethacrylate, 98% Carlo
Erba) InunadeuUasdainn (K.5:0s, 99% Carlo Erba) lanaululslalase (NaBHa, 99% Fisher Scientific) Aay
Wos(h luasn lnslawnsn (CUNOs),e3H,0, Carlo Erba) 1us1aanlessy (deionized water, R > 18.2 MQ cm,
nanopore ultrapure water system)

nsdaaszilalasiaanadiues

nsdunsizsilalasiaanediwesvilaerdeuiisenisiianefinesuuveyuadase (free radical
polymerization) uagn 15tdeun313 (cross-linking) luanmeiilinnudouiiiovilii3i5u (initiator) An1suandaway
Ieyyadaszoanun NsnaasvinlaginIsuususiuesNansenine 2-egaTarlla-2-ufialnsinudaluila weda
(2-acrylmido-2-methylpropanesulfonic acid, AMPS) §1u31 10 mmol AU exA3aa wodn (acrylic acid, AA) i
dndluasig 9 (1, 5, 10 wag 15 mol% was AMPS) avanglutnusaanlossu Usnns 2 mL wdwfuedidulna
poalauymilatan (ethylene glycol dimethacrylate, EGDMA) 0.1 mol% ¥83 AMPS §1u7u 20 pl thag 0.01 M
K:5:08 713U 1 mL anntuniuasavaenauiivszneussuauewes asdenrnsywinaeld uavisSulvidn
il wiussansasatenavldluasananadin (@uruaugnans 0.5 wuiuns) Ineldnszuenda (syringe) wdsniay
daiislifgungiviesdunm 24 92l agldlelnsiaanefiuosuinlanediuns (Hp(AMPS-co-AA) Aifidnumsduian
Ta 1ifd wlelasieanedimesundaliiannuen ~ 1 cm ntudredeiusaanlessu Tnewdeuirdnamn
1 2l Wudrunw 3 ads suldanududrsinneuiigunad 40 °C \uinan 48 $alus mudrdu gavinelfu
lelasiaanedmesluggnnuiu (desiccator) iiesansiameiuasldnusoly msduaszsilelasaanediuoiuay
TAssas19aluves Hp(AMPS-co-AA) wanshunIng 1

/Y \AOJYDHZ
o EGDMA

AA Hp(AMPS-co-AA)

29 1 nMsdaaneilalasianediuesiazlaseasanalives Hp(AMPS-co-AA)
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Anwinisuaud (swelling) vaslalasiaanadiues

A3 (swelling) voslalasiaanedesdnuilnenisds HoAMPS-co-AR) Firnunseuldanutuly
hwdnfiudueu (= 0.1 9 udwdluhusmnleseu 1ndu Tufinduinlelasaaiivausannisgaduindnly
LﬁﬁmﬁuL’;mmimuﬁwmlaimma%%ua&uiﬁ’wmaﬂﬁﬁfa nuiTeidenaulafiazdnutafefidemasiomsuansves
lelnsiaa leun dndruvesueusiues AA fifliolalasiaanediue’ Ho(AMPS-co-AA) LaLgAUMATiueINTNAZOUNNS
U vl Wesidudnisuani (Gswelling, %S,) vaslelasaanodwesannsaduaaildnaunis (2)

%S, = W x 100 %)

1

v

ilo w, uaz w; Ao tvinwveslelnsioanediuesfinaile 9 ﬁfﬂm%fwLLazﬁmﬁﬂ‘uaqlaImLaawa&ua%uﬁa
fnaisusiy mudu

nawiensyniaratilasssiuunluiisasiudaelelasinanadiues

nswssrauNAreUlasszruuluinlalaganfuufisensantu (reduction) 31nn1ssadlosaunauives
Tinaneidusynialanzredilesfifiussqauiviosynianouivesseiuunlu Tnefilslasiaanedmosimih iy
50950 uazdlostunisgaidsanantilussduuiluannisnudidueyniailugiu nsmaaswildlag
Filglasieanediedfiniuniseuldnnutudietmdniuiueu (= 0.5 ¢ tuasly 50 mL vesansazats 1.0 M
CuNOs), ndsandiugiialifiuaan 24 Falua lelasieanediwesanifuilawasifd as 78 Fauansliiudn
AoULUel) gngaduiinlululasssrsndnglslnsiaansdiues (HpAMPS-co-AM@CU™) wagdeseiusiaain
loseuwiioidnasdudeusonlu 91ndurin Hp(AMPS-co-AA@CU® 1Uutlu 50 mL vesasazats 1.0 M NaBHa
lslnsnanediuefavivdsuanainiudi Jauandiiiiuin asviesin fegnislulslnsiaanediuefgniaadli
naneusumareuilessziuuly (Hp(AMPS-co-AA)@Cu) Mntudsetiunanlessudiieidndsuiiou ou
larnududewmoufigamad 40 °C Hunan 48 Falus mudidu wdath Hp(AMPS-co-AA)eCu Tufiuluganauiu
ilesemsiineinarlidmiunudely manisueynmansuilessziuunluiisessuselslasiaanedmes uansdly
At 2

®-=cu> @®=cu

Hp(AMPS-co-AA)@ Hp({AMPS-co-AA)@Cu2* Hp(AMPS-co-AA)@Cu

] = ¢ Y a v v a s
amdl 2 nswsseunarelleissiuuluiisesiuielalasmanediues

nsaRseieynaraUilesszauunlululalasnanatiues

nMslinszieynansUeisziunluifeglulalasinansdmesvildlasendumaianiSesnsudnesu
Sumssnannsalnd (fourier transform infrared spectroscopy, FTIR) Safiudsmsildlunmsiinseitandunid
wazoflunsd fewnded Perkin Elmer 200-FTIR spectrophotometerImaimwﬁmﬁummﬁuﬁsLLaw;anﬁ%’u‘Lu
TuanaanmsganduuashurisBunsisatiaaundy (wavenumber) 4,000 - 400 cm’ AaBAIUANTIATIZE N3
Lﬂ?iaut,maqﬁmﬁ’ﬂmaaaﬁimmﬁf&l@mauﬂ’amamm%w (thermogravimetric analysis, TGA) #a81a304 TG8120
RIGAKU thermogravimetric analyzer Ine4ai10813 5-10 mg Tdludagorgiiun (ALOs) Tnefnauniswasuulas
thwiinvesfiegaiinanla 9 Weldfuanufeunngamnd ~28 °C fis 700 °C Frednanisifiugamgd 10 °C min
meldussenanfalulasiau (N,) 7 20 cm® min™
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nsudauddlslasnuanufisenissesaasthdasludeululslslasd

nsudnuddlalasiauitluseuula Tnen1sds Hp(AMPS-co-A@Cu Tuusinafiwiveuldlurindunauiia
@94A8 (two-neck round-bottom flask) AUAFIENE9BE 1MUY Imaﬁmmﬂﬁﬁ%m%gmﬂﬂuéwnﬁ;ﬂ (water
bath) melfiaiesniuansazanenieuliinnuiou (hotplate stirer) 1Nty @nansazans NaBH, H1ugaens (rubber
septum) lUlumeUFRerhunszuendn uialalnsnuiiinduazgnasumussuuiduiotuia (gas outlet) iu
vnfiussdanufiesnduauiu (loth) vsuuuardsioludnszuanmesauautivoufalslnauinlnls
Brsveaouilalasldfuguiifivadlal deftunnmasanaassiiussgey Fusliiosiainiy mndutufinuiuns
vaatalelnsiauainniseruadnldsnvedininelunsruenmisiiiatuiinatle q laserdedsnsunuii
(water displacement) lunszuanms au1a 500 mL Fulsfidwasensudnuialelnsiauanujiseinisgesaas
ihdelafeululslalasdusznaude thntnuesiaussufizer HpAMPS-co-AA@CU AT uBufuTas NaBH,
oaumAiltlunsisafiten naonsususefAzoniigninndusnldlva (reused catalyst) Ynn1svaaeafiuandnis
wanufalalasauanufisenistesaneidsledeululslelasiiseufAselae HpAMPS-co-AA)@CU uanslu

AN 3
digital thermometer cylirlder
N
L
H;
?naked eyes

NaBH,

E
=
=
E
e
=
=
=
=
=
=

1 water displacement

hotplate stirrer silica gels v

a3 nsudsufialalasuannujiseinisgesaasuimelafsululslalasa

Han153d8uazaUTENa

n15UaUA2 (swelling) vaslalasiaanadiuas

13U (swelling) UM owuagnmilaililumsfinuauautivesiandmannediues msuiud
vodlelasinaiildannisdunsgianiatudensdweiiinsgaduindlululassanidne Tnsordengiladdunis
wiifegluluanalneiliinisazansiwemediues udilmAnnauasuwamesanslenodiues WeiAnnisuam
frarnnsilnanatunsinudluniglulassaiavedislasiaanedmes duanddunmi 4 91ty Sufindimiin
lelasiaanediuesiivaud (swollen) nnsgaduiudnlifisusunan

Awi 4 nswdsunlaswesanglanedwesilafinnisuindainnisiluanauiunsinudnluanglulassaisves
lelnsiaanediues

fUsidwananisuanimvedlalasanedwesffnulunuideiuseneumesndiuremousiuas AA
ldlunsduaszilalasiaanediues Hp(AMPS-co-AA) kargunll AaanlUAINT 5 IINNANITNARBINUT LD
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Wnaududuneusiued AA T 1, 5 10 waz 15 %mol aud1du wesidudnisuinda Gswelling, %S,)
ungiivies (~ 28 * 1 °0) vedlelazaanedweidennududuneusiies AA 7 1, 5 uag 10 %mol Wagadutiuu
naung uaenadesiunalelasiaanedineiivanduiniu Kediuisdnsuddmyilsdduaisuenda
(carboxyl, -COOH) iftegflusiouains AA Hunilsddumaaidvouthviefieudulelnsitania fadu Wodwnn
yyfilsrdungaivondaluluananediwesistnuiuiu Yiinunsgeduivedelasnanodwostoniuunliug
sty gslsfinnu Woiueuidudusoueiwes AA 1y 15 %mol nan1smaaesitlénudn wWesidudnisuaudadian
aetuisndntosamnuesmsvidlivdsuslamdmnimilutsnamiaiunsdusedlalanaanedwesing
duiluunuiivnaerimelulassaiaunasarlifiauwandsiuegaiitodfaddnmeasen 3 41 Taedl
AndufosuunInsgIu (standard deviation, SD) vesauidudusousiues AA 7l 15 % mol iileifisufiuainy
duseuaiues AA 7 10 %mol (Feuanslunint 5n) Sty 7140 + 247 uag 7110 + 206 % fetiu ATeilds
Genldaududuneusiues AA 7 10 %mol lunmsdaaresilelnsiaanediues Hp(AMPS-co-AA)

1nn1sAnwBnInavesguuglivesnsaaeunisuIfiidinasonisuindiveslelasiaanediues
Hp(AMPS-co-AA) ¥esadudusaueies AA 71 10 %mol nan1snaaesiilinuin Welfingumgifililunisdnw
210 40 18w 50 uay 60 °C Feiinsnaansdn 3 41 lelasiaanediuesiuuilinvesnisgaduindgarelu
Tnssasrsvedlassinmdnefidistumudidy feilduisintuii gampfvazAnunsuaiilelanaanedweiidu
fuvsddgivhansussdamiessvindluana sauiliiAanisaulvavionisvenefvomediues My nadfia
paungiilitgedudenvhliussdamiensenhlnanavemedmesgnihaenniy wWeddudnmsuidiinaila q 363
AgeIunugangd (Saeed, 2013) (Fauanslunint 51) msviniagyiliiuiifnvedlelnsaanofwesiuulii
diudu Sadunafronislilelnsiaanodmesidussesiuiiledesiunisgapdonuautilussduuly annissui
Huoyneiflugtu dmsunisuszgndliluninssufizomaed

8000 14000
® 12000 4 )
f 9
6000+ ~ 10000+
— XX
S 53
S = 8000+
2 40004 ")
] © 60001
= - 4000
2000+ - 1%mol AA —-60°C
::: 5% mol AA 20004 -@-50°C
10 % mol AA o
0+ = 15 % mol AA 01 A 20°C
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
Time (min) Time (min)

A7 5 () ANIduduYeItouBiNes AA TIdHARENITUINAITES HP(AMPS-co-AA), (1) aaumniifidmanansuin
f83 Hp(AMPS-co-AA) ieldanuidudunousiues AA 7 10%mol

Wisgsnsudnasudunsnsaaningalnd

sunaneUivessziunluifioglulslnsiaanedwesannsansiaaeuseomaia FTIR Fadunidlumaied
THlumsnneitanduniduareduvidiuamdnlnsalnUiiondemaudsunuasiumiswesn1sdu (stretching) wio
n13uyu (bending) vasiuszLAlilulutanavesaI5/1081958M319 Hp(AMPS-co-AA) iU Hp(AMPS- co- -AA)@Cu m
wanslunmil 6n nuan1INAaesiildnuin Sunssaailansi Ho(AMPS-co-AA) wandnyynnisdureiused
mmgmu nsduuUUEe (stretching) Tu74 3,300-2,500 cm ™~ Lﬂumawglamaﬂ%a (O-H) suauaﬂwmsaiyiyw
m'au‘ﬁ’mﬂ%ﬂaﬁuawyﬂamaﬂ%aﬁLﬁﬂﬁuﬁslaiﬂit,a}u (hydrogen-bonded hydroxyl) (Khan, Ali and Asiri, 2020) n15du
wuuBa (stretching) Tugas 1,710-1,680 cm ' 1luvaanyaisueda (C=0) nsdulugas 1,500 - 500 cm ™t 1udag
vosghuatefiniiadie (finger print region) Ssensonisduunindunsduanmiteifulavedaianaasfosg
og1slsfiny msduvesyilaidunisdafianmsaduunld fogratu msduuuuda (stretching) Tutig 1,210-1,160

cm ™ iuveaiusy C-0 msdunuuda (stretching) Alutas 1,070-1,030 cm ! 1uvesvgidalnda (5=0) Aiunain

avanslee Aoz Inemans umInerageuasvodil
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o
o

NoUBNES AMPS dmsudunssaaiunasy Hp(AMPS-co-AA)@Cu Uu ﬂmmsamaqwuﬁv%uaﬂwmm%umﬂ

o

witlouriuBunssnalnaTuves Hp(AMPS-co-AA) Lmemwmmazgzym%amaqLLazmmaau (shift) vees ML
n13du seiBunaunndunsierseniroilsitureslalasaanefiueifvoymealavsasuiles msduuuuin
(stretching) s 618 cm™* anunsaléBudunisiegeynianedidessefuunlululelasiaansdiues da.dy
dunsnsen 09— Cu“maqaaﬂ%muﬁmmﬂwyjﬁaﬁ%’uﬁmau (negative function groups) fusznenlansaaliles

L%qmﬂﬁﬂ'maaaﬂgmmﬂaﬂLﬂai‘izéfuuﬂu (Ullah, Ullah and Rasheed, 2020)

llll O
= Hp(AMPS-co-AA)@Cu . = = = Hp(AMPS-co-AA)@Cu
. = Hp(AMPS-c0-AA) . m Hp(AMPS-c0-AA)
0 » -40 )
P A Y
o ° . 0
@ | o = ~nd LY
(i) ° 23 & < 60 |
= \
= -801 '
5 X = ﬂi) 40.82%
a £ B -1001 Teeal
] -
(2) —/f T T o)
4000 3500 3000 1500 1000 500 100 200 300 400 500 600 700
Wavenumber (cm-1) Temperature (‘C)

AT 6 (n) dursuseaUnay, (9) Wosluunsuwes (i) Hp(AMPS-co-AA), (i) Hp(AMPS-co-AA)@Cu

ﬂmauﬁ'ﬁmqmm%auiﬂamﬁ’ﬂmim?iauuﬂmﬁmﬁnmaams
ﬂmawmmmmmauimammmnﬂaauuﬂawwunmaaaw (thermogravimetric analysis, TGA)
LﬂmﬁmﬁmwuaﬂmmemaumﬂﬂaULﬂaﬁmuuﬂuwuaH”Lulaimit,aawaaLuaﬁmammumﬂﬂaauwaqmuuﬂ
gasfeguiinala 9 Weldsuanufeusnmesluunga (thermogram) Yeda5i1881938W N HP(AMPS-co-AA) U
HP(AMPS-co-AM@Cu meldussenmaufalulasiau (Fauandunmi 6v) Namimamﬁlﬁﬁé’ﬂwmzLﬁiuLﬁ&nﬁUi’a@
Sufitanswodiessuviduaslavsofunidifussduszneau (Bao, Ma and Li, 2011) Inefinnsidsuudasimiinaes
A1302987958%IN Hp(AMPS-co-AA) 11U Hp(AMPS-co-AA)@Cu il ‘ti’JﬂLLiﬂﬁzdLLﬁiqmiﬂQﬁﬁm‘dNﬁ 30 fi4 250 °C \Ju
nsidsuudanimiinveswesansiegn ﬁLﬁﬂmﬂmﬁumsﬂﬂmaqﬁwﬁaﬂuuﬁa‘uaﬂﬂmmawaama% (M3gagun
N1EAIN) LLauﬁuaqmmaﬂmmj‘uaamaiuiﬂiqaiwuaﬂlaimwawaamai (M3gadumanadl) Ing Hp(AMPS-co-AA)@Cu
ﬁ]uiJE]G]’i”lﬂ”liLUaEJULLUaﬂu”I‘ViumJ’]ﬂﬂ’J’] HP(AMPS-co-AA) Fanazifnnlslnsiwanedimesiinisgadulanzaouies
wiufiveah (Wan et al,, 2020) Yasfidesdaud 250 F¢ 400 °C unsiasuulaniminvesansiog1eiiinanms
Buaaneivesansdurisiinanlasaislalasnanediues duaarheiustonmgfi 400 &1 600 °C ¥y nsamed
yosiogramdeudifiosesAusznevvesansediundd deannsailudnumlanzaeuilesiifoglu Hp(AMPS-co-
AN@CU TneLitsuiu Hp(AMPS-co-AA) Idiniy 40.82% lavgmeuiosiidiuiuuegroutnsgeiunas funadienis
11 Hp(AMPS-co-AA)@Cu Tunisihluuszyndldidudussufiserd msunsndauialalasiauainufiseinisdes
am&Jﬂfﬂé”;&ﬂ%lﬁ&Juiuiﬂalmﬁmﬁﬁ’aﬁlﬁﬁmﬁmiwﬁmmmﬁ’;Li'qﬂ,ﬁﬁ%m HP(AMPS-co-AA)@CU Fauanannd 35
nsudnuidlalnsinuanufidenissessasthdeludeululslalasd
nnanuidlalasoudunszuniiinruddysewadidomas (fuel cel) wazanusaviildvansds e
ﬁaﬂamiwamLLﬁ"ﬁl@ImLﬁmmﬂ‘dﬁﬁ%&nrm&iaaamaﬁﬁé’a&JISULE&J;JIUEI@%W? 10l HR(AMPS-co-AA)@Cu viwtiil
Judseuisenwuudiswug (heterogeneous catalyst) Wil ﬁ’JLLUiﬁﬁdwaﬁiaﬂﬁwamLLﬁﬁlﬁIﬂiLﬁ]umﬂUﬁﬁ%&ﬂﬂ@&l
ameihisledenlulslelasdlumiatoiussneuse dutndusefiser mmududulnfenlulslslae gungii
fifensi59Uiisen warUsansnmesiaussufiselunsthndunlde fail
Haves g usIUFAze

W

Tunsissuisemand mLiqﬂgﬂsmwLmuaﬂlﬂavmﬂwgﬂsmmmiwm‘wsw YIUaANAINUNNUTUG
Iﬂwmwwgﬂsma mauummuaummuaﬂgﬂimauamm mimﬂmmamaamwuﬂmstgﬂwﬂummaauﬁmmi
naaoslagldsutinuinues Hp(AMPS-co-AA)@Cu (5, 15, 25 Wag 50 mg) Iuﬂgﬂimmiaaaaawmma

Toieslulslalase Ineld 62.5 mM NaBH, U595 20 mL figamgiivies (= 28 + 1 °0) meldanniznisniuansesis
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Aorileafiannuds ~ 350 rpm nan snaaesiilanun dlewfisimtnues Hp(AMPS-co-AA)@Cu Ut USinauuia
lelasiaufinannduuagnssniuluvesfiseldnatosassauandlunini 7n sadesueli Weszuuidentud
USnmuduss§Asemnntu dussufasenfiiuimamniufieidnsnlunsfauiiseuniudmalisasins
\AnUARSE1g93ude (Yildiz, Nahit and Sahiner, 2014) Wefinrsandnsndslunismdnufalalnsaulunuideilng
Anv1UTunavesissufisen Hp(AMPS-co-AA)@Cu 5 uay 15 mg fisnsniilunmsndnudalslasiauideudiadi
Aulvdsldnawanuialalasiaulilauianns 500 mL @uaiuinnin 10 wii daudiunadiseujizen
HP(AMPS-co-AA)@Cu 50 me f8nsusalunisndnuialslasiauiideudraduiululdnalunisndnuialalnsiau
U311915 500 mL 1iBa 1 undi ilewfisufuuiunasis sl fizen Ho(AMPS-co-AA)@Cu 25 mg LuUTanauedaLse
Uiseiuanzaniunatlumssdaufalelnsiauuiinms 500 mL 7 5 il mszidunaniiannsaduiinUiumsuia
lalasiuiiAnlduviaed uenaind dindnvesdassufasendldfliunauAunas dadu faseufasen
HP(AMPS-co-AA)Y@CU 71 25 me FalutSinaivinzadlunnhlufnusudssy « filnaroutalelnsauiiinu

wavasauTuTulmaeululslalase

defmuaiudstual Samnsifavesufiseniauduiusiaeassiuanududuresansieduiidh
UfAzen nsfinvmavesnnududulaisnlulslalasd (NaBHs) lagld datseufizen Hp(AMPS-co-AA)@Cu Usunn
25 mg Lﬂuﬁmﬁﬂmwﬂu ﬁﬁmiwmaaqﬁgmuqﬁﬁm (»28+1°C) meldaniznisninasegsaiiesfinnusa
~ 350 rpm Tnev§uidesuanuidudu NasHs WJu 15, 30 uaz 45 mM U3unns 20 mL dieSsudiutuanududu
62.5 mM sansnaaesildnuin Woiiiuaududu NaBHs 11nPu Usinawdalelnsnuifissntuagnsdnduly
vosUAzeldiaantioras (Liao and Huang, 2020) fauandlunmil 79 dsfunisnanufalelanauanuiisennistes
ameidelnfenlulslalasdutuanududurededeniulslelasddadulunusaunamansvow jisedusu

il (first order reaction) fsauns (3)

_, (dINaBH4]\ _ d[H,] _
4( dt )_ dt = Kobs ®)

kobs FI® ANAINTDINTTAAUAATE191NNTNAGBS (Observed reaction rate constant of the reaction)

HaveI9aNg iAo T IUGATe

Tnevily lefiugmmgflunisissUfaten Snsnfwesufiserasiidnfindu issluanavesansieiud
nFaugduuazfisamefiazidwiuatewnniu nsfnvinavesguunifiidemaisaujisewinisvaaodasld
USU1auiLssUf AT Hp(AMPS-co-AA)@Cu U3uns 25 mg Tda3iadu NaBHs A1 udu 62.5 mM USu1ms
20 mL 1@1EJU%‘ULU?}Iauqquﬁiumnﬁaﬂﬁﬁ%mmﬂqmmﬁﬁaﬂLﬁu 30, 40, 50 way 60 (£ 1) °C meldan1iznisniuy
asegereiilasiininuga ~ 350 rom nansvaaosiildnuin mafingaugiiazvhliumauialelnsaufingedu
msdduluvesfizenldnandesas duansdunmil 7a msfnvinavesgumglindsenisisaUzendanuddry
AON1TANINNITITNOTTINIETRIUATeN 917U watuNISNIERUTTondunadutud A1naun1sensisiliea
(Arrhenius equation) kagN13ATIUNENUUAATN Laun leumalindsaunsedu (activation enthalpy, AH") wax
wulysUndasnunszdu (activation entropy, AS) 1esUfAsefifimsdsuinuanansisiulugwansasitugamnd

o ¢

duysalanaun15e1839n (Eyring equation) AaUNTT (4) uag (5) MNEIAY
E,\ /1
In(kyye) = In(A) — (E) (;) @
) =mn () + (5) - (%) )
ln(T = In - + T At (5)

o A D A1AINV83 Arrhenius, kops B A1AINTDINITHIAUGATENAINNTNARRY, T Aie gaungilduysal (),

Y Y

ke F1® AAST Boltzmann (1.381x10 2 J K™Y, h fle Apsiives Planck (6.626 x 10°*Js), E, fie ndsunefusiug, R

Fvanslae Aol Inenmans 1/74731//5/7@”5/@1/5‘57%5717
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B ANAINURLLAE (8.314 Jmol™ K, AH" fin taunialndeanunsedu (activation enthalpy), AS” fia taulnsy
NAIUNTEAU (activation entropy)

500

H, volume (mL)
w
s
H, volume (mL)
N w S
o o o
.2 2

100+ -@- 5mg 100+

-@-15mg
xZEmg 2:
0+ 50 mg 0 62.5mM
0 5 10 15 20 0 5 10 15 20
Time (min) Time (min)
500 —
~ */3/ —4="
£ 4004 () / /./
p * ¥
£ 300 )
3
o
S 2004 .
o~ =l-30°C
T 100 -@-40°C
-@-50°C
01 -%-60°C
o 1 2 3 4 5 6 7
Time (min)

Al 7 () Haveshnindussuizen, () navesmnududuludeslulslelase, (a) navesgaumginisanisise
Upnsen

aunserfinfluanaraunsengeifinnuddydenisiunmmnimessinnzves fiTenadiiidsuse
UATEN il 8 wanansnilidendonszning ntkes,) wag 1/T muaunseniisiiea wag (nkes/T) waz 1/T A1a
aunsoeed anuduildainnsmanunsaldiunammsdiwesdumevesufiten nanisduaildnuiinuan
uhalslasiauanujiseinisdesaarstndsleieululslelasd laefl Ho(AMPS-co-AA)@CU imthiludaiss
UfAseuuuisiug dendsnunedudud (B) wumalndanunsedu (AHY) wagioulnsindanunsedu (AS")
Winifu 18.20 kJ mol™, 20.84 kJ mol™ way -197.54 kJ mol ™ K~* snudeu disissufisunisfimessimzves
UfAennnmuiteiliterlasdaussfisendinsldtsesiulanznetileiiduaseiannnedie suauiifnmuaud
\egdensiinufizensins q waldasieilunsdanseiinnududuidadudefuazdounnssiuanuisedu
(Fauandlunsnd 1) wui amnsfiwesfisnnaléiatlndidestunuidedu Fauandidiu Hp(AMPS-
co-AN@CU LHuRLI iRz uuUTIsiusdmiunsuanutalelanaunnufitonistosaaneihdelnfelulsls
lnsalaiduetned

0.54 -5.34
0.4 5.4
—~ 034 = (n) )
3 . y2— -2506.4x + 7.9703 - 5.5 y = -2189x + 1.2094
© 0.2 - ~.
< ré =0.9924 % 561 12 = 0.9905
0.1 [S)
£ X .57
0.0 -
0.1 = 587
0.2 5.9
0.3 -6.0
300 305 310 315 320 325 3.30 300 305 310 315 320 3.25 3.30
T (x10° K'Y UT (x10° K1

A 8 (n) nsmlensisidled Wendonsening (nlkes) waz 1/T, (¥) N5 e85 Wendonsening nlkes/T) way
/T dldannufisennisgesaansiimeladenlulslalasilaedl Hp(AMPS-co-AA@Cu uiussufizen
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o o

A15197 1 1WSuiflsunsfiwesdnnizvesufisenanaideilivinideduy

wasunanusud | eumalwasenu UlnsUnaeu
AaLseufizen (E) nszdu (AH") nszdu (as”) N LRCRNEN
(kJ mol™) (kJ mol™) (kJ mol™' K™
WSC based Ding et al.
34.84 - -
hydrogel-Cu (2018)
Mahmoud,
HEMA/MAA-Cu 37.07 34.35 -117.46
(2014)
Engin and Ozay,
p(/—\AC-CO—Vl)-Cu 39.42 36.78 -195.74
(2018)
Zhao et al.
p(EP—g-A/—\)—Cu 42.61 39.15 -147.83
(2017)
Hp(AMPS-co-AA)@Cu 18.20 20.84 -197.54 ATl
nshnavanls

Tusruvreanalssufiseuuuiisnus duseitoransainduuldslfuazannsousnoonlalaens
N394 é’NG’haﬂfﬂﬂimmﬂiaaauLLé";aUWLLﬁﬁqmuqﬁ 40 °C msfnwmavesnisndunldgnvhnisnaasdasld
#1390 FA381 HR(AMPS-co-AA)@CU U3a 25 mg wagld NaBH, fiesidudu 62.5 mM U3aas 20 ml vinu§isen
Tgaumgiivios (~ 28 + 1 °0) melfannzmsmuasesnareioaiinnmia ~ 350 rpm wansnaaosdilanuin msth
fussUfATendualdineluiuientu (ntraday) Wernsiudsuluresansieduluidundnsasi (conversion)
WU 100% BsanunsafiazseyussanBuesiaisefiten Hp(AMPS-co-AM@Cu dusumslititendnufalslnsiay
Tnendnnissunmeglufeyadfududod 1 egndlsiau madiiuluvenfizovesmmanosdlunsazadslfiog
wndunudiu daandunmd on Wethdnsislunmaaudalelasauluazadsludieuiusassalunsndn
whalalasiaunsausn (initial hydrogen production) n1sthdassnduanldluganelufuiesfundansnismaass
WaSRAuIENIRIR T UARSE Hp(AMPS-co-AA)@CU Tltudalden wanAuliluggaatuilgamgiivssana 40 «
1 °C 1 Huian 2 Halus ielannutiuusdiueonlufeausadiendissufisen HpAMPS-co-AA@CU Aldudan
nduanldenan 5 ade ijaﬁwmmﬂaxﬁw%mw‘iumﬁLﬁ'qﬂﬁﬁ%w (catalytic activity) amanmagiﬁl 60% #8921Y11N15
naagsswaidies 5 Ay audrdy uenand nndssUFAseInduNlEE ety (interday) agtinaLssUfAGen
Hp(AMPS-co-AA)@Cu Vii%’ﬁ'lﬂ;jﬁ%mLLE’hLﬁuiﬁuﬁaﬂmwu%yuﬁqm‘wgﬁﬂﬁsmm 40 + 1 °C JUAIIILATUNIAUAIU
°uaaﬂ’1ﬂ%’sg’lsiNi’uLﬁaldﬂ’;m%uU’mdauaaﬂi‘dﬁqmmsaﬁ’lLmﬁ’m'&ﬂﬁﬁ%m HP(AMPS-co-AA)@Cu TiFudn&un
Tenusleosiily 1, 5, 10 wag 15 Su A Lﬁaﬁ']mmﬁ’ﬁﬂﬁﬂizaw%mﬂumﬂimﬁﬁ%mLLafLﬁﬂ'wmsLU?{sJuliJsuaqmsé?ﬂ
duluidundnsost (conversion) fidnanawmudiau udliunnssegneditddy Fedanaldannuiinaufialalasioud
Aetuusavadadafienaed fuandunmd ov Ussansamlunisssufasennnnsthiusenduanldedauii
100, 73, 62 wag 53% asnn1uly 1, 5, 10 way 15 Tu suansu Iﬂwé’ﬂmiﬁwmmaﬂwﬁaaﬂaLﬁmLﬁu%’aﬁ 2 il

Usgdvdnmlunsisajitenfianasniansaiinnanmsazauvesuaisn (80,) insunsizeniulanzaeuiesuu
fufafussufAzen sauke nszuruniseandindu (oxidation) veslanzaeuiesfidsnadamumisiuiug (active
site) mu%’aﬁ‘ﬁa;ﬂaé’ﬂwmzﬁuﬁwaaé’hLﬁquﬁﬁ%m HP(AMPS-co-AA)@CU fawUfAzendosaanetuasndsi
UfATedesaaeteiuly 15 u Fwananmii 25 Fuduuinasingdenisisalfiseniiasuudadluidudiy
(Sahiner and Seven, 2015) ag13lsAny suiseduanddiifiuin AL39UAT813359W UG Hp(AMPS-co-AMPS)@Cu

ansarhnauanldglalaedinsseansninlunisissufisennisdevaareuimelafeululslalase
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500 500
(n) —_
—~ 2
= 400 £ 400+
3 =
° ()
£ 3001 £ 300
3 3
o 200+ —-nitial S 200+
~ #1 IN == Initial
T 100- #2 1004 -@- 1 day
#3 =fe= 5 day
#4 10 day
04 ~B-#5 04 :::15 day
0 2 4 6 8 10 0 2 4 6 8 10 12 14
Time (min) Time (min)

2 f 9 MsAnwmavesnsiinduulggn (1) neludufeadu (intraday) () @19iu (interday)

ayunan1sIdeuazdatauauuzannIsIvY

mideilldlelnsaanefiuesuausening 2-oza3andla-2-wiialnsinudalnia ueda fu oza3da wodn
fsnsdusing 9 lngendeufisemiusineanedmelsiotu eltlunsgedulessunsuivedmenyilaiduiiey
melulasasrminglelasiaanediues lessunsuilesiiogaelulslasiaanedmesgnimdliiueynianetives
sefuululawerdeufisenidnduseladenlulslelasd andu Anvinsuandiveslelasivanediues naenay
Aaeeunanedivesseauuilululalasinaneiiwes lngerdumaiianisesnsudnesudunsusaaiuninsalnd
LLazmiLU?{sJuLLUaﬂfmﬁﬂﬁuaqmﬂmaaﬂﬁaﬂmauﬂ’ﬁmﬂmm%@m wazUsgansninlunissslisentumsmndnuia
181@3Laumﬂmsejaaam85’1vi"asﬂ&mﬁEJJJIUIﬂalmivﬁﬁaqummﬁmﬂﬁwﬁu (30, 40, 50 wag 60 °C) TAAINAIU
rofusiu (E.) Wiy 18.20 k) mol ™ TuvaugfileumatndssmunszduuazioulnsUndsnunsedudion 20.84
kJ mol™ uag -197.54 kJ mol ™" K™ audndiu lelasaanedieiiisesiueyniareuiesszduunluannsathnduan
Talduaneaialasfinseansnmlunsnsufisedmsunmananuialalasauanmstosaaeideladoulu
Tslelase savisiisendu 4 fiaula

AnRNIsuUIZNIA

NuideiidiSaldmensatuayuanaaiviedl auginemans wnivetdeguasvsiil
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Abstract

This research aims to find factors of utility in online learning for undergraduate students during the
covid-19 crisis. The samples were 307 undergraduate students at King Mongkut’s University of Technology
Thonburi, obtained by simple random sampling. The instrument was a questionnaire with 20 utility variables.
The data were analyzed by factor analysis. The research found that there are 4 factors in online learning

utility: (1) Economic aspect, (2) Social aspect, (3) Learning and Teaching aspect, and (4) Achievement aspect.
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11 0.386 0.967 0.218

0.218 0.153 0.606 0.321 0.122
q 0.103 0.567 0.116 0.420
12 0,231 0.793 0.205
15 0.105 0.130 0.550 0.639 0.146 -0.173

0.382 0.465 0.152 0.265

0.215 0.792 0.154

2 0.282 0.339 0.653 0.126
1 0.254 0.126 0.756
16 0.108 0.155 -0.178 0.291 0.128 0,594

2915997 5 W ArdnesdUsznaunerestemaundaInnsLLLALLUUNNRIN (Orthogonal
Rotation) #1833 Varimax Method anu1saaduisladiusazesdusznaudadedsznaudisusziiudasiaiuniy
wuudeunwezlsths JaflesduszneutadeiuessausslomivesnsFounvueeuladlutiaingdlaia-19 ves
tnfAnwUiygniaguldiomn 6 esdusznou Tasaniuiinvestemauiieglunsaziuusluasddsznautiad

Copyright by Faculty of Science, Ubon Ratchathani University




I NmaNTUaL e Iansany U9 7 laudl 1 (u.a. - d.6. 2567) | 57

wnnin 0.3 yndeifulumuinasifidvun uazfinnsanluuiazesdusznauiiadeiiasilednsdies 3 Ussidiudn
wuiesuszneudadeilulunannarivtmueliiies 4 ssiuszneutiads fil

(1) asAUszneudadeii 1 Ao AULATEENA UsenaumeAinIuts 17, 13, 20, 6 uag 14 dAdnwaziane
(Eigen Value) w1ty 2.266, Aniviinesdusznauilade (Factor loading) gs¥ing 0.601 - 0.811 Feaguléin
a33nUseleviveinsiiuuluveaulautingalain-19 ViLﬁm%uﬂuﬁmﬁmﬁumwgﬁ% #TNTaY Y
lianldarelnesamanas Al Andunslunsvinunguiviieuriiumedunesidald wazamouuazaiig
nsAnwgnuInerdeiinisanameidew)

(2) psrUsznaudaded 2 Ao dudiay UsznaumeUssdiufioiude 18, 19, 10, 8 uaz 9 il Ficen Value
Winfiu 2.124, Factor loading 8g5¥1319 0.430 - 0.819 %qaqﬂlﬁ’h asaUszleviunanisiTauluuoaulatdingm
1a3a-19 Mindududeaisfuterlidndnudeihinssumdauld fasanandesan Sufduius
syyistuiieularesdiiutessaulavld ausaviheunguimiuiioulsiiuussulavlaifitym

(3) psAusznautladed 3 fie sunsiSeunisaeu UssneuieUsuiudanude 11, 7 way 4 I Eicen Value
winilu 1.149, Factor loading 8g5¢1314 0.567 - 0.679 %qazﬂlﬁiwaiimJizimjﬂsuaqﬂm'%aut,muaaulaﬂ‘zm%ﬂqm
Tain-19 Wudeadiuisnsisounsasunuuesulaiigninanlflutasings fe tndnwiiiaruiswelasesuuuy
nssumsasunvuesylatluszfuinn dufensdnnisSeunsiFeulusuuuuesulatvesmamiingdeiiaang
wray wartn@nwidinsannsadnsiufanssueeulatsng q imamiinerdedald

(@) psfUsznoutlased 4 Ao é’wuwaé’mqwéwmwﬁau Usgnaumeussinumaiude 12, 15 uag 5 i Eigen
Value Winfiu 1.253, Factor loading 8¢/5¢%319 0.465 - 0.793 %qaqﬂlé”haﬁﬂﬂiﬂmﬁmanﬂWiL%'auLLuuaaulaﬁﬁiN
Anguilain-19 iudeuRutunadugrmansdouilildilinnudmuaussasnisfeudludas melviasuly
§aAENINTONAUITINBEANUELITOAUAN ) MNAUTTAsANISISeusle

1 4 aerusznoudadodeuduaunmsdaduldsaunsi (3) waz (@)

= (0.811+0;735+0.695+0.681) F1+(0.819+0.787+0.619+0.514+0.430) F»+(0.967+0.606+0.567)
F3+(0.793+0.639+0.465) Fa+ e (3)

Y = (3.523) F1+(3.169) Fo+(2.14) F3+(1.897) Fa+ e (4)
Toel Y Ao essausslemivasnsiSeunuueeuladluiasingelaie-19 vewinAnudSygns fanansadeu
aSunedeeilsznauiadudeedlsynoumariidureiniminues Factor Loading
Fi AB 93AUsENoUMLALgia
F, Ao 99AUIZNOUNISAIAL
F3 Ao 99AUIZNOUNINNISLIBUNTADY
Fo fle 03fUsznauymadigysynan1ssou
waz e Ao ATWARNAINTAnTUlS Reaunisi (@)
mﬂaunﬁﬁaqﬂlﬁdwaﬁaﬂiﬂmﬁmmmil,%'aut,t.waaulauﬁlwdaﬁﬂqsﬂﬂ%—l9 vaainfnwUSynsiiina
1ngn fe essausglovtifuasugie uazdesaadufunadugriniinisidou deradunsuandiifiuiniaun
vastinAnwisienisiseuluguuuuseuladliuandisainnisiseuluieaseulumansalundfdulule

A3UNAN13IVLLATUDLAUBLUERINNNTIRY
NNANITITBLFI0550UslovuveInIsssunuUosuladlutiingalain-19 vesdnAnwusygns agy

o q
¥

nan153981Adn E’Nﬂ‘Uiuﬂ@Uﬂﬂﬁ]ﬂ‘U@ﬂ@iianuIH%UﬂﬂiLiEJ'LJLL'U'UE]E]u‘lauelu‘U’N’DﬂQ(ﬂIﬂ’Jﬂ 19 Usegnaumie 4

a

parUsznoU Ao sarUsznaud 1 aiiaﬂiiwumums%ﬂa peRUsEnoUT 2 assauselovisnuden osrUsenaud 3
p5sUsElomisuMsISouMsaoU uazesrUsznoud 4 aiﬁaﬂiﬂmumuwaamqwﬁmqmil,ism

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



58 | Journal of Science and Science Education Vol. 7 No. 1 (Jan. - Jun. 2024)

FaraueuurlunmsifoidesessauselovtivenisiFounuvesulalugasingaladn-19 vesindnwusygnd
luadsdl fo nqusedailddslinseunquinssmadudissnduiediduannianwe findnudanundonludos
Aonfmosuasdyadumeiidn dinsfnuluwngimeeisldtoasuiunnmeiufls uiogslsinunaniside
ﬁWIﬁLﬁuLLuQWWQﬂWiquWﬂWiL%'Emmiaaﬂuqmﬁ%mamﬁmﬂmiwﬁ 21 fginmsdsuudadiusesnsiounisasy
Snusumwida LLazuaﬂmﬂﬁﬂmx@'ﬁ%’amiﬁmﬂﬂ%‘amﬁ&mﬂWiL%'EJULLUUE]auIaﬁLLazLLU‘UUﬂﬁluﬁaqL%&Juﬁwaﬂﬁwwia
wadugsnensGeueliegnafiteddyrdolsl

238555UN15I98 Tunywe

Trsensitedesessavstloviveanisiiounuuesulatdininingalain-19 vestindnuu3yaes 1éins
detauelasinisiTouazuuudeunuaueveeuliiaINAnNITNNNTITEsTIUN T TULYBdunTIedumalulag
WILIDUNATUYT LLaxlé’%’umaayﬂﬁmﬂu%’maqmiﬂwLﬁuﬁaﬁﬁmmﬁ%’aﬂumgwémuLamﬁiuayﬁa KMUTT-IRB-
2022/0217/058 19nean1undnasusssun1sidelunywd nanainuasnluyana (Respect for persons) 1an
Qmﬂidwﬁ lainedunsie (Beneficence) LLawé’ﬂmmqaﬁﬁu (Justice) ﬂ'aum5Lﬁu%'agafﬁqmu%y’umuéummﬁ%'a

References

Aggavaddhano, P. N. (2021). Component Analysis of Factors Affecing Acadaemic Achiement of Secondary
School Students. Journal of Bovorn Multi-Education and Human Social Sciences, (2), 59-65.

Angsuchot, S., Wicitwananna, S. and Phinyopanuwat, R. (2011). Statistical analysis for research in the social
sciences and behavioral sciences, Techniques for using the LISREL program (3rd edition, revised
edition). Bangkok: CharoenDe printing.

Best John. W. (1997). Research in Education. 3rd ed. New Jersey: Prentice Hall, Inc.

Chen, P.D., Lambert, A.D. and Guidry, K.R. (2010). Engaging online leamners: The impact of web-based
technology on college student engagement. Comput. Educ, (54) 1222-1232.

Cochran, W. G. (1974). Sampling Techniques. New York: Wiley.

Kalogiannakis, M. and Papadakis, S. (2019). Evaluating pre-service kindergarten teachers’ intention to adopt
and use tablets into teaching practice. Natural sciences, (13), 113-127.

Likert, R. (1967). The Method of Constructing and Attitude Scale, in Attitude Theory and. Measurement.
New York: Wiley & Son.

Nawapanpimol, K. and Muangnil, P. (2021). Preparing for the reopening of schools After the COVID-19 crisis.
Retrieved from Bureau: https://www.bic. moe. go. th/index. php/ component/ content/ article/ 93-
articles-2013-10-14-23-08-53/

Network of 38 Rajabhat Universities. (2020). Online teaching in the situation of the COVID-19 epidemic.
Retrieved from RajabhatPoll: https://register.kpru.ac.th/RajabhatPoll/?nu=20200007 report_poll

Niyomves, B., Kunacheva, N., Sutadarat, S. and Kenaphoom, S. (2023). An Exploratory Factor Analysis of Good
Teaching Characteristics Among Ramkhamhaeng University Faculty Members. Journal of Roi
Kaensarn Academi, (8), 228-240.

Office of Student Registration KMUTT. (2022). Student Statistics. Retrieved from KMUTT
http//regis.kmutt.ac.th2web2static/?fbclid=IwARIZHCUZWrSZyOfUdFHOQeA9IX9GCgdTU RAAYUjI2IHTE
a7NjKRCOJx-mVI

Pinyosinwat, P. (2021). How to manage teaching and learning in the situation of COVID-19. Retrieved from
TDRI:  https: / / tdri. or. th/ 2020/ 05/ examples- of- teaching- and- learning- in- covid- 19-
pandemic/?fbclid=IwAR3wd(S641

Teresa C, H. A., Montserrat, H.-S. and Hontoria, J. F. (2020). Online Learning Tools in the Era of m-Learning:
Utility and Attitudes in Accounting College Students. Sustainability 2020 (12) 5171, 1-23.

Walpole, R. E., Myers, R. H. and Myers, S. L. (1998). Probability and Statistics for Engineers and Scientists.
London: Prentice-Hall International Limited.

Copyright by Faculty of Science, Ubon Ratchathani University



MIATINEINMaNTUAL N IansAnY U 7 taudl 1 (1.A. - d.6. 2567) | 59

Wanichanan, P. (2021). Basic education in the COVID-19 era: how to open and close schools? Retrieved from
TDRI: https://tdri.or.th/2020/05/basic-education-in-covid-19-crisis-reopening-school

Williams, R., Karousou, R. and Mackness, J. (2011). Emergent learning and learing ecologies in Web 2.0. The
International Review of Research in Open and Distributed Learning. OpenDistrib, (12), 39-59.

avanslee Aoz Inemans umInerageuasvodil



JOURNAL OF SCIENCE & SCIENCE EDUCATION Vol. 7 No. 1 (Jan. —Jun. 2024): 60 - 78

Faculty of Science, Ubon Ratchathani University http://doi.org/10.14456/jsse.2024.6

‘u § JSSE

Research Article

The development of learning competencies entitled food rheology
using the active learning in collaboration with food industry for 4" year

undergraduate students in food science and technology

Naksit Panyoyail’*
L Faculty of Agricultural Technology, Chiang Mai Rajabhat University, Mae-Rim Campus. Saluang Subdistrict
Mae-Rim District, Chiang Mai, 50330
*Email: naksit_pan@cmru.ac.th

Received <16 April 2023>; Revised <16 October 2023>; Accepted <21 November 2023>

Abstract

The objectives were to explore the food industry’s requirements regarding food rheology (the
science of flow), to design actively competency-based leaming, and to measure and evaluate applications of
food rheology in 3 steps, basic, practical and applied rheology. The target eroup comprised 24 undergraduate
students in their fourth year of studying food science and technology during the academic year 2021. The
research tools were: 1) survey questionnaires on food rheology for the food industry, 2) course details of
food analysis and preparation for field experience in the food industry, and 3) 15-item competency
assessment form for food rheology obtained from food industrial survey. The statistical data were analyzed
using frequency, mean, standard deviation and compared with quality criteria stated by the food industry.
The results revealed that the food industry emphasized a rheological performance in 3 areas: 1) food
rheology, principles and measurement, 2) reading and interpretation of rheology measurement and 3) the
application of rheological tools in work development. The competency-based learning, using the action
research spiral model, was designed into 3 stages: 1) the fundamental stage, focusing on food analysis and
emphasizing theory and rheological principles, 2) the practical stage, providing learners with rheological
experience to apply in quality control of food products, and 3) the application stage, where students work
on industrial projects involving rheological principles. Active learning management was developed for both
basic and practical aspects of rheology, and the food industry evaluated the application of rheology in
industrial projects at a B level (good), with the highest mean in basic rheology (X= 3.54), following by practical
rheology (X= 3.44), and applied rheology (X= 3.82). Therefore, the competence of learning outcomes,
specifically in food rheology, can be achieved by engaging undergraduate students in collaborative learning
experiences between universities and industry establishments. This research collaboration encompasses
theoretical and practical aspects of learning, involving the competency identification and assessment related
to knowledge, skills, and ethical behaviour in the graduates' work. Research and development in enhancing
these competencies, particularly in food science and technology, can lead to further advancements in

learning outcomes and other food-related subjects.

Keywords: Actively competency-based learning management, Collaboration research,

Food Science and Technology, Food Rheology, Food Industry
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Abstract

After the COVID-19 outbreak, schooling mainly moved online, which led to learning loss. Supporting
individual, flexible, and fewer absenteeism methods are necessary to recover the learning loss. The programmed
instruction was found to be suitable for this situation. Consequently, the researcher developed multimedia for
programmed instruction to teach "Chemical Reactions" to grade-12 students. The purpose of this research was
three-fold: 1) to develop multimedia with programmed instruction for Chemical Reactions, using the Chemistry
Triplets concept, 2) to study the effect of using multimedia developed with programmed instruction on grade-12
students’ achievement growth level, and 3) to study the satisfaction of multimedia developed with programmed
instruction for Chemical Reaction. The sample group consisted of 35 grade-12 students in the 2021 academic
year, selected through purposive sampling. The research instruments included lesson plans that utilized
multimedia developed with programmed instructions, learning achievement tests, and satisfaction assessment
for multimedia developed with programmed instructions. The statistical tools used in this study were average,
standard deviation, and relative gain scores. The research findings showed that programmed instruction for
Chemical Reactions was effective at 83/78.83 which was considered acceptable. The findings showed that the
average test scores after learning (X=14.20, SD=3.57) were higher than the testing score before learning (X=6.14,
SD=3.30). The average growth score was 56.4 3, indicating a high level of growth. The students expressed high
satisfaction with this programmed instruction (X=4.27, SD=0.66).

Keywords: Development of multimedia, Programmed instruction, Learning achievement
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Abstract

The purposes of this study were to 1) compare grade-9 students' engagement in learning
mathematics graph of quadratic functions, and 2) compare their learning achievement in mathematics on the
graph of quadratic functions before and after learning using the Think-Talk-Write technique with the GeoGebra
program. The research sample group consisted of 43 grade-9 students from a school in Kalasin province
during the first semester of the 2023 academic year, selected using simple random sampling. The research
tools include learning management plans, achievement tests, and engagement in learning assessments.
Statistical methods used in data analysis include mean, standard deviation, percentage, and the t-test for
dependent samples. Using the Think-Talk-Write technique with the GeoGebra program, the study discovered
1) the results of grade-9 students' engagement in learning mathematics on the graph functions after learning
were higher than before learning, with statistical significance at the level .05, and 2) grade-9 students'
academic achievement in mathematics on the graph of quadratic functions after learning was higher than

before learning with statistical significance at the level .05.

Keywords: Engagement, Learning achievement, GeoGebra program, Think-Talk-Write technique
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auLmaumasumﬁmauw%auﬁgqmwaaummgmﬁaa (The Institute for the Promotion of Teaching Science and
Technology, 2017) uazmafiansaeufiagyiligideduaialiidouianuamnsonisuttymmaadamansléaty
fomaila Think-Talk-Write fidaaduliinGouiinnuaunsalunsfnuddamiiunsesmsnsyn uaznsidou
ImEJLmemﬁmﬁﬁﬁugmmmamiLsﬁﬂwwmi[%auﬁwiﬁﬁﬁau An e wazliouls (Thongnak, 2016)

wiadla Think-Talk-Write 1umadianisuiuuusuiioguuuunisiithinussnounsaeuiiie tiuvinwy
nsfn wanazideu lneAnlulsyifuiiasdeviedesnsmdiney yauanidsusiusieanudnuazioudeaziain
nseAuse walla Think-Talk-Write uanainteliinseusidusulunsiseunisaeusdidedauaiuninuaiunsaluy
nsuideymledne Snita Dila (2012) Téna1ain waila Think Talk-Write Ao nailafidaasunmesunisanuidam
nMawauarn1sdsuseadesia inalintoguuiiuguresnmadlaluniaiou wasdunginssuidaaiumaiou
nsanuidaym duasuliinGeu Aane wdlaunsaeusenule

Tutlagtumaluladarsaumalfidnnfunuinluniniouigedu BoudlFosneniiainuagiiais

U
v v £%

domsfnuniueiesiioddyy dfunsimundelilisnuaonadestunug faeursdosdianuiiferiuie wwdes
Uszgndldliaenndosiuiion Tnedaafimsdiaseivdngns ilevn fidou nufamsdsndunaiiaonndesiu Jeay
vl 3ouAnmsiseusldedanniuazSoudedisdinimugy (Ministry of Education, 2017) Fsaenndesfiunis
Fan9158usiT93n (Active Learning) TnsaziufifiFouiidiuslumssidufanssusng 4 TumsiseulmaansGeus
98198ANRUE é’ﬂwmz‘ﬁ%Lﬂﬁ%miL’%EJuWLﬁmmiﬂizﬁa?a%uuasﬁﬁﬂwﬁmmmLﬁaﬂ%%’a;ﬂa Jnsgvideyale
28193158 UU (Suwannatthachot, 2018) miﬁsuiﬁéﬁsuﬁm@ﬁaLLazﬁﬂmmmiﬁwmum Tagn15a9iianiain
AanssunsiBsunsaeudldsuiumensits mswa mseu wazns@eu Walemaliisoulsuaninnuannsnves
mmanaanmaé’mLﬁmﬁﬂhEfl,ﬁi{ﬁsJuL’%WimﬁmmamﬂﬁaéwﬁmwwmaLsﬁﬂﬂﬁaéwﬂi’]wmaﬁﬂﬁqLLammﬁ’vaé’mu
Mﬂ;ﬁu (Phattharakorn, 2009)

TUsunsu GeoGebra tHuldsunsuadiamansdnlusunsamisiivntanldlunsisounisaoundinanans
au1saaiians i aradansrsuansaunisiduguiialy M30AUNITINTFINVOINTINTY 9 1HF28 Markus
Hohenwarter nwaiun application ¥1100am3e 185i3uausd 2001 feud 2007 Michael Borcherds Y1GINGY
I fuiausion auduiiden an1fusng q lunanguszmaiinedestunsineildlinisatuayuegiunn
(Wuttisant, 2023) M3dananssunsiseuiadinenans lngldlusunsy GeoGebra Hunsilusunsululdiduedesile
viodelunisdafanssunadous TesislidiudugUssanmntu felnaeudhiduiiansandeuln wan
waiasuasing o veeilefidu vldindeuannsadunadivdeiintussninaunisuasnsldegnsdnou Fadu
TUsunsuisaisuadin fvadn wasunagdalieiy annsaldluntsadidurmivdsunlandmatalalunends
nslilusunsudisaguysanmsiunisSeusadinmansorsieiiuyunasinundnenmaesasiaeu uenTINtee
TG uaansaainsesdnuienuesmumumunsavesay dsnaliillonainf fauAnasisassd fiuaunms
WNAYNYE LagnIEUIUNIINIAaAA1EAs (The Institute for the Promotion of Teaching Science and Technology,
2017) Bnviadlefi3euldsunsdnmadsuifivansay ausofignisesdilafinnld fEsulsdanubaiiugnilunis
Suidnadaeandiiunniu
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AuBaduynuiunsideu (Learning engagement) FududsdAgyUszmsusnitesugnildliinuiudy

|
o

Seu N13IANSANYILALLITEY Ap N13InnsiseunsaeulviEiseu sAngatuyniuiunisSey Wedleuiaugad
niufsgansnisuiuazesnuarmanuiienueslusduintunelunues dudendugasuiuuwsnenis
nogINuTeY Hissunianudaduyniiuiunisiougs Suulduiazvadvaineatunisisews (Hurst, 2013) daa

€
D

Cafle @5°  &3°
N} oy

v a

T FeuiinadugvinianisSeuganuluse (Fredricks, Blumenfeld and Paris 2004; Wang and Holcombe, 2010)
LﬁaﬂmimmLa?ia%'aaazéuaqé'ﬁ‘auﬁﬁ flausalunsiSouszius TunsuszliunagiSeuuuIYA (Programme for
international student assessment: PISA) wuiiAedsosazvosgSoulneiifinrmdadugnitusedus i
25.4 FannniiAedsiesazued asnisiionuduiioniaasugianagnisWaun (Organization for European
Economic Co-operation: OCED) #ifidnuindfu 20 (Willms, 2003) annanmnisaifanamagiieulifuindesnuda
fugnitutunsGeuduisddyivesdamsulifututudiou egnlsfinunnudasfuyniuifuniadoududunded
I@n9InNsISsunsaeuiiiiusyanS A (Hurst, 2013)

fidedsdanuavlanisianisifoudinaiia Think-Talk-Write $2uifu TUsunsu GeoGebra Tui3ans1nves
flafdusndeans dmsuinSeudutsendnedi 3 duasuaudniunniulunisSeuinadamansvesiniSeulay
ilesnszdunadugrilumeinadamant iinFeuiienuiasanudlafstuiFeansmvesiladduidaaes
uananifFeudildanundamauioussgdafasdouinadeaans dawaronaduguinamaiouiigaiuuay
ansnthanuilssululfldlnaausslovidenssniudin Wewamunuesuasdsnuseld
IUIZaIANSITY

1. ilesuifisumnudnifugniulumadouineademans Bosnsmvesilsrduidaaes vesinidoudy

fseudnwTi 3 neunazudanmsdnnisifousivada Think-Talk-Write $9fu TUsunsy GeoGebra

2. WleUsuifisunadugninianisifeuiviadaeans SesnsnvesiladduidsaesvosiniFouty
eufnuU 3 eunazvdanisdanisiBeusinada Think-Talk-Write 59U TUsunu GeoGebra

/ATUNTITY
1. LWUULRUNITIY
Fidesiunsifelnelimsideimnass (Quasi-experimental research) fuiiunsisemuuuyide
One Group Pretest — Posttest Design

0, x 0,
O WU NSAERUNBUN1SMAADS (Pre — test)
X Wi MsInmsseuiinatia Think-Talk-Write $3uiulusunsy GeoGebra
02 WU MSVAERUNAINTNAARY (Post - test)

1Y

2. NguAI9E19YAIN1TITY
Uszansidlumsisednidoudussondnuti 3 T,iqL%'EluLw%mﬁﬂu%’mi’mmwﬁuﬁ: Squvtanun 575
Al Im&mejuﬁaa&hwmmﬁé’faﬂ%ﬁiéﬁ.m' UniSoudussoufnundi 3 masoud 1 Insdne 2566 S119u
43 au Tnglaunannisidendudiegawuuitg (Simple random sampling)
3. ndasdlefildlunside
3.1 uHUNsIaNIseuIansennsiseuiadamanslaeldsuuuunisdnnisiseusinaia Think-Talk-
Write $3uUlUsunsy GeoGebra $117u 8wy 10 4Tus uanesiamnsneit 1 waznnsl4lusunsy GeoGebra Usznau

Tunsdanisiseus Ses nivasilandumasaes wansdsgunIni 1
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M19199 1 unumsdanisiseuslegldsuuuunisdanmsiseudinadia Think-Talk-Write $3uAulUswnsy GeoGebra

o a oy oy o
WRUN1TIANTSLTEUS d13en13iteus a1 (W3Lu4)
1 wugtleidu 2
2 AUNFVBINTTINUA 1
3 WIFUANANRUANIBENNTT Y = ax? 1
4 wsluaninmuamigauns y =ax? +k 1
o o 2
5 s luafifuedasauns y=a(x-h) 1
6 WITUANNNUAGIBENNTT Y = a(x-h)2 +k 1
7 WFNUANMAUAGILANNT y = ax? +bx+cC 1
sy o w Aa v <, i
8 navesilanduiasaeaniidnuaz luaunisvesmsluauuusig 2
594 10
X 09‘\ns.u©eﬁﬁebra
-h;ﬂms"-n‘ﬁum
P t-uﬁuj & uhuray b !
anihitianmwnn Tuaeiy &
. tuvmasAndada 3 Wyamnn =
I i s | ws A
= o i ‘

= <t . rovimiuaauduenston s
L . = Tauviaaunuanes fia (uass x=0 waunu y
=N uamTvRAIAR A Agusy (0,0)
4 2

[

A1nf 1 feg1en13dnfanTINNIsSENs Seensvesilanduiidiase laeldsuuuunisdanisiSeuiinaila
Think-Talk-Write $auiulusunsu GeoGebra

3.2 wuunedsuianadugvsnianiseuies nsvesileiduiidsass unvuneaeudsie

'
P

4 fldion 31U 20 10 MIPEIUUNAADUTARATNENENINITTOU LAAIRINING

o ] o o, “
s-1nauqquuunndaugnygdyqnﬁmdt?uu
(3dnsnwvalwing A0l

BVRInRTRULS 8. sz el dunswiifatiu 12. mymiwsluanidmualilalfifou

(Alan¥) uax e (umiPersufuly : A ¢
3 1n dnuapiitalaseluil

n. (4-2)
o (720)(
A (0,-4)
1 (4-4)

n. (2,300, (1,60) , (3,90}, (4,120

9. (1,30) , (2,60) , (3,90} , (4,120)

#.(30,2), (60,1), (90,3, (120,4)

5. (30,1), (60,2) , (90,3) , (120,8)

ny=8+2 Wy =B+ 2

Ay =B -2 Ly=8B¢-2

AN 2 FRE1wUUVAaeUIANadNNEN1INTSITBE 0 NTMvesilandurindades
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3.3 wuudnanugaduyniulumsSewiviadaaans Seansmlvesileiduideass weinanudadu
gniulunsiSeuivadamansingesduseneundn As AnudaduyniudagAnssy anudatugniugaensual
wazAuBauyniudaaye uanaiansned 2

A15°9% 2 wuuiaenudadiugniulunisisewivadeans

asdUsznauilin Anwz U oAz
(T0) | mzuuunowdou | AzuwuuwEwSEY

aruBasugniuds | fleudfcRaunung sudouvestu 6 15.98 22.28
NOFAnTsu (Behavior | 158U TA1MUSURATOUSIBNISISEY N5H
Engagement) daususlunazuentesSou
awdndiugniude | disunanseendueisuaiiifie 7 16.98 26.19
915ual (Emotional | iesiSoundinmans a3 waziilouson
Engagement) 04 LiiuAMAEIIULDY FUNTETIATIL

ANAIYBINILTEWIN ALINAIENS
awdndiugniuds | fEsulimnumenenlunsGeudmi 7 16.25 27.58
Usyay1 (Cognitive mié?ﬂﬁ]L'%aummvjmwlumiﬁaui
Fngagement) JunsEtanInsarAuALes wasiamn

G]‘uLENLﬁ@IﬁUiiQWWNLﬂﬂﬂu’]&lﬁéjﬂﬁﬂ%

374 20 49.21 76.05

4. MaiusIvsIudaya
4.1 fureunsmaaes
4.1.1 vhnifsdovennusudielunafuteyanisifeluduiFou ausdnuaansuazuinnssy
nsnwlussdennensisadou Weveanudumiiolumaiusiurmdeya
1.1.2 Ussanuvennudamdielumsimusamsisaou wasvouwamemiflinszuaunmsiFeunsasuy
fumihnguansenisiseuiadinmans
4.1.3 Afedandounnunisianisoud uwuneaeuianadugninisnisidou de gunsal uas
lonansiiieadesiumsdnfanssunsieunisasy
a.1.4 {HFeldhununsinnisBoud thumanudesiu wuiuwunsdanisSeus dadedany
aenndes (100) 8g5ening 4.50-5.00 Fsfimwasnadeaniian §idedaldldusunisdnnisisousous Tasldns
damsiFeusinaila Think-Talk-Write $3ufiu TUsunsu GeoGebra thluldlunisdnnisiSeuaeuiuinitey
4.2 SuspwrinmeaswasiusuTntoya
4.2.1 {ifedfunsaoumuununsdanisous dednfanssunisiFeus eeldnsdansFeus

U
o
[

wiafia Think-Talk-Write 39250 TUsunsy GeoGebra #aUsnavlude 4 dunau fo uthgunidou Ao agundig
UV]L?EMI@Sﬂiﬂi“muﬂ’lﬂmﬁﬁlﬁ]“uaduﬂLiEJuLLa“WUV]’]ULH@W]WJ’I@J?LWJWUﬂLiEJ‘ulIL‘W?J‘LI’]Luaw’lm’lLﬁdaﬂJIENﬂUﬂ’nmﬁﬁu
fuaou fio mmmuaLuammawLimﬂ,mmammLLammimmmau Toel#lusunsu GeoGebra i ounay fu
Anvinue Ao ﬂ'gmuumﬂiumu{]mwﬂmumLiauLLaﬂmmiaumﬂLLammamm’[,aﬂ‘uﬂivmuflzymw]gmmmim
(Think) 1nifungidalenmaliiniouldsuyans wandsusansudaifuresmuesiuiiou q lutuSeu (Talk)
wandouagy (Write) wae suagl Ao Aguartndsuiwiunseaeulssiutgmuasagidomaseilldnnniadou
uaznsvhAanssuluauBsy TRy S 8 unu 10 dalus madeud 1 InmsAnw 2566

4.2.2 luszwinansiSeunisaeudideduivdoyantuiinudsununisdamsisews mnuuuininee
AIS Y Lﬁaﬁﬂmwaé’uqﬁmaﬂ'ﬁﬁau Sas namhasilaituidiaes

4.2.3 WiinBeuwvhuuuiaeudasiugnitlunisiSeu Bes nsmvesilaiduideans laeldmsdanis
Seusmeila Think-Talk-Write $auriU lUswnsy GeoGebra

4.3 Sundanvnaes

avanslee Aoz Inemans umInerageuasvsIil
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4.3.1 Wesfiunmsaounsumuununsinnisdoud §isethuuunaaeuianedugrimemsFou
Fo1 nymivesileiturndsaes Saduwuuneaeuusify s1uau 20 o wvhnmsveaeundaseu Tneldinan 1 9lu
5. M3pTevidaya

5.1. Binsgiteyarinnudaduyniulunisiieuiviadaeans Feansvesilsdduindrans ves
Shideutussendnudi 3 AIEN15IANTSISEU3 wAlla Think-Talk-Write 933y 1Usunsy GeoGebra Flnsziilag
Wﬁﬁﬁﬁug’muazaﬁamaauamagm t-test Dependent Sample

5.2. Mnginadugnininieuadamaniieutazudsnisianisifousinada Think-Talk-Write
it Tsunsu GeoGebra vasinFoutuisoudnuil 3 friameilngldadffiugunaraifnaaovausfgu  t-
test Dependent Sample

NaN15IBUaTaRUTIENA

NANTINY

mswanAnuBasiugnilumsSeudeinadonadugvimanmaseuinadamans Feansvesilaitdu
frdeens Sufseudnui 3 Tngldnisdnnisiseusivata Think-Talk-Write 531U TUswnsu GeoGebra anunsoagy
wamsiaeldsdl

1) mstasziuauBastugnilunsiouvesinGeu Fesnsmivesilaituigeass nuiasuuuvesisou
frzuuuneuowadsiiiy 49.21 azuuu uasflazuuundaSeuadowintu 76.05 azuuy iethuninnevideada
VAABUT (t-test Dependent Sample) l¢ifn t = 5472, df = 42, sig = .000 Fsaguldinsziunnudasiugniluns
BouvestiniFou lnsmsdanisFousinafia Think-Talk-Write $2fu Tsunsu GeoGebra vestiniFoutuisoufinui
fi 3 fawdsuidivussriasuuuaouianteds wui azuuumuBadiugniulumadsundaieugeanieudeu
a8l dnyeadRTiseRy .05 uaneian1sad 3

M159% 3 MFATeiIsuiisuanugaiugniulunisiteu neuwagnddldnisdnfanssunisiseus

\ S.D.
ALRALYa9 4
AZLUY Mean S.D. , ALY t df Sig
Nasng ,
NaR9 1 tailed
AauLs U 49.21 18.488 26.84 32.159 5.472* 42 0.000
NA9IEU 76.05 17.223

*udAgNanANIzau 0.05

2) mnaaeuianadugvimaiou Besnsmvesilaidurddes nuinsuuuvesiiou dasuuunoudou
WABWINTU 7.40 AzuuL wardnsuuunduSewads Wit 14.60 Azuu dievwiiessidasadnnadeud (ttest
Dependent Sample) 1AA1 t = 16.258, df = 42, sig = .000 ﬁ]aaiﬂlﬁmwaamqwamqmmaumm n519veHeA Ty
ANS9E 09 Imamiwmimauimmﬂ Think-Talk-Write 21U 1UsIASU GeoGebra mawmwu%umwﬂﬂmﬂm 3
LSJ,JE]L‘UiEJ‘ULVIEJUT’WJ’N?]"’LL‘u‘uaE]‘U‘VNﬁENﬂN WU AZLUNADUMEATEUGINIINBUTEY agnafifeddumsadnfisefu
05 LARIFIN1S1T 4

A1599 4 MFIATIERUTEUTBUNAFUgNEN1INTTSEY foulasnadldnsdafanssumsiteus

. S.D.
ALRAYUDY . o
ASLUY Mean S.D. , ALRRY t df Sig
NaMNN .
AGIRE 1 tailed
AU U 7.40 3.506 7.21 2.908 16.258* 42 0.000
NA9IEU 14.60 3.346

*Tfudndynnaadffisziu 0.05
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anUsena

s BasiugnilunsZeudsinadenadugvimenisdeudviadamand Fesnsmvesileidu
frdsans Juisendnu®i 3 Tagldnsdanisidousinaiia Think-Talk-Write $2uffu TUsun3u GeoGebra #131190
ofusenaldsail

1. myfmuanudadugniulunsiouinadamans Feansslvesiledtuiifeans vaainiSouty
fsouAnundi 3 ndsnnsdanisiieusimemaia Think-Talk-Write $23/0 TUsuATY GeoGebra nds3sugenitneu
FeuegifudAymeadafiszdu 05 Fsvmneaiiuin Inssudounisianisdanisiious fewmaia Think-Talk-

Write $2uffu TUsuNTH GeoGebra lnsfazuuuiads (X) wardrudssuuninsgiumiifu 49.21 uag 18.488
ANNAWU IINATUULAL 100 AzLUN Wagndnsianisdnnisiseus demailia Think-Talk-Write $3ufu TUsunsu
GeoGebra Insfinzuuuiads (X) wardruidsauuuasguviiiu 76.05 uag 17.223 anuddu aanaziuuiiia 100
Azuuy wazthesdusznouifmnfiansanleedazuuuade (X) deutazndaSoumuddunuin anudesiugniu
\Bemginssu finzuuuiade 15.98 uay 22.28 mnudasiugniiuiBeensus] fiazuuuiods 16.98 uay 26.19 uag AN
Sasfuynitudslaya fazuuuiads 16.26 war 27.58 Rarsunldidnizeusianudaduyniulunisiseuin
Adinenans nauseugseuiulddn Faaonadaaiunuideves Kruedsanoi and Kaewpuang (2023) 91nn15dans
nsdansiSeussemaia Think-Talk-Write 333U TUsunsu GeoGebra vinligiouAnamdssiuynilumsiFou
Fnadamansldduduinanmsinniatoud Fesnsmvesilaifuidsans ordnnuiidos auns gduduuas
n31l Fsnsaoutiuaglilusunsu GeoGebra uardemsasunndnmans duilitnizoulfidrlaluunou uasui
awaisiiugUssamnntusandlafiiveans suuuilvsunsuiiaiisassd shlfAnanuaynuas Auduiehli
azunummBatugniulunsdouinadamand sy

2. wadugvsnensiewiviadamans Foensmvesiledduidsans vimisiansSeuisomada
Think-Talk-Write 323y TUsunsa GeoGebra vasinisutusisoudinudil 3 ganirdounisdanisioud tned
oddymeadiisziu 05 Usingdr dniSeuiildsunisdnnisisoudsemaiia Think-Talk-Wiite 3w Tusunsy
GeoGebra Fasnsmiasileriduidsans AoudnnsFeus fazuuunismaaounieudouads Wiy 7.40 Azuuu 200
AELULLAY 20 AZUYY WaznsvnapuvdassunU dnsuuundaSoueds Wiy 14.60 AzuuY NASLUULAY 20
pzuuy Sudulumuauufgiuinddd diiAaannsiunszuaunstuneulunisiaiegndussuuiznngd
wanzaulneduiuinisinwindngnagiions uanideniin aaensundnnisaiienisianiaious Tnsnisdans
oudshemaiia Think-Talk-Write $3uifu TUsunsu GeoGebra uazldfuunmizeusesnsmvosiladiduideans vie
marluan Gafasordvarudladuegranluniafou fimaia Think-Talk-Write Ao wadafignitmuntuiie
umededliiniFeulsiloneaiindu oduaiumuannsavesiiou 3 fu e Msaa msyn uaznsiTeou Taedl
fugrunananudilanenisdeu esdusznoumdriitehiinnudify Esulddomsaumemsadinmans
woasUludefinueaiinle madeutaznsAndianunsnaguesdnnusligdizoudleldmenues wasdsliufdusus
melutuFeutuiiousndy uasniluilatuifivsunsumiasunisaounuuund vildnssunsaeuiuihauls
Jalgnlusunsy GeoGebra 1ysans RS swaansaidilaludinves Adududu ndn aunsafiansannsmile
nauntsnslvarluauiainisademnalvaldfenuedd dafiieuduldassinanign aynlinioauas
adadnanueniizivle m%ﬂﬂmwammfﬂEmmEmjaqLwaLUuLmeqLLaulmmumﬁmmaaUﬂﬁvLuumm
gndsngideivy uaﬂmﬂum'ﬁamﬂmiammﬂm'g S euasiierfanssuse 4 menuesaziseuasle
Boudtenuesande Sniedujutiunisadassdesdanudieiagifouwes murnuranuiaruananinig
Souveuiazau Seaenadostuauideaes Pasong (2016) levinsTdlusunsu GeoGebra Usznaun1sdnianssu
n9iFeudmusUuuy AMAT dWoRmumadugninanisdsundnmaniiFes uraadadestu wutnsdaninFousi
mnzaududeiiddny madalonalidiFouliFounusssundnazifudnonin fnasensieuvesiniFouiuegis
7 wazdaenndesiu Thipraksa (2017) IévhnsfnwanudlasazanuamilumsiFous BosnsiluavesiniGeu
Fusisendnu Ui 3 Inedaianssunisdeudinilusunsy GeoGebra wuiinisviAansslutuneunisaeu finsld
lUsunsu GeoGebra lunsdrsiansmvassluaigauies Jwhlbidnitewianisteuiandnaziinaudila
FsmutlafifaannstlindufidudundaihiinGsuiseuamilunsGouiuasyiliifnanud iy
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ayunan1sIdeuazdatauanuzannIsIvY
dyUnan1sIde
1. wansiaunauBadugniulunisideuivadamant Besnsvesilsiduideaes vosiniFeudu
Teufnundi 3 udansdnnisiiousiemaiia Think-Talk-Write $auu TWsunsy GeoGebra geninnounisdnnis
Bous Tneiidoddgmeadiavsesiu 05
2. nadugyismenisseuinadiamand Seansmvesileidumdians vealniSeutulsendnuli 3 nds
n33nn1seuimemaia Think-Talk-Write 33uiu 1UsWNTU GeoGebra geninneunsdnnisisens Inedlduddsy
neadATiTEdy 05
FDLEUBRUZIINNITIVY
LdpawsiugdmsunsimanisAinululdusslovindinisdnnisisews
1.1 agffaoumslianudfyiudoyanisiiounsasudiddvifiFou Tnodudeyaiitaiou nszdu uas
ﬂiamqmﬁamﬁﬁ’]ﬁ@ %ﬁ’ﬂﬁﬁﬁ'awﬁﬂaLﬁawﬂﬁdwamﬂﬁu
1.2 ASHEUAISANYILHUNITIANITTEUT ﬁi'?umaumﬂ%’mﬁmmm%‘aui%ai%’mﬁmmn%‘auﬁmaﬁﬂ
Think-Talk-Write 931U TUsunsu GeoGebra naaadldnouiiluaouasa
1.3 agfiaeumsiifanssuiinannuaglumsdniansaulututou ileflastronseduliiniEowian
aula livndelunsSeudsely
2. Yarauauurlunsiteadadeld
2.1 lumsesnuuudenisinfanssumsiFeus Ineldlusunsu GeoGebra fasunisiivgAnuisnisasng
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Abstract

The purposes of this study were: (1) to develop plans for the organization of mathematics learning
activities using problem-based learning (PBL) with board games with a required efficiency of 70/70; (2) to find
out the effectiveness index of plans for the organization of mathematics learning activities using PBL with
board games; (3) to compare the mathematical achievement of students studying on PBL with board games
with 70 percent criteria; (4) to compare the mathematical problem-solving ability of students studying using
PBL with board games with 70 percent criteria; (5) to explore the satisfaction of students with their
learning activities using PBL with board games. The participants, selected by using the cluster random
sampling technique, Were 19 Grade 2 students at Khon Kean University Demonstration School International
Division in the second semester of the academic year 2022. The instruments were (1) mathematics learning
activities plans using problem-based learning (PBL) with board games; (2) the learning achievement test; (3)
the mathematical problem-solving ability test; and (4) the satisfaction of students’ test. The statistics are
used to analyze the data, consisting of percentage, mean, and standard deviation, and to examine the
hypothesis by using a t-test for one sample. The results of the study using PBL with board games as the
instrument of the study were as follows: (1) The lesson plans for the organization of mathematics learning
activities were 88.63/78.93. (2) The effectiveness index of plans for the organization of mathematics leaning
activities was 0.4061, or 40.61 percent, respectively. (3) The mathematical achievement of students who
studied using PBL with board games accounted for 78.93 percent of over 70 criteria at .05 level of significance.
(4) The mathematical problem-solving ability of students who studied using PBL with board games accounted
for 81.73 percent of over 70 criteria at .05 level of significance. (5) Students are highly satisfied with the

learning activities. The overall summary score is 4.69, indicating the highest level of satisfaction.

Keywords: Mathematical problem-solving ability, Problem-based learning (PBL), Board games, achievement
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Abstract

The scientific explanation competency and science motivation are recognized as superior learning
outcomes in science education to lead students to success in science literacy. This research studied the
progression of scientific explanatory competence and science motivation in high school students who were
engaged in a seamless STEM (Science, Technology, Engineering, and Mathematics) learing approach that
integrates both formal (in-class) and informal (out-of-class) learning settings. The researchers developed and
implemented the seamless STEM learning approach with 23 high school students for over 400 minutes. Data
were collected before and after the learning sessions using a performance test to measure self-generated
scientific explanations and a 5-point Likert scale questionnaire to assess their science motivation. The data
were analyzed by calculating the Normalized Gain in learning progress. The results revealed that the students
progressed in all three sub-components of scientific explanatory competence - claims, evidence, and
reasoning - and all five aspects of science motivation: intrinsic motivation, self-determination, self-efficacy,
career motivation, and grade motivation. Thus, the seamless STEM learning approach effectively enhanced
scientific explanatory competency and science motivation learning outcomes. This approach could serve as
a new instructional direction for school science education and provide an emerging approach to science

learning for teachers at the school level.

Keywords: Seamless learning, STEM education, Physics instruction, Science motivation, Scientific explanation
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Soodjai and Srisawasdi (2021) uae Yodsanga and Srisawasd (2021) wagluuiunnaisnmsinnsseuiasinuuuuly
sensiafigniausliluauideves Sritawan and Srisawasdi (2022) TnginasinsdnsyfunszuIunsinermans
duianglunisianisiseuililaouuesdusznauvenssuiunsduians 6 8aAUTENaU AUANYULUBINTTUIUNITNNG
ereans laun Jgynmsesiniu wqwﬁm’%a%’ayjmﬁugm nsrvIunsvsegukuulunsuAlm wan1siasen
Yoya msdnauedeya uaznsaguna eltiunusilunisdasziv Tnsudaszdunsauianyldidu 5 sedun
psAuszneuiliuntniSeu eazBoadamsne 1

M15199 1 naidaviinalunsdnsgaunisduianslunisufjifinisveass (Buck, Bretz and Towns, 2008)

asAUsENaU nMsAulE: mMsiuEne nsAuEELUY MsauLEne nsiulEnEAN
NITUIUNT wubudu  woudwne Buwauusme uuuida UIUNIR
Taywv/enany agwdedlv  agwledld egwdeuld Asn3eNlv Asliw3euli
noed apeseuly  agwledlv  aswSeuld Asn3eNlv Asliw3euli
By/mseenuuu agesedli egwledlv agwSeuld Asliwionly  asliwSeuld
nATIEideya apesewly  agwledlv asliwSedlv agldesesd agldnSesdv
msdeansenuvane  agwiedld asldwdeald esliwFeuld aghieBedld aghiwdesli
nsasune apeseuly  agldwtedly asldwSedlv agldesedd agldnSesdv

Tnesilusazesdusznounssuiunsiineasdondieluil

1) Yymdeda Wudmuthnszuunmsiieuilasasdeaduduiifsudesivindoveinsduai wagday
slsiifudnuiidudounasysuonfams@nuiuat

2 muiviedeyaidowiu udeyamnuifuguiisniudmiunsduaimnauvestiymviemaiign
Mvuald
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3) FBmsvdeniseesnuuu Wunsnaumy senuuy wasiusiusdeyaiiieldlunismeumanmienisudly
Haymeuiidmun
9) msinszideya Wumsiseiteyaiuviemsaumailinnasieu fifiiensiniuteyanse
ansaumanAunuale
5) msdeansenuvaneg Wunsiiauenansinseideyaiildainnismeassdasinisuaiunsasenuuunis
vhiaustesvidonuiiunl e
6) msaguna iunsasteagiandeyailifnuiuaimiensmsnanisdaunauasdoyadildannisufons
NAADY
dmsunmsideluadsiléfionsanfenlinszuiunsinermaniduiazuoviuusuumadunaizlunis
dansiFeuiasiduuuulfsossemunuifanssuiunsineimansuuvduians 13ee anuduiusszninanmsng
dnglihuaznszualnih dudu nadinsfamaFoudasifuuuulisesseidunisiniFouslisosronisinnisdeus
wuvanumanl wuuumenisuarlhfunenis Anmauseidedaeldgunsamnmiiiedeslosnuiiintaly
HoadsuuazuentieaiouiivhliAnmsGeuiiduuussaldftau faneitendililinaitnisinnsGeuiuuly
segsauuudumenisuagliidumianis (MSLL) wazysannismsadslszaunisalnmsseusludfsng o idna
sordesluuiunmsBeuiinermans Tnsmstmalulad léun ueundiadu KKU Smart iNote uazaniunisaidiass
vumaNimes (Computer simulation) ¥es PhET dnnUszgnaldlunisdnnisieuiainussaunisaiase uaglivan
Jmnssulumssenuuumsmaasaitensiadeu ausfgiuiiniliuudeulunimnaasy el snidenlesiudia
339 Inefnsthadaeansidundun lunsdanisiseuiiuulfsessauuumsdeuiiuulSsesseuuudunianis
wazlaifuniens (Encompassing formal and informal learning)

AU

Jidn923n337

nauauiidfmn e dutnSeudutseufnumeutats Idun dniFeudusseudnwdi 4 S1uau 14 au
waztiniFoudusioondnui 6 $1uau 9 au sadwauiedy S 23 eu fitddnuiluniadeud 2 Ynsinu
2564 Bslnlngisnndenuuuianzes InglivieaSeuiidelisuneunnelisuiaveunumsasuseinidndly
FruragusziinsvesanuAnwsseuAnwvuadnuimidudmiaveuudu AlinoriunaisnsBouiasiuuuy
¥sousiomuuuifnnisianisisousinemansuvudvianzandeu deldunlaeiBnsidonuuuianzastaglivesoud
eluguzaguszimsilduseumnelisuRnveunumsasuseinildndlasaaufnm

nadsnisiansBeuiasiunuulisense

nsdanaiseuilegldnaisnisdnnisiseuiaziiusuulisesdenunuifansdanisdeudivermansiuy
Auiany Foe nAinssuveadies (Msazviouvesedudes n1sinimvesadudes MsiAs Uy uagnsunsNaoATeInaY
F9) dwisuiinFeuduiiseninudil 4 $1uau 3 unumsdanisFeud WoalumsdamaBouisuidu 6 dalus
wazides Tidh (Anmduiusnszualiihfuausinedng anuduniuluidu waznsdensasifumiu) dmsu
tniFeuduissafinu®i 6 $1uam 3 wunisdanindeud Wnalumsiamadoudsuieiu 6 4alus lnsununs
famaFeudienaiinisianisdeudasifuuuulfsesroidunaulumsdnianssunisSeusluioniou 3 funey
(Sritawan and Srisawasdi, 2023) léikr (1) FureuuftAnisduiang (Pre - Laboratory) e n1simumanIuntel
Bymuaziaumadadeatunsius wasfinvunfanquiuguiiietos wiwnfanquiuguiusess)

DE v v
o o ~

wuznafnaUresiniy dlunsifelunfiddu fuouts umsuoumnenstaniaouslnelidufanssuns
Bouduuulaidunianis (nformal leaming) uanvoneu (2) suuftnisduiats (Laboratory) Ao nisduiiunis
Auien TnefinseenuuuiBnsduaevionaaes dunpdimansadey Mnduthuailldnismeassufofnisduians
unsziitenaumanuviotymiiu uay (3) SundsufiRinisduians (Post - Laboratory) Al msthiaustoyana
msdulaneviienaaed WlewaniUdsumnAniazeAusonasmiy Lﬁ@ﬂﬁlﬂéﬂﬂiawmamsﬂﬁﬂ’amsﬁmmx wazly
nseenuuuYszauMIninsEuifnan §idusmuelifiFoulfaleuftindeudinenmansduasuuuduue
W24 (Guided inquiry) @eiiReagirienasaumaiiiu daw naud weedsnmslidmiugFou dndiouasiiuas
foufuiessluduiidumsiiesgideya nsiaue wagmsaguua
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fegreianssunisiFouditlinaasdide
PiderhiaussiogefianssunsiseudenaitnmsdansSeudasidunuulisessioiies nafinssuveades 3
HuAnssumaoudmuusunisinnsGeusd 1 msasieureades TneflswazBoadsil
o durouuftinmaaes
1) Jgynv/Ann (Uszaunisaluonviosisou)

a =

unumvesn : matidndureuufoinismeassimiaiuenuaulawasdoulssmufifutuidesiesinu
TngliinFouinaueaniunsaivieusngnisaifiiendesiunsasiieuresdesiivnFounuludinusesiTu uas
sufuefuned “mnanunisalifitnisuutazeuldnouiniu lunsagvouresdssdiaislafivilounFounns
Auegalstng” mﬂﬁ?mﬂ%'ﬁwmmLﬁaﬂawL‘TJ@L‘ﬁ'aiﬁﬂ’ﬂL%'&JuiﬁaaﬂLL‘uumiﬁﬁ’gﬁ]mwaauamumaiﬁﬁﬁﬂL%'auléf
ARUN LI UNELATY KKU Smart iNote (fauandlunmd 2) 1 “dnifeuszannsansivlsogisinmgnisal vie
anunsalfidnifeunutuiansasieuteadestu dniuiitmnsadeuedils”

unumesiniFen : YnidsumeuneianiunsairieUusngnisaifiisadesiunisasieuveadesi
tndunuluindszdriu auneudouiewvunndslumsmdineuiiieilundng1u (Evidence) thungtenan
81999358u (Claim) Tngsyytanaignaiiukeundndu KKU Smart iNote

{ Back Anaumsauas: (GU) £ Back asRAnAUSUARE (ﬂ)

MmuduE: #1 Amuduian: #1 B

dondndng (Claim)

s - fmuduias: #2
tanarad (Claim) g0

2 2 fegrsuaunaiadu KKU iStyle Science Note : wtinaenisaadnldaru (n) wirvesednsunsouasii
Anwiniasavunnlagag (v) MNefI9E19NINBUANINHIUNTE UM TIEIMmMansduLazvasinGey (A)

2) guf (Uszaunmsallurisasew)

unumasay | thanunmsaivesindsuiildnutuineunslutudeuimgfnssuvesdssfiAatuanms
avviouvondes fadunisuanmginssuvesaduna mesanliEGeuneuiivnanlunsaziouresdoaiatuld
ag9ls erdsafunaludsfnansiamumunuiuinn dsalvnginssuvesdenduetidls nislédudesiana
Antuldesnils uazditadelaiiieatosine nesiiliunandidoufmmimendsduomaiiadelaioadesths
Tunmsmaruiveadesausamealdodls udniuasuaziniFeusmfunumuauiiasiiausuuian
fuguRentumsaziouresdes

unumastiniFeu : dnidsuneumany ledduunAniiugiuiafumsasioureadssiinGousomsy
fouENyhnMaae

o duUftRnvaaes WszaunsaflutesSew)
3) 35n13/N1508NLUY
unumvesag : uddweanuazainuasuuziuimaieuludiiunismaaesituaniunisaldiaesuy
poufnes (Fauandlunwil 3) wielifiSouanunsamuauaiuusse lseg1sgnses

Copyright by Faculty of Science, Ubon Ratchathani University



115815 ImEATUaS TN IIER AN TN 7 1oudl 1 (u.A. - 8. 2567) | 125

unumwestinseu  dniseumvuadmiuusiunisnaaes Fudsau duUsaiuay HLUTINL) 9aNLUUANTI
nstuiinnanisnaaes dunausingnisal andunisduezdanseyi iunavsedeyanildannisdaunn nsdsas
asvEeu laevhnsveassassuaziivAnanIsnaaewialy

Al
550 uitdmel

e e
ATURENTRARALARS
O viuilgnlsitu

'_') ») C

CLNEE

= Y 1 6o a s « I A o o = o
AN 3 HIBYNANIUNITUINADIVUABUNILABIVDY PhET 1399 AAULAYY WUWNWIﬂUﬂqimﬂa@\?"ﬂﬂﬂ'ﬁlﬁﬁluz

4) MATzdeya

UNUIMDIAT 1 NUTIUANSLIARTWAT g RETUNMsasTeuteadss MamAA S As AUy
91NA

unumestiniEen : iunavdedeyaiildainnisdann msdrsensiaaou lasvinisvaaedads wazifue
Kansvnaes TeyaiildanmssunmazUszneusenaendsstaiuudesinunasiiades auasviounduiuas
#Busnadmils uazszogrennunastidadesuidiarie mnduliindeuusasndusiusumdngiuile
atuayudanandns Inessyndngu (Evidence) HuueUndiady KKU Smart iNote

o dundsuftRnismanes Uszaumsailuioaiew)

5) M3duaue

unumwesng : agnsduliinGsuarnduinauenamsAu: nieutsutuadiedonaridiaiet

woAnsslumsagiiouveadss Insnmdnguuasmmraatuayutenanisidauindeiesnniig

unumvesinGeu: Tndsuthiauenamsiviazildannisdidumsnisdann msdsansivaey neus
aznquihiauananiUdsuunin uaveRunerasufussrianguitaiessou Saedossznaudie denansndludy
rewdftinsduiany wasndngniludufiRnnsduane

6) NM3aUNa

UNUMYIRg : AFNTTHULAZLUTILIMARazngitethlugsasdeasUnanisiulany (Rauandlunmdl 4)

unumeiniFey : asUnafiieadestundnnisuaznguinidineimans SeliniFouaunsaumannisuas
nuildunlunislvivgua (Reasoning) Huteundindu KKU Smart iNote iitoatfuayudonanéranazndngu
sananlidufivonsuuazindedeld

Fvavslag Ao Inermans unIneraseuasIvel
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Al 4 efusefsusingmsaiiiiertesiunisasviouvesdesiiniseunu (n) wastniSeueaNkUUNINAABILGY
Juitnuansnaaea (v)

mafuTusmdeya
n53duasilifumsideuuuunumanaaosdusiu (Pre-experimental research design) TuMHLITULUUNEMY
\Renfifinnsnaaeunoulazida (One group pretest-posttest design) Iﬂaﬁ%umauﬂmﬁuswmu%a;@haLflulﬂm'm
wUtuHUNATefinardsiudeieluil
1) ol 1 wisinguszasdvesnsidesodniiounduiidrsrunisifeuazudsweniudusenain
fnidsunguiiirnuids nieurtuasiinmafutoyaiteluadsiiasldfnanssmusonaniFouly
eAnAgidevhnsasunazidearliilnmedoyadiuin uudmansuuuiissyfaauveadidisiy
nuidelegldalaminaveansauneawazusseanuuuulinan iWussezial 30 wil
2) weasudsusuiiezldiunaitmsinnisFeudaziduuuulisesdeniuuuiannisdnnisisous
Wemansuuvduianziuindeunguiidisiunside eeld (1) wuininaussaugnisesuieegialy
Ienmans uae (2) wwuasunuiaussgdlameinemansneutou Wussssnmsmiisdu 50 uif
3)  astaou (3dudduil 1) neassdansSouilaeldnaitnisdamsSouiavfunuulisesdenuuuidn
nsdamatsudinemansuuuiuany Swauidu 4 usunsdamadous faduununmsdaninioud
wuuaug 2 Au sanduswiuniudsuiedu 8 auideu SaRndusserinansiidu 200 wii
soiflaaiiu
) yaaeundaioundsnilifunaisnsinnisiFeuiasiduuuulisesdonuuuiannisianisisous
Inenmansuuuduiansfunguiinizounguiidnsumidelaglduuuiauasuuvasuamidedtuiuiild
Tunsnaasunsussulasldszesiaviniy
insesilalunsiususiudeya
wuudnaussauznisesuivedruluineraans
wuuinanssournselusesaluinemans Ses ngfnssuveades uazdes Tufh Aouuasnds
AvuiunaisnsiansSeuiasiiunuulisesse lnsuvuinaussauznsesuisesnadvinermansvesdioud
WunaisnsdansBeuiazdunuuuulisesde munwAnmsiansSeudineimansuuuduies Sos woAnssu
youdes $110u 3 anunisal way Bos T S1uau 3 anunisal Tuusdazaniunisel Ussneusne 3 esduseneu e
Tunsaresdusznauiufissfunziungeani 2 azuuu éun Fona12819 (Claim) dng1u (Evidence) uagmslivmea
(Reasoning) MINTLAUAINANYTVBILAALDIAUTENOY faduishadunzuuuiuvesuuuiadawiiiy 18 azuuu
Tasuuuinaussaugmsesuigegnadvingimandidunuuiauuudade Afedidunmaunmlngligidony
MeRuAneIeansfnyuarnIsaeIneImans 41w 3 AuludinnsanauaenAdewaZAUMNIZANTDS
anunsaifisnuauazUssdiumanunalasadeiiugiuresnisesusegnaduinemans uasthuansiinnsan
T,mEJ;:J:L%mmzymﬂ%’uLLGiaLLUUi’mﬁaﬂén
wuudausegslanneingnanans
wuuiaussgslamadnemansvosdiSouiiiunaisnsSeuiavidunuulisende auuuiAnnis
JamsiFeudinenmansuuvduiay WunuuinUsznnnsdsin wuuainsdmussanndn 5 seau 1w 25 1o
(Glyn et al., 2011) AdelHuuuiaiivszneuseyseloauenidnieaivanwersuainieludslunssdu aruau was
atfuayungnssunsdous fazvduasudnBouliszaunnudiiamadiuivins lnetausegslanainemans
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5 a1 laun fuaugdlanigly (ntrinsic Motivation: IM) Aruntsdndulasieniies (Self-Determination: SDT)
AuUsEAvENMveInULeY (Self-Efficacy: SEC) Auaugdlalunsviiau (Career Motivation: CM) Wag AUANYA
Talunansi3ou (Grade Motivation: GM) wuuiassnanlsiunisuvaifiuatunuilneuasaanndesiu Cronbach’s
alpha vaskuuaeunluatiunwilneduinty 0.92 navidutvihuvvaeunuiiaunmiidefeldfnumsnanmsgu
MIYINIS

nsATIzvidaya

deshenifeadiiifuniteddumunuuuunguiioiifinimageunounasvds wagmsdnuifed
ponuutIfioUsifiunansenurenaisnisdansidsuiasfuAnwuuulSesdenuuduneyanauasdusedy
BouvestiniZoungudiinsiumsidendunguisnuuiunvesaaufinu §ideadeniBnsinsesinsiinge
m’mf’hmﬁ'}mqmiﬁamaqﬁﬂﬁﬂmﬁawimamili%au%:ﬁl,ﬁu%u Wiofi3enin Normalized gain (Hake, 1998) #1013
Anmeiiinlfiieannansznuvesiifiazuuuieussuunnsrsiuainuaniseuiiiistuseyana (individual
actual gains; Gi) Lo Gi = AzuuunouiFou - Azuuunduiou JegninandalidunanisFouiifinduduyse
(Absolute gain) tnefl A = ﬁﬂLaéaGi/ﬂzLLuuqﬂqmﬁﬁﬂﬁ warATkULEUTSILTY (Relative gain) wanadudosas
Tned C = AadsGi/Azuvuieuoy é{’m%“u%uL'%EJum*i"imUizf?m%mwsuaﬂﬂai'ﬁmﬁﬂmiﬁauﬁazLﬁmwuﬁiaa(ﬂ'a
fwanaLAIMTImMIns Seueasveiutou (Class average normalized gains: g(ave))

TngAIAUATINENIIIINISEeY <g> 138 normalized gain wUamulein waﬂﬁﬁauiﬁlﬁmﬁuﬁaﬁm
tini3e1 (Actual gain = (%post-test) - (%Pre-test)) AnLduRvivssramaieulganiidlomafisduld (Maximum
possible gain = (100 %) - (% Pre-test) fisaunnsit 1 Feanitldazdiaoglugag 0.0 - 1.0

<g> = <%G> / <%G>max

<g> = [<%post-test> - <%pre-test>]/ [100% - <%pre-test>] (1)

NN1SANBI909 Hake (1998) WU AIAUANIUEINIINISISEU <g> 138 normalized gain wusld 3 szAU
1AuA High gain §A1 g > 0.7 Medium gain §A1 0.3 < g < 0.7 Waz Low gain &A1 g 0.0 < g < 0.3 lngandemlunig
nsfinw Afisilgaidotinsdnnisdousiulivssaning fo 0.3 vie 30% fiulwamaufutmismadeudd
UsrAvBnmvesiinGeuseynnasesagiisedu Medium gain July

uaﬂmﬂﬁé’ammsaﬁmsmmamn%‘auﬁmaqﬁﬂﬁauﬁ%%u’hLﬁuﬁuﬁmi‘]uﬁwiwaﬂmamiﬁauﬁqaqmﬁﬁiama
Windulét thufle Class average normalized gain %30 glave) Inganansamilganavuunasvowaty Taroulasnas
L%'ﬂuiumiﬁ%ﬁmNamﬁﬁ‘aumaqﬁﬂL%'Uu‘lué“ﬂwmzﬁiﬁﬁa@dwamiL%'&Jumiaauimannwsamaqﬁgﬁuﬁuﬁﬁmmms
atls WaaunIsi 2

save) = iron 1,\t,° N(gD] 2)

lnedl N fie Sruiuvetinseunsukasndsiiunaisnisteudasduwuulfsesse Wesniianudululdn
AzuuunduiuIztaendItarLuunauLIey gave) aggnAuiulagunudl ¢ naumegud uazliiiniSeun
Negative gain 11ARAUIN

HaN1339Y
namslaszinazuuuildnnuuuinaussournsesueetaduinemansuesindudusseun
maulaty 9w 23 Au leefimsiessiilieuiisunziuunauwagndsinunaisnsiseudazduwuulssease wui
AzuuURABRoURUNaIsMsSouiasfiuuuulSsessie 4.17/18 Ay 23% Adudsnuuannsgiu 3.2 uasAzuuy
\dendsrnunaiznisBeuiasiuuuulisende 12.30/18 Anlu 68% mdruideuuansgiu 3.7 nanisiSeusi
Wintuduysal (Absolute gain) Aty 45% wan13Feuddusing (Relative gain) Aniu 171% arwiniutimienis
BouvestiniFeusioyana Ay 83% uazaufnovtmieniseuvestuFeu Andu 56% uenaintu wanis
Ainnesinzuuunsagslaninermansiode Tasfinsnnesiiioufisuazuuunounasdsiunaisnsidouiasy
wuulisessaduieatubiu nui azuuundedeuiunaisnisFoulasduuuulisosde 74.08/125 Andu 60% e
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dudeauuinnsgiu 12.3 uazazuuuedendsinunaisnisBouiasiduuuulisesse 85.69/125 Andu 69% dn
drudoauunnsgiu 11.2 wamsiBeudiiiintudiysal (Absolute gain) Anifiu 9% nan1si3oudduming Andu 17%
anuivthamseuresinGeusisyana Andu 26% uazaruimimenisFeuvesiudeu Andu 23% i
wandlumsnedt 2 waglunnil 5

P i U aa = o I o i
M1999 2 AzuuUnouLasAsUNaIENTSeusazAuLuuliTeuse (N = 23)

Fruusau ATUUUADUISEUY | AzluunduIeu | Absolute Relative <g> | glave)
gain gain
auIIOULNISOTUNY | 4.17 £ 3.2 12.30 + 3.7 45% 171% 83%* | 56%*
pgraduinenmans | (23%) (68%)
wssgelamaIneenans | 74.48 + 12.3 85.69 + 11.2 9% 17% 26% | 23%
(60%) (69%)

wnewe: * Wudgydnualdusdsnnuinmihmeanisiseuresindeuneyanaiieglussauiiunasiuly (g > 30%)

WONNTLUE" YUIAYDINAAIINAIMTININTFBUTVRIUNTEUTIBYAAD <g> WAZANNAINIININTT
L'%EJu%:“uaqﬁ'q%'uﬁau olave) Ty annseiiaszdlalneutsoonilu 3 suiu (Hake, 1998) l@ur Hish gain Sie ¢ = 0.7
Medium gain 1A 0.3 < ¢ < 0.7 waz Low gain Jfn 0.0 < ¢ < 0.3 MnadNSlums1eit 2 T wudh waruiamh
vosauTInUENITes U duinemansvesinFouseyanatuliduiniy 83% wasvesiaduiFeudianvinfy
56% %aagﬁixﬁuqnmm’h Medium gain Fuly WANTIINAINTUIHANITIATIEIANAINTIVE 93 elanTe
IneraanivesinFourisyanatu asdawiiy 26% wazvosistudouasiidnrinu 23% deogsziudiny
Medium gain asly (Fauansl3lunsnsd 2 uazamii 5)

mn

140

120
u Pre - score
100 M Post - score

%Abs Gain

lafidius

83
80 %Rel Gain

68 m<g>

69

60 56 0 m glave)

45
40
23 23 6
20 17
9
0

aussnuzmrasuimdiivetmand usaplamuinamand

Al 5 nsuanIadnsauinviveausIauznIsesureg uduinemansuasauinminvesagelaniy
WenmansveainFeuiiinunaisnsseuiaziuwuulisesse

dlefiansananuiiminvssaussausnsesusegraduinermans lnsuenifussdusyneudosia 3
aaAUsEnaU LA Jana1i8nd (Claim) Usednuneny (Evidence) wagn1slilvnua (Reasoning) kagAuimimt1ves
wstgslaminermansvssiinFeulnsusnifuosdusznaudosiia 5 §u ldun eugdlaniglu (M) madnaulade
AULa4 (SDT) Usednsamuenutes (SEC) anudlalunisinau (CM) wagaugdlalunanisiseu (GM) luusas
psAUsTNoULEIAL namsiseausldsuandlunini 6
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100

94
. (n) . ) ) @)
u -
78 :
80 74 5 © = =2
70 "
70 68
M Pre - score
59 5
w B0 g 54 o W Post - score ' - = .
= L]
"E 0 49 6 9 m %Abs Gain i . .
| 43 H
@ 1 . = 9
2 . %Rel Gain ) .
m<g> * - B P
30 u )
20! mg(ave) - :
20 " v El
9 u u =
1 2 u
10 Z .
0
Anande Uszindwaiu mMliivaua L — - [, o o

= v & 1% % a 1 & a s ¢ 1 4
AT 6 n31luanIRadNSAINAIMIvesaNsTaugn1sesutsed1nluineimansluesddsenaudesns 3
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Abstract

The purposes of this research were to develop students' creative thinking using 6E learning based on
the STEM BCG for education, and to examine students' attitudes towards the 6E learning. The target group
used in the research was grade-9 students studying in the first semester of the academic year 2023, total 26
students. The research instruments were 1) innovative STEM BCG-based learning activities on the topic of
ECO printing, consisting of 7 innovations with a total duration of 20 hours, 2) the creative thinking assessment
for students, and 3) the questionnaire on students' attitudes toward using 6E Learning, consists of 20 items.
In this research, there were two cycles of classroom action research. The statistics used in the data analysis
consisted of percentages, mean, standard deviation, and comparison with the quality criteria. The results
showed that the implementation of 6E Learning activities based on the STEM BCG for Education has the
capability to enhance students' creative thinking, elevating it from a satisfactory level (mean 1.98) to a good
level (mean 2.52). These students collaboratively engaged in the development of products from Handmade
weaving, an original community product. They utilized creative thinking to design and create new products,
analyzed, and solved problems, and devised marketing plans. The outcome was a suitable product that
added value to the original product. 2) Students have positive attitudes towards 6E learning activities based

on the STEM BCG for education at an agreed level (X= 4.20, SD= 0.58).

Keywords: Creative thinking, STEM BCG for education, Attitude.
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(Supap, 2018) mmiaaﬂLL‘U‘uﬁﬁmiiuLLaza%’ﬁnmmﬁwmaslﬁﬁﬂL%'&Julé’fﬁauié’a&Jmiaqﬁaﬂﬁﬁ&ﬁamLLUWN
uAteym %mﬂuummqﬁduﬁﬂﬁﬁﬂL%‘&Juﬁmm'mi NNy wazaussoue (Tupsai, 2021; Phoodee, 2023) N159AN13
\Seu3 6E Leaming LﬁuLLu’mwﬁwmmi%’ﬂmiL%'&Jui'm:uLLu’mwwmazLﬁuﬁﬂmmﬁu NMSWAUIININATTEUS
WUUAULENE TS e 5E instructional model 783 Bybee (1997) Tnafinasiiiudeduinanssy (Engneering) uazdu
U§ulss (Enrich) wnutuveneaiug (Elaboration) FaufunisdnnisiFeuiiduiinFeududsndunsluiuzoues
BumswaunaliiinniaFousluianssufingdaeurinunty Tnsdaasuliingouldusuussgndldanugluns
A%19A5IAT Y LavaIINTORAUTNYE AN 9 Lﬁ@iﬁﬁﬂﬁauﬁﬂﬂiﬂumsLLﬁﬂwﬂu%%ﬁﬂﬁ (Burke, 2014;
Seeprasong, Prakongsup and Puckdee, 2021) saanadosiuauideves Phoodee (2023) nuinsianisiseus
AIULUINNTIESLANAN LU 6F Learning Sauiuluinadsughaddd anunsaimunaussaugnsymnawienudu
fuveaniFeuls afraussgslalunsiFeuslituinFou elithEewhouduiivesaduszuy Snsuanasy
Boudtatunariu vhlvidnSoulinnunduansesnludsiigndios wazduamiliinSouAnaussaus ianunsntluly
I#e3dludinusgsnu saiedaiumsugnindinliinGeunilauassm inusssuazn ity luisduenuies

Fvanslae Aol Inenmans 1/74731//5/7@”5/@1/5‘57%5717
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wazWITeved Ruengrung (2022) wuinn1sdanisiseuduuulassuaziudas woudlalgwilufiosdu awnse

[

Waunadugninianisseunazanuaimisalunisudgviveadniseuld waze1u3doves Yokyong and
Pitiporntapin (2019) wuinsdansi3eus 6€ Leaming nsvuiun1sinnisifouiiifidunsunazianssuiinainvans
mﬂwmﬂmwammumﬂmiwuﬂLiaulmLiaugmﬂmiaqmaﬂgumLLasaiNmmgmamuLm Wniseuansadnug
fauanddsutuioulutuSeusasiallumsaivasstunuiliinGeuiansSeudesnsdarumne dwal
dni3suiinanaafinlunisiiou uazs1uideves Jongluecha and Worapun (2022) wuin n1sdanisiseud 6&
Learning MuIAnansufnutieiaAzkuuauAnasvEssAvestnssundussugnitneuss ety Agy
ynaadRTisziy 05 uazduaiuliFoudaruannsolumsadassdnanulaesmoglusedu 7 dduansfiteds
Wiuinguuuumsianseusiun 6F Leaming muuwnAnazfndddiiensdnwidunuimsiiiaulanazaiunsn
fimunenuAnaseassdvestniFeuls dedanuumnsnafunisiansouinuunAnasfudnvwuuiniliinG oy
Foudmufanssufingousuinaindiunatainty uiuwAnasduddtiiensinvaslddnvusvesaniunisal
Aanssudesnsiuiunsiesiu yuuu wasiamsssudnuiiieniestuiasugfadtinasdonduaniunsaifiinlug
Papddmnssuiuiunitymiriumstaunuinnssuineulanduiumaidugumunnidulandvioanunsaidmsu
UniFeugiiiiansiaunauAnasassa
mnmsdanndudeuluneivasfufnmvesindeulussduduiouinutudi 3 vedsaSouneelonia
wisnilduunsinevinginy Sminuasiuy wuiiniFeunaasAnaieassd dunaldantdniSeullausada vie
UszRwgadn o Freenuuudunuadio iy warlifinsanduddiulanidviedsnsuidamiiuanlnilalunns
uidymaunisiafiaguounineld uenaind dnideuldannsafalivainuats wanlvl 520152 uagimue
TwanBen wioneduie AdBnsaisturld feiu augditeTiaulafifnwinisdnianssunisdounisaeuiiazdae
fiananuAnassasivesinGeutuliseuAnuneudiy fen1sdnfanssunseuiiuy 6E Leaming muuwnfnay
FaudFAiiensfinu edaasuliinEsuinnnufnassassafiannani W §T iU sy fusiadadunisgn

a o

I dnlunsinuinusssuuaz)iidyanluviosiuveinuies

TUTLEIANITIRY

1. diewannanuanadeassAvesinideutuisendnu i 3 AILN1TIANINTTUNITTEUTHUY 6E Learning
auwRnafuien1sanu

2. 1ilefnwianafvesiniSouden1sinfanssunisiTouduuy 6F Leaming munuAnazifuddiiie
N15ANEN

ad o

AWANLUNMTIVY
TunmsifeedsidpnedideaiilunsinunmudnaisassduasnsianafvestniFoutuisendnui 3
FhomsdatanssuninFouluuy 6E Leaming muuniAnazdudddifomsfiny Tneldguuuunsidoufifmsludy
1384 (Classroom Action Research) %ﬂLLuaﬁmmﬁﬁaﬁaﬁuauﬂﬁmLﬁuﬁﬂ%ﬂu?ﬂﬁmﬂﬁﬁaaﬂ Tasfitniseu
fuivns viawiteunslulsadoufiduiaulumsisds euidgmlududsuuasinuinisaeuresasiiintulududo
(Wongwanich, 2017) muumia%mumsmwaﬂmmiwmmamnwLﬂmmmmwmﬂwﬂmymwlmauaL‘mafﬂ,u
ﬂ’]iWGlJU’]ﬂ’]iﬁ]ﬂﬂ’]’iL'iEJ‘LlELLawﬂﬂEJﬂ’]W‘U@\‘l‘lmLiEJuIﬂEJE]’WIEJ‘ViaﬂE’mL‘UQUiJ\]ﬂ‘l?}LLauN’mﬂ’ﬁauME]uwai’mﬂu
(Phoodee, 2023; Saengsawang and Chaipichit, 2021; Prarinthong and Nuangchalerm, 2020) lag1iinsguaunis
Y2INTITLBIUJUAN1IALLWIAAYDY Kemmis and McTagsart (1988) Usznaunie 4 Fupey laun Funisiaunu
(Plan) %umiﬂﬁﬂ’ams (Act) Fun 15dannnIsa] (Observe) kagdunisazoundu (Reflect) Fen1535uadail
Usenausig 2 13sUuRns Tnsluusaztuazimasidumssaidosfuduases fanmil 1
meifeadsiinnedidelfhuunaenisiteufoinsludutounnld falunuiingaeulfifegluduzeu
iiefiaunsaeutazilugmstmuniniFeusuilugnsfauiivdnasuazuivussiannuumenisiamsisous
TimnzaufuinFousazuiunvesanuiny daduvinuzuazUszansamlumsiansSouivosaguazmsiaun
tni3suriunsdeuduasmsasrieudalumauitgmlutudousutumesag
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ngumang
UniSeutuiiseudnwdn 3 maseun 1 Unsfnwn 2566 Lsaseuvenslonawimilsluwndinevinginu

v '
o a

Jainuasnuy 31w 26 au Bdadennseautunilymieriunginssunsiteudiferiuanufnaiiassd

[ )

Plan Plan
N7 1995
Reflect || yjuinnsd 1 Act Reflect || ygtmnsil 2 [[L_At
Observ / \ Observ

A9 1 MsAliun1sveINesMNTeufuanisTutusey

\n3asilafldluauide

wdeadlefldlunsidelunilll 3 Ussavldud

1. WinNTsUNISL38U3IN1SINAINTTUNTISEUTUUU 6E Learning AaLnAnafuddtidiensdnw Seq i
fsmianesssned $1uau 7 winnssu Sy 20 Halus ulseenidu 2 1sesmsufoins Faidnnsned 1

A13197 1 N133RAINTIUNIIFUSUUU 6E Learning muuinAnazfnT83iionsfiny \5oe dfiuianesssuwd

299 fAanssy 3as alua
s | Aenssuit 1 | BeufangddygienuiBesih wasmsdesenangiitygiin TeethBeusuduAneisvied | 3
UHua nsuaniniheveiie warsuAinneigaiiu gadesvesndniae muunddunsiiuga iy
il 1 wanihihevedle warthuneAusesuiulududeu

fanssud 2 | Anuimadnemanslunisdeuuasiiuidansssunid lnednSeunuiudmnanasdvaudeyaly| 3
nsdouuazianidnnsssunid wagthaneduneuiulutubeu

fanssudl 3 | nszuaunisiiugiulun1siuiansssumfvarnsauasiedlunsinidnansssud ee | 3
dnissuiianuinlannnsdrsuagdviuninaaeidiuia1esssund wagtiuneivsy
siulutuEeu

fanssuil 4 | nseenuuveddsEnouLagn1siuid1 s TINed InsdniSeusiuiudiudsehiuiate| 3
5TUMANAULLIYNTU WIUNTOBNLUUBIAUTEND UMY FIAUNU WU dnwazvesdlulsl A
Audavesainatgvesiull vuevesluliilusu WislilaiRuiaresssumanaisaulutusou

193 | fAnssudl 5 | MsllAsizvinaalagn1seenwuUNanSueiiia1e91nsTINnd tnedniSeusiuiudisiauag | 3
U R duAuiiiomdayatiundnsizinain warsniueiuse ntuesnkuULasyNaASuInIN
NN 2 na1AReeNIs Wy N5z waangua nufarududu IngldifuianesssuAniasiatu sl

nsUTuUwasuAlrdua wavthinedusesuiulutuiey

a = o W o a v o o ' v o 4 vod4 o

fanssud 6 | Mavihdyduaznisiuiusadud lnetdnSsuiuiudnasduduferiunagunsallums | 2
indadasiuazirteyanlaunduinsiaidunt nfeuieitnisiuTeuunuiusiaduenly
Viosan wagyin1suuugeinmbimingay wasthinedumesuiuluduise

fanssud 7 | nsvewaznislavan leednSeunududrsasduiuisnisduaiunisee suuiahlJUujoR | 3
339 warihUszaunsaliilaundudusuneluduseu udihnisuiulsudledsnisdaasunig
NyvdaTNY kardueduTesNiulutusey
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2. wuuUszdiupufnasneassd lnadunisaiiunaslinruuuuuuuiaduuunenges (Analytic scoring
rubrics) Wunausinmslirzuuuandnualeandudiu q Tnsssyduussifugos loun puAndidu AruAnadesdn
AUANEanguLarANAnazBunaes Tnausazdaazuisszaunginssuvesindeussndu 4 szau ldwn fuan ()
7 (3) wold (2) uagUTuuss (1) w919 2 uasnasiuUanarnuAnaeassAlaeTINAIN1Te 3

A15199 2 LuuUseiuANNANAS9ESSA

Ussihuiidsediy | szAungAnssy wnasinasiansan
4 (fan) swduimutunutedsnaieu g msmsanuaniulanlnimuizaudonisldauass
. 3 (7) swAuimTuuTeIs Mo UgnisesamiudniuUanil
1. ANARSITY ” — @ ~ = 4 . " P
2 (wold) swAuimuTunuTedsnsieu g s mnaunauas AnLUaInALARALAL
1 (Wiulgy) | swduianndunuviesnmaiewilymiagliianudaudantvg
4 (Aan) suuAemismsAtymlauinnin 2 Wlunafidivun
- 3 (A) saufuAemIsnsuitgnils 2 35lunaiidimvue
2. ANUAAAEDY - v A aa & PSR
2 (wold) swAuRauIsMsuAdymlalfies 1 38
1 (WSulgy) | Bamnsefem@Bnsuidymilalunaimun
4 (Axn) i Isnsuitymlnedaulasdenilegviotndnu umauniddivialdedng
Rananey
- . 3 ) SudufamIBnsuitdymilnedaulasdsiiled vieth dduumauwnudsiivinla
3. AMNUANEANEU P . o~ = > ” P g P Y o
2 (wold) FwiuAnmIsnsuidymlaednulasddiiegnioun d@unmaunudsnivinlduadli

WNNZEUA U

1 (USuugo)

lianunsafamiBnsuitdymisedaudaddiifiogviothddunmaunudafiviala

4. AuAA
avdunaDD

4 (Ayn) SwhuRnuaINLaseaidenuesisnsuAlyninieveisanudnlasdnsasudiu wagl
swazBeaiiauysal
3 (7) SwAuRnLINLAsTIBasBanvasMskAdyvsevsenuAnls
2 (wald) SWAURALINLAITIAzLBYAYE s M ILATY U B TE18AUAALATIAA N DALY

1 (USuugo)

liifinsAnlanuasseasdenresisnsuidynvsessnganuan

A15199 3 LN UANAAINUANAS19ESTALAES I

TNz STAUNHANTTY Aa5uUY
AUARNASIATIA 351-4.00 | Ynidsudnunsanmuitununiedansiewidymdieanudaiiudaninl dandasnns
(A1) witymldunnndy 2 Blunarfifvuaunrausonisldnuasdls uagisnsudtamilag
fiaudasdsiiflegviothdsdu smeunudsiiunaldogimanvans nsAananuaseasiden
yosTBmsuitym vieversanudnldeeasuii wasiiseaziBeniiauysol
251-350 | tidsusuisananniununselinsiieutdymaisnnudaiiulaning dsiinisaam
@) Bsuitymild 2 Blunariidmun SnsRanBnsuitymlnedauvasdsdifogvioh
ddunmaunudsiinialiuasinisfnuanuasneazideaveisnisuiyminievsny
ALAnLe
151-250 | thidsusnnsaimundunuieismsiowtdaymisnsuaunauwazdnulaninamiuin
(wald) i TnedinisAemdsnsudtlymldidfies 1 35 Tunarfiduualaefinisianisnsudtaym
Tnofauasdsiifioguie 11 eduumaunudsiinnlduddslimnzanivnuazinigin
LANLAITBAELDEATRIIT N SUATY I BTN BALRALAT AR LT ALY
1.00-1.50 | thidsusnnsaimundunuieismsiewtdaminglifirudaudaniml liamnsafam
MUy | Basudtamildlunandisue hisansademiBnsuitymlnedaudasdsidogviothas

B a v 1 a = ax v = a
Dunmaunudivale LLa%VLlIlIﬂ’ﬁﬂG]LLi]ﬂLLiN'i’WEJaZLaEJWUIN’Jﬁﬂ’]iLLﬂﬂmﬁ’]ﬁi@%ﬂ’]ﬂﬂ’J’]ﬂmﬂ

=

3. wuudesuaIuRARvetinduusen1IIAN1SSeusLUY 6E Leamning anuuwifnaziiudTinon1siny

a <

Tagldimada Thurstone 37U3U 20 99 4 Tun15UTEUIUBUUNINTIEIN 5 S2aU Tawn Wiusigag1a8e wWiusie
Taiwila lluiudne wagliWiumeeg1ade (Ruaengsri, 2007) famns1ai 4
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M13199 4 inauaiuUanaseRulRnaRvasiniFeusien1sInnsIsus

AZLUY SZAULINAR
4.51-5.00 Wugeagnada
3.51-4.50 Wil
2.51-3.50 Taiuula
1.51-2.50 laiiusie
1.00-1.50 Tiuseagneds

nsiiusausaudoya
n93deluasddniunisiezuuuunsideufifnisluduiou (Classroom Action Research) Tnsusiay
aqaiﬂﬁﬂamiﬁ%umumiﬁﬂLﬁuﬂﬂiﬁqﬁaiﬂﬁ
Nai‘dﬂmmi‘w 1
Fumaudl 1 3wy (Plan) Auzddolddudumsmausudd

1) ﬂmum%mmumiwuauaLﬂﬁmamwfjiwﬂumiLiaugmaaumiau womuumandlalngsiiy
NILUIUNTYUTULMNITS BUINTNTN (PLC)

2) ﬂmumwlmﬂmmﬂmumm neud] wdnnns LaﬂmiLLaummasmmmsumﬂuLmeamiﬁmmﬂism
mil,iauimmLmewaaaumeummamm surswfulmanfanssuiifinnuaenadosiuiamsssukazuium
vipady

3) Auzfidesufuiauedesdlefildlunsidousenaudie 1) uinnssunisisouiandudaiiile
A5ANYY 1309 Afluianes55ue1d 4119 7 uinngsy 2) uuudszifiuaudnainsassdvesiniou uaz
3) WUUARUNNINARYBILNIS Y

Funaud 2 MsUiAng (Act) TunsideluadsiinaediteldldsuuuunisdanisFousuuy 6
auLaAnaziudddiion1sfinw T,msfluLLGiaVNiaUmwﬁﬂ’ﬁdmmvﬁmsavﬁauwaLﬁaﬁwmsﬂ%’uﬂiaﬁamsmms
Seus szmawmLLsﬂmwaaulmmﬂmmwﬂLiauaammaﬂau N 56 A TagraztiniFeuiifinnuannsaiunnsiaiy
msﬂ,uﬂam Mniudshnsdnianssuniadous 6 Suneudsd

1) n1sad1sauaula (Engage) ﬂg@aauﬂiuﬁ;ummau%ﬁﬂL%uiﬂsﬂfﬁamumam’lu%’im%ﬁmﬂﬁ
tniFouldizouimavindmedlernudeifviend ilelwiniFeuldiiugarliiundndug deiesseylymanelédedia
YoIANUNT

2) Fudrn (Explore) Tafudimauaziiameviaiey garosvemandae lnsindouasdesdina
WA TINYA

3) $uaBuny (Explain) TniFsutiauededunuiildaniinszsigaiiu yadesuagnisvindnfiuias
CEEFGHT

4) $u3mnasn (Engineer) tniFsutharuilunsidnfiusianesssumfunoonuuuaiieassduay
meldeulafitmuedall 1) 14%anansssuniliduen 2) famansasy

5) duuiuuse (Enrich) Safuliamesimiaunndes Usuusinunaniost
6) muﬂswuuwa (Evaluate) Faufulssifiutunuimiu

tunoudl 3 n1sdainanisal (Observe) Aazfidosiiuntsdaunnuaranduiindoyangfngsy
Tniduiifntulussiemsdafanssunsdoud uasduiumanunasufofims

Fumauil 4 maszioundy (Reflect) Anzdieldriiunafususadeys asna Tinssin
Tunsdnnsieus Lﬁaﬂ%’uﬂiaLLazW@umﬁaﬂiimm'ﬁL’%wi‘[mwaﬂﬁﬁﬁﬂﬂiﬁ@iﬂﬁﬁﬂmﬂwwLﬁwﬁu

Nﬁ)iﬂgummsﬁn 2

Fumauil 1 M3eunu (Plan) Anzgidoldususuasinnnianssunsifouivdmininnsmy
‘fjiyvnLLazgmunwsaqmmwsﬂgwmsw 1

Tunaui 2 msﬂg‘uwmi (Act) lunifeluadsiinaedifoldldsuuuunisdanisoudioy 6
munAnazdudddifonsinu fol

v
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1) Myasieanuaula (Engage) Agasunszduauauladniteulagldaniunisalluiiingsedngady

Tawandudeiaviomdeuiilinsnaeunavesdudviai
2) fud1579 (Explore) Sanfudimauasiinsesigaiiu ndosvaansnaiauaznaninst TaotnSeou
YefRsdTamEAn A s Rua s T ALY
3) $ueSune (Explain) tniFeuiiausderunuiildainiiaszigasiu gadosvenisnainainndnd
wssUnndnfuianesssuei Adnidoudnaweuivinneinefunehuasiruaseivazay
4) $13mnssy (Engineen) TniSeusenuuuaisassAnansasiuarnsue melddoulaiismundsd
1) meldnnmannie 2) Tananeaieany
5) %uﬂ%’uﬂqq (Enrich) Tafiudnseimdounnses USuusaiaunnansioue SRONLUUNMTIIELAY
n3laan
6) Sulszidiuna (Evaluate) Saufulssiiutunus i
tunoufl 3 n1sdainanisal (Observe) AngRIdAnTun1sdLnaLazantufindeyanginssy
ﬁfﬂL'%EmﬁLﬁmeﬁuiuizdeQﬂWié’mﬁa‘misumsﬁauﬁ
tunaudl 4 masezfaundu (Reflect) Anz3deldriiunaiununudeyn asua Jinmesiug
Tunsdnnisisens
nsAATIvidaya
Tunsiiusiunudeyanuzdidelalduuulszfivanudnadieassd nedunisadanadiiiz wuuiuy
JUSAdUULLENgBY (Analytic scoring rubrics) Wunawinislvirzuuunmudnualosniudiue neszydulssinuges
§uA AnuAn3ise AnuAnadesin anuAndavgulazanudnazidonase Tnsudazdeazutssefunginsues
Wniseueaniiu 4 56U (Ritcharoon, 2019) laun 4 (Auin) 3 (7) 2 (weld) waz 1 (AI5USUYT) F1915797 2 uay
\nauisERUngAnsIuveaNsIour I ImdvhawduiinvesinGoulaesin Jsflinusinisudanaszdununim
PINAIDIUUVUNIATIEILUTEANMA 4 SeiU vuanaeinIswanumaneaade (Srisaat, 2010) Fnns1eil 2 uay
WUUABUANLINARYDIUNISEUABN1TIANITISEUIUUY 6E Leaming auwnAnavfuddtidienisine Tngldwaie
Thurstone Fafiun1sussanauuusnsdin 5 seu ldun Wiudeensds wiude liudla lidiudelidfiugeedng
84 (Ruaengsri, 2007) $1u3u 20 4o

NAN1338UaTaAUTIENa

NANTIVY

Han1siALIANNARESNATIATRITNFBWiIEN1TInAINTIUNIISBUSIUU 6E Learning muuwifnazifiudd
Jitonnsfinw dmsuindeuduisendnudi 3 eusdidelduimansueendu 2 daw Fuioluil

1. HANITRAILIAMNAAGS19ETIAYRITUNITEUAIBNITIANINTIUNITTEUFUUY 6E Learning AIUULUIAR
azifudasiianisfnen

HaNIIRWIAUARESIETIATRNGEY WU UniSsulinsimunsERungAnssuALAnassEsIAlaeLen
AuBIAUTENoURaE99INSUFTRMT (A0l 2) il 2095M5UFIRMIT 1 fuanudnsFulisefungingsuegly
seau weld (1.58) AruadnudAnmsesisedunginssueglusedu AsuTuuse (1.42) Arunudndanguilseey
noAnssuegluseAu @ (2.54) AMurnudnazidenasaiiseaunginssuegluseau weld (2.38) wazlnesindsesiu
wAnssueglusiu weld (1.98) 29smsufiinisd 2 MuanudniBuiisesunginssuegluszdu wold (2.12) fu
ANUAnAdasllsEAuNgAnsIuegluseau neld (2.08) AuanudndangulissAunginssuaglusedu A (2.69) A
PuAnazdunaseiisziunginssueglusedu i (3.19) uas Tnesrudissdungiinssueglusesiu # (2.52) Feaziiuin
FunnuAnadesdiszdunginssueglussiy msUiuugs (1.62) Wnduduneld (2.08) wazdummdnaziBenased
sufunginssuvesindsuiutuanseiuneld (2.38) iutuluseiud (3.19) TnetniSeuanunsafnadisassiuas
oonuuuRanulFfanmd 3
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avLdunane

AN 2 URUIUARITERUNGANTTUAVINARE s TAYRInG e

AT 3 HAIIUNNTEDNWUULATASI9NAIIUYBINNLS 8Y

2. HaMsANYIIAARRBNNTIANINTTUNS3EUSIUY 6E Learning AauudAnaziiuddsiianisAnen
vosinGeutuiisenfnudil 3

nannsAnwIlanARien1sinAanssunsiSeusu 6F Leaming muluiAnaziiudddiion1sny vos
3oy wuin dniFeuiilanafdenisiafanssunisi3euduun 6F Leaming mMuunAnaziiuTddiiion1sdnuilag
saeglussiuiiusig (X=4.20, SD= 0.58) uaziilofiansandusede wui dniFeuiinnunagilalunasiuves
AuLed (X=4.52, SD= 0.50) faunfe tniSsuiuduauelunsyiianssuludubeu (X=4.40, SD= 0.56) uagini3ouil
armguiazaynlumsvhianssulududou (X=4.36, SD= 0.73) uartniFouliuffiusiuaguasiteuluduidouun
% (=036, SD= 0.55) wartniFouAnirlunsdnianssunsisourldnswauduaLAnad19assAuInt u
(X=4.28, SD= 0.48) puddiv TnetiniBeuiinnuniagilalusanuvesauesnniignddionafeglussduiiugie
ot38e (57197 5)

A15197 5 nan1sdnwianARresiniSeuRon13INAINTIUNISEUSLUU 6E Leamning muwunAnazifiuddiiie
nsanwvesineutuiseudnuli 3
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49 Uszhuaiaiu X SD wlamwa
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Anssuiianansnadiendnld FadunamanmsfaunfanssuvesnuefifeioonuuuiansaliiniSeuldGousinu
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Abstract

Motivation in learning science is a critical factor influencing the efficacy of modern leamners'
educational experiences. Seamless learning is a pedagogical method that bridges learning gaps and
enhances meaning and effectiveness. This approach incorporates digital technology into the learning
process, serving as an aid to student engagement. This study aims to investigate the science motivation
among a group of students engaged in science learning through a seamless inquiry-based method using
mobile technology. The participants comprised 45 lower secondary school students from 7" and 9" graders
in a public school. These students were exposed to a 300-minute seamless inquiry-based learning
intervention. The science motivation was measured using a 5-point Likert scale questionnaire consisting of
25 items, divided into five subcategories: Intrinsic Motivation (IM), Career Motivation (CM), Self-Determination
(SDT), Self-Efficacy (SEC), and Grade Motivation (GM). The students’ science motivation was assessed before
and after the intervention. The data was analyzed using the Independent Samples t-test to compare the
students’ science motivation. The research found that the sub-dimensions of IM, CM, SDT, and SEC in
science motivation showed higher average scores after the learing period, except for GM, which showed
the opposite effect. It was observed that there was a significant statistical improvement in the IM and CM
dimensions. The study conclusively demonstrates that the seamless inquiry-based learning approach using
mobile technology significantly enhances specific dimensions of science motivation among lower secondary

school students.

Keywords: Seamless learning, Inquiry-based science learning, Mobile device, Science motivation
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nsysanmsliiaiesiomeluladddvaluuiunnisianisinydagiuvesssimalneduisadunnufmeonasd
fundsweslonalunisimuiegdnuinlaslonziiieadesiugunnudefuuay inusssuneuntivesnisdn
nsfnuiluaniufing Barak (2018) uag Kohen (2019) iagnaalidnsysannismaluladidngduizeudiunas
wfosuilauazdulainszuaunadouilnenslimaluladiuasdosilyadifisonasuivosingey uarduiy
U3unmsBsumsdeuinenmansudaiutninmsinuiiniseenuuuuasnsthnmadoudiemansduans Widlag
i'mﬁ”uﬁ”umﬂiuiagaﬂﬂﬂﬁﬂizﬁm%mwﬁummmﬁLﬁmsé’fvLmgﬂ,ﬁmN’immmam‘maaﬁﬁaum (Crawford, 2014;
Lamb, Akmal and Petrie, 2015; Sharples et al., 2015) dmSuusunnisdanisiseuiinermanilulsassuves
Uspinalnedu dndmmsldmemudedunuiithaulalia dniFeuildumsiamatsusivazuundelngmugi
nslduesanuiiaaiuisaadivasuussgalamadnermansvesinisouseaudseudnuyild (Yodsanga and
Srisawasd, 2021; Soodjai and Srisawasdi, 2021) Lwiﬁquﬁ?umiﬂszqﬂﬁl%’l,miuia%%ﬁaLﬁadqm%mazamsﬁu
AuAINNNSSeuSInemansvesieuluuiunlssmalnaewazluunnUsenaidaduanuimeuazleniadnuin
dwsumaiannguamnsinnsinudmiudiFougeall Tneamzegnadaimsysannslfiaiediomaluladndia
1w gunsalnmsdeansuuunnmuazas iy dusunisiansBeuiinermanivesdiou

HagtutuiienuneisluniseonuuukasiauinszuaunisnsSeudinemansdnguuuunisiiduaiy
nsFeuivesisouldesnaiussansaim Ae msthussleviveanaluladidva 1wu gunsaimnmideusiodiusiuas
gunsaimsdeansuuunnw Wudu madrsnsidenseioduasaliiniFouiuauiusiunisBouslulanusisniy
Duasennniu (Apereo Foundation, 2017) ﬂ@%%miﬁ&ﬂa'na%w%y’umau“lmﬂu%’@umﬂﬁmmmiﬁauiﬁLﬁm
Uszavsamsnemaluladlasdanusieileswesszaumsainsousluanmuindesiiunnsiieiu S538ns5eusid
nantudendt “nadouduuulisesse (Seamless leaming)” nMaFeusiilisessatsvonintniFouannsndous
Iimnidlefiminiuesiniosiniiiu luanunisalivainvatsuaswinianaisnsadsuainaniunisaindaluddn
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anunsainislfensiensuarnnsilasldgunsaiiuunnmaudadudonans anunissimaisudinsGous
\WuseyanafunguuesiniFouies nquesulatl uazlngenaildrusinvesasiivine uazgunases lusaznaly
anuiieng q Aladlsudlusioadou (Chan et al, 2006) wenanimsideuiitlisessodadunmsFeuifidenvosinums
BoudduiivesiisunasnguvesiesSouinisGeudiintuiunnuneneuuwareuaulavesusiaryana ol
\RaideusiaseninamsiSousluiiossounasusntieaSou (Looi et al , 2010) 3MNFIBNUHANTITEY8N Sritawan and
Srisawasdi (2022) wuin nasmsdamsiFeudaziuuuulesseluuiunusngmsalineimansiifeidesiungms
\weufivesiafuiuainsnaiuaSuaussournisesuedainemansvesinFeulidulfunninaisnFeustu
Frfuudnaisniadouiuuuliresreiadudniimstanisfeusfides unedensimuaussousmeingmanives
Jieulsognaiusyavsnm uazillonaiionsvysmlufsnsaiaasuusgdamanmanivesdSoulddnde uay

@

fdfgdagduiimsinwuiioaaaiuussgslamainemanslasliisnsdansisousineimanslunansuiunisnig
louA nMsFeudinermansduiasinglivesninudidvia (Yodsanga and Srisawasdi, 2021) n13i3euiingnmans
duiaglagldnisanunavia (Soodjai and Srisawasdi, 2021) WANIT 0 {]aﬁ;ﬁué'fﬁué’ulﬁ,iwumiﬁﬂwm%a%ﬁﬂLﬁ'mﬁu
NaveINaIsNsFEuSIMmansduianzuuulisesdeniiiionsaiuaiausgdamanemansvestniFeuluuiun

YasUsewalneunnou

e

QS[’SJVQQJ =

MnmaRadinaniuihliisedenuaulafivenaaesinyiussgdanidineimansvesdidoussdusy
frendnuinoudufiegluuiunsiesduruundilasunaidnsBoudinermansduianzuuulisosse iolvlddulona
TumslédunuuumenisusggndldgunsalnisdeansuuumnmilutdunnsBeuivesiioustnaiissavsnm wiou
fandedunuainaanisifedlduiduuumisdunisiauinsinnisdeuiinemanfiieduudssagdanis

Weemanslinugiseusiolulaluouan

ANNINNI5IY

NN AHAIALY warn1sAnYITIUNTTILAaENANUITETAYITesnoun a1y IdeTainuadiany
n15338luAssildn nadsn1sleuiinemansduazuuulisesserausaaiaatuussgdlamdnemansves
inFeusyavtulisendnuneuiuluuiuniuigusuyuunlavsels

TUTEEIANIITIRY

'
a

nAINMTITeivuaty NuiTellidfnguszasindnvesnisfinyuieiTeuiisunsegalanis

v
LYY =

Wemansvesiniteussiutuiseufnuneuiunsukazrailasunaisn1sSeunemansduianziuulisesse

o/ a ad A v
BaNNI3 LLUIAA Vlﬁ]i?}{]VlLﬂE]'J“UE]\?
) ¥ ¥ 1 .

nsiseuduuulisessia (Seamless Learning)

Wong and Looi (2011) 814fislu Sritawan and Srisawasdi (2022) laeSurefisnisdanisiieuiuuulisesse
THnduguuuumsdnnisiseusliinanudailesnnmsdeuiuenieussunaznisseusluveasou lneiniSeus
InduianganuiuenieassurununlasulsuneMenuLes J1nnuiuasUszaunisaliulzeeiiloaniun1sdnnis
Seuiniiaduluisassuniuiinsaeusgamuizan uenaNu Chan et al. (2006) laliAuvsngveIn15IANIg
SewiuuulisessdedndniSeuaiuisaiseuilaynidefidenis luaniunisainainuate wazaiuisaiguain

¢ = o a ¢ vy | < v '3 . < A = A £
anunsainilsludidnanunisainisliegaiewazsinsa naldaunsalnnmi (Mobile) WWudenans FaUelon al
ineuldseudnuanuauladiudivesingeu wasiansieuiuuusdeliedagldaunsalnnnn (Mobile Seamless
Learning: MSL) luguuuusialudsil

" MsLL — nasSeuduuulisesseuuuiluniinisuazldilunienis (Encompassing formal and
informal learning) {unsdnnisieusiiinseungunsianssuueniesioukarinssuluveasou lnvesnuuulinin
nsiseusliegwaliewrugunsalnnm
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" MSL2 — naslesusuuulisessauvuynnauazdeau (Encompassing personalized and social
leaming) 1lunsdnnsi3euifinseunqunisiioudaniFeuiiieauas msFeudiunssuiunisngu Ingldgunsal
WANI

= MSL3 — nsiFeuduuulisessediunan (Across time) lumsdansiSeudiiannsafinduldnniia
HugUNIainnm

" MSL4 — mstieusuuulisessadnuaniuil (Across locations) WunsdansiseusitanansaditnEey
anansaieuslémniiinunisldgunsalnnm

" MSL5 — msiBeuiuuulisessielasnisiifisuvasSeuiiivainvanes (Ubiquitous knowledge access)
ImEJmﬁmaummuswdwmiL%‘&Juiﬁﬁwﬁuslu%%m%nLLaxmiLiﬂﬁqauma%LﬁmﬁLL‘Wi'v«m&J

" MSL6 — nsiseuiiuulisessowuuanunsalasakavan unsaiialou (Encompassing physical and
digital worlds) 1un1sdanisiFeuslaeldnisufifesauaznsujialuanunisaldrasdliiAnnudeiiedlagly
gunIainnm

" MSL7 — msseuiuuulisesdelaenisldeunsalnainvaledszinniaudu (Combined use of
multiple device types) ilunsdnniseuilaseenuuuliinisldimaluladivainvanedifinimiatios 1wy gunsal
naw Aeualnes Wudu

" MSL8 — msL%‘&Jué'LLUUI%Jiawiaa'm%uwu (Seamless switching between multiple learning tasks)
BunsdaniaFeudiitnFeuldiFoudsevinadsiunu annsfuteya msliesgideya uagnisdearsiiu
gunIainnm

" MSLY — msiFeufuulisessonuudauasiziiaimg (Knowledge synthesis) lun1sdnnisiious
thieuhamnufifuazyszaumsaifiiiuin sussendldinuinuensinuaznsSeudiuvanaivinin

" MSL10 — nmsleuskuvlisesdenuuldnisinnisileuinainnaieds (Encompassing multiple
pedagogical or learning activity models) Lﬁumsﬁwgﬂmii’]’mmiﬁauﬁwmﬂwmamﬁﬂﬂizﬁﬂﬁmmmLﬁaﬂ,umi
SeuivestinGeuy

MnuwRsiugisatumsEeuiuuulfsesdetinanunudiiu dfuudnmsdaninFouiuuulisesso
Tuns3seadaiifudenlduuuumsdanisfouiuuuldsesseuuuaniunisaissuaranunsaiiadiou (MSL6) fau
dnuwaizyeanmsinnsBouilagldnmsufoacsuaznsufoiluanumsaisasdagliifnmnusoidesdunsGousiae
HgunsainnmifiedeulssauififedululanvesanuaiuaslanddvadviliiAnnsSousiduussssil dfoedy
uanNNIL uaUNAAU KKU Smart iNote AfmunlnsguiidouinnssunsBouiuuvainin sminedeveuuny
wagan1un1TaidnaesuuiUjduiusvuesnguide Physic Education Technology (PhET) w84 Univerisity of
Colorado Boulder lé3unsianldifieaiianisidoudensiioudanmsianisiiouslnonslasussaunsalnng
UfuRasauaznsufuiiuaniunisaldiassvseialousie

n'lil,%ﬂuj'ﬁwﬂ’lﬂ'lam%ﬁut,a’lx (Inquiry-based science learning)

Buck, Bretz and Towns, (2008) 8198191 Soodjai and Srisawasdi (2021) laaSuteniswamuinaziaue
el eUSnaniiedasziunssuiunisduianzlunisdanisSeuslilaeutsesduseneuvesnssuaunsauias 6
29AUTENBU MUANBILTIDINTEVIUNTNISINe @3 taun 1) Jamivsed1any (Question/Problem) Wudauin
nszuumseuslanazdeaiuduiifsuiesiuidevenisiuni wazdamazlidumauiidudoutazvsuenis
nsRnwiduat 2) nuiviedeyaiiugiu (Theory/Background) iudeyanruiiuguiisuiudmsumsduntim
Amauvealamudediniuiigniimuald 3) nszurunisusesunuulunisuifaym (Procedures/Design) tunns
MUK 99UV aziiunusdeyaiiielilunismeudmanmiemsudlatiymaaiidivue 4) sansinsizsideya
(Result analysis) luMslAszsideyaRuvioasaumaildanasdioujififiensirnudeyaviomsaumnaiduny
ulé 5) nsdeansAumag (Result communication) Wunsyausransitaszideyaildannismnasdag
tniFsuanansaseniuumstausiemienuiidmunlild uaz 6) nMsasuna (Conclusion) Wunnsasdoaguain
foyafildfnuduaivFosemsnanisdunauazdoyadilinnnsufifnimeass nsutsssiunsduianzlsidu 5
spdumueaAUszneufiliuntniFou s1eazBenadamssi 1
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A15197 1 inaiidausunalunisdnszaunisduanzlunisufiAnisnnaes (Buck, Bretz and Towns, 2008)

anwaslanIe n1sAULEIZI nsdulEne MsEuEIEY nsAuEiz nsaulEne

AnusuuLEgudy  wmanad Aanuduuud AATUUY MAN3

WU WUuuENNg \Ua ANENIN

939

Tywvenanu Agnsl agnseuld  Agwleuld agsedld  asldwSeuld
N Azl agnseuly  agwseuld agnseuly  asldnsedlv
W|ny/mseenwuy Agnsedl agasewly  agwsedld esluwSedld egldwSeuld
mMylnseviteya Azl agesedly  ashiwSeuld  aghiwSedly  asldwleuld
nsUae AgnSealli asliwSedly  asliwSedly  asliwSedld  egldwSeuli
nsasuna Azl asllniealy  aslieSeuly ashieSedld  agliwSedln

dmumdoluadailaldnsduasuuutuuz iy Guided-inquiry leaming) lusduuvanizwindes
nsSeudzULuunsinnsiieuiuuulfsesdenuuanunisalasuaranunsaliadeu (MSLE)

u3999laneInenAans (Science Motivation)

ussgdlamsinermans Ae anwmsensuainieludslunszdu muau wazatuayunginssunisious
Ingrmans InetniFouiifiusagelalunisBouineimans annsovszavanudifonisivinig laenisnsedu
UL 19U A1501UAIAH ATwEIdeRALY A1SANYILAEA1SISBULUULEIusIN (Glynn et al, 2011) Iaedl
adUsznauuazAIIER e UL

1) shuanugslamelu (ntrinsic Motivation) duiafuarafiswelaifoguesyanalunisidouinetrans
ioussqamjanedinld

2) #1unnsinduladonuies (Self-Determination) lun1sAIUANAILLETDY W FouiTianisiSoy
Weenans

3) fuuszavBnmuesaues (Self-Efficacy) Msvigisouannsnthenuidedisley Weslowardnnisliussg
Wwnelunsiewinermansle

4) fupugslalunsyiiau (Career Motivation) MsiSeuinenmansiionaneuunuiiiefiazfinuyily
auNAs

5) shumnugdlalunanisi3ou (Grade Motivation) Msi3euineneansilonansuunuilaziinanisSeuda

Tuuguaunwaaty (Mobile Aplication)

woUnAlatu KKU Smart iNote iunilsluiaiesdiodfyvesszuuiinansBoudineimansuuudiviadign
i TuniitelfiduedoslodmiunsufoinunsdeudinuuiunmsfiRmanemansduimsfaduaiuar
nsitmArmannsalunsdeudinermansvosFeu Tasfidunadesnenmstumeauannsdluniseiue
WeIngnmans (Scientific Explanation) uarmﬂﬁul,l,é’aé'fal,ﬂum?mﬁaLﬁaﬂhEfLumi‘dﬁﬁ’ﬁqmmiaaumaaﬂgéaau
wazthlugnistauinulunsaousimizidonlaglémalulad (TPACK) dmsuagtiaeuinermanslide &
wndnsilefignesnuuunasiannlneinidovesgusifoutanssuniadouuuuannsa (Smart Leaming Innovation
Research Center: SLIRC) uazgnilulfiduinsasilelunisiamnnunisasusensiaouineiemansuazdaasy
auanusnlunindoudvesiniisussdududsondnunlulasinis KKU Smart Leaming Academy 9909
wnTivedeveuknulutagiy
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P . EmTS CBack  undhsannsoaou 14
(n) (v) (A) memmm—

o0 g

= =
afl 1 MegraleUnaiadi KKU iStyle Science Note : #t1138n15a0@14e1u (n) 190618819030 3IUNSEULENE
YRIUNISHUTUIFEUANYTN 1 (V) LALNTEBAIDY19NINTTUNTAULEIVDIUNS U UITSEUAN Y TN 3 (A)

/AU
A lds0ouBIeBeU3n (Quantitative research methodology) waguuAdeluguuuuiidlsiin
fun1svaaes (Pre-experimental design) TunsnwiusagdlamainermansuesiniFeudilisunisdanisFous
nenmaniduanzuuyldsesselngldmaluladaunisliu lnefiswavdonlunsadumsidesselud
id13aun133de
ﬂzjmu‘ﬁLﬁﬁ"mmﬁ%’aLﬂuﬂ'ﬂﬁau%uﬁﬁauﬁﬂmﬂﬁ 1 $1uau 24 AU wastiniSoutustsoudnun i 3 $1uau
21 AU IUIUTINTGEY 45 AU ﬁﬁﬁé’qﬁﬂmag’tﬂﬂﬁaum&n&ﬂaﬂ’m‘dizﬁi’wﬁuaLLﬁmﬁﬂu%'wi'mﬁqmw %qlﬁﬂduﬁm

9
3

TagFBmsidenuuuiazasaniesSeuidisoauiinisldsuneumnelisuineuujifnunsasy ieidulonialy
msiannguAmNsIansSeunsaeuvesaaAnuFudsinnaziaussgslavesinG suiinuesiuinvoulnenss

nsiuswsIudaya

fdeuiumafununudoyadenues lnefiddutunoudieluil

1) YgudweadniFeulidanudnlalunisldguuuunisnisdanisiieudinermansduiazuuulisessio
(Seamless inquiry-based learning)

2) thuuuiausagelamangimansatuneudeulimindeulsaidiuduszezing 15 wi

3) {idedufiunisdnfanssunisdoud Bes navesguugiiiinadoaniuzvesans dmiuiinFeuty
FsoufnuUil 1 wor Fos uaswaziiaugunsal dmdudndouduisondnudi 3 Tnsldnaitnisdanisdous
Ingmansduiazuuulisessie $1uru 3 uwunsdanisiFens Anduszeznailaesin 300 undt lunaEeud 2 7
nsfinw 2563 dedituneulumstafansay il

Juil 1 Tunoufvinsduae

unumwesng: M iddudeuufiinsduieziineaieuaulaandenlosrnudifui

Besiivzdnu Tnsagtnausanunisalsunmuaayiinugunsal ImUﬂgﬁgﬂﬁwmwmaﬂmLﬁamiﬁma
n3AeURTULEUNAIATY KKU Smart iNote 1 “thiFsufniniiouningunadiminssanauuusing 4 amilifniy
wduogilathe” numumuiuasinausunAsiuguietuiiisdeniotuantfivensyanuaseinvoannd
An91NNszankazamiAnInnsEanuUUAig 9 Anudfugiuieatuaoiunisaisiaes (simulation) t3es
virumandfiinaviadn duanduniwd 2

UNUIMDITNLTY : FUNANAIINNTZINLMUUAN 9] W%am%qﬁﬂmu,mﬁmﬁugwmﬁamﬁmawaqﬁmm
WngUanandns (Claim) Tngszydana1ignsituieundiady KKU Smart iNote

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



154 | Journal of Science and Science Education Vol. 7 No. 1 (Jan. — Jun. 2024)

(&0 T )1

@ (s .
al & tngnmli i stnats @ ke @

() 268=u [»] [4] oom [w] B noaiiou

Wauaaadfidasuada

nwit 2 wihaeanunsaiTaeuUTTUfduiusues PhET
(https://phet.colorado.edu/th/simulations/geometric-optics)

$uii 2 SuUFURnsFuaY

unumvesnag : agnsedunsliiniowhisnssunsduiensidundudes ndouivinnevinansedeyailld
NN1sdana Mavnaes N13d13719nTRAeUTElLIULUUNSTARBI T lar NI TTAReLaTow

unumvesingey : Tnidsulifinisduasidusuuuunsmaansads uarnameaonaiou udaduiin
Foyaadunuutuiinfanssu/nsdsin udnhuafildanfanssunsduansluinseinalasdoyaildannsdueany
wUszneusenareInsinamannszanuazaudlunsdsing 9 Minisduianzannsmeasiasuasnismaass
IR mﬂﬁ?uﬁfﬂL'%&Jul,wiasﬂajmswsawé’ﬂgmLﬁaaﬁuauu%ﬂénéﬂa Ingseynang 1 (Evidence) iuneundindu
KKU Smart iNote flauandlunini 3

i 3 amuansiniSeuUfuRnsdumendusuuuunmeaeass (1) wagmveasuailou (1)

Ui 3 TunaUNUINITTUE I
unumesag: anseRuliinieuutaznguauenanisdulmenTaunsnivasdendndnieiuam
wANNIEINLLEIULUUAN 9 luAauidn “dniseudnivliavenssantuiinasenisiinnnegnelstng

a

K
LNAY

©) ).

foflagmvdngunazmpnaaduayutenansdiianmindedeinniian uazthlugnsasdeasunansduiany
unumvesinGen : funudniFeulundaznguiiauenanisiuianzdldainaisdnfunsduiazuas
AanginaInnsdans Mvaaes MIdTanaaey tnsudaznguiiausuaniudsuiinga uazeAunenasiiy
sewinenguiiaiesiou Feasdesusznausie donandsludurouufifinisduiay uasndngiluduufoinng
dulang levnungmsagunadiieadesiundnnsuasnquimaineimansdainisouausauvdnnisuasguii
Tty n1sl¥imana (Reasoning) HukoUwdiatu KKU Smart iNote Lileatuayutenanidnauazvangiusananili

o—

& o = = =
WUNYDUTULALUYDND ﬂ\iLLﬁ@ﬂ1Uﬂ'1WVI 4
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AR

il 4 nslilvgua (Reasoning) Hukeundladu iStyle Science Note ioatiuayudenaidns () uax
nangu ()

a) vanitldsunisdaanssunisFeudiatadiuuds duvuiaussgdanisinermansadundaFouls
UniFeuyseiiy

inseslatiusausiudoya

fAfofunurndeyaussgdamainermansisnoussuuaradauioulag i ussgdameinemans
LUUINASIEILUTEINAAN 5 SYAU S1IuIAY 25 T Glyn et al., 2011) Insanunsautseenladu 5 audes Tawn
1) suaugslaniegly (ntrinsic Motivation: IM) 2) f1uad1ugslalunisviiaiu (Career Motivation: CM) 3) #un1s
AndulanienuLes (Self-Determination: SDT) 4) Anuusednsnmvesmuies (Self-Efficacy: SEC) 5) Arunnugslaly
HAN13138U (Grade Motivation: GM) warfidnuiuussiiuniuveswsaziugssduiudugesas 5 4 wuuasuaiy
Fanaaldsunisuuaduatuniwinewazeininudesiu Cronbach’s alpha vaavvdavauluatunwinedu
Wity 0.92 nanudufeiuuuseunusinunmildedeldnumdnuasgiumsinms

nsAsevideya

fisenneideyaussgdlameinermanslaglifidrsmimuansenuuudisandninainldsunisda
Boufinemansduianzuuulisesde Inslinsvideyadasiina ldun Aadeuazdudonuunnsgu waling
JpT1eadnded1adwuuldnmfimesuuu Paired samples ttest WialUTBUTIBUALLANAIITE NI INAAZLLY
wsegdlamaIneeansneussuLAE Sy

Han153d8uazafUTENa

wssgslameingnamansvasinBeusziuduisendnuinaudu

MnMAeTzinansnauvasuiausgslafifidonisifeuiineimans fideldhazuuuanuuuia
ussgslanasialinzuuulaglifinseidoyannuunndsiulufiigessng 4 MRsrdesfuusagdlefifiionisiious
Ingmans favua 5 dw ldud 1) Fumnugdaneluy (M) 2) fruanugdalumsiinu ) 3) funisdnauls
AEALEY (SDT) 4) suuseansamaasmules (SEC) 5) snuanuidlalunanisiseu (GM) vesiniTeundaussuinig
FamsiSoudinemansduianzuuulisense annsauanwadnsmsliaszildfaning 5

MnanzuuuksgdlaneudsuarndaFouresiniFoutuiseninuinousiurisanssedudu Asvhiaed
adflaUSsudisuanauaninwesesuuuiinanlngldaifuuunsfines7iiuada Paired samples t-test lunis

a I3

AnneideyaiioeuifisuanuuandssenileyanziuunsgdaneuiounasndsouluusaginuvetinE ey

FUITsIUANYINOUAY FINANITIATITIANLTOULEUBLAAINNTIIN 2
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usazalanelu (IM)
20
19
18

/

usvaalalunisvinou
(cm)

usozalalumanisisau
(GMm)

Aaulsauy

WaLSEY

ANUAIUISHUVDIAULEY nmsaadulasigaulad
(SEC) (sDT)

L5

i 5 nsmussgelanisenisSeuiinenmansvestnSeutuliseudnuinousiu

M13197 2 wan1FesginzkuuLsptlananemansiudugessing q lnewlSeuiisuiuresniuunouseulas
RS suvetnSsutuliseuAnyneuiy

fuges msin dwau Awede  daudeavuinasgiu t p Cohen’s d

IM nouUSY 45 16.67 3.337 2911 006" 0.434
nauToU 45 17.82 2.724

M nouUSY 45 12.98 3.480 3.315 002" 0.494
nauToU 45 14.24 2.725

SDT nouLseu 45 16.09 3.592 0.877 385 0.131
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Abstract

The purposes of this research were 1) to study problems and needs of stakeholders related to
instruction in chemistry on stoichiometry, and 2) to study needs of instruction in chemistry on stoichiometry
of tenth-grade students. The participants were divided into 2 groups; Group 1, employing a qualitative
approach, comprised 7 key informants chosen through purposive sampling, participating in focus group
discussions, and Group 2, employing quantitative approach, comprised of 132 tenth-grade students in the
second semester of the 2023 academic year in a school at Ratchaburi province, selected by simple random
sampling. The research tools included focus group discussion guidelines and the structured questionnaires.
The reliability coefficient was 0.969. The collected data were analyzed by descriptive statistics, mean,
percentage, and standard deviation. The results revealed that the problems of a large amount of chemistry
content that could not be instructed followed by the curriculum within limited time. Students lacked of the

responsibility for the content in advance before taking the class and linking knowledge in daily life. Although

learning activity was well-designed, the acquired knowledge could not be effectively applied. Also, students

lacked of skills in using scientific experimental equipment, and self-learning through online media. It was
necessary for students to study the content in advance on their own by using new technologies, focusing on
practical activities, and using online media to enhance understanding of abstract chemistry concepts and the
various methods and tools for measurement and evaluation were also needed to designed. For the need of
instruction in chemistry on stoichiometry of tenth-grade students, it was high in all four aspects (X = 4.06,

S.D. = 0.93), including content, instruction, learning media and measurement and evaluation.

Keywords: Problems and needs, Instruction, Focus group discussion, Stoichiometry
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Abstract

The objectives of this research were to: 1) develop mathematical achievement on geometric
transformations of Grade 8 students by using 5Es inquiry-based learning and GeoGebra to achieve a criterion
of 70 percent; 2) compare mathematical achievement of students before and after the learning management;
and 3) study students’ satisfaction after learning management. The samples include 33 Grade 8 students
studying in the first semester of the academic year 2023 at Khaowongpittayakhan School, which were
obtained from cluster sampling. The research tools were 3 lesson plans, a 4-choice multiple-choice
achievement test which consists of 10 questions, and a satisfaction questionnaire containing 15 questions.
Statistics used in data analysis include mean, standard deviation, percentage, and hypothesis testing using
statistics (t-test). The research found that 1) students' mathematical achievement after learning had an
average score of 74.85 percent, which is higher than the 70 percent at .05 level of statistical significance;
2) mathematical achievement after studying was significantly higher than before studying at the.05 level; and

3) students’ satisfaction after learning through 5Es inquiry-based learning and GeoGebra in overall is at a high

level (X =4.33,S.D. = 0.91).

Keywords: Mathematical achievement, 5Es Inquiry-based learning, GeoGebra, Geometric transformation
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ﬂ'Ja8']\1LLUU‘V|ﬂaaU'JﬂNaﬁllE]Vlﬁwqqn']igﬁluqm']ﬂmﬂﬂ']ﬁﬂ% 15899 N13UAINIUTVIAR muuﬁﬂuﬁﬂﬂ'ﬁjﬁ 2

1. fmuzdosnszanaeutn Wu | 2. drazfiouga (-3,5) Teefiunu X | 3. 6190 A Sfida (2, -4) dauly
nswWasunlasmasuadanuy | Wuduasiiow azldfnavegalui | medhemusuaunu X 3 wiiae
v v As' tg
In asanudala wazkaauTUUAUWUILAN Y 5
. ASLAIUVUIU f. (3,5) 2. (3,-5) Mg ANAYasan A Nldanng
9. NSALIIOU A. (-3-5)  4.(-3,5) LHAUINIUATINULD LA
A. NIV . (5,-1) . (5,9)
4. NMsgavey A. (-1,1) 3. (-5,1)
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3.3 puvasuauAufianele vesniFeuildiunsdanisiSousuuvduianzniniing (5es) $aufu
GeoGebra §1uau 3 s liun suagiaeu Aunsdanisseus wavdunsiasazusyfiuna Suu 18 e uwuy
Usziiua 5 5z Tnegidelshuvuasuauanudiansla Insthiaussedideduay $1umu 3 viw Téud ey
Frudlemadinanans S1uau 2 v wariiTermgdunisaouadinaans 1um 1 viu Tnefidanuaonadond
o (10C) 58319 0.67-1.00 wazdnidenldaieduan 15 9o

4. Mmafiusiusaudeya

fifeduiunsfuoyatunguiesaie dniFoutuisonnuti 2 lsadurnsfinetas sneias
Favdnnmidug $1uu 33 au fitddnvniadoud 1 Ynisine 2566 TasTiduneudel

4.1 UgniiwatniSoundusiiesns Tuasgauszad Juasiunounisdanisuiuuuduagmang (5Es)
$7ufU GeoGebra uaznadauIanadugrsn1an1sSeuneusoy nelduuunaaeuianadugndnianisiseu iSeq
nMsuUasmasnadin

4.2 gfiunsinnsiieuiuuuduiansniaiiug (5Es) $auiu GeoGebra AUNGUFAI0819 31U 3 UHY
uHuAE 3 AU dUaiag 3 AU FITAY 3 §UA9t wanslunndl 4-5 iy

AT 5 FIDE1LUUENTA 1589 NSEUAINIUSVIANA

MNAMA 4 wud dniSeuanansaiieudiienuemulusunsy GeoGebra aunsatausluiideinuaula
wiauvisagy auyAvnnisal uasdeanuvaneld wazamd 5 dnSeuaunsaseyiinaresiineulunisainiduwaryn
Tngldisnsavyiou wazn1svau MNtandiinvualila

4.3 Weduann1snaasuidedniunisnaaeuinnadugnini1anisiseu 13ee nsulamIasvIaie
Inglddaapuyaneiniuiuilinaaaunadugsmenisieunouseu wasUssdiuanufisnelavesiniseu
4.4 1hfeyanlalVimegideyanads uazdnavenansideluddusisly
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5. M3ApTevidaya

5.1 Jnnwideyanadunvininisdeuiviadamans vosindoutuliseudnudi 2 uddldsunmsdans
Fouduvuduianzmiaiug (5Es) 59U GeoGebra Liisufuinusisesas 70 Meadanaaoud (ttest for one
sample)

5.2 AneideyanisuTouiisunadugninisnsiouiviadamant yosiniFeudutseadnudil 2 rou
LazndanisdafanssunisiFouiuuuduiaizniaiiug (56s) 39uAU GeoGebra fuaifnaasud (t-test for
dependent Samples)

5.3 Aasziiteyaniudianelafifiionisdnfanssuniseuiuuduiazmainui (5Es) $auiu GeoGebra
FeadRnugiu Auedy wardudonuunasgiu

HaN15IVBUATeNUTIEHA

Nan133vY

wansdnfanssuMaFeuiuuuAuiasmaag (5Es) SR GeoGebra idfenadugnananisi3ounas
arufianele vestniFeutuisenfnui 2 agunaldded

1. Hamsiasziidayanisiannaduguinianisdeuivadamans iFeq nsulamiasviadn vos
dniFeutusiseufnu i 2 vadldsumasaniaBeuduuuiuimemanug (5Es) $afu GeoGebra Thinadugns
gendunauaifesaz 70

fAtelddnainanisiinsgideyamsiamnadunninisnisFeuiviadaaians Fos nsuvamis
\svadin vestniFoutulioudnudi 2 vadldsunmstanisBeuduuuduiansmaning (56s) 9y GeoGebra Tl
NaduaVSgenInasiTerar 70 fuaRfimaaeudl (t-test for one sample) wausIngFamaadi 3

A1319% 3 WaFugNSNIINTISEUTesnutulseuAnu U 2 Tlasunisdaniseuiuuvduaizniniug (5es)
33U GeoGebra Llguinnuiisosay 70

|

QGRLELERN N ATLUULAL S.D. Souay t p

nauIU 33 10 7.48 1.42 74.85 1.97* .03

P o

* sEautydIAYNINEnANTEaU .05

91nA15797 3 WUt medugrsneInsSeu Bes nsulawnusuadin vestniSsutudseudnudi 2 v
Ie¥un1sdanisBeudiuuduiansmeanud (56s) 33/ GeoGebra wudnilnzuvutadswiiu 7.48 9inAzuyLia 10
Azuuy Antdufenas 74.85 uansiwadugrisvnansSeuganitnusiesay 70 sgaiiudfameatintisziu 05

2. wan1saszidayansFeuiisunadugniniamaieuinadamans Fae nsulasmasuiadie
vastiniFeutusiseafnui 2 neunazudsnisdananssunisGeuiuuuduimzmnanag (56s) iy GeoGebra

PAelinsginannneideyanaiuieuiiisunadugninisnisouivadamand 3o nsuvamis
iadn vestnisutudseudnunii 2 NEULAENAINITINAINTTUNTISUUUUEUIEIEMIAINS (5ES) Taufy
GeoGebra fuadfnaaaul (t-test for dependent Samples) Naﬂimgé’qmswﬁ 4

=

A15199 4 Han1siUTeuuRadugnEn1eInIsissuvestniSeududseudnuitn 2 ilasunisianisiseusiuy
fulanzmAug (5Es) 39U GeoGebra

NEUAIDENN N AZLUULAL X S.D. t P
feuiuu 33 10 4.24 2.24

— 11.49% 00
NALIBY 33 10 7.48 1.42

* seautedAgneadanszau .05
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9115197 4 wudn weduguinienisiFeu Fes n1sudasmasviade veaniFeuduisendnundi 2
rounaznddladunisianisiSeuiuvuduiansmeniug (5s) 53U GeoGebra wuinnisnaaeursuissuilaade
Wiy 4.24 drudssuunessuiaii 2.24 wasndadeuiidnadowitu 7.48 dudenuumasguriiiy 1.42
feannsliadinnaeunadn ttest Wity 11.49 FsganinAvingn uansimadugriniinisSeugainiieudsusgng
fifedfyn1eadffisedu .05

3. nan1siTzitayanisAnwanuiawelefifidentsdnfanssunisieuiuuuiuiazmaug (5es)
391U GeoGebra

{ideldeneinanisinneitosanisinyiaruioelafifsonisinfanssunisdeus feadffugu
mntuulanariaisvesnsiuuarufioelafiouiunasifitmuamausngdmsd 5

M13199 5 KansAnwAuianelavestinisunainsIansiteudiuuAuEzmANg (5Es) iU GeoGebra

v o 3 STAUANY
Jan1nu X S.D. -
Nawala
}% v
AUASHEDY
YUYy
1. AzdnUTTEINIATIRASEULEaREN SIS EUNSABY 4.24 0.99 11N
2. asbilematineudnaudymuarnsnulunisuitanddgm 4.36 0.82 11N
3. ATUIAUIEANANITSBU TR 4.42 0.74 110
4. pydaasuliinGeuiinnuAnssuasassAkarsniueive 4.39 0.89 11N
5. pgduasubiinSewhnusuiudungueumaiianmsdanisiteu; 4.36 0.92 11N
6. AzgaNsUALARTILTRITNT Y 4.52 0.87 | wn¥ign
7. ﬂgﬁyﬂaﬂmw miLLsiquJLLazmiwmmmzau 4.70 0.68 mﬂﬁqfﬂ
b4 o/ = b4
AUNTIANTSITIUS
8. Weamnapuruatviilulelaase senrdoetuusuninusednTuy 4.12 0.96 170
9. N133ANTLTBUTUVUAULEEMIANT (5Es) 39URU GeoGebra dAuayn
. 4.18 1.04 bUlal
wazuaula
10. NSNS EUSHUVEULAIEMIAYS (5ES) S7uNU GeoGebra @11150
v o D K 4.12 1.04 170
asneanvaulanntnissusgneiMydau
11. A15IANITHSBUSHUVEULEEIIAIINS (5ES) SuAU GeoGebra fIn15.Un
Yo v ‘J” v 1 * a ¢ & - oA P 424 102 u’]ﬂ
TonaliiniSeuauaimanuianiesays dumesidavseunaaseuidu q
AunsIaazUsEliuNg
12, YnSeuns1unnn1sUSE I UNAA 19U 4.15 1.08 170
13. asUsziliunaeEeyRsITY 4.58 0.74 TG
14. MmyIakarUsydiuralanuwanzaunubemlugus ey 4.42 0.74 11N
15. inauainsindssdiunansaunquiiomuasinamnisinlieniauly 4.39 0.86 taly
574 4.33 0.91 un

91nA15197 5 nudn Tnidsudianufielanddldiunsinnisiouduvuduiansmainud (sEs) saudu
GeoGebra Tagsaeglusediuann (X = 4.33, S.D. = 0.91) WeRinsansiesu wuii dniSouliaruiienelauniian
A AuagRaeu agluseivun (X = 4.43, S.D. = 0.84) 7098931 Ao AumMsinlarUseiliunaiaiuiisnelasedu
1N (X = 4.39, S.D. = 0.88) wazaunsdnnsiseuiianuianelaluszdvunn (X = 4.17, SD. = 1.01) muasu
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aAUs8na

nsAnwmanIsdafansIun1s3suiuuuAuiesmaimug (5Es) U GeoGebra fifidonadugninianis
Bounazaufionely vestinSeudulisendnudi 2 asunaldwsd

1. nadugninianisdeu 3es nsudasmasuiadn vesiniieuduiseudnundi 2 nduFeulnenisie
Aanssunsiieuiiuuduiansmanug (5Es) $aufu GeoGebra geninnasisovas 70 eghaiifuddnmisaianiszsiu
05 Fsnansidaenadestuauuiguiindly mmgdinsideudienssuiunsduazmnanuiun 5Es iy
GeoGebra fidufumainud MdunisiFeuiifiFouduaimanuidenuos lagiFeuldinndum lned
NIEUIUNTNNANNAR NsTmaiing iR eulivinuen1sAuaidienues waenislaiseuiinulusunsy GeoGebra
yhlii3euldasdiouiRas Ifunmesnedniau Sszaunsainsdunadoudiden duaduliidoudiniagouslu
sUsuulvl finsandmugunm Ianudilalunisasdieud wazarunsadinsuitymanldludiadsedriule
dwalriaudilalwdonfinanntu Fsaonndosiuauiseves Janngam and Suanpradit (2021) ﬁélﬁ%aumﬁa
UFTAHTUSINTY GeoGebra lunisadnuiin ans1uru aunisaudigesnis uagldlusunsy GeoGebra Anwuiom
iunduiitefiagnoudanuanluianssy viliiuanuduiusuadnsaunsaasundninausilisedve s iFoues 10
Fi3ougensulumsuaaasvesaunsandsiidugusssu dnsyuiunmsanmanuduiusvesdeyaauannsaosung
waragUanuAnsausenldfenues lunsBeuiansusssuluguiuss GaeliFeuldimutugumesmuesddy
WagUsssunauudiries o wwmmimu%ﬂﬂaﬁmwawu donAaoeiu Nomaya and Chaiyapan (2013) nanvin 13
Ianmaeugiuuiging 5 fu (5€s) llﬁ’m%’JEJIVINLiEJ'L!VLG]'WGNU’]F’]’J’]%Jﬂﬁ]?ﬁ’]ﬂﬂﬁﬂﬁ]’]ﬂﬂ’\]ﬂﬁm/ma’]ﬂ‘wa’lEJ Wauly uay
fduvenennuiiidnasulifidsuinaunaiassdmsadamansldinniian udnvarresnisfnudgmnie
Anwranunisal Sndudediaivaslontawndiseuldusamuwimddunisuidymidlivainnaieds daay
uansafilinniign danuudanndmuszeznaiidvual uazdnfansslvogluussoinmaiiaynauu Uaesl
tnidsulduansnnudaiiiuinniiga vliinieuiinadugrinianiadougatuiianuanmsalunisufdymain
dn1unIseling q TANUSURATEURDNAURAZIILVDIALLDY NAWANIAUARLAL danrdasiu Hongthong, Lokkathat
and Prateep (2023) lafnwnani13dnianssun1siseuiuuvduiaizniaiuisiuiu GeoGebra fifldon1sAnds
smadlauakadugsNensSevesindsututsennui 2 wud msdnnsseuiiuuduasdunisdiiunis
Bouifingasusenuuunsiiounsequliinieudatedau inmnudn uarasiiolazuamamannuy ot
Ussnamdnauviodeasudonuios duilikadunyimeniaiougeiu

2. waduguisn1ensideu Fos msulammasuade vesinSeutuiseudnudi 2 vinseulasnisda
ﬁamimmsﬁauimuﬁuLmvmmm% (5Es) 99U GeoGebra ganiniouidsusgrafidoddamisaianiszfu 05

v
yaa o

L‘L«!’EN‘\]Wﬂﬂ’]33]91?1’1358143@’3EJﬂi“"U’Juﬂ’ﬁﬁ‘ULﬁ’]‘“%']ﬂ’ﬂiﬁLLU"U (5Es) 521U GeoGebra WumsdansiSeusniidunau

U
P

e Sfedhailamsodudods mﬂmLiaumt,mﬂmmmﬂuiwu finsduAumdayamenutes dn1sasile
UFUR wozmsandwiegunin dwalifiFouiinnug arandladia fnssegadussuy werdmaliinadugrsvos
{i3eugelu Geaenndoaifu Negara et al. (2022) GeoGebra amNTnTo3UNTIUARILLIARTIAdAMARlUFULUY
faflnuarsenisuanmats uuuulalu GeoGebra dntid1ad msunsuansiivnin (N1TILATIER) NITLAAINTN
(n917In) uaznisuansfauarlusUuuuresaandn uanaintu GeoGebra Sildrudsanndndaenisldnuaenisd
wdndn ldfinmaifeulsunsy dndsuannselifaesidifioguuadaiisafuiladdudnginainuudg q uagld
Usglmiangaudadievhardlaiedfumandlfatu maldmeuimuaiiietu ‘an’ vunthaeuetimes fuifuy
tniFeuisifesseunuilegidneuiimaniilifugnviefin uazanumsninaBeuiiannsogdatniGoudesou
Tuaounsailadn-19 1¢ denndasiu Kheawwan et al. (2021) Anwmsiaunadugrivnamaioundamanslag
nsdansiieunsasunuuAUEEAIYg (5Es) Uszneufunislidederuenulay (Social Media) 3o UsTauay
ynsanszuen vestniFeutuiisendnudi 2 wui nsdanisdeudsidunadulunmudunouigndes aunsaidous
lemaoaLaanaiu Line, Google for Education, Youtube wagn1slaasdioAumsienuied dawalin nsinveinyuuy
wﬁu%‘&mqﬁu FaaenAdasiu Ouinong, Sokhuma and Plangprasopchok (2021) nsdafanssunsiFousiuuay
ngmannd 5 du shlvinGeuinnugetumateu Tdauaynauu aunssiodesu aulalumaidousniu uas
tniseuladnwAuaiuazasdieujifdenuies $9nn1sviraudungu ndruansaanudaiu anuiisnela ndd
Andule vibiAnnsseudienues waraunsaimwInIsseuivesnuedldd wansiduininseudanuimiily
nsitmInsFeusvdinsSeudiiuiu
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3. anuilanelavesiniSeundslasunisiananssumsiseudiuuduiaisniainug (5Es) $3uiu GeoGebra
Fos Msuvasmasviadn dwuindeudusoufinui 2 Tasamnniinnufianelasgluseduann eaanns
Fofanssunisiseusuuduaezmanug (5Es) unmsinnmsseudmunnuaulavesinGeu SnsAnwsauiu vl
IFFousludsfinurouiuifioufivevludsiiviloudu waz GeoGebra lunisdnnisouilusuinvantug il
fnFsuuesnmnsuasnasnadeldodsdnauiu iiaanuaynau dwalfiinnnufmelafifdonisFeus
wazauienelavesinGeugean Ae unsiiaeu iesananudilagiFounaamnzmnzauiuilinAndiues
tinBeu Tduugi viliinGsuamsaBousliedafud uasiussansam wazanufimelavosinGouiidinfian
fio funsdanisiFeus iesanidnFeuuisdmdsnsduaunslilusunsy Ramnuariilunisious asaesuuzii
wartromdslunsléiusunsy Feaenndasriu Janprieng, Wareebor and Kerdthong (2023) Ainwinisamniinue
ANUANATINATIALATUINNTIUAIENITINNITTBUSLUUNSAUEIZALS (5ES) Wasn1sdnn1sseuwuutula 5
Funou wui fiFeuiarufmeladensinnisdeudiuunmsiuimzmanud (5Es) inndinisdanisidouiuuy
tuln 5 duneu Wumazmsdnfanssunsdeuslagliffouduguinanauasiitanssuliasfoudsaudosnislu
meviugBou wunsh s leniludinege fnsadrsusseiniaveansiidinusn msesnldneuiidaaiailsl
Ufduitusinfufionlufudounasagdaou SnsnAanssunmadounsaeuliifunatn nseduliidoussay
anudnsalunsiBous fAanssuivhmeunazidelenagi3ouldsuisnsaeuiivarnmans uazagiasusioslaning
gonfulummaansalunisuanieen LazauAnveisou luammnddyivilidsulinnufioneladensiFous
aanndasiy Watcharothai (2022) AnwinsnwnaduguismensSevivadiamanivesinifouiuisoudnuii 4
Tngl438n1saeunuy KWDL $aufulusunsy GeoGebra 1304 tsvadniiasizy wuin anufiswslovestinidousiens
Fnn1sBeudegluseiuanniian esnnnsaeulaslilusunsu GeoGebra taeliiniSouanunsanansmivenanay
2988 msluan uaglemesluatldsng mdmeuldiedu dniFeuldvasewuanisudfenues dwaliiinSowin
armaynauy Tlisous nduansanudaiiu uazaruisawaniasuieusiugdulfodsiingua aenados
Saduakdee et al. (2023) Anwman1sldlusunsy GeoGebra lun1sdnnisiseuiadinAaninunuifniosioundy
FuFesnsulammasriadavosindeudulieninui 2 wuh avufielavestniousenisianisdeudodlu
seaunnn fleannn mslilusunsu GeoGebra lunsdnAanssumsiFoud BrelitinGouiinnuinindilowayaels
fndsulfifunmildannisulamasmadeidusussaa dreesuiglidlasntu vildindouiinuge
aynauuiunsvinianssy dwalrilanafiifddedvadnmans

ayunan1sIdsuazdalauauuraINn1TIvY

d3Unan1sId

1. wadugyvnanisiSeundinmans nddldfunisdanmaFouiuvduimzmainag (5Es) s GeoGebra
finzuuuadsAnduiosas 74.85 Tsgsninsisesas 70 egslifvddymsaiatisziu 05

2. nadugusvnanadoundamans nddldunisdnnisFeudiuvduiasmaniug (56s) $afu GeoGebra
viadouiidadowiiu 7.76 dudesuuinasgiusiniu 1.09 genideuSeudifidedowinfiu 4.2 daudeavy
wnsgIuiiAvindy 2.24 egiiddfgynadfisedu 05

3. anuianelavesinidouiiddenisdanisiFeusuvuduiarzniaiiug (5s) 3R GeoGebra Ui
Wniseuiiauiianalasien1sdnnisiseusuuvduiaisniaigg (5Es) iy GeoGebra lun1nsinagluseduuin
(X =4.33,SD.=091)

Faauanuzlunsimaddeluly

1. lumsdamaiseuimadudemaeiniiidedesiinernuas ilefiaslvidoulfdenAnwnue
aulavonuiad LLaxﬂgmﬁmwznaﬂ,uLwiaz%y’umiﬁauiﬁaammmzazu wWielvgiFouianuianndilaiiasudu
auysal uazszeznaniliuuauiuly

2. lunslddemaluladlunisdanisBounisaeu fasunisiamisugunsalaeulinemnziuduiuves
fiFou el FeuldGouiasunnau liliAsmnuailunmsinnsSeunisaeuy wazmadngunsaineuldaiaae

Forruauurlun1idensoly

1. arsAnylUIUNTL GeoGebra tsunBuiiofiorannsnyszgndnislilusunaudauiunssuiunisiBous
A9 9 lapgnnainuaiey
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2. msthnsdamsiseusiuvduaeniaug (5Es) Ty GeoGebra WWldlumsdnnisiseuisiuiuinaia
msf\mmmauﬁﬂl,l,wau 9 LwaimuﬂLsaulmL'LJasJuUﬁmmvﬂumiLiauwauﬂamuummﬂﬂmﬂLmJ LLau‘msﬂm
uﬂLiauuﬂgauwuﬁmmaL‘wau“lwaqLiau flanusuiaveuluninflvesmueannau iaummimmuiamumauw
Frefininurlunisdndulavesinousnae

AnAnssuUsENA

uneidsatiuidianysalld Fewoveunszamogagilunnuiunnian ghemansassinty Buge
T fiemansiansdnssadad Meedaymdet wazusuiiy alanis Aldliawemaseidufidesvaly
Forauauurlunmsiidouazmsiannuinnssudielilunisiiids naensuduims auzas dhiFeudlalinrusaile
Tunavinideluadsd
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Abstract

The objective of this study was to enhance the engineering design and scientific knowledge of
eleventh-grade students by implementing an integrated STEM learning approach that focused on the
engineering design process. The process consists of five main steps: 1) Identifying the problem, 2) Conducting
a search for relevant information and theories, 3) Planning and planning the building of a bridge stick model,
4) Creating a prototype of the bridge stick model, and 5) Conducting testing. The participants consisted of a
single classroom of students enrolled in an engineering program at Ongkharak Demonstration School,
Srinakharinwirot University, during the second semester of the academic year 2022. The research tools consist
of three components: (1) a STEM lesson plan on truss structure, (2) an assessment of the engineering design
process, and (3) evaluating structural tests based on engineering principles. The students' engineering design
process for constructing bridge models using ice cream sticks had a success rate of 88.2%. Conducting a
structural analysis based on engineering principles, three key factors were considered: efficiency, strength,
and cost. The results reveal that the ice cream stick bridge has a weight-bearing capacity of 78.05 kg and has
a structural efficiency of 208.13%. The observed outcomes may be attributed to the fact that the task
involved problem-solving within the framework of the engineering design process. Specifically, students were
required to methodically plan and build a bridge structure using ice cream sticks. This enables students to

answer the problem using their own discernment, so reinforcing their understanding of the subject matter.

Keywords: STEM Education, Ice cream stick, Engineering design process, Bridge model
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4.0 under the concept of Engineering Technology Day, 2019; Competition to create academic knowledge
about structures with ice cream sticks in the field of civil engineering 16th Thailand Championship, 2023;
Competition activities 4th Ice Cream Wooden Bridge at the 4th Thai Technology Day, Lampang Rajabhat

University, 2015; Ice cream wooden bridge engineer competition project, 2018)

A15ANAZLUUUSEANSAMNVa9lATIE519 (30 AZLUL)

- - o 30
Azwuulszansnmvedlasase = | E; X (1)
Emax

Wie E; = daduhulnussnnsdedivinlassaiansuesiuiug
Emax = 8as1duuminussmnasuminlassassgrisvesiiuilauiniign

ﬂ']iﬁﬂﬂ%l,l,uuﬂ’ll'mLL%\?LL?\WIENIﬂiQﬁ%”N (40 Azuw)

Y L —L;
ATLUUANULT M TIVRIlATIES1e = [40 — 35 (M)] 2)

max—Lmin

Wie Lj = utinussmnvesiiuiug @lansu)
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Lmax = dntinussynvesiiuilaumdnunniign @lansy)
Lo = Wnitinussyntlosiign (Alansu)

NN5SANASUUUANNNUSEVER (30 AZLUL)

ATBUUANUTENTR = [30 — 25 (M)] (3)

Mmax—Mmin

Wl M; = Ysunatanuesiiutiug (lansy)
Mpax = Usunasdaguesitunldianuiniign Rlans)
Mpin = Usinaudanuesiiuiildiantesan (Alansu)

NANT5ABUATBAUTIENE

dmfunsieseiteyat §3duldduiunisutsnisliasuuneandu 2 daw fo 1. n1sliazuuudiu
nsEUIUNMIERNUUULERMNsIURIMs1eT 1 uaz 2. mslinzuuusumsvaaeulassaiismumdnimnssuesing
azmuliloandudanssil 2 msdansiouiua@nunanuannsanszuiunsesnuuuidsiamnssudisnisianis
Boudnuuuanuesasiiufin Foq Tassadrauuudn (Truss structures) vosinFsussdutuisoufinudil 5l
AAsginunasinsUssdu 990015197 1 AzuuusTain 20 AruuY 2NNTUTITILATULUNSEUIUNMTARLGY
nsoonuuudfimnssuvesinFoulsazngunuin ngudl 1 ldazuuu 17 azuun ngudl 2 ldaziuy 17 avuuu uag
naudl 3 16 19 Azuuu FswansiinGeuiinszuiunsAnuasniseenuuuiddmnssilusedugs 9905197 4 wanawa
nsUssifiuBeivionun 5 399ms AziuundevomantsUssdiunanutinEeui 3 ndu Ae¥osay 88.2 Seenisiild
AzuuLRdsINTignde maszyilym msoenuuulassaiteasmsnaaouTuey Iizuuuieras 916 Usuani
disoulianudilalulgm waranunsaeenwuulassadafientlodgmidesaminzay uasnaiildannismaaeud
mnuaenndesiunszuIunseenuuUldiduedisi Feanisaiauuudaunnnszuiunseenuuuidsimnssulaenis
M19EBUTIINNSTREINSIA Feilanuaenndosiuiuideues (Chuadda, Chanvaivit and Phonchaiya, 2017). uag
WINRTAAZUTZRUNUT

1) msﬂimﬁu%umsiwﬁmym ﬁﬂGauum'asmjummimzq{]zymiﬁaEha%’mL'«JudwaxwmlﬂtwuégﬂLauﬁmm
wansegalsivagnuguuuulagiu wazsilaazmnuiia 2 uuulsiuimdnldunndaiy FainFeuannseinae
warnudgiiiatusazaenedesiuifiomiiFou snuiindeungud 1 anunsassydymldodignies undslsl
Faru FsevvminanthiSeuinaiiindmiunsdoueiuie dwaliliannsassunglsognsnsuiou

2) matssdutunisdudutoyauasmsfinuinged dniSeunduil 1 was 2 aunsamutsadududoya agy
Foyaifeiulassadilsiognsgnies widillaumanmndeummeuiiieafulassarawuudn (Truss structure) @y
naudl 3 fienuihlasazannsedududoya asudeyaiieafulaswainsldesnagnies sihlildazuuuiinnnniingud 1
way 2

3) mavssdiudumsseniuulasaadng (319) dnidsuuiaznduiinisesnuutuasiauouudnuaslasaiaiild
Anwuardudunarannsneuiseguuiiuguvesguliesiamnzan ndufl 1 uag 3 awnsooonuuULanToY
osueldetsaziBun szygunsaiilildediedaau luvasiinguil 2 ansoeenuuuiazdousiungldedisaziden
widlilansaszyaunsalildlfedadniay enaflanuinaifisituazuuunissiunismeaeulassaiismuman
Arnnssa WesndinsAnazuuumaiumnuusendn IeihlinGouliaansaszyianldegnadaay

a) nmsUspifiudunisadindueu (Prototype) tnidoui 3 nduesnuuukagaiusnaitetuauldnid
sonuuussnmil 3 Taengui 1 afrauvudrasdunaaznulileaniuldmuioonuuulfegsnsudu Tasiilifing
uils Suansinguilfinssuiumssenuuulfifiuednad dewalsinisadrsdunusenuinuildoonuuuld nauil 2 uas
3 anansnadldmuiioonuuuly wilinsudlovisd WesniAndymanmsasisdumuhlildgunsaiinnning
wauolineuusnilldszyliluduneusenuuilassatns duandunin 3

5) Msvssifiudunsnageu nmsmadeusuuaeduaaaznliloaniulnenislduadiigafinaiwes
1A59a379 dAN81I581I199A5895U (Support) 30 cm antuldinacindias 2-3 ke aunsyialassadisas sy
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Heaunanseiinanudemesslassaiiaulianunsaldamiadaduladn nansmaaeunisiuinaiiwedlasasi
azwruLanslunsed 5 91nuaInnITageUNUIINguT 1 annsadumanld 6 kg ilnanisussidudiunis
naaould 3 Azuuu osanilanundausazaunsasuansls 5 ke uilifia 10 ke munasinislirzuuunig
9ONUUUIBTIMNTINFINNT197 1 daunguil 2 asnsaiusnadadld 14.98 kg sihlsnanisuszifiusunismageuls 4
Azuuy LHosmnlassadadimuuduss uarannsadumansldiiu 10 kg Fuly nauil 3 annsnduinadisld 78.05
ke ¥liinansUssfiudnunsnaaeuld 4 azuuu esnnlasaiefiauuduss wavanunsasumadsléiiu 10 ke
Fauly

NaU NgY 1 NATY NEY 2 NAY NEY 3
LUIARYRIUNS B LUIARYBIUNLSBU LUIARYBIUNLS U

nsldgunssaumaenazingg | Tdlassaheaniligunssadendean | ldunAnuuuSeude daudasain

nszaneuss Fldaansnsudmin |t dhandssgndldidulassaia Tassaduaznuwuurily
ooy Saldgunseiifianmden | vesagwiu udainisliien 2w | Tassadalidudou udiadu
vwalvgidulessaiimdnuaed | esuusauenszneusdluiis 4 LuuaamABIEuNNLe
muUsznauiiienseaousaudugy FRELEGEA M) nszaousdldndy

i M

el

AN 3 HANUVBIT NS S UNAS19TUIINAITAATLATIEIEIUNTLUILNITODNR UV AINTTU AL UIANYBITNIS BU
Werfuniseanwuulassasaaznuldlomnsy

A15°99 4 WAN15ERNLUUIBIMNTINTRINTTaTIMULTaadlumaaynuldleaniumefanssunsianisseusanu
WIAnEzANANY

s1en1sUsEiiu Anade | WesWudduade | sD.

1. msszylam (@ azuuw) 3.66 91.6 0.5
2. MsAuAutayalarn1sAnyImgul] (4 Azuuw) 333 83.3 0.5
3. ATeenkUUlATIEsNe (519) (4 AzLUL) 3.66 91.6 0.5
4. mMsEsiuny (Prototype) (4 AzlLUW) 3.33 83.3 0.5
5. nmsvagau (4 AzLUW) 3.66 91.6 0.5
\aes1enisUszdiusisun 3.52 88.2 0.5

NNANITUITZEUNTONKULLTIMINTTUMEAINTIUNTIANIS T BUmNLAnazALAn YR Iwansly
M58 4 wuidniFeudianudilelunszuiumsesnuuuiddmnssuluseiuiigs Tnefidedsvesnzuuuluudas
wiadoagil 3.52 uarfivedidudidnaiovesazuuuusasnguegil 88.2 Snvadalinisysannisnrmilunats q du
dmsumsuitym munseuLLIRARINING 2 Wy meiuadamans TniseuldAndnnanieatunissuusedn use
ye1e Tugasine q vesazinu deviiliinFeulinsuimdnnisnszasusmundnnisveianssy wagannsoh
anuimsiuilulflutunsesnuuulassasvesasnuliflonndy uagiinmaianuineiunaluladindigluns

avavslae Aoz Inenmans uningragguasivsdil
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v deyatiioniaiuunAnannisdnainfinnugndesnumdnveamguilassairsuvudn audanisaing
wuuiassaznulileansuisinsldnnuimasuineimansuagimnssuandislunisaiiseunseiadisanuils
Maunuls Fawavesnisiteiiaenndasiuiuidoues (Marattana and Keeratichamroen, 2018; Phitaksa et al.,
2019) ﬁﬂdﬁ’gdwmﬁmmsﬁﬂumiaauuwazLﬁuﬁmﬁ’msﬁmﬁu‘jmmimmifmaéﬁusmquﬂLLﬁ'ﬂtymﬁaa%"m%u&’lu
1§ wazdniFeudsanunsadenldianldmuiinnsesnuuuly aenndesfuauidsves (Chulawatanathon, 2013;
Roehrig et al., 2021) fil&na1li4n nsdaniaieunisaeusUiuvasnfuliiendussduduszoudnunio
fiseudnwndunsiinbiinEeuddnnszuiunmsseylam widymuaginueludusiing o vilidinSeudiesrauslu
G’huﬁhdﬂiﬂj’jwzL{‘Juwmé"miwmmam%ﬁamﬁmmam‘myimmmﬁmﬁﬂmmaﬁq 9 TudinUszdriu nan1TITees
(Putwattana, 2018) l#n@1191 nMsuunsesnuuuBdimnssuietunyssgndldiunmsinnissunisaeunuuas
Wufnwagtsduadulitndsuiansysanmaaiuilunsuidymainaniunissiig q wasuiuugstuaud
oonuuul#fBedu deduiifedadamnuiuinssuiunmsesnuuuidsimnssuannsntie Vg suiimawanisinue
g ﬂﬂgﬂuﬁ’mmiisqﬁmm nsauaudeya nisuidymiameni P RITIIR AT I AT ER L AR RGN TRIT
melddedinirmunlifensysanmsanulunanvansin

AN51991 5 HaNSNAFBUNISSUTNMTNamarUsEanS nnealaseassasnuliladnsy

nau Ywitinazniy (ke) Ymnisuld (ke) UszAnSan (%)
1 0.205 6.00 29.26
2 0.355 14.98 42.19
3 0.375 78.05 208.13

Mnuan1snadeulastaievesarnuldlerniy augdidlaumanisnaassnannisiinswuunundnnis
naaoulassaiamadmngsu nslviazuuuiiinasidefiuandlunised 2 Sansaaeumalassaiisazuisesnidu 3
Wdefie 1) Auuszaniainvedlasiadne 2) suaruudauswedasadne was 3) suanudssudavesnisdentd
gunsal TuezLuTIARD 100 AzuuL MIFIa 3 Fuldaumsi (1) - (3) audidu nmsed 5 wansHa
nsmaedeunsutninaisasssansnmuadasaisaenulloandumui nguill annsaduinadasldiies
6 ke wazinavedlumaaznulilerniuiiadiefie 0.205 ke Wewwfuauseannmuedassadiamuindiasniuly
yoenguil 1 Tuseaniaimiies 29.26% iesannguit 1 Snsldgunsal iy Suuvedifleaniuditesninngudu
nsltaniidosiiulufidmasiolasaisvosasmunasdidmadonuudusidndis nduil 2 annsouinadadld
14.98 kg wazaaavestunaavnuliilorn3ufiadnafie 0.355 kg nan1siwnUsyansnmuedassadaznulives
nguil 2 wudiiussAnsnm 42.19% Taenguit 2 fnsldliilemnsudusuuann uaslassaeiidnuasadofunss
yowdaantiu Fsanunsoiuusdldd venndssdinislélaileanduusenuiu 2 wiu Wefuenumuuazanundauss
vodlassaie dwmalianunsofudminldfunnduuasdaruufussdiganiwongud 1 dwiunguil 3 aunsoiuna
sl 78.05 ke wazanaveslumaaznuldleAniudiadsfie 0.375 kg nanismunnUsyansnmuesiasiadisasniy
Iifvesnguil 3 wuindiuszansningeda 208.13% Wunguidiuszsansningaiian esanlassairsvesasmiuiay
ﬂé’wﬁuazwwumamﬂiﬂw%mLmewLLazﬁdauﬁLﬂumuﬂixmEJLmﬁmrmdmfjmﬁ 1 waw 2 Bnvadfafinnsliviinaes
iflean3ududiuauann fimsusenudouiu 2 usiu ilrlassaiisdanuudussigan egrslsinuludiuves
AzLULAUAMNUTEVEN Nl 1 a]slé’%l,l,uuqaﬁqm muengud 2 uaznguil 3 audiy esannguit 1 finsld
Usinamasliileantudosiignfleifivuiungy 2 wasngu 3 Failildesuumiluduiaeiian 1nmeed 6 wanswams
Uspiliuazuuudumanaaeulasainenundnimnssuveslunaasnuldiloandit 3 f1u wuingud 1 1daguuy
39.6 Az naudl 2 Tdazuun 23.2 azuuu wagngud 3 Ifaziuy 75 Azuuy 9nmsieegideya naud 1 azle
azuuuluduvesnszndaanniign usazidoazuuunsailasasinnuudusalosuasUssansnmiies danns
Usgniinnnslitangunsallumsneadiaiunfsauunwsomnslasadsvesasniu lududvilid ndeuldGous
Rerfumsdmnasienssdsuifiusammsneaiisazmsidenianliiaumnzaunndian nguil 2 fnslduiana
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vosliloanduiiinniingud 1 uirruudsussedlasadedsliinnifismetiagyinlfaunsosuimdndisldun o1e
Humsglawaisvesasmudsllfdaduiigndonilvimssuusmedanaisasmuidym Soiliasuuiludiud
ligaunnidn dwdungud 3 ilesananusasutmingasld 78.05 ke silfazuuuduuszavsnmuagduaiia
wdaussdlazuuuioglusyiugs uinzuuulusuresnnuusendald 5 azuun nsrzdinsléumnamediilonnuiiun
nnguay q FaselinGeungldFeudiieatundentitan Welitanfidannmuarinnauiunnusidu S
wlfmnuudusuarusyAvsnmiiniuuinduieader fangunsalifissnntudae WesmaruuuntsUssdiudy
nszUILNMIoRNLUUEImnsTuNaziumvaaeulasiaiwodinaazwulslleandumuin ngud 3 fazuuusam 94
AZULL TINAZULUTAVIIARD 120 AZLUY S09A%NA naud 1 wazngudl 2 mudiy danandunised 7

Fadunguil 1 woe 2 faudfrldazuuulufunssuiumseeniuudsimnssueglussduiis uidothun
AUIUINUAMNTIY WU Usednsnm anuwdauss wazanuusenda ndunuiilassadsagniuliloansundusu
wahalgldunn esantuniseanuuulasiadrsvesarmuinEeuealdinasitud Guunadild 5 ko) lunis
Fuaifeunsaazniuliae Jeilfaswdumaduldnedtuildoenuuulineusiu dmiunguil 3 1dins
oonuuuaiuened wagfimaairsaemuldmuguuuuitldnaunly Teilfsumadaddinn Seldasuuuiiludiy
YoansEUIUMIERNLUUIAMNTIILarnIaaeulasiaisuvdnimnsudigs tufe 94 Az

dl a v b4 a
A15199 6 nan1sUsElliusun1sadeulassassveslimaasuldleansy

nqu AzUUUUSZENS AN AZLUUAIIULD IS ASLUUADIN AZLUUTIN
(40 AZHU) Jszundn (30
(30 AZLLUL) (100 AZLLUW)
ASLLUY)
1. 4.2 54 30 39.6
2. 6.0 9.1 7.9 232
3. 30 40 5 75

A15197 7 HATIUVDIALLUUAIUNTEUIUNITEBNLUULTIAINTTULALAUNSNAaUlATIaS 19 v lumaas wwbyl
loAnsu

ﬂﬁi&l AZLUUNITDDNUULIIIAINTTY AZUUUNTNAFDUTATIAZNS ATUUIIAU

(20 AzLLUY) (100 AZLLUY) (120 AzuLwY)

L. 17 39.6 576

2. 17 23.2 40.2

3. 19 75 94
d3UNaN1339Y

NnHansAnyINUIIMsTansSeudsiluvasiudnuniiitiumssiunsesnuuuiddmnssanansatie s
FniFeutuiiseunudi 5 veddsadsuaBauninerduaiuesunsilin 0sning fauanmsolumsssydgmuas
finwemaudnng 1 Wethinuszgndlddmiumaudladgmeauaniunisaiviensadidunulinsmuuuuuuilas
NN5ONRUUNS O NULT LLazmaﬁ'ﬂUgimia%ﬁaui’mﬂﬁmﬁmmmLﬁi‘]zymiu%%mﬂizﬁi’ﬁuLLawaiﬂwEﬂﬁ agwula
NnAzuuunsUszuiiaedegi 88.2% Ssieineglussiuiigs egnslsinunannsuszidiudauenldfisany
Whlalunszuaumsesnuwuui@sianssy dazuldanuishidevesnisuszdiu wu mssenuuulasiads ungy
fafinseenuuuiidlinsouaquilymiisely Sssdsmaenisaiduny waedsdsmare nsmaaeuludiulassadn
pavdnImnssudnie diudasuoravsdesdinsasunszuiunsaalimingou iewedueuidlauazasoungu
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Hoyitdmuald dmsunsaieagnliileaniuazfunssuiumsieiuaioinuglunans 9 Besuasinisysan
Asvineedusng o lunseidam egrslsinulaseadieildudusmdedauudusadon sedoradumsed
dodiarne 1wy nardwiunszuaumsdanisdeuduarianssuenatesly SnfsinEeuliilenmadiniunanduly
uilvfudgdlassaadeliannsnsuiminldunniu fefideldasmnuiuinssuiunsmaaoulasaiisvs
avnulsleaniumsogii 3 auiFeu (3 Halug) iefitinFeurrliiduneunssuiunmslunsudlalassasrslidan
uausanniu

AnAnssuUsENA

YBVBUANDITTAVITeUazTUIN THOUINEIManTuazmaluladuar o1 sdanuideuasimuinig
aoundiamans aontuids Waun wazaBanising sninerdeaiuaiunsilsn dmdunsaeuluneiviiduada
VINweNIZUIUNITAATIAINTTULALNITAILIN Y0U0UANOINTELYEN augny dnSuAILULILAZATINE0UI
miAfeildniqasied wavaarheveveuaminGsutuiseudnuni 5/5 Foudsuunuimnssumans figslavin
Aanssuwaglimusiuiioduegad
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Abstract

Understanding the nervous system in biology can be tough since it is invisible and abstract, relying
heavily on imagination. Consequently, transforming the scientific concepts of the nervous system into a digital
game board is considered a valuable tool to enhance endurable understanding and foster a positive attitude
towards learning through students’ imagination in science. This research investigates the impact of digital
board game-based inquiry learning on 58 of twelve-grade students’ understanding and attitudes. The study
divided students into two groups: experimental (32 students) and control (26 students), and then
implemented the digital board game-based inquiry learning and traditional lecture-based learning
approaches, respectively, to the students. Data was collected through pre- and post-tests measuring
conceptual understanding and only post-test measuring attitude towards science. Statistical analysis using
IBM-SPSS revealed that both experimental and control groups showed significantly higher scores in scientific
understanding after learning with the intervention compared to before their learning. No significant statistical
difference was found between the two groups regarding improving scientific understanding. However, the
research found a statistically significant difference in post-learning attitude towards science, where the control
group had a slightly higher attitude score than the experimental group. These findings suggest that using
digital game-based learning to teach the nervous system to twelve-grade high school students can yield
results similar to traditional lecture-based learning methods to improve scientific understanding and attitudes

toward science.

Keywords: Inquiry-based science learning, Digital board game, Conceptual understanding, Scientific attitude
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Abstract

This research aimed to study of the collaborative problem-solving competency on the topic of
solutions of grade 10 students learning using Inquiry-based learning incorporation with STEAM education
experiments. The research design is a one-shot case study. A sample size of 40 was obtained through
purposive sampling. The research tools consisted of 5 inquiry-based lesson plans with STEAM education
experiments and the scoring rubrics for the competency assessment in collaborative problem solving. The
lesson plans of inquiry-based learning, students prepare a solution of 2 M CuSOs from CuSOa4.5H,0. Students
experiment with diluting a 2 M solution to 1 M CuSOa. Students mix 1 M and 2 M CuSQOq solutions to get a
concentration of the mixed solution of 1.5 M CuSQOa. The lesson plans of STEAM education under the topic
of solution consisted of natural scented liquid soap, fresh scented bar soap, herbal dishwashing liquid, water
balm, and fun with Slurpee. 10 hours were required to complete all lesson plans. By analysing the
collaborative problem-solving from the STEAM education worksheets using content analysis to interpret
student responses, summarize data, and identify levels of competency according to the PISA collaborative
problem-solving assessment framework. The research results showed that the average student’s competency
in collaborative problem solving in all areas had a score of 2.73 points or 91 percent, which is a high level of
competency.

Keywords: Collaborative problem solving, Solution, Inquiry-based learning, STEAM education
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inwensuidamiedaiassAvestniousasnissus ﬁgﬁqaﬁuaqﬂﬁﬁﬂL%'Huv‘hmui'wﬁ’u (Karamustafaoglu
and Pektas, 2023) @g@uAnuyn L‘TJuLmeqmi%’mmiﬁauifﬁyimmﬁmmﬂu 5 @1913%0 bAKA INeEdns
walulad Aemnssumans Aavzuazadinmansiiidetu Suasinlugnisiauineimansuasmeluladnieuis
asnassauinnssulng 9 Tueuiaa (Yakman, 2008) Wi uhiimsanvesdninemand dninalulad Saans Aaty
way tnadamansunysannislunisuilvaniunisallgm (Wuttisela, 2022) dmSunnsdanisseuiauuuinisas
AuAnwlusigdiadl Unidenrenisfneladuasuliiniseuladunausingnisailiguiaiivaznisuidanilu
FAnvszarfuiifeadoatununanied FainEouasldsuamiiandsnumuimevestgmiulanuinnuduais
lngagdimuaaaiunisalgmlidniSeusazlidniSouudlgunludia (Ridwan, Rahmawati and
Hadinugrahaningsih, 2017; Hadinugrahaningsih, Rahmawati and Ridwan, 2017) NAIYNUIN dLfUAnwIaI1u150
fauauAnaeasAuasnaduginanmsfoundaFougainineusou egrnilduddgmeadaiissdu 01 14 e
Gl.ﬁﬁﬂL%‘Hua%"maiiﬁ%umuﬁLﬂuufmﬂiwﬂﬁuﬁﬂmw} (Pholsupho, Khamhaengpol and Wattanasam, 2023)
uenniafinsdanisFousiaunseimuaussausmauiymuuusniield 1in msdanisGeuslagliisodu
FUAMLUIANAZANANYN (Chaidech, Chanunan and Chalyasit, 2017) n3dAnsIFeusnmuLIazANAn vy
mslatawidugiu (Silachot, Kijkuakul and Chaiyasith, 2020) n1sdansiseuslaglddagwidugiuwuuseoussauiu
suiudposulatl Padlet 1309 wadlaiilniih (Choomchua and Chanunan, 2021) et senanisanundnadu
fuduimsinnsSeusiuazmanuiuarariuinuannsaimuinue msudtymls uidilidanddeit 2 ms
FanaiFeudindaufulunsiaunanssous mawitamuuuiindle fudunuddeiazin 2 msdanaiFoudinda
suvluFosansavans medouasdamnuiuasiinugmaineimandizesansazarerunisianisFeuiduiany
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oy wé’qmﬂﬁu’uﬁqﬁ'}mmé’LLazﬁﬂwzméwﬁ?umLLﬁamumifﬁﬂfwﬂuﬂflﬁmmﬁﬁauﬁwmLmeqasauﬁﬂm Tufie
LHuN3ERnTFeudn 1-3 WuununsdanisiSoudduiagsinlidnifouianuiuasinueifiot luldlunsud
anunsaimn wiunisdnniaFoudi 4-6 aduunumsaniaBudmuuumeasining fisevinanuifeFesd
e lalansiailviuiniouldlddudatunisirnuvesinineimans imns uazinesnuuuviodatu lae
UnIngraansinauriunsduaiznianug Imnsiszvunisiaunuwnfeasiudne dudnnalulad dn
adinans Wnesnuuuvisedaludumansanuuifnasiudny ﬂénlﬁi%ﬁumigﬁugm 5 fifendn deoraidu
o1 dniiniFoulsvimdsndisanising
I UIZaIANSIY

ilefAnwanssauzmsuitymuuusinie Fes asazane Ingldmsdanisouiduienssmiugamsnaass
avfufnu dwuthiFoutuiseufinudi 4

DA NTUNITIY

(1) wuuHUM ST Nudsetidumsideuvunounsmnass (pre-experimental design) lauiingueieagia
Weruazdssfivaussauznisudtaymuuusaflesswinadou (formative assessment) wileansaiie (one shot case
study) Tuunudl 4-5 Flusdl 6-10 v09n15398 esnndaudsauldanunsadaldlunewdeu wszdsldiunsaeu
¥38N15IANISISUIINRouY

(2) Uszrnsuagnausingng

Uszns fie dnidsussiuduisen@nudi 4 Tsadsumelvguimidudmiaguassiil madeud 2
NSANYI 2566 WNUASISEUINE-ANA T1UIU 7 e 59U 278 AU

nqui1eg1e fio dniFeussdudusoufnuti 4 lsadouvuelnguimidudoinguasssnd $1uau 1
%09 593 40 Ay Fadungusedisiiliannnsidenuuuiaizas (Purposive Sampling) TneduseiutuiliSoudos
ansavaneifideaunilsliiuueumnelisuiaveuufjiRnunsaou edulonalunsiannaanmnsdanistou
msaeuvesdnuAnududnuasiRuaLs sz suAlymuuuafiovesineufinuesuiinveulnenss

(3) w3psileldlunsivy

3.1 WHUMFIANTSISEUIAUE T IAUYRN SNARRIAL ANAn K S0 ansazane S 5w Tagldoan

Tunsfamaidoud 10 dalus dwsuununisdnnisFoudi 1-3 Wunsdndouiuuuduas 5 Sunsuldun udlaildld
yAnITNAAesaLANAny dnuunun1sinn1sSeusd a-5 lyanmananesarinnw 6 tumeu fetlununsdanis
Bousi 4 way 5 ddunsdnfanssuasfufnudui 13 uag 4-6 nuddu Snsed 1

N7 1 mimmaaﬂul,mumﬁmmiL'%Uuiﬁ 1-3 Q’%i’faﬁwmﬁmm LLmumﬁﬂmiﬁauiﬁ 11309 M3
wisnansazansuIans S1unu 3 $alus wdsuansazats 2 M CuSOs 91N@15UgVsAe copper(l) sulfate u3oqua
(CuSO4.5H;0) daut.mumﬁmmn%auiﬁ 2 304 Nawdanasazatoiioas s1uu 2 Falus dnifsusunauay
VPaRIieaEsazaty 2 M CuSO: tu 1 M CuSOs dsansazany 1 M CuSO. Hawnsailuldnelalunmsvaassios
wadfanin usunsdanisiFousd 3 Bes mawSenasazanenan S1uau 2 Yalus dniSeudunlaraaosea 2
M CuSOq 25 mL walfiu 1 M CuSOs 25 ml auiduduvesatsazatenaitiu 1.5 M ﬂ’]iVlﬁ]aENL%‘ladﬂ’]iLm%‘Elll
ansarane dlseSeulalil copper(l) sulfate wuzadhlvindeuwaudnauomsteuaniuresliinGeuenndely
Fadnnseuansazans wwvhliansazarefdieseniseuliunsvesnaniidiulfsawesivennas (meniscus)
warannsaSeuisuadNvesdiuamudutuvesansazanelame ag1alsinnuldaisnieuansavaieansviuiia
(KMnOg) wéaisadluunaai ilesaninasazaneseiufiuiiesdussnoundnielaveminuasmila dlofivansavane
snsfuiinazyhliifinsunideunazensdmadelnoduivihouswoadidinlusssumfvazorainnsazalany
wiinaudsnansznuluszezeld Inslansminuusniaduinsnenesuludinaiiindunan awisavlian
amshifiBeause wdeulmsmeldduin wavemsineinisedelsadanmuansulsamsiuduld dmsuludn
Lﬁﬂfﬁ%‘uLLlNﬂ’lﬁﬁiuﬂ%ll’]iuzﬂﬂﬁ]xﬁﬂﬁLﬁﬂL%’&Jui’iﬁ"aj’lLLaBﬂﬁﬂuﬁﬂﬁ;Uﬂ’jﬂLﬁﬂﬂﬂa (Levy and Nassetta, 2003;
McMillan, 2005; Santamaria and Sulsky, 2010)
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M19199 1 UNUMIIANTBIUFFUEETIAUYRN TIARRIALANANY 1389 aTavany

y y U v we o o
WA 1394 o N153AN1SI38USAUEIZIINNUYANITVIAADELANANYA
kg i :
1| mawsey 3| AunnuasnnaeusiEuaITazats 2 M CuSOe 25 mL anansuiavishe
miazmmﬁqwé copper(ll) sulfate
2 | mMawsey 1| Muwswazveaesdoansdsazais 2 M CuSOq 1Uu 1 M CuSOs 25 mL
A158¥a18130919
3 | Mawse 2 | ANAMAEVARDINEYN 2 M CuSOs 25 mL Nauiu 1 M CuSOq 25 ml A1
GARGCNELGE Wnduvosansazaneraudy 1.5 M
4 |andAsssns | 2 | Aenssuagin@nundinu 5 Gedeiun 1) ayivaindusssuni 2) aytou
VBIANTALAY vauany 3) thenduauayulng 4) nig vy Fegmioni 5) aaed
15591 IgAUN1TINNSSEUIMUUNLNNTTIAN SIS BUIANILLIN NEAY
Anwdud 13 1un duil 1 seyligmn $uil 2 unadeyauasuufed
Reresiuliym wazduil 3 senuuuisnsuitym
5 | endAisUssans | 2 | Aenssuagin@nundinu 5 Gedeiun 1) ayvaindusssuni 2) ayfou
UBIANTALANY vauany 3) thenduauayulng 4) nig vy Fegmioni 5) aaed
nITY) Imﬂﬁ'u,ﬁumﬁmmiﬁau%fmmLqumﬁmmiSﬂu%fmuLmeqazam
Anwrtuit 4-6 Tdun $ul 4 Mausuazsdumsuitym & muw 5 VAAOU
Ussdiuna warUsuusudleiinisudtiymuietusy uasdudl 6 tuaue
Fmsudilamn wansudynmietunu

dmduunumsdamsisousi 4 Fes autfivisszmsvesansazans S1uau 4 s dhifewhnsvaassay
Fufnwisiuau 5 Fosldudayimaindusssund ayfounenantu thendrsauaulng mig nig feeimieniy
wavaasUnIIE TaethiBsuusaznguidonyhnismaassasAudnuinguas 1 3es anaanunsaiymitagimueli
Fanaait 2 il fATedudunisiauusunsianadous 6 Funouldud (1) Anvmdngasunnsguuasiatin (2)
Annghidennin ansmsFeuiuarsrsznanteaununisianaieud (3) Anwiitaieununisianisioud @
fuflumsaiaununsinnisEoud (5) asaaeununimvesumsInnsSeulagli desmyniwumsasunay
yauafiswau 3 vududpsaaeuanudenedeaiomuaranumngamesmumsianiaious Tiazuuus
\ade 4.38 \Juunudifienumnzauunn (6) UsudsauazudluusunmsinnsSeuimudelausiuzvosidommnapieli
IununsdansiBousidaunm

3.2 wuuUssifiuaussougnmswidgviwuusiuiie Tnaidunisadranaeinislinzuuuwuuguiaduuy

wengey (Analytic scoring rubrics) Lunasinisliasuuunudnuvauzesniludn 9 lnessydudsznudeslaun (1)
nsadazivsnvanudilaifisutu ) nsdeniidudunsimneanlunisuddam uar (3) nsadiuas
$wrsuifovvosndy InsusazteasuisszdunginssuvesiinGousenidu 3 seduldinsziugs nanauazsn Aziuy
WJu 3 2 way 1 snudisiu IneUsuU§99INa3d8ees Chaidech, Chanunan, and Chaiyasit (2017)

(@) MsnusIvTIndoya

1. foun13dnnisiiews JIduladaimiideveeunngeuienisisulounazfunasesvesiniSoungu
fhoghaiiethdeyannisdanmsGeudlunfeundudumilesmsife

2. dansi3sudAuimehnfuganismeassasininu muununisdansiioudifisvaetudunm 10
s ununsdnmaidoudiuians 5 Supouldioe 6 Falue Wud $uil 1 a¥eauaule uil 2 drsrauazdum dui
3 g3unBuazasteasy dufl 4 verenud wasduil 5 Usudu uwunsdanisdsudmuuumeasindnm 6 Junou
LﬂiulﬁmﬁuLLmumii’fﬂmaﬁau%m:uLmeqazLﬁuﬁﬂm a4 %ﬂm loiud fufl 1 seyllymn duil 2 vTdeyn
wazuwAnfiisadosiutigm wazdudl 3 panuUUIEN 1A dgym 4 mum 4 Mawnusazdndunauddm dud 5
nagoy Ysziiluna warUsuUgauAle BN suidymvietunu warduil 6 thiaueTsnsuddaym wamsuitymmie
Fu47u (National STEM Education Center, 2014) fpgsikunisdanmaiiouiduiaziies manionansazansiio
9NNANTaTaeL iUy
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fudl 1 a¥repuaula Fnieaudnvesindoudlofiaindn IHuenauuanaesEring
ansavarensalelnsnaoindudu 1 uay 6 luans thieudnd arsazanensalalasassniidanududuunnaneiul
azvansavilidanudnguyindulavioll agndls

7 2 drsrvuazdum ﬁfﬂL'%w?{uﬁuqmﬁh’ﬂumiﬁmmmim%umiazmEJﬁamamﬂmiazma
Wudh anduiuiasnaaeieansansazans 2 M CuSOs Wi 1 M CuSOs

fuil 3 oSuIBuazasteagy Wndsusufueivneuasmdeaslannisufiafanssy e (1) lu
mswwsuansazaefimsligunsallatng (2) lumsmn3uiidiosnisld Tgeslelumsdmna (3) Tunsmuiumsd
Ao slilunisideans gaslalunisduin (@) Tunsiwleuansazarganaisazaredutu insswladededdt
WarlunsnsUsunsuesansazaiy

$ui a4 Y18AN3 UniSeunseNasavaeleasludinuszdnTu aananunisal Covid-19 ey
11 Aaisndustenisisadinliinendu wihnneudeuaransdueanesedngeiinudiudu 70% Fuly Turaedii
Tspszu1n Sehlikeanesesuianamiuegiann mnthiSouiueanesedifinnnududu 95% Tndeuazinisde
segslsiitelildaUsdusanasaduiinaniua

fufl 5 Usidiu AsUszllumMsUiRnisnaasswesinFeularINMSLUURNYR

A13°99 2 anunsalllyniTnassazAuAnwIdIuIUu 5 1509

1. gorun1sailyimmaaasasiufne 1399 dUMAINAUSIIUYIA

“SunisiniFouidiert srezdeiemesayva Weenuiiasaindeudnssaeifesioviiuas dand i
Aurand i wagnuhiadinmaaraedsaUsneg thifeudomisanaymaliios fseulsuseiiuaznauiiunain
555UA 19U Ay ud auae’ ManusevsidudiusauvSendulunsnanaywadld uazanunsaanld
Ipasenmeluaseuns insrzlutadundndusiaymvaiiismdeuteas uarealansiaiinnie”

2. anunsailynimeaasasiiufnu Bes thendeauaulng

“SunilainiSeuideulsemuomsiiediiseSeu FadedniFoumnuaiaiuhnvuzldemsivdroin
avorndei nuhnmuldensdidasuiunardsanysniadeunsuzey thiousiesnesdminendiealdies
fannsatiansansssunnd wu fvvidenalsl fanunsathundudiunaunionaulunisuamhendreanld uas
annsmiwldldsianelunseunsa iselutlagiundndasivhodenudsmaoudings uaserafiasiad
ANANY’’

3. anumsaidymnisnaassasindne (Gos aufaureudny

v
a a

“SunistiniFouidierh srazdreiemedeayfou Weouihiadatnidsudinsraeifodimiuaraneiad

wian$u uaznuinihiinmaandedsatsney thifeudieamsnanaytouldies seulsusefuaznduiinan

STIUR LU VA ugd mnweed vt nwian Aaunsatsnludussvdeondulunisudnayiould uay

ausahunldlasineluaseunid inszlulaglunindusiayioulisinreudieeas uagenadlarsiaiinndg’
a. gorunsailgynisaaesasiiufne Gas n1g Mg Fresmsiasin

“SunilstihiFeuvhAanssunanauds luinauAne UsngininGeuwineinsindousue feuitasduaily uag
#sunmangannsidufin SuhliAnemadesdnuinnie WeinGeuldemissiviioussimeinis sign
AuLazUIisEnRT Weganu dniBsuiomsuaulnssaynduegiaunn uasudnndin anniuuinngs
Afwseulou diSeudosnsmane milosfiluiinsseuloudeiuaziiloguanlsiinnisszaelfionauiiingin
sysuA 1wy nausenls ayulwaidu fawnsotunudunaurionauluniswdnomoniils wazannse
nldlaaseneluaseunsy”

5. anumsaidannimeaasasindne Ba aaetinssw

“SuniehBeuniiiounyhsenuiithy luthadeuweu wuiriudormedeudufivey thidsussinaulad
awvhaaetlidfiouy IWsudsemuiu Inesufumisnsinaaed dddgiulumailidmmuudsinduaaet
slenarily 1 Hlus wudh dmmuihillusd idemsudenlaqes Tnideudesnsiaastfisinga
wnnnand Tngldasseushiitundudiulsynaulumsiaeetinsse faunsavildasauaysangs’”
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(5) Msaseiteya InszrausiauznsuidymuuuiniioanlunuasAndnwinunasinislinzwuy
famsned 3 Tamesitoyalagldmatinnesiden (Content Analysis) Tunsumstinnesidoyadsauamutaiu 5
fupou (1) madasudeuieya 2) mavhdvinFedmunsiadeya (coding) (3) marndatoyavioainedeagudanin
(4) mia%ﬁawaqﬂ (5) miﬂqaﬁmmmL%aﬁamaqmamﬁmwﬁ (Buasan, 2008) iloRAuAnoUvesinS LAY
ajuleyauazInNauTEAUANTIAULYDIINLTEUALLUINIYDY PISA 2015 (OECD, 2017) Wagintuaiwlanaaussous
msudtymuuusiuiiofnnsnadi 4

A1399 3 LnarinshiRzluuausTauz A Ugnnuutiuie

AUTTOUSVAN FTAUEN 3 ATUUY FTAUNANN 2 ATUUY seium 1 AzuuY
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auTneaannsineuInn | n1svinaula
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9

A3 4 LnauiUanaaussauznsAtdymuuusiuie

FTAUASULY AU Aa5UMY
ANTIAUL

2.51 -3.00 a9 seulym seyvieliwmnalunisidenisnismlivaunssivanunisaitym
vhauuAtymildata Insudmihiiwasfivmpalunsuiming

1.51-2.50 nang seylaym wildssyvmpalunisideniSmsaniunusseiuaniunisalagm
vhauuAtymldats Insuimihiudliivgaalunisuimini

1.00 - 1.50 1 seylm wiliissywmemalunisidenisnsadununssivasunisaldym
viauuAtymilalls fmsuwdanhiiudlifivesalumsu i

NAN1SILWALNUTIINE
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UszihunAnwinenauanssaugmnanvasnsuitymikuusmile 3 aiu laun srunisasisaziiuinwiaudilang
S Aunsidenisandunsimunanlunisuidaym wazaunisaiiwassnwissideuvesngy Janueinis
Uszifluadnestunuinmeiaog PISA 2015 Tasuuadu 3 sgau TAuA seaAum 1 AzLUL SYAUNANS 2 ATHUY LAY

@

FEAUGY 3 AZILUU NANTILAINTIN 5

M19199 5 AvluuansIauznsuidymuuusiuiiesenay

AUTIOUSVAN nguil 1 | nguil 2 | ngui 3 | nquil 4 | nguil 5 | asuuusussauziade
1. mMsasauazLiusne 3.00 3.00 3.00 3.00 3.00 3.00
aandlafids i
2. M3idenIsuiunsd 2.00 2.00 2.00 2.00 3.00 2.20
winnganlunswiteym
3. MTES AN 3.00 3.00 3.00 3.00 3.00 3.00
suilguvengy
AzuuuRABYaIIARzNgY | 2.67 2.67 2.67 2.67 3.00 2.73
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Abstract

One of the main purposes of 21* century learning is to enhance 21% century learning skills of learners
to become sufficient digital citizens corresponding for the future labor market. This academic article provides
an explanation as well as a reflection regarding 21% century skills, particularly 21% century leaming skills and
Learning management models. The strategies can be applied as a guideline for enhancing 21* century skills.
Research articles related to the development or enhancement of 21% century learning skills were reviewed
and discussed as a guideline for enhancing the learning skills of 21% century learners.
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AT 2 Fnusuernassei 21 ausuiAnues P21 wie Partnership for the 21st Century Learning (2019)
w1 : https://www.battelleforkids.org/networks/p21/
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inuswieAnassuil 21 AaLuIAnYessEUUNMSANYBaUsTynd

FEUUNMSANIBIUEENS (Applied Educational Systems, 2022) IFnanteinusurnissud 21 Tnauus
oonldiu 3 nguiinye (nmdl 3) il

1) vinwen1sisews (Learning Skills) Usznausie 4 inweeay laun AnuAadsining/nsuidym anudn
a¥19a53A Msdeans waznsvhausiy

2) vinwewalulagfdvia (Literacy Skills) Usenausie 3 vinwedos taun n1s3vinviuansauna n1s3miniiu
do uazmsfvinviumalulad

3) Winwegdin (Life Skills) Usznoudae 5 inwedes Tiun anuBangu avmiduiin anuAndidu nsdis
NANAR WazyinvenIediny

21st Century Skills

How today's students can stay competitive
in a changing job market

Learning Skills

@O DD

critical thinking creativity collaboration communication

information media technology

02090

A 3 Fnuursrnasei 21 aunuiAnves Applied Educational Systems (2022)

fian https://www.aeseducation.com/blog/what-are-21st-century-skills

MnnsRasanesRUsEneuTinurluamsseil 21 uasnmsdanguinueisanuuuiAnudanenud e
wuIAndissrUsENoUTBIInwIrilouiums o lndlABs uUMa1einYy LU inwe 4Cs laun Auas19assA (Creativity)
MsArwnEviensAnogsiiansaigas (Critical Thinking) nsdeanslagnieaivsnzas (Communication) wagnns
yhausamiugBu (Collaboration) uenaniidsfisaziBenfiunnsnsfusenluunaines 1wy nduitnvedudnuas
TdvvIenmuaudfvesiiyana (Character Qualities) 489 World Economic Forum (2016) nguvinuedinuaznis
Y1914 (Life & Career Skills) 484 Partnership for the 21% Century Leaming (2019) waznguyinwea3n (Life Skills)
403 Applied Educational Systems (2022) {usiu Faaanandasiudi Sahin (2009) naniia Winwensiseusluanssy
i 21 eoniu 3 nduitnue fail 1) Fnveansaumasaznsdoans dudl 2 invgdos Ao TnwraruifuasaunALay
4o vinwglunnsdoans 2) vinvensAnuaznisudtam 39l 3 invedes Ao invemsAnlaininduayssuy Vinve
nsszytann Msivungns waswuanwdly finveanufnasisassavazauaulalasy uay 3) inweauduiug
semieyAnaLarnITIiNALesdel 4 nuzden Ao nuzanuduiudseiyarauaznisinnusauiy Finvens
Fhnuies fnvzanuuinteunagnsuiud inweauiuinteusedsau wag Khwana and Khwana (2019)
nanisinuznsBousluanssei 21 lasmseonuuumsiseudifiofauinuensBeusiisnuiufiaziniounuoonly
\Wunuvhauiideddanug (Knowledge Worken) uazifiuynnanieufunsi3ous (Leaming Person) fosdinisi3eous
vinwelunsi3eus (Learning How to Learn vido Learning Skills) Fsfivingsing 1 il 1) Fwemsanuazuiladam

Fvavslag Ao Inermans unIneraseuasIvel
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(Thinking and Problem-Solving Skills) 2) ﬁﬂwzé’mﬂﬁagal,l,azmi?‘%ami (Information and Communication Skills)
uay 3) Finwenistiufduiudssvineyarauagnnstiiinuies (nterpersonal and Self-directional Skills)

vinwzn1sBeuiluanasseil 21

MRS eezdeavesinuluamssudl 21 Tauunaa sediuldiudazunanagiinglimaw
Feninuziazdonguinueiiunnsrsiusenlueeslsiniy aziiiuldinasiinguinuevilsnguiiaenadosiu Fsan
\Aswghalan (World Economic Forum, 2016) L%‘Sﬂﬂfjuﬁﬂwzﬁiﬁ au350uz (Competencies) @2UN1AAINTINLD
diens@nulusnissudl 21 (Partnership for the 21 Century Learning, 2019) L%'amfjmﬁﬂwﬁ’h WinwensLseu3
wazuInnIsy (Learning & Innovation Skills) WAZULUIANYDITTUUNITANBITIUTY &Jmﬁ (Applied Educational
Systems 2022) Lﬁaﬂﬂamwmvum wnwvmin&lui (Learning Skills) Fedruivinuegesdu 4c’s muuuwmm
Fmstazvedennguiinueiin wnmmmauﬁuﬂmsww 21 (21* Century Learning Skills) #3891332138071
vinwznsBeudvesdBeuluanissuil 21 delsznoude 4 finwes MseazBeadolui

1) AuaseasIALazuinnssy (Creativity and Innovation) HaeudlgnseduliiniSeuinnuainassa
wazuiansaulnenslialomalitnidouldasauasAndty suiilidasstuindouluinauladenizous

2) n13Aned1edInsuyIaazuilymni (Critical Thinking and Problem Solving) Haaudienszdulv
thieuRnnsanegrsiinsugnuuasuitymilasnsinglidelausuugviemuusihiiadsassdunyiou

3) n15dea15 (Communication) faeutasnszduliinFouinnisdeansiaenisairsan nuindesmio
anuzmsfinszdumsldnrnluFoud

4) mavhausmAugdu (Collaboration) FaeutonsedulviiniFeuanmsvisuimduidulaensdaais
anuasnuaznsiesdedau suinglalondliiniFeuldinnudunduimiugdu

#a# World Economic Forum (2016) l#sneufeafutesinsseninainuedgdouldi3ousuasinwei
paaussnuFesnstulirudaaunntu WesmnmsSeuiuuudafumiulifsmedensinwsuminiisiduse
madulaliiuinGeuls Tullgtudarinsnusesannsavhauimiu msdeansuaziidamls Fadurinueiitan
Tnomaidouimedsnuuazorsuaidundn Wemufuinueduiu agvilfenuannsansdinuuazersuaiiasdels
fnsoudszauanudifaluasvgiafdiafidndsiann nsiinwenndudihiia uazanwesiniosnifiuiduds
drAgydwmiuineulunsSeuidmiunulueuian

FegransiansBeuifunmaianninuznnsSeuidmiugiGoulumnissui 21
nsdansBeuslummssuil 21 fgduuuiivannvans auzd@nwazvesndiogaguuuunsinnisiFeus 1wy
nsdamsiseudiuvduaeniaug msdanisseuduuuduazmanuilaglduuuiasalugiu msdaniseui
wuulpssnudugnu (Project-based leaming) n13dAN13I3aU5LUY MACRO model Msdnnsiieuduuuazifiudnm
uarn1sdanIaFeud wuuusngneaidugiu muiinisysanmamsiansisudzuuuuss q WWlunsdansGeus
ity FedrudusuuvumstanisFeudfiatuiauinuenadouddmiudEodluamssed 21 1fdueted dil
nsInn1siReuswuLdUEIzIAN;
n15dans3suduuuduianssnaiug (inquiry-based learning) tuguuuunilswesnsiiousiiiugiFou
WuddglaoihiliinSeuivssaunsainssnmsumanuas@nunduaitiioadsesdnuivesauomaumgu]
Aouandaian dniseuazlaldnszuiunismaimemanslunmsdunuanuivseuuimaitagmlaiies lodnusg
wanNs wuAnuSenguivaineimansludenlesfuussidutlymififisouaulefnwm Auatuazasdieujifisne
LY FeastaeiauTinuznsAn uasinuznsAntugdlfiiuogiei Inenisdanisideusuuvivienzmenug
yannvaEuuIRn 1wy msdamaideuuuuduiasmanud 3, 7€ uay 5E SsrndAnuveiaustuneunisinnig
Seuswuvduenzmanuiiuy 5 fumousannd a (Bybee et al., 2006; as cited in Koyunlu and Dékme, 2022)
it 1 duatremwaula (Engagement) agfinundngasifteriilafiseuifuvesinFounastielsiinGou
fewsaluadsmudlmidunsldfansudu q fduasumuaildlasduasiaoanudifuesnun Anssumsais
maidenlsssgninsszaunisainsiFoudiduuar gty wagiidfyaseznseiuliiniSouisanuaulaludiny

MaAngmansngladsnasaumndeyalutusioly
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Fudl 2 Fudrsrauazdum (Exploration) WunisdrsiauazdumenouvesinGeuiieadwssaunisal
Boud unfninemand wasinuenssuunamaingmansiunsdans miasleuftn fuazvadouauuisiu
utym Mamdauls wagmsiadnu lnsfanssunaifeudinGouenavinfanssunimaassiivagliinEould
Arufifuiiioasnennusliml drsradoiunazanudululy naesausenuuuuarsiiunmmsaeu oy

fufl 3 fuesursuarastioas (Explanation) funeunisesusiiunstafanssumuanuaulavesinGeu
Fafuairsuszaumsaimsiidndauuaznisdisn warlilemalunisuansnnudniiu arandile finvenszuiunis
viewgingsy Sumeudisudalemaliingldosuisanug nasuiuns videvinurliinidouldlnenss

Fufl a Fuverea1nd (Elaboration) Agviimenarvetsang aaudile uasiinvzvesiniFeudae
Uszaunsallvl dnieutsimunnnug arudlafidndauaznietu saudamsvisauiideslostunnuivie
ndnnsmememanslidnaunntudie

ufl 5 Fuvssidiu (Evaluation) FunsutatuayliiinFeutsaduarmg mmdlasararwanninves
nuies uazialemalvingussdiuanuiomii anufvesindeulunsussgnuingUszasdvosmaiious uenand
nadalendliideulddeasvioiauenansdsadumuitusouarBadunafuusssimansGeudifunuy
duienglidanuauysainndudndae

1. Yuadrenuaula (Engagement)

2. YudA1sIazAURT (Exploration)

o nssilesniE )
(]

5. uUszillu (Evaluation)

AN 4 FURBUNITIANTSISEUTUULAUEIEMIIANIWUL 5E

AgRANYveENdIg1sITeminsdansSeuiuuvduiasmanuiluussgnaldlunsiauineenis

Y a

L’%EJuiﬁm%’ngisJuiuﬂmiwﬁ 21 oA (Polnak, Chauvatcharin and Sirisawat, 2018) NSANWIANNAINITALUANS
ArnsziiseinivinemesSeutuieunu il 5 Aldsumstaniadoudiuuiumemanud 5 $u (56) Tamy
anoslaflasfnweuannsalunsAniinneivesdiFou deafadumsiamagounuin anuaunsolunisde
Teswinadasunsdanmsieuilinsuuuinunisegluseiugs wansinisdananssunsseuiivalenadiseuldag
fiodumdoya Iinsedt asunn uazthauiildludenlsmoudnundnluaneilad sasanisiansGeuuuuy
lEnEANNLUL 5E faasuaiisinuznnsanegiiinsuyavesinFouihunsitouiiuvduasmaniuy tieg
KaresgULUUNIsInNsSeuduuudumsmanuirerinurnishnesediansuaameiFeu dednnsSoudiatedu
wut nisuiivinugnnsdnegnaifionsugafistu warguuuunmsdansBsuduuviuagmaruiddisninaibs
VINABAINAINNTOLUNITARDEN9EI T YR etNSBUBNA8 (Rahmi, Alberida and Astuti, 2019) SIINTANN
L‘U%'fmLﬁEJUmamaﬂﬁﬂwmiﬁammazmiﬁwLauamaaﬁ’ﬂﬁﬂ@ﬂizé’uﬂ%iymm'%ImEfl%ﬂﬁﬁmmsﬁsauifu,uuﬁmmsm
AuFuuy 5E fuismsasulngldusingnisalifiugiu FeinsiSeuiisurinuznisdeasuasnsiauendusou
vostihAnwilagTinsanuris 2 JUuuy dndnuilfidousieBnsdnmatsuiuudumemennuiiinusmsdeas
warnstaueunnAeInnIsIanisseuilagldusingnsalidugiu suiloanmnludunounisaeuuisiunoutud
ANULANAIIA %aﬁwasiaﬂﬁﬁauimﬁQLgﬂuiﬁLﬁmﬁﬂwxﬁLLmﬂﬁiwqﬁ’u (Keeratichamroen and Phonnong, 2020)
uenniffienAdeiitnsuuuumsiamaiisufuuuiuaemanuiuuy 58 iussgndiduuuy 7€ Tnedidelin
nsdamsBeuiuuuduiazmanuiuuy 76 wasfaluimindumadadeulosnnuiviedoyaszuitnnufnndn
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ANuAnTes wazanuAngeslriduiusiu iedanisiSeuizuuvudanaronuin inwensBouslummssed 21 veq
e ndmsianaeuiganiinounsiansdeud dilunmmsuassediui 3 du lasanginuenianious
waruimnssududuiidiredegaiign WukamnannsianisiSoud Sedussuliindnmldgiitenssusng q wu
Moy madududoya waznsagumuiineBouisluiia (Keeratichamroen and Phonnong, 2019)
sziiuldinnisdanisSeuiuuvduiasmanufifuguuuunisiamsSeuiildsuenudeuuariinsiuysanns
iihfumsdansouizuuuudu Wy msdamsieuiuuuusngnsalifugiu nsdanisBeuiuvuansslal wazms
dnmseuslaglifaluiamd danldlunsfnwuasiaminuedig 9 Wy anuansalunisaningey finvens
Anogaiinnsaga vinwgnsdeasuazmsiiaue wazvinuznsiSeusluanisui 21
nsdansBeuiuuuiuiazmanailaelduuudnasalugu
n1sdaniseusuuvduiazmanuilaglduuudiaendugiu (Model-based inquiry : MBI) tun159n
Ranssuuasusseneinsgaindedlitdusalufnssusedenuassuruminimdnemans uuAniuandly
sULuuNsIansseuskuvduiazmanuilaslduuuiiasatugiu awsanegeu uily e5ute n1saamiuay
wWarunléf (Windschitl, Thompson and Braaten, 2008) 3sn1sdanisiSeuiuvvduiansmanuilnglduvuirasady

§1U (Dass, Head and Rushton, 2015) #Uunaun1siansiseusaning 5

o. N3
NUNIU 1. N5
LUUINADY 1379618
%"uﬁgu‘lﬂa adan
2. NMSRAIUN
uuya‘i'lam

IS v
WU

Al 5 msdanisiSouduuvduasmanudlaglfuuudaeadugu

AuzdAnuvesnmetsidefithmsiamsiSeudiuvduaslagltuvudasadugiu (BN Tudszyndld
Tumsimunvinuznisieuidmiugisouluanissuil 21 19U Jinapuk and Nuansr (2021) n153an1si3euiuuudu
iengmansmiunsliiuuiasaduguiieinuamwamnsalunslivauadaineimans oa msusingues
mafunsvestnisutudssandnudi 4 Tasilunsiisudisuanuannsolunisiiveuadsinermanses
fni3ouszninanounasvds saudandsnisdanisSeuilaedfisudiuinusidosas 70 Gewudn Arwanansalunisls
A inemaniazuuuvestiniSeundasougenitnousou WewnandniFeuldinsiinaanzudneures
AManuddndadulssiiuiiiubedndinaziisrdesiudinussdr fuvesiniou uagsndannsdanisSeuiganiy
inassifidmun ms1zfuguuuunisianisBeunisasuidaaduliinSouianisSouimenuies aoandeaiu
Daiporn et al., (2022) l¢insdnnsBeuiuvvduimzmenuilngliuvuiasadugiuderinugluanissuil 21 du
finwenaouiuaruinnssuvesiindoudusseufinuti 3 lueudsuinermanfiatouats fudumsadsguuuy
nsdamadeudmunannisiumslngliuuuiasadugiu Snisdauisudsuinugluamssed 21 Fuinvens
Bouduazuinnssy WeadedumstaniadeuidunaiiinGoulvnusluanssuil 21 duinsgnsFouluasuinngs
\BeuszanariuaziBangiingsy nadugvdudadouginiineusou eananguuuunsidouinanannsaas
ﬂisé’jummﬁman@'ﬁ'&mmmma%’wLLUUf\i’waawamuLaalé’ﬁu wonaniidfadl (Luanmanee, Pitiporntapin and
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Boonsoong, 2022) ladnnsiseuiuuvduiasmanuilaglduvuiasadugiuiionmuimiuansatunisieans
Wenemansvasinteutulsendnutn 5 lumhen1sSeui 5o nsdndesesiiy lnedanmsiteudnutunau lawn

£

1) msnsgaulinEeuiansiuimsmenag 2) mslinGaulduuuiiasildanmsduimsmenas 3) mnsss
ulifinmsduiazmaruiBnads oufulguuudians 4) msadufiosuisnuuusiaesdlduiulge 5) meld
wuudaaslunsasennudila wag 6) nsiidiusalunislaugds udmudn dniSeuaunsaimnanuansalunig
domsinormansled TnedniSoudnlngiiiauinsnseasinermanssunisyeeglusziugs waztdnSoudm
Tngjfiiamunnisarwanasalunsdeansinermanssunisdeulussivuiunans iessanmsdnnisiseusuuudu
iengmanusiltuuuiasadug dniseuldfumsnssduliRensduasmanuiiaeusinsldgunm aduisviam
TaegIN1MARee Wlensnszdunsdn nssasin waznsndeuaindila Dalenalildasauuuiians
manuARYEINLLEY TuanmsdanadsufardimalalenialiinGeulfiuusaedunseiuneiuain auuay
Usingnisaleng 9 iunisnszdumsduiazmanuiifieuiussuvuinass SainiFouasldsuiuinndisan
wingau Armgnies wazUsrdvinmlusuusaesdnaduiuignislssiiuanuaunsolunisdomsmaineaans
vosniSeume

wiiilimsianisGeuiuvuduiasmanuslaelfuuuiasadugiu (MB) iusUuuunmsinnisSeusi
IAnanmsNaNKausEninisiansfsuiuuduiasmeanudidniunisianisSeuilagliuuudaeadugiu 3
Iasuaufisnlunisuiunlglunmsfnwuasiauineedig 9 wu anvaunsalunsivenaldineieans vinve
nsEeuiuazuinngsa warauaasalumsAeansinemans

nsdansiseuilaeldlassnudugiu

n13dnn1siseuslngldlasenudugiu (Project-based leaming) Wunisdanisiseusmunguinisasng

v

Ardfsmuedlnsnsaiieassdtun WomundEsuliAnmadouitugean fe mifnassassdiiinainnis
adsesdnuifenueILANITassEssATuLTul Wunisdamaousidulunmuemnuadlavesingou ns
oonuuulassuiitesfudnssdiliinSeuinmduaeginssiiotosunarlivinuenisindugs (Prapasanobol
and Nillapun, 2021) Tagnisdnnisiseuslaeldlassnudugiu fivanvansuuidn wu nsdanisseuinulung
Fnseuwsiinsdond nsdanisdeuslaelilassnuduguaniasnisaiigeenug Seuedfnweiaustunou
n1sdaniaseuslaeldlassudugiu 6 Fumau (Yoelao et al. 2014; as cited in Prapasanobol and Nillapun,
2021) auandlun il 6 uasiissandoadall

Fumeuil 1 %uiﬁmmi’ﬁugm: QﬁaﬂﬁmmﬁﬁugwuLﬁsnﬁ"uﬂ’]iv‘l’ﬂﬂiamudauﬂ'ﬁﬁaui é’ﬁ?ur;:iﬁau?mﬁ
anudndustredsiiassioairnuiiitel flunsufiRvassihlassnuaie

Funoudl 2 Sunseduauanle: fasuwieufanssufaznszduruaulavosiFoudalonaliidsuaue
nfanssuiilfiFousiiunsdansiGouifonuies

fumeud 3 Fudnnquiamiie: Mnszuaunisndulunsmaunusiduiansslaedifoudugiutunum
AanssumaiFou TnsszaunnuAnuazuide wimihiiieduuumsufofsudu

Funeudt 4 Suwamenud: §Zouadoufoifansaulassrunuitoiinguaula saufeutudousiay
agUnsaunlasuinuUFoR

fupoudl 5 fuagudsiidous: fi3vuaUAsiGeusannishianssulnedaouldiony owdFeulugms
agUAaiFoud

Funoudl 6 Suthiauonasy : Feuiiauonamaous dWoliiousuduuasdidoudu 4 lulsadeuldu
NanuUazSBuiRansTuRfiseuUfiRlunsinlaseny

Fvanslae Aol Inenmans 1/74731//5/7@”5/@1/5‘57%5717
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y g y g
Junaudl 1 Junaudl 2
4 b4 v
“Igﬂ'a'lug nszdu » » »
Wugu auaula

A 6 ‘ﬁ'umaumﬁﬂmiL'%EJuiIﬂEﬂ‘é’ﬂﬂiNmLﬁugm (Yoelao et al. 2014; as cited in Prapasanobol and Nillapun,
2021)

AugiAnwvesnisgsnuideminisdanisseuslnglilassnuduguluvssendldlunmsimuineenis

U

Seuidmiudiseuluanlssuin 21 loun Ritsribun (2021) Fefnwinszasuindenuasinuylumnissui 21 veq

Y
=

TniFsusudsennudi 2 Aldsunsiamasouilnelilassnudugiuuuy 6 Sunounuiuafaves Yoelao et al
(2014) Tne@nwvinugluanissuil 21 Feszneuse Fnwedunshawduiiy fnvznisuasnanuiienues
vinwgiudsnslumsvhausmiugdu uasiinuesumalulafansaumanazidvia wuimsdnnisSeudiuulassnu
\Wugnu siliinuglumnissed 21 lunmsawegluseduan wansiiguuuunsiSoudiinandisdaaduligiSou
wansag mslénszurunisin wasvinuelunisudtiymuesdiSeu Peukpiboon (2020) AfnwinsANgULLY
miaau%’ﬁwaﬂwmamilﬁ%auiﬁmmﬁﬁL‘fluﬁyug'msuaqﬁnﬁ%‘iGﬂmai%ﬂﬂi%’mﬂm‘%auﬁl,wuiﬂiwwﬁugmiauﬁumi
TH3ulnnsin ilewaSuadavinugaesinidouluamsssil 21 dwsuinFoussiutuisoufnudi 4 lsadounduns
Jnen TneRanssunisiounsaeudl 5 Suneu (5P21 - Model) fie Fuit 1: Prepare & Infographic Fuft 2: Prescribe
Fuit 3: Plan $ufl 4: Practice uav4ud 5: Present & Infographic dsldfinsuszidiuinurassinSouluanissed 21
vdaduvesinGou lnenaildnuin msdansSeuilaglidulinmiinsuiunsdanmsiFeuiuvulassaudugiu
ProfanliFouinanufnadieassd duauarmannsafunisintinsed InefSouszdesaiatuaulagld
BulnsfinTusn \Wuifeniu Rattanajarana (2023) Afnwapmomesin@nwimeiafeafunsiaassougise
waziinuzusisrnsTeil 21 fenisiansSeuduuulasauiugu SeidedamauiitensedunsGoundouiislily
91U ileatuayuuaznszdunisdouvesinAnyilunisinlaseey saussldmeluladlunisinsedoans uavnis
thiauenany lnewuinindnwdanudizesmsideneusmihlassnureutiaios uazmendsilasanuldfinnug
FeamAdluszduann Taeindnwvinguadyuveaisfunsinaussouy 2 Ussifiu fe 1) dnAnuilinedou
Tassnusnneu Feflnnuilussdvtiosneusulasanuuazidsuduniuilussivinanduaialassnu dhdnwdl
anugilafiannsnyiifouasiauanunsadiuiu uasSsdinmafauvinuzanissi 21 Ssaonadosiunisiam
vinwgnsAnuidymesradussuvvesindnuilagnslilassemudugniluauingrmanuesseinAnwily
faseldatuayuinfnelunisdeu msfn n1snsusunsvheuldduedied suadnisinmeidam ns
Weulasesne nsvirudnwigeiu n1sidauslasanuuaznislasuanudniiu lneussdiurinvenisfnesied

)]

o

A TUYIUVIUNAN YA DU So8aY 80 Lﬁaé’mmiFsauim%aguwudwﬁﬂmmiﬁmazmﬁimimiymmm
UnfAnw 3 Au Ao AuANNARETIETIA IunsEuINn1sIRvilaTau wagdunsdlassnuludssendldly
FAnUses1iu Seazuuueds 9.5, 8.7 uay 9.3 MNATLULLAN 10 Avuun Tnefitn@nwiiunusisesay 80 Mavun
150 A waasliiudnguLuunsianseudinanaunsaduaSuinvennsfnegeiiansagald sulunaunn
el 3ouldRnURoR nssvauaues saTlanmsresena Ay kuntsvisudunduvesindnu (Nuiplot,
2021)

suiuldiinsdnnsdeusinelilassnudugiu aunsathuysanmsdiiunisianisiseudsiuiugluuy
duldesnamannvans 1wu msdanisiFeuslaslidulnngiin wazamsathunldlunsinviuasianniinugsing q 1wy

m3Faanden inusluamsseil 21 aussaugde wasiinwenisaauddaegraduszuu [Wudu
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n133nN1338USIWUY MACRO model

MACRO model (Motivation : Active learning : Conclusion : Reporting : Obtain) Wuni1sdanns L%‘auﬁ
dmiuanisuil 21 Sngduvunis FamsdanisiSeuiifunszuiumsiifinuddny nsdanisiSeudniu MACRO
model uvau 5 Funou Fuandlunmil 7 il dunounisdanisFeudniu MACRO model (Wannasian, 2016 as
cited in Lerdphotawattana, 2018) figedd

1. duatrausegdla (Motivation) faousiufiofuineulumatmun viensudumnny viedeifei
maSeudmuunuiidalostundngeadudufitinGsues suidamneuasiusgdalunisdeuduniou asaunsn
Wonldianssusing q Tunsdwthgunieunasnsseui

¥

2. Jun15138uilaense (Active learning) AFAITIALINUEWABITUNITATI0eAAMS 3 dau ldun

£l U

dndl 1 uumensduduanudiitelsildmnndiideanis dawil 2 mans arviuvusannuf uazuvdsnrwiiiieades
@l 3 maFeuiestoua Teruny awdn muAaiy mslmgualduds uazatuayu

3. duagUoadard (Conclusion) tiidsuinanisefiuseuazarsniilunaanmauandeudoudssning
funmmuaduanufalnd verusing

¥

4. dusgnuiaziiiaue (Reporting) Wniseuldailanmauaninaanunisairsninuivewmuligdusuiiduns

Y
a

Heliriseuldnengmsensivdeu anudilaveswy wastivduasuliinteuldanufnadassd
5. umMsHeunsau3 (Obtain) dniseulsrndunisinnuianudilavesnuludszgndldluaniunisaleng
5 ManvangilaLiNANTIUIEY AN ANanTalunTAdY agAuITluEesiu 9

2. TunsIeus g
& 4. YUY

1. Fuadrusssla Tnanss a
e . wazuLEu
(Motivation) (Active (Reporting
Learning) & .

i 7 TumeunisIan1sSeu3n1a MACRO model

AnzgAnwivosndegisnuideiitinisianisousiuu MACRO model Tuuszyndliluniswamniinue
nsBeudmiugFeulummssei 21 Wy nsAnwmavesnsdanisiFeuiiuuysannsisnisdouiuuuduesm
A3 (5Es) SafULLIAA MACRO Model sionmianinsalunisindinsiziideinemans 3es wodlmesvosini3ou
FrsiseufnwU9 5 489 (Phasankham and Nuansri, 2023) finuin mwanansalunisasinsRdainenmansues
nisoussninsieutazndsnisdnnisiieuiuuduiansmenuisiuiuuumin MACRO MODEL geninnouibou &

a wva

§IdednnsiSeus 4 duneu laud 1) Tuinauny (Plan) 2) TuUHURN1S (Act) 3) Tudannna (Observer) uay 4)

ee e

t%

Fuaeiiounamsufod (Reflect) ysannssanfumaiisusiuun MACRO model ¥iall msfanisFoufuuuysannisil
AUNI0AUATUNITAMILATIENAINNITATURBIAANMUIAIENMYITBIMULBIIINUSTAUNSlLAE N TAUAUTBYAINUNAS
$4 9 mmmmsﬂumiﬁmﬁLﬂswﬁl,%ﬁwmmﬂm%maqﬁﬂL%‘&Juqmd']Lﬂmﬁﬁﬁﬁmuma&mﬁﬁ’aﬁﬁmmaaﬁa WASNANIT
Ussiiuiiannnsanuanansolunisaniessiddvineimansvesindoulnesuedseglussiugs oswnan
n3lliFeuldinUfTR dududeya asuaudandeyafidudu Aasies wsnanazagunasionuLos uazain
UATBU9 Kirai (2018) ¥nsiUFeuriisunisdnegniinsuganazanuamulunisdous 3u3inen Seq
0100190 51093981330 Fren13¥an 15 3euiluzuuuy MACRO model srufumalinunuisanudaesiingoudy
fsendnwni 6 TslsiuouiiisumsanegafinsugatazanuamilunisiSeuivesinouiouiuinusifosay
70 Adeldaan1aFeusd 5 duneu il 1) uatrausegila 2) funsieuslaenss 3) duastesdanudlneinGeuasy
psfnnuifemadaunuisanudn 4) funesmuuaziiauslnsasagUesdanuifomadaunuisanudnndsnis
thiaueu 5) sumswmeunianug nan1sAnwmuiitnidouiiasuuuinuenishnog e sugnarunusifosay
70 uazfinzuuuiadsnruamuiuly 2 daniginiunusifesay 70 Miidesunanduiiaieusegdle dufaeu

ufleduiseulunsimun viedasunuaug wiemdaiieatunisiteudmunnunoaleaiundngns uaruves

Fvavslag Ao Inermans unIneraseuasIvel
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auasmueIarlivhfuiesninideuis 2 feadsuiinnuuandatunusudunisdafeadou uazaunin
arwavlavesiafiFouesieaenndoafunsfinumeiannanuaansalunsininisias nadugrsmansiiou
AnT2Anen Fes Bunarlaslulen IngldsuuuunisdanisBousdmsumnisssdl 21: MACRO model wastiniFoudy
fsenfnwn¥i 6 {3dulddnRanssunsBouinisaisaaunsallvigizouldindey vefuFeuiuasiidnlunsFous
Annsdeudosaduszuu Tl Souannsnuszgndarudld falisuiloumnuanmsolumsfsiinsisives
WniSeu INMTIANISiTeus nudl AzluuANasalunsAninsziveslnissundinisiseuganiine ey
ilesnnguuuunmsBeuidaasaliinGouldiinnsaniiesgi Ineiunsine duaiimanug adleufuRfanssu
Anudtlam T3uadaassd shoaudundy sisasuanuildenuies (Lerdphotawattana, 2018)

iiuleinnisdanisiFeuiuuy MACRO model iusuuuunsdanisizousfianusaanysannsdni
nsdnnisiFeuszuuvuduldedadiuszaniain wu msdanisiiouduvuduiesmanug dunlflunsdnwinay
Warvinwedng 9 Wy sinensiSeuidmiuiiiouluansseil 21 msAnegreiiansuyiauazaunmlunis
Bouf arwannsolunsAniingied uasnadugrsnamaiFou

nsdansiseuduuuazindne

= (%

n133nnsiieuiuvuaziiufnyl (STEM Education) Wun1si3eudfiunisysaniseaansanuifn

Ingreans adinmansuazimaluladiiuviuunszuiunisiseusigamnssuieiiuinvenssuiunislunis

uitlym Tnensideslosanudiiiimungmsuszgndlduitiamldaseiduiinsiuas mevinulusuenves
fiou defulanvesmalulaBiedotensteuslugalmifsiondunsSousiifumnaonnauaznaentin (Active &
lifelong learning) way miﬁﬂwwséfaqmu@iﬂﬁ’umﬁﬁwmuLﬁaﬁam‘hmmi’ﬁ?umsh’ﬂumﬁa%ﬁaui’mmmﬁm%’u
Fuiedeuntsiaudnusoly (Sarawan, 2019) Sanszuaumsianinfoufuuuasiufne fduneu 6 tu fanni 8

& 4 o ax P P
UUN 6 Uﬂtﬁua’lﬁﬂﬂitkﬂﬁi’gﬂ"l Nﬁﬂ"litkﬂﬁﬁy‘l’l"l
(Presentation)

Yui 5 nagseulsziliunauazuTulse
(Testing, Evaluation and Design Improvement)

Y o o a P
VUN 4 ?ﬂQLLNULLa&’ﬂ’lL‘UUﬂ’liLLﬂ{]Ey‘lﬂ”l
(Planning and Development)

Uil 3 sanuuuIBn1suiteyn (Solution Design)

& 4 % a a4 v
YUN 2 s’ms’sumagau,awu'mwma’mm
(Related Information Search)

ufi 1 szydlam
(Problem Identification)

2wl 8 nszuuNIIINTEBuiLuvaziuAnw (Srichantha, Roongsattham and Wichai, 2019)

Tngnsdanisiseuiuvvaziudnuiiseavidenveusiazduneu (Srichantha, Roongsattham and Wichai,
2019) fsil
S A . . & ° v = v a ¢ A =
Fufl 1 seyteym (Problem Identification) WWunisvihanudilatdynmvseanuyimeinsgideuls wie
Jodninvesanum sl ieivuaveulwnveslaym wihludnisasidununiodsmslunisuitym

Tuil 2 TIusmdeyasazuuiAnfiieades (Related Information Search) Wun1ssiusiudeyauazuuifa
maingrmansadadians wazimaluladfiierdestuuuimenisuddgminazussiiuanundulyladed
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Tuit 3 sonuuuIBasuAdymI (Solution Design) LHun1sUszyndlidoyauazuurfniiisadoaile
nMseenuuUBuseIsnslumsuidaminefidmnens fedinuazdoulunuaaunisaliisivun

fuit 4 9N ULAZALTUNTWATUYI (Planning and Development) Jumsiaunddutuneunesnis
asdununieianudiadeadunuieiau it nsieldlunsuitym

Ui 5 nasauUsEiunalazUSuUse (Testing, Evaluation and Design Improvement) WWumsneaeuuay
Ussifiunsldrumestunuvieiinislaesadildenathainlflunsusuusuasimulsiussansnmlunisufdgmils
ogalINzaNTign
it 6 iaueIBnisuitlamn wansuitiym (Presentation) luMsausuARLAT TuneuMsUATy RIS
a¥etunu viemsiauTisnsigBudnlasylddeaiauouuniionsimuely

AnizgFnuvosniioganuddeiiinsianssuduvvaniudnululszgndldlunsiamuninugnis
BouddmiugBeuluanissui 21 1éun Sihaphon and Keeratichamroen (2023) fifinwnansi3ous mien1siSeus
svuumela wagarmannsolumauiymossindeuduisenfnundi 5 9inn1sdantsBeudnuuumsand
AnwaraInNsIanIsseudiuvduaIymAug 5 #u wazfinsSeuidieumnuausalunsuitamuesinGey
nd191nnsidsuimuiuamisasdudnuiuiazannisiansidouiuuuduiaemanud 5 $u anmsidenuin
wdInnsianIsiseudmusnazindnudnseulenuaunsatunsudidymaniamnmsdanisseuiuuudu
iengvnenad esnnmsdnfanssumsiBeuimauuanis@nuidunsiiviuenszuiunisin uaznsurdman
ysumsaniu dligdsuannsatiernnudunldlunsuitymildfungu Yusoh et al. (2023) fiinisdnnis
Seuduuuiassdugusuiusnfnaziudnululssandldlunsiauniinvennsfeassassdluseiviaddmsu
tniFousuisonfnuti 6 §idelasnmatons 6 Funou ldud 1) dnidsuateuuuhasafenfunisusugsauti
vosmeduos IngldAuthiufaduiunuresweuswesiufoudefunaoananaiin 2) dnidsuaiiswuusians
Aeatulsluneduesuarianediuodin 4 Ussian 3) inFounageuwuudians 4) dnifeulssdiuwuusians 5)

o

nssuvEsLUUSaesniunAnazdudny Tnglidnisouasnesandsnusssurfasasnuanagnediesd

°

1
ffauazaiwununiagnedweinnuaeslutinussiniuieandymuezainnediues wWu yngunsalnimeass
AN DIY iaseaunans Aaiut Wi uag 6) Useiliuwa wmud dniSeuiivinuenisfnaswassreglussiu

q
9 -

wn Anluiosaz 74.53 uarAzuuuiauinsduivsadesesay 82.58 Jelimuiniseglusedugaunn eseinnis

v
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panuUUNNsIuiuarnsinnisieuimuligiTeuufoaase af1eesdninud iiun1sAndugs (Higher-Order
Thinking) nsliUfTRIL a19a53Au uaziLauenusefLes iunsviAanssudidniFouldadie Ufiase
AULDY 3’3&‘17?&Lﬁ%‘uﬁﬂL%EJulﬁLgBuiﬂ\i”lum%ﬂﬁ@ﬂﬁﬁaﬁﬁ KunswaniUAsuauAn TnisulinunseieTesulunis
oy uananariiiaraivesdanudmenues warannsdnnisSeuiazifiufnwn (STEM Education) 1gafunis
iauinwgnsSeuiuazuinnssy Medniand FewedlvavesiniFeuisendnuli 6 iewawuinuznsFeus
uazuinnssuvestingou laeiniFoudesdiasuuuinuenisouiasuinnssueaslidesninfovas 80 uagdosd
SruutinFeudiiiunusidosas 80 Tuld Fsomnmsdanseufiadafiunudt azuuuvinugnsBeuduaruinns
vestinGoulado Wiy 80.30 anAzuuLLN 92 Azuuy wagidnFousnunas S1uau 35 au Andufesay 85.00
yosdnnutniFouianun gandunasifitinua esantniouiinisiininuenadouiuasuipnssumufanssums
Boudiuvaziin@nun (STEM education) sgsdeiios Gedieduaiunisianniinuenisifoudiazuinngsy Wamn
Vinwrnnsan Wneenisdmaluladansaune vinvensudiam wasiinuenisdeansdngie (Suwannarong and Art-
in, 2020) @enAdaariufi Chumram and Kijkuakul (2022) ié’aﬁ’mmﬁﬂﬂm%‘auﬁt,l,wazLﬁuﬁﬂw%ﬁaduﬁmﬁﬂmms
Wit Be T vestnideuduusvandnudi 6 TnewamnmsmatnusnsuidymeesinGey AI3uladanis
3oug 4 Suseu Ae 1) Fun1snaun 2) FumsUFUR 3) Funsdunn uas 6) Suaziousa ndsnsdansBeudiate
??uwu*iWmﬁﬁﬂmmwﬁﬁ@mmmﬁﬂL%Emwé’qmﬁmmﬁt.%‘aui’l,l,uuazLﬁuﬁﬂm fn1suananginssuusazduniu
nsvurumsuitamueaieslfiluedied uaruanseanifiuannivluusagsouninsufding iesinnssuaums
Jansiseuduvvaziiud@nwiidiugislunisiauiinvenisuilymvesiniseu lneldaoiunisalilymilu
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aulfinsdansiFeuiuuuasfufin (STEM Education) Sufiennvansguuuunasannsathunysan
nadrfumsianaiFeussuuuudu Wy nsdanisBsuduuuduiesmanud 5 u uaznisdanisduiuuudaes
Jugw tanldlunsfnwnazimunsineesig o wu anuawisatunisuilym invenishnadeassa vinvenis
Seuilaruinngsy wagrinwen1suntym

msdansiteuilaeldusnngnsaiidugiu

n13dnn1siseuilagldusingnisalidugiu (Phenomenon-based learning) 1uguuuun1sisoukUUnY
1013 (Multidisciplinary learning) igniauetulnsuszmafiuuaus Tneduniaidouiadunisainsesdaiug
F1uNsEUIUNITAN NsasiloU iR uasnnsaiieassdiusuesdiFeu (Chaiwon and Nugultham, 2021)I®8mi
Lisu%ﬁmsfl‘u"diwﬂgmmmumuwmﬂmmmﬂLLUU Wy miammiLiauﬁmaimﬂimgmmmumu 3 funou 4
funou uaz 5 mumau %qﬂmuwﬂﬂmﬂumauamiamﬂmiamuwmmgmmuJu fidunou 6 tu danwdl o Taed
swaziBeavesusazdunou (Ponrueang, 2022) fall

Ui 1 Yraueusngnisal : WenusngnisainiSeuilngaenndeaien fanuiuaty uagtiauls

ee

Ui 2 asentindenudiau : asavaeuAuiiay dnievennuslvl Miuniluwwifnranniiou

Qe

U 3 FBNLAZINWAY : UeazngusINiusEaNnuAn aauyiAudilalulsngnisaitu

Qe

A 4 a51909AANLT | AUMAINDUTBIUTING NI INBET1909AAINFAIINAINTTY

Qe

T 5 aTvdeuLarasuasiay : asdeUeiaNinle ntuswivasUddnlaiteus;

Qe

A 6 Usziiuna : dniseulsediuanuiniaitoudsiuiu weslimsasiouniunrawuies

L 4 2
PN 1 Judh 2
Udua ASTHUNDY

Usingnisal ANSLAN

awii 9 nszuaunsinnsdeuilagldusingniseilugiu

Az AnyIwosndIed1suIefitinisinnisseuslasldusingnisalifugiu (Phenomenon-based
learning) TWUszgnldlunsimuvinuensisousdmiudiseuluamssuil 21 Wy Rittikoop and Seehamat (2021)
nsdansSeuslagliusngnisalifuguiieaiuaneinuemsiSousluamssuil 21 vesdantudindne 1Wunns
Usziliuvinuensiiouslummssedl 21 vesidnanumdngmsuaznisaey MiSeuslngldusingnisalifugiu deiins
Bouditomn 5 unou Ao du 1 Funauanidenuingnisel tu 2 sheudlavsingnisal du 3 Fuagmemey
{1 4 dupsigimnng uastu 5 diausuasUssiiunany warldvhmslssduinueniadouslumnissed 21 4 du
fio 1) AuARSENaseEssA 2) nsAnegiinsaaarnsuiidym 3) msdeaisuasnisiuile uay 4) vinwe
fuansauma douazinalulad wuirdandnlngivnuzegluseduiun esainguuuunsinnisieuslagls
Unngnsaldugrudunisidulidiseuldasisesdanuiienues nelivguireuaniafiian (Constructivist) W
nsasfieufoalunisudtamysannisnisliinegsing 4 Wil safansiufduiusmedeausiuvesdidou n1s
UszgndldumndnnisdanisisouilasléusnngmsalifugiusiudunisiSeudegnluneinnisuszandnm e
isuawinuznsiiousluamsswi 21 WunsnwinaduinuennsiSeusluamssei 21 vesldn Jaduldnns
Weudgegn Wy n1siseuiuuusiuilewalln Round robin, think-pair-share n1siiguilagldinaiaseauaues
(Brainstorm) Tnglwueundladu Flinga Aanssunisi3ousfinevaussguuuunisiious (Learning styles) wazAanssy
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unuaLLf (Role play) 1udu TnenisiFeufidsgnmaniunlismtunisinniaFoudlnglivsngmsaidugu
WuuwaAnmsiansiseuslunguasuaniaiian Seinsusslivinuenisisouiluamssuil 21 Usneudie 1) vinwy
n1sifuguanules 2) Finwznseulunshaungy 3) sinwgansdeansuazmssamileu 4) inwensldmaluladiile
313U 5) finuznsAnaisassruazuinngsy 6) invensAnesnsdiinnsuganaznsudtym 7) Fnvensitu
a¥aassAuarnIzEin way 8) iinweAndangunazauaiuisolun1suiudl ankansUseliunuiidaiivinuenis

o =

Fouslummssudl 21 szdununmAnn uandiiuinsuiuunsinnisBeusinanannsasisuanuniesilii
issuglanuvistinaield (Mahavijit, 2019)

aniuldinnsdnnsseuilagldusingnisalifugiu (Phenomenon-based learning) fivannuaneguiuy
TnsnnzdAnyninaussuuuunsdnmadsuslagldusngnisaifugiu Usenoude 6 4u Selinisthanysannsidn
funsdnnisdoudguuuudu gy msiFeudegn dhuldlumsfnvisasiamuninueing 4 1wy fnwennsoud
Turmssuil 21

MnuuIRan1sfanisdeusluanissed 21 asiduldingduuunisdaniaiousiendediatumn
WU MIIANSSEUIHUUAUEIzmANLS (5E inquiry learning) NsdnnTsiseuiuvauazmanuslagldiuuinass
Jugu (vBN) nsdanisiseuslagldlasenulugiu (Project-based learning) n133nnisiseud MACRO model N3
FamsiFeudiuvazifiufinu (STEM Education) sauvian1sdanisideuslngliusingnisaiidugiu (Phenomenon-
based leaming) &rutduguuuunisdnnisiFeudiigaduimungiiouluanisswi 21 WeldfSouilinwennsSeus
Gulumatmnedidsld dsddyveiasuazesiliianguiidoududdy lunsidensuuuunisinnisFouding
aranzaniugFeunielal Uiunvesd ouannsaiauilaslduuuunisinniadeudiuniels dafuuuamienis
fan1siFousluamsseil 21 dudaoudesddaiefiioudundnlunssiauiFoulineulandfunisiious lu
Anssudl 21 Ieogaiiuseavsnm

ATUNANTTITLUA TaLEUILUEINNITINY
NnMIAnYILUIAIKaE g sULuUMsTan s Seuiluanssei 21 sinvensiioudvesdiSouluanissui
21 uazamAdefiAvadeatunsdamaiFoudlummssweil 21 fvemsiFoudvesiFovluamssui 21 wuin msdanis
Seuduuvduazmanug nsdanisiseuduuvduasmenuiingliuuuiiaentugiu (MB) msdanisSeuilagld
Tassnudugiu n13dnn1sieuniuuuy MACRO model n1silsuiuuvasiiufne waznisdanisseuslaeld
Usingmsalifug HuiivszaniamlumailddanmsieudifeiauinusvesiFouluamssud 21 dusia 4
léiun vinwgmsdeasuazmstiaue amnuausalunisAsdiasest inwensBouiuasuinngsy anuaansaluns
THwmanaddinemans anuanansalunsdeansineimans inwesnunmshouduiin finvegnsumaonauisne
puies st Ul lumsta s fumaluladasaunauasiava fdu faeudaieadlaguuuunsdans
FoudiFagniidrfey o wassinuenisiFeuiluanssedl 21 fdndudmiudiSeu Fuzdilifasuaunsasenuuy

a zl 1%

Aanssunsiseuiiinevauewionudoinisvesiiiou freimunrinvrvesiisoulumnissui 21 wazsilunisugnils

o

VinweniuselovivesiSeunaziiurinueinswuanuisanvenaianssulueuansisly
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