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The development of the mathematics learning achievement on
linear equation with two variables for the grade-7 students

through the use of bar model technique
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Abstract

The purposes of this study were to 1) develop the lesson plan on linear equation with two variables
for the grade-7 students through the use of Bar model technique based on 80/80 standard, 2) compare
students’ mathematics learning achievement on linear equation with two variables between pre- and post-
learning through the use of Bar model technique, and 3) study the students’ satisfaction toward this learning
technique. The subjects were 42 grade-7 students from Thatnaraiwitthaya School received from simple
random sampling. The research instruments included the developed lesson plans, the achievement test on
linear equation with two variables, and the survey of satisfaction on learning through the use of Bar model
technique. The results revealed that the developed lesson plans had the efficiency index of 80.95/81.60
which were higher than the committed 80/80 standard. The students obtained the post-achievement test
score (mean = 24.47, S.D. = 1.13) statistically higher than the pre-test one (mean = 7.79, S.D. = 2.90) at the
significance level of 0.05. The students’ satisfaction on learning through the use of Bar model technique was
in the high level (mean = 4.48, S.D. = 0.52).

Keywords: mathematics learning achievement, linear equation with two variables, Bar model technique
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Abstract

The objectives of this study were to: 1) develop mathematics learming lesson plans in solving of
derivative problems topic for Grade - 12 students base on CIPPA model emphasizing Polya's problem solving
processes with efficiency according to criteria of 70/70, 2) study the effectiveness index of lesson plans,
3) to compare learning achievement before and after learning by using the developed lesson plans, and
4) evaluate students’ satisfied toward instruction. The target group included 26 Grade - 12 students,
Champamonsgwittayakarn School, in the second semester of the 2019 academic year. The samples this
research were selected by purposive sampling. The instruments of this study consisted of: 1) the lesson
management plans, 2) mathematics learning achievement test, and 3) satisfaction rating scale form. The study
indicated that: 1) the efficiency of the lesson plans in solving of in solving of derivative problems topic for
Grade-12 students based on CIPPA model emphasizing Polya's problem solving processes produced were
73.65/74.25 which was higher than the determination criteria 70/70, 2) the effectiveness index toward
instruction was 0.5890, 3) the learning achievement score for the post-test (mean = 14.85, S.D. = 2.65) was
statistically significantly higher than that of the pre-test (mean=7.46, S.D.=3.61) at the 0.05 level, and 4) the
students were satisfied with learning outcome approach in the highest level (mean = 4.62, S.D. = 0.62).

Keywords: Solving of derivative problems, CIPPA Model, Polya's problem solving processes
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Abstract

The purposes of this research were to 1) find out the efficiency of mathematics lesson plan using
Flipped Classroom integrated with Facebook®, 2) compare the learning achievement of mathematics from
using the developed learning activities and 3) study the students’ satisfaction from using the developed
learning activities. The samples were 40 students of Sahatsakhansuksa School studying in the academic year
2019 selected by using purposive sampling method. The research instruments were the learning management
plan, the learning achievement test, and the satisfaction evaluation form. The results revealed that the
efficiency of the developed lesson plan was of 86.16/84.38, higher than the committed 80/80 criterion. The
students’ learning achievement of the mathematics after learning (mean = 16.88, S.D. = 1.26) was significantly
higher than before one (mean = 7.98, S.D. = 2.03) at the level of 0.05. In addition, the students’ satisfaction
of learning via this approach was at a high level (mean = 4.33, S.D. = 0.62).
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Abstract

The objective of this research was to develop grade-9 students’ mathematical solving problem skill
in linear equation with two variables using KWDL technique such that the students could make the percentage
of mean score over 70% of the full score and over 70% of all student passed the criterion. The sample
consisted of 35 grade-9 students in Nern Yang Prachasamakkee school. The samples of this research were
selected through a cluster random sampling during the first semester of the 2019 academic year. This research
is an action research conducted in two circuit. The tools used in this research consisted of: 1) the experimental
tool was 6 lesson plans, 2) the reflective tool was records of learning results with KWDL technique, and 3)
the evaluation tool was subjective test with 5 items evaluating effectiveness of mathematical solving problem
skill. The statistics used in data analysis were mean, standard deviation, and percentage. The results of this
research were as follows the percentage of students’ solving problem skill outcome was 81.26% of the full

score and 35 students or 100.00% of the samples passed the desired criterion.

Keywords: Mathematical solving problem skill, linear equation with two variables, KWDL technique
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Abstract

The purposes of this research were to study: 1) the appropriate learning implementation based on
Context-Based Learning (CBL) approach that enhance mathematical representations, and 2) the effect of
learning implementation based on CBL on mathematical representations in surface area and volume topic
for grade-9 students. This research was conducted in the first semester of the academic year 2019. The
research sample was 23 grade-9 students from a medium sized school in Tak Province. The research applied
classroom action research and took 17 hours for learning implementation. The research instruments included
five lesson plans, worksheets, and mathematical representations. The data were analyzed by content analysis
and the data acquired will be checked for trustworthiness by resource triangulation technique; and data were
analyzed by analytic scoring. The findings of the study indicated that the learning implementation based on
CBL approach to enhance mathematical representations should emphasize on the mathematics problem
solving situations that should be more concerned in context of Karen students’ real life, checking students’
new knowledge before giving them the inexperienced situations. Moreover, the teacher should encourage
students to draw 3D shapes into a geometric model, to do hands on activities, to use mathematical
representations in problem solving. When they presented in front of the class, teacher should give them a
chance to exchange ideas with friends and sometimes let them presented in Karen in order to increase their
understanding, and ask them to give example of situations that related to real life. In addition, most students
can express their mathematical representations in a good level. They can determine the related variable in
given situation and write in form of mathematical model that apply to solve the problem. Furthermore, the

students can use the appropriate formula and proceed to solve the problem well.

Keywords: Context - Based Learning, Mathematical Representation, Surface Area and Volume
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Abstract

This research aims to develop a learning implementation based on Concrete-Pictorial-Abstract (CPA)
that enhance mathematical concepts and to study mathematical concepts of grade-4 students on addition,
subtraction, multiplication, and division after learning based on CPA approach. This research is a classroom
action research. The participants were the 40 students in grade 4 of a school in Chaiyaphum Province. The
research tools were lesson plans based on CPA approach, learning reflection form, worksheets and
mathematical concept test. Data were analyzed by content analysis. The results revealed that the learning
implementation based on CPA should use concrete objects to enhance understanding in meaning,
relationships and order of operation which are addition, subtraction, multiplication, and division. In addition,
teacher should facilitate students to connect knowledge to an explicit mental model, this can help student
translated model to mathematical expression correctly. The results from worksheets during learning and
mathematical concept test after learning similarly showed that most students’ mathematical concepts were

in Sound Conceptual Understanding level.
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Abstract

The main purpose of this research was to develop students’ conceptual understanding of ionic
compounds by using 5E inquiry learning in conjunction with particulate models. The participants were 26
students, purposively selected from the populations of grade-10 students at Yothinburana Phetchaburi school
in Phetchaburi Province. The treatment tool was the learning activities based on inquiry cycle in conjunction
with corresponding particulate models (12 hours) and the data collecting tool was the two-tier diagnostic
conceptual test (21 items). The t-test for dependent samples analysis indicated that the post-conceptual
test score (mean 37.11, S.D. 6.66) was significantly higher than the pre-conceptual test score (mean 18.76,
S.D. 6.14) and was significantly higher than retention-conceptual test score (mean 36.20, S.D. 6.37) at the
95% confidence level. After the intervention, the percentage of students was decreased from that of the
pre-test by 51.41 in the no and mis-conceptual understanding (NU+MU), while increased by 35.35 in the
partial with mis-conceptual understanding (PMU), and increased by 16.11 in the partial and sound conceptual
understanding (PU+SU) categories. This verified that this intervention was effective to develop students'
conceptual understanding, but not effective to promote their retention of conceptual understanding in the

particular topic.

Keywords: lonic bonding, inquiry learning cycle, particulate models, conceptual understanding
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@ o«
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nafiusausamdeya (Il AuTuTdoyam s uneudsil

1) nadounowFou (Pre-test) InglitiFowhuvuianundlaslund 3es asuszneulossin s 21
P Tdvanlumsvinteasy 60 wii

2) dufiunsdnfanssunsBoudmuununsFoudsiuiy ¢ usu 5 12 $al

3) NAADUNAUIBUNUT (Immediate post-test) 158n11 nMsnageunadseu lagluinissuiwuuinaiiu
\ilauluad o9 asUsznevlesedn Fudunvuinyaifuudiinmsadudernunazadududen s 21 1o

4) negoundaspuauluLal 3 dUai (Delayed post-test) 1360191 NnAdoUAINAIVUTITUNEA Lagld
dngewihuuuinanudilanluni Fos asusznovlessin dudunvuinyaiduudiinisadudodnunazadu
fden 91w 21 1o

nsiasizideya fidususmuasieseideya foil

1) fanasinisliazuuudmiunuuinanudladlunfusdasdenunasives Supasorn et al. (2016) Tngd
7l 1 Huwvudsts thiFeufineuiadengnld 1 uasinFouiineudadeninld 0 uazdudl 2 Wumsdeundenanm
wanagradniummeuiud 1 Inegnsanagiansannisliesuuumudssiuiidslluuiasde Ssoraasduldis
0.00 0.25 0.50 %138 0.75 Azku WeTuynUspiiumnaufiaseunquud vy ldpuuudlutud 2 avuuu anduth
AELULI 2 Tu wsanfunazsuunnguamidlanlusfvestnd sununaei iusudgsanauideneunthi
(Pananchai et al., 2018; Chairam, Jarujamrus and Amatatongchai, 2018; Tipchai et al.,, 2019) ﬁamiwﬁ 2

M19199 2 wwInnsIanguau lluiRvestnssunwuuInLlunAInemans

AsRasanmneuluwAazaIu

nauANUd ALl UL fdan AE
gnéissauysal (SU) gneies gneipsaysal (@ S AsunnUITIAL)
gndesualianysal (PU) gnAeq gndesuallanysaiwaglifidiuin @ S ldasu ualddl M)
QNABIUIEIU gnAes gndesusduLaE ARSI (1 S wag M)
uazRiaURE (PMU) A gndeegeanysel @ S asunnuszia)
AR gnéeaudliianysel (1 S ladasu uslaisd M)
Ho (MU) i gndesusd LA ARSI (1 S wag M)
AR lignées widaAerdestuland @ m laidl 5)
Lifiarnadnla (NU) 2 laiRenifulang/lsiuanaveua (4 S uag M)
Lsififneu (NR) gneevisedin | liuanuvieug
*S WAy M unusiavesnnudloulusdfigndesuaziin auddy

Y

2) Wisuisuazuuuauilanlufvesinideunansslnsuuuiewdsutunzuuumdaion waznsdinzuun
naassuiuAzuuAUAUYewluNd Tnen1siaszRalsn1vageuaAtituuieelidaseAenu (dependent
samples t-test) fiszduarndoiudesar 95 lunsdiinziuunnuamuvealuudginimioliunndaainaziuy
wdSou asfeinideufinnudlalunffiamu

3) AuaAanufntmsnssewidunsafidudosaranuiamiimanisseusss (%actual leamning
gain) FsfuanandosazveinzuuumduSeuause Sevazvesarwuudoudey warlunsdiidunnufamimnanis
ISEULUUUNGA (normalized learning gain: <g>) %qﬁwu’;mmmqmﬁum Hake (1998) 1A <g> = (%post-test — %pre-
test)/ (100% — %pre-test) lnedien <g> Heunimiawindu 0.30 Fmduanufmtsedusi A1 <g> 11nn31 0.30
witlesnd 0.70 dnduanuinmiiszdudiunan wazdn <g> 1nndvsewiiu 0.70 daduanufinmiinszauas
(Hake, 1998; Supasorn et al., 2016)
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NaN15II8UAazaAUIIINE

AZLUUIINUUUINAUDIRNTUNANDUISHU BAIUTIU LAZANUAINUYDINTUNR

NNITATILRALLUUNIUNA A US Y NaUTUU LAaEATUUUANNAIN YD LUNA Nud TniSsulinsuuy
wasnowdewiu 18.76 (S.D. 6.14) wazashuRdsndusewdu 37.11 (S.D. 6.66) dleAnwimuamurealuuf
wdnnamiull 3 dUa nunidniseudazuuuanurmuvesiluuiiedady 36.20 (S.D. 6.37) annsnadeua
uuungudtegalidaseraiu (paired samples t-test) wudn dniFeulinziuualunindusougniineusey (ta
26.682, p-value .000) uazdiganitazuuunuamuvesilunfiloouiiuly 3 dUai (tw 3.039, p-value .006)
agaiitudfynnsadfAiseiu 0.05 LLami'} MsdnfINTsUNSSEuILUUAUEE Swiulunaseivaunnludn vy i
annsanauaud e luuily $es arsusznevlesiin vesdniSeuls widsliauiseviliindeuiianudiled
amulgiiians

namsiesziazuuuaudlanlund Sos arsuszneulessdin annsasuunsendu 4 Womdes loun
asiinnusylassin miL%uqmuasmiﬁaﬂ%amiﬂizﬂaulaaaﬁﬂ msavanetwesansUsznevlosedn uas

Ufisevesansuseneulosstin Auwandlupnsen 3

A15199 3 ArLUUAIL LN lUNRNUS B aASEY wazANAINY kenailan Ses a1susenavlesaiin

ilown (Azuuw) fouseu waaGeY % <g> | AuAmuvaINTuLR

mean | S.D. % mean | S.D. % firaain mean S.D. %
1. msiiariustlosetin 461 | 1.88 | 2564 | 10.20 | 2.50 | 56.67 | 31.03 | 042 | 9.71 | 2.31 | 53.95
2. maiisugasuaziSente 589 | 249 | 3275 | 10.69 | 2.05 | 59.40 | 26.65 | 0.40 | 10.34 | 2.11 | 57.43
3, mavaneih 454 | 207 | 3025 | 9.01 | 1.94 | 60.12 | 29.87 | 043 | 932 | 1.82 | 62.18
4. Ujisen 371 | 1.40 | 3092 | 7.19 | 1.51 | 59.93 | 29.01 | 042 | 682 | 1.58 | 56.89
T 18.76 | 6.14 | 29.77 | 37.11 | 6.66 | 58.89 | 29.12 | 0.41 | 36.20 | 6.37 | 57.49

* uanansed1eildudAgnisedaNszauauliesiuiosas 95 (A1 p <0.05)

ndedaanssumsieusdeiginsmadsuiiuuiuas 5 tu Inelilunassiveumanuhindouinguun
auilaslusfedendaiouginiasuuuanudileslusfndsnouseulunn 9 e Tnewlemnidesmsazaneth
RNGRETEH ﬂaulaaauﬂmaaa mLLuummLﬁuﬂﬁm‘lummmaumam (60.12) \ilesaniiniGeulshinfanssunisiious
wuuduleny 5 9u Tneldlunasy AusunAluNITSEuINITaY mamﬂuaamsﬂsmaulaaauﬂ mumiau"l,ﬂmummi
Wasuuwlasiidudnuaemenienimileazans wﬂmmisuumLLuummLﬁuﬂauiumwaaLiauiummauqaqm du
\dHomiitniEeuidesazvesazuuunnudlaluivdaFouhan (56.67) Ao iomiFesniafiniiusylesstin wivn
LﬁaLU%‘&ULﬁsm%aaavmmﬁnwﬁwsvmwfiaul,%'auﬁwé’u%'aul,l,é’a wui lemnilinSeuiifesagenufavimens
FouaTe (%actual gain) 1ndigade 31.03 LiesannisiRenssunuvduiaslaglilumaszdueyniauiesuie
Snwartunsumainarsszneuleseindiinisliuas wmaﬂmaummLﬂuﬂﬁvﬁ]mmm auLaz ﬂﬂﬂﬂUW’JEJLLN‘V]N
Tl mslvmﬂLsauummgLLaammLﬁuﬂﬂmﬂmuﬁmnﬂmm’mmmmmqmma‘u‘wqq defirsanuenauifonides
ansUsznaulesaiin wuimnideminFeuliazuuulusiviaSeuganirieudou unnssiustedod Aynsadn
fisedu 0.05 Fageninyszanas 2 1w Lwiﬁy’aﬁé'fqiajﬁa’ngqmﬂﬁﬂLW5'1xﬂxLLuud’;ulmyjé’aﬁﬂﬂ’jﬁa&Jaz 60 wazil
arafmiimensFeusuulndd 0.1 dsdotndumnufrmihssdutiunarsmniden

Nnazuunasilanlusdnisineimans es asusznevlesein finFeulinzuuuadondaFougni
naulzsuedeltsd1AgyN19aia LLamTvrmummiwmﬁwausmmgammimaumwauLmuﬂmumﬂ%ﬂmma
JEAUBUNA mmiawwmLLmﬂmmammimmmuﬂLﬁauaﬂuummmmammﬂw A9AARBINUIIIBNTIB91UI
nsdansiseudmensduiazmanuilaslduuuitasndugiu (MB) awnsaimuirzwuuaudilanlunfvag
Anuasalumsesugvestinseuliainitnewseuldegaliusednsam (Gobert and Buckley, 2000; Windschitl,
Thompson and Braaten, 2008; Meela and Artdej, 2017) uazn159AN1SL38UFWUVAULAIEIINAURUUTIADITEAY
sunadafidudelidniFeuldSoueilussfuoumeiisrassmamsaififntuluseduildansauondiuldiem
W wasdleiniFeuannsaderlosnnudlalunfniivluszduamnia ssiudydnualuazseduounia faede
iﬁﬁ’ﬂL%‘&Jmﬁmﬂ’13Saui’mﬁﬁamyﬁaﬁmmﬁuﬁmm (Johnstone, 1993; Supasorn, 2012) %qmzmumiﬁauimu
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dutanzagiidrutslidniSouladinisduau Ll d15199591980U LagAUATIAIEIBNNTANN 9 AuTnSsuLAnAIM
dilauagiinnssuimnuiduosadimmmineg aunsoaiaduesdemnuivestinFoueuasfudutoyalilumedld
98198M2uU (Faikhamta, 2008) LuRanssunsdouififiuss ansamlumsianadugrinisnmaifeutasalui
MIANgImans mugiumsTaTnygnIEUINNMIITIeImans aaafdeinetmand uazdamnsdmiugiFoud
fauannsanaddygmnszdu annsadaelifieuiifinadugniduazuiunans Thdlanlundl §37u
(Supasorn, 2011) uagtreifiuarudlalifuiindsunniu iesnldidumsaouiiiiulviiniFoulfiFeusse
fi3owes nglimamnsedy unedaiiAetuainnismaaess dunn tufines wefnwimaiiintuduegiels
oSuenafiAntuate awilvidnifewinanudila ugranunsoaisesdaudvesdniioues (Kruekum and
Wuttisela, 2013)

SewazvastinGeuduunnuszauanudilanluni ndineuiseu nastsunazAUAmMUTNlUNR

NNTBATITARZLULTBILUUNAdRULRazdanunaeini iz Inefadonasdiazuuiuiu 1 Azuuy
uazmHaIrilnzuuiY 2 Azuuy FvlnssinnUssiiuiansunsTiuauaniesiungludodu 4 uazdanga
tniSsunussiuarudilanlunfieonidu 5 ngu loun nduanudilanlunfigndesauysal (SU) nguanandilanlu
uignAasusildanysal (PU) nduanmidiladlusfgndesursdiuiaziiauisdiy (PMU) nguadadlaulug@ie (MU)
wazngulaifidnou (NR) fuandluasned 4

AN5199 4 $9aT VRN IUILUNAUTEAUANUTINLIUTULR

SewazvastniGeulunguadnudilaluud’
378013 SU & PU MU & NR
SU+PU | sSU PU MY W NR MU+NR
naulsey 0.18 | 0.00 | 0.18 | 36.26 | 63.00 | 0.54 63.54
1. maAnfiuselesatin 0.00 0.00 | 000 | 3525 | 64.10 | 0.64 64.74
2. maBsugnsuaziionie 0.00 000 | 000 | 37.17 | 62.82 | 0.00 62.82
3. Msazanuih 0.76 000 | 076 | 40.00 | 57.69 | 1.53 59.22
4. Ujisen 0.00 000 | 000 | 3173 | 68.26 | 0.00 68.26
naaTU 16.29 | 2.01 | 14.28 | 71.61 | 12.08 | 0.00 12.08
1. maAniuselosatin 1794 | 512 | 1282 | 6282 | 19.23 | 0.00 19.23
2. maBsugnsuaziionie 1794 | 192 | 1602 | 7435 | 7.69 | 0.00 7.69
3. Msazanuth 1384 | 000 | 1384 | 7153 | 14.61 | 0.00 14.61
4. Ujisen 1442 | 000 | 1442 | 80.76 | 4.80 | 0.00 4.80
AUAINUVDIUTULGA 17.39 | 2.01 | 1538 | 67.39 | 15.02 | 0.00 14.47
1. maAniuselosatin 16.67 | 3.85 | 1282 | 60.90 | 22.44 | 0.00 22.44
2. maBsugnsuazisonie 1602 | 192 | 1410 | 7372 | 1026 | 0.00 10.26
3. Msazanuth 2077 | 154 | 1923 | 64.62 | 14.62 | 0.00 14.62
4. Ujisen 1635 | 000 | 1635 | 7115 | 1250 | 0.00 8.65

"Hansideasstlifiineundneglunguldfinnudilanlund (NU)

MndeyalunsisesazvastinBeulunguanudladluniszdusiie 9 lunsdliewseu vauseu wagAIy
AsnuvealuLA (13799 ) aziiiudt AeuFsutinFeudnilngdneglunguaudleuluudiia (MU) Andu 63.00
uazndualunfgniesunsdunariinuisaiu (PMU) Ancdu 36.26 uaznevdinmsdnmaisuduuuduieans 5 tuswiy
luaszauaunia wui dniseuaunsadsuineuludiureananalavnau wasiidovazvesinieulunguaiy
ilanludlua@iia (MU) anasain 63.00 10 12.08 warfesazvesindeulunguednudilanlunfgndesuisdiunay
Anunsdan (PMU) Wiatuann 36.26 L8u 71.61 Fe5u1elddn nismnmadeuduuvduimesmiuuuuiaosseiy
oynA 1303 anstszneulesatin lundl aunsoilidniseulunguanudnlalusifiadmusneglungudlaslu
ufgniesuaumazAinuIsdIL (PMU) waruenaniissiifosazvesinGeuiiinlaluufgndesauysal (SU) iy
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nfevay 0.00 Wudesay 2.01 wasvilidniSeudlng Wauiuieglunquanudlaslunfignuivdiuuasiin
v (PMU) uazdsanunsaiannleglunguanudileulusfgndesaysal (SU) ¢ Wefiansananuamilunis
Fou wui dniSeudulngneglunduifanudilanlusfgniesunsdrnazinuisdru (PMU) wufedfuuluud
n¥audsuuarlimunguiniouilideudnou Fmansideluadiaenafosfurmidenouniihidfineneli s
Boufuuviumeimfuiuuiaesydveyniaaunsndieimuanudilalusfvesinidouldituld naeaautis
anpulanluufiinadldegefiuse@nEam (Simmakenand Supasorn, 2014; Meela and Artdej, 2017; Tipchai
et al,, 2019)

P 4 delifunmmauAsuuUasnnudlalusfvesindsunntu §ideldmnnguarudila
wlun@ann 5 ngudu 3 nqu ldun naulifidmeusiuiungudlauluuffin (NR+MU) nguauidilanlunfgnsias
vndmuasinund (PMU) wazngudilanlunfigndendudwulvgsauiunguidilanlunfigndesauysal (SU+PU)
gnudn newSsudnieudilngiifesarazuuusiugean 63.54 aglunluni liddnousiudunguulundin
(NR+MU) uagndaseutdnSeudiulngiifosazavuuusingegn 71.61 aglunduulunfgniesursdiunaginuisdiu
(PMU) Faflofinnsunfesagnisiudsundasagnuinguulundlifdaevsiufuuluffin (NR+MU) Hufinns
Wasuulasnnilan (-51.46) SeinFeuitaseglunguil IWmsimualuililunsifiduaseglunduulusfgnges
Unduariaudn (PMU) Tailfesasniafsundandindu 3535 wieonslaglunguulusfigniesdudilvy
sufunguidlanluufgniesauysal (SU+PU) Baiiferasnisidsuntaaiiudy 16.11 funmi 3

# SU+PU PMU = MU+NR

80 1 71.61
70 63.54

60 -
50 -
40 -
30 -

16.29 17.39
12.08 152

20 -
10 A

nouLsUY Maaseu AU

awi 3 navluanssevasvestindeulunguanudilanlunfseausng

\defansandesarvesinFoulunguannudrlenlundseiudng  wWisuiisussnimdaiou mdaseu
viudh) Aumnuamuvosluud (vdsnFeurdiuly 3 &anh) nudh wnliwesnsiwasuudasiesazvesinGouly
nauasilaslunfsng q liWasuwlamnmdaSeuunin Teedermly 3 dUanitfesazvesinFoulunguaiiy
drlauluuAfarfungulaifidney (NR+MU) Wit wdntiosyniade uazdfesazvesinEoulunguslunignios
vdmkarinued (PMU) Aungudilanlunfgndesauysaisiudunguulunfigndesdudiulvg (SU+PU) anas
Founnvinte uazlinuinGeunlideudnou TnedesarvesiniFeuiifnlunigniesauysaismiungualunigndos
Budanlvg (SU+PU) gean 20.77 Aeslunfidesnsazanetnvesansuszneulonaiin diufesazvasiniiouiiily
ufgnisunsdruuaziinuisdin (PMU) gean 73.72 Aenlusfizeos msilisugnsuaznisiSondeansusznaulosstn
uazfevazvosinounfulusAinsmiungulifidinou (NR+MU) gagn 22.44 fio msiiniustlessiin

Aagn1TiaTiinguaudi laulunfvasiinGeu
dideldvinnisiiaszidinevreainissulusuunegeuinanudilanlun@ilusede Insluiidazee
YNRAIDYINANITUHATIZHLUUNAFBUUNUD TIaAIbUANTIIN 5
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A151991 5 A2D819N159ATITIAULL I ULAVDIUNLS Y UNLUUNAABUNE LS 8

ANMBUVBIUNIGYY NANISIATIZI

tidsunsuiidengnieaarUssifumapagndesasui
4 Ysziau e (1) 519 X nanewdulessuuin dwsg Z
nanetdulosouau (2) vwnlessuaulngnitesnounans
o i o wazvunlesauuINAANeLRaNNa  (3)  Fuau
ddnmseuvedlonauauInnd w0 UILBIANATOUTBY
losauuintesnitevaeunas ag 1 63 way (@) U
FLAUNRIUYDLDDBUUINANAT LAZIIUIUTEAUNS N

v84l99RUAUWINNTUYBIEABUNANS (AT NAUA
Bannsowu)
16. diovhunde KBr avanelutdavi 'u”a"mL“r‘m\Aaun'w’smsazamlﬁ\gnﬁz1 ﬁﬂL%EJuG]E]UG]U’JLaﬁ]ﬂﬂﬂg{@ﬂLLaSUi%LﬁuLMmNaﬂﬂﬁaqﬂiUﬁq
N KBr(s) + HO() ——> Kbr(ag v A
Br(s) + } ( _— " (aq) (aq) g a . 3 2 i
® e + HOW Kag) + br (2g) 3 Useiu Ae (1) Tasesenanuendansyalgasnanniu
fA. 2KBr(s)+ HO() ———> Kﬂo(aq) + 2HBr (ag) , d ~ o &
L KBS + HOW ——>  K'(aq) + Br (ag) + 2H (2q) + 0" (aq) (2)Iﬂiﬂi’mwaﬂ'ﬂaﬂmaE]ﬂi%mﬂ@@ﬂ‘-ﬂﬂﬂﬂmw‘uL'U‘L!E]‘Lqm’lﬂ

MeSUL ; MANMIEAVBYMAKAMINSATATYBINGD KBr
» ¥ A: .‘ if’;;‘ 9 |
ATol T o & 4

* Y al 9y e |

unulianavenh YMAYBINTAYAY unuwanues KBr

@5 ok

| Wene (K uag Br) way (3) uandluanmideuseuloseu

0. 0.0.0
eae’e | Uon wazleasuau
®e% %%

iniSsuneuiudongniesuazUssinunaragnsioasli
auysal Ao (1) Moy evesansiiliazanglagnies (2)
NABYMATBtENSTIATANEgNFel (3) 1NBYNRTBIENST
avaweginuuwveslnines gndesusldauysel uay (4)
s Neoymaiildazansanasiudnineslagnioauslyl

u udanenald 20 wi wud

. S auysal wszoumadiuiliazangluzUuei
o r’.‘f a voulnvasoyMafiazangldsuuy  uazdieynindud
SrY Y -~ azma"LUUzUuaq'ﬁUﬂuauwmaaawmﬂﬁlﬂazawlﬁ
: AU

a v 14 a v
ﬂﬁ;UNaﬂ'ﬁ?ﬁ]ﬂLL's'iS‘llaLﬁuaLLuzﬁ]']ﬂﬂ’]i'Jﬁ]El
NNNTIANSIFENS 1509 ansusenaulesetin dmsuinSeutudsendnwili 4 lngldfanssunismaseus
wuvdulangmiulunaszaueyna wudn dniseulinzuuuainudilanlundnduseu (mean 37.11, S.D. 6.66) g9

]

niAziuuadsaut lanlunfneulieu (mean 18.76, S.D. 6.14) ad1iltdud1Agyn1adfvszau 0.05 Lozl

=

ANuiImTIInIseusuuUn® wie <g> 1w 0.41 dnegluszduanuinmvinuiunans egslsinng dniseud
AzuULasALAmUeluLR  (mean 36.20, S.D. 6.37) Feiniazuuwadsanudlanluninduioueg 1]
Toddymeadinfiszdu 0.05 wanshianssuissliansoatuapiinGeuinnuemueslufivindans venand
Fanuin dndruvesiniFeuifianudlenlundngndeslunguaiudlenlusfanysaiuazgndeuslsiauysal
(SU+PU) L TuniidadiumastniFeuiiinnudlanlusfdfnuielsigndedunguannudilalusfgnuisaay

waziaungdn (PMU) anuntaulundnawaz lifinnudlauluud (MU+NU) wazlddidimau (NR) anas wandliliiu

e

71 Msdnfnssumsiseuiuuvduazmefelueassiveunia Wwasesdislunisimuianudlanlund Sos
a1susenavlessiin lregraliusvansam uasinliiniSeuaunsoaivesdanuslamenuedlasasiouun vinlv
o P} 1% a & X ' Yo oo a A aa P v A a
iniseuiianudilalusfsgruduglsssuunndu wavdwaliinSeuiinsauisuwlasnulusfngndstdesnienn
Tduemudnlanlun@figndesunnduldegsfivsednsam visll enmezlamsuiainnsdanisiseuiuuvduaseie
o = o oA Aov v Y o %) P a A a &£ ) ° Yo o
wuulumaszrvayniadadudonisaeuniudedls dnsewdilatinisasuwlasiintuluszaveyniavihliins oy
fianuiuwazanunsaesuigysingmsaiiiievuld Fddunisdnnieuiislumasedueunintiu AsiaeuasseanIe A
dnissuindauvseiindeasds 1inAuAn wagiazuatmianud ietuuszaiamdineunsedeasuie
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AuLes (Khammanee, 2017) ¥ilsigi3oulddn Auath UftRuasiujduiusiungy iileliiAnnsiSoudedausiaie
waransnianudluussgndldlaludingss Qaitieng, 2010) BniansléTuinaszdvayniatu Wunisinufibu
susssn Tududsauardum adudsddyiiedelilSouinanuidnuieanudioinsfiasdudunioasuaiam
awf vilRanssuilanuvnesiefiSounasiinuinmefisswefiagi sgiSeuAnanudeanisiiasumandiney
(Khammanee, 2017) fimuilinaszdvaynialsiussansnmundetu aunsahlulfidudonisaeuiivarnuas
1Ny

iRfeidoausuuslunsidondiiely il

1) aasiimsiiudeyavans 9 sUuvuiieldlunisinuseidiuna nsnaeu wazagunaslunfvesiniFeu 1wy

¥ o 4

Lfdi‘lJ“ZJE]i{IJa NLUVEUNTY Bbaglluudgaunl Lﬂuﬁu

2) avsiinsfnwmanisinfanssuniseuiuuuduagmenuuitasadanenmildlunisiaumadugns
memsiseusarunduludvesinideuluilomau o

3) masauuuinarudlaslusfnsassmneauduiadenuaznduiiedns uuuinenniuluazdema
TiiniFoulazuuuvdadsusnitiiaassdu

1) msfimsvszgndliuvuiiasadsmenimiumaifeudsuuuuduiangaunntu iy n1sdouilagld
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Abstract

STEAM Education is an integrated learning approach of Science, Technology, Engineering, Arts and
Mathematics for guiding learners to connect knowledge and skills, both science and arts area, simultaneously
to employ in thinking and creative problem solving in real life. The STEAM based activities using project-
based learning or problem-based learning allows learners to able to apply their knowledge to design the
method or process of thinking and problem solving for acquiring the technology as a product of engineering
design process and develop the 21° century skills. This correspond to strategy and goal of the National
Education Plan (2017-2036) that setting the educational management to focus on the 21 century skills, such
as critical thinking and problem solving, creativity, communication and collaboration. Therefore, in this
academic article, the author aims to propose a guideline of learning activity based on STEAM Education in
topic of hydroponics for upper elementary school students that emphasizes the engineering design process
according to the emphasis of Institute for the Promotion of Teaching Science and Technology (IPST) consisting
of 6 steps as follows: 1) Identify problem, 2) Gather possible solutions, 3) Select and design solution, 4) Create
prototype, 5) Test, evaluate, and redesign prototype, and 6) Communicate solutions and prototype. It focuses
on enabling students to integrate knowledge and skills in the STEAM Education into step-by-step thinking and

creative problem solving and to enhance the 21* century skills.

Keywords: STEAM Education, hydroponics, engineering design process, upper elementary school students,

21* century skills
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3. Anfifsudgnuuuldau Anffenvgnuuulinu laun n3ulda 1salda nSunea Unnesian Lsnnada
UMDY N9 ANNTAYTY

4. mseenuuunwuslgndnlinu | Junisuanuuss uasiinsldihdediedusinemnsliudiy

5. Tanuavaunsaivandinliau widadn slesnzdundt Fundin aUgnin uaside

6. tadeiidmaronsasayiivln | JedbunsUsynnsitdaadenisiaSaivisvesdn wu 1 uas 519191715
YBIKN

7. msUgninlvivaanansity HnUaonansiy A ﬁﬂﬁhjﬁmimﬁﬂmﬁuuaxﬁﬁmﬁmgﬁ%mﬁw WIDUMNANY

agldiiuluseiuunsguinsensarsisuauivuall lnen1sugndnli
Uaanansiiwiilavaneds wu nmsgnlulsateullinivig nsaivaulsauay
LUaIIETIIs wan1sldansainaniyiveniuaulsakasiuas
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detnFeudududeyaiaiand udaznguitnfuuanivdeuiouifetuasiu mndungdisaniuives
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uaveenuuuIBmsuitgmiuniels” fegranmmsugninldduiinidouduiudoyamedumesiun fanmi 2
uananiiagennuziuvasdududeyafiuduiisafunsugninl$iuiiinnadeuleseuddine imansuas
wielulad 19 tenansgiiegrunsiiouiies nsugndnlelasluindiion1®w (Chaliewkit, 2019) TG el
(?ha&iwummil,%auimmmié’w%mmam% (Science) tnalulad (Technology) N5 UAUNITNINIAINTTY
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fian: https://www.nfc.or.th/content/7487 an: https://www.technologychaoban.com/

ﬂl v Ya -d' 4 a = ¥ v a s
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winzAunsdvihadedn
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Fundniin uag tite
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4) andiunsufidymiieadnedunuy (Create prototype) HuduneunsiandunuuauuuuiidnSou
fauald danwd 4 Tnetniduasdomanumsinuegiadutunou wu fuustuneu 1w uazssesiim
Tunsdfufanssuusasfuneulios Bonuasdaiau azasdemnseduliindoudidunsadumuuzgninuuulian
paiazuuUTivenuuld TnewiuliinGeunaulunguilidndm wamhilwasunumlunsiuiaveusamiu T
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tniFeulivagey Ussiliuna iudoya Uﬁuﬂsmf’ﬂ% Feliliammnasurieturiiiussavanmunddu uas
aonndosmatmsnediimualy suaﬂgmﬁ‘lmmLLuzmﬂuumsamwumaumsmaauLLaxﬂﬁxLmuwamﬂm’mmmmu
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nsUnvIn LY
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3. delnissuisunddnldludesignluruiusaly nuldundinaaninnisan sainiseuuilusae
msfnvmmatafnlunusnduassdi waglddmuuinfnnswesdgnifiedusund indy

P o o N 1 o va d' 1%
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N139NUUUIN
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aninesduaunniigafiarldiunta
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(NRC, 2012; IPST, 2017)

wUINNNITIANAZUTEEUNE
nsinuarnsUssiiunansdafanssumateuinusuInasindnudnlngazsniunisussdivanann
934 (authentic assessment) Fasnefis MsUsziiunnuannsafiuiasweiSouannsuanisen Msnszvimie
Kanuifioadunnuiienues luvueiifSousansoonlunmsujiinansauvioadnedunu Seaunsnasioulidiu
faNTLUIUMIANTEAUG NTEUIUNTIINY UazanuansalunsuidymviSeonisuaiamiaug nsusediuain

a

anmaseeiivszaniamAnadednisussiiuvaie 1 d1u Tneldisussiiunainvaneisluaniunisalaneg
aonndeaiuTineds uasfesseiiuegwrailouiielilidouaiinnnefiazazvioufsnsimuiuazanuannsad
wiasevesfiFould (PST, 2014) lngluunanuiididouraiiausuumansiauasUssidunamsdafanssunsSous
AuuRAnarANAnw e invrluanissudl 21 Uszneudie sinwenisfnegaiiansagiauaznisuiidym

FINWENTANASI9ETIA MNWEN1TADET wasinwen1syineuHuiuduiy famis1ei 2

A5199 2 LamsnsinlazUseiliunarinuyluanissedn 21

inweluanssed FausdngAnssu wdasdlo wneuat
21
NNWLNISANBENE | - @ansaduAU LLﬁ%i’JUi’J@J%@QaLﬁEJ’JﬁJUﬁigLﬁuiuﬂ”liﬁﬂ WUUNAZDU Sowaz 60
FITUY AN uazATgyn Fuld
ufideymn - awsafansandeya delduda wasaudniiu sy wuudanm sedfuRTy
LONANTE1989 NANLAANS NOANIIY 1 (Sevay
Ennis (1985) - @ansadieed Suun uenuesdeya uazidendeyad 70 Fulv)
Brookfield and agianlglunisundgm
Stephen (1987) - gnsaszydymainanunisalladaau
Kharmmani (2005) - amnsoideuleatigmn auve wagnaiiniun
Kembara, Rozak, - anansamvuadminevesnisuAtyviegagnmig
and Hadian (2018) | - a1w1sasyydsnsuAtamimeivnua
Mankong and - amnsenaunutuneumsuAdgmiddaan
Suppapittayaporn - mmsmuﬁﬂ’amu%umauuazLLmumsv‘fmu
(2018) - annsoeduTe asu uazUseliunadildainnisudtiam
NWLNI5AN ~ awnsadavieldneutlymiidenndestuaniunsalld | wuunegeu Sowaz 60
#519655A ggendeadl 93057 warsnunnlunaisaie Fulu
LONENTO1D4 (AMUARAEDY: fluency) wUUUIELU SyFURTY
Guilford (1967) - ANTDARLAVIAINYANEVIIANY MTOMANBUUINI Lo Fuau U (Sovaz
Torrance (1967) aanAdedivan unisal (AnuAndaneu: flexibility) 70 Fulv)
Khammani (2011) - ansadndsfiudanival Seuilane wazasnndasiu
Madden et al aonun1sel (ANUARSSY: originally)
(2013) - ansaAnuaziiueazunvadenineg agndl
Kembara, Rozak, Sumou ansaesueliiunwldetsiaiau aunsa
and Hadian (2018) Soussmuavdnivinauledtu (mudnasdenave:
elaboration)
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winweluAnssed FausdwgAnssu \Sasile et
21
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19NAN581481 - msaevenru arwAn amsdlavesauedagld | WoAnTI 3l (j@%*
Ministry of N — 70 Fulv)

Education (2008)
Kembara, Rozak,
and Hadian (2018)
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o

Ardfiny: wsesdlefdviaiienisisons Wsunsuadamansuuulawiiin Maleusidegn AnuaannaRava

o

v

1999UNAUT

o

Wty . (2563). Msasuadamanslugafdvia: IBn1suaziIeile. A1sasIneraaasuazIneAaasinen,

3(2), 190-199.
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Abstract

The article aims to present to guidelines for mathematics teachers to apply digital tools for teaching
in the digital age. Technology is an important role in enhancing an environment for mathematics learning and
supports active learning. Teachers will play an important role in the design of learning activities, use of digital
tools, support learning for learners to learn all the time, and be able to fully demonstrate their potential.
Dynamic Mathematics Software (DMS) is an important tool that facilitates online learning and management
of online math classes, including GeoGebra and Desmos, to promote students are in truly learning, has a long
memory, and Digital Intelligence Quotient (DQ).

Keywords: Digital tools for learning, dynamic mathematics software, active learning, digital Intelligence

quotient
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unin

adnmansiunumddnsennudnislunisiFouiluanisseil 21 Wesanadnmanivagliuyudi
AwAR3sHa39aTIA Ansdedinmea Wussuuituuusy ansaleneilyvrteaniunisalldedisseunsuuas
At Peliaianisal 1wy dadula uitymilfedsgnioamzauazarinsnilulsludingds uenani
adamanidaduaiesiolunsfnuduineimans welulad wazeansdu q sudusngnlunmsianmineins
YARaveIA tinan mLas s ugiavesUssimaliiniieniuwug@ nsinwadinmansdsdniudesdinig
Wanneesdeideufieliviuaiowazaenndesfuaniasugia dau wazanuimsinermaniuazinaluladi
Lﬁ]’%zyﬁwmﬁwashasam%ﬂuqﬂiamﬁi’mﬂ (The institute for the promotion of teaching science and technology,
2017) uiludagdunsdnnisSeudinediamansalngdulugluuuiy feagfasuinasldnisaeunuuussens
Humdn FeilildiAeanuiiedemaioudvesFeu fafunsuiuBeusuuuunsianiSoudadamansay
PduaduligiFoudugizoudodiusiasa (Thongma, 2018) FansdanisiFeusseslifSeuiiunumlufanssunis
BouensiusuarldtsudidunsSoudesidlala andeludomeduroiowananszuiuns lnefinnsduarudn
a¥enu3 SUfduniussiuiu uazastleufURsedtes

MNnmsAsuasesinsweaaluladansauma Taglamznsdeamsriusyuuiaietneviilgeuluge
a%ﬁaiﬁmmau%LLaﬂsﬁLwﬂIuiaﬁLﬁ@ﬂﬁiﬁ@ﬁﬂﬁiugULLUUma 9 pgaunsransunaesdudLvidunsisdinuay
finouauasaufesnTvesywd fannadsunlasiinanishlmanfausssufituniuagamnauisuniuie
nslémeluladivu msvesiesin mstoves nsaesi winsisnisdsomnmaiieuilon fediarmazmnuazsnd
Uszudanauazalganelunisiiunis (Charnprasert, 2014)

Tunsidsundasdsnangasuadinaans sududesiunaluladurysuinislunisdanisoudiiels
aonadeatuaiesnsveslFeulugaravanianuay Tausssumsisouinuamureutazauaule Fsluunany
farhiauaiftunmsiamadoudadnmanslugaiiva el asdaouldSiazidlaiisatuismsaounaznisld
wiesdiofdtaifiontsiFeuindamaniuazarunsmiluldlunsianadeuiuagnisuimstuiouldosied
UsgdnSawsioly

N133AN15e8ULAeIn (Active Learning)

nsdansBeusidegn (Active Leaming) Ao Msadsesdaing (Constructivism) Aifudeifiaaseiid fizou
asnanuinsernudiladenueadunszuiunisainuanumng (Meaning making) nse1deuszaunisaliiuds
dnuagiinwesingg (Srinon, 2018) Tasmsi3euiilvimnuddgyiulszaunisal anwauls amnunseieiesu wagnnsi
dusmmesSou sutiunnuiuiinteuteniauivosuaduigiSouwnntu faiFoudunumadsenisdniy
Ranssunaoudvowues uarnsdoudiuaslilsnisdadouuazantufinfissodaior utesfonianinFoudtiu
MsUfURIS ety nMse1u madeu msedusie msudtymviensussgndliganiunisalassiudufiefianssud
pannvans el SeuAnnsEsuiosauiniaiinuaug vinvsuasianad lnsanses1eBeSouassosd
drusnlunuiinelfAniinuenszuaunisindugs (Bonwell & Eison, 1991) Fengiosdnuamislunisdnnizdeus
UuidsuuiunuarusssnialuiuFeuiiannsoysannmsammainraiemagiudenisudfunsiaunda
mnNannsaLazaegULuuAInsIitnG susnasiievinuazSeuiiesues (Champrasert, 2014) Tnoasiaeunas
Fnflafan1sdnfianssuiuuiBagn (Songmoungnu, 2019) il 1) n1sadneussernIAmssusuuusauiie (Cooperative
Learning) 2) Sali3oudugudnansuesnisiSounsasy (Leamer Centered Learing) 3) msdnianssunisi3eusi
TgSoudnn15Uaya17@15 (Information Activities Learning) 4) N153an15nsvuaun1santazuilaym (Solving
Problems Leaming) 5) N15inkarUszillunanuanInase (Practical Evaluation Learning) wag 6) i3 umaevin
ﬁﬁmiimﬂ’ln’%auimaamnm (Activities all Time Learning)

fefunszuaumsi3oudilegn (Active Leaming) agvinligFouannsndnwinanisiFouiliegamusiiuiy
ninsEUILNSIEEuEUUUTIEY (Passive Learning) asa1nnszuiumsiousidegn aenndasiunisiauses
auesfitAgadostuanudi TnsanunsaifiuuazanddsififouldiSoudesnedidiusn fufduiusiuiiiou faoy
danndeunaznsiFeusliniunsufoiate avanunsafiumnudlaluszeren (Long Term Memory) ¥inlvinanis
Bouidnsagld GaeBunsld fanmil 1
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CONE OF EXPERIENCE e

» 0/ OFWHATYOU YOU REMEMBER YOU ARE ABLETO
10%88"™ - ----- et e

..zooo ?{E\rxﬁ\rvou ___________________

O/ OF WHATYOU VIEW IMAGES
~30% "™ -- - - -

WATCH VIDEOS

PASSIVE LEARNING

OFWHAT YOU EXHIBITIONS
= soo/o SEE AND HEAR

WATCH A DEMONSTRATION
0/ OF WHATYOU PARTICIPATE IN HANDS-ON WORKSHOPS
~7 0 o SAY AND WRITE -
DESIGN COLLABORATIVE LESSONS

~ Q0% o SIMULATE A MODEL OR EXPERIENCE A PHENOMENON
0Do

ACTIVE LEARNING

DESIGN/PERFORM A PRESENTATION/EXPERIMENT

A 1 nseurislsyaunnsalved LBANS Laa (Edgar Dale's)

fiun https://elearningindustry.com/cone-of-experience-what-really-is

INANALLAUIINTISIUNNTUUVUTIENY (Passive Learning) STiaLi‘]uﬂm‘%‘auimﬂﬂﬁém M3fle wagnisg
sziinnsandilurianandidu LLassﬁ'ﬂﬁﬁﬁaudauimgLﬁﬂmmﬁwﬂw’lumiﬁauﬁ Th! ﬂgﬂaaw%’mﬂ?{auﬁ%mi
@ouUUUULEn (Active Leaming) Tngli3ouldasiloufiiRass fujduiusiuiieunazaslunisefusienisuddam
vidomsuszynaldganiumsaiase avihlifiSeufirunsielesunazayniunisSewhliAnmud e

A aa o oA o o

Lﬂ%ﬂ\‘iﬁlﬁ]ﬂ‘\]ﬂﬁl,waﬂ']ﬂ'iﬂug
\wdosiofdnaifionaiFoud nuneds TsunsuvieuondindudiniunisidsuivesyaranauuuiFousdn
yanavseluiuuungy dafldnuamusadidshemsdeudedumesdidninuasufinmes unuids videaunivly
(Kongmanus, 2018) WwiifiFevlugadaviadioseduegluannswindeuiideuseudemaluladansauma §idouds
annsadnfiadeyatniansiia 9 IHagsazainuazsaniaciaiadedliefdvia (Chaemchoy, 2015) Fadwn3asile
é’mEJmmazmfﬂ,uﬂWSLLa’NmmmiLﬁamsﬁmmmmmﬁy’qﬁmmmi Winwe e ANUARLasiruARvYDIiTeY N
annsalfaieassinanunsGeus thiaue weily wandsu aisarnanueuivesmuesgasisassunayly
doansaaufduitusiugBuldnniinnina uvenanifaeusdliintosdiontfaiionsSeuiiauinisaeuresnuies
Tiduedosfiossanuazmnlunisaeunaznisioansseninedidould nisléiedesflofdvaifionisFousiyaou
dosumumlunisdmdeniniesdefifinunmuazimngautuuiuniieg Wy de Tausssu o §iFou Hus
waztfufponuuuianssunsidoudlfaenndestundngasuazanudiosnisvesdiFou uenaniifesnosdiuuy
wMe Sneaazaan WaUinwungiFeunasaosinnuuszifiunanisliedesdeoidulunutimaneing
(Meesuwan, 2014) ¥ilsif3ouRnnsaiesanuiienues faunueiogisdetiosuazminganuasfodiingiy
A1AYN3IAIa (Digital Intelligence Quotient: DQ) safungly dannd 2

MndoyarnantAsugnalananiasugialan (World Economic Forum) lassufsnmudnunsuazyinusigs
Tulangafdvia 3o “mnuaainn1sAavia” (Digital Intelligence Quotient: DQ) (Chosangnin, 2019) A dudmiu
f3eulugaid eusenoude 8 vnwy dail

1. Digital citizen identity msiunaiiosdidviafifigan TudegiGousesdamudanudileluboweins
fdnuuulanddva uaranansusmsdnmamuessulaneouladuaslanuisauduaiddogaiiussansam

2. Screen time management N1333nAIUANAILEY wazgaunsautaatunsldnugunsaimeluladliage
fuszavsnm ufinmsidunuesulatuasludeaiifised1asuiinvey

3. Cyberbullying management nssufiafuilymnisnduundsunlanisuesidesrsayaan

4. Cybersecurity management fiaauianudilanazanunsaguasiiuanulaendisvesdeyauulaniaiues
16 19y maasranaidsaiianzlionn viemssuilorufennamuulanidsa

5. Privacy management finnnudnlaludaseududi (Privacy) ﬁy’wmmmamawmé’gu Faswdanis
Uimsdansdeyadauyana 1wy msuwideyasien sunieswledda
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6. Critical thinking NLiﬂum@\mﬂ’l']llﬁ']iJ’]iﬂIUﬂ’]iﬂﬂ WAL I,I,EJT"ILLFJw“UE)lliﬁ‘l.l‘L!Ifﬂﬂla

wsokl mmﬂLmaqmmmumaadm Wudszlovindodudunsne
7. Digital footprints fiseudeadladedsfiouesnszyiionl fuulanida %ﬂ‘uqum'«ammauauﬂmaamu

o

ﬂ’]ﬂﬁ\‘il,aﬂ’] ‘LIB‘EJ"] L‘VIa’]‘LI‘LI"U‘L!EJ']QSJNﬁﬂiuVI‘UG]@‘U’JWIUIﬂﬂLm\‘iﬂ'l’]lll,ﬂufﬂiﬂ‘lﬂ L‘W@Iﬁf}\lLSEJ‘LJ?Qﬂ‘UiVi'ﬁfﬂﬂﬂ']i‘U’m‘U‘L!Iaﬂ

U

fIviang19SURATOU

Digital Citizen Identity Privacy Management

Screen Time Management

Ability to manage one’s screen time,

multitasking, and one's engagement in online

O

CITIZENSHIP

Cyberbullying Management

Ability to detect cyber-bullying situations
and handle them wisely

Cyber Security Management Digital Empathy
Ability to protect one's data by creating Ability to be empath
strong passwords and to manage various cyber attacks others’ needs and fee

e's own and

A 2 ALRAIAYNIRATTa (Digital Intelligence Quotient: DQ)
A https://www.scimath.org/article-technology/item/10611-digital-intelligence

8. Digital empathy finrwannsalunisuanuinlavulanssulatldegramnyay

ﬁaﬁ?uﬂgﬂaauﬁaw%’uL‘U?{au'i%ﬁm wardsnaey Tnedosiaudnenmvsineweuazsinuefisndululan
u1AR LA N158519LAT09181197913 (Network) n15tuuinnsnianis@nuwn (Educational Innovator)
(Rueangrong, 2014) Lag mi%ﬁ"ﬂum%wLLasﬁ]ﬁmUﬁm%ﬁWﬂg (Career) (Nuangchalerm, 2020) lothanawan
fulanea TPACK azldnsluawian fannil 3

H0peAouuy

leuopganpd

i 3 Aslusunan

O A Y a4 A 3 oA Y ax - .

Hupengdosdinusluseiiaewlueded (Content) uaziiinusuaziinisasuiivainvats (Pedagogical)
Wy n1saeuluUdULEIY (Inquiry Learning) nsaeunuuiaymilugiu (Problem-Based Learning) n15eaulluy
Tasa91udugnu (Project-Based Learning) n1saeunuuideidugiu (Research- Based Learning) 1udu lng35n13
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aouwatashlvigiseuasleuiRase fujduiusiugau innseuiumsfauidayymiufsnszuiunsiseusiden

(Active Learning) Hutes 3ndusestiuiysannisalivmalulaglunisaeu (Technology integration) lngagias
\uninnsvnanisfing (Educational Innovator) Tneidugiisidu UssAugAndu a¥eassd wazaduayuliAnmada
s sUuuL iedesile nszuIuMs ienanuduuianssudmiuldlumsufoRnuresnuies 0sdns uazdsey
ludaszuunisdanisAinen (Educational Management System) uariin1sasnaiasetneseninasiaeuiuasiaou
Asfiaeufiufunases AsFaouAULSeu s mmATvdeuuamenisdnnisisounisasusiudu (Network) wagiid1dsy
fgenstiaeusosdailueninuazassenussauidinidnag (Career)

TUsunsunainAransuuulauniin (Dynamic Mathematics Software: DMS)

Tsunsundinenansuuulauniin (Dynamic Mathematics Software: DMS) ule3esdiofdviariionisiousi
HessamazmnlunsiansBeuiadamanslriuiaeutasisou Femnuendiadumasuadauayiivadin
\sheuitefiaglgl el danldazain (Hohenwarter, Hohenwarter and Lavicza, 2008) lunisléauuendiadu
fiuaslduftRaseilmiAnnisAntinsed Anduessiuazuiamios lnsanseldlifsmonfiaunesuuumnm
wuidnuavan sl elindszaviamlunisdunimdeyauaznseduanualsligioudaviruaiisonns
Souindinenans (Kleopatra, 2020) uazfiSuannsaSeuslsvniinaiuazannsadnfunastoyasgrasings
FeludagiuldiinmsimurnenaiadulunisiSouiadnemansunnunsuazaiunsasiuisanvazainlunisous
Adiamans duieluil

GeoGebra (Huuenainduvnndamaniuvulaunfinfianuseliiunesiomes uwuids wavauninlnuds
sesduitasEuUURDRNT 105 waw Android Tnsannsndeusldvnszdudunisinu Snadoussviasmade (o
an) nl (A 43) anudiA (il de) @A (1wl 49) CAS (il 49) wazmsnasdu (nwdl de)

Ellipse

() B OF

(A @)

A 4 (n) 15v1Ada (@) N3l (A) audR (@) @8R (1) CAS uay (@) AnuLandy
U1 https://www.geogebra.org/materials
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Aumaninunfududusendindudusuifeinliasninuazdesonisldauuandu General Public
License (GPL) Aoaugnaliliuazmsunslagliidodlidne aunsoliidudemeluladansaumaivaglinisaou
adlam1ansidugusssu drelifiseuillentasoundamanslaenisadieesdaiuiaignuies (Constructivist
Approach) uaztfunsieulasiiufiFeudud e (Leamer-Centered Leaming) iudefitaelvigi3ouiaminy
1931550 (Visualization) wienmiadeuln (Animation) nszuiun1sudteym (Problem Solving Skills) a13nsa
ihluahsdeiaiunazativayumsSeusldasunnassliinadamansuazysanmsindudismeiuls silFeud
Tonaaunnyleyayn (Phoodee, 2016) duldnn Inendans malulad Irnssummans uasadinenans

Desmos Graphing Calculator tusensuismsadinaaniuuulaunfindnimdefianmnsalduiuivled
videldrinuuendiaduluain minuddldlalussuujiing i0S uay Android Wuuewdiatuniesdnaringimansdi
el daunslusunuvrsaivlsduasuondinduuuunuidnanunsafiuiniangg (1mi 5a) wazidounsmain
aun1seng 4 eluszuuiiaainuazssuufidndedn a¥anes meyiusuasy foruiusvesilsiduuansnmiues
Herduiasuuadiudodsuulasiesiulsefudeu Auindadfuaziinseiaunsonnes (awd 5n)
wazldlumsdrsraisviada (1wl 59) SsagiaouaunsnimendinduilutslunisiansBeumsaeundnmans
Ifethamarnras wu THhidudenisFeunisaeunhtudsunelrinGsutiefudsadiomenouiamiu Hudu
venniiganunsaadsunGeussuladlig FoudnluAnuiiuAuldiguiu uenani Desmos Graphing Calculator
annsaldoulduiuled vieanilnandiu wnuidauazausnlnuldiaszuuufoanis i0S uag Android
uananilanunsnadtsunidousin Classroom Activities Desmos Litetini3suannsaiiildundsueoulaidld (The
institute for the promotion of teaching science and technology, 2017)

R TR £

22+3 =25
6v5+21 =30.59411708
sin(30) +cos(45) =1.207106751
(Vs1) =0.073

tan| V&1 =0.07565988669
Aman c fun - dofavun
& 2 |l 7 3 9 - % %
v =4 s 4 3 6 x — —
sin cos tan 1 2 3 - a

( ) i 0 . ans +

(ﬂ) Terms of Service | Privacy Policy | Help

AW 5 (n) Desmos Graphing Calculator (4) Desmos Geometry (A) Sciencetific Calculator

fiyn https://www.desmos.com/

nmathiauslusunsuadamansuuulaundin (Dynamic Mathematics Software: DMS) 714 2 TUsunsu agiiiu
Iaediyaduluisesnisainnsmkazisvinde wazn1sidauriunsau iminulaynseuuuuRnig winny
wanAafiiulddnAe TUswnsu GeoGebra vzdiiasosfiofnfianiuviainuans W ngu CAS nquaulii nquada nau
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anuandu Johbiianuasevagulullonmeadnaans duiunanladn GeoGebra Wun1ssiusiuaiosiie
neadlnmansulglulusunsuiedsainliiisuazaznanlunisiieu (One easy-to-use package)

szuUIAN1siTeun1saeuntinaanslussuusaulal

sruudnmadsunisaeulusruveeulaivionisuimsianstuSeuseieiesdiondvialudaiimedmiy
Asiioulugeil Seasdesdiniseaniuuuarainsfonssunsdsufuueiorisdumedidariunsuendindusineg s
sUnuuBsudundnges Husedn udenianzdes Sansidoudldiuvuduyeravdouuuioadsuaiiou 3
sesfunstiausiileviudfdouludnwusiivainuats orfivu doyadadnes 1des am uetiwdu 3dle nud
wuunedey vide dadfiiie 1udu mslfiaTesdienisianisfeumsaeutislfifioatrshonssunisdounsaeu ms
vhauswiu msdeansseninagi3ounazdaou msmuauuasind1funisiieud uaznnssnemnuazninlunis
BouiungiFou ddunmsasundinmansiszuulidenlfauiivarnuas 1wy

GeoGebra Group Hunslsu3nsguiuunilsves GeoGebra fioonuuuaniitensusduauslngansise
a¥aunBsunnuramineInsaniuled GeoGebra Sedndalummmuniinisidony (Leaming Community) 14
thuuaniAsuisoudiuieriunsdnnisiBeu densaeusine (GeoGebra Team German, 2019) Ing GeoGebra
Group annsaldlunsusmsinnistuseuld enfivu N139ANANTIUNSISEUIHIU GeoGebra Activity (it 6n)
nMsBeudiuiile mseuiulidau aunsafiesedeasiuiBeuduneyaraniefunyausld arusafinny
mszauvesiniFouldiuuGeals (nwdl 6v)
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=
Al 6 (n) luRanssuwuulauniin (1) GeoGebra Group
31 https://www.geogebra.org/group

Classroom Activities Desmos L{uu3nisuilsves Desmos fivagatiuayunisiansifeuiinadinaans
dieli3owAnrimunfiiarenissuiuazidlaluden uasddugumuurisniaious (Leaming Community) 794
agadamanslunsuanasuiBeuiiieafunisiansious denisaeusinsg Tag Classroom Activities a1ansaadhs
unisuuuulaundia (Ml 70) wuuianamsnsBeus nmsasvaeunsiiliau mseeulddeansiugiSounasnay
miu%mﬁ“fmﬂw3%y’ul,%'auismmﬁwnam§(mwﬁ 7%) (Desmos, 2020)

Warm-Up | Teacher Student

Draw a distance vs. time graph to represent a turties journey across the sand. Then press play.

- -e - X

4 Interpret

Sophie Piccard

Hermann Grass

AW 7 (n) Aanssuswuulaundin () Classroom Activities
w1 https://teacher.desmos.com/

avanslag Aok Inemans un1IveaseuasIvel



198 | Journal of Science and Science Education Vol. 3 No. 2 (Jul — Dec 2020)

GELY
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fund sumsaeu suysannismelulad maduuinng msahaedoriemaindn uaznsdasiuluonnuas
9530UTTURTNTINAT (oBBnUUUAINTIINMIG U Fouiinuensuitiymn msfnaieassd uazlinssauile
yhanssusmiuiidedensBeudilig Sousansinsnnesnuesddifuiivieidontuiinstousifen (Active
Learning) uazuanysannisiulusunsuadinmansiuulauiiin (Dynamic Mathematics Software: DMS) Faudu
\wdesdionaviafitassiueanuazmnlunsdoudadamaniesiannuazdiannsaldlunsuimianistudeuld
Fsanunsaldausuunuidauazamn il WeldSouamsaSeuimemueuazitrdaunsounsedanssuldieg
wiogdlsfinalunsnFounisaeulugaidvatifaeuasliamuddyfumsinurues wasdiFou Wianuaaams
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Abstract

The objective of this research is to present the mathematical model of stock market states using the
system of a difference equation. Beginning with the study of the analysis model in the Markov chain and
converting it into a system of difference equations, which can be considered analytical solution different from
finding the solution in the form of a Markov chain that requires a numerical method to find the numerical
solution. In the process of determining the solution of the system of a difference equation the Wolfram Alpha
program is used to help for finding the characteristic equation, eigenvalues, and eigenvectors and the use of
Microsoft Excel to find the numerical solution and show the solution graph. A mathematical model about
the stock market states is considered bull markets, bear markets and stagnant markets. Analysis of long-term
behavior in the case of stocks studied in this the initial state of 3 cases are considered, which are [1 0 0], [0
1 0], and [0 0 1]. The results of the study show that the long-term behavior of stock states initial with all 3
cases yields results. Likewise, there is a probability of a bull market status of 0.6250, a bear market of 0.3125
, and a stagnant market of 0.0625, suggesting that over time the stock studied has a probability of an uptrend,

which will be useful mathematical information to be considered together with other trading data.
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Introduction

The Markov chain is a mathematical tool which applied the theory of probability by studying the
behavior or the probability of operating a situation that considering past and future situations are independent
of each other. When we are aware of the present situation, that is, if the present situation is known, then no
further information is needed about past situations to predict the future. This process will be allowed for
even more reductions in the amount of information and be possible to study or predict the scenarios in the
future (Andrieu, Doucet and Holenstein, 2010; Brooks, Gelman and et al, 2011; Bidabad and Bidabad, 2019;
Yu and Sato, 2019).

Another from the study of mathematical modeling, It is the conversion of real problems to problems
in the form of mathematical equations that demonstrate the role and benefits of mathematical models in
solving problems, planning, or predicting future events (Fox, 2011; Giordano, Fox ,and Horton, 2013; Albright
and Fox, 2019).

This article presents a study and analysis of the state of the stock market in the form of a Markov
chain model. The model makes it known for changes in the stock market status from a state to a state (Zhang
and Zhang, 2009; Vasanthi, Subha and Nambi, 2011; Svoboda and Lukas, 2012; Myers, Wallin and Wikstrém,
2017). However, it was found that the analysis of stock status in mathematical models with the Markov chain
is less convenient to study interest cases and consider long-term behavior because it is not in the analytical
solution form.

For this reason, the stock status models analyzed in the Markov chains are converted to the system
of difference equations, which can be considered in analytical solutions and consequenctly, described the
mathematical model studies (Fox, 2011; Giordano, Fox and Horton, 2013; Albright and Fox, 2019). It is different
from considering the solution to the model in the Markov chain that requires a numerical method to find
numerical solutions, which cannot immediately yield the results of the solutions of interest by substituting
variables. The stock that will be studied here has 3 initial conditions: [1 0 0], [0 1 0] and [0 O 1] in order to
describe the long-term behaviors of the stocks being considered as probability in each position and,

furthermore, being used for future trading planning decisions.

System of linear difference equations for three variables
Consider the solution of the system of a difference equation of 3 variables from the state form

represented by the Markov chain as shown.

Figure 1. Markov chain containing 3 states.

Markov Chain containing 3 states will be converted into the system of a linear difference equation

of 3 variables as follows.

Copyright by Faculty of Science, Ubon Ratchathani University



MIATINEImIENTUaZ N mIEnANY) U9 3 1awil 2 (n.A. - 5.A. 2563) | 203

Ko = X, +apY, + 57,

Yoo = 8%, t85Y, +85Z, (1)

Ly = 8%, Y, 8,7,
It can be converted into a matrix

Xns1 an dp 13 | X
Y |[=| 8 8n 8y | Yy
Z d3 83 Ay | Z,

n+1

Set to
x,=al",y, =ba",z, =cA"

From (1), so that
al™ | la, a, 4, |at
bA™ |=|a,, a,, a, | bA"
cA™ | |a, ag, ag | cA

a a, a4, 3 |a
bA™ =la, a, ay|b|A"
c d; Qa3 agk | C
a a, a, 3 |a
biA=|a, a, a,l|b (2)
| C d; 4d; a5 | C
Let
a a; &, aj
v=|b|and M =|a, a, a,
L C Ay Ap Ay
From (2) so that MV =AV
(M=14)v=0
det(M -Al )\7 =0
a11 -4 a12 313
ay ay, — A Ay =0
a; a; Ay -

[(an - ﬂ)(azz N ﬂ)(asa B /1) 8,88, + a13a21a32] -
[as,2,; (2, = 4) +8y8,5(8, — 4) +2,,8, (85— 4)] =0
Hence the characteristic equation is in the form of a cubic polynomial equation,

al® —bA> +cA—d =0 . The eigenvalues, A, A, ,and A, are substituted into the equation
(I\/I - I/i)\7=0 to get the eigenvectors, v,,V, , and v, respectively.

Consequenctly, we obtain the following system:

X, al'
y, |=|bA"
z cA'

n

Therefore, the solution of the system of equation (1) is shown in the following.
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X

n
Vo =V A " VA" VA"
z

n

Mathematical modeling of stock market states

Consider the solution of the system of three variables of difference equations from the stock market

state model (Myers, Wallin and Wikstrém, 2017). We asuume that the probability of a change in state is shown
in the Figure 2.

Stagnant

market

Figure 2. The status of the stock market used in the developed mathematical model.

Let n represent the number of times the stock market position.
I, represents the increasing state at time n (bull market).
D, represents the decreasing state at time n (bear market).
S, represents the standing state at time n (stagnant market).
It can be converted into a system of linear difference equations for three variables as follows
l,,=091,+0.15D, +0.25S,
D,., =0.0751,+0.8D, +0.25S, (3)
S,.,=0.0251 +0.05D, +0.5S,
System of equation (3) can be converted into the matrix form as follows.
. 09 015 025| I,
D,,|=/0.075 08 025D,
S 0.025 0.05 05 |S,
Let
I =aA", D, =bA", S, =cA"
Substituting back into the system of equation (3) we get that
a2™] [ 09 015 0.25][ad"
bA"™ |=]0.075 0.8 0.25| bA"
cAMt 0.025 0.05 0.5 | ca"

[a 09 0.15 025|[a
b|A"™=|0.075 0.8 025|b|A"
c 0.025 0.05 05 |lc
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a 09 015 0.25]||a
b|A=[0.075 0.8 0.25|(|b (4)
c 0.025 0.05 05 ||c

Let
a 09 015 0.25

v=|b|and M =|0.075 08 0.25
c 0.025 0.05 05

From the system of equation (4) we get that
MV =AV
(M-12)v=0
det(M —-41)v=0
09-14 015 0.25
0.075 0.8-1 025 |=0
0.025 0.05 05-2

Characteristic equation is A°* —2.2.1? +1.54 1—0.34 = 0 which can find eigen values as follows
4 =1
1
P =E(6+\/§) ~0.74142
1
Y3 :E(ﬁ—ﬁ) ~0.45858

The eigen vectors corresponding to each eigen values respectively have the following values.

10 ~11.657 -0.34315
v,=|5 | , v,=| 10.657| , v, =|-0.65685
1 1 1

So, the solution to the system of equations is

I 10 ~11.657 ~0.34315
D, |=¢[5 |(1)"+c,| 10.657 |(0.74142)" +c,| —0.65685 |(0.45858)" (5)
S 1 1 1

n

Long-term behavior of solutions
From the operation of mathematical modeling on the stock market status using a system of
differential equations. The solution in each case of the initial value can be determined by substituting the
value n which is the amount of time of the stock market position, where 0<n <. The solution can be
summarized as follows.
In case of initial value [1 O 0], the solution of system of a linear difference equation is
I, =0.625(1)" +0.3642765872(0.74142)" +0.01072357476(0.45858)"
D, =0.3125(1)" —0.3330269872(0.74142)n +0.02052682524(0.45858)n
S, =0.0625(1)" —0.0312496(0.74142)n —0.0312504(0.45858)n
When solutions are considered from a mathematical model using a system of a difference equation
in order to predict future stock market status, it was found that in the case of initial value [1 0 0], in the first
period which are the 1°-5™ week, there would be inconstant values and the graph is stable from the 6" 8"

week and afterward as shown in figure 3.

avanslae Aoz Inemans umInerageuasvodil



206 | Journal of Science and Science Education Vol. 3 No. 2 (Jul — Dec 2020)

1.2

0.8

0.6

0.4

0.2 -

0 20 40 a0 80 100 120
-0.2

alin) = D{n} + 5(n)

Figure 3. Long-term behavior analysis from solutions in the case of initial value [1 0 0].

In case of initial value [0 1 0], the solution of system of a linear difference equation is
1,=0.625(1)" - 0.6660541689(0.74142)n +0.0410537797 (0.45858)n
D, =0.3125(1)" +O.6089164689(0.74142)n +0.0785842203(O.45858)n
S, =0.0625(1)" +0.0571377(0.74142)" —0.119638(0.45858)"

Similar to the periods of times in the first case, the graph behaviours of solutions to the system are shown
in figure 4.

1z

08 &

06 |, e

O

0.z

0 30 a0 60 80 100 120
+l[n} aD(n) «5(n)

Figure 4. Long-term behavior analysis from solutions in the case of initial value [0 1 Ol.

In case of initial value [0 0 1], the solution of system of a linear difference equation is
I, =0.625(1)" —0.3124950275(0.74142)" —0.3125039598(0.45858)"
D, =0.3125(1)" +0.2856875275(0.74142)" —0.5981880402(0.45858)"
S, =0.0625(1)" +0.0268076(0.74142)" +0.910692(0.45858)"

The solutions of the system in this case are shown in figure 5. The periods of times are similar to both previous

cases yet the graphs are different because of the initial condition.
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Figure 5. Long-term behavior analysis from solutions in the case of initial value [0 0 1].

Summary

By creating a mathematical model of the stock market status using the system of a difference
equation, this makes it possible to consider the solutions in the form of analytical solutions, as well as makes
it convenient to apply them to explain the mathematical models studied. It is different from considering the
solution to the model in the Markov chain. A numerical method is required in order to find numerical
solutions, which cannot immediately yield the results of the solutions of interest by substituting variables.
For the case of stocks that are studied in this model, the initial values of the 3 cases were [1 0 0], [0 1 0] and
[0 0 1]. The results of the study found that the long-term behavior of the stock positions with the initial
values in all 3 cases yielded the same results. There are a probability of an uptrend of 0.6250, a bearish
market of 0.3125, and a stagnation of 0.0625, as Figures 2, 3, and 4, indicating that over time the stocks
studied were probably an uptrend. From the process of constructing a mathematical model using the system
of a difference equation about the stock market status, this will determine the probability of the future stock
market situation. Including the risks which are useful to investors or those interested in studying to be
considered in the selection of interest stocks. However, other relevant factors should be considered to have

the least impact from risk on buying stocks.
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