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A1FZAE

Ald AT 24 2 29K

e w HEA A BALS S =gl $HA 915 A4 (agency)
o] T23A AEF Jtt. OECD ‘Education 2030 ZZAE A= v
g s Aol dol b AR g4R A FAFAA
(student agency)(OECD, 2018, 2019)S a1 low $givat 2022 78
d wFHGAE FA PAFALE T dFew Fxsta Ut
(5, 2021). FAFALA W Foj= Aol we} vhFapAnt, 24l
of delo] wet ojujg P4 E T F e dFolge gnrt EAUG
(Bandura, 1989; Emirbayer & Mische, 1998; Giddens, 1979; Pickering,
1995; Schlosser, 2015). sHA) Q| FA4d > =~
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>

(o) =]
2 BHe 44%n 54
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= g w Fe% a4 & ¢ QU uSEYd, 2019). A Y
FAL W3l 7hesty gy Jhed A4S 7FX 2 Z(0ECD, 2019), @
AFAAA S APt qIFE 5 A= wFo] aqdy

(authentic inquiry)7} At # &2k 78 FE(authentic scientific
reasoning)?] £ Wt @2 AA| A= @ 7PA A 9l
= Hstd F2o A QAES WY Zo|t}H(Chinn & Malhotra,
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= HAAM dejA= AAAFRA GGGl oy 2lE A 23S
T ATHEr A AdE, 20200 A>T EAF

2021; v 5, 2022). E vE AFEL Hoty g wdsto] deol
B 7wt g5 3 33 i, #ehA A% ' 9, #ote] g
Zwjo] Z7lo] FE35tHBrogan et al, 2016; Goldberg et al., 2015;
Schultheis & Kjelvik; 2015, Wyner, 2013; ¥3b&3 =49 2020; A&
%, 2021). Ly Holy &8 "7 £ Bste] Ao qFAA

AAFAQ ZAE vE Ad d "Us a34gd 5 Aok wEkd 7)$

A7) NEE B2 BEAE FAS] vd AE AmozA 87 FA

olo] & AFelM= &4 ZAE TAHLE S FAFALE T

& 3= deoly Vit gy zeads Jidstel HEsta 1 2E



A5 dolg u YrZEaRe Fd A AYFAL I
obe mASE ° o BAe] gk 53, @7 BAls ol

dolHE Aoz st PAFAYL IS + JE= =2

wAlek BEE voly iuk Yz ael M sy e] YefFA

TAs BAE dold Jw grEZeadel stae] @95



A3 A &9 A9
doly 7]8k g

B oAgoa gte] &8st dolHE AAlA Holg et A%
dole gt ¥4 A@7 2ALS T8 A Aoz RE FHE AR,
dH e ZAAHd AHE YeERdT(Kjelvik &  Schultheis, 2019;
Schultheis & Kjelvik, 2020). A4 dlolel= 54 HeS Yerd7] 9
3 Aoz AAHAY A EAF FA Sl veEd 23S &
Zg dlolg el dujEt 2 AFeA onst: doly 7w B
AAA HolEHE ol B 4E waw, SAE AF 3 oA
doA = AAE BAshe &7 ofdet AA 48 A%

Moz ZAHG HolEHE @&ste] Fiste S gusti(EnE,

2020).
B9 A4

al
glom ojwdt Ago|A FYFAAHNLS THE 4 S0 A=
Farh(als 4 & AW, 2019). E Aol el TzaHe 37
I AdEE g9 TAE AAsta, 34 dd dolHE ywtew g E
Agsts Zaagoln. waks 7 net WA FAe] FAYS
g st= 34 9ke 9 A4 (environmental science agency, ESA)S

X E2 283, @43 FFAE S &4 ZA tete] SAE
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A2 ol&H WA

A 1A dolg 7ut 338 &1

o) o] E] (Authentic Data)&} 3t} 242 dole= 1z dolg e 23 4
o2 F&E 4 vl 1% dHolE(first-hand data)t= 2oy A4
xZALE Sl A3 FAstn £ dlolE(Hug & McKeill, 2008)]H,
2x} dl o] (second-hand data)™= THE Abgol ofs XALE 1Hy ©lolH
2 v oF EX2HE A9 do]E(Mangnusson et al, 2004; Hug
& McNeill, 2008) o]t}

FE BFAR- AR AL AMdoly ARE ou|stdl 33 g tol A
o] HelH®= 1 ¢
A S B AHHoRE FHE AR gnE xFetA HATHFA
=, 2006, AEH T, 2021; A& T, 2009; +=wd, 2020). =g, 7R
AAolvt T HAGoNA 22 HolEH = ®H-9 Hele 2 283 tH(Lehrer
& Schauble, 2002; Schultheis & Kjelvik, 2015, &4, 2021, g1 5,
2022). o]y g AA EFo] wep AAA Heoly Wk §to] w3k o
TEo] o]FolAaL lom FHe] Ma A= [ 2-113 2ok

a=)

b BEe], AAew doj) A&Hon A

[ 2-1] dlol® 7Rt &4 4 A8 A+

2

=
o

Forster et al. AE AT 5SS 93 Data Jam £ 2 (AAA dolH




AZ-EoTE B /18 AT-Ae NEE AS-24 A% 3

(2018) oA TH-TEAE ARE TE&-o ARI} HoP AA
Kastens, 1Ex o 2xE e golE B8 29e AMEi of

AEdoz #3d = voje THS skl o
Krumhansl & of W = AT 471A] AA

Baker (2015)

Schultheis &

o #7 Aelsh B8 A wolHE Yoz Fyse 4
SIehis B3 27 el gk Uk Al
(2015)
Kerlin 5C, AAle] B A dolelst wAel AR Tt go]
McDonald SP & B ANshu 4] wAE R4t 24U Hole)
Kelly GJ ANHQE W 7 AHge] ZwoA SHyEe] walsh oo
(2010) st =& T/ EEYE B
Lefrer & ot B8t £ol AE WE7), AR £, AR
Schauble dole Bde] FAS F40RE ¢ AAA ol &84 u&
(2002) A
HEE]
B 23k dlole] s Bt Fpol Al et wlole] EleiA
sk B3t BT 92 B4
A dA(2022)
SPOISEHEE BEEfel SyEel A3 A ol E &
FESOED AT AIF B el AAAAS AElE Bt
7 A
gegey WA HOIEE 289 gusat o A 25ael |
18l eEleiAle} ael sl mXE 9 BA
e
I 74 B3t 22718 5@ dolE] A Bet gty T2
mer a3 A 25stde) Bt AP nAE T 2
(2020)
T EE
A0 ANRRAL A FUS 91 Holy A 3T mgw
° S A A
(2020)
G OA" &3 =72 243 olHE Feshe A% B 5
£749 o N, 25 A4PRAD g FHH RAHEH
(2020b) MAE Y w4
deu = A VERENZAE oIE3 /14 BlelEE Fasta A
(2009) Aoz gslol Aol AlFshE AzEe ARt sta B%

oAl A AFA3E wHel 714 BoF B kol A&




A Yool Aol AFE HARE HolEE ATHE ©T Sl
(2006) A gate] SIS Bl UF BlEe vXE a%E B4

oA A AFEL F=2 ANARALASGF, dHeoly ZgA, 3

3t @4 el el dold U BT £US BA

=)
LN |

o

SR

o
ol
30,

A 24 st FAFAA

v

FAFALL A FAVF A4l sEHer ALl 545 G
dst7] flsl Aele] LS Adelsta A8kl A A QL ALS] g e]o] A
43 & A& FHolth(Sewell, 2005, A @, 2016). FLFAAF> W}
& Agsta IRE ¥t Ui ok W HA A% FHFEH(Barton
& Tan, 2010). FAEE 7H FAE FAetar P, FAAE Sl
A AT AEe] Addt. dAFAge] HEe AMAHA AFH A
o] zlopAd w= ALg o NS 7S o+ AT (Popkewitz, 2008).

m) e ALS] ol iR gk W wkEkel] gk ool glojA]l ShAl a9 A A ol
gk walo] mobxar vk HAA QD FFolA mE dtge] &5 AA

E

5
l

St w3 W3l weke =93l = OECDY ‘Education 2030

ZAENN = PR g WS Ao QojA 7 HAAH e 4"
sk 31 QA A (student agency)S wETH A FYPFAALE FAE
o] Al FWel do #AAE zZha A7 A st Fog oz

Apale] WELRE ol F

E
>
L
il
ox
rloh
o,
=
b
ol
2,
b
o
o
o,
o
>N

Lo
1%
oL
2

>

1S A -BA AR, A A, AT



AN S FFxsto gz s ‘A&AS EFSIal 1ol Add
qa&  =r]-Ad el TS FAAZIY(o] 4L, 2018). OECD
‘Education 2030’ Z 2 A Eo| A AAEE A AdFAA RIS [19

2-119 2Rk as7 e, 2019).

opAt 42
==t NES T - QI 4E
. o FUAZAN - BELE
. B BUATAA - A4z
© B YUY s

7tssH sk 24

A4 (Knowledge) 71912 2+ (Personal Strengths) MEIA ?715(Social Skills)
oheA, 7reh=A A4 Ei=, 7fAl, 7=, Oﬁé*
QIHIA 0| =2 7], 24, 28, g2, AZHA, AYE, AV 558

AL 7S, ol 20l 2ot d3Y AY

(19 2-1] 94 FAFAAY ZF@=aS71Ed, 2019)

FHAFA LS T & FollA o A FFor deud, A
o) FA o] HEE Y] YA BHo g 22 J|% "R A S
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L7F ATh(e]dE, 2018). AA, AL A HAHe J5HoR

qedzhe 45 GAFAYY Y RaRA A PFol oy A3
& 7bAeA olafstm Aol A A9t IS WA £ U= IS

A 3 A Fgamgol A et BAFAY

St g A A Sgel FAE Hofokdrh
T o] et AR e BN FAFALES =sn oo 7
T A

folx gl AYFALE ZA ANA, WA, ARA, FEA,
A

Bl rR

EdA SHoR 2 5 AdvkEhE] g, A8, 2019).
o121 % Y Q] F A A (epistemic agency)> U21% ZSwWolA A E ]

2
FAZE =] 73 Ag FAE vte dAFAL 2H1e w7
T o} wHHANA SFAEo] FH3t A2 FAI= AA

of Fejsti= AL Fxsta v WEFNRC, 2012, &5, 2015), F95
gAae A¢rt gokEkEg, AHsY review,

2019). 144 FYFAN S =t AFEME o] FAI ¥ o

et AN FAH Uk @9 24 Frh OB WAt dAE
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stu], S AZS A2 A 71AdF F de AAA] AdoR
vhetE AS E=3ch(Kane, 2015; Sharma, 2007; Stroupe, 2014).

FAFAAL ] WMstkA S ol Hlulste] V]Ee] Fxo WIS of
718t EFoA AAFAALS et A5 dZ=tHHays, 1994).
M3l A 8 9 A A (transformative agency)S F& B #o|2 #AH ¢
Tol A oA =], o]52 # &5 FoA A EC] AALS T
Al AY 7= W (Brickhouse et al., 2000; Holland et al., 1998; Olitsky,
2006)1 4 S whEkEnh o 71A AAG LS U 38t ol o
AFRRRIZE, oW @k Abghe] Mzl st=rPE oW|sl7|= stal(Tan &
Barton, 2008), t+& Abghell oJaf ofH A AAA=A], ©E AtgEe] wh
o= oEA siMetar 1ol Elo] of¥A WHEst=A A Holrr] =
3t} (Buxton, 2005).

FAFAGY AHA WS OF AFELS J5 A2 s e

3t A7FA] ©+E 9 (Birmingham & Barton, 2014). A 7FAE L A E9]
gk vbE vt o R AY AR e wE I el %S v ¢ e
AHdoer Yopxttd= e AxetH, dAscl AHH dAHAFAA
(educated action in science)s #3233 & QA FXIg v P A2 w4t

5 owere] 99lg wAlEkTh(aha 4, 718, 2019),

PN
T
FEAA WS hre] deFAdez Ay 4 3 th(Pickering, 1995).

Pickering(1995)2 E &AM Ao A o] dojus HAHoA Hex+=

- 12 - ,-:',h—-\.! -“‘,':I L



FEAL 9He] QA @rkes WA BAe 997404 (material
agency)ol 23, B4 YAFALN g FAFAL A o

W egdem seuA sEthe Zudd Adsdda
(mangle) 4 Ach. B4 FAFALL G5 A A P AA

2 o]Zol7be H4e walel £8% el B & ArkEta S, A3

&, 2015; ol &k, A3 2016, A, #H3| W, 2018). =&
of PFAL A GAFALe HAdL Sl ol EFLALS &

Aate HAL GAse], 1 apgel A Aol ol AXH FES

A 44d &7338 PFAA

3t 718 8 9 F A Al (environmental science agency, ESA)S Basu &
Calabrese Barton (2009, 2010)¢] Hv]3+# 3} 89|54 S Ballard et
al. (2017)¢] 4R =3 37 75te] wieto] yrao] WEI Ao= 37

setgelol AT T A AR WA 5 Y= AL o]
tH(7FA 4, 2021). Ballard et al. (2017)= ESA9 A HFE [1¥ 2-2]
3 go] EE3T ESA WFWE ESAS 9% & Qe stye] P9s

A Al 3} S T

- 13 - 8-t



(3) Using CCS and
environmental
science as a

foundation for
change

[29 2-2] ESA ¥ (Ballard et al. (2017))

D =4 ek e A4 2" A, B 7ol tiEk ol s

>
r
o
119
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Ir
N
X
~

S etEo] ofm s, wal, 9l
- Sagol uel o wA e

2) @73 3st ol A #pAIRke] dE g9 2



Aed #AHE Ao o o we delolne] Aol o
aholu} GA4 sl o] FaH=7}?

dd AAE olsishy] fs MEe wAom ek wA

SRl op B E AR WA o R MAET?

AR A& Thedt Ao AAE sk fle A

ESAQ B 43 e ZTeAde) T2 F3s B4
st Ae) A5t= th53 2k Ballard et al. (2017)2 AW 49 A
A3 Al H1 28 community and citizen science, CCS) X & 12
A= ESAZF ol9A yelyH, ESAZE @estE o 93-S vd CCS

o @7t FoA BAGT BA# CCSE Al Lol AejelA

o Abale] ARTY, AW, gAEl e £4¢ RUHYSD 4E 3
BE F52 St Zradelgth AT A% AU dold 57, 33

A E ool delr], 5 A A adel e ' 2E Aol
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Uk A BEol vigk 4Ad B AAGol A
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Komodiki et al. (2021)2 34 x3st4 747144 =230 %538
Aol ESAQ ghfol m A= & ¥ o] thele] A5 T2 AHE

A3 ESA 84 T FAE9 34 A4 TS AF e A
EHR7F AT 2T A=A SEHEA TGN 28
ESAE M7= A 50 845 BHESH] Slal @
= org gAE THA = 24l 2 F Ut A Tast
A

7F 8 (2021) St Eo] Aoz SSI(Socio-Sientific Issues)ol
Frofst=d 4ot 8 ALY F des JAAHFE L AHEQIE
d7]& 7]dke] DIY =A% (Do It Yourself Measurement Device
using Physical Computing and Internet of Things, DIY-MD)& &-&-3F
ARA G ARt FHE MEstal olE AP dH WA S o

Jom Mgl ESA P4 wWaE ATsach A7 A3t FEL
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2o Sy BAFAY FEe Slel deld Aw grEEade

st A gstel 1 wRE AFSE AL BHo Bt oo we
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Abstract

Development and Application of
Authentic Data—-Driven Inquiry

for Student Agency

:Focused on Environmental Issues

Oh Hye ran
Artificial Intelligence Integrated Education
The Graduate School

Seoul National University

Agency i1s an important competency required for students to lead
their lives well with a sense of purpose in the future society. This
study aimed to develop and apply a data-based inquiry program to
foster student agency and verify its effectiveness. Among various
aspects of agency, a program was developed from the perspective of
environmental science agency(ESA), which explores agency in the
context of environmental preservation and environmental science, and

student behavior was analyzed.
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This study developed an authentic data driven Iinquiry program
focused on environmental issues. The program consisted of activities
to set inquiry problems, analyze data, draw conclusions, and share the
research with other community members. The developed program was
validated by 5 experts (CVI=0.8, IRA=0.8) and empirically explored
by 3 field teachers.

The program was applied to 6 Grade-10 students for 10 sessions.
The degree of ESA improvement was measured with the items
developed in this study to assess ESA. I investigated students’
agency in the class using the ESA lens through students’ reflection
notes, Inquiry report, the post-interview on the project activities of
the students in the class, the researcher’s field notes.

As a result of the study, led to four conclusions. First, students are
actively developing the science content and inquiry associated with
environmental science and data science. Second, students are
positioning themselves by taking on specific roles and identifying
themselves as having expertise in specific areas like as science
inquiry or data analysis. Third, students are recognizing the
environmental problem related to the research problem as an
important problem that can affect oneself. Fourth, by grasping
meaningful data, students recognized themselves as actors of
environmental problems.

The key process of the program that had an impact on ESA were
‘setting research topics for environmental issues’, ‘using authentic

data’, and ‘open inquiry close to authentic sceince’.
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This study i1s significant in that it proposed a data-based inquiry
program that can develop agency, a core competency of future
society, confirmed the possibility of field application, and identified
behaviors that can capture agency in environmental science. Based on
this study, it is expected that various programs that can cultivate

ESA will be developed and actively applied to school sites.

keywords : Agency, Environmental Science Agency, ESA,
Authentic Data, Data-Driven Inquiry
Student Number : 2021-21994
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