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) | ABSTRACT

The purposes of this study are to develop learning progressions for the concept of the

%r;’edcak‘égr environment, and phase of the moon for elementary and secondary students based on the
achievement standards and assessment standards of the 2015 revised science and education
& OPEN ACCESS curriculum, and to verify the effectiveness of the learning progressions to ensure that it is suitable
Brain, Digital, & Learning for the level of understanding of elementary and secondary students. The learning progressions
2022, Vol. 12, No. 2, 343-365. were elaborated to determine the learning progressions for a total of 2,007 students, 961
https://doi.org/10.31216/BDL.20220022 elementary school students and 1,046 middle school students. The research process consisted
Received: May 16, 2022 of the following four stages: Development, and Assessment, Analysis, Amendment stage.
Revised: June 16, 2022 Through the sequential and iterative process, the learning progressions were elaborated. In the
Accepted: June 19, 2022 Development stage, a framework for a hypothetical learning progressions were constructed by
©2022. Institute of Brain based Education, analyzing the achievement standards, assessment standards of the 2015 revised national science
Korea National University of Education curriculum, and previous studies. In the Assessment stage, assessment questions including
ThB.isanOpenAccessarﬁde ordered multiple-choice items, optional and narrative questions that can confirm students' level
AT cistributed under the tems of of understanding were developed. Rubric was presented to assist in scoring questions with
mmmmmmNmm' various responses. In the Analysis stage, data was collected and analyzed by putting assessment
License (http: //creativecommons.org/licenses/by- . )
NG/40)) which permits unrestricted nor-commerdial into elementary and secondary students. By analyzing the grade-level item response results and
use, distribution, and reproduction in any medium, the Rasch model's Wright map, the items in the assessment questionnaire were checked and
provided the original work is properly cited. verified to reflect the students' level of understanding. In the Amendment stage, the learning

progressions were corrected and supplemented by checking the MNSQ and Infit values, Outfit
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values, Ability values. As a result of analyzing the developed learning progressions, the learning progressions on the
concepts of the environment, and phase of the moon reflected the 2015 revised national science curriculum and was
completed through expert group seminars. The learning progressions developed through this study suggested how
the level of understanding of students' concepts changed, and reflected the students' understanding. In addition, it
was confirmed that the order and content system for the concepts of the shape, environment, and phase of the moon
presented in the 2015 revised national science curriculum were constructed to reflect students' level of understanding.
Itis possible to use the assessment items in order to grasp the level of students' understanding and it will provide many
implications for the integration of the curriculum-learning-assessment and the restructuring of the 2022 revised science
and curriculum.

Key words: Learning Progressions, lunar environment, moon phase, achievement standards, assessment
standards, RASCH models, 2015 revised national science curriculum, 2022 revised national science
curriculum

Introduction

2015 717 w32y ofl A= 2009 7074 ws g3 PSS FHA Wi AES dE %} , P U8 A
Aol 4] 7Hd, Artske 24 7]5-2 AEA A ASFTHHa et al., 2018; MOE, 2015a). 34 7Hd (big idea)
< w7E7|RbE = o] 71 & 7\ ol 2] 2 g 5HH(MOE, 2015a), 12 XA o2t 3 E(NGSS:
Next Generation Science Standards), 7HHTH 2EH2] @ 3= W8I = w83HY, 53 WS 52 Bigidea
zHo08 27} RE/|ZS WFEo] WIS /e 2l X 8513 QIThKim & Jung, 2017; NGSS Lead States,
2013; Plummer & Krajcik, 2010). 53], 0|72 2}l 5-2 3t E(framework)ol] 7|23 NGSSE 7HHa}ich
(NRC, 2012). NGSS+ .2} 4] FA(disciplinary core ideas), 2Fsh-3512] 322 Al (practices), w2} 7+ 3
% 71\ (crosscutting concepts)= A A5+ 2™ 438 7| th(performance expectation)S- 4] LH%QE FAdsksict
(NGSS Lead States, 2013). 3 7]ti= 2015 717 28kt w8310l a4l 7igS =
4 2P0 2 WESRE 4H7|ZTH o] SAksHL

Z| & ule] Tt o= Al Zdat g S-S S0 ST EIY VI 3 gAY A7k 2
SHA| 3] 1 QUi ka2 ket wake] A 7 E a e 2ol dish e &2 o sl o] 1l
Sk &5 0 2 9135)] AJ7tol ufe} o] H w3} Eloj A= g o] 72 9l Hhd 7 2 o] thDuschl et al., 2007; NRC,
2007). SIS Fofl WSy o] Al g1t A o] Y] Wbl gh=A] H7ke 4= Q7] Wi
Oﬂ(Corcoran etal.,, 2009; Maeng et al., 2013; NRC, 2006), 5422 w8742 sk U8 249 7|5+
3, -8k B, W7HAIE Yol AR A R|o] 2T 4+ Tk

T3k, 2015 714 wg2gol M= AFH7E0l 275k e Wit 75 B7lske 1 4
(process-focused assessment) S 74 L5HH(MOE, 2015b), /33720l 7¥Hs & 24 S4A H7HE Alsist
MOE(2015a, 2015b)i= 283 7120l th2 FrPr|eS B 7idsto] wAke] 7t 252 2| sl om
7150l A%t STy}l 7ke] AASHE ARF) shelg Iy 2 s s i‘%"ﬂ fﬂﬁi 013 FE
= TRt 7} ol A *‘13}04 ghgo et F 2 E AAe oL, ws1hy, 1l

St 717 g A =99 4= A 5= 7]==0]th(Corcoran et al., 2009; Duschl et 1,2007~ Smith et al. 2006)
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shEEETg 2 Al 7ldS olshokar Bpeh 't iYS =4 o| i oAb Rl ©HA| = H s H= A
ZE A|A|5HH(Breslyn et al., 2016; Lee et al., 2018; Mohan et al., 2009; Pierson et al., 2019; Sevian et al., 2014), 4
£ 7idol] et olsl 4t gt 5 o] of BA| MisE] o] 7H=215 AABIFETE NRC (2007) 4>

Stg B85S &0l =9 ofsl ool SharEe] S EH 5h9) g2 (lower anchor)oll A AlZfsto] Stz

[
2

_I

o] Zxl A A X]’;H(upper anchor)oﬂ E\'é]—alqﬂ E]——E]] 1) A2PA kAR A2 Alo|of| ThFst 4~F0]
4+ DA (intermediate steps)& 7 X1 A| HThal =), shadrg g2 Al 7 gt gt Esol oigh 7t

£ o) 59 4 9t 7HIA W 2ol shrudu o] AESHE BAlE FAek Vet TS
SpYS 2] ol et ofsl 47 S HEA 23T 4 U= B PH AT-2 7|02 sop St BAHS

AL A W, 3H9S2) T3 Aol ciet ofol &2 RG] cfe @ Ak e 2o
% Q5}CKBreslyn et al., 2016; Lee et al., 2018; Maeng et al., 2014; Yeo & Lee, 2016).

< auet dsk} weabAg o thofst @ 1ot AtE Hkedsto] k2l A 8.5 11 Q)c) o & Sof, 48k alkst
/dF| & oSt A H]ul L ZIKTIMSS: Trends in international Mathematics and Science Study), 314 &
T} B = E]—OJ—}- ol 754 gl &ty oqxu 25 o:]_lTl_E Hlod 531 %K}(Kwak, 2019) EE?_]'NGS 94 a_%l

gotal 7 iﬂ?ﬂll— %““6} E} 0“"54 A 7HL*°1] EHOP ofsf 4=<! %P*H“‘%eré% i 0}01 ﬂ%ﬂ
d= 7idelof Holl = ek, 2tet s AE71e] HelE Fofl sy Wi8o] A 24 S sl e
A7golnt. w3k, eyt 9] ehatrE ol oigh At Axte] BE0 = il wfek} wS1hg 2] 7
A 1A d ] a2 Aok ol sksd g el Rio] mlgstar, TshA Zdt 52 A X*sa}o}
+ l $FAI7} QI THMaeng et al., 2014; Noh et al., 2015; Paik et al., 2006). ©]+= 43 =0] 7R g0l th3t o|s) ==
WS M 85hE 7l 4 Abol o] EUX|E fsto] 27ldo] A 4= 91O H(Kang et al., 2012; Noh
etal, 2016), SPYE] F a0l 2 A & %E}. ufebA S =2 7ol Tt ofsl] & A=A
SAE 4 e B7F =Rl s eI S et N EE shedaty ke =7 e wsar
of RFF g, w5 JP‘H W& AAZE 23R Zlolok. &gt Y F4 kel wSA] F3Fol Biseo] 5t
&9 o]sf] =S Aot 7ot A5 &Iy A= 9] ok

NRC (2007)%2%%‘%1%% SE2] A 7ol tigt ofsfiet xfe} gt AgYe] S o] g5k 1
of tigt W77t 7hsgt 7H = A QfohH, msiby F/d, il - Sk I, H7F =te] el A Tl
283t 4= 1TH(Corcoran et al., 2009; Duschl et al., 2007). ©]ol] 2| = U] 2t Sol| M= shaargabg ot
A 7HE 2 A AL7E 3] 11 Qo) E6] A FLfetul S EopollA= HA TiE S SA o 2 Sk ek
I A7t 57kl Q= S0, A Al AR (Maeng et al., 2014), H-Z-2(Maeng & Lee, 2015), A2
25 BlYAI(Lee etal, 2016), 1Y B/ 2] 2719F 712 (Lee & Lee, 2016), A|7-2] F- 43} A2 o] 27|
2= (Maeng & Lee, 2018), 2] 94 HISHO & Lee, 2018), A1 2] HSHHeo & Lee, 2018), EfGAI2] TL2(Oh
& Lee, 2020) 5 That 1Al 7S 241 0 2 Shsubdabr A1zl 18] 1 Qe Mgidto = 22 @
7N e Al 7ol Thigt Al HE o] AllE BAYste] 7Hd A sk gy e "SIt ey s
I} AAso] 7ol thgh eAYE2] ofsl o] Wt o] 7he= S BHASH= Z0] F-25HH (Alonzo &
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Elby, 2019; Kwon & Lee, 2020; Lim & Lee, 2014; Lim et al., 2021; Stevens et al., 2010; Yeo & Lee, 2016), 2015 77
AN B S5 eIl E WSO Sk e o Ao 7)ol Ml Rl
A W} 2015 7 Tetat BRYe) HHVIEY WA EL 7 AT RS B Estel o)
B2 s A E I, 1 A 25 e S Fe 3 2015 1 et
WIS A 8511 Qlom w2 Hiodst skl gL 2015 7|14 2kt w8 o] R E S
=olA A& 7hestal BEetE A eAIeF s8E2] 7ol tiet o5l -t AAIsheA] el d 4= lTh

o A7 2015 W4 Thekak eI o] 2ok 95 o] F A N ‘EjAle] AT 850 g
of 27’3} o) Sha Aol chat s € et shgse) ofdl 458 HEek A el 2
o] 94 W3} 7 sHSo] ofl9lsHe thEH ] WE A % fLbol o (Abell etal, 2001; Kim, 2017; Son,
2015; Zeilik & Bisard, 2000), 22 91/ H8}o} B F-A| -2 0] AJTh A 91| Aol whE F = 282 ofslist]
AaliMe 2l 27 7igoll that o]sli7h 9414 o 2 W o5 (Lee & Sohn, 2016). | Sy ey o} 2
=l U Aol A AE Al 7F QL2 LHO & Lee, 2018; Yu et al., 2012), 32 A| A 0] B9 Zhof A 2ho] 9JA¢
H3H7lE S theal Qlom 2o g 7l Al S ey Ate nlS st =1k A Aot =
S ol At o] 2t shulgt oA o] FolA £ - Fotu weI Al digh A Ay}
7FEAE A

wheba] o] At 2015 714 Thetat w8 IS g
o] 2o] 23t 9/ 7ligell theh skt ag2 FASIITh ot = Aol 7t sk E ety

SMYollA A-&5to] YS9 ofsh 422} 2015 7178 2hetat w5y o] o] AHekA| ZF5to]

2022 7174 ekt wgabg of AfFteloll AAE S EEshalA okt B, SherE I B4
Al 2o 27, 913 7Hdol| tigh sHE2] o8l ol e 27N AHIE R etsto] £ shaLlat gk

.101' o]—_] m
ox Ol'm ﬂ-]&,-l

Methods

Research Procedure

o] A= 2ol 2, 913 el tiet ks gty & AAIA 0 2 7] 98l Fig. 12] 2Hol| whet
22 2ayslgict. B4, Fufe] shsuaabnt oo 374, 914 st Bl B9 978 Bolo] o2
B & &5k 0™, 2015 7H7H ekt WS oA thRe Bre] 2 a 94 7ol digk sk U8 Al
Al, 83715 7P |1Es EASIT s g 7iE Tl = Wilson (2015)2] 1 EH 9 (Construct
Modeling Approach) B4 % &kl ok, Ate] A2 213H, Yeo & Lee (2016)2] Aol A AQFeH S
draaby 7 oA S &85t o, 11 TAl= 7HEHDevelopment), 37 HAssessment), ©4 (Analysis), 473
(Amendment)2] —\-:/\‘IE 3] 915}

Development TA|ol| A= 9] 742t /43 7idoll thst 5+ 24 (lower anchor)@} 732 28 (upper
anchor)& 275to] 7 Aol s gt TRt Al 52 2 = UE framework S TSI 79
of Thhg HEIo} ohetel 440] A7 1902 FAE AL YT AID] LS 59 famenorkE: E1%
STt Assessment TA|O A= frameworko]] W} 4712) 71 k-2 ARSI ch 7t £ o A
o}y, Melyd A<d E5o] Z2abe clofst 7t 250 2 LAt o A Luletn8-2 M3 0 2 3t w4
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S 7 Aoyl Fofdt = - F-5 WAFE 1072] U-g BHd e 252 AT Analysis THA| 011 A]
© & - oL MY 2,007780lA| 7S TS, SEANSH = Aol o] S BAIS EA5te] S
ojsl ol thet 535 A o2 F25H31tt Amendment BA|OIA = framework®} 7 45 47 B
Heko 2 Sharaid 2 A ulesiRint. i 9o 2, sk O] Assessment A A FATH 57 2
AHE L YA framework S 7| E 22 SMYS2] ol £E2 IS, 271 A
alE mhefsioict

st arehabyo giet 29 A
2. 2o = =, o4 Jfgo ot B AT
3.2015 70 Tfetuh sk 24

stegZEarg ANE BA 4F

Development — Assessment — Analysis — Amendment

SIEEEIE 2y 9 2 A

- framework 7H2}
- WEZE EE Mot

. Development

- QAR BIF B ope
2. Assessment - TEZH HEE MOLt
e EEE HAN HA

3. Analysis

9 9 GolE 43
=1
o

o 43t Rasch 2 &
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SUS0| Ofsf +E(@HE A
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Fig. 1. Procedure of study

Learning Progressions Topic

2015 7178 ekt wls by vt A3 A2 S, SRR T FAIE AT o] o)
A= 2ol 241} 21 7id ol ok MOE (2018)= 2oll thgh ofsll= L/ gt edo] Qlom, Algte] ©7]4)
_] = (o]

I8 = BHESH| ob= F 28 ARt A=t 2015 717 AFekat st ol| A A|Alg W& A1A]
EOH w2 255k 35hd 0] Ao B T, 65hd ] Aot grol 25 T, S8t 38R A 2] B YAl

chelollA Gofl Bt g2 shEsitt. gol izt of7), Aol 57 5 At vl uel= g 252 5
—aH 2ol £ olsfistal, shdo| motd 45 2ol 3} edx|o] 2o] 94, 2ol 9/ wsh e lat e
£ Sh&okal QITHMOE, 2018). 2015 7178 ekt wsabg o] 7 d 4] QIAIE et uff, HA|Q] 2-5of gt
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olsll @doR ettt skl 991 19, 9 914 7hd e B ol e 2o

S iste} BR1E F4 ol = Z 2.8 9|2 2] drKim, 2017)
A7 2 YN S 93] o) 87 A o) B 53t 20| #7402 ARESIgR, Do) S A
ofe] & 5ok ol S14 Make Tslic, 255 3651 SIS 87

._I_o——|

nt

O l_
2P, QA5E 52 Mefsh 2 ul, YAl YA @] A e ofskelrlol ofel o] 9
(Sohn & Kim, 2010), A1+ A1) 7 & F8i 28 .83l At b glo] o] Aol UAa}
SRERIEERIBL I

Subjects

ShE I 9] Assessment THA|O A HE7F A
Sk o] A= B3 /\ZHX]—J =S

A AleuE Fof i B7EAE 2,007782] S gellA| &

st 97, &k 7w E tharo & AA|E L) 9612 25
A 1,467 2] Skl Uk, AA| 2,007 2] Y2 ool 2 AN O H, 258k al 3~48hd 7t

~63hA ol A Eo] 27, %’4 $ 7N, S 1~38d ol A 2] 94 wigk 7 at velE wsaby sk

Aol 134 o U S oo 2 FrhS AT

o xS
FJ

()]

Analysis Data
ST 9] Analysis GAIA H7HAE Tt SS9 ofsf ol tith AR AR SAE 24
Skl Amendment DAY A o5 o] w2t S S0 ZHO| o] FolH=AIE TS Qs 3 &
o 272} Rasch 22| Winsteps (4.5.0) T2 133 -8oI3ith S50 A&ttt SEAIE B7IstalAk 3l
| 2} 7 5] ofs] ol 2ol 18-4#(ef2] & 53 Fol SV s I A9 18-594) HaE
Holoigint. ehaargd byt e Aol M, 7 gt Bl 3ol 1R E 458470 B2 d4
& Fofeiplon, ZF £l tigt sMiE9] S B2 212 71 olsllol tigh a2 2T 4 UM

(Gotwals & Songer, 2013; Maeng & Lee, 2015; Osborne et al., 2016; Plummer & Maynard, 2014).

28 372 1S 591 2 2 Yol e S35 $F £F0] S SmPR o9 RESHA
EA5FI T} 3k Rasch 282 5ol #32] ol T (difficulty)2t SH852] 52 (ability)= H] a5} T} Rasch
Hdle F3HES-0] E(Item Response Theory)& o7& SHH, ZF #3H2] ol of gt o zte] )&%l &
o 3ot Y9 582 1] ol ot 5 H & ghitsto] A = H] w53 ThCallingham & Bond,
2006; Gotwals & Songer, 2013; Johnson & Tymms, 2011; Kim et al., 2016; Maeng et al., 2013; Maeng & Lee, 2015;
Noh et al., 2014; Rittle-Johnson et al., 2011; Yeo & Lee, 2016;). Rasch 22| Winsteps 2 1312 Wright map,
MNSQ(Mean Square Value), &% o] ==of] tht DIF (Differential Item Function) 4t S Al-&-3ll<=Tt.
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Results

Development of the Learning Progressions on the Concept of the Lunar Environment
and Moon Phase
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o] 8173 7ol s S E T ] framework = Fig, 29 2T},

Level Surface features of the moon Lunar environment

un

o BHO| B OF2 MZE [ e - 24 F8oI7r B X0 ol ol gl
PS

1 gE THes oMol BRO BENO I (2 AZolo MM Wohs gol BEAD am
oz gyttt xof Moz Azeich
) c>0|-0‘ O|.|_| AII." |:>-9| =4 Eﬁo‘ DHJJ_E-(]_
o = = — = —
gEEsHTE e HFEC B ET R A e Ea s e
g EgEecUi= AT oo 2 2FHH, 24 IOt HE9 =Hojat
- 2ol mEE ¥o SX|(X)r e HiCR2 - g Mosic)
Wro= HE HESIFUE O o 2#H £F
, & s ¥o| mBo| 2% mel g 24 T3
- Hroz HE ZESYE O Eol EHE & Ho/H)2ta Folstth
Soz e 221 0{Ee 2oz JALSIC
ctol g EXZ2 Nlst™Ho SASS Ao N
ooy | BY SEE BAN2S ST LT 9o zag 9= o4 7308 B S0
eI MOHEF A AL jsF™ o H & 5k
' gol mW sme AmARENE, AT, e, Goior T D HEEes SR
EG4 5)0M BT 2 4= LEHHCE F°F
Fig. 2. Framework of the lunar environment
Concept of the Moon Phase

o] ol lde ol ot go] 9] Hish ofe] 3 Eot o] oAk wske AjRslslglon, w8k A
A7) (63} 09011 515 ot Bk} Do) 9217} PekAl= AL Ale] Ao 2 Anet 4 Q¥ (63}
09-03] 22} B} 91317} 7714 .2 BHAE 21 T 4 ATk, (97} 10.03] 29 94 Mot AN
412 9% 4 QITFol I aiet 512 Bt 2o 91 W fd e 258 5-63HAZ 23t majol 4 AA]
o}, ofe] 5ok 2ol SPMB} AP 255t 563 B3, L 1351 T} kel A 1
s},

HA71ETH 7120 $2E BBalol 17 59 Tl 913 st el SR fameworkE 4
F 42, o] & =0t o] QA 3} 7iE O] frameworkS 45 52 AAISFSI T __—] ojg] & S0l gho] oAt
H3} 72 SHAE0] o] Qe i EAQl &2 7 o] (Abell et al., 2001; Kim, 2017; Sohn, 2015; Zeilik &
Bisard, 2000), 217+ 242 th& 7H\d ot Ak #|o] Arfsfjofitt. a5 Aol|lA = SPYSo] 7 B2 27
2 7H30 911 of @317 w2l AEZL ek AlmIUtell A 7Hg ALE 9] oA 00 framework S T4
3 o Sy S0 ofa] 472 AlESEsTo] hAl Tl Lheo] MABHC) o) 914k Aol that framework
» Fig. 33} 2t}

SHF 5t 29 9] H8} framework2] < 101 3 5hs SHYS2 )
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Level Change in the moon's position during the day Phases of the moon over several days
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Fig. 3. Framework of the moon phase
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of the moon during the day
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Analysis of Item Assessment Results by Grade Level
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Fig. 5. Understanding level of the concept of lunar environment by grade
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Fig. 6. Understanding level by grade of the concept of the change in the position
of the moon during the day
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Fig. 7. Wright map of the assessment
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ITEM 2SUM (22] ™, Surface of the moon), 3LE (%] 24, Lunar environment), SCMP (5} 59 &
9] 9]%] ¥ 3}, Change in moon position during the day), SMPC (o12] & 59 22] 94+ ¥t Moon phase changes
over several days) Q-2 7 £-3hE o]l 4=30] MEASURES] S:A} Alojof| A R E|= 9]0 wlet Bao)
o= mpeie 4~ Itk 3LE u47} % ITEMS] B2 MEASUREC] 00f] 3101, o] 32 7|50 8 HE —Er
o] ofaf] <ol whe} 21 FREFITE 6MPC 532 °] sl 0] STHA| = FHEE o Qlof, 6MPCe| 4
MEASURE®] 110}/l fIx]5}aL Tt U] 232] 45 4= MEASURES] 30]/gol| $J 2|5}l }lom, 4= 32
MEASURE®] 20141 0 A0], 45 2+= MEASURES] 40]|A] -2 Ato|of] -5 A F7F o] Hol e g K

A}, - 12 60114 —4 Ato]of] fI=[sto] FefA o2 e do|=o) 20 = 5 4 STk £ LPOIE—
6MPC 0] 7F¢ &2, 3LE, 2SUM, 5CMPs=0]th. 5CMP 2&2] 7} o3 52 th2 £49] o3| &
ofl H|sl| Y2 MEASURE®] £1= 7HAl= 2122 Ho} thE £-3to]| Hlsto] S50l str]of 41 TOP S
2 AT =3 6MPC 22 4+ 301 sl g ohe S EAI7F B Al 23] Hol=of sfigsim, 25UMm,
3LE, 5CMP, 6MPC <= &2] 4> 40]| 335k -3 HA|2F eMPC #7+29] 4+ 501 sligshe= S EAI7H T4 2

2 S0l ol U= HolEth

HE BYEY £F 1, 572, £F 3, 7 40 st SEHAES B9 4, A4 7Hdel
frameworkOl| A /33t S S0 7Hd A Q1 sk o) oA = Fetel 2
Ho| W2 a0 22 oo WFo 2 JVNETAL 5P, £F 104 F 27, o5 20 32 7
T 40l o] 2= F 2 E w7 g ot o]sf o] el g 4 Q= 2 17HE 4 STk

Analysis of DIF Results for Iltem Difficulty

¢ do| o] th$t DIF (Differential Item Function) 442 30| eHdH sHSolA| §H-g-ok= F=2] gt
S oJn|shy, 7} sha¥ 2 Whe-sh= 7} B} ol = 2X|E ZXJ7Fo 2 A oJ5t 4~ QIth(Bond & Fox, 2007;
Kim et al, 2016). S 2 Fo}of| tih DIF ko] 245, sligshe ehd sHdEo] 3ol tisl ol A =22

Table 12 2538} 38hd 3 e] Zohw 38hd7h7] shdw B3} o] =oj thgh DIF 32 Lpehd Folch,
Table 12] *(Total) k-2 214 M=l ot 7# & dol o] FYtghS UERd Zoloh DIFS] 232 Hol=
LE,2

£ 6MPC 20| 7P +=0om, 3L

Table 1. DIF for the difficulty of grade

DIF
ltem Grade 3 Grade 4 Grade 5 Grade 6 Grade 7 Grade 8 Grade 9 (Total)
2SUM 40.3240 0.0549 0.1361 0.8302 1.0152 1.6859 0.6921 0.8302
3LE 14516 1.6962 12318 1.5395 1.8740 13077 0.8225 13967
5CMP 0.2464 03283 -0.0883 -0.3477 40.7106 0.1963 0.2404 02735
6MPC 47683 33373 3.5265 1.3285 13414 1.0798 1.6663 1.7221
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o] 374 712 73S 3LE 232 B+ 139672 DIF 4+ 7HElon, do| & 247ko] A& Al H i 7
ShA>45hA>651A>35HA>85HA>551A>95Hd gro|t}. o] = 258kl 38HA 2] A| ko] B TheloflA] 24
Tgolo) Zdat o] th7)7} gl e olehe W82 haot7] witoll /gty o & 35hd g 5o 2ol &

of
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Sk 59t 2o 912 Wat /ide 371 seMP 232 Bt -027359] DIF £ 7HAl 2., DIF 744t
2 931d SP=E0] 7H ofd

= = = fis = i o b H
Al QIAIRHHIA 3,481 SHYS-2 AT A 0 &2 47| QAo oL, SHAH Ao 7} FEEishA| ] A] ehgke
™ ZA| shdof] 24 %2 DIF ¢fo] E&E| ]} of 2] & 57t 29] 914 i3t /g2 ohE oMPC 23 732,
ShA 7HAo] B w A SEi6kA YeRtom, £ ol o] DIF S744hZ A EH 38ha>45ha>55H3>9
Sha>73hA>68HA>85HA sA]o]th 2 6MPC 232 2538 3,4, 55Hd SHYSof|A] 714 ol 1L, Al

. o 1
BI04 o2] 59t o] 9143 Zdell thal) 11802 Sh5a7] ol 63hd SHES] B kol =) of
2 shdlof uls) o2 0 2 & £9k8-0 2 gekic,

Amendment

Amendment @A A= SHYF2] AT ofsf =Fol| whe} eHY Q] ZFo] o] FolF =R Wkt
MNSQ (Mean Square Value)2] £t} eH3E2] Zgth4]Ql ofsl| =211 Ability2] k= 2HR1sto], framework®}
7+l tigh 474 9 Hgho] o] Fof It}

MNSQE outfit¥} infit AF0] 2] THAIE- LFEFH= ZEO 2 (Linacre, 2002; Wright & Linacre, 1994), outfit> o]2-&
Yol EFotal F2 30 S| 22 £F 0 &2 SHoAW, 42 THUNE &5k =2 5
o] shfo] W2 £~ 0 2 SHOH= 45 Qu|dhth ¥HH, infit2 £32] ol =9} eH42] 58 o] 4d

= 53T Linacre (2014)= 518 73t MNSQY] 2ke] 191 & 0.5-1.5= 4253t
Table 25 A H, infit?} outfit 0] 7 1.0S S4 2= 0.5-1.541] 3t 7HIt= A= Eeld 4 . o]

£ MNSQ 518 1912 Hof ks 23] ¢irhs 2@ ojnjstul, 3PS ofs) £+ES T Heist T 933 8

Table 2. Infit and outfit of items

MNSQ 2SUM S[EE 5CMP 6MPC
Init 0.81 1.12 1.08 1.03
Outfit 0.95 1.08 1.05 1.09
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Table 3-2 7} = 2] Ability?] ZF2F MNSQ2] 4ra 2415 2 el 7} 422of| A Ability2] Zho] &
g3t THA S 7HA|=A] ERlsof gt 7 ol A] Ability2] Zho] ZF 5 Atolol|A] A3t HekE-Z 71|
wA| H|alsof gt} ’HglEo] LR w2 749, TR olsl] 52 7K Sy Eo] 22 SHAIY o= A

1 od
3t shgo] 7] mhRolc 24 A3}, BE BgollH 7 1,2,3,480.2 Abiliy?] gho] DT AL 730

- 1 o2

™, 6MPC 23 72, 43 1,2,3,4, 5+ 0 & Ability?] Zho] D43t 7H4-2 71Tk A, Ability2] Ztol| 2]
SF 25 4 o @ /42 HhAE] #] 9kttt

Table 3. Ability and MNSQ of items

Item Level Ability Infit MNSQOu it Item Level Ability Infit MNSQOu it
2SUM 1 -5.64 .8 .6 3LE 1 -4.02 1.1 1.1
2 -2.93 1.3 1.4 2 -2.60 0.8 0.8
3 -1.55 1.2 1.4 3 -1.39 1.0 1.0
4 0.87 0.5 0.5 4 0.15 1.0 1.0
S5CMP 1 -5.37 0.9 0.9 6MPC 1 -4.06 0.8 0.9
2 -3.33 1.1 1.1 2 -2.20 0.6 0.5
3 -2.19 1.0 1.0 3 -1.14 0.9 0.9
4 -0.98 1.1 1.1 4 -0.06 1.1 1.2
5 3.79 0.4 0.6

Types of Students’ Level of Understanding of the Lunar Environment and Moon Phase
S 2] Assessment TAOA] Z-F5Hal SH4Y 2,007 A| H7HE T YS9 ol&f
T2 gofsioitt. =9 2719 AHEIE mhelstl 2™, Development Dol A 7HE S Sk o
framework S 7|50 & SMIE2] ofsf| 72 TSI SIS0l SE AEd Bt e e AerH Y
H]UME ol EAIGto] ALAF 7RIS e whE BA] @ 75 WHAISHI L, SHEEe] S Hol tisto] &2
I EA wRFoR FESIIL
PE St 2 91| 7ol tigh Y52 oo FS AT AR E AT EH, ¢ f32 SHEL 5
T 57t 2] 94| vigt QS A|te] APt A R|of Mk o 7 RSt 4= 9l o, A|7tof| ke o] 9
x| e} 1% WSS ASolA| A 4 AU olsl 2 7 h(Fig. 8). 6-2% w3t 641 w3l A oFF 5
QF 2o 91%] Hzte] Q1S A|te] AP olgtal Arstgl om, 6-31 wtollA] 517 B9t 2] 9%, {29l 2t
AZtol| mhE 2o 94|, AL & A SolA| kit
olsf 4= 301 s ot W3 73 2] Abell= 51+ &9t 2o] 4]0l = W= &7 A stA|T ofF 53t &
] 91| w2} A lof| thish At = ArgshA] 2t 7d-2-oltth w3 7132 SH¥ %%3 5 Aol w2 el
x|t R E WA 3Foklen, Zo| 1% 5ot sZol|A wA MZF g Xth= 7igo] tisiA= 7
ok 252 7HE2 7HA| AL USRI, L2t 51 50k Eo 9] %] HS} i lof| sl v]xfelA] o 7 Mrgsieith
AF7F AL wizell, A7 M Fol A & o & E7] wiEell, Al77 =7 2ol 2t S 53 =
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Fig. 9. An example of a student drawing a bearing mark in the margin of the assessment paper
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