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Developing Grade 10 Students’ Scientific Explanation Skill using Game-based Inquiry
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ABSTRACT

This research aimed to study the development of grade 10 students’ scientific explanation skill using Game-
based Inquiry. The participants were 22 grade 10 students of a school located in Bangkok. The research instruments
were two scientific explanation skill tests covered the topics of plant hormones and plant responses to stimuli. The
obtained data were analyzed quantitatively using mean and percentage, and qualitative data of three components of
scientific explanation skills including claim, evidence and reasoning were analyzed by content analysis. The result
revealed that the students’ scientific explanation skill was developed by game-based inquiry (38.62%). In addition,
three components of the scientific explanation skill were increased from first lesson plan to second lesson plan; low
level (1.55) to intermediated level (2.11). Furthermore, game-based inquiry could develop evidence skill and reasoning

skill simultaneously.
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Figure 1 Percentage of Student’s Ability in Making Scientific Explanation in Three Components as Claim, Evidence
and Reasoning in Plant Hormone and Plant Response to Stimuli.
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The Components of Plant Response to | Development Score
Plant Hormone

Scientific Explanation Stimuli (Percentage)

Claim 1.80 2.34 45.00

Evidence 1.45 2.00 35.48

Reasoning 1.41 2.00 37.11

Scientific Explanation Skill 1.55 2.11 38.62

1670



\ th . = P T Y ) ' — E_J
G+ @ 20 NGRC msUs‘quammsmuawamu:aﬂs‘nuumn0nnu1urmum Asvn 20 HM026_8

March 15, 2019 Jufl 15 GuiAu 2562 fu UHIINENdsudULAU
) v A Ao Yy ) A Y o ) 2 Vo
2. PoAuNY: UNTEUNNNEEMIa319vena 11619 Madenldnangiuuazms MIMHagIvY uainbzs
A Y o A o A o v W A
wenldnang muwaMIndINImMnyzou
A GO A ' @ o A A a
15199 1 uaaalfifiunmniiansanesnlszneuudazdoueinye M a3 1M T LN FI INeman3 92
VA W A 2 ¢ o Yy 9 vy o A Y o o v &
NUMUMIHAUUNLINTUNINNBEMITTNVONA1ION NNBLMIEDN IFHANTIMLAZINBEMS IHIHGHE BaTu
ao £ d” U o ~ 9 A E ) I ] [ a Y o A Y
NUITEFUUNVINMIIAM B ouFHVUTUIEIEHIANg Taglanuiugussauasuldinvemaaenly
o o A = o 4 2 = ' @ ~ A 4
wangIuveiniseulinsan tiniusesaz 35.48 910 Figure 1 921w luumunssanmsSoudi 1509
4 A = 1 =Y A 9 [ [ ° 9 [N ] o =1
g3 luuny unizeudiulvglinsemaenldnanguluszaud (Fevaz 61.36) avd0gMao U NINGTIU
A P o ¥ A v o ~ W2 L o oA A Y o Ay v Yy o 9 cs'
171 g0 luu B imihnvereldwad lelivunalvgayu sainsewdenldnangui luaeandesnudoyan
Tandsmuald ualunwumssanisisoudn 2 5eansaeuaussaeaudvesiva indeudiulvnalinuzns
A Y o 9 9 v o ' ° o A A 9 A
donldvangmluszauihunan Feoas 86.36) aediedlmaouveinisounn “aennuaz Junaou luaw
A R o A A Y o ) ) Y ' ) v A v A ~
uaeeIing” Fuinisewaonldnangu ldaeandesnumsaoudusinoudIveIauNIUAz TU TiniEewiiog 3
A o A Y o o o A EIRE) ° Y A o ~ ¥
auniinvzmadenldvanguluszauge TasinSoununiidldaeumiowdon 2vowmumsdamsizouin 2
1391 “lugrananarsiu linumsusunauvealy uarianainaauraz duaniazsI19aIna1AUNL TN
N o 2 3 9 A Yo o & o a = 9
mamsuounduvesly” Fuiludeyah TandIhinaus luguuvvesaaiuiiona inFouannsodueitoya

@ < @ [ ' A a g o Ao a @
Tumsrtiuinrainldilundnguldaeandesnudonandninguugiiiluiedeninldlunamsueunay

Y 9 A o A

1Y ~ Y A ¥ 9 <3| ! v A 9
3. deAuny: myvansFeujunudmmeninnug lasldnuiugudmatinSouiinyznisaonly
Wang ez IMMaHa Waaugnu

=2 1 o = P A o A o A A o = Y o
mﬂwamiﬂﬂymmﬂuuwums%ﬂﬂmiaug‘n 1 509805 luuny Wnisoussiinvzmsmonlsvangiu

a9

v v o A o A A o o A o A ' 1A Y A v
uazmﬂwm&;waiuizﬂummmuﬂu Lll't']Wfl]'liil!']i]'lﬂﬂW]'E]UGU'fN“LlﬂLifJ“LlWTJ'J']“L!ﬂ!iﬂuﬁ?uiﬂiyﬂllu'ﬂuﬂﬂﬂﬂﬁ

=} A

A T A o Y o T = = P A '
L‘I’i@NaﬂleJﬁiJlfl’iﬁ]ﬁllN’dLiJ’t']uﬂljﬂum’f}ﬂi‘]ﬁﬁﬁﬂgWHulﬁmliJlﬁiﬂﬁiﬁiJ “HQIHLLNHﬂTiLiEJHEVI 2 1399N19A0VTUDIND

2 Y = v A ' 2o = Y @ o o o | = 3
guswesny WnFeuaiulnglinyznisdenldndngiuwannainssaud (1.45) giunais (2.0) Fanun

9

v
A o v o

iniSeuvziinnuzms imaeataunainszaud (1.41) gihunan (2.0) suRedny Wein1sanmasves
o A oA ' 1A o A Y o o = E o
unissunuIinGeud Ivgniinyemaaen lduang i luszaviunaesims mgraluszauuna

BUNU AIAIDE19MA UV NIToU TuA1197 2

@ @

M3 199 2 1AM I0E WA IHYBAINT sUNTRAMIVBIINEzMIHen IFrang Az ms g nanIUg iy

o Ao A A 9 o Ao A A 9
ﬁﬁﬂﬁ1uﬂuﬂl§ﬂu!ﬁﬂﬂ1ﬂf ﬁﬁﬂi']u’ﬂuﬂlﬁﬂulﬁﬂﬂﬁlﬁb'
o ~ ¥ o ~ v
VINUNUNTTVANTTLIEUIN 1 VINUAUNTIVANTTLIIUIN 2
4 7 A 4 v A 9 A
Lsaaaaﬂuuwm L3N NTADUTUDIADTIUINVIINY

) = < o [ o [ Y] (BN}
Tymid lelvwadnervmsz lasvarsemshi | nanardulununsueunduvesly uagaanan
=1 =1 9 o 1 Y @ 1 @ = a 1%
igane 3315805 Ty A $20032AUMIATUNTTIA | nardurazduannuNTmsinansueurduvesly
IMTVTNUIIN Tuganananauligurgiisinilugiaainalsiu
waz NM3ldeunlasnnudumaveasadus una

Inda

o o ) v o Y o A A a s { g 4
(uﬂﬁﬂui‘ﬂﬁ S21A EIJi‘]ll.u’d"l]TﬂLL‘IJTJ’Jﬂ‘ﬂﬂ‘H8ﬂﬁ’!."’fi1\1ﬂ"|?)ﬁﬂ18l°]5\1’11/]81ﬁ1ﬁ(§]5‘]§ﬂﬁ 2 5U?J‘I7l 2)

1671



\ th . = P T Y ) ' — E_J
G+ @-‘ 20 NGRC msUs‘quammsmuawamu:aﬂsknuumn0nnu1urmum Asvn 20 HM026_9

/' March 15, 2019 3un 15 JunAU 2562 fu UHYSNENdBUdULAU

a a v
enlnenazaslnanmsIde

@ a < v a 1 ° a a a J
ﬂﬁﬁ]ﬂfﬂiLiﬂuf!mUﬁ‘]JLﬁW%WWﬂ?HJgIﬂfﬂ%}LﬂMﬂuﬁ?uﬁ\iLﬁﬁJVlﬂ‘]&l%fniﬁ%}NﬂWfJ‘ﬁ‘]JWEJLGN’J'Vlfﬂf”hﬁ@]i"llﬂﬂ

o A

Yt W 2 Aw . v A gy a a P '
umi&luslwum'iwmmmﬂmu ANNUIVYUBDI McNeill (2008) i%u'NL‘WEJ1ﬁﬂTﬁﬂﬁﬂ1ﬂﬂ1§3ﬂﬂjﬁ1ﬁ@ﬂﬂuqﬂﬂEﬂﬂ

=

a a L= Y J =2 9 A U @ = Y A 91& )
11TJj’gﬁVl'ﬁﬂTW‘L!ﬂ!fjﬂuﬂ’)5L"’U11%’)H‘Vf@'ﬂﬂfl]\‘l@'lﬂ\‘lllﬁ’)u°J’)llqlufﬂ5"l]ﬂfﬂiliﬂugllﬂﬂﬁﬂlﬁ1$ﬁ1ﬂ’ﬂ‘ug SN REIRIGRN

o Y ~ v A Y Y < Ao a A ' @ a v 1 a 9
ﬂ‘]Jfﬂiﬁ]ﬂfﬂi!,iﬂugLl‘]J‘]Jﬁ‘]JLﬁW%“HWﬂDHJEIﬂEJGl“HLﬂN!ﬂuiﬁﬁﬂuﬂliﬂuuﬁﬁuﬁiﬂﬂuﬂﬁ%ﬂﬂﬁLiﬂug wazauasuld

o a

o A Ay o Jo @ a { o o
uﬂ!%ﬂuﬂﬂaﬁﬂwu‘ﬁﬂuﬂlmZﬂWﬂ%ﬂiiﬂJ Iﬂauﬂﬁﬂumﬂmmamﬂ?ﬂam’fay‘aiﬂmeimLamaﬂgmmmmmmm

1 9
uaalfinGounquouldiiunazitlaliinsefdedunaiesGou i lfinGou 1dfnduinyzmsidenld

@

wanguuaz linarariomivayudenansnvesawed ieiinsananmasuueainEsunuininGouaiu

b
a o 2 A o ~ Y =~ A v o v A A K
u ﬁllu’]ﬂ’]ill’]ﬂ"’llulllﬂw']uﬂ'ﬁﬂﬂﬂ’]iﬁﬂugiuuwu‘ﬂ 2 luﬂﬁﬂ?ﬂﬂﬁgﬁﬂﬂjimﬁuﬂ\iuﬂlﬁﬂuﬂﬁﬁﬁﬂﬂ’]ﬂﬂlullﬁgﬁ

o—9

via

b1
~ 2 v A A

o a 9 Y o A a a s Y o 9 = o ¥
umﬁauwmmmwﬂﬂu NITATWNADTUIYBIINYIAITAT L!ﬂ!iﬂuLﬁ'ﬂﬂclclﬁ’iﬁﬂﬁ?uﬂ1ﬂﬂ]63§lﬁﬂ1%ﬂﬂﬂ1ﬂuﬂ‘lﬂ
=1

' P 9 ' = v A A Yy 9 ' Y ° Yo A 9 A o

Aumsnnsandeyansuivzaaduladenadedonannd T ldinGouaunsalimaeaionToandangu
Y [

vtona1ngaldaavy FeaananvaziiveylunuuiannyzmsadismesviaFainemans luununs

] ]
= = ~

o ~ v o o 9 3 o A A s A

i]ﬂﬂ'lﬁliﬂug“l/l 1 V]uﬂlﬁEJui]Zﬂﬂ’Uﬂﬁ]nJIﬂﬂalﬂﬂﬂ1iﬂﬂﬂﬂlﬂy‘ﬁ!ﬂuﬂﬂ1\1 uﬂLiElu‘U'Nﬂ‘L!ﬁ’ﬂ’iJ‘]f’f]E’lﬂiillu!ﬁ/lu ¥o
aa o Y 2 Y < 1w A v A 2f o a a A A 1

ﬁiJiJGWIIiWIE]ﬂ']WHﬂGlW "INLLﬁﬂQGh’iWiu’J'luﬂ!iElullﬂWi]'liﬂ!'lﬂQﬂW]’f]’]Ji‘?]'lll!Lu'JﬂﬂQﬂﬂ1ﬁ1ﬁﬁiﬂ!iﬂuﬂ1ﬂ1ﬂﬂ’ﬂ

a o Ao 3 X < o ° a a
msnnsandeyanangundruald ftlomdlumaizinSeuvieanuivazdilslumsadedesured

v A Y

a 4 d” Y v =2 Aq 9 Y o a a a I A

INYIFITAT Tﬂﬂﬂgﬂ?ﬁ%&ﬁ]ﬂi“ﬁuﬂﬁﬂu‘ﬂiT]_IfNWiﬂWa‘ﬂ1“]51uﬂ”liﬁ‘i”lﬂﬂ”l’t‘)°ﬁ‘]_l1€lﬁlﬁ’wlEJ”IFT”Iﬁﬂiﬂ’t‘)uﬂL YUADI
Y 9 Yy A I v 9 oy

mmiaiuumﬂwﬂuaumu%aunumaﬂanmwmmu

aw . A 3 ' X o o % o X o
Tua3989049 Michele D. Dickey (2011) 1@ 1dinuiluunasdoyagailininG ouldunaavmangmaiasany

@ @ = Y v o @

{1 o [} v o {
ﬁﬂ‘Hmﬁi"lJ’fNﬂ']ii]ﬂﬂ']ilﬁ.ifJ‘ng!L’U’Uﬁ’ULﬁ']gﬁ'ﬂuﬂfﬁﬂuiﬁjﬂ'ﬂu’d']ﬂfgﬂﬂﬁﬁﬂﬁ?uﬂ%ﬂﬂizﬂﬂﬂWﬂ?uﬂJﬂﬂﬂ?ﬂ?N‘ﬁ
¥ é’ v 9 9

Yy o a v A % Y} 3 A ya Yo a Yo
ANUU ﬁaﬂﬂaENﬂ‘lJmii]ﬂmfmﬂugu‘u‘lJﬁ‘uLmzmmmgTﬂfJGlG]ﬂ,mJLﬂuj;m‘ﬂm%ﬂﬂmmﬂﬁumiﬂuulmu%ua

LY

@ A Y 1 = Y

A ) Lo ! o Ay ) &
llaslaaﬂiﬂfﬁﬁﬂ*ﬁ’]uﬂ AVINNITLAULON u@ﬂ%?ﬂuENW‘]J'Nﬂ”Ii%ﬂﬂWﬂiEJL!ELL‘U‘Uﬁu&ﬁ13ﬂ1ﬂ31u§1ﬂﬂiﬂﬂﬂﬂlﬂu

a9

v '
o ' [ A

g lfinSouIdiauninsgmadenldudnguuazmsTiaraninszaudgszaunans iiesnnanssun

a

Y o B o ~ v A F4 Y I = 9 Yo A a Y o A a
N']"l]flglflfqluﬂ'li"l]ﬂﬂ'lilﬁﬂugu’ﬂﬂﬁﬂlﬁ'lzﬁ'lﬂ'\]']llgiﬂﬂi‘]ﬁﬂlllﬂuﬁ 'lulli]ﬂluu1ﬁuﬂl§ﬂulﬂﬂﬂ]ﬁﬁﬁ'lﬁﬂ'lf]‘ﬁﬂ'lﬁll“]ﬂ

U a
]

a 4

o A YA o Y = Y Y j} A 1 Y Y o A a
INYPIFNTATVUENININTTY Iﬂﬂﬁjﬂﬂi%ﬂigmu‘mﬂfJ’JﬁllfJ\?ﬂTJLL!’t']“HWﬂﬂﬂ31uu1ﬁu1%ﬂ§$ﬂu1“ﬁuﬂﬁﬂu!ﬂﬂﬂﬁ

Yy 9 oy Yo Ay Yo A ) vy o 1q 1
ﬁiNﬂli‘JﬂﬁTJ’t‘)NNTLlﬂWiI"]fﬂWﬂWll‘V]Z’I'NGl,‘l’iuﬂ!ﬁﬂullﬁﬂQEIJ’EJﬂaTJi‘JN"'U’EN?]uH‘N?J’EJﬂNW gﬂgmmmmmms"luh

= a

° Yo ' 1 Q) ° =~ Y Y o a v a A
m3zasmaenTagldmniun “oz'ls” uadudownnszquliinGounanszuiumsaauazdaduladen
o { I § o J 1 1 a $ @ 1
aasuntianuilulllduiniga Tagldmona “odnels wu Amdamanlasumnlasdnyuzgiineusn’la

' A A 9 ' ~ T o ' ' oA ' 3 v X Y o Y
f]fJ'Nlli P ﬁ'\?lﬁ']!!,@]ﬁg‘ﬂ§$LﬂVlllﬂ'J']ll!mﬂ@n\?ﬂu@ﬂ'Nlli mwamwmmﬂi LTJ‘L!WL! FIFNDAAADINVUITUIVYUDN

. ~ 1 S A ' Y Y v A 9 o a a Y Y X I
McNeill (2008) '1/]i$14’JT]J5$L@‘L!'VIu?ﬁ'uiﬁ]“ﬁﬂﬂﬂiz@]‘uiﬁumiﬂuﬁiNﬂWEJ‘ﬁTJ'IfJ'VIN’J'Vlfﬂﬁ']ﬁ@liVlﬂﬂ a1y

3 A Yo A A Y o Aa o w v a Y P ya 1y Yo Y v
ﬂiglﬂ‘lﬁﬂGlﬂaﬁ’)ﬂ'iﬂlﬂﬂ'ﬁ]ﬁﬂﬂ‘ﬂ‘]f?ﬂ ‘]J'izﬁﬂ’)uéllﬁﬂuﬂﬁﬂu W’JﬂfJ'l’)f’JﬂlLUULﬂllﬂ1'5l'5ﬂugﬂuﬂluuiﬁuﬂﬁﬂu‘lﬂﬁﬂug

u
v A Y I @

' Ao o oA ¥ ¢ yd 4 9 o X & v
vz UInuaENaIny ﬂ@uﬂ!ﬁﬂuﬂghlﬂ'ﬂ\'iﬂﬂ'ﬂilg‘ﬂlﬂfl')"’l]f’JQﬂﬂlu@ﬂ1"]5\1fﬂiﬂiﬂi“ﬁlﬂuﬁﬂﬂﬁ1u1uﬂ15ﬁ51ﬂ

a9

v
v & Ay o ~ Y A ~ °

MedueFiinermans 1d saiidrednazgluuumnumsGoudniitenlvlfinSsunaasiie T oo

a 4 7 o Yo P @ Y o A a a I o a R

Inemdaseenuiu azih liinG eu lddnduinuzmsaindeTedinnmanssounuaundnlunqui

3 ~ Y a Ay o o a ' 4 IS o A a a J o

AumsFeuiyalgauius lasaunsnlunquandu 9 witludassnaeuaieTuemaInemaaiiued uaz
v 9 i)

Tugehevewnu mssamsizouiFamuininyzisgounamsianu lilaiugiu eswinmssamsiSeuduuy

= Y o Y o a Y v A A o o A Y o Y =~
ﬁ“]JLZ‘T"I%T‘i"Iﬂ’NlJEV]ﬂ‘HHﬂLSEJHLﬂﬂﬂﬁGL‘HL‘HG‘]Nﬁ Hﬂﬁﬂull‘l/\lﬂlu1ﬂﬁ*lli‘)\‘ﬁ/lﬂHzﬂﬁ!ﬁf)ﬂ%ﬂ’i’dﬂi"luuﬁ%ﬂ"lish’m’iﬂWZWI

1672



\ th . = P T Y ) ' — E_J
G+ @-‘ 20 NGRC msUs‘quammsmuawamu:aﬂsknuumn0nnu1urmum Asvn 20 HM026_10

/' March 15, 2019 3un 15 JunAU 2562 fu UHYSNENdBUdULAU

= aa A a Yo A a Y 9 a 4 . . . o Y o A Ay
8 wsziinanssuiauasuliinGownams IaudaneInemans (scientific argumentation) ¥ 11iniToun s
a A 9 A o 9 vy a Yy 9 Y ' a v
A11500 518130 IIMgHa eaiuayuTena1I8 NUBIRNANIA31ITena 10 riuazAans Iivewa
aivayudenanslmisunininSeusgnudenandunlmanasosfunaumqaunainSoulzuaniio
1 [ 1 [ 1 <3 1w A a
A817819A9Na1700NN1 (Walker and Sampson, 2013) AszUIUMIAInanuaadlmfiuIniniZeumnanszsyIums
Anvagiauny Fanuiteruilaunsawanninuzmaben Isudnguuazms inaralddie Fie1e9nauise
~ o I U @ o =
494 Novak and Treagust (2018) Nysamsmssansiseus Taeldlassnumiluguswiumssamsisouiiuy 3
aa U o o @ o a a a 14 ]
1i# (3-dimensional learning) WU A sudalianuduaulumsadefmesviadaiinemaniuas lianse

& Y o v v Yy v & A A Y Ay A ) &
Laﬂﬂi%ﬁaﬂﬁ’]uiﬁlﬁﬂ’]&'ﬁuﬂﬂﬂlf]ﬂa’]')ﬂ’m"llﬂﬂﬁul,f]ﬁvlﬂ ‘VNuluﬂ\i"l]']ﬂﬂ'li"l]ﬂﬂ'ﬁﬁﬂugllﬂﬂﬁﬂlﬁ’]giﬂﬂi&h’lﬂulﬂu

"o 2,

A o A a Y o A A Ay o I Y o A Y A Y o a a
T1UHY aﬂymz1/1ﬁmﬁu“lwumiﬂuuﬂgﬁuwuﬁc&\aﬂuummu mldinGeunainzuaainisaslemiosurada

Y o

a 7 & A o ' = ' o v A J
INYIFTANT 51?\1Pj:’Ji]EJW‘]_I’Nﬁﬂ”IWL!’Jﬂa@MIﬂEJi@‘]JJJWﬁﬂ’t‘)W@MHWﬂTﬁ‘U’t‘NuﬂLifJ‘L! ﬁﬂﬂﬂgﬂﬂﬂﬂﬂﬂﬂaﬂﬁﬁ%}%ﬁﬂﬂﬂ

vy A ay o Jdou o . L. 2 0w oA I Y Y s v X
ﬂ'J“JEﬂ'JEJﬁuLENTﬂﬂﬂ"liﬂﬂaﬁﬂwuﬁﬂuﬁﬂﬂu (Social constructivism) “]NﬂﬂTJ'J']uﬂ!ﬁﬂu!ﬂuﬂﬁj']\i@\iﬂﬂj']ﬂgelluu]

u

Y = o 3 o a Y 1 o o A o Yo

ﬂ?ﬂﬂul@qjﬂﬂ Nﬁ%%ﬂﬂ’]ﬂu@ﬂlﬂuﬁ’Jﬂa']\jﬁluﬂ’]ﬁljﬂug LYU NIYT AAN LA INUTITY V]%’Jﬂﬁuuﬁﬂuiﬁuﬂljﬂu
v 9 ' PR

Lﬂﬂﬂ’]iﬁ%}’mﬂ\jﬁﬂq’luiﬁjﬂﬁulﬂﬁ TNUUNTIULAASAU ﬂg’/l]"’llﬂuml@ﬂ’ljﬁﬂugﬂllﬁﬂﬁ’]\iﬂu 138N ﬁuﬂﬁ@ﬂ@@

o . @ 1 £ '
Warnsn19ifeyayT (Zone of Proximal of Development: ZPD) Tagtini3outaazAUIZA0IN1IAINTIONADHID

]
v A o =

I3 ° 4 < g 1 1 @ ' @ v o [l @ a
muuwmmé’ﬁu"luixﬂuwmeﬂu “l”clﬂE]‘Vlﬁﬂ!%@’ﬂﬂﬁi’)ﬂﬁ@ﬂui%ﬂ?ﬁuﬂ!%ﬂuﬂﬂﬁﬁﬂﬂi]%sﬂ’lﬂiﬁ}uﬂl gUINA

Y 4 Y 1A a a
NISUIUNTAIN @Qﬂﬂj']ﬂg@ﬂ']quﬂﬁgﬁﬂﬁﬂ']w (Vygotsky, 1978)

= o

' ] { o ] @ o a @ ) 4 o
uaod1elsmsniniFeuda litivnvemsadediesuieluszaugiv erviioswnnnms daoiunmsel 14

v A 9 9 ' Y o d saa X A o ~ 9 a J o q 0 2 Ao 9
UniFou 45 9U9Na10 WU UanIuMsal N ulon HANDUNYNADINIWINYIATNT m“ln“l%ﬂﬁzmuwmmm

A o il

A @ @ I o . . . AA o < ° I A
“I’Ti’t']lllliJﬂWlﬂ‘]J uuﬁmcluaﬂymzmmﬂizmuwNmfm (Socio Scientific Issues) mmaﬂymmﬂumimﬂizmuma

o v

Ao 3 A = o o o & A o a s o ~ Y} < A
ﬂﬂ]w’]ﬁ’]ﬂﬂ]cﬂﬂ\jﬂ\uﬂumaﬂlaﬂ\iﬂu‘luﬁ\jﬂuﬂsﬂﬂqUuc]ﬁlaﬂﬂ’)ﬂ‘l]’JV]EJ’]ﬂ’]ﬁﬁjll’lﬂl%)ﬂluﬂ’ﬁﬂﬂﬂ’]iliﬂug Iﬂﬂﬂjglﬂuﬂia

o o

@ 1 I [ a J @ [l o @ [l g a
Tymssnantudnvazdmaile nanaedsliamisamdeagdIddanu dnvuzisuilsznszquliinanis

o a

{ 1 v ' @ a a a 4
TAudaNanmate yuued (Lin and Mintzes, 2010) anvazainanznszgulininsownanszuaumsan nsen

Y o a aa P A Y o v A 9
AT WNANDTUUHIININATNT Tﬂmnwwzmimaﬂhwnngmuazmﬂwmawamammaﬁgﬂmmﬂﬂgm nInag

o < o A A Y o a s o a ' Yo a P} o s
u']‘]Jiﬂil,ﬂu‘ﬂ'NﬁQﬂiJ‘ﬂLﬂfJ'J"’lJ'ENﬂ’U'JVIfJ']ﬁ']ﬁ@]iiJ'lGl‘]ﬁ}kluﬂ'lﬁ]ﬂﬂ'ﬁ!i YUNMITOU 'E]']"l]‘])"JElGlTTHﬂliﬁlulﬂl?iﬁ]?@]i}ﬂi&’ﬁﬁﬂﬂ

Y a g g

oA a a J k4 J k4 o aa o w [ av [
LN Qmaﬂﬂﬁ)ﬁlﬂm‘iﬁ’)‘ﬂﬁﬂf’nﬁﬁing’ﬁ’iNf’]\‘lﬂﬂ’ﬂﬂgﬁJWﬂﬂi%ﬁ‘]Jﬂﬁﬂ.!alu"lﬂﬁ‘]Ji%ﬂTJu muuiumm%mma"lﬂ
9

ya o

Y o < o o o ~ ¥ A P ) I A
%ﬂlﬁuauuﬂﬁmﬂizmu‘mﬂfmﬂ1111mu’mﬂ‘umswmszsaugtmuﬁmmzwm’smgiﬂﬂhﬂﬂmﬂugmma

U

Y q Yo a Y o a a a My X
ﬂigﬁ]uah’fuﬂliﬂuﬁiWQﬂTﬂﬁﬂWﬂlcﬁﬂTﬂﬂTﬁWﬁﬂiulﬂqxi"‘Uu

nanssudszmea

awv o ¥ a

yoveuquaniuauasumsgouInnmaniuazmalulad (@am.) dldmivayunuitsdmsuiidanu

a

Tasams duasumseanngninnuannsoirenInnmaaitazagiamaas (@nin.) Usgsialnmsane 2560
Y Aa
1PNA391989

an o = o o Av o 4 ]
ATFY NIYIUNN. MIMUIMUASUUUNANUINIG (Gain Scores). ’Jﬁﬁﬁfm%‘m’]’ﬂﬂﬁﬁﬂllﬁ1ﬁﬁilmﬁﬂi¥m#lﬂﬂ

2557; 1(1): 1-20.

1673



th
C—,+ @ 2 NGRC nIsus: UUDU"Iﬂ"ISlaUDNa\)"IUJDEJS AuUruiaAnuILHOUa nson 20 HM026 11

7 March 15, 2019 JLln 15 JuiAu 2562 fu UHISNEId8UdULAU

qudty 0y23¥0. Mmvamsoudinnmansaemsadumeiviaiinnmeans nsmsanmmaniuas.
2557;7(2): 1-14.

Ali Ramsi, Fatmah Mohamed. A Game-Based Learning Model [Master thesis in Software Engineering]. United Arab
Emirates University College of Information Technology 2015.

Dickey, M.D. Murder on Grimm Isle: The impact of game narrative design in an educational game-based
learning environment. British Journal of Educational Technology 2011; 42(3): 456-469.

Fotini Paraskeva, Sofia Mysirlaki, Aikaterini Papagianni. Multiplayer online games as educational tools: Facing new
challenges in learning.Computers & Education 2010; 54(2): 498-505.

Hsin-Kai Wu & Chou-En Hsieh. Developing Sixth Graders’ Inquiry Skills to Construct Explanations in Inquiry-
based Learning Environments, International Journal of Science Education 2006; 28(11):1289-1313.

Hsiu-Ting Yang and Kuo-Hua Wang. A Teaching Model for Scaffolding 4th Grade Students' Scientific Explanation
Writing. Research in Science Education 2014; 44(4): 531-548.

Joi Phelps Walker, Victor Sampson. Learning to Argue and Arguing to Learn: Argument-Driven Inquiry as a Way to
Help Undergraduate Chemistry Students Learn How to Construct Arguments and Engage in Argumentation
During a Laboratory Course. Journal of Research in Science Teaching 2013; 50(5): 561-596.

Lin, Shu-Sheng; Mintzes, Joel J. Learning Argumentation Skills through Instruction in Socioscientific Issues: The
Effect of Ability Level.International Journal of Science and Mathematics Education 2010, 8(6): 993-1017.

Katherine L. McNeill, David J. Lizotte, Joseph Krajcik and Ronald W. Marx. Supporting Students’ Construction of
Scientific Explanations by Fading Scaffolds in Instructional Materials. The Journal of the Learning
Sciences 2006; 15(2): 153—191.

Katherine L. McNeill. Inquiry and scientific explanations: helping students use evidence and reasoning. In Randy L.
Bell, Julie Gess-Newsome. Science as inquiry in the secondary setting. Virginia: NSTA Press; 2008.
121-134.

National Research Council. National Science Education Standards, Washington, DC: The National Academies Press;
1996.

Novak, A. and Treagust, D. Adjusting claims as new evidence emerges: Do students incorporate new evidence into
their scientific explanations? Journal of Research in Science Teaching 2018; 55(4): 526-549.

Songer, N. B., Shah, A. M., and Fick, S. Characterizing Teachers' Verbal Scaffolds to Guide Elementary Students'
Creation of Scientific Explanations. School science and mathematics 2013; 113(7): 321-332.

Vygotsky, L. S. Mind in society: The development of higher psychological processes. Cambridge, MA: Harvard

University Press; 1978.

1674





