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21 1

— Level 3
Level 1
z, Level 2
-2.61 logits -0.15 logits
N -0.37 logits

3 AFEEEHIBETE 4 EERRGEET R : LE 1.1 ERH

F 7 AL 3 EFIRERVEI AT ke 7T R - [EEIPVE N BT 5% 0 AT 4 fliE
rEIF{BEJ ERE AV ] o TEE AT [ | Level FIJE?;J/F J[F‘rh;!ﬁ r,ﬁ + \r(pV] Avg) frE
ped Level(O) EoppussE U 'l‘:}ﬂ ] E‘:[EE( -2.61 logits ) > {AH-£53% Level (1) Y284 (-1.20 logits )

# Level (2) g2 (-0.55 logits) > 3 Level (3) pugsd 2 %JF“ Jﬁﬁ (0.11 log1ts) Pk P
flzﬁljh I » AT PREE O 4 |[%p,glff W o 1SR 2 URET)0 o TERRIT S, (2T 11 = 3T 4.1 j
AT B T E vﬁﬂhﬁ’@sasigﬁm41ﬁwLwd3wﬁ§,g*k@ﬁ
[H2 5% o

k7 SHIEREES  E 113

Level Score Count % oftot  PtBis t (p) PV1Avg:1 PV1 SD:1
0) 0 138 17.99 -0.55 -18.08 (.000) -2.61 1.31
(€9 1 288 37.55 -0.20 -5.73 (.000) -1.20 0.90
2) 2 170 22.16 0.21 5.79 (.439) -0.55 0.87
3) 3 171 22.29 0.54 15.57 (.000) 0.11 0.98

(Zv) 91738 3K (External Evidence)
T I F T T t/[rj@ Rasch PCM ﬁ[%lﬁﬁfﬂ%ﬁ[l% J[ﬂ@ﬁl %g ﬁ{}ml[ﬁ{] {
P BT I OIS 20 A SR o R

= AhAEMER R IR

7

SR PSR B | 1 AR VSR SE S A JrfmT’%ﬁJ Fﬂ?k
i‘»[?ﬁé@ﬂF@“}%ﬂﬂ ﬁf'gﬁmg,'ﬁ%[@l Jsrﬁﬁ ]?5 pJF} fE'E ]‘Egl%tjﬂrﬁrr T fE LSS
%Hl ’ hﬂ % '&*ffﬁ”?pfiwﬁ% e HES I W T I ME“ ‘a‘:ﬁ
B 7mﬁ&*iaﬁwgl @WEH kwlﬁbﬂﬂ~°m*ﬂ%ﬂgﬁw*i
( )df*l*ﬁﬁfldléﬂﬂj’%ﬁm’*# 2o F RS A USRS i T NAEE
%ﬂwfﬁdeiﬁﬁﬁ{ﬁ&Lwﬂ SR o TP I e 2 i
B Bl TSR ) 5 DATER LR W * 192 39T o Sy
BRI ; e ﬂfk[ Vg glu,iiﬁ”fgljﬁv&*ﬁ [~ AR R o S o [ S
PRl - AP 1 AR o (RIS - RIS S



84 7 :F1 o

JlEapFig... . FiHEF N "’%(J’K{}_“*K—i\'- 36 £ 5 > PRED Q}\J’Kg’;{»
Bl o kil P @RS o BRI AD 3 ERD| 6 EsF il N H
AR AR 4 R g o R S AL P A REL Y S
B KLU P REFAREM LA TR AP W P EADEE > REEL
T rELIBFRLG ’;I"E’Htp’* B R E TRk - AR E P h
M (Y ZEF) e

&%%1%ﬁ&ﬁﬁﬁ%$%¥u¢+'& DL hdp AT 0 FRARILE B
A ZTRBL SR H 0 AR EREITAEY % B o B E 0 TR
ﬁ&ﬁ§4§ﬁéam¢mﬁmwiua*’waﬁw@§4g;;wgmu

BAgP B3Pl BiP RBFELT D oy 4 L EHRRL YR 0 T
WA AR P ILfR T I B gL B B AL K rB(C X fF )

(2) Fig (F5) ST ER YRR PRPINORIES
L“W\ﬂjﬁé?;ﬂﬁﬁwwwﬁ’?“*&WﬁREWJW% T RLY PR E
EIGIEN fjﬂn»fwmﬁﬂﬁwgﬁ&>rn%gﬂ BIIPAT S WU FFOREER > TR
BRSO Bl -

FRLkH g Esc? EFIEFFPhpFg  ANEARFERPEIEIE A
:rreﬂ;%ggi %ﬁ; i/r' qﬁﬁmx‘aﬂi }\Fﬁq;&,ﬁ»mshai » )L ’]’?t &m#};
Bz v 75 g)s' | % b 8% 3'?'3 Feho BAREZERE A RBITHE g 39&;}\p9
g & r-‘]_% ’5\';’9}3 fﬂ’i—ﬁx[ﬁ;/\m:r ;al»sﬁ %/gm ]ﬁ ~ A E q-«%?m :ﬂ:fﬁl
i"%iféﬁkﬁ”ﬁ”@??g”ﬁ.wnﬂdj\fft'jij-t TR MAE - B EGE S LB
g £ (CEf7)o

M YRR > [l S P ﬁ*ﬁ"*‘ RIS BIRVIER - pUTHIRE - 2SR - T
fﬂf? GV ) vpusE s (Hadzigeorgiou & Stefanlch 2000; Ho et al., 2013; Osborn, 1953;
ternberg & Williams, 1996; Zabriskie, 2004; Wang et al., 2014; Wood & Endres, 2004; Zarnowski,
me:Mﬁ’%ﬁﬁﬂmﬁ‘pw5@ ?miﬁ m'mr FE ﬁﬁﬁﬁ\m ~ P
Eﬁ%ﬁ}& = (?F:FI > RS~ MY 0 2013 5 Dilek, 2009; Gallas, 2001; Ho et al., 2013; Osborn;
ang et al.,2014; Wood & Endres, 2004; Zabriskie, 2004; Zarnowski, 2009 ) » f\:%%‘i[% i PRI
o PP SRR IR T o AR R T I B IR o R
%E%ffwﬂpﬁ% %@%@ﬁj\Jﬂiﬁ@ﬁﬁ“Wﬁwﬁﬂi@ﬁ %4ﬁﬁwfuqﬂwm
W FlJ' HIAE S ?ﬂfﬁq ’“Hﬁﬁ EE AR S 4 B RIS SR PP R -
(=) RIFRE BT 4R FREPGTREVE] S
TR B E’?’EE TEAE SRS P o RIS RCRAE AL S VRS ] [l P
FEHE - %’7*‘&}@“, ISRV ] -

“ai»‘“w“%ff e R AYER PR R U B AR R B R

;.}ﬁ B g\:’ IS 5\;¢/Lmlﬁ4 Bt L, X ﬁ 975 _ ﬂLﬁJﬁ—ﬁ;pq ﬁi%ﬂ%’iﬁf‘l"
fﬂ*ﬁxi&@m%ﬁ\ LT R RRIVINE o BETR R AU 2R @
FPEEI R G ATE o A E 0 F FEEP SOy § RIS o R
PR TG hd g | (CEEF)

SR{R] IR S BT R  FRISRCR R 5P SRR kL
San —}ﬁ%dif‘r’g’zij R mfglmﬁ R S P (PRI SRCE ) g‘ﬁg
PRSI RCRPIG R > SHFE I e 3~ H F[FIF%E%QJE#\%EJ@%[FLEIU ~ 0 ﬁﬂﬂﬁ”
E AR -



RIS S P g 85

F AP fpafp IRFMepEizE? ¢ LR RGBS - PgrPphpe g
Loy S FRIFAORPI R A AR OFiEALE L B2 Bk
?Mir%ﬁ':@i Bhee £ 3733708 5 > HFZF € VR lb}jj'x ﬁ{«:”*
B BRH BT s T A o mrusk%j.ﬂﬁq\u;t&qw ;;:&1

)ﬁzﬂ'l’i-“»{ﬁ@&ﬁ,uﬁwﬁéﬁvé FH e gl (Y XEF)o

=9 e RIS PAsE A Lo ] 50 SR S APV Hu“[“rﬁibfla CH ”[ [# > Al
VBUJ‘”?&LI REIEE L P I R *I*EL%‘”JFP% L [ SR TR ~ T [IAVRER
?m?ﬁ " [l EJE 1o (EURL > Bl [ L ﬁ;l%lﬂﬁz_w%iif;'ﬂ*ijﬁ (iR FE'E Vi E
Pj %‘ijmp AR Y (IO ORISR - SR IR N G RRpVHIR -

‘“‘W”ﬁi@-ﬁ”@’faﬁj’§4rt\;i»—ti'ﬁ’faﬂ’ é*%iﬁu}‘m"”'[&f\ﬁ%
AR TER BT IARE BE R ’l‘?{&h/;»p#}ﬂl’agm B IR pEE
?’n b*ﬁr‘v'*‘f‘%‘f AFAGRA B R e B A g Sk B
—gﬁm“‘ FE LR o LR ZESeF AL ZEET BT FEDRE > &Lk
S B I SRl R e v o
ﬁ"“’ffv—lﬁkﬁxi‘ﬁw AL REES Nk F- B BR EAI ELGEINAS LG
= v,{tfg,ﬁqgﬂq\ﬁ" *ﬁIﬁLs\mvT‘{A FFEF O E BRIV R
FiE (Y 7)o

i

FPRE TR BAS GAE » BBl = = AR VRIS SRS IRER ) S AR 5
w@wyg :’w¢¢%¢ﬂ*@@wﬁﬁ#av%ﬂ FEUSE Rasch LI ) PR
SES ISR ?Lj}‘éﬁ‘%liﬁ‘?ﬁiwﬁ' JJHF 73 [N > 1RO Wang £ (2015) Eﬂjriéﬁf“&
BB ju%%ﬁﬁﬁwr R B A R AR ;
RRRS (7 uh gﬂ“'[fljy? ’ F’?E EE'}TL" 1%,5 OB ORI > R FTE Eﬁ'ﬁirﬂﬁﬂﬁ'*l
(@*)JFI‘J(F, [N Jjﬂsr@p J—g}%{

T RS J%kF *IE‘Q i) I?*ﬁ?ﬁﬂ&“rﬂ [FITER] =5 AR F“jétﬁf bl IEUE“F[LJ%Z
ﬁ%‘mﬁ?[*[ I EL 83 *ﬁ?ﬁﬁ} i Jlj;i WangA (2015) EJ] 5% 855 PIgt o qEd Wang =0
(2015) g llpa™ S A o JRIEI SRR G T SR 1R A - e SR pﬁ@‘i Tl
fﬁ“ PR e Jﬁﬁ‘ IEEF‘/@‘F‘F*E F'J*ﬁ o ¢W“l'3tmaﬁj + ’ﬁ’iz[_}f];{' RV

LR ﬁmdﬁﬂﬁwF L HF%N%W§%®HEW$§’ﬁWFTEﬁF%ﬁ
] FI lj: Jﬂ

[izﬁ}i‘mj?’sv Jj;%g\l— @%I 2 H[H A e ;ﬁﬁl*jj[‘; I:IJEI JIZRRE R, P /i i
TRy > e |J)J" Ho £+ (2013) R[Z54H ] ’ﬁfjﬁjﬁﬂ V’ﬁ 1% 5 pigt > == Wangq * (2015) “?
%‘ E T L FETRLP PG pl s MRV o RSP AR S RER f ’f RSP

RS #’JFFE H/\‘ By obge G2 E”' | REHTpoR S %ﬂflﬂ;ﬂ%) *PJ]*’—Y%F} FE o SR IR RS S R
if VR EIJFpﬂﬁ A AR R "Ju}I’—j’frhr 1&&“7\‘ B~ Zhge GEP TR SF2E]

) #F () Tt (i—’?’ﬂ*ﬁ#[;’faiﬁﬁ?%\' » HESLF iy (ﬁFw&) T B PR T R EE

ﬁWWQQW%’@Rmr*<m2§@%43®7n2 R AT
m &,ﬁﬁﬁﬂj{w@ﬂﬁiéwﬁWW%w’#rw R R R AR R
o B Rt nl:| By ARG ] o FIH o BT S R[S aEF'FJEﬁ  RISPRCE AL PR
fJ]ﬂipJ;l o Safih= j:’gE‘J:?EﬂLHF‘wJﬁ‘I% wpl Pf’#%‘“ FY- o SRS E > [IE ] 64‘1%&
R ijﬂ”*niF G R 5 ] =
fﬂ*®%W{%’f

R - i

[J.\ l-l

_ﬂ

= ort

h#@mﬂwmﬁﬂ B HERLIL > R RS
] 50 RIS « T S RS R KISR0 e



86 ﬂr?F’l =

U TR AR PP TR B SRR SR Iﬁ'ﬂmﬁ”g@ TR AR fﬁ%iﬁ [Fil
SRR [“IF“ #ﬁﬁ? i ‘UHT%‘J? AR s N T }fuwﬁl vﬁ[*“ﬁ“l (WW@‘&
+ gﬁ_ﬁ&é@%ﬁ%ﬁ Pl TR AR SR ) [ﬂ pJﬁFMﬂ?E“EQE[#& ,pJE‘E (B
AT j%& ﬁfrPCM S PradiN B o [Ir?% SR Jp =4 M“ﬁLevel 3
I/t{&j«gui ETZ?E‘P = FJ??%:EIFIJEUE';{_H}E Eﬂi S SRS EJEH\Wang ~(2015) F[
IR R A0 JEEE'EHJ: g‘ﬂféf iCE =] Level ( ) pﬂg@ PR 5 @[Wﬂy%\ ekt
’Eé[ur’?jfﬂﬁu[@%[f&%]@ﬁﬁll%g Ji28 F’%%@ ﬁ(*,if[?ﬁl]%g}fg‘g LSRR | E‘LF[ H LEEF' S
G5 e bt (F2) 1) POFE R (Fe4) 3 [ERAGSLWR 27 RIS
%E ~sr PVE=IE Y I/ée#[j&j%;
AT o 1 /E‘FILJ*‘Ig‘“’EE‘l'%lf}ff’j:’ljf’ A - 1 e G NS Ey N S B
fM PI2E > Wang 5575 (2015) fUREARAHGLPYe D IRIFOR SR ]I E R B i S ]
wbw@wﬁwﬁ@m BHSHEII % A3 1A B + WAL wwi P
EF eSS e BV T [ AR e ) SErY
mija7{kwuwﬁwi$ﬁm Pl L+ T RO B PTRR B o ] S 3 AR
SPRRR Ty E AR o E o “&E'J*E@I’J‘E}"F”f TR o [ = Aelpuig= - i
S"F“ﬁ'l%fﬁ"‘rﬁ?ﬁ ré‘ﬁ@ﬁ%'?f ’I%»flfht*‘”%@ﬂ Ii“J‘FA EIFH R Jﬁm‘“«ﬁﬁ AE RG] F[‘rﬁ?

&wm<ﬁ4ﬁ®111 ) R [T 12 5 RS D AR AN - T
YRS ¢ 7[ JFYSE % (Renetal, 2012) FIg o 2 ~BRE T [T,if (2012) A
Eat]EFF M;;,fgg,%\i JFIJ:)J— |[4ﬁwl'% ﬁﬁ:*&@ﬂjh EI[J%E”E'[%JJaEiEJ@?A@ﬁ‘ R U RS R
i Jaﬁﬁﬂﬁm”ﬁf PPN [ VR st - el [Fv‘ ~ R
RS A e 8 mﬁ“%ﬂll ﬁ%ﬁ* 5 IT B ~ P o g 7 flbErFe
VR[S g ] ‘/gﬂ? PIARHR] S AR ) S W AV RS R 2D e T IR BE“F%J
RIS P - T

ERES T S 1?%\' ‘F’”' *]E‘“ﬁ‘l%\i A e P IEE@TE'F*%J Ifi%mﬁlf[ﬁ'?%@%
SN f[?ﬂtﬁ*w% ﬁf;p ]ElFI ]%JFIJF (LeBoutllller&Marks 200 H‘ﬁﬁﬁjirpmﬁ‘ﬁr
]El“ Fuu@\i ixﬂﬁéo [lq'ﬂ O feft k0 2R 55 B E TSRS Y p iﬁ‘ﬂ#ﬁﬁﬁﬁlrﬁpﬂ@
[ ' “f'\_fjlﬁ'i F;/'f\'_l[ﬁ' aF'il/'ﬁrlﬁ[ TR A e AT ER > EE ] T AR (= =
i *EpsiWHWJW%w?éwﬂ*ﬁ@ww %ﬁ’”ﬁ**w%ﬁﬁ - g
1 H ‘JE‘S‘?"“J l%éﬁ”izf”l‘&fi ;l%ﬁﬁ‘]’*l*ﬁ' o e i VRV o I9Y > St ]

IR BIRRES  BYRTIR © SRREER  WERAT ST S ) R
% TRV ERE R 1R i (Hadzigeorgiou & Stefanich, 2000; Ho et al., 2013; Osborn, 1953;
Sternberg & Williams, 1996; Zabriskie, 2004; Wang et al., 2014; Wood & Endres, 2004; Zarnowski,
2009) » A [P 1RAIR) 6 S BRI SIRMAE B | -

{/} 71, E[[)j/\ﬂ_kﬁz?rf_l‘r B i%jﬂf/\ Ff\‘lﬁ:’v“‘ﬂdguﬁ =0 71?{[#%?iﬂj*§i ‘T\ [ﬁjf{fjj}%{r,
PRSI R e e S e
= b%lwl‘p'ﬁ}ﬂ o Ward (1994) 225 > TE'I%\ J;F“,ﬂ{ﬁs&*ﬂqggﬁuj2}':F||5U§L2]:I§I%JHI k&ﬁl{rdgu
%ﬁb’ﬁﬁféiﬁ”lﬂﬂ PERART LRI - I*IFEJFTJGEI‘#E T PR RLRE > (R A e ]
(5 11 SRR B 1SR Ol e %ﬂM?%wﬂEﬁ I A

_

ARG PR (R B ) ST LR R (roovpe) AL
ﬁf.wﬁﬂ!};ﬁurﬁﬁﬁﬁﬁuﬁ% PE{ERRETD AR Eiw kLG & JEAs R ~
BE"B%( TRYEE (Ho et al., 2013; Wang et al., 2014 ) o [T 9% » [ ﬁ: Ezﬁu*i—“} f“j% [ijrij

L‘Iﬁhéiﬂ it J/(Ren etal 2012 ) paEi=esy * FIJEH%&H ﬂf*f\_?'él’zﬁj{ (Eckhoff&Urbach 2008;
Vygotsky, 1930/2004) [H= _¢Wu¢$fk%1ﬂ - WIS U R Eﬂ*ﬁﬁuﬁj'ﬁ:
B~ P R ) TR R AR A ﬁpﬁw%ﬁiﬁyﬂ RS
AR %E-I[F[ p‘ﬁ;# (B
ﬁ%%”%%%ﬁFW¢%ﬁ@mmﬁﬁ%w¢FﬁﬁﬂWWWW
}Eﬂ@[ ¥ R ﬁi@@ﬁ [Spofs IJEJclﬂLﬂw i) o IIERAEER T 3EF Mednick (1962) #t1
e EFEFP” it FO b UE P PO RV Al 7 - P P e 2 gIETEOETES, - T&\F,J/ ’

1=



RIS | P B 87

e Lﬁ@i%}ﬁ AR PUEAHRES. © I HESsH ﬁﬁ'ﬁ%%%?“iﬁ?ﬁéf?tﬁl@’b =l
lﬁum b AT T r*““‘v‘ L e e R
#IH%EEJE{BI EERNEIES NG inw *'Wﬁ:; Tﬁg,zolé)o[ﬂ#ﬁ’& Ak frﬂ[ [¥
ISRl A nﬁlgﬂ‘a p@rﬁ’ﬂ Y gljﬂééizﬁgl%ﬁ Emff F‘%BHFL 1) ﬁeﬁlj IVEE'I%\J

?ﬁ?fiﬁli%l Jrﬂél S FR B R 2 [l ﬁjj;%i, @Jﬂﬂa&@l%\i J0% AT g
51N JH“ Fio [SELAHIHE ~ 75 e P Ay 711'[5‘1‘% SRS R B 7'??[ PRI o
YR

ST RRUE A (2012) B RS g () SR T - BESTSEER » 23
105-134 - [Wang, Y. J., Ye, C. T., & Chiang, Y. Y. (2012). A study of imagination in drawings by
sixth graders. Arts Educations, 23, 105-134.]

FEL -~ ol ~ 5 E0R (2016) - 3™ GG £ AT S AT SR 2 AR 0 poigea - 35
ZEIZS88 > 47 (3)373-390 > DOI : 10.6251/BEP.20150312 » [Wang, C. W., Li, C. T., & Huang, W.

H.I

T. (2016). Stimulating the Imagination of Management College Students by Concept Combination
Thinking Mode. Bulletin of Educational Psychology, 47(3), 373-390. DOI: 10.6251/BEP.20150312]

SR O PR VAFYT (2012) 4B TR A FIK - SSPARISEB > 44 (2)) 389410 ¢
[Chiu, F. C., Chen, H. C., Lin, Y. N., & Tu, P. L. P. (2012). The Exploratory Study on the
Construct of Imagination. Bulletin of Educational Psychology, 44(2), 389-410.]

EIFLT (2012) - 98 & % — TR 2R S/ B (BT Fl:d*f%iﬁ"‘]“?, VIR
n‘ﬁfﬁl‘ * http://www.nsc.gov.tw/sci/ct.asp?xItem=16326&ctNode=3395 » 2012 F 7 F| 10 [! -
[Ministny of Science and Technology (2012, July 10). 98 call for proposal-Reseach for
imagination —and  technology /  Practical  ability  cultivation.  Retrieved  from:
http://www.nsc.gov.tw/sci/ct.asp?xItem
=16326&ctNode=3395]

?:ﬁj?z{ (2012) = F s géﬂ_egmﬁk x ?i*ﬁ?]*‘r%{ FHEgeE o ?'VE'I%‘&?]?‘[B;?@‘!]!T: http://hss.edu.tw/w
Site/ct?xItem=2937&ctNode=274&mp=2 > 2012 & 3 £] 26 [ ! o [Ministry of Education (2012,
March 26). Imagination of the future-the goal fo plan. Retrieved from: http://hss.edu.tw/wSite/ct?
x[tem=2937&ctNode=274&mp=2]

R RS MRS (2013) 2 SR SE AR Y SRR - i O
FF T[> 21 (2)> 113-148 - [Hsu, Y. L., Liang, C. Y., & Lin, C. C. (2013). The Influences of

il

Individual Psychology and School Environment on the Teachers' Imaginative Capability of
Instructional Design. Contemporary Educational Research Quarterly, 21(2), 113-148. DOI: 10.61
51/CERQ.2013.2102.04]



BE ] (2010) T S AUGERAIR * FT) ) VR EHE - SR T R Gt
MOE-100-2-2-B005 ) ° ’F,};l: : ?ftﬁ]?‘}ﬁ o [Chan, C.Y. (2010). The Program of futures imagination
and creativity in education (NO: MOE-100-2-2-BOOS). Taipei: Ministry of Education.]

£l FJ,F[EJ (1993): ?&ﬁlhfﬂgﬂ : ﬂﬁ?ﬁﬂ% o ’F"]:lii 7 ° [Cheng, C. M. (1993). Cognitive psychology:
Theory and practice. Taipei, Taiwan: liberal]

Adadan, E., Trundle, K. C., & Irving, K. E. (2010). Exploring grade 11 students' conceptual pathways of
the particulate nature of matter in the context of multirepresentational instruction. Journal of
Research in Science Teaching, 47, 1004-1035. doi: 10.1002/tea.20366

Al-Balushi, S. M. (2009). Factors influencing pre-service science teachers’ imagination at the microscopic
level in chemisity. International Journal of Science and Mathematics Education, 7, 1089-1110.
doi: 10.1007/s10763-009-9155-1

Alonzo, A., & Steedle, J. T. (2009). Developing and assessing a force and motion learning progression.
Science Education, 93, 389-421. doi: 10.1002/sce.20303

Amabile, T. M. (1996). Creativity in context. Boulder, CO: Westview Press.

American Educational Research Association, American Psychological Association, & National Council
on Measurement in Education. (1999). Standards for educational and psychological testing.
Washington, DC: Authors.

Berland, L. K., & McNeill, K. L. (2010). A learning progression for scientific argumentation: Understanding
student work and designing supportive instructional contexts. Science Education, 94, 765-793. doi:
10.1002/sce.20402

Black, P., Wilson, M., & Yao, S. Y. (2011). Road maps for learning: A guide to the navigation of learning
progressions. Measurement, 9, 71-123. doi: 10.1080/15366367.2011.591654

Blajenkova, O., Kozhevnikov, M., & Motes, M. A. (2006). Object-spatial imagery: A new self-report
imagery questionnaire. Applied Cognitive Psychology, 20, 239-263. doi: 10.1002/acp.1182

Briggs, D. C., Alonzo, A. C., Schwab, C., & Wilson, M. (2006). Diagnostic assessment with ordered
multiple-choice items. Educational Assessment, 11, 33-63. doi: 10.1207/s15326977eal101_2

Campbell, K. H. S., Mcwhir, J., Ritchie, W. A., & Wilmut, I. (1996). Sheep cloned by nuclear transfer
from a cultured cell line. Nature, 380, 64-66. doi: 10.1038/380064a0

Cheng, Y. Y., Wang, W. C., & Ho, Y. H. (2009). Multidimensional Rasch analysis of a psychological test
with multiple subtests: A statistical solution for the bandwidth-fidelity dilemma. Educational and
Psychological Measurement, 69, 369-388.

Claesgens, J., Scalise, K., Wilson, M., & Stacy, A. (2009). Mapping student understanding in chemistry:
The perspectives on chemists. Science Education, 93, 56-85. doi: 10.1002/sce.20292



RIS | P B 89

Cooper, M. M., Underwood, S. M., Hilley, C. Z., & Klymkowsky, M. W. (2012). Development and
assessment of a molecular structure and properties learning progression. Journal of Chemical
Education, 89, 1351-1537. doi: 10.1021/ed300083a

Cruz, H. D., & Smedt, J. D. (2010). Science as structured imagination. Journal of Creative Behavior, 44,
29-44. DOI: 10.1002/j.2162-6057.2010.tb01324.x

Cullen, D. M. (2015). Modeling instruction: A learning progression that makes high school chemistry
more coherent to students. Journal of Chemical Education, 92, 1269-1272. doi: 10.1021/acs.jche
med.5b00544

Dilek, D. (2009). The reconstruction of the past through images: An iconographic analysis on the
historical imagination usage skills of primary school pupils. Educational Sciences: Theory &
Practice, 9, 665-689.

Duncan, R. G. (2009). Learning Progressions: Aligning curriculum, instruction, and assessment. Journal
of Research in Science Teaching, 46, 606-609. doi: 10.1002/tea.20316

Duncan, R. G, & Rivet, A. E. (2013). Science learning progressions. Science, 339, 396-397. doi:
10.1126/science.1228692

Duncan, R. G, Castro-Faix, M., & Choi, J. (2016). Informing a learning progression in genetics: Which
should be taught first, mendelian inheritance or the central dogma of molecular biology?
International Journal of Science and mathematics Education, 14, 445-472. doi: 10.1007/s10763-
014-9568-3

Duncan, R. G, Rogat, A. D., & Yarden, A. (2009). A learning progression for deepening students’
understandings of modern genetics across the 5th-10th grades. Journal of Research in Science
Teaching, 46, 655-674. doi: 10.1002/tea.20312

Duschl, R., Maeng, S., & Sezen, A. (2011). Learning progressions and teaching sequences: A review and
analysis. Studies in Science Education, 47, 123-182. doi: 10.1080/03057267.2011.604476

Eckhoff, A., & Urbach, J. (2008). Understanding imaginative thinking during childhood: Sociocultural
conceptions of creativity and imaginative thought. Early Childhood Education Journal, 36,
179-185. doi: 10.1007/s10643-008-0261-4

Elmesky, R. (2013). Building capacity in understanding foundational biology concepts: A K-12 learning
progression in genetics informed by research on children’s thinking and learning. Research in
Science Education, 43, 1155-1175. doi: 10.1007/s11165-012-9286-1

Freidenreich, H.B., Duncan, R. G.,, & Shea, N. (2011). Exploring middle school students' understanding
of three conceptual models in genetics. International Journal of Science Education, 33,

2323-2349. doi: 10.1080/09500693.2010.536997



% R R

Gale, B., & Zemeckis, R. (1989). Back to the future Part IT Retrieved from http://www.echinsicler,io/thin
gs-back-to-the-future-z-got-right-2015-10

Gallas, K. (2001). Look, Karen, I’'m running like Jell-O: Imagination as a question, a topic, a tool for
literacy research and learning. Research in the Teaching of English, 35, 457-492.

Gotwals, A. W., & Songer, N. B. (2013). Validity evidence for learning progression-based assessment
items that fuse core disciplinary ideas and science practices. Journal of Research in Science
Teaching, 50, 597-626. doi: 10.1002/tea.21083

Hadzigeorgiou, Y., & Stefanich, G. (2000). Imagination in science education. Contemporary Education,
71,23-28.

Hernandez, M. 1., Couso, D., & Pinto, R. (2015). Analyzing students’ learning progressions throught a
teaching sequence on acoustic properties of materials with a model-based inquiry approach.
Journal of Science Education and Technology, 24, 356-377. doi: 10.1007/s10956-014-9503-y

Holland, P. W., & Wainer, H. (Eds.) (1993). Differential item functioning. Hillsdale, NJ: Lawrence
Erlbaum.

Ho, H. C., Wang, C. C.,, & Cheng, Y. Y. (2013). Analysis of the scientific imagination process. Thinking
Skills and Creativity, 10, 68-78. doi:10.1016/j.tsc.2013.04.003

Jin, H., & Anderson, C. W. (2012). A learning progression for energy in socio-ecological systems.
Journal of Research in Science Teaching, 49, 1149-1180. doi: 10.1002/tea.21051

Johnson, P., & Tymms, P. (2011). The emergence of a learning progression in middle school chemistry.
Journal of Research in Science Teaching, 48, 849-877. doi: 10.1002/tea.20433

LeBoutillier, N., & Marks, D. F. (2003). Mental imagery and creativity: A meta-analytic review study.
British Journal of Psychology, 94, 29-44. doi: 10.1348/000712603762842084

Lee, H. S., & Liu, O. L. (2010). Assessing learning progression of energy concepts across middle school
grades: The knowledge integration perspective. Science Education, 94, 665-68. doi: 10.1002/sce.
20382

Linacre, J. M. (1998). Thurstone thresholds and the Rasch model. Rasch Measurement Transactions, 12,
634-635.

Masters, G. N. (1982). A Rasch model for partial credit scoring. Psychometrika, 47, 149-174.

Mednick, S. A. (1962). The associative basis of the creative process. Psychological Review, 69, 220-232.

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis (2nd ed.). Thousand Oaks, CA: Sage.

Mohan, L., Chen, J., & Anderson, C. W. (2009). Developing a multi-year learning progression for carbon
cycling in socio-ecological systems. Journal of Research in Science Teaching, 46, 675-698. doi:

10.1002/tea.20314



RIS | P B 91

National Research Council. (2006). Systems for state science assessment. In M. R. Wilson & M. W. Be,
tenthal (Eds.), Committee on testing design on K-12 Science achievement. Washington, DC:
National Academy Press. Retrieved from https://www.nap.edu/read/11312/chapter/6#69

National Research Council. (2007). Taking science to school: Learning and teaching science in grades
K-8. In R. A. Duschl, H. A. Schweingruber, & A. W. Shouse (Eds.), Committee on Science
learning, kindergarten through eighth grade. Washington, DC: The National Academy Press.
Retrieved from https://www.nap.edu/read/11625/chapter/10#213

Osborn, A. (1953). Applied imagination. New York, NY: Charles Scribner's Sons.

Pendry, J. B., Schurig, D., & Smith, D. R. (2006). Controlling electromagnetic fields. Science, 312,
1780-1782. doi: 10.1126/science.1125907

Plummer, J. D., & Krajcik, J. (2010). Building a learning progression for celestial motion: Elementary
levels from an earth-based perspective. Journal of Research in Science Teaching, 47, 768-787. doi:
10.1002/tea.20355

Plummer, J. D., Palma, C., Flarend, A., Rubin, K., Ong, Y. S., Botzer, B., McDonald, S., & Furman, T.
(2015). Development of a learning progression for the formation of the solar system. International
Journal of Science Education, 37, 1381-1401. doi: 10.1080/09500693.2015.1036386

Raju, N. S., Price, L. R., Oshima, T. C., & Nering, M. L. (2007). Standardized conditional SEM: A case
for conditional reliability. Applied Psychological Measurement, 31, 169-180. doi: 10.1177/01466
21606291569

Ren, F., Li, X., Zhang, H., & Wang, L. (2012). Progression of Chinese students’ creative imagination
from elementary through high school. International Journal of Science Education, 34, 2043-2059.
doi: 10.1080/09500693.2012.709334

Robinson, A. (2010). Chemistry’s visual origins-Vivid imagination was key to unlocking the secrets of
molecular structure in the nineteenth century. Nature, 465, 36.

Schumacker, R. E., & Smith, E. V., Jr. (2007). A Rasch perspective. Educational and Psychological
Measurement, 67, 394-409. doi: 10.1177/0013164406294776

Schwarz, C. V., Reiser, B. J., Davis, E. A., Kenyon, L., Achér, A., Fortus, D., Shwartz, Y., Hug, B., &
Krajcik, J. (2009). Developing a learning progression for scientific modeling: Making scientific
modeling accessible and meaningful for learners. Journal of Research in Science Teaching, 46,
632-654. doi: 10.1002/tea.20311

Sevian, H., & Talanquer, V. (2014). Rethinking chemistry: A learning progression on chemical thinking.
Chemistry Education Research and Practice, 15, 10-23. doi: 10.1039/C3RP00111C



92 CL I

Shea, N. A., & Duncan, R. G. (2013). From theory to data: The process of refining learning progressions.
The Journal of the Learning Sciences, 22, 7-32. doi: 10.1080/10508406.2012.691924

Smith, C. L., Wiser, M., Anderson, C. W., & Krajcik, J. (2006). Implications of research on children’s
learning for standards and assessment: A proposed learning progression for matter and the
atomic-molecular theory. Measurement, 14, 1-98. doi: 10.1080/15366367.2006.9678570

Smith, C., Wiser, M., Carraher, D. (2010, March). Using a comparative, longitudinal study with upper
elementary school students to test some assumptions of a learning progression for matter. Paper
presented at NARST, Philaelphia, PA.

Songer, N. B., & Gotwals, A. W. (2012). Guiding explanation construction by children at the entry points
of learning progressions. Journal of Research in Science Teaching, 49, 141-165. doi: 10.1002/tea.
20454

Songer, N. B., Kelcey, B., & Gotwals, A. W. (2009). How and when does complex reasoning occur?
Empirically driven development of a learning progression focused on complex reasoning about
biodiversity. Journal of Research in Science Teaching, 46, 610-631. doi: 10.1002/tea.20313

Steedle, J. T., & Shavelson, R. J. (2009). Supporting valid interpretations of learning progression level
diagnoses. Journal of Research in Science Teaching, 46, 699-715. doi: 10.1002/tea.20308

Sternberg, R. J., & Williams, W. M. (1996). How to develop student creativity. Alexandria, VA:
Association for Supervision and Curriculum Development.

Stevens, S. Y., Delgado, C., & Krajcik, J. S. (2010). Developing a hypothetical multi-dimensional
learning progression for the nature of matter. Journal of Research in Science teaching, 47,
687-715. doi: 10.1002/tea.20324

The Next Generation Science Standards. (2013). Appendix h understanding the scientific enterprise: The
nature of science in the next generation science standards. Retrieved from http://www.nextgensci
ence.org/sites/ngss/files/Appendix%20H%20-%20The%20Nature%200f%20Science%20in%20th
€%20Next%20Generation%20Science%20Standards%204.15.13.pdf

Vygotsky, S. L. (1930/2004). Imagination and creativity in childhood. Journal of Russian and East
European Psychology, 42, 7-97.

Wang, W. C. (2008). Assessment of differential item functioning. Journal of Applied Measurement, 9,
1-22.

Ward, T. B. (1994). Structured imagination: The role of category structure in exemplar generation.
Cognitive Psychology, 27, 1-40. doi: 10.1006/cogp.1994.1010

Wang, C. C., Ho, H. C., & Cheng, Y. Y. (2015). Building a learning progression for scientific imagination:
A measurement approach. Thinking Skills and Creativity, 17, 1-14. doi: 10.1016/j.tsc.2015.02.001



RIS | P B 93

Wang, C. C,, Ho, H. C., Wu, J. J., & Cheng, Y. Y. (2014). Development of the scientific imagination
model: A concept-mapping perspective. Thinking Skills and Creativity, 13, 106-119. doi: 10.1016/
j-ts¢.2014.04.001

Wilson, M. (2004). Constructing measures: An item response modeling approach. Mahwah, NI:
Lawrence Erlbaum Associates.

Wilson, M. (2005). Constructing measures: An item response modeling approach. Mahwah, NI:
Erlbaum.

Wilson, M. (2009). Measuring processions: Assessment structures underlying a learning progression.
Journal of Research in Science Teaching, 46, 716-730. doi: 10.1002/tea.20318

Wolfe, E. W., & Smith, E. V., Jr. (2007). Instrument development tools and activities for measure
validation using Rasch models: Part II-Validation activities. Journal of Applied Measurement, &,
204-233.

Wood, K. D., & Endres, C. (2004). Motivating student interest with the imagine, elaborate, predict, and
confirm (IEPC) strategy. The Reading Teacher, 58, 346-357. doi: 10.1598/RT.58.4.4

Wu, M. L., Adams, R. J., & Wilson, M. R. (2007). ConQuest. Camberwell, Victoria, Australia: Australian

Council for Educational Research.

Zabriskie, B. (2004). Imagination as laboratory. Journal of Analytical Psychology, 49, 235-242. doi:
10.1111/j.1465-5922.2004.00455 x
Zarnowski, M. (2009). The thought experiment: An imaginative way into civic literacy. Social Studies, 10,

55-62. doi: 10.3200/TSSS.100.2.55-62

o Ay B 102016 5 05 7] 23 |
- TSR 2 2016 £ 08 F[ 16 [
- ljl'.;grg[rpgq 12016 F 09 5[ 20 |!
;ﬁgjpgﬁz[rpgq 12016 F 09 5[ 30 [!
ﬁfgruﬁpgq 12016 F 10 5] 05 [!



94 S HFH

Bulletin of Educational Psychology, 2017, 49(1), 69-94

National Taiwan Normal University, Taipei, Taiwan, R.O.C.

Validation of the Learning Progression in Scientific
Imagination: A Measurement Perspective

Chia-Chi Wang
Center for Teacher Education

Southern Taiwan University Science and Technology

Hsiao-Chi Ho Ying-Yao Cheng Wen-Bin Chiou
Institute of Education

National Sun Yat-sen University

This study aimed to validate a learning progression (LP) for the scientific imagination (Authors, 2015) based on a
measurement approach using the BEAR Assessment System (BAS; Wilson, 2005, 2009) in an attempt to better understand
the core ideas and developmental path of the scientific imagination process as well as align curriculum, instruction, and
assessment through LP. Participants in this study were selected from Taiwan and classified into two categories. The first
category, which included 767 third to sixth grade elementary school students, was administered the Scientific Imagination
Test-Verbal (SIT-Verbal). The second category consisted of two award-winning teachers who were interviewed in order to
achieve more information for the LP. The SIT-Verbal, Imagery Questionnaire, and the outline of interview were used in this
study. Among these, the SIT-Verbal covered four key components of the scientific imagination process: brainstorming,
association, transformation/elaboration, and conceptualization/organization/formation. The Imagery Questionnaire covered
imagery ability, which could generate imagery, objects, and pictures in one’s mind. For analysis, the multiple validities
(Wolfe & Smith, 2007) of the SIT-Verbal were assessed using the Rasch partial credit model. The findings showed that (1)
the BEAR assessment system and Rasch measurement approaches provided a feasible framework for developing validated
tools to assess the LP of scientific imagination; (2) the empirical data supported that students’ scientific imagination
progressed “from brainstorming, association, and transformation/elaboration to conceptualization/organization/formation.”
Implications for the assessments with the LPs and revisions for both the SIT-Verbal and the scientific imagination LP are

also proposed.

KEY WORDS: BEAR assessment system, Learning progression, Rasch partial credit
model, Scientific imagination
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