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Enhancing students’ twenty-first century skills in the teacher education program
through the cross-disciplinary curriculum module
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Abstract

The current of study aims to investigate how students in different fields (Humanities, Business
Administration, Design, and Science and Engineering) perform their performance in scientific
imagination in the first year. In the second year, the cross-disciplinary curriculum module, workshops,
and the competition were developed in the center for teacher education for the experimental field with
the implementation of campus integration inside and outside the implementation of the environment.
In this study, a quasi-experimental single-group pre-and post-test design was used in the cross-
disciplinary teaching experiment design. The data analysis methods included interviews and
observation record qualitative analysis, Rasch measurement analysis, t test and so on. In addition to
helping to nurture students to become the desired n-type talents for the future, the results can also
benefit the cross-disciplinary course module team to break away from the daily framework and
cultivate and enhance their innovative teaching thinking as the future education. In addition, the two
conference papers and two TSSCI journal papers were published.
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( Note. From “Analysis of the Scientific Imagination Process,” by H. C. Ho, C. C. Wang, & Y. Y.
Cheng, 2013, Thinking Skills and Creativity, 10, p.72.)
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difficulty ) » oy &% j 4% kg amkt e & 0 % N A EE¢ LB A F @M s o by iy
¥ jAEOF kK BHENOELSE o FT MV RIFASRRLIIE D ATV UHEE - BT
2Rk 47 F @ (Thurstone threshold ) o o > A2 F e L R w Bt 4 > 91U & - BAEP
EFZBRAIERE - Heh% F BEIMERETKR - » ZHE kAT O {old kA
()b e 4p e Pz dgip & (Linacre, 1998 ) - ,Thlﬁlzljiﬁ'l.‘iﬁﬁ = FEREEY hE 2 B
BAALRE AT 0 XY AR I Ao 1 AT s s R 2 e 2 A i o
P prazddgsgR » VT3 BARR 2 MAER 2 AUTEL o Flpt > AT HUE - BEIOR 2 B
FEH R E > T 5 VR E AT 4 2 kdp o P73 e Rasch A 174 * & & #48 ConQuest (Wu,
Adams, & Wilson, 2007 ) i& {7 & 45 °
TR RA  AETREE %ﬁwﬁ\%ﬁ\ﬁﬁ\#?\ﬁ%~uiﬂ4ﬁ§ﬁ

w R P (Wolfe & Smith, 2007 ) o BRI I% A~ > B3R % e .—Lf#_ R ,
"5 e K RaschPCM > #4738 4 ~ B4 ~ 3 B4 =z v R 50T iﬁ"‘ﬁi ’ 1§-Jﬁ°
B dpthdx * infit (weighted) % outfit (unweighted) 357 3% (mean square error, MNSQ) *t3*
2o HBEAA306-142F > 270 -FHEmA 24 (Bond&Fox,2007) - F4L 0 g
fe & > A AP VTR 2 T m{:}pﬂﬁmﬁ L EREP SRR 0 PR FHRE o AsFIT

BR#Expt LIRS S BES PRI B R BEEY S Ea{rE L R
it ~ 47 (differential item functioning, [DIF]; Holland & Wainer, 1993 ) > tk 5% & &4 380 &% F |+

£ feFu b o £ F L3 4k E & o b DIF #4514 ConQuest $rt:& 7 4 47 > L & 11

J}El % T353R 2 (equal-mean-difficulty, EMD ) * # |:#42 <0 DIF o DIF » 47 4_% - f & % &

ol s s A 7&‘»— B DIF 245 5 > 57 BHH AR - BREOFWER e Ll
0.5 T logits ™ pF » & 77 i BT PR L e - 2RS4 E (Wang,2008)

RIS PR - B =x > A7 3 12 5 » & Rasch PCM > & 17 JEH X 23 Bt = B o R ha gt
% & (person separation reliability ) ( Schumacker & Smith, 2007 ) » 12 & {8 R Fx ez B 53 &
(Cheng, Wang, & Ho, 2009 ) » pt ¢t » d 3t Rasch fic7t & 477 11 445 - B X A B
RIEHER A RRRDIZBEFEEARRDREZ > £ 2 FOTR  Fl2t o ﬂ%ﬂ"“%—i’ilﬁ—
i+ iv £ B (conditional reliability) (Raju, Price, Oshima, &Nering, 2007 ) > AT AR D
FARERMEORERRE > T2 HRIEDHETRE EAFEEERER S 0 &
7 %1 Rasch ~ 47 > F & Fé—“"m/it SN R A 7&3" ARRBREP IR O RE o IF
AR R EEES B SRR T DX A o ¥ AP R H TS R s 47 A B4
HAPMEs s B2 FRE 208 -BE -+ BREAST > MITLPI%RAS BEF2 %
F oo ptt A RBEH Y 01 5 v R RaschPCM E R G FAERGA v RAfew P £ 5 B A w
Feerp b > 1% G ovh iR BE B R Sy o

£ F7ERANG

-~ P ZieB 2R #¥% (Content and Structural Evidence )
B GHRATAHIAE 0 e RO RaschPCM A 17871 @ Z w RenGHEY & F L4 ahig fie
A WA R E - REA e ABEA L 3 0T o
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3 RATHR B RERA foil o e

W B TE KR Step 1  Step2  Step 3 SE OUTFIT  INFIT
A MNSQ MNSQ

FoEA A -148 -2.34 0.25 2.09 0.05 1.08 1.06

B -2.71 -1.44 -0.28 1.72 0.05 0.84 0.88

C 1.51 -2.94 -0.05 2.99 0.05 1.07 1.06

D 2.68 -3.97 -0.97 4.94 0.09 1.04 1.02

LG A -0.69 -2.96 -0.19 3.14 0.05 1.07 1.07

B -2.02 -2.62 -0.39 3.01 0.05 1.03 1.03

C 1.26 -2.72 0.23 249 0.05 1.01 1.01

D 1.45 -2.89 0.04 2.85 0.09 0.98 0.98

+ e A 0.09 -1.21 0.52 0.69 0.07 0.86 1.00

B -1.33 -1.65 0.36 1.29 0.06 0.97 0.99

C 0.43 -0.99 0.99 - 0.08 0.80 0.87

D 0.81 -0.76 0.76 - 0.12 0.63 0.85

PSR TL KR E T step RELA

= ~ #F3e2x R #3% (Generalizability Evidence )

1994 42 DIF #4587 > § ~ 4~ 4 2 B A XA 4Ep P X AP R DIF > <304 3L P
SRR F 3t E A w| b enZ gEY ) 3 0.37 B logits K,éft TITEAFEA G N HDIF ¥
w2 BehLies 0.52 @ logits o &2 o A 3AATE P ESIDIF £ (TR C g
12 FEDwd 4§ £ DIF > Bt B ko] @hL A B 053 - 054 @ logits - &
Faw|2 B <33P ma PR ODIF, A3 P HA G E AT RS DLIEY ] 048 B
logits > * 7 1Tk AF o4 BT Dehd B4 § Fhenlt hDIF b b | B2 B i e
& %] -E_0.59 - 0.74 & logits o

% 4 3#421c DIF % &
o B ¥ % DIFFA *-  *=Z =
g4 ¥R ¥R ¥

~r 15 @ A dkix
R TipR Flip A €5 R348
B ORIER IR

W Jit

7 GG A 0.22 -0.04 031 -0.08 -0.19 0.08 -0.19 -0.19 0.30
B 0.17 021 -0.10 -0.07 -0.04 020 0.04 -0.26 0.02
C 0.04 -0.11  -0.16 0.09 0.18 -0.08 0.01 022 -0.15
D 0.35 -0.06  -0.06 006 005 -020 0.14 023 -0.17
LE G A 0.03 0.07 017 009 -033 -0.07 -0.07 -0.17 0.31
B 0.20 0.07 0.10 -0.20 0.04 0.19 -0.07 -0.17 0.06
C 0.14 -0.12  -0.25 0.09 028 -0.04 0.07 019 -0.21
D 0.37 -0.02 -0.01 002 001 -0.07 0.08 0.16 -0.16
+ B4 A 0.52 0.08 023 -023 -0.07 032 -0.04 -0.27 -0.01
B 0.05 0.17 0.00 0.03 -0.19 -0.09 -0.04 -0.16 0.29
C 0.15 -0.05 -0.14 026 -0.08 -0.14 0.03 0.03 0.08
D 0.32 -0.20 -0.09 -0.05 034 -0.10 0.06 039 -0.35

L1 DIF=AS * =9 sea- 5z ©
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T2 e Rl 4 7 £ % DIF 302 ¥R &3 eh|d % B ] &[>0 0.5 logit » % 7 3%3L % $ DIF -

bR > 55 R Rasch PCM ~ 47 B4 B E4 ~H 4 > B REAS Y
% 85~ 841z B3 54’%P19&44—w~$ﬂb-@% PR
LR AR B 2~ o WAL B RS h B iR R A REA
He > B BA it B RO ANTIS~8T 2 F > B4 cnif 2 it B R AT5~87 2./ » &
BAigEit 2R A3 72~8604d B 2~F 4+ é*’kwyﬁ‘ﬂ&ﬁﬁﬁiﬁ“ﬂ%%
eniE YR TT ' 0 1345 Raju & 4 (2007) & diE i gilﬂﬁixpéﬁsb’; BatiE g gt

T Bk F R bR AR S R 2 0 RAR] - AR \é£§Wﬁ§f%Qﬂ
£2 2.68 % logits 2. ¥ » ia%,rxpé—‘km AR M BRI R R 0 BRI RS
%@f Ifl%fi L/_ g—rug , F{ ,i"_li?r vs’:‘ll.b‘?f,]f] fim,\pi‘ﬁ fv’i% lﬁ’# —r,’_.\ﬁ;_:‘%,,bi L4
WHEEE o

o HIEHE  AGRMALER

m 0.6 ¢ [ J
g 0.
5 Coonscsscng e °
RE]
i_?: 0.4
&

0.2

0
5 4 3 -2 -1 0 1 2 3 4

B2 fo4 2 i Rfoit 4 B sRa

O HIEE ARMMLERE

1
0.8 A A ““‘MM A
i
o 0.6 LA 2P °
ié oooow.c
& 04
&
0.2
0
5 4 -3 2 -1 0 1 2 3
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O HIEE AWRIEERE

o 0.7 AAA

5_%1 0.6 ° ®
I o5 °

Bl 4H M4 2 if i Rqrit 4 BiEL

= ~ j2@ xR #3% (Interpretability Evidence )

@5%&@*‘%t4ﬁ B4 b RS FE A 2 LD RIIREHER > 2]
Bz i PR EHE - AANJIBR RIFSX ALl R o WE RS R
1&%’ééﬁiiﬁ—imxz@%%i@@’ﬁiwmﬁi%ﬁk%*ﬁ§ﬁ$’ﬁi
BOEPRLR SR g A7 B RRASKED o d RIS FL A RS St 4 F (M=
-0.72,8D=1.23) ®3 45 P chgp i A i (M=-024,SD=224)> £12it¥ A (oF?;) BlIL &
AO(BSHET 12) 56 iBig P $ 66.67% 2 m TG HE - ¥ F4 4R o
iAo (M=-117,SD=1.14) 7 &30P hip B A (M=-0.07,SD=1.87) k11 (v %
A(oBP5) BT A 5 0) (B ST 22) $3041.04%5 4 a2 TR 5 E 2 EF i 4 o
R o BA hA A a4 A (M=-255SD=1.14) i A>3 p LR A 5 (M=0.62,5D
=132) ¥ B (|W7) BB R4 526 (FSHET 62) #3 10.77%55 4 7 3 245
FREFN A > B TEREKII- BRI E RS > HE LA ;;Fgg\/%%:«gg_ugﬂgﬁ
WP o FMA T BA PR ES ERY PR PRI A SR E RS
R4 EHEEA S RRERMN Y- S5 0 ARED TEERE L 0V u—JF]i 4v“|”_*r;—,)§]q3¥+§§4 %2
R S S SRR L o TR A NI SRl [
BA BB MZE R OFEIAR G XA Mg S5 2 Wang & 4 (2015) fv2 B ¥
L (2016) x @ L > rem & Ho % 4 (2013) FE G FARS
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Dimension Generalised-Item Thresholds

1 2 3
3 \ \ \
\ \ \
X/ \ \
X/ \ \
X/ \ \
2 X| \ \
XX| X| [10.2 D (& EAES) 12.2 D GHAEFE
XX| X/ | 7.2C OCBAESD) 8.2 C OXKBIESD) 9.2C OXEHAEID 112D GHATES)
XX| XX| |
1 XXX | XX| |
XXXX| XX| |
XXXXX| XXX|
XXXXXX | XXXX| |
XXXXXX | XXXX| 13.2 A (OFEH)
0 XXXXXXXX ] XXXXXX| X|
XXXXXKX|  XXXXXX| X|
XXXXXXXX | XXXXXXXX | XXX|
XXXXXXXX | XXXXXXXX| XX|
XXXXXXXXXX | XXXXXXXX] XX|
-1 XXXXXX] XXXXXXXX ] XXXXX[2.2 A (O¥A4e))
XXKXXKX | XXXXXKXKX | XXXX|6.2 B (| &)

XXXXXX | XXXXXXX|  XXXXXX[1.2 A (OiEi8))
XXXXXXX | XXXXXXX|  XXXXXX|
XXXXXX | XXXXXXXX| XXXXXXXX|
-2 XXXXX|  XXXXXXX| XXXXXXXX]
XXX| XXXXXXX| XXXXXXXX|

XXXXX| XXXXX | XXXXXXXXX[5.2 B (| HiA8))
XXXX | XXXXX | XXXXXKXXXX |

XX | XXXX|  XXXXXXX|
-3 XX| XXX|  XXXXXXX|4.2 B (| 845)
X| XXX| XXXXXXXX]
X| XX XXXXXXX]
X| | XXXXXX|
X| X| XXXXX|
-4 | X| XXXXXX|
| X| XXX|
\ \ XXX|
\ X/ XX|
\ \ X/
-5 | \ X|
\ \ X|
\ \ \
\ \ X|
\ \ \
-6 \ \

Each 'X’ represents 4.6 cases
The labels for thresholds show the levels of item, and step, respectively

WS AL WES EFRI v RNEREE N 2D R HRE

255 RANEAFA LA RMHL BB FRmu2 R ES S BES 2 ES R o Y
mE o s e o A AT Hm R A (F(1,606)=24.60,p<.005 12=0.04) ~ B 4 (F (1,606~
2431, p <.005,1>=0.04) 2 % #8+4 (Fa 606 =2531, p<.005 1?=0.04) *HEFT 2 o &
Ex G 0 AR EEFAELES (Fean=4.88,p=.002,0=0.02) F Bg¥ £ % > 1 & § % =
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BEA A - (p=043) 25— (p=009); B4 (Fee1=4.86,p=.002,17=0.02) 1 &

EZR o EAZREANA D (p=043) i - (p=009); B ts 0 B4 (Fs61)=4.96,p
=.002,102=0.02) + £F HEFLE  FPHESZBEFLA LA (p=042) 25— (p=008)- &
Frw>e o B E4 (F3602=12.89,p<.005,10°=0.06) F BF LB > H9d 18 FA2id¢
Ehfr X FREF R 1IER -FEE KR &M E 4 (Fo02=12.81,p<.005,1>=0.06)
THFLE  AIA YA FREEKCRVEREF R 1 EREF ISR b B4 (Fo
612=13.12,p<.005,1°=0.06) F B F LB > P LA AL § F LB R TR T B
18REPEF IR F > AR APFRGS DA R FRETIME AEE SR 0 S
CEAAPE RS PR REF RN - B A AFRYS G o PIEA YA E S RE e
ESab JEA S URE £ 3 AR §EX b A SR

ASHugEsAR RS WEd F Rt L TR R

# %] (N) 3 B4 o B4
125
72 M -0.98 -1.40 -2.79
(301) SD 1.25 1.16 1.15
44 M -0.49 -0.95 -2.34
(307) SD 1.18 1.09 -2.79
B
< - M -0.96 -1.38 -2.77
(233) SD 1.28 1.18 1.17
< = M -0.55 -1.00 -2.39
(106 ) SD 1.32 1.22 1.22
< = M -0.54 -0.99 -2.38
(176) SD 1.07 0.99 0.99
VST 3 M -0.73 -1.17 -2.55
(100) SD 1.27 1.17 1.18
e
18R M -1.02 -1.43 -2.82
(202) SD 1.24 1.14 1.14
BEER M -0.79 -1.22 -2.61
(261) SD 1.21 1.12 1.12
SIS g M -0.29 -0.76 -2.14
(80) SD 1.12 1.03 1.04
X M -0.18 -0.66 -2.04
(73) SD 1.17 1.08 1.09

=~ * F2xcR #4 (Substantive Evidence)

hEE L OBAGERR G AT YT F A 004 43 0 47 A TIRE S Level o
AF iy > ¥ PCM A 7 e 335 38 2 infit MNSQ & 8 Bk d o I 3% 5 P A 178 % Kot o
'TEF A i B> FA 2T Level 255 € 4F °
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TR AR BRHEAELES S0 EEr R FTHRSOPCM Atk B2 4B
EHNED A level 85 4oB] 6 77 o fidhE T E 2 e B4 H =02 logit &7 0 g+ i
o1 B4 g 4 \_}rg s HEhEA T EAERE - Blevel i F c Bl6F 4iEe A TES A4
i level s o d Bl¥ ¥ 5 I § F 454 K30-3.81logits > BT s 1) Level 0 § £ 4 0
ie 3 12-3.81~-1.23logits 2. & > & ¥ :E F] Level1; § & 4 chie 4 £ 37-1.23~0.62 logits 2.
[ ﬁx? seiE ] Level 25 § 84 50 4 4218 0.62 logits » &7 it £ 1) Level 3 a3 » " F
F4 o b > B Flihlevel » R FRS Aot AP F - BEIE Level ik 2o
f*@%im‘*’“’—’%sﬁ 2T a0 1T C2 1Tk D an@A$47p § 2 g Fl o Flag

g hE ] Level £ R F®RA (£ 3)
_ Characteristic Curve(s) By Score
Weighted MNSQ 1.08 itermd (A_NS )
0.8 -
Level 1 Level 3
0.7 4
Level 0 Level 2
0.5 4
E 0.5
3
D 04 T T
o
a 03 T
21 381 logits -1.23 logits 0,52 Togits
0.1 4
4 3 2 1 0.0 1 2

Latent Trait (logits)
Delta(s): -3.81-1.23 0.62

B 6 2i4 B4 adiplevel i 5% @ s ARIBELES S0

2 6AMO O MAER AT > d 2 TF g 17 - B level i & XA gk 230 5% 0 &7
41 level 38 — TALR 34 B 4 JGE T A I Level ehf 2 2 i 4 73+ @ ¢hT 358 PV Avg)
T 5 4o | Level 0 shf 4 2 T3 4 §oid (-2.85logits ) » & B 5 i 5| Level 1 e 4 (-1.52
logits ) ~ Level 2 e 4 (-0.45 logits ) » Level 3 en& 4 2. T 355 4 &% (0.41 logits ) » ¢+ & %
v BIBA VAR > AT PRI 4 BEET RANE A a4 o FMA T 0 (TEAABE
4 enlevel 3~ 4 B4 dilevel 2 fo Levle 3 ehid = &&K@%? 5% ; 1T¥ B fik 14 hLevel
0 84 Level 0~ % 4 Level3 i & A #i€3t 5% ; iv% C ik 24 hlevel 3~ BE A4 b
Level 3~ % 84 chilevel 2 fv Level 3 3538 1 = A B M3 5% ; (7% D i &84 erLlevel 3~
g4 hlevel 3~ # B4 level 2 v Level 31838 20 i =& A o™ K30 5% o d L7 dr o o
< B4 AR A50R| % i Level 2 & Level 3 » fgg i 3] o

% 6§ GIALPE I A 4T

Level Score Count % of tot Pt Bis t(p) PV1Avg:1 PV1 SD:1
0 0 33 5.36 -0.35 -9.39(.000) -2.85 1.10
1 1 200 32.47 -0.44 - 12.21(.000) -1.52 1.07
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2 2 246 39.94 0.16 3.91(.000) -0.45 1.02
3 3 137 22.24 0.51 14.54(.000) 0.41 1.09

I ~ ¢ xR #3% (External Evidence )

Lot hrrRESE T G 0 M $ R RaschPCM o E R G F ERS 28B4 ~BES Iv
FRAfrs 2 Berip o R R T OR BA BES frd B4 fosifenip 4 B 5 46~ 29~
B 36 (p<.05) & nfFRGA B4 By lpFa? MARPY -

R 2% PRI KT EER
TEET (B ) PE RS FYMKL%E - KT REHF o (TSSCD)

240

Ed
e
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