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Abstract

Purpose

Science has transformed the course of human civilization, and science education
plays a crucial role in conveying the process of scientific learning. Movements such
as STS, STSE, and STEM have emerged as integral components of science education.
Over the past two decades, teaching scientific knowledge and addressing socio-
scientific issues have become essential practices in science classrooms. However, these
approaches remain subjects of debate within the science education community. In
particular, when facing global socio-ecological crises and highly uncertain problems,
merely expressing concern or presenting arguments in the classroom does little to solve

real-world issues. The recognition of existing issues and the implementation of concrete
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actions to address them are pivotal in driving transformative influences on societal
structures, thereby embodying the notion of agency central to new generation scientific
literacy. Accordingly, this study analyzes the revised PISA framework, explores various
interpretations of agency within science education, and reviews relevant literature
to formulate educational practices that align with the principles of new-generation

scientific literacy.

Main Theories or Conceptual Frameworks

Since the implementation of Taiwan’s new curriculum guidelines in 2019,
lifelong learning has been an emphasis on social participation. Science education, in
this context, aims to equip individuals with the abilities to address science-related
problems through personal action and collaboration with others. The conceptual
framework is rooted in the educational philosophy of Bildung developed in late 18th-
century Europe and the action competence approaches introduced by Danish scholars
in the late 20th century, which emphasize understanding the root causes and impacts
of issues. It advocates for the formulation of action strategies, articulation of visions,
and cultivation of collective commitments to achieve social transformation through

incremental actions.

Research Design/Methods/Participants

This article reviews key theoretical and empirical research to conceptualize the
new-generation scientific literacy grounded in the Bildung and the action competence
approaches and to concretize the role of agency in scientific literacy within the PISA

framework.

Research Findings or Conclusions

OECD released the PISA 2025 science framework, which introduced significant
changes. Along with existing scientific competencies, a third competency— Research,
evaluate and use scientific information for decision making and action— has been added
to emphasize the ability to act upon assessed information. This framework also placed
increased emphasis on environmental science competencies, not only in response
to the SDGs but also aligning with the “Education and Skills 2030” project, which
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advocates for student agency. It highlights the need for assessing student agency in the
Anthropocene and introduces the influence of agency on the competencies under a new
construct of science identity. However, the term “agency” still lacks a clear operational
definition within science education. Consequently, few studies have demonstrated it
in practice. Recent studies on “agency” have introduced the notion of critical science
agency, which reflects how students extend their learning from science classrooms
to engage with their school and community life. Beyond solving scientific problems,
the focus is on addressing relevant socio-scientific issues, enhancing well-being, and

influencing local government decisions.

Theoretical or Practical Insights/Contributions/Recommendations

This study examines the emphasis of contemporary scientific literacy within the
historical development of science education and movements, incorporating reflections
on current school-based science education to identify the future skills and competencies
learners must develop to influence societal conditions through transformative
approaches. These forward-looking reflections and the introduction of new frameworks
in international assessments highlight the need for science education to shift from
classroom activities to real-world actions, taking the first step towards building a
future image as a science education goal to establish new-generation scientific literacy.
Policymakers and educators must consider whether existing teaching methods are
adequate to equip students with the competencies they need to take meaningful action
on critical social issues, thereby advancing a vision of humanistic science in science

education.

Keywords: action competence, socio-scientific issue, scientific literacy, agency,

transformation
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and Development, OECD ) [A20234F 340 2025 R 2 LR NIRRT &
( Programme for International Student Assessment, PISA ) - BIEAZ}E &40
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Ah o TR R EREL BRI RS Rl TR o AT R IH UK R [ SR #ny (L -
REERRNERMNE - BEERERGE PRI ER - fERERE T -
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BRI RRIGEAE - BEEEEEF RIS — R R 2 B AR -
TERHER R A e P 50 12 B 7 R P OB R A 2 B0 (Miillar & Osborne,
1998) - FABLEHRAREE T - EEMMHMEENTREM S " RIEERE ) #HEE
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RIS - RIERRERERE - §RENARPIERE  RIEEE7 2
B IRHEZHARET - IR ZH#E, (DeBoer, 2000) -

BEE TRBERE ) —FRETENRE - 25 EHEREZ (Osborne
& Alichin, 2024; Yore, 2012) -~ B2EHHL " RIEEFRE | —FARURERE T & Ik
(A - L S A B R AR A3 | - 1983 F LB BB R2EZEE
(National Commission on Excellence in Education ) 2 (ARG THIEIZ )
(A Nation at Risk) WY& » SRR BB R & T4 G - REREHFE
FUERIRIR AR L T8 THEME ) WESRIEFREE TRIEHREE, WE
iy (B0 1997 H4) - TRIERE | P ERENEHEEERSS -
[FINF - B TR ) NINAPRE T FF AT T (Laugksch, 2000) -
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SEPRRAII70FA - ZEEBGBIOMET IR el - Sl B AR N E A
B BRSO B AR - SR MR LR G - MRS
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= MBS (Hodson, 2010; Zeidler, 2014) » {(FRIMEZH B EREEEA Bl
ARBEEN "RIEEE ) HIFE ERENFERRZE 7 (Steele, 2014) -

19804 1% » FEILHRSTSEERE Z EAYRIEE ~ B - it & BIEREE (Science,
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BB 52 BN E A Nt &S E) - SRR P 8 2 BN A (Hodson,
2021; Pedretti & Nazir, 2011) -~ ZEEFREFER BN - bk 7 EERERR
HERBFTE RIS B - MR E AR E e S i RIER 2SR 2Y - RS
FIER RSB BRI A] - DU B 22 A4 SR BRI A B B B B (R R - i A E R ER
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2015 HURTE FRIAERT =THRE ST » BR T DARIER /4 R R R B S A 78 B Al g sh
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Hodson¥ Z HEIE N AFBIIRIE A FIRHIESE - HENBTEHRART
BIRRNE - FIERARWERTHI2HE - IIDIGEE R AR 2E N AN EIR
Bl RHEEEE S A A R E ([ AAER B EFAVB g - WAER R
R B R I B A

Santos (2009) FRFETEEE KP. Freire iR HIIRIEE A\ SCHYTTERH - ZE 4
AR NEHERBWEY) - TREIEHE ARt @ BOaTErIA 0% S A B A B
TR AR DMECE R RIERS - IR R IR G IR0 - (. Bk — (R RE
S =2 R ERHL P AR 2 A B tE k@R R it E - EATRHAEERN
AT (Santos 2009, p. 373) :

—  UASSIEf Ak 48 B 2 SR AL -
= EERE P HEEA -
AR E H RN AR G BUE AT -

Jit
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REHE DA ZETERESSI T - DA R LI ERE 5 - R AR
SSIk#& N EF MRt &G & - EE kG G EGETT » B4R BT ESE
BRI B+ B Em AT R R R SO B - TR S BT - SR 224 ET
am Al 22 Bl ke < BhBE - PRETERETR AT AR Z EEE - E— D HE O B I EErY
PR o FEFTE) b - B2 AR S B & R R R L B R R IR R I B
& - I TERERCE IE R & T -

#iE Santos (2009) ESEHFE & SSIARIEERE ZT75( - (HIESSIHYEENTIT
REARTTEIERR (activism) HIRTERIDEZT R - KT 22— Em 28 bt & 14
BUATTEI E BB B BB L - BenczefCarter (2011) f2H " RIEHELE
HE (e At B ERBERIREmE ,  (Science and Technology Education Promoting
Wellbeing for Individuals, Societies and Environments, STEPWISE ) <~ Z21# - #5H
2R B Bl Hodson AT 42 HE DA 22 Bl U e R B FR 1224 T RIS ®] ) 2 -
PRIt - Bencze (2017) SEA5LASTEPWISE Ry U240 & RIEZHERIEH) - ERAIE
SEREIEE) R0 (Hodson, 2017, p.7) -

= SRR A RIEE NI ERSSIZ G -

= SRR AR AR B R E A SR AR Y AL Y B e
VEFHRAT MBS  BUS &R IE T o

VR R EATHE R R

© AR W EL LT by R S MR AT -

X MBASERZ T KBTI -

© IR AEPTARIAT By 09 A A S M 0 SR ASURAT B R e L
A -

MBI

(.\.

LA R R Bl n] AR B S AR A TR AHBARRERE HHETT (Bencze & Carter, 2011)
PIATE SRR A E A~ EERFE R R EREE - SEEE AR TEE
B Hh—ETEEEN LA -

A bt B AT AR Vision HY T RIERE , - RMTAIRBE =7 " BEER
= AR ANE A o DLAristolefr & o3 Y RIEHRAE A R BB (Roberts & Bybee,
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2014) - FHELZHA Vision 182 Vision ETRHE GG (theoria ) Bi¥%HE (techne) - Vision
HIFTERESEEE (phronsis) - f& " FIERE ) WHEAKE > Vision 182 Vision
L5 73 B R B2 B BR iR B R B2 AR AR AR VS AT R » Vision TSR Ky
T IEF « RERM - KRR G HEBOETE) - LEEHERNS -

Vision IIF1Vision IEE [t & SUALZE BRI A 2B S (critical pedagogies )

(Gandolfi, 2024 ) - {eSAEFERERYAEELF .2 - Vision I - B4 EHE A
FRIEEEE - IR S SR 2B R R pe - DUER I IR RE T/
27t © Vision IIFF » BRI EBIERERRE A & - (Rl SRR (socio-cultural
theory ) HUNRASTEEE N2 E HERFIREY G zUBERERE » B BB FTERURIE: - 222
fEVision IIHIFHERIET/ T (broker) (Liu, 2013, p. 29) » DUt A ERAEVE
ZRERB Ml AT HEFIME S~ T m B T R - W R B L S A
VR - DLEATEER) TR E ) B2 Vision I Vision ITEZ Vision 111
DR ARKRBIEZHRIE » 2 RBEE AL ERFIE - BHEINK2 (Liy, 2013;
Sjostrom & Eilks, 2018; Valladares, 2021 ) ©

=2
=1 TREXE ) AR
EE =A gig o2 xmms A8 FROE asse
| RREER BURER  Ham A B Bl MakR NEEEg
F 7 e
I OEREE IRGLE HRE MERY . EEE ek HEEm
R e R M
M ATERE OEECA HIE SOUMEE . RESE HAEmER RS
= 8 BEE B

EE - BildungB17EIHEN)

Fr—(C TRIEEEE | (Vision 1) HYEZET - SjostromEiEilks (2018) #5H
Vision IIHYERE K B —TEH ZHERE - 8 FsBildung - JFEEA 18 HAC IR
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Bt R SRR (BIS H AR EEEILER) - BEERIRIH ASCE R R R
A HARFE A EIEEAGER (Fischler, 2011) - 5B S Bildung HiE)GH
bildenFE#FABildE R - REREGZE » BHARNREA-ungRn M EE R
H—{E{TE) - WIEEE - BCE TR —(E E R SE R EGHE R o R » Bildung
— RN M EE R —ETE)  @IEEE N - ERIEE - EASSEEYR
Fo—EEG - BCEREAE TR  BEEE AR EHELAIE®S (Nordenbo,
2002) © DABildung By B M E » HEGIEHEZEAEMILTHES) (Elmose &
Roth, 2005; Sjéstrém & Eilks, 2020) : — » {EHpE & SLiRiE PHEGETREHC
AV » = BfE2ERIGEHIEES) ; = » Bl A FHRZRFGE R R (8
B —E ARG o R - BildungtEHANE FEfM{TEISEEREMAVRTE - &
RIEHER HEHEBES - Bl Vision I T RIEZEE | frEEEBnaLRE
HE - HEEERERE g A RRIERNET - WHE TSR AR
E BRI 2E (Simonneaux, 2014; Sjostrom & Eilks, 2018) -

Ry R E GE il & 4 AV 2 - Hodson (2003, 2021) $2HERE
R ERAIRIEAE G RS RERRIUTE - A ESR A FEEIT G155
IS F BB (EEEAOBEE - Liu (2013) FHE#ARIE 28 » H 3R TR
fFEite b BURHEERER RS N ry 2 B A 4 TTE) o Santos (2009)
BN AT EEAEL, > 3B R PSSR N Fn B A 55 EE > BR
it & BUATTENIET ZR BT © Bencze (2017) HIFEH DB B ELRE AT TELE A FR
FERIFER » e AR AESSIFT & FERFE FIR Bt & ~ Buh » &5 - WHEES
TR B & - (EEE A\ BERIE R B e R TE) - AT EN R B M A R
R E PR RS -

BT — T R ERE | NMBildunglf o) S m B R T8y
HE M T{TE, AR ERERET - BRERIEAERIHAE - Hodson
(2010 ) JAECEE Science Education as a Call to Action 5 |FHIRIEZE & Jensen
(2002) HRITENNYER R ETEISERAVAIFRNMN - 2RSSt & MEBuE
TTEIRYERR - MITEIRRAERARIEARE FR TERE R - HH S5 (TR0
ETENRELLE - PITHEME L o TERE A AIER L S R E A (6
1) :
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1
1TE) BRI,

T

FRAE A
“Why?”

| PR RERE |,
“How?” “What?”

EEFR R
“Where?”

l

3£ ! 5] & “Environmental and Health Education Viewed from an Action-oriented Perspective:
A Case from Denmark,” by B. B. Jensen, 2019, in R. Alan (Ed.), Curriculum and
Environmental Education (p. 287). Routledge °

—  EERE (effects) FYHIF © LIPS " BEEMENEERZ
JE? o HORERBE R AR R R - BIATH A S (A st B T F R R
PRI R 22 a8 P R e i e R PR BA R o DRI - LG b e g A G RT i 224
i T AR ER R AL TR BRI R g R A ERRIT R ESD
JEBEELE 0 RIBRGE o RRZE AR A S O 2 IR - B S E R TEIEE
HHIZERE - R RATEN L E R - A1 - EREEHIERAEAE ER RS R R, -
TR e el & 58 LE R R B AN AT AR D8 LU TR TE I T - RS R A
RYEEG TR EETEI M SJEL (action paralysis) (Jensen, 2019) -
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o IRABFA (root causes ) HYAIF « HhmEIAFTEMEE " R TEEHEL
BRIERIE 7 o - MDA R R A - a ST AT RIVEEENAIZR - L%
A EntE Uk~ BUAEERHE EBRIHIE - 24 R re g RRVRTE - Gl 0 TR
FeAMy 22 Rt B B R 2 Ryt IEEE EE 26 A 58 FH 22 FVR =L Ao P K & i
H? o

=~ UEETERS (change strategies ) FYZ1G% @ FLHAIET a2 " AN{R] 088 3R
By FEARYE T A SO DL AN T ik & R R O R AR VR R E AR B
BUan T an o —{E A AETE T ? A OB ER A Bl W AR TR RS ¢ B RS
SKEERIE B © BRI FGEA AME ER 2 | S RHHIETE RISHEEH Al gE
SR HAYETRE - DA N i (e Y & {F Bl oy At & R D R R B ARG RR, » 58
SERTREE S R DI BUAEE T B A HINE

/Y~ EFEEFE S (alternatives and visions ) HYAIEE © FLEIAIETFmAYE " RK
BAEVGERTE © 0 EENE T RS EE - B2 K R B R R AR AR
TAF ~ REELU it & HIEEE - I B AR ZAm it & &R S R L E A a e - R
BRI RSO LBEER ST T EREUTE) « FLAh - SZRATE) H AR ERA R385 58 2
HUIR SRR - 5 ERE TEIRIR -

T TR A RN AR - TEREERENE B R E R - ARG
B2 AR B BRI R B 1T Rk 2 B E B R RGN - TR B TR - A0k
BN A IR R R AR © HA%  Hodson (2021) {# AJensenEdSchnack (1997)
Frig T EIRE TR S - TE R AR E it & B S E E R T B R iR <
fEJJ (Laherto et al., 2023 ) - {TEIRE I DABildungt T 2R 2 R 260k » 2T
HETE LRy A (an educational philosophical ideal ) - 5HFHELATTEN R
H[A) (action-oriented ) {FRyHELE2HIZIFREL (Mogensen & Schnack, 2010) ©
FraB TE) - 2IEEA = (conscious) ARPT NHETT » 15 LEATEZEZ FEIL
HA HEMER - TR R )6 b o R R A R T 8 - BN T E R A R E

(intentional ) - BEJIBIEEH—EA EEI BRI A G ER - fHEITEIRE IAYY
{ERFFEEEZ AT (Jensen, 2000; Jensen & Schnack, 1997 ) :

—  FRARELHIFE (insight and knowledge ) : HLE B2 AL S B H AR RIRE

FEAEMEMER (coherent) HIF + DUR AR HIEAE S #iNE 2 F158% - IEAIHT
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MH PSR A - E e - e ARE ERRIER R BRE RSB - BN " IRERE
RS 2 o - 3B (R RE e B IRIIRA R A » 35 T R EEH
B LEERIERTE o  DURAEETE IR T fR PR O RS - BB T Al
MO 7 ik EE AR R AR AR B E R BE TR
EHTE? | o

G (commitment) : FHEBAHIGRESHEEITE) L - HKFEEILER
RETE - [RIRGE AT a2 E RN - R R E T EIRFAYBE ST (drive) BLIRER
(assertiveness ) * 5% HK 3 B BA 5@, - B 454 ] O Rl 1) W O {0 i v A8t o 17
By o K ECEE GG MR - KM E GRS E RS IR T
BRI R E R -

= FESt (vision) @ FAELEHCAEEFRHIFIENRE L - FEE R
BRI T AT DA B A AR - (AR AR A ik € B ER B v DL 2 3R A 5 Y RS -
SR T S T ) B B E A TR R PR RR BER SR AR Y P iR it & B R Y R ~ TR
BRI EAE (Levrini et al., 2021) - BAEFEAME B A G150 » R - L=
MIZEARKARAIE R » &R E SRR E AT B R B R AT L2 R -

PO~ fTE)#CES (action experiences) : SR FEEIDUE A BUARHGHY /7 02 Bl
B ELE AV P EERI T - 0 B E RN v A E R FR B BT - R A )
HERE - AIEFE(E A B E 5 MERERTRE ST » HOBTE PSR AR « 1E4E - EEE
DARATE)  ERRAIEERARAG H - AT Z R H S AR E T8 - DUES
TG R T it 22T -

FIREABNEEZHE MM EA RS G IR HrEEE 2 BT
B MERTTEIRE NCREMNEE - BEEUKERE L - (ERBEREFEER
JE R 2 Al £ %2 /. ( Blandford & Thorne, 2020; Chen & Liu, 2020; Jensen &
Schnack, 1997; Laherto et al., 2023) ° RothEiLee (2004) #TEIREIHIMESE A
BIEFE P EE (Branchetti et al., 2018; Levrini et al., 2021 ) » EDISC{ERESE
B e 0 - BIERINITENE - FUSER TS E) R H SRR R E E T T -
Tl B DU(E H AR - k& A B 5 Bh B A pA T W 1T BT A - A
R RAZ IS R R A At & TS - BAF AR E T EFRHEZ &R E
B WEEER BB E AT - fEHOEIES - BTSSR A M A RS
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ko BARAED - ARREE SRANE BORRAVITENRTEE - HPOE H ARCR 3 R05 ) -

HE—F BT &R R ZITEIRCR » %8 A U fE R A K B R R Y
B ERITR -

>

BB BT B — (B S AR s, S e 2R

THEREE - EEE - BRI R S SRS & MR
SR (B T T B R LB NP I BB I - LT R
SR AR 2 B A ERE + DB AR T BB BB B -« [RIIE - Rothd
Lee (2004) $RH T FIITEIRE ST BEA A ARHEEEH - LUER B #R RS
(S — - R BRI 2 - L TR
FUE M (collective) 2B FATAERZE (ERIGHERE [ 3 = BHESAEURE
RS TSRS AARVIRA— R - R PR S TR A 5 =
BT 5 R (AR SRR ) - AR 52
BB -

fh ~ BEBYTE A E Lt A TR R 22 R Bl T

HEEJEH - - RothEilLee (2004) FEiEE N " BIEZE ) BIRE - BF1TEIEE
JIHIRE &R AR T - R L Hodson (2003) JREEEHEEFIZNIK
TEITITENZ (ERE > (EBEREENE: (agency) HUBESBAMARARIERSE SBEIL g5 -
Firag "REENTE o IRBEAI (2022) AUMEESS - B T EREUELLTTE) - M
— B ZRES ) (H10) - REBIMERYEER - (2 i A HE R AR
REAE EfTERZM LY (Branchetti et al., 2018; Levrini et al., 2021) ° th&H » #5
HEEAZETHRIRES] » HrEEREREL R - 18 TeEEE, —
g it RGO TR S E RIS - N RS R E am T PR
FRE NFRIT Ry ZamEh - HIEGEMarxam & 0 Ry E S B BRI T EH NEZE
EEHIERRELR - 920 N EE R R IR B R BB M F I RE BN (TR
i 0 2022) ° BEAIRamjewan®E A (2017) AT © "EESIDIEEE HEHWMED
FEATE) - MR R R H AT TSRS, (p. 290) - IS 2 » BREUT
BRYRILIRRE - AGREENE - (B 2/ RN BB (flow) HXmipbe R E/TH) »
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FREEN#E (agent) HESCREE - A HFTHEA RAIGRELE I RIUTE) - DUE
RCEE & EEE (social practice ) HAJHGEAEERERE (FHFEFIF » 2020 ; Chatterjee
et al., 2019) - ERLL & HEAGEE R - [FIRF & 52 2t & 5 55 155 B HI 7R
(constraining ) FAfAHE (enabling) Z 52 (ZVNHE » 2010 5 Giddens, 1984)
it & A5 R AR AR AL K - 8 SR AR Tt & T B =0 - 1TEE A E L
ARG AR B AP 2 (B iR S Eh st Y A &) (Otto et al., 2020) ©
IRIZ AN [F RE B & A5 A YRS B SR RE ST - RELAT BBt & i O PR 1 e
- BFEIRF L REEY)'E Bt S BRI A PR LR AE T I ELBEEN I (Priestley et al.,
2015) ° IEANGiddens (1984) FTE » " FEHEANEEFHAH - M2 FRREEH
FORBRRERIERT o (p. 25) - HFTHEREEIET S » (TEIEWE R H RN F
TEARRBEE A8 - B SeTE R (foresight) YA - — HABENEHELTE) - 40
A E G LR R T H SRR EAREEIMERER (subject) 4b - tHFERF
SEREBIEAIM A SL S - (SRS Z1TH) (Latour, 2014; Levrini et al, 2021) ©

HILER T B BT BN RE SIS RIpsE T - TR 2R AEEI M S - (BA
S LAARERE A T REENME , —FRR T RIERE ) BROAEAINS - HeEBEE
RIZZFHRIES - —EHZ —(EAREARERER - FL - W ERIEZHE T
FRBEGHRDEIEEN (Amold & Clarke, 2014; Schenkel & Calabrese Barton,
2020) - DUNRSZ @R A FEiah o AR RE BN (critical science
agency ) HUMHRBANITE @ 2P BRI E0E T HATE R e B — 206 " seE)
M —FFRRIRES -

Basu®F A (2009) fESEEHERES - 21 " #AEREE M, —F
ke E —E A E R —EERE RIS EEHEITHE (scientific thinker
and doer) [ » (g DMEAIPERYOE (mindset) BFFE RS - W AR H
RIS E (E T - 2 o —(E Bt & IEFR B FRy T S DA
SRR EIE A R R E 28 T RERE ) P T - IREESRERZ AR

TRIERE ) BB - SRR LIS BRI RS - E Bl A RIREEAYHL
7] > 3G AR ER O B2 AR AR B 7 3 A AR A i e A B2 R B2 AR D B R
& - EEBEGERGE LR RS S B RS2 R - BSR4 R AR
BIDMRFER NI TR THIEAR © (E2 Blkkes nE RLng, - FIFH5E
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[FI (5 2 B 2E TREAR - W HATRLAMT e E Mt 2 A 2E - S (EEE
oo BRI HREER A R RO A FE AR ) R B R A A
PRI & 2 AR B ST ARREH B R AR - S —(E =z A Ry
[HSR Z BT W — RISV E B re BRI 2R e - 2B NS 2 E2ETE
B> JRESETRERESRE - WREARRRRER AL - FR AN
FERIER EAZRHAIERIT - SUAITERI SRS B e BE R f T2 5t R Z2 A0 (] i 2t
HIREIFIR A A B UIRIAERE - @R R NMERR R & IR S FCA - UG R B B
FEH AN B REAI K

1R B HYERE - - McNeill#Vaughn (2012) By =l i B my & 4L
s At R SHE T A REERIE - st 2 AR  F BRI TEET
i o FERBUR - KERPERAEIGHIE RSB LR L - HEENRRIEETR - 1F
R BHER SR TR AT 3 F BTt - B SRIUTEh AR SR
BN E - BETEEAE AR WA KERIGEA - 22 Ed 5 2 R[E
L - RISEITEIRUREE BRI B E e R R B ER S
sl AN e DM A B AN PRI R RE B I - B2AE VA RI R SR R AR - 6

J1 0 A RER R TR & 8 8 o Schenkel#2Calabrese Barton (2020 ) DAFHERY
5T R R/ N B N AR A T AR R ER R B2 B A AR - ERES LA
RIEREEN AR o 55— {8/ N R ERIEZRES S A ] - DIRE G E B2
RETEHSERARINRE N2 - RHERET T A LEDERY ZE AR - 15 Luks DL EE pE
B WDAF R BRI E - ARUtE R TEREN A B AR - B MAMELE
TRERIER T EERTES - B AT TIEIE T St & MR fE - PREk T &
HE R H RV AT - SH—HH RIS E— (B A LEDERY " Bt . - B2
ERS TR AR - TR EMRE T E L8 - R R AERYER - T
BN E 25 B2 R 22 B ER T o SE B (RN AT - BRI R I A A kT R AR
FEE o HRER T B R B BRI B RO S TAERS - RIS T —(EE AR
FHYBREL o A (e TR P RIRGREE T - BB A 85 T - R EH O
AR BT R B -

B SEATEIHY R NME RN R B B PE BRI AR - EREIEFTERY L
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Bt 16 3 A P B A st B P B FIHURTRE © SchenkelF A (2019) PAZ2 By
HEAIE B S IR f TR 22 AR AN rT (R ER AR rh -+ Ry S ik o T 2 v P At B
HURIER RGN B BEAS & - (M HRE OB R T B N B RIS AE BRI B2 /5= - BF
FE5r M E—(E#k CRER B BT » B4R AN @ LA e it B B At FI R R EE RE &)
M o BB—AHER A E B RS RRET T — (A TR BN E i - DGR
EPRI BRI R iZaG T EAR R T RERRE - SR [E(E T ETA R
ik Z R R E EE o S5—H B4 B AT et & fE AT KHE - 3ETR
REth Bt e R ERE - RELARE 1R lE ATl - I A #EAIEat s A 12
BRI ATE) - o 1A ANAE A B B R BN W 0k DA PR W o ) B
’E R AR AN e S I T R g T T SR R BR B Bl & IE S8 - BasuBdBarton
(2010) WFEr 2 RYERIR RIS - 24 BRI S A Y iR Bl s hE &
SEmtERMmEIA R - EERI R S BRI TEINAS & - A H B H A TS R A
RS RS - (MG I R B RIFR A S4B 42 =it & 55 (LR » %5 o B2 R i FH 7 fe
R AR E R - SRRV EERR N MERRE T A W R R a B A -
HE BhER A R A 1 R HEA R R R RERIRE ) - (R YEERAREmt & HB A gt
R A NMEER AR S - EEi g mmit e A

Gyles (2024) B E2Zlift [Fla atnt W E A YRS ERIE - B2 AR T IO B
TCHIEZEE (project-based learning ) ;5 LL B TTHN R FE A MR R B2 A= AR I 8
FIREEME - WA ERREM MRE 5 G 2 R A (e it W B - &
IERAFRBIHE - 25— HouiRE TR EE BN T E - BEFESMEVNERE
{8 » DAGEMM B H e rf@ Rk - Rt Tt @A - AN R fE AR
HEE MBS EER T RN REYSERNERGRE - I3 R i IERAVEREET
& e BB T BUTEBE R IR NRAVERR: - AR BRI ERER - 1R
I ER R (R RBIR R TR » R P E BT s B Al & i i AR
FCFIN SR G - SR =5 - BARER - EY BT L0t & R 22
afed R —(E B RS P R 1T A RO 5T 3B iE Lah 5% - B AR N5 SRR Rt
G HIATRHYIE rIfTHIMR 55 - WIBHT A5 R BB S (advocacy
letter) - f2ACHaMEE TR N BLAEBARA AR - plORy S (<At B AR BRI REB & - (£55
VB TTH T Bl it 22 P 5 £ - B4 B s (A M MR8 R Bt & Y
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I - BT —EEZETITE - WEEHEEAEHEEE - (EE R E SR E Al
SRR - Bl A SR T - Bl EREdTE T EIEF P - B4
T HEBEH R - NMEEE TRIEZAIF - =R T EMRIE A AR it & R
e B MR E MR P ECREMRE T & 2 S AR A - (FEAE R
A R BR AL AE R 2 REEN 1% - SE A AT AR AR i AR R -

CHEAIMERIERREED I ) PR DA T A —5F - R EAEREEIMERIER
R EREE BHRERYECE LY - RENE S BOaTEIRY R (Santos, 2009; Schenkel
& Calabrese Barton, 2020 ) ° fEIversenfJonsdottir (2019) FYRFEH - ZATHAE
SRR A TR LR A AR B - T E MY RAL sk R AR
/N (Vanellus vanellus ) » 5@ R AERRE AT/ MHE GmBilEmEa 1% - RFH L
A [ HHEURT BT 38 5% - BT RZ YR Bt R T A B - PR AL IR B YR
MIZZ B - (EHGERR T - B A G H P0G SR B ZE R AR I o H ARV B
B - FEHRRIEEEZ SIS S EEMEBORTTE) - R T A RBIEER
Hh o R E BB R iEBE: - AR A RRIE A R B 8 -

FE ~ REENTER RIS E T RN

"EEENME L, —FIERABTERZEIBE - BHOECDH2015F R H)
Z (2030F B MERERIARZKEEFTE ) (Future of Education and Skills 2030
project) ZAA]4> (OECD, 2018) - 3%aFEJH HOECDA1997-2003 4 il E
#JDeSeCo ( Definition and Selection of Competencies: Theoretical and Conceptual
Foundations ) 51 (OECD, 2002) ° 2015%20194F » £33 4 () E2 A5 TR L0
e FRE ~ REEEMIEEE - A SRR SR » DIE B SEAFHYAETE DA
FAE N Bt & HIRERLE - 2019448 - S ERANAER AT RS B LURE T HUER E B - R
R A RO B R AE - I EEE LeERERE S B B AU MEE 2 RAFERETT (key
competencies ) * B JEEEFHEE S (transformative competencies ) HJZEE (OECD,
2019a) - EH—{EEHE - SEEINEE RS - 24 DU RAYAE T H H [
o BTN B U DUE A IR REI1T - bR IR
TGP IR TR - MR E 2L B REEARE I - REAE N PVEELPE L AR
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S EPCES AT - ALATEINETE - ERAEENERVESE - AL - REENMER TR
RESIZEREE S [ 2 HAY - WHERE R HIRHITTE , (OECD, 2019b, p. 4) -~ HEE
MIEREAZ SRR B P E TR AT B - DUER A G ERI EAR - 2R 4 EE
FREUTENEIP B E CRIARZK - HEHCHERERER T - BERAKR

F WAV IS H BAT P R AR E 0 0 TR R H N B O AN
WEESNAE  WMIEEECRA B PRI ET MK L HFH TA
FEZ BT AR S PA LA TR T REETEY | o AT
VAR — A B oK ket © (OECD, 2019b, p. 2)

20234 > OECDIEFU#EAM2025FBIFR R AR 2 RETTRHERT 2280 (PISA 2025
Science Framework ) % * ZeEARGH T EHAME - B - FAIRPISA 2015/2018
H)=TERIEEEE ] (science competencies) H » FRTE—TH T DIRIEE & A it BRI
R MERAESN  SRIEG IR » Bl T AR B R R IR I
WAt AE SRR |, - B =EAY 2 EE AR TR R A
RFEEE DU PR e BT - SRERAE A5 & ER IR M DR SR B R I T B Y BE
(OECD, 2023) - [bAh - FHER2015F 58 FREE (attitude ) HHEEERE IR
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