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I. M2

A1d A7 994 2 A7 =2

fEL

713 Wsle] A3 AR 7F 3o A (Intergovernmental Panel on Climate
ChangelIPCCD= A 7ol AX 71533t A3 2o dig dzke] I
& Wty =3 S H T JeSs B2 AFRER S THIPCC, 2014).
TAE 715wt gk &2 #8te At dS dol AEAAA, &3t
A, AEA, XA 2o AA AdvkeE Aolth(Finucane, 2009; McKeown
& Hopkins, 2010). 7] FW¥stE Bl E& A9 il 929 &d, vAd
A, 5 33 24, FAAEAAE T AdFE E8/le] #ed A-EE g

[e]
3 A3 A 7144, 3 A A (Socio-Scientific Issues [SSI)ol 2w &} ar
38 o =

f

oj¥ 4

T AE 28 e} e

=49 ARSI SR} Becke 7]5-Wstel o] 7o =9 27 AAE AY
&= A Risiko) S LA thFojof o] i dde] =os AT
(1986/1997). 1% @9l AATHolm EAE & g BrHgHQ 9
2 A ] kel Ao FxHoH ddHor WAE 3
= Aoz Avh 2o o3 Sl ti&sty] HAF WrHemA AEAQ
(reflexive) HistS FAsts 7ok o] AA|Qlolyp AR Az 2%
A AAe] oid T FArE 3 dFo AA Fo, F AAH A

o S4¥m WHew ngdt o9 AAd Ade
1986/1997, p. 357). #3712} Fiorino(1990)= o WlIFF9]  #3o|
2Ase], & Mgl AMEeA AR Fel 7187 FHSA ¥

o ]
St7leA A AAME e Fejo AgE FrT 5 jlojoF A
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& DeBoer, 1994; McEneaney, 2003). 1950 t] }stz Aok 7ido] A

S 5% MHurd, 1958; McCurdy, 1958)%F o]% Al3], )|, F3}% WHE

wet 1 gyt AFH T2 AHHoR R gith(DeBoer, 2000).

Hodson(2003, 2010)-> H<+e] #sta d-ddl A3 A, AAZ, 844, =

-84 TAe gAEAA AR dom aaAl AR AAA AH
=

[e]
(socio—political action)S T3 + <l S Qe o) uwek sk

WES HAH 784 A(critical scientific literacy) S ZbE SIS A
st 4= gJojof st Al vz wWEkol A Sjostrom and Eilks(2018)
= e w8 AR -AE A 9 (socio-ecojustice) 9 A A A ALt A S
Fak7] 98 WF ARo A Fof ¥, Bl w3 Al vEH&
zk3 S s oF dthal xSkt oled HES VEAeR I
8 ulgo] “Stu el @ qto A FEAHolal VA Aol BIAAAY S W A
oA Stae] @S dol Al AA A=A ol mjukAola FA A F
o5 At wsow HikEolop ' (Kyle, 1996, p. D& 94& &
fratar Q= Aolrh 2o wel AjMEE AR wgdtEy AP =F
Aoy A AA S5 T “YAFFE(armchair critic)”(Hodson, 2003)
= "ol "eEtdola Al Aol A Al HAagE U Fsts
wA o)z qFAQ Hojel A o]lth(Bencze et al., 2018).

H 209 AR olgfd PHFE AAstE A4ES F7Fskal 9tk Roth
and Lee(2004)= A Aol & FA(F=, 24, A H2)E si4st]
A TS 7 HAFES e o]5o] A A g A
Adsta FREY Fiete AAS 7Iedrh ol T A= g 3
g algo] stuEhE 220 AAE ol sl HAo 4 oA A&
= s 728 = dojof vt AxFdu. o] A7 e wes ST
A3 A ek ool Aol Ad vheAdH BoAd FEE vl
A z719] AT, He AFELS FAEY HAHE FAANE & U=
ARl et 99l Fol =S T Ak L AR A Yo, G4
Az G5, 3 AP #ZY To &S T3 A4, B9 (agency), 74
2 sty BAEAE 7] 914 (identification) W3 Sl g A (Walsh &

Cordero, 2019; Zimmerman & Weible, 2018; Zoras & Bencze, 2014),

F71e] 29 2E FolE T3 AWA, AFANE AHe S7HPark &

-~ - 21

| 3]
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Kim, 2020; Kerckhoff & Reis, 2014)& ¥A13t A+, A
& % =YY ARyA, A2, HAxE T Fdel g AT
(Birmingham & Barton, 2013; Kim et al., 2020) S| .t}

271 ATES HAA BeHE ARG FoFel A
W o] 5 F SHAES Wste gk o]l F
Tejvh olegr Hge wWey 99l HuA 2AE ¥

# <l SAES FodshA A=A, Ade] 7hd &4
i o FFS FAEA, AT wAbeke] ARSI ARl AAE oW g 2

3 =3
= A A | Xﬂ7] ]EL e wsshe] AW eIEt ARSEEA AT HT
(Tobin, 2005, 2012)3 37 <1zFe] & A3 x4 WHFHA BA
off 1 olsstE &= Abs|stel 7]E HAA(HEY, 2016, Bourdieu, 1990;
Swell, 1992)¢l 7]z gt}

TZ2= AREA A el A A Yl S vrEollle delEA
Azte) A5 AtV E Aty E shr) upepx =

!

He AYd SR 453 SR gom, Qe Fxel o8
]

1_]_'

o ri =
Lo
o !
e/

Ir

& &3 x5 AAAEAl @tk (Shanahan, 2009). L o] s
@ed] Fxo o g FAEAE Fevh 5 oudd A4S 8
oEAgds AW A Axlel YPE xHstn FAste FEH, 5 W9
(agency)S 3lstn] 3o tigd & lom, 1o we} Fx ¥WES
do = Q) old ZHwWoA TR Aol HIF(FR o wEH
PE)S s, o= QIzte] Hge FxRE AP F& WHFEAZ
4 e Zoltk(Swell, 1992). oA g7} AL EEA A B A A
o] ol F oldfstaar & wf TFo] HAYS o= I wHe Fxe}
ShgAke] o] B A B EHE ALY Ss FAEor & e dS ot

(Barton et al., 2013).

TEeh Aele] WA SWAM Sga olsstr] fld AHsta gt
A FA2 AGAAdolth Sfard and Prusak(2005)+ ‘G S AFE &9
ML olafstr] #1gk “(71xh) A %d A4 1 (missing link)" 24 2
Hel SR aetal Jriskth gas BAAG NdoRE olddtteE A

-3 - ,-:'x—-\.! -“‘,':I ]



A2 F5, d HEEA O SFo] ofd 9 Adgo] diE FofmAe g
Foz ol sttt Folth(Sfard, 1998; Rogoff, 1994). weba shxxle]
TAAR Wt e, WA, £33 WEd, ARA wiold & alel
owA olsfd ‘—E Aolth, 2 "Weto A gl lo] Ad o]
dxsh= Lave & Wenger(191)+= 8t A Fs Ao FHAQL F
M2 Zbo(legitimate peripheral participation) &4 A ¢kt o 714 A3
TEAe TEe I dEo B4, 9 55 TRt ASKAHoRE S
A-gote B P Fokol EﬂffL A2 AEAE Folrtes Jdo=A
AolHth(Wenger et al, 2002). & g5 Aol APFFA o =4

;(].7]. 5\_#710 ‘:'O:]H]—"! H] 751 3z 3 A

AYE F55ta APl FAA

o] 7}=(becoming) A, & AAA A4

WA S5e Ed wael wd

Aol stgAtel AAA FAL FASeF i, ol ZEAow I
ol wek male] myshd Adl, dm 1 A

olalst: Ao HE AlzE oo}
SEERER =

noARE A, A, ouE

(Carlone et al., 2011; Roth, 2004).

Og(::‘
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o &L & © 2

X
e
2
—H

2,
__)&‘
o,

AAAol A Y AAZ 7= AAAH AEdA dF(Erikson,

AT

=

1968)¢k 7
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o o

o 0

e
£
N
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b H

3t} (Holland e
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A2, 9 8

ojn] & tk(Valeras et al, 2015). ©]%
I AAZE obd AHAA 2 (identity work) =

Yolrt b @ %

t al.,

2ol
3]

X
Jh
2

=0

q
g A9 oA FA/AFHHE FEHA HFHo

1998).

1 AAEL el A T3k Qo] 74, qf
Aolo] o] FAETH waba Aae] Wal= oA A
S HolgkE A WwElE ofr|EH Aalo] FEAA,
Teta ApEHor olsEEAd it ol (FAF)E AL
T AFZEE Ao th(Roth, 2004). o] AL Apalo] oW Y
A=A gk P9leo] weo

O
ja)
N
=
=

—_—

¥
UIO ox

o o

e

el

A’ A < (authoring

=]
=

H

A

=

s
a

—1>

o
2
ox

KR
-

2
X

I

re
P
X

=
T
H
T
o
T

identity)(Barton et al., 2013; Carlone et al, 2015 Holland et al.,
1998)ell dow, o= 3} wAHel FEAHA EAI o]zle] U= 7
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£

ok £ HolA WSS wHH Aote FY/AFAANE AA
s Aol 2HE T Aol

B e B wgo] JlFusiel 2 A AjE e the SSIE Y
How Axstn FEe| Ho WF

2N

. .

Fe FATONA AeiFolol & Rolvhs AFe AATLh WA, WF
A

e

it

A A3
TApoll o3& ¥ ® Atk Barton and Tan(2010)2 A $A}3] 13

H GFol Fog 2-Fou AgAE AAN IS LA AT TRt o

= A FFY gAFol 3ol Foldol MY AEAQ A

A AgstA X 7lol A4 ES 93 29 sy RS us

T aSgAe AAAMES £W3 Zafrani  and

Yarden(2017)¢] A= 94 Ado] olFA = FxAQ1 Wt g 7=

o] AgAolet= HolA st E] BAAG Aol tigh olafel FHAZE Ut

271 =oE FEste] B A4 AE &R, 3 25stulA Fad A

A A TG BE Fo] Fold 65 SAEe) AAY AAL B

@k 9% sl SPYES Folst dolih ko] AT R FREA A
A AG TN BF SN B2 D AFHE F5E A o)
g A o2 Hdsy] A% A PANAUL £ oo dye
of AASN Folsh: SFAA WM /Bt BAoEA AgaA U3
= EAel olEel AT 4 Al AUe FeSE B WY B
FoEM g4 AEH S Felol WAF YAFTL SHYF] o H4o
A BrelomRE e abEEel o, J1Fus A4 2 g 914, 75w
3 gAYt 1 8 AW 5O 2Fe BF AN FAY AL 9
& Agol feh 59 ¥ BFo] S FEAL /T e AHS AP
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&
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=
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=
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2. AFol(self/selves), A A A (identity/idenities)

Zbok(self) = 7Hle]l  AMGS wibgtRal o]t WS FAolrt
(Holland et al, 1998). A}3]&}ol A= James(1890) o] F = 7L E4=9
Zbol(selves)E  7FAaL vk A A (Turner, 2012/201891 A4 A} 91-8-).

Ztobel BAGolgt= NES stAE JA] E&sto] ARgsta e AolA
ol Aol gk F&g dstE ol@A k. B Burke and Stets(2009)+=
“AAA Abok(overall self) WF-o 22 Apoba(selves) ZH2ha G447 o2}
3 sk em Turner(2012/2018)% H]2gk WA ZfolE “drde]l A
e A gt 3t Holland et al.(1998) Al W Sz3k wlgof A
7hE A Q1 ZJolo oj) sk Eatat-N-) ol e} &= om 2 AAA L
“self-understandings”® A 2]3tt}. ¥ A= Holland et al.(1998)2] A
olE wEr.

3. A4 7A A A (figured world)

Holland et al.(1998)2 <12l®  AlA(figured worldE “543 <&
PAA7E A4 5 A9l ofuizt Fosu v Ao vlE 54 A
o] © 77} wjARE A H o R RaHow FAE Ao gIrow
Ao g tH(Holland et al, 1998; Holland & Lachicotte, 2007). A}3] A A
ANA dojrp= QI7te] AFS A= AeHU ZEdS AT F3#
Fololth(z &4, 2016). 1} Q1AHE AA= A7k WFo] AFH Fx
of oA ARG AR(AHAFTL) S e FHAH A3} Aol o
=o HEHA e 98

}a
2407 vidy AAoltt o] MA &9 o FFojeiw, 1ga 1 &
< s #

A

of,



4. 912 & A A A (positional identity/positionality)

9 2 A (positional)  FAA, A A (relational) HAAA Z2 A
(positionality) ¢ =% ZdIT 4 Utt o] AL g Algo] thE& Abgty A
BHA] BA HolA A AFE A 9 A (social position) & ©] 3
o724 AY A, 53 A4, AR A AE B 5 AdsstE A E Al
S AazAEH Abs] #AAA Fxo dH P HHolland et al, 1998,
125-127). AFEE A A= Al AFE A gl gigk o] 3,
AA A AP o2 g} o] 3
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A9, A = grstH o] 3L Bourdieu(1992/2015)
237 AHE-(symbolic capital) @2 o]sfEth w Ao P Eo] A}
TREE W e el AA ARolgt @ 4 9t o] AA A

| AU olmg A4 Fe 1 S4e] wAdA AX Ytk of A

Lo

—

rlo

R | >
)
oZ,
0]

2 Aoath A4 ARe 2ESAE0 B AW AF S0 @

D3
2

q 59 2F2 e g4Ee] AU
wo ol ol Al ol Wslol Y AN ol 1 34

5. Ao} A & A (authoring selves)

ZpotA e AALY ¥4, Wl 2" T 5 AAAd A4 (identity
work)(Carlone et al, 2015)& oJn|gl= &o]& Bakhtin(1981)e] 7]%3
o 27 AAAS A TE AL ERRFeLe] #A FolA oAt A
ol =A<l AHoltt thEE(Bakhtin, 1981)2] A4t LolA -7}

_]
(e}
Wl s st A TR EE RIS (addressed) HaElol thdk S



(answer)o|th. &g o] Eagls= AT XA wEolA 4 Qo @A
AFS] A QL ol ok Fo] @A Huh 5 b AAALS gt A
2 ARSI AL o], AR A QL EHAE o] gk Afoto] S Aol o]y A
ANA ApolE AE'grhal HwETE o] Amo Hhe ARSI A AACA

2 & 5483 #™(differentiated “vocal” perspectives)] 5 3 A ol
= F7ro|t}’(Holland et al, 1998, p. 173). = 1+e A%

JP>

o8 TFAHE= 3
T AR Al B4 E FH(orchestration)dte] AlolE: A <«dt
o B Ao A 2S5 ELS A H AA Fa3d 7} oS A V]

=35 [e)

S = h=
HE el AR, aga A" AAdA e wrERE Fad o A3
oA 12stk= A4l A AL S MRoR 7§ HHVRAM Y] UF
AobE AEalzb, o= Aol AeA Aol 2F ol dh
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A1 g AHozAY B3HE 429

84 4 %(science/scientific literacy)D< 1950d ] o, A S o]
of & Wt mw{Ho] Tolow FAFojoF Aol vhe THilo]A
517] A28 th(Hurd, 1958; Deboer, 1991; Roberts, 2007). 601
A YAES WEAES A 2oe] Rololn] of
eofol dAo dFd Eye TS g 2HY ¥R o
FAAx of7lalE & fle ofviet JHdEAd ol
tH(Laugksch, 2000). ©]o tHal Roberts(2007)= )8}
8AE HAEY| R e wged UiAlE A A, A3
I 7145 yER 7] 98 sk WS A e (vision) S 3 ¥
2% Wtk oZe Bety agel AXH 553 AFH 8
Wehela WA stk Aol 7]z,
T% VISION 13 VISION TEAMe #82 £%s FE3nh dxs
‘24l et FF o] Fh=(canon, TPH)S AFshE Aom #3F  2HA 9
2HE3 347 (Roberts, 2007, p. 730)0] =HS T+ Aoz 743 Y& A
Aap kA Aol Axd eIttt #ekabrt Felgk American
Association for the Advancement of Science(AAAS, 1989)2] Project
20619] Science for all AmericansolA AAlE I}ty AgFS FE A
VISION [ dFozA, #ex g 2 Ao that ols|E ZFxsy A4
Bets} 7&e] AAE BE A7 ALHE olddtel ANE At A4

i’}

]
=)

o
o
ot ok

e

¢

e b
= il
b o

=

o
- o
Q,
= o
R 1o
o 02 12 o 4l L o oy

1) ‘scientific’ literacy®]= ‘science’ literacyo|E = dHAoA= RF sk
Ador HASZ Yl 2By Roberts(2007)o]  9JskH  AAAS(1989)2]
Science for all Americans® Z#o|A = ‘scientific’ literacy® A& %o
Oxford University Press#H(AAAS, 1990) o]3ZFo]+& ‘science’ literacy® W}¥
of AAA AFEHI Jvtar sk Al Zdd ol AFAed <stH
‘scientific’ literacy= W& o A#gle] Ay on snleE L2Yozrx &
=2 4 g7 ‘science’ literacy® vFHEATtm doh. a8y ‘science’tt
‘scientific’ 25 FEAIZ ALEH I glon FAHoZE o E9 ou| zolE
Tt AwE A2 ¢l
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Roberts(2007)= VISION 13 VISION O & 4oz gJAg o)
Aol Sjostrom(Sjostrom, 2013; Sjostrom & FEilks, 2018; Sjostrom et
al, 2016)°] A7t F Irh. 1e 7 ol #3F wKe digk A,
g A, vl A 8] whdstAl Zeta vk A A st 5d w9
9o 8o U5 Bildung) S WS ISION oA © o}z VISION
M=A e #et2 2gs At Fdojql e AI3 g Hol ¢l
71e o] &of AATE Ml ' AMEE AL Itk ‘bilden(REEH, @
sty el A FreEfske dojdl W AR Y3, 2009) “A7]A
2 AA olEl], Aol wLA2 FA4
A HE, A A o)dd #AT(elFS}, 2005) o on et A
ok =l Aol A= ok, Y 5o ]

B A9 s Ed whet thg Aol Y U dubARl onE A Y7

7 o
=

1l

<

2) FEAY olF3H2005)E ‘Aol FYEAAE AAALY YJuE AMEsE AoZ 1l
t}. identity AHAI7}T FLEAAS Ede= FEHO] ‘iddem’elA 1L old &
A A eld ojdH o2 EA AT BF T3, BA Aol AT o uks
2 Ygue 27 sddelgdE Yuls 2t 2 FeA AAE
oy, AAAC] EE AFTHES AA AR AAstE EAl(being)e] 2v <l
A, Ay EoA FAE= EAE 7] (becoming)e] 2F|IA = SHEA Yol uf

2 g,

[

5
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o A7IMe 9& Jstaz Ws'ow F7]eITh

Sjostrom & Eilks(2018)= %< Fischler(2011)E <1-83Fo] dubx 9
nlE “URQle] dbere] ol 1 e ANTEA olsfstH 17b vl o
2 A= w3 -wkAd A 2 S (critical-reflexive bildung)S AF&4], Aol-A
ZH(self-reflection), ®]¥ 2 Wy FAAEAC  Sjostrom(Sjostrom &
Eilks, 2018; Sjostrom, Eilks, & Zuin, 2016)& 713w alel e A4 A=
ol =Ho] AFEslE 99 /\}ﬁ(Beck, 1986/1997) oAl ol 7|Rkg 3}
S age HAS HATH S5 A ALSE AobrtoR sk AlWlo] 7HA
of & o=Fel g woollA 1= “tis}A(dialogical) i, H]FAD AA
Al o)) A3 - AV E A 9 (socio-ecojustice) & ER R e 78 w59
ARzt v o2 A HEA AgS ARt Ao th(Sjostrom & Eilks,
2018, p.82).

AdALE] Metol A W AFF 38 WL 5402 3% (authentic)
o =AAQl Fagk HIAA AL A o]FFE(SSDe tig #HAES &
o A L&l Freires shdd Husel gg Ba wgo @ag
oA UGS T AdUer=FH qWSs Frdd v AL Buk
ojaL WAbE o BARA, A4S ZFAAL Jtkal AA S AbeEC] o= A
of glttal o7]= AMFEA dWH R AAE Hddstes olE Fd A
= FAsHA A7A sk 28 AFA aSolA Hloju wAlete] tisE
ol RlAAel FE A oA oA Edn vaEdd dd Ui
o] WA E Al A7 A WS &4 TH(Freire, 1970/2018, p. 111).

53] Santos(2009)% Freire®] w&¥S vigo=z #3ha A¢ko A <l
2594 (humanistic) #38F W55 APt 1= #8h-7]s] dHdE vty
o% st= A AMEZE AZEY] TEAIE dAESAAY 9T F de AEE,

= JlFashy 2] YA B4 5 SSIe] Wete stSelAl AT 2
& Zac =40 AAAS SSI me wHA AL vpgo A}

3) AA71A H#AAolgt= ouE =g A Aot AT U E Yol FASS AL
3 -AefA ol 3t F3olgtE Fx7) =509 9\}‘3} Sjostréom et al., 2016).

4) “dist= digixte] S3tE g o], Wty kst ojof 3 AAR HE
3= wbgd o] Fo|t}h(Freire, 1970/2018, p. 111) ‘?Hi@‘r‘—:— a9 ‘BEA A7 AP
W&ol A Wl Mz7kel AAVE whgozA AR A2, 74x, AAT)

7]
o]

r&ﬁ rRLL

’
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S5 WEAZ F e TS JeowM TS FRAOR A G A A
2l AF(action) = AFetes Fefsts Ao WSS g
SSI w5o] =9el tigh Zxes 3 3y 571 9 e St oig

AT-(Albe, 2008; Bulte et al., 2006; Lee & Erdogan, 2007, Zeidler et
al, 2009), W& A2 gAgol dlgt A+ (Barab et al., 2007, Dori et al.
2003; Zohar & Nemet, 2002), ¥}8te] 24 olsfs} SSIo] #A ] W <
T (Khishfe & Lederman, 2006; Walker & Zeidler, 2007, Zeidler et al.,
2002), =% B oJApAAe] dig AF(HEFS 9], 2018; Albe, 2008; Tal
& Kedmi, 2006) &= &3l 2 2oy a7t x5 o] gk SSI w5
ofell BRI 9E A= Tt Zeidler:= #}8-7] - A3
(Science-Technology-Society: STS) W52 A}3]% wek otof 338k &
Sue AANNeZA Aok @ Ase] FuE
®, SSI 4-& H5hA1E Aolel 4% oEd W@ A4 B2 A5 &
g 29, st =Y A FE(moral reasoning), SAES AHA WIS
nEes 1o Agon W wgoA dxsolol & daoldn T4

At (Zeidler et al., 2005). L&y Hodson(2010)2 o]# gk SSI w7 7
] =

= g 844 BAE dAsde FEA duan o dAE AHs)
m o #8E WS HjdA, BAA AHS AFE 5 dojop drhal FAd
o} #]52gk JFol A Roth and Barton(2004)2 #AFYEl 718ke] A A 49l
(authentic) ©]4r& W7 Zlo] ofd mpx] A=53l5co] Fsiar, G AH 7}
(activist), A1 F7 J&& Holx SJAbAA oL =1 o 7H3e] &Ed
A “mol”s] B Ao A= v SSI s SHAE A9 FHbel gl
S v #AE A (“play the roles ... in a pretend activity”, o|=g A AF)
= ol52 A gAtslets e AAI stgabe] wlFAola BlEA el F

of A ] SST w55 AA st = Aol
SimonneauX(ZOM)}; SSI Iﬂ%oﬂ st T3S A% nAEo] SSIE
B T i = s o IS I e
+(cold end)JJr ‘EE74—£ (hot end) o2 FSITh 27 EolA A
gorA SSI9 T2 #Ho3 Sgete dHo s7E Folshr] sla 284
A -7l S A A g7 dH E&En v =R
]

ZolA SSI w%e A st ARFAL AN ol BHS ol A
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AR AH 7Hactivist) @] FA40 2HE wFA Hu. =9, 7HA #d 5
AY 938 Hr7t 5o nxA9d An G%o 27k B3 mAL # F7h)
AA g ad= g AR 2 2" 3 SH(post-normal  science)®] A3
Soll Al Aar = wsS @A SSIo tial] wj§-3 o]Fisk= AdA WA=
ok Hm s HHsty #33hA dEoA el Hid(action)o] ARy
& SSI o] AgHojof & Aqls F7stSd

% CF.

o] Z& A HolA FAES SSIHl dial] oJLA As]-AHA A o,
WIFAolan vl oz ol Aol ik w5H <l A=7F U
Bencze(2017), Bencze & Carter(2011)= 7Yt} 2EELFE T4 SR
STEPWISE(Science and technology education promoting wellbeing for
individuals, societies and environments) Z =213 Wb ALy 1
of mele AAMEAR U 7 BAAS 49 gEF o

o
o 7 A STSE w5 (ol 38k 7)<, Abs|ef &7 7He] dAld of
:l_ A
5
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A S)9F Lo 7
and negotiated action)S <334 F ).

EU &% =715 TAIS® 2014-2017d e A AFEA d4S T8 &
x2 39 Z2AEQ PARRISE (Promoting attainment of responsible
research & innovation in science education) @A F&HET HQ7t 9l
PARRISE+= #3to] Absle} QIFe] <t S Q& AFA e d3ds s+
As HAoRE #}sh7|s ool ARA 1S, SSI Weke Ao &7k

]—{1_]__

SE(BSE)S B9 #3 wge e Fyehs Zzageld Fug
Sol AL

rod
1o
o0
=
o
ot
@]
s
AN
=)
Z
>
=
le)
2]
@)
O
=
@)
d
2
=~
:
0]
(o)

el o) AEE A7
i, ) FE ATE ST F olF AMeI] 98 PHe 2a NFA
Wozd o Aeketa A8 A9l Ad(action)] Felshs e BEw
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= Aotk ol wal e wd HFo]  SSIBL(Socio-scientific
HALe A A AR JHAE, 7 A
HA AskE AL oA 8 9@ 7]<4o] o

inquiry—based learning)©]t}. XL
PH o= o|FA = R ot}

gy Pty o2 =4 FAESSSDe el 2 A A <l (authentic)
AES A7IsteE dAlelth thF 22 Find out ©AIE A17]gk Ao s
WA Aol ALslH ZANAEE, JHRF 5)E I gE sty A
S sldsts Bgol) viA Y Actione SZ2™E AAsta WIE do
7171 918 A9 (actionE Fdsh= Aol th(Levinson, 2018). w3
A= shaLe] oA Aok Weks Al7|dtil(ask), 7MY REF S A Zato]
Ay A dof wets AFsta, AbFES oS FAbskil(find out), Sl

T2k Al A S Atk AY A S A & (action) s A o]t

olf gt A& Aot SSI WMol B A= HXH(action)? &
3}(behavior change)E T¥#(Jensen, 2004)sto =4 1 <u|E g3
A g A AHARD oA, o, Aol HdA ] Jon wtA T
A olal FAA P9t & & Ak vk FEWste WA ARS o] F
Holl ojaff dwbdo=m Aafzl waFow depxivts HoA A= st
Hol A= ds H FEAe gLl & = A o]
oA weF w7 St EN A Aol UrkA 2eE7E w4 gtk A
52 dso] MEHAS B AHS g Ao] ofymH, 047]/\1 AR FA
‘actor'= 2388 HAAS Ad WAL H=

g3 Stern(2000)2 %‘r@@ii ol 2l
significant behavior)S Ul 7}A F2 Uzt a) BHA dEH|F
(environmental activism)< -7 Erxﬂ of A54o= Zhds A3 EFel
Fodet= AS Qulsty b)) AR A MY HEETHEY ZE
(nonactivist behaviors in the public sphere) ®HUAl ¥W7| 374 Ao
7h) B 71 Re7], I A ofxf xHstr] Tl siEE T o) 7HdA
=9 37 F9(private sphere environmentalism)¥ 7] AoFst7], 3}3hn]

A e 4 Fletr], AZ2E R AFE dE ety 5 A

o oE

_1

= @55 (environmentally

i
4=

il
i

5) od7]4 ‘behaviorS A O—.ﬂ%kﬁ = A oldFE = ‘FF o) R A
3 task)"]a} “5_ A L% (activity)e] olmlol 7t wEbA ojvle] EE
< st dFo @‘%ﬂﬁiﬂr.
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A Holm A A BaeE W 5 ot Ave P LT Heolu,
Aw Ao 2EA Fe A9 URel vEd sEe] B8 wge] ool
Fgwo] thad oo Puat FA7 Fol W HgE FEAZ volrt

FAFoR AgHa Utk AVIA = ZAE Aol FElel
A1 Erikson®] A4l E]sta} Mead®] 444 Fsz8&E9 44S v
Fomy AAHS oldllsty] 9% 7IxE V&= Th
Erikson ‘A A (identity)’ o] 2= ©olE& s Al 7Fg WA Q1A A]
2 A=z o AAG(Gleason, 1983). 1= AAHLS A uyme FA
(core)ol f1Aal] QoA wgk 17t &3 5o £sho o 9
37 (Erikson, 1968, Gleason 1983¢l4 #21-&)o =
o 2= RIZEY H Aol E 8WAIRE Ui, ZF dAe] AlEALS]
& 2adds sfdst Aoprt ‘j“jé}i— Aow WYY = 7 A=
gk =

=
AR el A deoju= A, 44 2ad a5 s 84

6) dF Hol 6712419 obEe Y] wAC £l of WA o}EE
o 4H F/4E DAY $8A7)3, Sl A A BAe gAss] 919
Foha wshs WA Ao B2 2 A olH @ B ArE 2uA
WHE ool itk i} ApHol obFel stuAde] FulHA @R Wi =
9 3A, R AAH 5, LAY Sol o) AN w3} BEF W
AgAW Q52 2 BrhelEA & Gary, 2012).

- 18 - ___:rxq _CI_':I_ 'I_'_]i -



Wergk Aokst Absle] W@ o] Eelth 19 Aok A AE BE Lol A
A "E 3|

AR gAxFol WA FEAG ZA Aolrt BHHE g 24
2 Erh oE S0l oj7le] RAA AsA F PRI SR AxA
Mg oA ol 1 AlAAE WnEe JYow Admon g
=

th o] AxAE B GARAE Aeed &
2 A 2~ 3] (conventional gesture)”} E v = A4
Efztel] sdd rjE EH Ao, ofre= Ao AE
e J&XJO HAstA == Aotk olef o] ZpZ}

SAEeE =Ed %Alzm Aol o] v A (self-image) 5 £
[©)

_'C_>'_
Aol ool AEAEE HFA »})—Me(fﬂw ) mate] 3

Hoz

A F JIDEe] dssta, 7|7 ¢ do] g FEws A
Me), F=wlg vy o g d5s H&stal) od ds o B2 FJ=us
o (Me) =8to] dojub= Aol tH(Turner, 2012/2018). o] &3 = ol A
ARSIE= Q1 Rbe]l FE A AEAEoRNEH FAEE ddol, A A
3] W oAl dnkstE ERzbe] S FHsiw A7) SAleh 2] Lol

ggol ofs) TAHE ARNA @y

AA, EEHA Bl iy Sol X FAGS olsfistd ol HAA
o /HAel A F7lol o JFE MAH M A9l (action)E 1E

3] o] Eriksono 443 &g 3 7

A2 opwolz}, 7HA Aol FX A FAFA] ATE A F R0

4 A2 2} tkdH(multiple) Ao® o 71

A} A EolA AEHow Iz AFxWoE YAo|thHolland &

Skinner, 2007). A}z &elA o]t E(plural)e] Aole] sk QAL

James(1890)9] #fofe] FETo] 1 A|FO R AR o] HFL o

B AT AGEAS s AFS] & T A9 H A T FHlA
B3 Aoz AAL At & 4 9o (Turner, 2012/2018).

i zpop el {FARE owm 2ol JRESl “8AI/37e Eriksonel o

A5 dol dedons shategth 44d BEALEAES TEI A}

S~



I = 1960 t 7+ 4] Alol(self) 2= ol & Asgort
Goffman(1950, 1963), Berger(1963)& &3l 1 £wWo| ‘ZoPoAl ‘AHA|
AArom wbHe] whel 1960\d ] Fukel] Aot wolrt A A
2L 2SN AE 22014 H AT (Gleason, 1933). Burke and Stets(2009)
“James(1890)= t¥et zlol= (multiple selves)dll #AlS EHUdoF =
o], o]elgt HAA Aol(overall self) WF-<o] 22 zlolE(selves) 7+2HS
A7 olgkar 3k e Turner(2012/2018) Al ApolE “dwe] AHAA
9o A" FFEAT. o)A Y S AEEAEC] AotE: AL
Aot s o] AdA R o7 Zpzbe] A2 Aoteg AAP R AL UG
Eoi%ﬂr Holland et al.(1998) A FAdA G528 #dHdA, Ao}

FEE  AAskH  doprb ApEAHSQL “Aolel gk oS
(Self—understandings)”g Aoz Aottt 53| Ak “Applo]l
Aol s olafstal o]ofrlst= mlR 1 WA ow

rr
o: ﬂll

rl

|

1o e

ANA . AARE 222 A AHsta FAAHC FH’(Holland et al,
1998, p. = do7I F5S s7|stste 4 & F Avk

Aestd 2 A= AN deEdsd dentE sjdsty A&
Aol SR A+ AAE FA M7= Erikson(1968)e] A A4 7Nd 2 o
ZH e dS Ao 22 ARSIARD BA FollA frEHel wWEes &
T U AotsES A AAAH FEAEE Gl oHEd o
Fe AR 2 dAqe e wAe 34 Ay #AE HollA A
He AAES olald 5 vk g a2 FAAQ URECR AAA
th3k 28 o] &(practice theory)? H=S 33t}

2. B8t mwy-otg AW HANA] AN o] &
7} RAN BERAY G
Holsh e FAHE VISION MeAe] 3848 298 59
Solgblnt Feletn AN AAE MY olFe Fa AT
(Greeno & Middle School Mathematics through Applications Project
Group, 1998; Lave & Wenger, 1991; Rogoff, 1994)3¥ = I JHAS 79|
I Sfard(1998)% S-S wEbni oEAd wg2A H5 ug

- 920 - A = TH <



=

(acquisition metaphor) ¢} “Zo] WH]f(participation metaphor)”’S A A5}
M dE2 A s gt o] AL <l
AA| T 2t A3 A Q1 A

bo w0 =%
qudon 42 TRt Fga FATFIR B o

=

o] Hlfr= A2 AR 5] ofd FFo]l doju= FE A oigh
ol A O AAE FFoE By YFolth ol S diste A
<2 Lave and Wenger(1991)¢] ‘%35 (situated learning)o]&oltt. ©]
e

T #AY dHo FAE FHote FEA A A A (newcomers,

ZAN)ZE A oz A FEe] A old-timer, FQ)EH-E A2 H 7]
T 5o Agton 4 Foixz wElEo] shis HAH S shGoz o3
gt ooju 2AAVE g 5ste AN Ve EAY SR vaE B,
Fdod ¥ 55 TS oldd FHoA TFS AR A FEA Y
A FAde] Hojrbe AA, AAY 83 B RAFS Fukste, o
ow A W3t ggo] dolUss vt

ole} e A FEAdre =A #AH(Lave & Wenger, 1991) &
ot E o (Rogoff, 1990)2A4 9] &Fe FsA 7HA, ¥, AdS F
o}zl o= S

B3 ol ouA A7 WHgst=Xd 9 #AAHNS T
(Shanahan, 2009). ©] o]&o] W /&3t x B 38lal, o= StAEL I
HE':‘ A Agkx oz 243tl Barton and Tan(2010)9] A= 391

s
IRAE &% Fo]E Eg] #3t u o] A x%izﬂ = —zsng;a_

we} 4

e a7 AF A9 (agency) e AR i@t ol HelH
AFE Sl AAY AYL A HoE BRHoE FPA Ao
FARE A, ovl, Joel e FaHs e 48 HelA dEA
T e A4S wgom bsd Aglsh Aol s Hgom

. 2] &1



A2 3ke} o] A2 B Ayt B AACNA AAA A LY o
A4S 7 Holland et al.(1998)9] A& oA A A (identity in

practice) °]&& WHEHY =2 &3t LAt

o
il
Lo
o
rit
rlo

| il
=

0,
Lo

2
2
oX

O

_TA
t}. ol #3}4 =¥ (cultural logic)?} A ¢ X (subject position) EF
£ wndgste Aol yolrl o]EL Bakhtin(1981)¢] 3= (dialogism)

of 7)Zzste] ke BEHAY FESA MR FAHE ASE, G
3 o

o2 PFAE o kst AR E At d9=ES 23 siy 24l
9] BAEE, RolE AEdleE ZoeRE Eu. o7|AE= Holland et al.(1998)
olZ29 F4 Ml <¢lAH A A(figured world), 2% A A A (positional

identity), #Fo} A <24 (authoring selves)S 7] < 3Ht}.

- 248 A A (Figured worlds)
RANAE A A (figured world)'= AGA GAGe] w342 MWt &Ho A o
stEAQ FAE T A9HeR JAAHE(figured) A E AW ol
b o] A2 AbgrEo] Aofel tigh olalE FASHA st F AAES T
sHAl sh= Ao oule] wWghs AlFstth(Holland et al, 1998, p. 60).
Holland®} =52 Q1A% AAE “54 AEF A4x7E 12 = (e
, BRI BAFAZY), 54 Aol Snrp Fow (e
25 10%8] A 7], &4 A9 Z7H uE A3 nls 54 At ¢

- 92 - ] L2
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7EA 7w AA = (el B tie 4, TR AA AE BE) AR Ao R
Estdor 49" MY Fx7o®2 AHogth(Holland et al, 1998;
Holland & Lachicotte, 2007). °]A2 374 HE7F 7dte] 7HxEY FQ
Al AAAE AT (activism) o] AAl, 58 39 sE(: MR EAE
st7]/ =& Ag ool wRHow gy = 38t wH AA, 54 dFo

ATE Abolo] 58 Ao oJAXE 2P AAY

] FE Q. 0w
AA A4E AAE 7 AA Felsh: ARES A%, AF, $548S
el G MAA Bk AREL o A A&Aew Fogow

A2 E AAE oldsta =7E sHES AsstA k. olwl HelA <l
AE AAE “ArgEe 23 dlE, A dFS A=
ol=g}¢l(guidelines)’, = ‘AF3|4  F(social forces)”(Hatt, 2007)°0]™
AZF Aol gk A o] FAEH= re] EEA 7] H(Holland et al,
1998, p. 271).

olxwEl AAlE FAAF(figurative), A A (narrativized), =]
(dramatized) AA2til F& & vt ‘FAA o ool o3tk

X @ ]

of A4H AAL AT A

e olwA EA% Apdsel AARAd o
B ooaRs Adua Q4o Fa@ 7o Faseln £§ WA Fde
Aol @ Q] sioltt FRl AAAe] oln QAE A A A

WA EE thekgh AR A AL shue] EEstE ook o] & E(standard
plot) & 24 Atlolu} Hho] AR F ZF7|E &b, whx wWEe] o
Axpel zro] GAA AAAE EAE AHAEY AN guE Adu
(Holland et al., 1998, pp. 53-54, p. 297). Holland et al.(1998) v =
ARG EC] gtoll gk Aol A AT FuAQ w7t A S A v &
Beota e &e ARE sty MAEA Fofstal AASS AAEEA
Hp. 53).

A2 MAA A st grRolv Ak o] AlANA A stE &3
Z ®dl(cultural model)ell 7] xgkch 3h4 R A2 H AlACA 9] “H
Aol thgk S Qbletar, 1o Wi FES sk, HIHE shr] 913 27
A A/ A 2 A FR)ER AP (Holland et al, 1998, p. 297)
kA 1A E AA e wshA AL st Rl EAste] 574
ojm = A E il FriE T, e w3t RdEE Q1A AAe Fag

rlo

==

>

- 23 - A&
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Sol WA HAHQ 2utE A s @SS vs He.
ARG Suke 840 BE 79 ANE A AT Fa4
159 ol AFHRAA HololAel Eeholut Blo] (4

oL O_u

= ZEI. ofe

W) Z2 Q¥Eo] molo AMAR Eo7bAl sk wiiEe]l  HXol
(Vygotsky, 1978) “1&E2 Q1AH AAE sty Jadyoz wastA
atm, gk AdHom Shgual AR Ao R JiIA o RE FHEHA vtE=
Fctolt}.”(Holland et al., p. 61) S1FEL 27t9 9]11:—*3,% s Fof A
A&EA 0w vbEojx o ALl wet HAe] g o o]&27]

AR I = s B PN ) R R S A B Rl o = A Zﬂxﬁf’q s wAE
T Utk dE HEs 9% du) B Zzoade Qg SAEe g
Jackson and Sailer(2013)9] AFoAM = £ 33 Ao s T34 =
do] =gt 5 a) 53 #8 LS EAE w4 FEE W=, b)

NA ‘wHFH (L) AR

: e E3d nd
o] AL T =y o B 4 gk B Ao A 71Fwsie #
dE AE A o] Ao @A Ay fEjgtE #5hA R ulF)
Z1FHEE =57 A% 98 AL Fee T A A s EkA
Aol $HdHE FJ4 AAE E8hA Rdo] Zile QFEo] U
- 9x14 A A A (positional identity)
A2 AAE GAH R HaA oz Fystd 19, AFE, AYS 7}
A w

ol 5A% s vuE ARG 7 U= FEE A47]A @ o
= ojaf AFZ|A o R oy Aom QA= 5
A A ] FAAE Ak, T UA AAX = FE O FoAE S F
SRR HO A ALS A A E de A= 2 AA X %
sHE= s & F Ue= 7IFE ° FAHsA "dr oY W
Holland et al.(1998)o] <J38f X4 /3A 4 (positional/ relational identity)
AAAE T2 YA A (positionality) 2.2 A3} c) o] AL 3k Algo] &
At s Al A Sol A Ao ARS] A 9] A (social position) &
olgiet= AomA AY WA, HFI} A4, ASA &% B T AEstd

o oo
>
i
2
Lo

En
o
o,
ot
42
o
B

.

%

-4 - A 21



AAH AA HolA a4, A3 #AA Fxof A= otk
(Holland et al., 1998, p.125-127).

AXE BAL AL WA B, ERE Log
al

O
>
>
o
s
=
o,
N

8% g 3pelr).

Aed BED Qg APl Folshs AFES ¥ 439 4Y %
N4 Ael AHA 98 TAAT B 5o W Yo Ade)
A 5ol ol ofoFolt BES ¥ Wi} AgEE tBAE)E
Agea ol 22 Qd AdelA wolsdoms da-ohy Aol
FU-359 AEE AL A%Hor THAL /A WEA ‘wE

A A AR Aol AL doj A 1y E R AREEtH(Holland et al, 1998). # -
A ‘FERS AEW EEY AEols #A4E “HYT, U sz &l

s, o] 9l BE delA &A-4Fe] A8 2o FolE Urhin 2

g gae AN Fola AsH XS o5
DAL ol T WA e A ol wmﬁ shiL oA e shtel

o
w0
o
o
\
=
o
1S
fitl
we
st
2
huy
AN
_>,i
oft
Aﬁi
i)
uHT =
-
1Z
23
T,
fz
i
i)
)
>,
gl
%

st 91 x14 A A A (positional 1dent1ty)°i el Al H = Aotk 2y
FAL AL olgfgk XA AAAY A FEo] gl Aol ofYTt %

gA el Aok

=
al
Aokg ALY 5 Ak e @ 14




- Zto} A &4 (Authoring selves)
Zpol AeA MNP 7EHo=w Bakhtinfﬂ 3l 2o] A wpA

gates B4 Ade Exdoicelolth Hadds FA oA, AP

SAS ERAE A S0 EaAD, w9 AL TE A4 89

($EAEH, BohH, GAY, ARH) 94 LAk ol FelA Bakhtin

A Qolt A AEIHY AAS Yol AR AT ololn] 1}

ol “dol AZsE Yol s FUH wolst Fuje gla 1 o

Hel® &34 e wolsh FH gtk . ddol: WA Fee] F3x
Sl

A& el o]edo} W E(heteroglosia)e]  7id o]
A oeFst Abs AlF] old, %, #AH, o
o] (social language)©]™ A}3] 4] ‘jo“’d ojt}, o] gk

e ) A T

BEHES A Sl A RE ek AREY Aol 1 AAE F
A9 Ak (finalized) $AH7 gt = s 449 A} o B
49l spgolsle] Aok 4 Bl AN BPORYE FAwoy

(addressed)’, T3+ Atole ElAbE Fdl, FAIAE ] 2H(answering)’
skal Wh3-ghtk(Bakhtin, 1981). kb= FAIAbe] 7id 2 AA QoA Al
of Wt Al s A AAE olalstH il =¥ iAo AdH A
A zHe] digEd #AR 5o7le Aotk BAE FEA g AAE
Ak A A" A S5 ERbe] EE wotSol= A 1E|al ofw 4
%3ﬂ ol FHXIth. weba “Bpxpeke] A Lol A A
v w1t ke # kel gistE Aol
P Apots FATHE AL HolE Awst= A
(authoring the self)’© °. MANA A2 &
Eaed B Az 9a A= Ftelv(Holland et al,
1998, p. 173). Holland et al.(1998)> AfolE sty W3S Ad Lo
2 H7|ERGE BAete] #A(FAH L SEete wANESolA AsHal g
FE = Aom 2

o 7|4 AMALE dojgt ZE U AAI#] SHANA FHA oA

AFsts AHE A @ed] A4S ndse

A Aolg Azstnd s Ut o€ oldolWE elA AR ThE 3

Bakhtin®] £o] =&

s 2
% R %
o
i)
2
( m_b,
Lo
01-;] r
PR
o
>
o
tot
)

o

- 2% - ___:rxq _CI_':I_ 'I_'_]i -



E 7 HA&gE WHe® &5kl “YA(orchestration)”
A7t gk EAol Fuglth ol AeAde vpE o] #AEe)
5 At &= AL Aot 1Yy e BE A

Al A (“A<%«2A 9, authorial stance”) S zrE=th
i, 5 uge BagE ddste] BhAet A $9E & vk 2E F
+ §ith Bakhtin(1981, p. 345)¢] &ol& uwet ERQIS “ALAHQd T
(authoritative discourse)”& AR A o2 AfF3iete] ALlwke]l “YfA o

“‘:E—:‘,%L 3}(internally persuasive discourse)’® W=+ A2 <l E

et al, pp. 192-193).

-4 Holland et al.> Inden(2000)2] 3 ¢]2 (agency) Xé
“PolE > sl Al oiEl olafst AL, HS1A o=
Aol eulE Fofets R ofy et Al4tel] ] A (ac)E F A=

A

o, L
ﬂl
-0,
oo
&
o

Adst @ A7 TG (p. 42). o] AL Jilely Fol AilF ARl
arel 2de FxsY, dFs FAW WATIEE BEE 7 AR 9
EAQ Ao Al FstAY AldE MIATIAY Al fnE
Foate 27 #EEh(Basu et al, 2009). wEkA 91 wde] AL
Aol o]l &5k 1A | AAl Sol A A ER Aot Thede st Ads)
et AAolH, FA MEE Aote] Azs Fll MEE AAE Gdstka
F7E g A= e¥olst & & dvkBarton & Tan, 2010).

Holland et al.(1998)2]  Z#|dolA  FYHe w3
(improvisation) ¥} AN FE(AFo}-X A4 FAshHS F3 Adddr). 4 #HE

(improvisation)< Bourdieu(1980)2] 7d o2  “olH]F 2234 A= o

8) oM FAaE EAg =7 <ol WAl BE AL, A, A4S EE AEH o1
Foja& el o]z} ‘*362}9] AA'Z wehol7tA] ZAAS GEA7IHE dAsh=
AR e FREe] vEH 8L wAss T =40 FHE P4
o] SAo =2 =cHBourdieu, 1990, #E <Y, 2016914 AAL). oA A7t
A5 T T2 1 FERE AN Q7Y Y E SHIE oEA
Aok, old Holl A olH|FEAs AS AAIE ZEEHA e Al2e] xR 5
Al "Hi“r Nf”Ji([:)ractice)oi TZ9 Wsls g9slrlx= 3}t Holland et
al.(1998)¢] ZwolA <Q2E AA L AR T34 2dS Astgk 2 o] AA
o] e ’Lcﬂ stal AFE L A/ AL 7o gth= Hol A obH FAE YA
statar 9l

o

-2 A=t



274 @ 89 #A7 87 $E5E HAA Ev= 5AT 3 2 219
Agte] AHE djo A= FA4 9 (impromptu) ¥ 9”(Holland et al,
1998, pp. 17-18)= AoJHrt. oA wix] Folx A7t 54 3
A ZE(AE, improvisation) AFE QAHWUS u] AFo] olH|FATA
Hskst SA19 FE=(codes)®t 774 (composition) 94 W-go] 7H53tch
Ao vlf2 4 2Avh(Asimaki & Koustourakis, 2014).

53] “¥-8&(improvisation)= <17+ ej el F WAl FEfl Arop-A] A A
A+ # 3H(self-directed symbolizations, &< #3314 2FE)e &S o]F uf

H F3A} (Holland et al., 1998, p. 277). Vygotsky(1978)= <1371+9]

s

s EREYA BT, YA 2144, dol, 715 )8 444 &
S5} wrg Afold] A melwA AN eRA Aol AL 1A, BEE
24% 4 9rbm 8= Holland et al(1998)& ol & sHgste] Aholr
e srz zAsn FAd Ao AHA gAsh AN AANA W
A7 % dokw 2 Aol o]Ae Agdel w7rt @rh Holland et
al.(1998)¢] ¢3as =+

=2} 734 3] (Alcoholics Anonymous [AAD] o3k
o FZo 3 &F AIF o]ok7]|(personal
A o] 3 7HA

s} o] gAY FolA o] AAe] Fad T AFBoldrh A
%

r
e
21
fiio
of\ o
it
2
>
SE
3
i
~
o
rod
o,
¢

story, AA story

Holland et al.(1998)¢] o]l&5& FTqatH U GAA SR E3H o=
gk A A 3] ZHE I dAT WY Al EC A mEE I A EHE
HA Eol A Jile] &&ata 7HEE F dv I Ads et WE
st A HolA gL Hs THetal AotE Awaitth ol QIZFe AA
A HA Adoelnt bFAQI AAR AAFAY, TEAY Y Y
S Folxl Aom wowA O FEAY Wed 4L d9Y HdE A
A o2 oldste I AYE Eobe HolA B AT AA AL g

- 98 - 21



WS AR T

3. A& AE (intellectual capital)® X2 A AA

Adol SA AANA AYe= AAZE oAl AAd 24 543 3
31 4= 9l dE E9°] Tan and Barton(2008)2] <o A Ginny&h
< dEEst AR AL S 7HA A AU o] AALLS A= A

of “m o]F X (bone song)’ & WHHOo =X st WA “¥d g A

re o

)

B BEF AR of AA el AP St WA AA, F AFHA 7
o miel A sxz Bete AThL AN A, Fo] WA 7]
2 gavtn ANsts B4, WIAE AFE A £9S Bon FFY
2 AAda Aste G450l NFUE £ AANA o] FAT 5
e el v A mE BEL ojui s, BEe] FoiE A
S oA Agwon ke Asd XE ARt EEe UEy
.

B oATE S AW A% J1Fus B9 AN AANA A
A3 24 ddshe Ael Fe] Fhe SRazts A9l A4
B4 Frh B0 V1% U AohE WA sHe G
So] Folstn AL BE 2L Adn BARe w6l 97 wiEelth
A BE s ANE A BEol AFHeln FrAom Fold
St deln B i amo] AME AARTH o AAR Aum
ox A4, Fe o AN 5ol MM A5 BEY & o A
fo] Mz th2y] Wie] 2@ Aok AAHE Ao WA 1o

aelsk zpe gk sl4S Bourdieu F(field)©

¢

o] A} (capital) 7l'd el

Holland et al.(1998)°] <S1x4 AAAL Mg Zegxo] x13 g8zt
Bourdieu®] ol&¢] #@-& w®E-S Fi1 9tk Bourdieu® " /jlEoluv
Arsel os) AFE XS Abele], AFAA] #AAE Ho] Aujel F5,
¥y o g AZAW (Bourdieu, 1996) 0= AHoJETh I o 9
b5 Abolol= A2 o w2 X9 FYE AA s A 74, Aol H

- 29 - 21
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2

A= olEel Feke A Hee= 2 FedA THAAT I 1A EHE
(220%+=) 54 AES F7F o Bol 7FA 3

e “Folzl A telA Frlojat FA 9 1447]%(Stakes
A7 (Bourdieu & Wacquant, 1992/2015), “543F A}3
FTE 7R e Aer 22RE =ddE,

=3
A 3tE"(Bourdieu, 1977, 1€, 201714 AJE)= %

Y V
oft
X,
__)Hd/l
o
=2
>

Bourdieu= % el #1218 5G5S AALske dEAQ A2E AA
AR B3l 2R x}3] AR (Bourdieu, 1986)90. 8 AAEC 18] i o]

st AL O ARAE Slog @A™, dEES AR S, st 1y
gl A otA &2 AtHoR AdAAE Uil EATE & AEE s
t}.”(Bourdieu & Wacquant, 1992/2015) olxlel LRI A AA, AH,

=
S A A (symbolic capital)

44 5 B =4 AN Pols AR
ole} Btk FAW AL AA ARE P B AA, T3, AE AR
oA 297 Bt 44 AR te ARCIEEY ZA/5 /8
Aol A st oW S4o] Fasm 4 Yk AR A
o A4, 29, A4, A2 B3 Wkl vhehhs AR Fejolth(UF
%, 2017, % oW@ AREL Lfeis Aol F& AR @ 54
97, A9, AN SO WAH] GAME FAA AGH T QA B
Holof et Aolth oA uAleh: (Amahe) FEAEo] tet el
= A BoEel e 4wl 94, U9, A4eE WId & dou &
A5 Hojits olE oAt olid G4, 94 5T B
A gahe A% e ool

RS WA AFow ABSL AL AAH AAYe] 4EE A4
AAE BOE S0 AT MAZYE Wi Q4 A% g5y

A

(B4 A48 AANAR AAE e AW, 159 AHH NS G}

- (symbolic capital)”(Holland et

I A
—z
[
o
fo
o
of
2
b
o
o
_>,i

9) “ZZHolz FAHHoR Eor WIHY AYAE FUE ALdd F de
AAR EAS 24 st e FA ARoZ HIEY ﬂwrx’ Ade] ez A
Z3tE o e £33 AR, Hue FAde] oA F5HE AY L UES
2 59 A3l AE” (Bourdieu, 1986)¢] Slth. ol 714 7\]§‘rd T8 AEolE W
F MH|A B3} ARo|E= o ZAE AEZ F3 R E= FAZ A4 E9F
5ol I A F ¢ T

"0 - A=t
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“Z] 4 (intellectual
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l

Moz A A
).

Al = A

ojEA o R

S

o et oA o]

1978),
A4

Fof ol sl

o]

AAZFE AYi 5oL
A A A}E-(intellectual capital) &%

%o}l

1

AA 2 Bourdieu A~AEE THA AR
E!

Z

=

AF2" (Bourdieu,
| (heuristic device)” =
1o

al Aol A
X

, 2017).

1
[e]
t}. Archer et al.(2015)= 3}

1
Pl

3
=L

" }1\_1 i%]

3

e

1984/2005)
<

“Frel g

o

1991/2014),

ZH”(Bourdieu,
F “ A (emotional) A}
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EF AH
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=
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F5E Mol HEE 5 Y Adold TaA AFELe Aol AW A
AR A8A ARAIEA 43S wsE 59 Fel Bl stael
W91 Aol 7o Frh(2y 2-1).

X% xpe S35 0132 44

- S ARl H o1 B 5
aewny || meesmme || e
2RE, 287 715 sUnens HE
(28 2-1] X% X2, a5 21T, AN olFel B A ARIZ AR

HoAFoA AF AR FAAES] 9 E3EA FAEE AAolu
o A E3hgrh AbE st Aol Ajlely whs JfEEE 1
= EHRoH FF4E Avstar ket Aol A Mdole] 1
378 A 5= JAl A HAE et A A Aol

cold =W ‘KA AE(intellectual capital)’& dtul BFo] ‘x]2] 2}
(funds of knowledge)'®] NdS *E3tst= Ao= HA o

A& 2 (funds of knowledge)> &l ¥ye] RS9 AA(FEA: 7+
=, A9, Fad a5 S)dA LEe] &, A HA)e= Blol| 71xst

[e]

24 A2 d9(action), HF % HArHGonzalez & Moll,

f
-0,

I H:l Oﬁ
oo

N -0
2002). dE FotS Fotste HadsdA= 54 =gl did A A olu
=HE &7 AR F2 webshe S eRet, 3Ed ZEs)
71) Tl 4z 2 5 vk A T AEdy s Eet Sl HE

o

Shul BF A s AE Fdd Ao A=Y FElE dH e Fo e

2 7]%3 A3 (Barton & Tan, 2009), 3¢ HAdolAl H(rap)S ol
&3k A3 shF Am AzE FEToe=M ‘g ¥ (rapper)’ GA AN A ‘78t
1 ¥ (science rapper) AAH oz WS EA3E Elmesky(2011)¢]
So] A4 AE(funds of knowledge)ol] thak FEo]t}

A2 A} (funds of knowledge)e 1oyt A1 e] 7hE A ALE] A
W 23 5 g vy, 53] 49" Al AEow sgum st o
A S0l AAdstE Aol dside S FA FeTh ole o Ad
e =938 W Vélez-Ibafiez and Greenberg(1992)¢] A7} =] w3

AFehe WAD 24 =B AR sHgel g AEe] AW 44U

_1

l~>

r
o

=
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Stk tiE A

Jeiy 2 ATE WAl et wAd A FaEEA] ZPd skl vk
HE EEolH FuolA 5 7 vdd Al JA S HAE F
A ZIH 250l &3 AAdA 25S AEA AAAES 5 s HolA
A4 2 (intellectual capital)S A2 ZF+-(funds of knowledge)s %3}
= u 2 derA AZostdlth. ol A2 Sl HdEAolal dnkAl
& wA wrelA(zste]l thE wHEe] AlAlolE Sl ¥pe] AlAlolE) 7HA
d a2y geh A FENA] XY e Ade e wd 9 o3
g #d FE(SSI EE)ddlA 7HAJE AYeE 94 & e 7|HkE mkd
e ouEtt ol& Fa dEH Q] I Ao gig HEo] TaAHeE
Wodhel wAol A A9E Y SHYENAL FEH Foo e AFEt
I aES FEAQ AAY FAATLE obd A2 o] Aakapolat A&ETFEA
AAAE F A= 7FeAd Y 33k 24T + dv

4. AEY-v#¥y A P H(Eco-critical science
agency)9 A<t
kM =2l A 3 HS W& (improvisation)d} 314 QT E
e, AR Eel WAL B AZE AobE AL A%
o2 MEAATE 2 AFolA FLHe BHS F 7FH] 2ol 4 )
A HA 2P AT A 29 BAHSte] sHAEo] AH X g 7|
o

oA A wA o] tAsE: HAA W@ WY Zwoluh o
A AEe] Aol AU U AF AR FEH o] AAe] Fau
oA QFBOIFUS 4y wd Sy FE AT AR, A8H 43 5
B AF T, F27 5) A4 BFl F o AFHo= Folsa o
g B ATEERY 94% won AA 9XE FFAE Fwel
RS

oA Ade A7 BAl 3% wpAns gozA dd A% /Fusn
g5 m2ags) Age] FFOoEA /T FAAZA AotE ALt
SwolAe] BAolth SaEe] ARg AobE ALdrtE SwelA W
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CoagYe oo 2449 g Basth 5 oW HAolA, ojd B
o oA AT ASIe] wAow B Az dF 24 Ay
32 shaux S ATAE 59 wgolAe] wBA £ B9
o dtel F3 At HHe] MBA-UAA WF] TAL Yej-uRA

set @98 g A,

7b. vl B3 #g P9H
Pruyn(1999)+= “gAolu} shA Huto] o] ¥+ HoZA, AR
Uz w7z Age thalets xS s A st o Z el A FH(action)” o

224 W32 A P92 (critical student agency)g AleHsFA T 48k
al

Soll Al Turner(2003)2 ¥4 A @9 Wes wie ugayg A
ol tidt WS BERE = AS Xshe A BE, w4l 5o Ag A
1 A, AKX, A5 WY S AEde HHES X3t slow G4
e A ol d AHE 53] A3 A Aol g walel o8
7]std vt

e wel Turner(2003)= M2 48H24 9] ¥ (critical mathematics
agency)2] /MAE& At o] /MA2 a) vAH PFLHH b) 34 P9

9o ur wgdd o) W9 @99 sasel M@ njg YA

AdS B, dolFa 3AS LS w4, i1 AL FEolA Y WY
S HEE A FAT F de FAEY 89S ov|gth b) #EHF
AL Aoz agla Al Her WeS 98 #8e FAsta ALES
v Est 82 ALaAH(thinkers) ZA] 222 E AT F Q= A9 5
He x3sn. Tk v e P H S a) AR OR BoFa
A AAE 28, olggt Ade] gl AHdS gt 4 doem b) %
< MR olalE g 73 s ol olslE JMAA, ARs|HoR o
Hole WHOE ARt sHOoRE AoHt

Basu et al.(2009)> Turner(2003)¢] ®|#2] 384 Pejdo NdS A
g3t =8 wgo A vl 3} 9] 2 (critical science agency in a
physics context)2 Attt o]AL a) =7 g A @ HH 2
7ol tE 2e ol E A= A, b) =89 #HE AAdA 222 E A

’

"o A=t



w7ERA QA skE A, o) Al FollA Al AAAL B 91X dEE ¢
d Zo(awa) AR BE ¥
O AHo RN EEE AREShE BoR dWEn. o5 JES B8 W&
A2 g B 7150 BHE FEl(a) 22E2E EEo ddE AEvhEA
A2 (b)sts As dol A2 ZAE Td(c)s ©F7|(leverage)st
AMdststar Aot aFd AFelA Neilolgb= =<l
e ALl G5 T 2xRE B #o
7V 8 RN FE AFARA, AMSA R 2
7ER At o 2 AA o] e EEs HoEH
Barton and Tan(2010)<> Basu et al.(2009)°] #A|Al¥d A AldlE F
WE9 Eg Ao it o= 2ENA e mHoA FAH A
E WA sta, yolrk AAE g Thesdes THARE sk A9l d
g o H”sﬂﬂr EL B wHeldhe st <l
s3tE EARA IS ot WEES AFsta A A A
o]Z Z3t3slo] Barton and Tan(2010, p. 195)& “3}8+s E3H (=2 A9
3}, 2o HetoA(Hetor el 33h10 P92 (agency with and in
science)> gAEo] 159 AHAAGES WIATL, LES A3A AAE
net, 5o vigte F o A8 AAE FE AAE vyl 98 %
g A Ag, B A, 3ot WS ALk s Foiete AR W

wa o o o

o5 =4 A9 5ol ofhgEel Bt A4 A6l Felsh, o A
sl FHASANA NEFORA 222E ABH 3 wAe] FE

527t 0}143} A qAr3] A ARV EA A A BES Ve
Z L= FHow sAHAY 22y Al
TA g4 Aol gl E ET8kal Barton and Tan(2010)

of AT 2HL FHAEY —rxﬂé A sl stgolxd 2o 97 A elA
A71H = A 2 AETFs A tE =0 o]2A = Rtk wekA &
A2 ek AFAE ] H]%Zﬂ 7k oA HHE NdozA AH-
v 2 el 3¢ 2 (eco-critical science agency)S A ¢t} o)A o

A QArAse] wwd At A9 da) A4, AEtsHdow 1 A

10) 23 & A7 #4293 g4l

55 A=t
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Aol dist AAA, AFAF gt =)= W5 U =& nygo=
LT ZrolE 4 9t} Biesta(2013)= %
O volrt Apddke] A Ho A 2
EAEAN AGsoF & S AxSrh o3 AF A3 E Aol
, w3kel Ab] el il HldF ol R A Q1A S 7HA]
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3t Aeolt), v A -1k A W5 (critical-reflexive Bildung)
Aej-urAd s 38k al 8- (eco-reflexive  science education)<
sk Sjostrom et al.(2016, p. 328) A “Fof (18) Abslo] ojgt W]
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24 o] sgdEtt At oA 9kA Basu et al.(2009)2] H] A
A H Tl digk 21 o]}
Aol W SHo A X ETbsAd, A 5A ol
UTE o] A AFS|7F @A A A AF FEFE

pZe

Hleco-relations ) AEH7FsAS 8 7%

lo,
.
fr
=
ofo
N,
1>
_E
o
-
_E

‘ Hhgd A Q1 2] (reflective awareness) FToR Al <tk
Littledyke(2008)¢] =9] ¢} S} o]ttt ofawl o]k XA thefA,
ERAAE ShgAtol Al WM ZRE A AS dEis FEF 9AA AR
o AAE FAteta, At 554 AXR ASsS a8t 1o
e} ShFAbE SSI AA S ®st7] 913 gEFomA HAAA, Wb A
ANA e A &y Al A So] dasit

tgoz AHe gt e 3 AHe FojdrtE AL Aol S
o AXE B8 A A FF AH(action)oll aFFHTE A g
A, AV =& A5 MEA R #AH A5E AU AY Hd7E ob7)



A ZeujEol <
Feozw Yetd ¢ dn ol g A
deAe R A7Ier], AlEES agsty] S0 AREAS dH dEow

o
e 4 it
7

oSt e NFWE BEY Folt vFHIGE AL ATE A
Wakel Alge] sm, Aoy FolHel HHL AFE Qe UF A
FEAel AAYE Awsts Hsdel dvh waE FAYE EohA B
SSI A4e Aussln g3 q@e FUAAM, FRRE %57 98
Age RANA ALHA FolB fUSE Fo] HNYoR 48T + 9
thoo] B4 T AEEAY gAY Aol #BHm ALK om B
9 5 e Foldth ofee o P9He WPL VISION MzA el 3}
82 ngel @ ANEL BAs], WFEA ARozAY AT FolE
Fal SAEel BRE A, /FWse U fFHoE Ygse AYeR
o WaE F7ake ot

ERE TR EE +

>

SN(AA, 2017) ¥ THH-uA
W, A&7 e QA Ade] AR AL @ ol

AAda v gl Fek-vle-ABA Al o

5. 3 mSolA A HAAHFANMY HAAE AT

A2 100 W7 98 WK AN Holland et al(1998)e] AAA o £&
288 A7E0] A¥ FPHUAL. B LolAE oF ATE nm
Aol weste] A48T F b FES MR,

'

[e)

HA oA Holland et al.(1998)¢] AAA o]l&S& #&
[e)

Ol
e w

Y A7 AE ;}
Sy B wg AT RS 5 gl o 95 folug ATelA 14
B AZE oedon Agatn gt o5 A4 Azst A 14
s AdAer EE Qb o wolm, FeAe] Bt AAA
a4 AuAA B FolA o] EH A g @A o ATH,
12) & £°] Lim & Kim(2016)2 “fx9 wALES thiest 714 ofo]Eo] @&

ZeelA APuel A Aol WA EH} AolT HEFE WKL FFo]



T3 wFo A FHAJole} o] F S (2017) HF ‘Y S Fd FAES
A1g HAe] TAE v#AHoR QA PFAFAEES AT 7])ES
Figured Worlds®ell A &3stil WH3IA|7|H+= EgHo] & %5}

>|.1_|‘
i
39
£
©
Kl
NN

i ot gAEe] 7|Ee 7hA A 9l Folo st AlA Q]
2, 2 AAZE oAdE 318 ouj(~7]vhE AY A 5 FAIA] E4 0] ¢l
o A A e AR olgd Agow ojaur)

2 FdAE F8 A4 A AAE e uS AFE B4 ddo=
Abokth Holland et al.(1998)e] A& g Aol AAAH o2 iy dgol
FUIE Astol AAH ATE olge BAY AYe FHeE dHANL
2 9T 4 ANe] AFAE o [E 2105 2o] ERATh ne o
= AAE AA, AAH AAY, A9y Fd SHelA RO, 942
AT FA % A 3 A AA A4 A 29 2
v, FH R AN W ool At Ao Aol WAL FFL
23 A9 Carlone et al 2011)%L Rahm and Moore(2016) A+ =
T 4
[ 2-1] otet oM HAM AF 2F: Holland et al.(1998) 0|2 X AP

1Al A A e
R e
=34 2dz el e
e Al
A4
WA F3}  Carlone et al.(2011) Tan & Barton(2008)
W A= Johnson et al.(2011)
Jackson & Seiler(2013)
R
Rahm & Moore(2016) Barton & Tan(2010)
ELA =t -

of @b AAE MAZ HeFATh A 71&@ v vk o] Bgeld 4w
AAE QA ew v Adae g & 5 Atk A48 AAE TEY A
84 3 ZwolA ola|slolef sha AN 1 T i

e A FALEA o
We Az A9E A weEd @+ Qdolok s, oEe vwd )
Aol QA4 AEe F ol A4 AAn AAskn A ol il o
Al ol w572l Chung(2010), o= (2015) 1AM = &L etA Ebd Tt
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Carlone et al.(2011) Z%5 38t wAe AP ST 7|4 P&
Kelly(2005)& wet “&f+d &3, 7H4, =7 91 55 Ad A 544
E3ok 7ol 7123 2w A o5 dFHeR FYy= et
H e FAEY, F4E A vbEA(regularities) S TFH A HEH
Aot Aot EAS wAde] FfH AP 1 wHARE J1AFHE
‘g4 kA (science person)’, ‘-3 (smartness)’ ol 2t Al onE
Arbsdick, ol gk &3t oule] S E S e AL AEds
T4 ¢ X (celebrated subject position)’o] ttir & 4 AR on o)=L 3}
A st ek Ao R AnRE YAAES 7 AT

o
2
—LI
r1r
-m
=
(LA
o
I
=2
r_{

oy
N
o
X
ol
L
o

X
¥
2,
v
AN
bote)
rlo
N
1>
o
%0
Anj
i
ol
OB
e
QL
~N
i
N
~N

AARE ‘943 e A (smart science person)oE A A S F

o] Mrs. Sparrow? WA¥ FEEATE 2Y = WA FH o
P Eo] ‘Hdd ES 3}7]% 7o, ke oW s Aol 1 TS
st t2 Ao F7F gAE EAY =2 29 fig =9E s

o O o2 2 39 (o oft
3Q
of *

L onE gg FAZ dolgth ol WAl As=(HEw) dus
g 5 Qe 54 aswel waa ae @ 5 dvks 393 @49
AR AEow, o stEwe] WAdN $4E SFAORA QAPHE
$ﬂ$TWiTﬂﬂ4:%%ﬂ

Tl Frr FEAUVP A B R Frh HEG
& Alede=rt? w7 a2 713E M-I T
oA AL o TP i SRS B aFeEM I
S WA A S AANA ALKHE Ao] ofYg wAI 2 FE
Alz=dlo] A= AYS Bt

Rahm and Moore(2016)2 *
A A A2 (authentic) #3 ®+ &5 o7t A=
1ol oW JFE wH=A, AL =

=
=A% zEst. B4 % B AF oFAds 3585
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Jln
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A FARE AXAAL. 95 £ Edrice *394?“ A3 s @
Sapgo] st dold AE slofdli, o]5e] AE &0 i LFO
B2H 222 E AFA Foixl 7k Ao IHTZ}E A A AT 714
Y27 B AL 118 o ZaAEda] AWs =g A2 A4
Koz gAst Aol 279 o]ttt tste A o]F A= o]gd AA|

n

A
491 3184 g9e stasel det Tt A i &
S7he 2 4, SAA B GAse leldnt olF Ao el
@ SAEe detelA Bete AFSAL B Ade] AL HY A%
o5 W FRE ool SAEA e AR AYAeA ALE

29 Ryt oAL B My} FAEo] nEE AEH o
|

s =5
gatal 159 w5 oloj7bAl st Fagk 7Nkolat 2l
T O HAR A AALE FAHeE EA% A= Johnson et
al.(2011)¥ Jackson and Seiler(2013)7} 3sl9d¥t}. Johnson et al.(2011)
= 52, g", vs QYA oA 3We] #g #H eE FE vt 3
A4S o5 WHEHEE vtgoz EAYL. o5 A1 A Ay A
Aol Fatske g A Alokel A sAA e B AYgS FAEE A

gom Aol A (science identity, ¥ HAN)S Asdte &
E}. ATAELS olEe] FFAML el oJF oJqte] vwiE X(matrix of
oppression) FolA %= 91ES W Ho| FERITE o F 5o A
2 ATE &4 AL A uFY ARS By 03]y FU|FEY =
AAY 5 WRlo] gl FolME 2 AT FAEH o] AoE

A FHE sk T ARAlolAl ZAQlE XA BAAL Y AlcfomS

B Hoju# = WHE(improvisation)o] EFS TR 7|EsAnh A7k
= ol Aol :rszq 64’“-4—r
e AAEAT o] A= F4 AT A4
ANF, WIS Fo eAete #AAVE A
e w3l Aol 2 9ot

Jackson and Seiler(2013)9] A= $IAA AAdo] FHoE 7&HA
o 1AE MAY E3hA A, AR A 91A], ol & wtE o R s o} A
=o] [F2-1]9 A7 ToA 7Md TFAeR E49 dFolth ATAES

3} %@'—Cﬂ'ﬂ] & MD]"E
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g 48t A4S F7] & A A (college)ol A M aAsH= AFA wpE =
a9l 553 st = (latecomers) 9780l WE AAY WSt A2 AF4E F
PPt o5 FAEo] v WEE fs #Hg THE AE HuE A
A, old X thol 2ol ol2(3s AA A, science identity)= 7]F LS
2 s AAY A2E B4 B3t AAe] FEAE HEFS
A A Z(inbound), HolA&= W3

NM &= ATt Frel A

5)
S 94 A%(outbound), #44 A &
Ho] A= AEHE ¥4 7 Z(peripheral)

124= A e AlAS a4 2l

fu
o
lo,
e
o
H
o2l
__)‘4‘14
oX,
oY,
fu
=2

2,
o
filo

o

o] %3} mZ oA FH 2d2 a) $F3Hgood) #3 AL
EXg WA (#3t Ze)) ARE wa2w b)) 2 #}I HAFE wEviE A
ollom v Alg o Iave olyd wtA Rdo] FdE 34
JAF=olAth FAES AAle] AHA o= #}e #d Ay 9 APds F7
& F Jde A Abgel Aol (inbound) I 914 F 23 ElAZEE
W A Y AEAeg v ARG A Ao Za o)l A
gk wetth ey AR St o] E AAS WA Edlm ZFI
WAL Aol AR FH #971, ARe] g =Y 8 Aol AES 4
St APog Aol HAaHoz x4l F9E W& (improvisation) $HO ZH

WA A=k o4 A = B 7] = gk
Al iRZ g9y 43 52 Ao} A< FWolA Tan and Barton(2008)
3} Barton and Tan(2010)s & < %tk Tan and Barton(2008)& 7]%
Ao AA A =7t bEE 93 HA Ao S Aol gk ]
=9 “Science for All” W5 Mo =& WAL o5& #T w9
AAE AAAA F== GAGS A HsiAAE Aol A AF
d w3 g Eolof okl HAA T
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