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e Ad AAS hFH PO AT OB THHT @Y
2 Agse @

o5 Aok 4+ <t} (National Research Council
[NRCI, 1996). ¥}3} 2aS Jfusle] AxAz PGrheiw 4
A7t ds& S #AS A A4S AWsta 1 24 o3|
-3kt (Passmore et al., 2009). ol #38+4 R (scientific model)<
#HEs ek dAgSs Adetr] fEA d4e Fdssta (EFsketo]
UEeldl A (Chamizo, 2013; Gobert & Buckley, 2000; Morgan &
Morrison, 1999; National Research Council, 2012), *+A|4 o= #zst
T e Ay FAEHQA olEE dAAsteE AW =(LEA, 2007
2009) o= AHoE & ot} H}ERtEo] st dldoly 1AL A

A, B, ARE Fle ARAoR BAAAY TF7] oede sl
7] wlEel ek BEA A Aol HeEAQ clolrols mUw
wEa, Rag #8eht Zlol FRsthGibert, 2004). oleld mug
e o dolrh Wrh 9 wAe Eal Ausars e B
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;|_l
84 B d g (scientific modeling)o] 2Fal s}H, o]#fgt Ed {2 73k}

o T2 d WY T sUEM(Harrison & Treagust, 2000), #}+3F X
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e FART WA AgsE AAL BFel T & A
(Halloun, 1996). g4 5c¢] RUES F3l 4l A2bs Rdste A2
HepA AL olalsts Ao mgol M Ao wAS oldstn B
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a3 vy FAE % gdFs A7 AIEFHI JTHINRC, 2012
Schwarz et al., 2009a; Stevens et al., 2010). Gilbert(2004)+= ‘=2
Hetugo] T3 g5 =gl 39 o™, m= National Research
CouncilellA]  31#]g+ “A  framework for K-12 science education:
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generation science standards”(NGSS Lead States, 2013)9 4= 3SHA
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7 2Ry AAE, asstud s mAAAY] RS FAHoR S
o o] FoXtHAHAME & 2007). o] Tt HAHoR FIu oA =
AANAA L @3t A AAY dATS AAGE S5 sHA H=T
(MAg8 5, 2000), olw &y} o]2<] thel(bridge) 9T & =2
g2 Fotul AstuFRgoA Fosttta & ¢ drhareA I 4
gE, 2020). YAE 727 71BS B Fsx Bah= wa A Adel
W, PSS At FE Y Vo R Wolsd ¢ e BH ¢

St2 2 (Ardac & Akaygun, 2004), St Eo°] B2 AAH AHAS o]

= KR

R =2
Astr] SlaAE a9, A%, el $3 2 G RaEe A
Q.

g23l= Aol FAolth(Kozma & Russell, 1997; Noh & Scharmann,
1997; Williamson & Abraham, 1995). ‘P|Al 2" oA dojy= A
o Az AES st AAA FEY Ee olslste A 2l

2dy e o] E Folti(Johnstone, 1993).



AAstA A 7138 7F B 7] " R JEs AR o]
5t H3kar A oH(Treagust et al., 2002). T3k 1AL} 0|11+ ol A
= Jﬂrﬂx}col oju] YkEojE L RIS AASHE TP AFH ol i,

=gk WY 01 OV—‘. ‘?%0] EdHEA KEeta v (Bamberger &
Davis, 2013; Van Driel & Verloop, 1999). %3k 159t 38t oA
Ldle] SE4doly 2o g 14, nypAjoale] &8 HE T ‘EA'y
#AHE A7 o] JAAHJoY(HFEA T, 2007, =EH I 5, 2009) E

4 Ee Edol tid Ay To ‘B Al AT glon

1989; Z3|<3 YA &, 2017), 71Fe] ALy Tzads Haste]
e BN AWM R Yds, 2013, 39 T, 2012, =AY
s, 2008; A-EF, 2004). THEY ATA RdY dEs A B
dae 9 Z2a3S dste AET ol YR gk gAY
T A, 2dy d5s Yt €5 B 55 @4 kst ol&
AA Fhe AHEgetd] aHE Lol AF7F o] F o Aok (LA
I AE, 2020). WAFES #E Fd A RS A&t Zlo oy
o AT, 2 olfrv A, Ao Ry FFol s st Al o] 3
st Zsh7] wlEolth, wALES EEgol oigh A gl s A
Skd](Harrison & Treagust, 2000; Justi & Gilbert, 2002), 5=— —.Léo]
TEEAoR o]Fox 7] e = TFatedl ik o7} Hg Aotk

A FEves A wsAAGoA Ve =dstel W AA R X]
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o] AolA] AHET FL FolES obesh o] elseint,

dolgt A dAds AWeta oS53ty sl A A3 A
AS F43Fe Ay AAS @a(Gilbert et al., 1998; Halloun, 2006;
Harrison & Treagust, 2000; Ingham & Gilbert, 1991; NRC, 1996;
Passmore & Stewart, 2002; Schwarz et al., 2009b). o] 3t = do] AA
4 o] ZH(Gilbert & Justi, 2016), B7} % WS S8 Huslstar A&
st dde] #AS ‘mdg’olgtal i (Clement, 2000; Justi & Gilbert,

2002). %, mdPe FeH mde Ausn Agets Qow, S
of 22 Tdd AL Fokata ofF olgdtel A Y Ad AX
2 A9sn dFss BEL e wMbA 9G4S BdAE E
A, A FAe SwAs] A8 e Wes 98 s B
Gl BA, A BES AT B ta e olEN} AT &
= 4w see] muYe T4 siolt

Learning Progression(LP)

Learning Progression< 8t<59] =49} Aldo] sty E9 s8¢ AH=Z9}
AAst= BeE Ade F7F A2dlES F8 Febstarak NRC(2006)0 A
Ae 302 §o]E AHostH . NRC(2007) = LPE #ehe] #4l7)
(core concepts)e] o|3dlle} #3} &+ A8 (scientific inquiry practices)
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O. o]234 w7F
RELEES PP
7}. 3387 =49 (model)
Got BAE ojm Aol @ 4w 9w, oW F4A Aol ujw
xgo] E % glon ofw iﬂﬁ]ﬂ 2 Fx duar 8% oW (Gilbert,

2004), 7= mAoly MEAA, e AT olES dAdste AHA
U = 5o2 AHoxo] grh(Gilbert et al., 1998; Greca et al., 2000;
Halloun, 2006; Hestenes, 1987, 2009b; @A
2% 5, 2004). o] A A= 8t %?‘J Aol Al
TAO R HAMSA Adste a3k 2Fe WA e 9359
U%(Gllbert 1993; Justi & Gilbert, 2002). 2}&}+
= b Ao Ao AT yes AW, B

’
LA o
5 =

Schwarz et al,

[e)
=R R

all

o]o

_]R*
5 M
> 2

o Ho

0 fORD o
=
ol

i
=

L
o
il

71+ (Hodgson, 1995).
3 #HAetAEe et
, ekatel o) AREHE Rds
Aol #etS olajst: Aow, Bde HstuFo|A tpFojol &
W&oz A7t JtH(Harrison & Treagust, 1996; NRC, 2013).
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3o Ede QR4S MAH B 2d

1
i
1o

T8 84 F st #EHA ofolro], HA|, A T
22 FE R HAFstaL AlAlEk7] 98 S N =
H(Wu & Puntambekar, 2012). 29| JAAHS AHow sty ¢
3 #}etAE5LS v A A (Submicroscopic) EAFS o] &

S #Fd3}(Harrison & Treagust, 2000; Kenyon et al., 2008; Schwarz
et al, 2009a, 2009b). W|A]A 3FAo+= Particle ball, Ball and stick,
Space—filling, Structural formula, Lewis electron-dot formula ¥4 &
of ZFATCHE I-1>. e FHo= HF3 dAdEs dHetrd
FAZ deorz HIAELS <E O-1>A AAE 559 wAz g
24 BAEES AFESE A Zﬂa A sl il dth(e.g., Kozma et al., 2000;
Roth & McGinn, 1998). &, & @& AWz} st W&ol wet &
Fo gAow AuE ﬁlgﬁ] Zb7yel ®Age e ods uE A4

7.

o FzaAY BAS =Y AT,

N
2

Al

<E -1 > 0/AlH AKX} 7o
) Lewis
ulAlA  Particle Ball Space Structural
. s electron—dot
T4 ball and stick  filling formula
formula
AR 7V AR =
wol wel o wAZ AN wRw e 0T
A e g O tob € S e FHe ga W dir7s F
AL& A Y Qe Ho=
wa AE dE o Ueblz] 9 BA xR ~
2 a%s 7 _ FA8 A
ae= 7|E . & ArgsteE TAS Az
Z3 7 i A A S
Al w2 we g wd
23 5l
=] o -
9.2 @ "J W N H:8:H
o,
oz @ m . 0—C—0 :03:C5 0z
A
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. #3 g A 29 (modeling)
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Fro® A4uE F Jvk(Sibley 2009; Sins et al., 2005).

AA, StAES Aoty wdS FASE W g ‘oldle] &
n] &5 tH(White & Frederiksen, 1998). @& S5 o] »dS whx| 3}
2 gAake] BEAREOo ® H a1 (Grosslight et al, 1991), Zdle] o g+S

Ao sl o] 71tk (Treagust et al., 2003).

A, SHASL HA A4 FEA stase mde Frkd 27
& wR/Iuc Asel 2¥S FEW, 4T FE glol AA AANA
Uojib WFL malo] RFE FFo] Utk SAES wdel A
B YA ARG FAE WA 29 vl WS =4 FrHSins

5} 2 Al(system)ol] »
A AN Fo g wlel ulE] stube]l dle] trE st AUt
e AS FEScdU % Ad9se dhKurtz dos Santos &

Ogborn, 1994; Lohner et al., 2003; Riley, 1990; Zohar, 1995).

A ‘=] A SAES RHEE] P A zrle] AtE B
S A2 ol e 4 Bh(Sins et al, 2005). FASL Ao B A
rE

Thomas, 2001; Kurtz dos Santos & Ogborn, 1994), 53] 2o A =
o THE AAste A WHQl Atelo] FohA AAE AAE] 7|8t
b #ZF o]y 2S =% Cox & Webb, 1994; Ossimitz, 2002; Sweeney
& Sterman, 2000; Tinker, 1993).

il

A S & Q

TA et s5S UElE s HRsttal o 7w (Hogan &
¢l
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WAL e 3 A BEly] FoA] oYy Ee Aet wAES Rdr
ndy Fofd digh T¥E& 7HA A A @i, BRdy S5S Tl E
Al 71 Al ¢kar A tH(Justi & Gilbert, 2002, 2003; van Driel & Verloop,

< T A&en suds, B2 wAbEo] #HEhE 2l
ol Agd APS 7HA L oL, mddo] diE EE A il
FA 8l (Harrison & Treagust, 2000; Justi & Gilbert, 2002). WA= &
S A8 WE&s 7tEAEY 583 2= BAetA R, ALY 4
S A3t = Ao wsHA A=} 047] ol (Henze et al.,
2007; Justi & Gilbert, 2002) 29# S Tl A&t od#s 2+
=3

o

il

% 2dye 24 A5 UE AFAT

Halloun & Hestenes(1987)2 tistAES o= dnt o
Fol & 7tEA= Wl Rd"gE AEstdtt sStAES o
@3t Al Rel A JEo® ol AR AR ARS HANE
Ao s dArstatt 1 A Rdgo] o9 A o] HAHAE
ol 237 = Aew w9y E v (Halloun & Hestenes, 1987). %
Halloun(1996)2 #vt=9] a8ty distAls o=z obd A4
PR 2 A Fo] #AFolA By Wy
02 SAFGY vlustded, Rdy HS A&
Abell BIBiA ARS AL A AFH =7 Bol Fobx o,
o =A et Malcolm et al.(1995)2 3158k
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2. Learning Progression (°]3} LP)

7}. LP9] ¢]7]

LP= ek 7idol 2eEa7k= oldl d=E Maste] dAd=9] A4
T BB dAE dFste W TaF 9SS 3 FS AR A
Hol 71& **7H”T+ TomEtA AAE = AHew, AR =
o}ﬂ‘)r A 91 Coaay 7%1“&/\1 A A B AL A 15k
P o -

2!
THNRC, 1996).
11- = Sl .‘::[ﬂ XZ—]
—’FE ‘Rlﬂ‘ﬂ, 2geo] d4] ofolto]E @ V|3 FoF oldE st
5 AEZE FHsted ¥ & T84S EtHSmith et al, 2006
Stevens et al, 2009a). o= EW, Smith et al.(2006)& "'&4 ¢ 4A}4
el dial] AL Feta 28d St Ee LPE AHetdth oY
AT % T, LA B3 4 ofelro] o] P& A3
A framework for K-12 science education(NRC, 2012), Next Generation
Science Standards(NGSS Lead States, 2013), Stevens et al.(2013)2] =
do] JAA LPe dddEect RE LPE W49 WeE WA A

%3t a5 A& (lower anchor), % =9 % (upper anchor), AW

.

ftlo
iy FIF
r_,cl ol

£

—

Y& (level)e] AwS z3STHNRC, 2007). a5 A|ZAL d5S Az}
8}71 Aol FEoF & gAY E AA Y& AFsta, AH =2
o

& EdATFol ZAsEA, Aol AHT Tt A3l FE A A
S}t HtA sdel 719 e SgFEHREE FAHoE AA ST
(Mohan et al.,, 2009). vFA|= o2 GAE Y&ollx =, ola] 9o #A
A AolHE A dAY FE ddste Ay STHNRC, 2007). 2 A
o] LP W&ole 4% Egxdel =& + e #3h4 Adnts =
oo, g ol E g8 AAE eid ANV esita wa
S ol & LP W&o HAFsdtilds 5
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= [e)

= - an
= OYs d4Es A8 7 de sas Adelth PAE dyd e F
A otoltofdl ' 24T LPE ol&4, AAA S 2 =
A BA, R FEHE, BARE, BE,

S
Moz vrdon, Aog 549 Mdsel M2 A2y
o] XA AANNA FEEHE LPE sl (Stevens et al, 2013). ©]
LP+= Next Generation Science Standards(NGSS Lead States, 2013)<}
New Science Framework(NRC, 2013)¢] WH&& 7|Hto 2 sl o}, 2
ATE g4, B B4 LPAA a9E 2R QA wA
A A ®A9 LPE fElvEta g wrdste] A - sk th

<E I-2>. oW, 'PYAE Abele] Wl Ik EA T S-eihe} wg A
o= 2EA] FAN s LP HE olsies £AMsH7] flsiA
w Ao ddel wel AAekH] o 29| JdE vk

H
o=, 8 2 A A s, B

R | s AA A
o oldste WAtk FE HMolA SAES RE 24S YUY Fo}
A el BolA & obF &—8— AR o] T Ui dAH BAES
olgjala, ‘AAtet BATE BAL o]Fi VB 999 &

of B4 BAE old @ ¥ & M VoA AEAe A
LI_]_

T = =
AAFE olaletA Fr<E O-2>. ‘B4 mAA g 24

ER ) ,
LP+= ## 53 (Harrison & Treagust, 2002)3} vl=r 2 $-gve} st
Wb 9 FIpR e AbEE BAS 2AFSte] LP @Al dAAlske] )

W (AYS 5, 2014),
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- Ak 3318 AR 2ot Ra)sh 94
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o) 92k nucleus with electrons
around it, electron dot

o) ®2}: Electron dot structure,
structural formula(2D) with

symbol of elements

(sFeH1 Ssrags) 2] A

YA Fe] AT A A shelly, B lUA|
T (levelyel wet EET]

QAR B2 2 B9 o] 2 9 Sk
Azle] FF9 = A F2E A5 4 9k
- 82 3 AN o] ThE #2kE o)diAEta
Bk,

oVgAA: BelA 4t sk o] thetk

AR oA 9w, As
olsllslaL 75 Qlaw TAE #jel
718k 25 d5T

- SRAY o2t olsE
HfOR 339 BATES
ojsfgict.

of) 92k Nucleus model (protons,
neutrons, electrons )+ shell +
Energy

of) ®k structural formula(3D) with
symbol of elements(some

atoms(“C”, “H") are not shown),
wire, stick
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s, 2013; AAYF T, 2014; e

2013).

7)o Eutd 7|7|E &8st AL JHE nHHow st &
Sl e AxHa Jdo mE 520152 ~vtE 771E &85
A& AT ol 2T YUAYE HE YA, 2147 A&
WA Bkl m = g s A A¥, AnE 7)7E &8
A& AT FHE 25T UAE YA Fel FAHoR
ot @3s FATL Basidth ©ed] Bukd 717E AR sk
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(Haidar & Abraham, 1991). A5 ‘E2& dA2 FAHY J 1

A gEe, YAE Aol H Frkol Qrkehs Wz AL Y
D

olalat AFgate o olege =rH, A

o
=)
©
N

o]
H

<

= FA 22 1 tH(Abraham et al., 1994; Nakhleh, 1992; Raia, 2005). ©]
o, 2L wo® Ay o] EVbsd A EAY MAE 1Ho=E
U o

Ebl o= HolX b= mAl AAlel Had = low (v gy 43
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A, A aaEe] vt dnta AEHAT R AT
mdlo]l 4 sgolebd, ‘AW E RdS Abgetal Hrhsta A=
A ondth & ddM s 29, AR, B, Y E, 4 o2 UE
JORES B em 2 dEet 220 Aduidst o] Jig olsl et
AREE SR, A AR SIS 3 o2 AAl A Akel 9
AHA ¥ S AR FEANY. 74 selend Ta4 ¥ HeAdS>
ofefj o} Zrt.

7}) ¥ (representation)

wde Fo% 92 F shbs Berd ofeltel, A, @4 B2 ol
A7 Fels mAsta AN e B3 Austn Abgste Aol

N

&
(Wu & Puntambekar, 2012). 3}sto| A= dEH oz AA A A3} 1
AARD 4AE YE = Al AR ol ARS8 H o] $EtH(Treagust et al.,
2003). =49 YA Axow Adstr] 98 AL HAA
(Submicroscopic) ¥4& o]&38to] B4 RS Fd st Harrison &
Treagust, 2000; Kenyon et al., 2008; Schwarz et al., 2009a; 2009b). ¥ &}
= 727 71Hs FE EQlskA] Eote FAR hE S v, st =] A

I T2 @47 71#o g wolsd 4 e AR &2 Z(Ardac &

o o

Akaygun, 2004), SHE°] B4 924 AL ol AHAE 19,
A%, ool Sub 2o A BAES AHESE o] Tk ol

(Kozma & Russell, 1997, Noh & Scharmann, 1997; Williamson &
Abraham, 1995).

W) = A (evidence)

Rae A 7|9 tH(NRC, 2013). =, <7l 93] &3t
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af mde A4, "7h sAshs AN 2 A ol 5o e F
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3 Aplel w9 mde 8B5S A AT o

(Bamberger et al., 2013; Grevatt et al., 2007; Schwarz et al., 2009a;
Schwarz & White, 2005). Zgol o] A2 AF 5o A <A
A X]H-E Zo] dutA o] (Clement, 2009; Driver et al., 1996), St &

of RelgoAes A ¥ ofy et uipA, Foixl X}E B3 T &S
A7 AHEEE S g F JornR(FId F, 2012 s 13
9 2012) 2718 ARl tigk st A= Zﬂﬂﬂ a7 U A=
o] Rdlg& OH —r‘?i-o% Ade Aetal s atr] AaiA s 71EY
Eil o7 A= ARAsAY TS A

z‘s} selel Dot 53

r H

ot

=

I

AW S A% Rd S Ao AbEske AA A Aot REE A4
she= A W ooyt ek RdE U ¢4 A8k 3=

o] A+ A (Bamberger et al,, 2013; Grosslight et al., 1991; Justi et
al., 2009; NRC, 2013; Schwarz et al., 2009b)o | = ‘A8’ 345 73}
I gk #HERpEo] A ES AT Ao ofoltolE thE HshA 3
gxt Ja# AFsh7] fEA A AE 7)sol Baskkol(Garvey &
Griffith, 1972), vl e o] #a-el AE7}Q WS AR o2 sk AL E
s8S 25 = A2 w5 5 8 stth(Holbrrok &Tannikmae, 2007). A
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Abstract

A Study of Instruction
Strategy based on Learning
Progression for Modeling

in Particulate Nature of Matter

Koh Eun Jung

Major in Chemistry Education
Department of Science Education
The Graduate School

Seoul National University

In science education, ‘modeling’, by which learners construct their
own models, becomes more important as teaching-learning method,
and various studies have been attempted to organize science classes
using modeling. According to this trend, this study develops a
instruction strategy based on Learning Progression (LP) for modeling
in the particle nature of matter, and investigates the effect of this
strategy on students’ conceptual achievement, perception of model,

and perception of using mobile devices in science class.

The first study characterized the level of students’ concept and
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representaion of the particulate nature of matter. Modeling LP was
theoretically presented through preceding LP research and the current
science curriculum. First, as a result of examining the LP level of
concept and representation in middle and high school students, the
frequency of choosing the correct answer to the high-level questions
was higher when all the low-level questions were answered correctly.
This meant that students progressed their understanding according to
the LP pathway presented in this study. However, most of the
students’ concepts remained at the macro—characteristic level,
Representation was in the basic particle level even in high school
students. This meant that students learn high-level concepts and
representations without understanding low-level particulate concepts
and representations, and it can be said to be an incomplete LP. The
results revealed that students have difficulties in understanding the
relationship between the macroscopic phenomena and microscopic
concepts. Their difficulties may be attributed to a lack of
understanding of the models used to represent the particle nature of
matter. In particular, the lack of understanding of microscopic
representations means that teaching-learning should not proceed only
presenting multiple representations to students. In order to understand
the relationship between various microscopic representations
encountered in textbooks and the concepts presented in texts,
modeling—based instruction in which students directly experience the
process of constructing models must be supplemented. Through the
analysis of the preceding research, the characteristics of prior
modeling LP research was as follows. First, the contents of science
were not considered, second, the focus was on the 'recognition’ of
modeling and third, the learning progression was in the hypothesis

stage. Also, the achievable goals for modeling were not indicated by
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level in the current Korean science curriculum. The aim of
development of modeling LP would be focused on the presenting the
learning progression of modeling activity linked with science contents,
centered on modeling activities not cognitive survey. The
sub—elements of modeling were selected as 'representation’,
'evidence’, and 'explanation’, and the level of detaill was set to 3
levels. In the LP of 'representation’, which is a necessary
sub—element for explaining the particle nature of the matter, the
macroscopic representation was presented as Level 1, the particle
representation as Level 2, and the complex representation as Level 3.
In the ’evidence’, the lack of authoritative evidence was expressed as
Level 1, the insufficient authoritative evidence as Level 2, and
sufficient authoritative evidence or empirical evidence as Level 3. In
'explanation’, Level 1 was the step of presenting only the
phenomenon or the model without describing the relationship between
the model and the actual phenomenon, Level 2 was the step of
explanation and prediction based on the ambiguous sense, and level 3
was the step of describing the causal relationship between the model

and the actual phenomenon.

In the second study, a teaching-learning strategy based on
modeling LP was proposed. It is proposed in four stages:
‘Understanding the core concepts’, ‘Experiencing the model,
‘Designing the model’, and ‘Evaluating and modifying the model’. The
learning contents and modeling activity tasks at each stage were
presented. In addition, a modeling activity tool using a mobile device

was developed for an effective modeling activity.

In the third study, the developed teaching-learning strategy was

applied to the actual science class and the effect was analyzed. As a
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result of the study, in the middle school 1st graders, the group of
modeling LP based teaching group showed an overall increase of
positive perception of model as compared with the traditional group.
Their perceptions were improved in the areas of ‘Models as multiple
representation’, ‘Models as explanatory tools’, ‘The uses of scientific
models’, ‘The changing nature of models’. Through the conceptual
achievement test, it was found that the concept understanding of the
group of modeling LP based teaching was more effective than the
traditional instruction group. In addition, students also underwent a
process of correcting misconceptions during modeling activities. The
reason for this revision process is due to the sharing of modeling
activities with peers and the feedback from teachers. As a result of
studying the perception of ‘using mobile devices in science class’,
students cited ’'interesting science activities’, 'self-directed learning’,
and 'sharing modeling activities with friends’, which are good reasons

to use moble devices in the science class.

This study is significant in that it explores the student’s level of
understanding, designs modeling LP, and suggests a teaching-learning
strategy based on modeling LP. In the future, additional research will
be needed to expand the results of this study based on various
learners, learning contexts, and various topics, and to explore ways to

support teachers.

Keywords : Modeling, Learning Progression, Mobile Devices,
Particulae Nture of Matter

Student Number : 2013-30448
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