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This study sought to investigate learning progressions for astronomical systems which synthesized the
motion and structure of Earth, Earth-Moon system, solar system, and the universe. For this purpose
we developed ordered multiple-choice items, applied them to elementary and middle school students,
and provided validity evidence based on the consequence of assessment for interpretation of learning
progressions. The study was conducted according to construct modeling approach. The results showed
that the OMCs were appropriate for investigating learning progressions on astronomical systems, i.e.,
based on item fit analysis, students’ responses to items were consistent with the measurement of Rasch
model. Wright map analysis also represented that the assessment items were very effective in examining
students’ hypothetical pathways of development of understanding astronomical systems. At the lower
anchor of the learning progression, while students perceived the change of location and direction of
celestial bodies with only two-dimensional earth-based view, they failed to connect the locations of
celestial bodies with Earth-Moon system model, and they could recognized simple patterns of planets
in the solar system and milky way. At the intermediate levels, students interpreted celestial motion using
the model of Earth rotation and revolution, Earth-Moon system, and solar system with space-based view,
and they could also relate the elements of astronomical structures with the models. At the upper anchor,
students showed the perspective change between space-based view and earth-based view, and applied
it to celestial motion of astronomical systems, and they understood the correlation among sub-elements
of astronomical systems and applied it to the system model.
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Table 2. Overview of the

ordered multiple-choice items on the contents and practices of astronomical systems
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Figure 5. Outcome spaces of the assessment in this study (4E: ltem 4 about Earth, 7EM: Item 7 about Earth-Moon system,
11S: Item 11 about solar system, 14GU: ltem 14 about galaxy and the universe)
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ment in this study
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PTABLE 9.2 Y1_AstronomyLPs.x|sx

ZOU309WS.TXT Aug 18 23:50 2014
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Figure 7. MNSQ value of item infit and outfit

Zhe etk web ol Al EgolH 42
the Bae] 4 33} A Bl 42308

Il AN Z O
e 2

-
.

2
ox
K rx

T
i B
jus)

o m’ o
(A <)
o
rir
fu
by
m

o
&
o
o
T

A3t} 37 Rasch dlo] 7|ukeh #3) BkS
IR Winstepsol| A= 2t £3hE0l ek sHE2] -5 217} Rasch
oA Ak A Kot JEg FHH| flste] item fitof]
gk AukE AlFsl <tk &, Rasch 2go] Akksh wj@xke] 5eat
= SRSl ik Auprt ot A} YAsks s vEhle Aol
ok Fit ¥} FedaiA] S92y AAREE, 2oL B7h ile) digh At
T -SEAS] TAE oV o] AR ol&% o aLesfiof gtk
(Boone, Staver, & Yale, 2014). o]&-¢ B30l W 4%

7H1 SJo] 8 420) AR AeskAL, 4

1

)
N o

o

Y] 2
MRS =2 359 582 77l 3o A4=sto] HEisgt 7
SHFER] R fit, 5 misfite]] sjggich o]e} o] == AufolA
Hlolk Alg|(outlier)ol] that misfit-2 outfit o]z}l g}, oo]| wla)
infit2 2017 70| Leteel HYHAL 58 o] WA iR E=
Ale(inlier) 7} BHAYER= A=E UERH Zlojo) wheba 2ol w3t
o] e A 1 outfits SHOE HEksh= 797t dubAoltk
Boone et al. (2014)°] oJ51H, UHHA O 2 fit BAA F2 v W=
22 outfit MNSQ (mean square value)©]ch. MNSQ+= outfit2} infito]]
thgt chi-square AAF gholth. MNSQO| AR 105 Hotgho® Shit
&17] ool URkH o R 8 7hsgt MNSQ 7ol BI9IE 0.5 ~ 1.5
& Hd(Wright & Linacre, 1994), MNSQ Zto] 1.0t} = AE]7|
%= W7 U B A Hunderfit) 0.2 Adstar, 1.0Ee 2o
Ldo] gloJEE BedtA ol&sk Zd-Hoverfit) 2 T

o] &toll A-83t =9 Atk 7t £ 89 Wk A2E Rasch
meE St & maE 299 fit k2 Figure 70 AASIITE #4]
Aip Ato]] A8 12 &3] 5 29t W) Wl 27 fit g

d

(o3
r

]

1
.

714

Kk Figure 794+ F E= fo] ddshe BdE0] 7P A4
fem fit 62 24 A2 HAEL POl hEA AR 20
o= W7 B2 under fite]] 7P7MAAIH, follA] a® A5 IHes
A AESh= overfitel] 77H A= 3ol s ETh A= FAIE =3
11S9] 7% outfit o] 1.50 0.2 A3t outfit Lo AL infit =
1480|2143t fit gha ey 12U outfit®] A gkl 77k
ot $FA] Wright mapS #-495F Aol e Ae2] ] 2jtido] H a s}
O BYEYOnR 23 YA e B 4 ol Fof B

et Wed AL & 4 9k

Moo

=2
3

w2

A I

[

Figure 6| 3EA]% Level 1(4E. 2 ~ 10EM. 2), Level 2(4E. 3 / 6E.

2 ~ 10EM. 3 / 11S. 2), Level 3(4E. 4 ~ 11S. 3), 7] Level 4(6E.
4 ~ 118, 4= G ghaeo] 2JE <=9 Aok 371 w3
Sz MElz|Eo] S LE(EFY 1, 2, 3, 4) Wright map S
S AT v o R Atgste] ZA|H O R v IR thA] e
tf 27] IR R o (R 1) S
ol A A=A, RIS F 22 2)7H
<= 1(Level Dol ui2] =tk m7RA] = GR914-/d =9
w3 3)S PAE 7F 2Level 2), FRIFYES] 55 4
- 22 3(Level 3), 18] H3) 11S. 4, 14GU. 4,
L 5 55 ALevel 4] ARG 012 L W] gl
PSS ]3] 450) THG SN FEew
shyo] We AR WS 3] Zekold ofele
spSe] B el B8 See

AAES AR Sheh, Wright map HA1o] 44
2712 AR A2He] ofso] oiet shEe)
S AAJE S ek Table 3 AAIFH AR
S AT & ARE A, HEA 2 25K
9] H7E 3ol 3 AFAIEE olsfisk=t] Hagt Hst
LAl 874 Ao} Al4s) Aol TR 42

N SO P L O A
rﬁn;miqan:mﬁﬁqu
\5,‘4
Ir

o
i
b

3
e

I 0
p
[
i)
=

Toox o HU o rftomlo

it

o

AEF] AzO
TS TT=

L)
32
)



Development and Validation of a Learning Progression for Astronomical Systems Using Ordered Multiple-Choice Items

Table 3. Hypothetical learning progressions for astronomical systems with spatial and systems thinking
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