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Abstract

Research-based learning (RBL) and sustainability in the digital era represent
an innovative educational paradigm that harnesses digital tools to empower
students in tackling global challenges like climate change and resource equity.
RBL's inquiry-driven approach with sustainability education, enhanced by Al,
virtual simulations, and collaborative platforms, to foster critical
competencies aligned with UN Sustainable Development Goals (SDGs).
Digital sustainability learning boosts motivation and achievement by
embedding real-time data from loT sensors into curricula. It cultivates skills
like ethical Al use and green computing, vital for future careers. Digital RBL
boosts sustainability literacy by enabling data-rich inquiries and global
teamwork, though teacher training and equity remain pivotal. Institutions
should scale these methods for transformative ESD, yielding motivated
graduates equipped for a sustainable digital future. Embed Al for personalized
feedback on sustainability simulations and IloT data for real-time
environmental monitoring projects. Foster connectivism through global online
networks for co-researching topics like circular economies. Prioritize green
computing by selecting low-energy platforms and teaching e-waste reduction.

Discussion
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T, e (EBICTG (Big Data), ©IRAE 4, Fiou-fofed 2iibws «ae (RS (FECIAEE Foo
Rt AR SHCET T 1 Qe (AT Tyl Aive Sea st TR MR e, 199
(2RI PRI (5 SAF SIS (Connectivism) 20T (SIC | SHIRIAFT, AN A SFCeR it
T A e sieqEel Face At f[edR [Reeetr Y I =0 198 @90H RBL-GF e (AfIg,
feferbrer 2fBrataa i, (G2 P R AL, TG FoToT, VIR BTS2 OfRR (FTea
fRifT® QA F4 2R 1 UNESCO-AF ESD (FNETF €2 Burns-9d (*eife wceee @i afb
JIENAI-SIFCS CFI2TE AP (F D) |

Y. ). REdifefes frwig bl 1%y seafefes Mrw (Research-Based Learning  RBL) 436
ARG e, A GPTEE-bifere FrwditTa Boix fofs Tt oite Suotz 1 @ Frmdiaig eue o e
- o freaR A% QR AW BT w6, S (hypothesis) Vo BCH, AP (OB FeAT A,
©f RTeae I Q2 TR TeAee 2P I | @2 ARG AT TS : 751 e — S
— (BB1 a7 — e — Y w1  ff Aoz ETwoE-foles M (T 7= w1, @
rEedl A WG GG O ««, IFL WIPEN60d (RTF) RETE I @ | O FCwioe
(scaffolding) @wiq FEq - gdie R A \_ﬂlﬂiﬂﬁ o, e A m T9eAR I, F8
TP Ted (A 1198 ~aied 6 e 02 AT QIRCTR ABIR AL AL | SAIZRTFR?, 916
@ifdtes RS gM TA R 0 e FHee AR - SR SR Al ReR IE, I [osmd
FE QIR NG AVR IR | A6 @l (motivation) IS, FFd v Frems Fie 6 @Te
M1 @3 A @t f[eere (analysis), FACABAETR foRIeR (critical thinking), (T I G2 WETTe
SIS (collaboration) wiFsl & B¢ | 2fFTH (process) FALFR MG 6 JAZFACH (rote
learning) <= tm #CIR FCF - T fradia ARG R (lifelong learning) SeJI™ *Te COICe],
i FCewE@ g | e R (Sustainability Education) (276 RBL oo sidsd
(ST 03¢ ?) 1 @fb wifesiceas (G2 Tae @l (SDGs)-TAFS 2y BRI, (@= - G
A, oM IIBIoAT A AT TRRGE @ Frediar ey o e /) 792 IBI AN AV
3, A ESD (Education for Sustainable Development)-dd &1 % | Heather Burns-d3 (039)
AERARTED coetife Wees «3 el = 161 Tami aFige e -

Content (RT9R) : I3, FIEOHRT GFo12 g, a1 FFERdfitvra Y e Cofe |

Perspectives (78e%) : ORI ROl TG IR (ADGN HiEef: weaad |

Process (2@ : SxaRaETH, Hioweiefes e Sfefes |

Context (CFI5) : B-fof6F (place-based), TR ARRAE A I |

Design (fGei37) : =fTors Ta+/l, FABILAF FIF & | 93 TCTA RBL-(F (G2

R T v 0 (oI, [ TUeTE ool OIpAE (2«3 Selied WRIfre

Y S A7 27 | (TP 2059 )

5., TEf&DE Jrot RBL-9q7 B : fEfebe 5t RBL-9F & @36 (TR ol Cofd ICACR, @A 2yf&
PEFIFITME SPTHRAE TOrEed Aa IR | GO RBL-9F FANRwel, @NT— AZER eI,
SR Vg, e o - fefenr 2ibes e e fafse w1 a3 FErdmr e
(CBITCG (Big Data) SUICI™ I Google Dataset Search Il Kaggle-as WIS, I STy (6! (AF
e GT RS WPy THRR I (SR 03¢ 8) 1 AIbIfeTe P @5« TensorFlow 3l
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MATLAB Simulink I3 Soited &foe afet - Tamacey «fe wrefe ar s e s -
TIFA I, A TR QIR VI | (AR PRIF (T0SAF @ ResearchGate, Slack I Discord Bitael
Rl gl TR R Ie 0F, ACS Sl AR @2 e MR [Ee-513e 27|
THRREFR, AFWCR qFe PRl oo ael e Fe IR0~ Ser 1 TSEAR T Wma
L (CB! (*RIF ICF | ORI A (Virtual Labs) @3 Feo-fefes & Go (@ Google Colab,
Jupyter Notebooks) *ISIfE& F=tva fTeael v @ (I ¢) 1 FrwdiRr fe-5Ew R F6cs #i|
— Python 1 R @ (SB! &1, Tableau-« foGREIRE™ - @ TCSHIF ToR | @t [oiw v
AT (A0 SABI, @A FHIF R Hf© 1 o1 Tofpifarorede fFmsmei—

FifBfeEeE {f‘i : TQ3189# (Connectivism) ©§ WA, Prwidiar fefase fMeafEa (@99— Twitter
Spaces, LinkedIn Groups), S5 fean et (YouTube, Khan Academy) @32 STAT-SHICHA e o
T TOETRF G T | @5 afsgere M- fFRrwdt e amifs 3@

GFHR SRR ARG (IR SR (Google Docs, Overleaf), TS Rl (Zoom,
Microsoft Teams) @32 FICT GHIEE AT *Wbz FIW ! 2= e @ I - @ FE
FHIAD FIEFCEADR AN AN AR PR - A (GIFNee! 2B FCI | (CBl CTOITd Swfe
057 et Gt wfFbwiRere spErsifm @92 fam SF1ebe e ey 5% e |

el [ ; fefeadie ferbieafs ((wbt cofafrta), omeizs GNieia STNEIbARES R (fact-checking
tools VT Snopes), YR SfeIfEre FH-TTL (Agile methodologies) ST FHCHFER & 4TS
30d 1 aft FERFe AT §F91 (ChatGPT for brainstorming, Grammarly for writing) J92R <1,
SRFR-2FF TR | R TUF (BFAR PFFIS (FC ¢ 1 TARAT— UNESCO-49 ESD &FCH ©IRCod
NIT-@3 FRERFRT elie SFbgte™a 1 Fie 6 (2R (©OIeT6 IR B6F | T RBL fefene oo
SDG TG (6 *eIial 2o 2@ SR, T ANATS! SreT™ IE AN TR b0 I (ST
03¢ V) |

3.9, RBL-¢ SIR&IET =¥ Femi—

@9e Fo19 (Google Scholar) 43R TGS F#M (Semantic Scholar) : FfEe) SPTHItTR & =72,
q PE-Rfete a7, I Affe] 32 I2T MICTA AW FCE | Q91T Feld TFo AL
e (I, @13, T 31e4) 92 (NG (h-index, i10-index) (47, I GBS Feld Al IR
A AR, Ao [T @3 F1F® (i=i1g Fiife 3021 776 WG (Research Rabbit) «f6 gy
5=, A THEMEe Tyl Wit tofd wea - R @I i (AT o @ RIS @HeAF
PINIFSIE SCIRY FACS A, A RBL-IF ARCARET o1t ey w1 g fefede goor Gore
N fofe Brom @, TR el SToF-SuItEeT REIT AlgFy (7 @32 (21919 TIewee S wAfca
7H 7@ (e, 8. W? q)1

AT IIZA : (RGET (Zotero) G (NS (Mendeley) 2, Gto-G1 BeT A RBL-4GF &y == |
(SIEE FOTH GHGTA M G TFF (190 TR FCF, Sl ARE Cofd IR IR 30,000 + IBIRES
THf® (S0 T (APA, MLA, Chicago) | (NIt PDF-& (PIAICAICATT® SHICACE*I, GIieT (5 aIfee
@32 (IR wpist AL Fed, qce i @ fTeizn (A FE F9re A @efi MS Word,
Google Docs I LibreOffice-4¥ 3ty FaiH 3F6cab 23, [ q2fgeante fAigeR tofd @1 GF12 U
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(AT, Qefe fefEbre EBItas TR B0 FIIE JI *70 T G2 &+ (<RI M et erewene
QTR | RBL %05 Qefe] Herole FIed 26 I, @ (5FA2 SN &g @™ o (e, e, @i
b) |

AL-SIfere Resme ; 300 (Elicit) Fibiania St ShIws I - *1© WIS (919 (ATF (SO 9HHIF I
(e, sfafe, ffCE=), I RBL-GF (TB! FTECA S A6 | et (Julius) IoAGAGEE Spmieizim
@2 (G fOgRIERIe™a 04 (@I regression, correlation plots), 24t (©6I (@IF - CO2
emission trends) RTeEce @l | @BIF AT (NotebookLM) @9T&Td Al B4, Tl WG F41 (o1
5 (ATF AL, BIZANZT I FAQ LOfF FF - RBL-GF Teliwe] fCANGT*Ie f1d® | @efel RBL-F &©
@32 (G2 F(E: Al IPASHEHT AFGARE I G AW I, NI AT I IR (IR FCE
SRS A FCF | TWRAG— qBf6 SDG &g 216 M ¢oo (494 T I GRTATT (GS @A
[ (ZTECH 2004 §) |

3.8. RBL Y3 (BFIARF AR : It7aclifefes *Fr (RBL) (BF2@A (Sustainability) MR FaME @3
TR &, R Gt Frdive IR f[eg ~faists, smfas ¢ <ftafes wits @RI
SFHI-bIfeT® WSl Wi FCH | (572 SR # (ESD - Education for Sustainable Development)
@F ANY RBL UIIg® TW IG IR, @A FrFdd sery «fFed, Fma wor, GReba g&
IR Ao I oIRqell BT | SHIRAeTivi— o RBL &3cq Prwidial B a9 aceE (el

2@ I, GIS Wife T s I «3e Tfers TG 24BR F@ - S og (AT AVE@ TR
77 PrwdEr (obl R $@ IR, IABIRAE TG & @ FCE, A SDG (Sustainable
Development Goals)-49 1t VHTI@W?N | (T, SDG a4 (T @ “AfeFa *fF) 9F T TRy e
TEfETbIe ST{emi BIAeT =7 - T 2BICTeT Al JCLfe1R S L-41® [Cade 1 SDG o (ST F7D)
O3 CFC@ CO2 Mo (BT (alfez=a Fea s =i 721 I 1 W2 JIRE Terwa GIICENF ARIANE
A G2 THN@R S AR Feleie I@, [ Rt Feifs wiikrgReTs I8 1 UNESCO-
@9 I& G2 AP FM6® I 1 2059-99 ‘Education for Sustainable Development Goals: Learning
Objectives’ RIS G *Mfo(F SDG-(F@T IR (N FEET B, T [F0I
G AV FCH (STTAE 2059 30) | 203¢-GF ESD FHGF IS 8 &I NG RBL-(F GIQ© FCH
A SDG G AR I (SEITCH 03¢ 33) | Wang et al. (032)-97 AEBAR (71 CoITR,
THHFR @Rl &g (GIN3 IPAGH ((el-2fFa @ivee, Tgu «fa i) [ $@, @A
Qe sITTF (@0 FIEN-feferaa (5t FIFa (SR, €L, @B, WA 2032 5R) | Heather Burns-ad (059)
TGRS Aeleifer Ces1 G JCANE FoM F#F A (URL: https://unesdoc $9) | Content-®
e (Igg, @e-[Afife) s Gz el € s @; Perspectives-(F® o s et
QN (AN - AfOE (SI9[W) FANEG FCE; Process-F FHAARNEF TS rwdicre Afe e
Context-(F FA[GP B¢ (NPT B3 (N JSACE I) @F A IS I(F; Design-(F AR
I FETER (rw [fve s fofabe o «ft opamt o-ReTe BT (Google Earth) @R
CEIRIET (IR T 77 2 1 G AR RBL-(F (G712 IR o1 biferasife S (ot - FEsia

ST AL 2R 6T, Al AENH-SIRCSH ST (AT 71 Fat A TR WSS Ty w=ifaar
(TTTTCHT 2059 38) |
3.¢. T DTS IR—
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A wea &BfS (Teacher Readiness) : ¢ ¥ (FFbE-fCfed #rFmitT wors, 58 RBL-@ WIFIEG64
(FT2TF) 20O B | 97 G AT SOF AR - FOC FICHIR (A0, & tofd S a1 o
TR A ©F S 1 1 e e AfSTad (mindset resistance) 0O 28 @32 SN AL (Fe
2T | TnreFel- &l FE RS Al RBL g W69 FAC0 OFFN, TCE RERFET @0 47

AR RNRES! (Resource Constraints) : ¥, 97, &3 ST @e I ©eq I@ A4l | RBL
AFE YT (AF GO T 5, F@ AT 77 (121 fefebe Gemt (F5mes, smsiG) s,
0T I oRi® 0o | GO AT SBRCID 5T T 20 SR R 5o1d 1 | FifL oI
FTEARF (AT & T H2@R) F8F 77 (I 5¢) |

JIZA U (Management Issues) : [fon Frrdl wasfs wf oz, IO ATFES AL AN
@R ARCR(FS FeAe] LR FFFFeE TAF BI7 (73 1| Gfegyai® 7 RBL-97 elfei-fofes wemee
(@ wwe! ) Mot S5 1 frmdiar ffen sifece T e, ©13 weeTe FIE WIS 41 HICEfER |

fefEbre I wfelie witee : 2-9rrt (SR fTeiE), (U6l GToitad Th e UMb @R SHTIT Sivs!
(fefersre feeze) et 231 *zead Frediar Al 5ot 929 <6, (58 A Frwdia e =it ezt
) 9R (FF TSGR FANCAGA 1 1T RBL-IF @ FCH | €3 B RBL-F (B2 e
T FCF, T8 AREFA, GUAT-CIRT GoT @R 22IqC TCee M TN (STHCH 03¢ dY) |

.Y, TR @FE—

RBL-G9 JWARE B (NI GREE, (FAI) (S s Face 20, 1 fofens gor aae
GReR A AN | @afs frs, el w3z efsdir ww {fAE, T Ao ger e
1

TREC T TR : TR G2 AR AGS AN FIG 6o | AHAIRC A Top-fofes
fFTeTF (AN T0 T A9 G2 SN fCfene Fert (Google Colab, Zotero) JJIRF T | «ft
THRCAG AN FAY G2 SCHLEAD TR | AT ariet F0e Gz RBL G S 13,
4 *70d Tel fofebreT |

e i S0 « WG wFe! (IR &) 8-b FRIRA G191 WS Fepe | MOTSTATS
FHICHIRTL (T, & tofd, RBL WAGae «de fefese $o™1 (Elicit, NotebookLM) S€9® Fde+ | UNESCO
ESD (FNSAF PR I OFelaq (I (Coursera, edX) IR I (ST 03¢ 34) | Burns
TEER ¢ TAWE ffrFama oide - @t T aferay ot «de L 9 AT |

GAF-GI @R & Fo191 : Zotero, Mendeley, Google Scholar-a3 SCe! f&F FoT1 ATSIeE T304 | FITC-
fofe Jupyter Notebook 31 Kaggle (CBITE I2H (A FIfGR RITIZ ACqqCl FEI 20 | el -GG
IR 932 TefEsre fCeige omd 361 FAR o B toft T+ e Aem-erres FrFes
& TS A1 BT @32 @I I [IRET, NGO (@9 BRAC) @2 FIFIET AL
wAmIfg g - PG, (B IR (TH! SWLHCT & | STCT-SIACS 2/ 77, I e i
26T IFF#FE WOl FIFE TPE RBL 2FCH @I FF4 (I b) 1| «aff SeeRell AT’ @Iz SDG-
qF MR IS ICF | PO O FGF Lo I - f T (voy) 3 Teea (8ox%) fofew | @3
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@ BteIe SR RBL-(F G2 @2 (FAe) F0F, Ace Rrmdiar fefebe oo aeifas e
AFS 2 (STACH! 03¢ ) |

TomezR : Tfedm oo aemeifefes M (RBL) G2 forwin owa @3 g «ife o dfefre
Tz @t o SpTEE-sifre Wl i SAfters 0 I8 [eed wfoa vt - oeaR] sifiTe,
TN O, AT STl - (NFIE &S I (ST 03¢ 0) | Ao g st
afe@w 30 RBL &t paom s spegfifa «v3e creffam qrem, aice o @i aitss
RIS (IR (TOITTE @A Al FTeEme 929 FA0S AT 1 AL-BIfETS §519 @ Elicit, NotebookL M
@R G feToTeanld e, IBNGb e SR @32 (Thl FLHINST @© B4, A RBL-AF Al
QFHNRG I | Zotero, Mendeley-a3 ! (FFICETA B (iR SaRcE ffte F@ Sifa T
ST AT, T2 Research Rabbit-a3 fogge wmifare s (TBETE NI A T | Qafe FiefEfees
el Fea, @A Fredia ffete e gm o e asq F@ «de fefene b,
FACEBAETE JEHRCTR Wl T (Ol | T IS Sy FCH@d & a¥e 20 - TeRE,
Tferifere «ae G2 e e e afepmefice 23ie RBL wea waifsee fire 2@, @
T2 fSfeore Gl ae petiad RFoSANEd NI oI | FRFF alf*iel, GUoF-GTaT 72 G ETFTe-
(IR 2GR (NGO, Wiy, STaIF) BIitetey (AN 7= ST, af¥ret ol «de S SpTe!
FACI | ALAA-SIRICSA NCo! (A0 P Vel I WSS 11 276 JIZI7= WSl FIA TPCE RBL
4G GIRGS FCA APIPFS! AT A (SAB, SR, @B, B 2033 ) | Heather Burns-ad (Aeivif&
WCCHA AR UNESCO-9F ESD (FNGANEE WIENE RBL (GF2 *r¥itd FARHS I - Content-F
e, Perspectives-(& o™ @32 Process-(F FLHARATES B (] W) | «fb =feReaa SDG
S A ST AR, @ SDG 8 (@€1® #FT), SDG 3O (ST FIMD) @R SDG 34 (WLAMIR) |
oRETe Al-93 Taeife G2 faq FEHaa T RBL 9IRS G912 201 | f*rwss, Sifefdas «ae
AfSdieTa Tfos we4az Rf@ 91 - 22T RBL-F AGFE 4GS F@ TGRS fH@ro=e,
TR QAR (B2 AR qF T MC (ol & | Afb vy sl 77, @3 G978 ofares fofe
79 91 (https://unesdoc.unesco.org ) |

Reference:

>, %5, AT (050) e AEEHREDG rerife 37 § 2efeiiit ¢remife @, T o Bt
qT =R 2 BB SRTET-3¢, TP-3, - dVY - 3¢ (92 AR ACBIARRED coreieifer et s
4 @R, I ITARRNR @R (ZF-FTC AR Wl efefes “mfs «qdigs @ Frmdioa
sAfacaiore @ @RsT! Foree ) |

3. B, SR, @B, e (03) ABICIIAD AT T AT GG IACHHCHT SBIAE
T qF ACBICAIAND 29 AT QGCFHI | TN AFHT LI ACB ARG FRATE TS (Sl
EFIR @R 2RI 6 |

©, TTCEICH! (R059) GECEFHT T ACGICAIA (CTSATAD (AN : TR TS, (BFAN2 SHACTH THAG
ey PR SrReIPTR f€iRe FCF, T RBL-OF AR A&7y |

8. ZTTCH! (0¢) YT T ACHICIE (CLSANS | YA ESD @FNSANKF D FoA2 eWie I,
q S @2 2FET MG SDG TS & IFAeNfefes v oeve @ |

€. @3b, I, ST, 5, Sub-q0
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b, 6713, SAR.YE, W (032), AeE

q. T893 : 10.1108/1JSHE-11-2021-0465 «Afb TwMH*rw GF972 FRFR (ulfE @@ it s,
NI PCFT T FABIAREG FEH e Sve &g o

b, T893 : 10.1108/JSHE-11-2021-0465, &

5. G 2qPOHEs T1 O, (4. f8.) Pifte o @Bl Wb U, 0L FT
https://www.semanticscholar.org

So. TTEICH (R059), ACE

3. https://unesdoc.unesco.org
https://www.unesco.org/en/education/sustainable-development

«f6 UNESCO-@T 03¢ JEE ESD FNSTRF, [ (FIF SDG TS & f e, &Fg dd2 qacifefes
PRI elCal e 6 |

5, GXB,6T.AD, OF (033) FAPTBIAIAD GE*H T T AGCF*T SATGHEHT SO
T O ACGICAED 2 JE AT | NN 2 N APTOICAAD FEHT 0T (o
eI (PT*let ~RICeTb 3R |

9, URL: https://unesdoc.unesco.org/ark:/48223/pf0000247444 @6 UNESCO-U% ST ©Herd
(L #B, ISBN : 978-92-3-100209-0), A SDG-&fea &y ey oy, 5« wyrsfofel e v
ESD-¥ WK SDG SECTA NS 2ni e |
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