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This study explores the agency of a student leader, expressed through efforts to distribute power and
encourage participation in elementary scientific modeling classes. The study also analyzes the context
in which the leader’s agency was expressed and the context in which the development of a collective
agency was constrained. The participants were 22 fifth-grade students. The leader’s agency was analyzed
by examining his words and actions. As a result, at the outset of the study, the leader had the most
power, performing all the activities as the sole authority in a non-cooperative participation pattern.
However, with reflection and help from the researcher, the leader recognized the problem and facilitated
the participation of other students. He developed an identity as a teacher and demonstrated the agency.
The leader’s agentic behaviors can be categorized into three aspects. First, regarding the cognitive aspect,
the leader helped other students participate in modeling by sharing his knowledge. Second, regarding
the normative aspect, he made rules to give all students an equal voice. Third, regarding the emotional

aspect, the leader acknowledged the contribution of the students, increasing their confidence. The leader’s
agency temporarily helped the group to overcome the student hierarchy, facilitating a cooperative
participation pattern. However, the development of a collective agency was constrained. The power of
the leader was partially redistributed, and the other students did not position themselves as equal to
the leader. To support the leader’s agency to develop into a collective agency, it is necessary to redistribute
the power of the leader more equally and to change the recognition of students.
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petagof| gt g2 A5 sto] wAofA] oFA B5E o]
oF sl=x]of thgt thokst AsfES A|A|ScH(National Research
Council, 2011; Chinn & Malhotra, 2002). 1 % Z|Lojl+= s} s58
Thaba) Alao] Hofshe A oRA bz Pifo] A} S5 gtk
(Ke & Schwarz, 2021; Berland & Reiser, 2011; Lehrer & Schauble,
2006; Engle & Conant, 2002). £3|, u|=2] X}A|tf st we- 7|5
(NGSS Lead States, 2013)-2 ‘A8 © & 42| 1}8Kscience as practice)’
o 7}zah, SMISo] thes] Elolol|A] TFElA Z|ALS ATk 2
54 SRRl Holtk, X4 P4 ThAel 2 Folsin <144
APe she B9FAIR agent) 7} = ofof githal SRt Stroupe,
2014; Duschl, 2008, Lee & Kim, 2019).

T3} 4=9]of|A1 2] @117 Al3Y(epistemic practice)o]Tt, SHYS0] A
A19] oS WHAZ]7] Sl et &4 4] 2gol ejsto] 7
< 7ot 9 ghetely, Wrjeks 2S ol (Wegerif & Kaufiman,
2015, Sandoval et al., 2000), SHIE2Q] Q1A% Asle- x|sl7] $5}
o FPZ wE=Ege =9 4 itk g2ld mdg(collaborative
modeling)&: 50| ofe] A1ghe] SNAES Fa) “ofuigh Aol

* WAIAA}F - 78] (hbkimS56@snu.ac.kr)
http:/dx.doi.org/10.14697/jkase.2021.41.4.339

Aol et A8 AAIQ El(modely& T REEAL, BBl 4
Aol= A4S D3 Clement, 2008; Rea-Ramirez et al., 2008; Lee
Kim, 2017). ‘&4 &(modeling)& X d-S A L7 Igolm,

& Z(collaborative)’ o] 2h= 2 SHYE0] T melF o] Ztols)
48 ojofohe, HE14 2 o ol s g
So| A4 T40] FA} Ho] FFOR BUL o
2 SARIG, T, SES AR Sol A419] e 349
T, wolg £ 4 Aale mRS salsleA B 1S Al
Hoz, ofg £ o A FofalA 2 sksAol ok
SR FE A mulg)o] molutko 2 SIS0 olAlA] Alg)e WAk
& == Qti(Lehrer & Schauble, 2006). Lee & Kim (2016)2] A-1¢}
Song & Kim(2020)2] S04 429] Zulof] SHSo] mele) SHE
off ofalrli= A mElS Faf Al A4S olafsle st
7|Hrks 358 ol el SlEstel $EHOR Hut v
= mgsol ek QL4 o] o]olalx] ek e f:¢el
A A4 Aol ol 5] Stolts, Bes] mlagel Hofst
= AL Jo] sHE0] LS A4 LA FAZ ek, 554
o7 ExE HAslo] s)Es= 52 (Organization for Economic
Cooperation and Development[OECD], 2018)21 ‘39|54 Ad(agency)’
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o] Q=i (Damsa ef al., 2010; Miller ef al., 2018; Stroupe, 2014;
Stroupe et al., 2018).

OECD(2018)2] W ZZAE(the OECD Education 2030 Project)
= " A Y SEAPE A S THAoF Jitkal gk, B
A S EEE AHlo] ek, WskE b 9] 98 A
2 P BESE Serom Aofsialrk 4w ATSeIAE A7)
A1} ghe) ZASS WAL wREoN] Sigt BAHE AT, o
EH o8 YEalo] 2olrlE HMslA7lE Se(Holland, 1998y, “iLAl
oA A} A TP T MBS ARs] Be Emels
sh0] o= W E&(Barton & Tan, 2010y 508 o= u} 9lck
SEALE, oA BRI o8l Fskar Agste Aol oz A
Alo] Ao g WY Q= AehS d1al 353H= Aof B3k Aoltk
SHE0] 359 FAIY W, 5, 250 oS R vk AME
2Aste dl A543 & o, sHEEe] o 2 35 571
7HAAL 3RS B, SEoh
(OECD, 2018). whepa], 2o} ardloflx] shje] s 9l=A14d
o] SEH SRAHRA T} B0 Woleb] sk Fag flofe)
g 4= 9t Goulart & Roth, 2010).

st seglolale] S APEA] Tk AT 5L SHIES] Bk
% off S0 242 FA] et sl WAV S Helst
LR R RE-E TR LR EIR IR SVEE)
YAFA S & A= “A4A A9)FA | (epistemic agency) &
=3 sH9 P52 TSI HDamsa et al., 2010; Stroupe ef al.,
2018; Stroupe, 2014; Zimmerman & Weible, 2018; Lee & Kim, 2019;
Jeon, 2021). 1414 SgEAolRt “gEAN) Sl dhat Ae)
& 7P, 350 A4 FAL Stk Qeie] BHES A, Haysl
7kl 4= 9l 22 T=dir)(Scardamalia & Bereiter, 1991; Damsa
et al., 2010; Ko & Krist, 2019; Stroupe et al., 2018; Stroupe, 2014),
olefet ATES 5 HomA A4 P4 sl T s
SYES] BEorRE PFTAS Tfefshel 2w (Stroupe, 2014;
Zimmerman & Weible, 2018; Sharma, 2008; Miller et al., 2018;
Stroupe et al., 2018), o] A5-9] AVEL SHYE0] ot HFOo R
YLFAVIE ERUaL, o& Sl 1E0] ofFA 1A Aol 3+
ofstA HeAIE Wl whzell ofni7t Qiek ofof, & Aol =
UAA =AY oA Yol RS 'SR} stk

Zeuf FFA ol thet =W - 99 At7E EsiR|aL glZoll
I, o]2fgt S thiiE T - LSS o= o] FofA itk
251 9] PAFA|AS tHE Miller er al.(2018), 1155 Yo] R&EE
FolA b= FAFASS = Lee & Kim(2019)2] <1, 1158}
Ao Eef oA sHY YA TR Basu er al(2009),
Yol 2 Tl dhlof| o) B9lAl e
& Weible(2018)2] A+ -50] o] oAJojct. TpAL} Z2=AEof4 B4
o] Bt AR A4S sk Bge W dso] Wrkiy,
e} Aot S = T - LSS o= g AU Eek
t}. ofof mlgl], 2FES o= T FATAE At A
o7 uje AA o|FolFrt. 2L Hstoleh= SR Ak
SHA A ke AIZIRA, o] Al71¢] st thgh FEel
o]%-0] Ts}t slszof et B W QlAlof] W 3RS m|A=H|(Noh
et al., 2002), L F-8/0 = E5IL SfjollA 253HYe] st §e)

-2 Zimmerman
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FAE tE A7 Kim e al(2015)2] A57F F-Ask3A:

A Bk S S AL 4 G B ol
WAL ThE Qs 25 DAl oF olZolAl ul7t fl91]
of|, olof] thet A7} Bashfar BZHEe) Ag7HA] = 25 w5
E7tof mElE] =90 =QEo] ATHHan & Kim, 2012; Yoo &
Oh, 2016, Lim et al., 2020; Uhm & Kim, 2020), =d& 5=¢of st
spSah ko] ofaf H%0E ol B 3 glo] Ap} et
RS Q7ISHE A0 4:9l0] o]Ro At 5 mu Sgjol]
spEel QA4 Aae AHskA Fshs 97t Balthiust &
Gilbert, 2002; Jang, Ko & Kang, 2012). w2}bA], o|& 7)A18}7] $I3)
sk mele) ool 25| WA WS AU W
o HE A7k olRold Bask ik

wfel, & Ao Hok mele Sl 5ol WS
A g 11 uiRhe sk sl 24 2vdtield §et
A FATA S s T o] Fejol] HIkE o] 259
YA el F=sIgieE FEd gy} 22 AT 250 A,
WAZE R e aydde] AYT = ql7] wEel &
=95 o7l 2El9] A2 uje- FasitiRichmond & Striley,
1996; Lee et al., 2012; Song & Kim, 2020). 2|t]Q] 1A} 35
R S0 B FFE o, 205 W Fol9] wigks vy
L olan I A B S| s Q1AA Aol 7|ofsles
o4 7] o tH(Song & Kim, 2020). FAVdS A5t eSS
= YAV S flelMe et W HEY] AEE ol =Rt
e 4= = 71315 Folof ghttal F3=HI(Ko & Kirist, 2019;
Stroupe, 2014, Lee & Kim, 2014; Schenkel & Barton, 2020; Schenkel
et al., 2019; Miller et al., 2018), Zt= AF oA o7
o] ZHAAL Sl ARol]7] wizo] of2iet HskE AlRtst7]of f-2gt
el Qle, thg FAUEY] AFAolE Adidem & JF
= & 4 71 2ol gee) Aol FuslE Eart vk

E3h 2o FFA S S WEE Aolehr| ot thE
SPYETO] A2 HoflA EgUbA| E =2 (Damsa et al., 2010;
OECD, 2018), 29| He AlE 3 e HddEe] e A
4 Y544 (collective agency)= TF|sk= Zlo] HigAlSH. 3
o] Y lEAdolet, 359 HiRE G4 flste] g A lunt
ofe} Y thvt PR o R YA S HEske 2SSt
t}. Stroupe et al.(2018)2 SHYE0] AP = A 0] wfePof hefsh7|
18l 7H1A YA Y E et YA QA o] atFTkaL gt
=t o= 50l o' AHdE 5P o' ok KT A
of osff theket FEjo] A A APES AR 7|gE
o FTAVdE 2T ¥ B 713E 7HE 4 7] wize]th(Basu
et al., 2009). 1B, @2 SHEE0] QXA A 75/ wol7]
Qlelixl= el 7AR19] BFAVS Hol IH2 Y9l U
= XA Zazt Qi

Of

£ Ao el XALS 7 do] 71 AREOEA 44) 20
wes BN QA Bl 5 s FEAL e A4
AS](Basu, 2008y 7} 74 9k, el BEO g W
o b, Ul shESe] (A HEsle] ke lAlH welE 7
ok SHUES A7) Slak ;L] felo] A9 o]RoA|x] k=
Ao, elEls THUSe] Hol olZoluje] Hed ndYe
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o} 715 TS e ® offojHt 2015 77 Tel wSaHof
o=, o] Tl SR S0l A 7 7o) &t 9139
o 2] Fofl it 27143t SH|E Zes sk 40|
ok E=3E S8 FolA 583t IS sk et 45, a8t 7],
<% 713, 55 71, il 1, A 71 5o 2 9 TS
A0, 7t 7)ol {71808 AAE] FEeR Vs AYche
AL EA 07 3 (Ministry of Education, 2015). o]of & ¢J41=
S| Y4 RS Bl 7] she d& she] ARAAl=
TR EH, Aol tiEt ofsE wolar #ekA] 2|4 4 1A
ofslA sk As HRE US AARIGIE e 2] 4 Ao
A = = A 2 wAF ZoiRtet 1d9] vkl
=olglon, ol5 Higter ¢ AmE /iUHch

TYE T TAAE o] FolFrt 9] JO] 20 7% TholA
o} T, A3} 7, 8 7 o V) Al w1
%S5 I AA), i 7] Y9 2 AR 63 IS
TR ] IR ES ) 2] FolA Hehls Helks ws)o,
2] 79 ol 7|Ho] Al TEo] Qe Asl )= 3 Slck
4] 748 Rea-Ramirez ef al.(2008)°] A|A[et GEM cycleo] 7]wk
stod, Uhm & Kim(2020)0] 4783t Sof| whe} A = $ick(Figure 1).
GEM cycle-2 g5 4=oj|A AYAd(Generation), H7KEvaluation),
$78(Modification) THA|7} =SH=HA] “@AFe] tigh A AAPQl &
o] A} Hhdstar stehe B AAEEt 2ot Clement, 1989;
Rea-Ramirez et al., 2008). & Ao AE ¢S 7 3717 @A =
Liro] ZIegsileh A v Al 2dl A A=, sHEe] A4
AlE Hpgo s afnoA shute] 7] REks vhsojke Aot
T2 TR, QIAlel izt olslE B flsl SHEEClA eI AnkE
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DG THA
(Model Generation)

DRAHIICHA
(Model Evaluation)

BYSHCH
(Model Modification)

oAFEH X7 nH LG5 AZICHOR =
CEHS|(EHEE SOl ¥8) -2 7} Mo
ATEHFI| RE HH517] =9|5}7|

Figure 1. The process of scientific modeling classes based on the GEM cycle (Uhm & Kim, 2020)

P7(E22DE Agste] 71k 3D WASES sk AR <)
Aolm e iAUBS Bo) A8k, 209l mab Ryt Bk
SR et o] whe] Zlate] Ahgel that A TSk ) B
92 % Aoleh AZEIl] tolck SHIES B A8l
3D Ailo] Ysh HHS S, Sy BN, ofEelAol ol
7Nglo] st TS 2 2AplRY|E ek 123, gl olol
= AAJo] whel Bagt A9 woh 8 BRI, oA BF 95 1
(@A) 5 BPY olslE B AR RS AMgSlel Bl o2
3 7o) s Ul 2ol sl ofsliet Flolls, shiSe] Weikow
teolslel 2ah g0 R shie] 7] RYS PEES 59
o Thgom 5 A thle wel B} Sl o dhAl Sh
So] A%t ] W RS ] SHISelA kst =
2 yRech st ol F ol ke 9 Azl st 2}
S HFF PG Akt md Aol dhat ofeltiolg gt
SAolek uKla A v e 2 49 whRA, TR Sl )
of ofAg vhgoR 24T RES ST WAAT)E dAelth

A ele) e TA| 37 BRI, A Bleh
S WAL A WA B e, 7t el 2
EAPE ik Tk A9 wd A WAl T ot o] B4
BRESE 4 Stk 2, Figure 19] AIXIE mele) A4, 7 449)
YA o g we] exel sho] ohjel AHE B A =
Aol A% thebd 4 gk

Tl 4:¢] AR} o] A4 oA e A Bl Be
Azto] Fhso] 4} Blol sielis Sio] g 1A o|Folz

th 5] ARES] ARkO R 7} TP S8 AR Sl R
FoL wel Y AGIA elelo] w2l Sl el ol e
7h e, olefdt MBS AlEsht we oAl elule] 9

dE = 5 ] wiEel, Al At Aike 2E A SAE R
Mesdee Wik
3. 2z 24
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7). W9AEAL £

2 A= A BFAE A S HDamsa er al., 2010,
Stroupe et al., 2018; Stroupe, 2014; Zimmerman & Weible, 2018;
Lee & Kim, 2019)52] ¥xlof wie}, Helgolah= A4 54 &9
A Fz9] R|A] AAof| AATS 7k TAYES] FEA 2]
£ olZojl7] ff8f ==ohe By 'r]—r;‘ﬂH g J%‘”E}‘ﬂ
ok ol I8l olut QlEFellA =2t
A5 oH, YAFAE Hstr] s ¢l
(intentionality)©] AL=A1E ERIsHITE A& &1, Y AHollA
o WER} WEL HAL u, ARl FAo] o o] )
BELS sl Auslol, o] Wo] $918] Lehd Aol op
o} 2mo) oo ofg Ao|EAIS AR Hol
& shSo] BOEALE Hola o) gl S4lsiHolland,
1998; Barton & Tan, 2010; Anderson, 2010; Paris & Lung, 2008),
O[EAS ZHrke AL ofel Wl thet BAolAlS AT Al
e AE ojulgic,

ol F3ll sHIES] AWTAIA AWes= HES Fols olF 3714
1:3((1 14, 4, 71—14;@)_; WHZ=glsigich melglo] x4 1A
O HAE ARSJA] A LoflA o] oA = EEd HHE, IHEE
o HAE e ol Tt o] EAsl] wlzolch 1A
HZ31E )3l Damsa ef al.(2010)2] 119} Zivic e al.(2018)2] o1
oA A|A|SE Ef;’._ ZFsl4 e} Damsa et al.(2010)2] 7-$- 0“\“5.4
Eﬂ_r]_r_xﬂx—] z‘sg 0]& —](x]/\l ‘_gj) E!:LL]- .EZ—I(J_]JH J,]-E:])
o1 I, Zivie et al(2018)2] Atollkl= BAFAV S S XW
A B x}F(intellectual work), A}8]Z xF(social dimensions),
AR HE3-0] X9 (affective response) &2 U= HF Qlt) H o 1=
ARA ZH o]Qlof] ARR]A] ZHofA] 2lt|7} Hel LFAES Kt
AlEststo] Awstr] flsll, FEd B2 St 2 A8 =y
HoIE olEollEE S A S, AYEEY A =
Fo2M I E Fiedhe e 84 SHes sl 1 4
7 AR, A, AA SHo R AESHE S{TKTable 1).

24 2400 S FolMe Y ATAPS dEske], Al
o] S Juljste] HE HYUAENA T 7135 FaL, o] e
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Figure 2. Changes in expression of leader's agency and participation pattern of the group in scientific modeling classes
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Table 2. Discourse representing the participation pattern of the group (lesson 3)
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Table 3. Discourse representing the expression of agency through the support of cognitive aspect (lesson 4)
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Table 4. Discourse representing the expression of agency through the support of normative aspect (lesson 4-5)
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Table 5. Discourse representing the expression of agency through the support of emotional aspect (lesson 4-5)
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Table 6. Discourse representing the partial redistribution of power (lesson 4)
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Table 7. Discourse representing non-cooperative participation pattern of the group (lesson 6)
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