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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.
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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
wuudraeadugme (MBL) warmsSeuiuuuduazlnglduuuiiaondugiu (MBI) usiu

AnANTINUITZNA
{IdgveveunszAalATINsduaTUNINERATINAMNAINTaRLAYNIANeIMmEn T uarAdAA1aRS (aAIA.)

P

Mnantudasunsaeuinemansuazinalulad (aam.) Naduayusuuszinaldunsideluassl

LONA181989

Anderson, L. W., Krathwohl, D. R., Airasian, P. W., Cruikshank, K. A., Mayer, R. E., Pintrich, P. R,, Raths, J., Wittrock,
M. C. (2001). A taxonomy for learning, teaching, and assessing: A revision of bloom's taxonomy
of educational objectives. New York: Longman.

Bybee R. W., Taylor J. A,, Gardner A, Van Scotter, P., Powell, J. C., Westbrook, A. and Landes, N. (2006). The
BSCS 5E instructional model: Origins, effectiveness, and applications. Colorado Springs: BSCS.

Chairam, S., Jarujamrus, P. and Amatatongchai, M. (2018). Exploring students’ understanding of solution (in
Thai). Journal of Science and Science Education, 1(2), 152-161.

Faikhamta, C. (2008). Student alternative conceptions in chemistry (in Thai). Journal of Education Prince of
Songkla University, 19(2), 10-25.

Gobert, J. D. and Buckley, B. C. (2000). Introduction to model-based teaching and learning in science
education. International Journal of Science Education, 22(9), 891-894.

Hake, R. R. (1998). Interactive engagement vs. traditional methods: A six-thousand- student survey of
mechanics test data for introductory physics courses. American Journal of Physics, 61(1), 64-74.

Jaitieng, A. (2010). Teaching principles (5 ed.) (in Thai). Bangkok: Odeon Store.

Johnstone, A. H. (1993). Introduction. In C. Wood and R. Sleet (Eds.), Creative problem solving. London:
Royal Society of Chemistry.

Khammanee, T. (2017). Collection of academic articles, strategies for quality enhancement of school,
teacher, curriculum and learning management (in Thai). Bangkok: Chulalongkorn University Press.

Kruekum, K. and Wuttisela, W. (2013). Effect of a POED learning management on student’s ability to predict,
observe, explain, and discussion in chemical equilibrium outcome for Mathayomsuksa V students (in
Thai). In Proceedings of the 7™ Ubon Ratchathani University Research Conference (pp. 388-398).
Ubon Ratchathani: Ubon Ratchathani University.

Louca, L. T. and Zacharia, Z. C. (2012). Modeling-based learning in science education: Cognitive, metacognitive,

social, material and epistemological contributions. Educational Review, 64(4), 471-492.

avanslag palyIne mans unIneg1ageuasIvedil



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

Meela, P. and Artdej, R. (2017). Model based inquiry and scientific explanation: Promoting meaning-making in
classroom (in Thai). Journal of Education Naresuan University, 19(3), 1-15.

Ministry of Education. (2008). Indicators and core content for the science learning area based on the
Core content Basic education core curriculum B.E. 2551 (A.D. 2008) (in Thai). Bangkok: The
Agricultural Cooperative Federation of Thailand.

Pananchai, K., Matarat, P., Tamuang, S. and Supasorn, S. (2018). Eleventh grade students’ conceptual
understanding and mental models on chemical equilibrium from learning by using inquiry
incorporated with predict-observe-explain technique (in Thai). Journal of Science and Science
Education, 1(1), 49-60.

Pananchai, K. and Supasorn, S. (2018). Development of conceptual understandings on ionic bond formation,
formula and naming of ionic compounds by using 5E inquiry learning in conjunction with particulate
models for grade-10 students (in Thai). in Proceedings of the 6™ CAS National and International
Conference 2018 (pp. 514-525). Khon Kaen: College of Asian Scholars.

Salter, D., Richards, L. and Carey, T. (2004). The T5 design model: An instructional model and learning
environment to support the integration of online and campus-based courses. Educational Media
International, 41(3), 207-218.

Simmaken, P. and Supasorn, S. (2014). Developing of scientific conceptual understanding of covalent bond
by using inquiry learning activities incorporated with physical models (in Thai). In Proceedings of the
8™ National Graduate Research Conference (pp. 1-8). Udon Thani: Udon Thani Rajabhat University.

Supasorn, S. (2011). Science inquiry process in high school chemistry experiments: A review of science
education research studies from Ubon Ratchathani University (in Thai). Journal of Education Prince
of Songkla University, 22(3), 331-343.

Supasorn, S. (2012). Roles of mental models in learning chemistry at molecular level (in Thai). Journal of
Education Khon Kaen University, 35(1), 1-7.

Supasorn, S., Supasorn, N., Athiwaspong, W. and Phonchaiya, S. (2016). Development of conceptual
understandings on solutions by using inquiry experiments in conjunction with particulate animations
for grade 8 students (in Thai). Journal of Research Unit on Science, Technology and Environment
for Learning, 7(1), 28-47

Tipchai, A, Meewong, C., Wuttisela, K. and Supasorn, S. (2019). Grade-10 students’ conceptual understanding
of covalent bonding and molecular shapes from inquiry learning by using physical models (in Thai).
Journal of Science and Science Education, 2(1), 43-56.

Windschitl, M., Thompson, J. and Braaten, M. (2008). Beyond the scientific method: Model-based inquiry as a

new paradigm of preference for school science investigations. Science Education, 92, 941-967.

Copyright by Faculty of Science, Ubon Ratchathani University



