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Abstract

The study focuses on eliciting grade 10 students’ learning progressions (LPs) for ‘energy transfer in
ecosystem’ and ‘carbon cycle’. LPs is a new perspective for studying how children learn science in science education.
LPs views alternative conception as a stepping stone necessary for leamers to achieve a higher level of leaming.
This study explored the changes of learning levels and pathways of 30 tenth graders who studied ‘energy transfer in
ecosystem’” and ‘carbon cycle’ through an adaptive instruction. Findings reveal that the majority of students reaches
a higher level of conceptual understanding after leaming through this pedagogical approach. The students expressed
more than one learning pathway for understanding each concept. This study suggests teachers and curriculum

developers to organize contents and leamning activities in correspondence with learners’ learming pathways.
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TuduussguilasumnuadlastsreileduismsinemansAnusdulassnsseme (Phochana et al, 2018, p. 126;
Posner et al.,, 1982, pp. 211-227; Treagust & Duit, 2009, pp. 89-104) AN ﬁﬂmiﬁﬂmﬁﬂiﬂﬁmwﬁmiLU?{auLLUm
wu3A A (Conceptual Change Theory) (Posner et al,, 1982, pp. 211-227) kagNg e N15a3 1984/ AIINT A I8AULDS
(Constructivist Learning Theory) (Vygotsky, 1978) Li‘]um%"aqﬁwmﬂumsaaﬂLLUUﬁaﬂiiumiﬁ'w@ﬁa%’um?{aﬂﬁﬁ 1Sou
AnanudlawnAsinemans uasemddosuuinndunuiinisdaniadeudmunquivaeseligiFeuiuuie
Ingrenansifinngu ogalsid SsamuindFeuswunidiliAenaudsusanufn windaFeuudaiio (Allen,
2015, p. 130)
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NnuIdei N'mmei’mimgiu'lmﬁ%’anﬂaiuﬁmﬁy namnfslulaAurmidunadaimuins (Trajectory of Development)
yoams3susinAnivemansvenindou binswininGouusarauiigaEusuveamsouiuunanidemileg finsduy
ossuudrseriemaianluegsls waaslugrusdaeussdisusuinssunsisousedilsilelaenndesiuiduma
nsiSeu3vesriSeu (Disessa, 2002, pp. 29-60; Duschl et al., 2011, p. 124) wienadndenisie Wniduldldeenuuy
msdansFeuimelddeyaiiingFeudidumensiFous (Leaming Pathway) winAm3esingg atndls SeiiliAanssu
madeusidniulioanovauesiearudifumesFoulderurads fommiTadufiimesnuised iy
3383 (Learning Progressions: LPs) asuamuanladiiatu a Uag0u (Duschl et al,, 2011, p. 123)
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wdudunszRuiiianududoution wiefliFendn sedudns (Lower Anchon) ludsseduiiimmududounnty Migond
58UNana (Intermediate Level) Fsszdunansiionutdldvaessiudestutuanuduiouvssuunondniivhnising uay
amieRpseuuy (Upper Anchon dsifnifussauivangasaam i Gouiansous lnedemuasnsdeudvosizou
Tuwiazseduifauduiusiu nanfadonlussivarnnduiuguresnindouslussduiigedu (National Research
Coundil, 2007) Taesag 1uwAnndnlunuideiae nisdreneandsnulussuuive wafduwunAandnidosnn
madeudunAndesdduiufesodeunfng ssvanuuAnUsznoutu nanAetndsusiiufeedemuidiFoun
Tussiuswounuuazienfnwnoudu maiidedutiagty Wevhanudladesinam lnsunfsdosiivszneutu
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Tasaadrad evifl imngauiug 13 sus oluld (National Research Council, 2012) dw$uanudsed 3 dvauladnw,
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FOYATINNITNUNIUITTUNTTU WUTT N15IANTTIT8UT WUUUT UMY (Adaptive Instruction %158 Adaptive
Leamning) iuuuvnimsdamsiFeudidniduausuusildg funmsAnuauimiilunsi3ous (Duschl et al, 2011,
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Learning) N153ANSL38u3duyAAa (Personalized Leaming) Uagn133nn1si3eusionanm (Individualized Instruction)
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thisuslewzauesmuimilunsGeuivesinfeulunnfadntesnsaevenndsnluszuuiig uazEesiging
msueu daldinanaou 2 unu Tnevaesundaidnuandunszuiunms uasdainduunAndmgul (Theoretical
Concept) muviAuzvas Lawson et al. (2000, p. 998) Ao 1 uuwAniiliidesvennuduiusnserrud oulessewing
UsngmisalsssumAvans s Usngnsaidndaetu filienaesuigesmsdlunsanannsdunasiunienislivszam
duiasuslaense

nauiiAne Ao dnFeuduisondnui 4 S1uam 1 WoaFeu S1umm 30 au @ 19 au uazuds 11 Au
uwumsSeundamans-inemans vedlsaSeuaBauianis datnaniugaudnw Tungammamnues sldannsiden
LUUL294 (purposive sampling) visaSeuiifiseauiivilsiuiinvouaeuseinTinen

ieslafldlumsianngBou e ununsiansFeudduou 2 uludesmsaneneandsnuluszuuiie
uaidostpdnsaiveu Mmnnuauideiomeduay 5 wiuludessuuing leuugnosnuuumelinsouunfnues
msdansFeuiuuudiumane Semmned msdnanminedeumansiFounaAnssumsiSeusinouaussnugesnsves
fIﬂL%'auawqﬂﬂaﬁﬁmwml,mﬂamﬁu g USuan I IAR BUKAZ N INTIUAUTTTUYIA VB LT8U (Berg et al., 2000, p. 334)
MITANIST U WUUUT UMY Usenausiy dnuaizdAty (Key Features) lauA (1) n1slduanisussiduseninamnan
ooniuULagUTURTNsIIMIGeus (2) Msusuasudonilundngasiensiaddudenliaenndesiusedunsious
vouji3ou (3) madaussemanisiFeusiasAenssuiiviulitniFeusuiaveulumsi3suiuesmuies (Houtveen & Van de
Grift, 2001, pp. 393-394; Berg et al,, 2000, p. 334) uaw () MafouruARdaNaNIIFeUsTART AL FouLas]aou
(Corcoran et al,, 2009, pp. 9-10) FednunrddniinnuaenndosiumAdsufiins Lﬁaqmﬂlﬂugmmumﬁé’aﬁLﬁiﬂﬁ
FUiTRMY Wy A senuuumsumsaeulaedsferiesmsiuiuresiiou nduasileasuuardunauanisaeunes
AULBY Lﬁaﬁw%’a;ﬂamazﬁaummﬁmLLamJ%’UUgnmiaaﬂﬁﬁ%ﬂmﬁ%ﬁialU (Kemmis & McTaggard, 1998)
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