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Aol ‘714 (inscription)’e] ™, #stAEL 7] 55 T v LA
E7 JdZA "G (Latour & Woolgar, 1986/2018, p. 70; Tang, 2019; 7341,
2005). ole]gk #H o4 R&E TR 2o Fojats S0 wEo e

oy
n
o
b
et
ol
rlr
fz
k)
rlu

3QAR, B8 U Bt wg A E obd Aad Holrh(o
o], 2021). A So] ANTe A& 7bsAoll} ANTS Fa #3g
S0 el PP asjets 97, ANTe @HolA o3t sy

ol

& A dsks A7sk @ol Bt WE Fobl A ANTS] 4§ 7hsgol
Gogel® AT AT 24 1 WAE W dAEeA 2AY A
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2. 47 =A

i

H o7 R&E Z a1 Holsts S0 A7) FrA AT 3k
ANA EA B EH, gy TASNAHYN Z2 BgAREA Y LAY

o

s = A= w=4 HF o] 9l
T Aol E St EC] REE Z =IO e m7le olgws
=&et7] 913 Weto® dolE E Aol FE3H. olo] wel HolH
ZH e Al S 72318 RQE RIS /fasta, Teads AXHA
A 2E A Aoty diys FAA-UES
A o] &9 #HANA Ayt olE Fa WSz B Hely st 3
Ao me HApzAe] 4k ol | oE & 5 A=A Lo}
HOo RN FAES] B X2 A FA g 2R AIZHS AlEstal
2 g olH R e EAshy] s AR A Al v 2ok

st Al Sl Fd voly ZHHAIE A3 R&E T2
O PAA-HMEN D o2 AN AHENS W

o
T
ol
£
0,
ully
1o,
rO
-
N

y

L A7 4 =55 93 ofF vEHA: o9 7+4HH, UES

hoAT FA mES AT o)F MEHAE oA TAHE

U AT 24 23 FAA =ed o]F YEYIY EAL Lo



3. 8019 3

7}. R&E(research & education) T2 13

R&E Z2 32 33 wSo|Ax Aggst= 3 g5 9k 22
gt g T 53 BEgGdA FAS 3k zr2ado g AzZHEQA, g
AEANA HsxEe] @ S5 A AFstaA AEHel FHE 2

=&, 2020, H 34, 2003; Hofstein & Lunetta, 2003). 7] 2% o &2

A} ARALS] A Ko 7] xEE REE RIS WA A aS
Hgel g e HFFAstuet ofyet HuFdus 28 A

=
= getash Aae] ARAdA StAselA AT WEe Awets e
d steral 7 gHel7h ol FolA = i, s IR R&E EE sl As
shgo] A7} Ho sxm sl Ave] Fa #AEL oFolshA Hh

B ATolM e A7) FEA A SHAA St Sl A A Al =
=

)

S wEuz RE ZR21WS A F& RE ZE1HO

o
e

.

. ©lo| ¥ (data)2t ®lol¥ = ¥ 2] A (data literacy)
dolel= d4 AAS owd AMd, 7id, Hd e 3k Aol

GowE 2vz ge AU 44H @ 5 AAe S84 &4, 24,

712 o= FAgtste] mdd Aol FF HolE e JEE I
il APgEIE AW dRtH o R dolH(data)E HIROE AW



(information)”} FZ&% W, o]# 3 FH7} FoJA ]2 (knowledge)o] &
dette= A(Liew, 200704 dlolH &= AR F-id dart ok
Ht Aoyl dgR gyt oA dolHE 53 4 A H
of wet A3 A3, AA SARS A AL dAE A=, AR, 54
R TR AR T FHU FHAAA FYAHor AYPsta e BE
Ao AR ARV HelHE FE 5 A 28y 5343 9
upel theFgk ofw| 7} Fojwal o] g2
Aol s dHelHE AAAAA 49 AAlA el H (authentic
data)= A TE . AFA = R&E

M Al (real world) Mo AAs FAES ~~

Zeagel Feld sl A

gsg 444 ool

olsh HEo] B ATdAE doly NS AN
Qe o dolE F eln g dolHE Awste Fhe:, olsa)
B, 28T 5 oo sHoR o oldd gt HolgE 9
of £ 5, dolgelA A
E

L dolEE 2ed Bzt o

t}. #3834 43 (science practices)

el Al et SEF(INGSS)o A= #eh ug Ropo A tE
3 Zzxd & HFE VEHRE e WA eR AWt 7% (skil) ol
34 (process) ol 2k & WAl A & (practice) ol eh= & & AHE-3FA
ok A At uSxeEe 3 AgSs (1) il 2 A A e)
7], (2) 2& i 9 ARRsY], (3) ¥ EAN AE H s, (4) A

2 24 2 48], 6) 2% % AAE Ax B8], 6) 49 A

2
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71w A A, () FAC Aol =Fasl, 8) Fr &
e

3 7t 0 aEavle §4A SHow AAee wiel oug A

tt
.
J[m
o
il
o
t
r (
Aui
R
A
£
2
2
o2
o
2
2
N
Nl

olfr= #oA Aol zk= EAA, B, vddd EAAEY A4
wolth(e]F 9 <], 2021). webA St Eo] wetd days
XM= Halolgls EA Q] ko A A
WA Hets Fake]l FAAeE HH AL HojR = o] Fastth(eE
A, 2020; Ford & Forman, 2006). ©]&]gt ¥ Al & AFoAe HAY
=9 HetA AgS sk 't et A A4 Ve
&to] £AE sl dsts 7 A 2w dhe A4S FA s dAH o
R&E ZzIdld] Fojsts= FAES olsfstarst &kdlv. &
3], 3t A2 FAT Fak ggogol 3eE AL 2k L uel
7 FYASe Ae g or Mzl 3k ANTO @A FE3e] ¢
ol U AY m=Aok 22 Bzt FAAT) StAAE2] #ehE AP 7)o

filo
o

ol
®
o
it
gt
op

2 243

R

2}, 7] ¢4 (inscription)

7192 od AAZE 715, 715, A4, =1

At BE R WEES el golz, vENIS ANGE P9

e AAGoEA B PAAENA GBL
84, 2005, F4%, 2010, p. 20). 53 HEAE A F
7] s @slel Z19e Aeka o] Aol s wrEeld wshd Al

e gRe) wasblA ASgorM Abdel g Enshe Eelt

>
rir
~

o
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(Latour & Woolgar, 1986/2018, p. 118). o]&3+ 7|L o]%o] a1, o]%
sh= &t 1 &40 WekA] ggon, Agto] Jheetal, thE FH 7YY

Aibs 7 shAl sk 534 o] dtHRoth & McGinn, 1998). # Aol A=

d
h}
o
Sl
)
o
o
o
>
o,
Z
[m
o
w0
c.
S,
=
Q
)—‘
<
E
[¢]
=
Q
(@]
<
(@]
<
(@]
=
<

AR JAAAH, HAA, AAQ EAZ Feaia H2ds o ZHy
Al oy mItE LHoA Wy g @ tisste &84 7E 7Y
sk ARbA =R Ao g7 B 227 TEQ WE 99 2 E 2 Al(content
area literacy)E olmlatitt et ol gk gy Ao dntsleE Ao
A2l HAE o]gfo] o] HA Fete Mo RE oW 5AE W

[ A27b7F g okl el Feolskr] 9 ARSshe Awd =

1B
o

T(unique toolell FH3k 7ide] wiz A 2lE A ol th( g &, 2019;
Tang, 2019). =, &4 gHe = SATE S wokdllA 738k 8171,
271, AkaLstz], wlaslr), =2 A7hskr] o s Es yElhl= Tidolth

olt] gt #A oA Tang(2019)> HE4 ZHHA] o|HIEE AlgEo] Ha}



4. A9 ATA

X
N
)
-
S
=
jr)
ﬂllﬂl
Mo
1
ol
o
rlr
k)
o
o
o
)
ol
N
v
ol
ok
=
>
ol
2
o

=4, & dToAM = dHely YA E F3e RE Z2ads )
Watal, o] & AL A AEste] doly e A7t SAEY Y
SR AL A Tl oW TojE & ¢ Ue=A Dopr gtk Aol
gt St ES v ol =2 HolE HEHA T AR ol

11, ol AT ubeh o] HUF F
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2 Z23s o= A9Hd dA7E ofdly] wEel R&E =295
A MEAD A dFHS A F9AE g A olF
A7t AYAE A EwAL, A}, Ao T HlwA HA FAT 5 U
[ A= AW B 7]Esr] oEE AE=2 oYt
TP 2y 2 AgelA s deldH Ee Al el wolE WA
7 v BAES G5 AgetdA S AT 97 el old
7191 & eAE Aot 7] wEol Wl #ex T F

2 A4S dolHe wdan ool W@ BARE AU dE =

o
*
o

d, 5ol HolH dHHAE A3 RKE Zzaded Hofd 54
< Y%= g g =] He 7HAAA AdE A7) Adeldd
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ol&4 =73

II.

A

1. v e) B o

2a3 54

hyA

7}. R&E

d=ol 71 7Hd 9

Sk X
Sl

ol A

g

A

3} w53

3}
of

+ 2015 704 2

W 54-(2015)

Tor

Tor

o
1l

| vl et

I A E 7hel = 2l

2 9

3

Oo]:

A

ol

%

!
T
Tor

2]

A A

=
L)

l__:
[
7}

SRE EEREROREE:

A s

= AN

oL

<13
<1

&

I-1). ol¥

YA
it

bl o

5]

T
O

ek

g

Rz

ZAAAE o3t

o

ol

O

o
pul

_—
)

i

5], 2015; o™=, A 3|W, 2019), °ol=

¥

A4,

<0
|
!

Tor

ﬂl

NR
ol

oj
Ton
o
Nfo
o)
ﬁo
Top

)

0ox

¢+
ol
!
ﬁo
i

A

A o]

A (Watson et

-
T

5ol

B

ol

-—

ol
TH

, 2006)°l 4] R&E Z =71

3

N

e

A

al., 2004; ©|
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A A2 el oAVAA T
A4 g HAATFEY
- AT 9YA
oA et B
A 4] - A 2"l AT A
(knowledge) - kel A
- 95t} ALE]
A&7V A S & 9% e =
st FEA &
IR I RPN
@-05’94- /\E]Zj J/]_’ﬂ ﬂl:l [€)
o . tAALE] 7]
(participation and action) o
83k SR
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2 F2g F do. A A R&EAA = dHtA o=z 3ty A kil

A2 ARSA An, AN AGPANA FYEAA AT
PHe Amse bed 57 AT el o] FolAE Pt vhehu
tH(Davis & Rimm, 2004). 8F 8t F% R&ECIA = &40l FA 7}
Hol s St AFe] Fa e ARsm; o] Felsbl Wtk of
WA FEe Ug A, AT PP AE, g Agn gL Fo
e AmMAS e Folol o) AFHM, ArwAe o] B35

Bgsn Qs Gee BErhel R, 18, 2019). o]
oA A} F4 R&ES 84 FE R&EE B stSel #ehA

F FEs B F9Eude A2 sdeAT g E0] RRE TR

Y. R&E Z =] gk A8 A9 AAA

St Eo] Hekate] Aol AH Frolste]l vtk FHe] AAS AY
3t WS W o] MAAF R 4ty FAo)ti(o] Wl 2016; Hunter
et al., 2007, Hsu et al.,, 2010). o]o] wg} A5 T4 wS T2 o
g A= ZEeA dojuA Hlow, A T4 wS ZrIdo] zhe
54, 203 ozt A Yehve &3, T2l disk A ALg
At & v FA A7 ol H A

Houseal et al.(2014)2 A - wAF - 38z 7+ gtEY A

i, STSPsE &3 uH24 gio FHsTE o] A A= STSPs7h
WALEY FAEANA HsHH G gk o] E Fola e} sk}
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& Huber, 2001). B8k STSPsell e aAper 2pepxte] 44 2k <
T ARE Aner] 98 FHES AwstE B Bk Al W
T AFE S 7 e A7 A3 vk (Caton et al, 2000). ]
AR sE A7 A WS ZRIade] AR ofyel WAy ¥}Shxle
A= 244 a7k vebds v, RQE 223385 Fd60s o
AAA o= 7lds = EdE A, WAL ale] SHelA AlA g oA

(2006)9] A7 W&} §AFFTY.

o

AE WES d3s Zxd A% vk Brown
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€4 A7 v8s 25 A L AR ARE VFE wea T
RBA7IHA 2Rale] S35 oFurhs 540 lenz, spskd el
wE hEE fF wgH 543 oS ntFoR A Ee] A&

HE AE7t Az 5oy vl R&E ZEa#oA] stHE] ¥4
4 g A BAsteE et Ao Y 5AS EAEAY ARET

FEA SFYEo] Selle A4 BEe} 947 ofs) L A¥EY A

= O = L"l“]

# Wehs whasls 97, R&EY 7 el A =i s 214
B9 FAH GAS T A AT BF Fofol UF AFH ol
ANEd Q7 5 REE Z2ad olsd] gig AR wWelt e ¥

¥

T AT (FE A, 2020, A, A, 2018; oW, 3] W) 2019).

R&E Z=9e] 7[& BE2 fot3o] Aol o3& = A

[\
(@]
)_A
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4
O-
A
DO
(@]
—
-
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v
i
=
L
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i
-
e
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< BT A EEd @99 AAE oy e, 1 e es 22E A

& 2 w27 uito &Aool FoHrels R&E X
B}

P2
Folstd EAHoE A FEA S e WFSHT FUH G
H52 HASE Yok B0l BaFS AT

th. R&E Z 21393 33tz A3

det wgol glold wrel Fade eUget Axdel shoy) vl
4wt b Ade] TR le olF @ R FAE AL

¢ of e --w, Bt Q4o tigk ofsfe] WMol A Wstef ko2
4 <], 2021).

1960 d o] v =ro 4] 7R Science: A process approach(SAPA)= 3}
g wxeA Ve HAFSs FAHoR FTE JtEXIA Sl o=
GAl HeE A A A A wFo] gk diete|lon, st E o]

) Ha3)

2

4, FE, AF3 ge FAHC|L 2R YL )

AN

: =
S EA #HEA Al FA S A7 A st HAe 2 dSlH
(Bybee, 2011). o] w342 a3 g5 HAS 7|x A (basic
processes) ¥ %3 ¥4 (integrated processes) o2 o] A AL o] =
gAsol d4d F ARF e3u. FAHRE Y x R wHEeT],
List7l, ¢ ARESH7], SAS7], AlEt BA AREsE7], oA E ST,
dgsty), Fes7IZE 2@, T ARdE 224 Aoy, 7Hd
Ad7gst7], dely siAstr], ®Wel EAstr]l, AFerivE E2FE

(Sanderson & Kratochvil, 1971). o] #2 A& 7] 49 s A
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el dea GRS T vh ek A A7|ek], Al e w@
omAel AW =87,
A e HorA w@A A A7), He A4S AEEe] o
A7 g g am FAE des AASATCEIEEE o] 21, 2013;
National Research Council, 2000). ol# & <S}74olA &= F+= 345t
A7 ATE FE 22 v S0 AtE S Fa A AAE A9Et
= s AAsE Aoln, HEol Aol Ad Al tidt weiAtE
of A+ RS olsistar kA Jigel WiE oot A4e Fxsh=
gEs e = (s, A g4, 2012).

o] % & FofellA e B FedS A AA dAEA "ol
el olS A 9% vkt W Eol EAEA ¥ A tH(National
Research Council, 2012). ol we} AA# o2 Fyehs gojel on|7t
g eAs el TS en, v detusxEd A Feha

FEZNGSS)NAE wrh dfstn 344 Ade 2

rlr
H
&

=i
=

ol
o

A %8 (science and engineering practices)®] 7I'd<& AAI(:E TM-2)3FH

AoFksl AA el A A g W@ Ee dxska, 3k

A A RS oldist= Aol st it oldfe] rx7F "Hnal o
43} T} (National Research Council, 2013).
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<¥ O-2> ¥}3g 2 Fst3 2] FHF(National Research Council, 2013)

338t B F3tE A3 (science and engineering practices)

Arats] 9 BA A
(Asking question and defining problems)

ma A 9 A5

(Developing and using models)

gFEA AH 2 S

(Planning and carrying out investigation)

e

(Analyzing and interpreting data)

w9t 2 A8H Ax 285

(Using mathematics and computational thinking)

A Y] 8 san A

(Constructing explanations and designing solutions)

A Aztste] w35

(Engagement in argument from evidence)

Au 23 Gk L REE)

(Obtaining, evaluation and communication information)

ojuf o] ¥etA AP o] G DFoA HHEHAA AN EE
7o dF5r 7FE3 o (National Research Council, 2012; 7d3ke}t

ol e, 2013), Ath AHEE Aoprlr] AF B AHozA Ty Ay

ol wetA Aao] wed] #et AL A gt FAo waAY =4

128k 2 olabel BEoles AL ofulsl

0

& 715g vkt £AE

o
ol
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H, &7 A0 BAR FoHAY GAA dAR AAIHT]EG 1
om 7} gEojof gy v Wk Ao|vh( e E A, 2020). =g I
S Ags AA HeEtlM A BASHA Fale ol oldld ¢ gle
W, YolrbA = #ehA 22 o] ZAS 9] ol E & glvke A4
w2 4 3}to]th(National Research Council, 2013).

g, ‘HEA A olgk= gole g uetelA 2015 JHE et w

Sl Veer wgEHNeH, Ve A A4, " AA 73,

fr
o
i
2
24
30
=
=
Ho
4z
Do
()
—_
o
o
2
=
=
B
%
El
Ho
=5
N
2
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AAAE E2EFH G547} ofd EAAA] Bt =olsh FAEFT

5o A4S olsfiste]oF F(ahF-&, 2021).

ol FAE F A=l tiE Q1A AIE olopr|omA Hd 3
Sres At R A4 ourt QA= 2AAAI A HE T8
AHE = ol F stdes utE FYA-UES A o] E(actor-network
theory, ©]3dF ANT)e]t}. 1980 th Latour, Callon, Low Sol ¢]af =<t
Hi AHE ANT= Ales 2838 bddsd 79 A9 vEHZ 5
Aol AATeE AAFH} AFE A stE o] Eolth(F & A, 2020a).
Latoure= A9 257} Ad Ees 2800 T1710] dtolH g =d}
e AR AR Fekdk SAS Bol eude AH 97 &
el F3sch(Latour, 2010/2012, p. 10). Latour® #THANAE RE
AA S BEAU Al ARS A olan T dojHd AAS AYar 7]

o] w=Fol obel FE(She] N )Y E(HAA, 2005), 2ThF9

o

2% A g9 LFHA wIdFoE FAIH ST 3R Y
2 olFs 92020 W s F7), dHr|F, Zeley FE, Al
Fukgglo}, A &3} GMO(genetically modified organism), Y=7]
&, SVIAE, A 7leS EUA 2318 st ol At Abs Holgtal @

g e gle] glot wud R QA ToAgon vty

ARSl S RS YA ST Latours @] AMS|ol A HA wlFstE =4
e AX, A3, AA, &3, 4, 7E, 3 T udd d9e HF
A A UdSollE =AE oldlsli: W, sl dsts WAl o dE] ol &
HA AQE Eoldl= dAS vHet A A4S fal olEHA AL
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7b. AYA-YEYDI o2 Fa M
1) 31 & (actor)
‘) 9] A (actor)= THFE A9 H (agency) S THFOZM AAC] o

MEE AeE mE AAE vt (da, 2005 olFF ¢, 2021).
T2 QAzte] HEH = &ojo] AW ANTO| #eto A 9jal= A3k H]
AUE B Al A&, of® Izt A 59 7 8aFo] A4l ¥

% 4d (generalized symmetry)'olel oh(37d S, 2010, p. 22). ol L=}
2 HATFE TR ¥oto] Ho| AL AAE WA £ dE A
ojulsli= A2 oYtk JiJAE 1 ARl A dAH = =3 Azt F
AR, BQIZE FAY o] F A HESNA AAdS AR HA(STAES
2010, pp. 22-23), Ttk g5 HEY AR wtEod dAY 17t
b 22 27, AAoluy 7HA], ARS A= A FLHe e P ATL
g 4 Aok EA, 2005). 1ETFH H[RIZEe] zZEal e W Holgk=
AL o AU7F? ANT o] ZollA & HQIzE Pl H&HA o] &

AR Ao AEAe] £ ZolAE FOoA Az B9

L=<}
e Ae dz 594 vzt dxte] FeEs AHdiv(o]ed 9,

2021).
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2) Ul E <] A(network)
AR = T2 ST F glo FES dgxtete] #AA FoA A
20 EAeHA # 3 Jde] desHold I A YEYIRZ A

Axo] 9 o] AYAE] HFALoA HEE BAZ TR 2 B
T ATHEA S, 2010, pp. 22-23). MIES A= A7} HIRIZEe] o] 4%

AAss I w2 d9gds FozN YA Ars AHFHZ At
Astal, sturE & shubel o E3u (R EA, 2005). ol H g HE A=
SHE AAE Zta JVIEU= A A AA-S AAHA Astst
= #AE YEeld Aol 53] o]F U E A(heterogeneous network)
M2 A} HRIZE Zo] tpFel TR/ 94 FAH A= I
5 21 e HEHE Axeta AS u AREET =3 ANT= QIgh
HIQIZE, ApA 3 Ab3l o] & glo] thekst S/ 848 FA4H ofF
EA NS AFESte] AFE], 24, A 5 RE BBl olF UEHA
ds AET(F LA, 2020a).

PAA= A2 Ho e "E FAAECd Y3 MEHLE Tl AL
How AFABEH7] Wiol o]F HENA A #x Fisith(Law,
1992). $-4 (2010, p. 23) ©lelg o= AsaE 53 AT
2~ 2 E(Nicolaus Otto)o} 2 W7, 7h2x RolES M Ee 499
AA g o] XA wE HeAtE, A5 FYS JheoA &

o]v} & (Wilhelm Maybach)$} t}o]l &2 (Daimler) 322 2w 7F A& =}
& AMS sl o 3l EE=(Henry Ford) & &3 AZF &< 34
H5Fsta ol % YES A Eo] FHE A (folding) 7] wWiEol $-2l7}

AbsAHE vbE = dne Aot &, Ak L AESt
AE e o] o]F HENAVE JA o wEold JhA ot

SRS
Teu SeE A9t MEDIE A A Baa vk ol

put?

1_.

o\
2
o

(o]

L

—_L
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lo
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MEAZY] gt ridld, 2 d4
b= Astd MEYSZE HH dekA E71 wiolth(Law, 1992).

ANTOl A= o] % WEN A7 shte] A9y e Sobhe A8

flo

o] YEYI AEo]X

A (punctualization)o] 2 K231 o] & A afA] sfLte tho s Wi
A UEAE Eutagtn FEw (345, 2010, p. 23), =427}

AAZ A3 RG-S F e

=i, I F A HAE vEYIS: do] AAY 4 §HY o S
of @71 3o wjFo|tt BA WEYAE olopr|dd W HFE UEY=A
o 22 Vs MEYAZE nstAT, oYt Ve WEYAE dAAY
ole] #HA B wl ANT HEY= HZF ol Z ANTY HE
Aae =44 e 4594 F27F gAY d=5F4 A9 =271 gle
s 7l HEHZY B2 Aol AoHo] v wEkA bFeA &
WA= ANTE U ES A7 ALE A Y ES AR Q12 %7] wio|th. ANT
= A3 BAS Ve B zZa QAN 2T siA Q17 ‘AL
1A #AA - HE, )

oby g} HIIZH HI/NAA EAd7MA = BAE Stk (Latour, 1990).
3) ¥ 9 (translation)

YTl EETUAH SJFHH WAL ofd dojz @ 2L o}
2 dojo] F Al ouE itk 3 Wl o ¥ ez
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Aol M= atel7h BA Gl FE 9, 2021).
Hes FAl Atelg Fxdule ol F
F a, olsh e WA ANToAIAME Mo o] 3 ¢ Ate]
olaitt =& v P9t deof(elsivt om)R A3Haty] $lg 2y
AL wrEx 9l Fojgta wach wekd FARE] vt A=
sl ropd 4= gla, PZolx= 3tel] tAl E Aol S mtEon
3 A4 A tHE4 S, 2010, p. 25). W]

g Pyt e g AR degowa F At duHE
el 7] wiEo] Wele] sty @ e thE PAE A
PEatA =, o] A4S Fudd vEYAI FEHEHAG
(8 & A, 2020a). ¥, 2 MESA oA ® AHE 7Hd @9xe
A B gLgAEe o e ggREd EESHA ddE] glon
2 EUEYIE 59T F AHEA S, 2010, p. 25).

ANTE ZHolu e B4 a3 wyEolgrints 439 <

HEH ol v EFGrolnels)d g EARY o]

1 QB A

E
'L
12
rlo
N
N
-
o

i

A<
T 3

o] TH(Z 1A, 2021). o= Esly U EYA Az 228
HAS FHeaL siMstr] g 2 7HA HE WAl dew, 1 F
Callon(1984)2 ‘M9 o] 4dA" #AH S AAFozN o|F HEYAL
AA G4 AA-ZS o zo] olafd = JA st MY AdA = A
A 7] (problematization), ¥ & 7] (interessment), & =3}7](enrollment),
&9 3t7] (mobilization) = 4% o] UAtHE O-5). =, 54 UHESZY
T4 AW ZAE At 98 v AAEY s ol Fo]
Wi, o5 Fal BAAEY dLdS AATFoRA v A9l g

AAE FANTE FRES BUehs @R o Folxth Aotk
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<3 [I-5> Callon® WHe] 44 (%214, 2021)

oA q4F 99
o@ A d¢ E7HAS o | PRE FE 9
FA| A 7]
27F H =712 o FZ - (OPP)S 79

A912e] FALEL ThE

1 o
H—
e E=WsS HGel | 2 Aoz = nE g

#HAE7]
gl F=S AR AA =T @A Aloldd &
AN FAE £He]
ALA TS At | P A HA=F TS FASH
E%-‘ 7
T g sa qan o HAFE)
Zhzpe]l A 7E A2t
sas] | el dags ey | T R
o2 AFTE ste=A AME
Callon(1984)¢] A WHA WS A= A A 7] (problematization) ©] T}

o] THA= 3 AT} BAS AAST EA0 TE FASo] v
AA o s 2§53} 4 (obligatory passage point)S EHAIZ o 24 U}
g dAAE] AAEES 2 wASte] BA £ FAG R Ao He
A o] TH(A &4, 2020b). ol® A7} BA ] AL Ao zAPoz
At AlRbet= Aol sidstH, oo deetd L A= i vl

Ef oA &FFaxleo]l "k 2005). o714 o g dol B
€ RS 3 g = e ZAlE UF L dFol do] REEA]
A AW SR He A=A

2019). 259 AW Axe 4 gEH qVERPor 179

1o
o2
S0
Ny
il
(=)
rot
N
o
o%
rﬁ

Qdl, dF ol AY FFAEL oS stelF ANl dof A
sde AgsEs Fasta Ao ols FFAE ol@rEel MasE

om

JJF;G =1 X}/\ _04 xéﬁ

5} o]
Al =dls dbshs el gk Zlelvh (71 2h4, 2005).
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HAo] F A A= B4 L 7] (interessement) ®, A9 A FHES
At Aol & 5 AEA FESH(Callon, 1984). #AAE7I= A
A71E F&l A= AdFFHH AAL(EE, A9, AF, 71, ©
A 55 EFol TAHE F dojue A=Y BALS DA
b7 E = AEEe Folth(A A, 2005; Callon, 1984). 917t
=9 AAAN S AAstL AsA77] AeiM = ol & Walst A el

7hsdol = AZES wolokth(g & A, 2020b). kA o] Fofwl F S

—_

EAANNE ANHos gAHe] ok o AAES BE AHL
o FAHew AYsts RE ARES 2w, Awe] 59 AAE
4% 5 9rhCallon, 1980). Webd AAE) hF BHEE 9
g RERe) APl BAT F b T Tl 149l A
S e O FUOE o Foldrh BUE/ HHL B AR

of W& Ee ol e nh(ghA, 2005).

Hoo] A HA dAE= 55317 (enrollment)2 A2 A AR5 A
s Agolstar =g AiEsth(Callon, 1984). A EF7|vto = Fup =
gk Fio]l AAE = A2 oyt UEA WA Z el A
o] Jojual o5 Z} F{AprF ol ool HI R4 FHo] AANE

Ao LH(AEA, 2005). ESa7E Jde 45 paw Re Folgu

)

1
WA AL AFHOR ol Tl ATH #ALIE EFIHINE A

AskA AR A, 20200). THER FE8E BASE A BT
Aol FuEe BABAE AR 5 QA AFE GA4HQ F, W
A3 Aeke] A BASHE 2ol tCallon, 1984).
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}7] (mobilization) =t le] thxEA
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o] wix|d e

| 9147} Aol oE
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TH(Callon, 1984). o] whHA| ol A]

Ho

o

Ho

-(:51.

2 o] 7o Ao}

B

i
au
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e
=

S
el

X

o

o] th(H 4], 2005). Callon(1984)--

7]

i3

A Al
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Lo

2, aga

5Ash &

= o=,

2 w3

2 AgE= AAYH Be LAt

g =
o}

e Q9

FATHZE 8- A, 2020b).
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2l T} (Stroupe, 2015).
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LETTERS

PUBLISHED ONLINE: 14 FEBRUARY 2010 | DOI: 10.1038/NGEO764

nature _
geosmence

Rapid circulation of warm subtropical waters in a
major glacial fjord in East Greenland

Fiammetta Straneo'*, Gordon S. Hamilton?, David A. Sutherland'’, Leigh A. Stearns?",
Fraser Davidson?, Mike O. Hammill*, Garry B. Stenson? and Aqgqalu Rosing-Asvid®

The recent rapid increase in mass loss from the Greenland
ice sheet'? is primarily attributed to an acceleration of
outlet glaciers®S. One possible cause of this acceleration is
increased melting at the ice-ocean interface®’, driven by the
synchronous warming®'® of subtropical waters offshore of
Greenland. However, because of the lack of observations from
Greenland's glacial fjords and our limited understanding of
their dynamics, this hypothesis is largely untested. Here we
present oceanographic data collected in Sermilik Fjord, East
Greenland, by ship in 2008 and from moorings. Our
data reveal the presence of subtropical waters throughout the
fjord. These waters are continuously replenished through a
wind-driven exchange with the shelf, where they are present
all year. The temperature and renewal of these waters indicate
that they currently cause enhanced submarine melting at the
glacier terminus. Key controls on the melting rate are the
volume and properties of the subtropical waters on the shelf,

<Y NV-15> g E0] A

no direct evidence that it comes into contact with glaciers. The
lack of adequate fjord measurements from the period before the
glaciers” acceleration, in particular, means that we need to rely on
our understanding of the processes that control the properties and
circulation within the fjords (and hence the heat transport to the
glaciers’ termini) to infer past conditions and assess the ocean’s role
in triggering the acceleration of Greenland’s glaciers. At present,
the mechanisms governing the circulation of STW on the shelf and
inside Greenland’s glacial fjords are unknown.

The 100-km-long Sermilik Fjord (66°N, 38°W) connects
Helheim Glacier with the Irminger Sea (Fig. 1b). In 2003, Helheim
Glacier retreated several kilometres and almost doubled its flow
speed™®. Warm STW has recently been observed outside the fjord
on the shelf'® but there are no records of ocean properties within
the fjord itself. We collected 38 temperature and salinity profiles,
together with bathymetric and current data, in and just offshore
of Sermilik Fjord during two surveys in July and September,
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Abstract
A Case Study using Actor-Network
Theory to Examine Science Gifted
High School Students’ Research
Problem Development and Scientific
Practices in an Research and Education

Program focused on Data Literacy

Jong—keun Choi
Earth Science Education Major
Department of Science Education

The Graduate School

Seoul National University

We live in the knowledge and information Society where a great
deal of information is fused with creative and innovative knowledge
to create new values. In such a society, a new scope of
problem-solving ability is required, that is different from abilities that

were useful in industrial society, which were based on science and
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technology. Recently, data literacy, which is the ability to collect and
utilize meaningful data among vast amount of data, has been
attracting attention as a major way to cultivate this ablity.

As the importance of scientific inquiry experience has been
recognized in the field of science education, research and
education(R&E) programs where students can take the lead and
experience the research processes of scientists, have been expanding.
However, students without experience in these programs may face
various difficulties in the process of research problem development. In
this study, an R&E program focused on data literacy was developed
to utilize data literacy as a way for students to solve problems on
their own in an R&E program. While students went through the
developed R&E program afterwards, they were examined in terms of
their research problem development process and their scientific
practices from the perspective of actor-network theory(ANT). The
intent was to determine how data literacy can contribute to students’
growing up as scientists, which can lead to a new perspective on the
students’ scientific knowledge generation process.

The research participants were four 1st-year students at a science
gifted high school who took part in an R&E program focused on data
literacy. The researcher collected documents, interviews, observations
and audio—visual data.

From the ANT perspective, the construction process of scientific
knowledge is described as a heterogeneous network constructed as an

alliance between human and non-human actors, and non-human
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actors can also exist as actors actively constructing knowledge. From
this point of view, I aimed to analyze the dynamic interaction of
various actors in the four moments of translation - problematization,
interessement, enrollment, and mobilization — by viewing the research
problem development process shown by the students in the R&E
program as a heterogeneous network construction. To accomplish
this, the main actors appearing in the research problem development
process were identified and their interactions changed according to
the moment of translation and analyzed. Through this process, the
action of data literacy in the research problem development was
identified, and what kind of agency can be exerted by data, which is
a non—human actor, in the research problem development network
was investigated.

In the problematization, with the goal of developing a research
problem, the mentor teacher identified students, scientist, and data as
the principal actors of the network, making “using data which help
develop a research problem” the obligatory passage point. Students
had difficulties in developing a research problem on their own, and
this experience became an i1mportant opportunity to recognize the
need for the ability to utilize data. In the interessement, the mentor
teacher suggested that students participate in a data literacy
cultivation course, which allowed them to develop abilities to
generate, organize, manage, utilize, and analyze data, and to improve
data-based communication skills. It turned out that the data literacy

cultivation course proposed by the mentor teacher served as an
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“interessement device” for students. In the enrollment, the students
successfully got to develop a research problem with the data
utilization ability developed in the data literacy -cultivation course.
Finally, in the mobilization, students came up with their own research
design and conducted it to achieve the research goal, with most of
these processes being recorded 1in research notes, which was
displaced into a research proposal.

The research problem develop network was created through
various interactions centered on students and data, and it was found
that, in particular, the cultivation of students’ data literacy led to the
active emergence of data literacy elements. In this case, data literacy
contributed to developing the research problem through translating
and interacting with data by playing the role of a mediator within the
network. This was a case that showed that data, which is a
non-human actor, can exert agency to change the actions of other
actors 1n the research problem development network. In addition,
various detours appeared when difficulties occurred in the process of
developing the research problem, and it was found that these detours
could be caused by both non-human actors such as data and human
actors such as a mentor teacher and a scientist. Through this, it can
be seen that the process of developing the research problem is not
simply linear, and it takes the form of a heterogeneous network
constructed of various actors.

Scientific practices, the processes of knowledge generation by

scientists, can be viewed as heterogeneous networks in which various
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actors are intertwined, and scientists construct knowledge and connect
actors through inscription activities. From this same point of view, in
order to examine the process and characteristics of scientific practices
that students showed while participating in the R&E program focused
on data literacy, I paid attention to inscriptions. First, the various
inscriptions  appearing 1n the R&E program were listed 1in
chronological order, and the key inscriptions that played an important
role in the progress of the R&E program were determined. The
interactions between actors that occurred mainly on the key
inscriptions and the changes in the inscriptions were then examined.
As a result, it was found that scientific practices are processes in
which students construct and spread scientific facts through
inscriptions. It was understood that scientific practices should be
recognized in the form of a network formed by various observable
disciplinary literacy events that occurred during the course of the
R&E program and inscriptions connecting them.

In the students’ scientific practices, the role of non—humans, such
as Inscriptions and inscription devices, which constituted new
phenomena while interacting with the students, was very important.
The students were able to achieve the research goal by using the
appropriate inscriptions and inscription devices in the R&E program,
which demonstrated the ability of non-humans to cooperate with
humans to change human perceptions and behaviors and to create
new phenomena. In addition, various networks were formed to

strengthen the scientific practice network. Although the examples of
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surface water temperature prediction, desk arrangement, and data
sharing using an online platform were not planned with the purpose
of conducting effective research from the beginning, these networks
functioned to construct and strengthen the scientific practice network.

The results of this study indicate that the data literacy cultivation
course contributed to the experience of scientists’ activities in which
students construct their own knowledge. These results suggest that it
1S necessary to recognize data literacy as a way to cultivate
competence as a sclentist in a self-directed research environment, and
to conduct specific research to effectively apply data literacy in the
field of education. In particular, the fact that modern society is an
environment in which large changes in the amount and type of data
that are available due to the development of technology has led to
data being available to be utilized by anyone further emphasizes the

need for cultivating data literacy.

keywords : Research and education(R&E) program, Actor-network
theory(ANT), Data, Data literacy, Scientific practices,
Inscription

Student Number : 2007-30419
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