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BERE 7 JALH R AE KT 1 AE ME F STEMAIEY
B aE TEEE ) R TTHREEYN
E L WA - KR E 3 E S U ESTEM

#1 : STEMAEDAIERs VB DT

REJTRIERERA: T & oy tH DA B2 S8 4B RO B B
BB > BLLUHAM S B R AR S G RE T L -
PEE ST RIES TEMAE S RISt Tl AT
FTERHEES X ~ SBAE - B1E > DI
BUEANF] -

(T EMERARISEEL DT

KW ENEEEREEE LS
HISCERUHRE ~ (B RIE S 22 B BN
BREREWAER P AERET T HERAER
imee A A R | R YSTEMEE T 2Bl F~<Z
STEM H IR0 AE LA STEMEE J1(fif 8% =) - 22
HEAREPISA 201552 AR ERE I HIE > DL
J¢Falloon%(2020) 2 S TEM 22 & 45 2
MpK > BBE B A S BB 5 | BEE A S e
WEE%E » B &R E CrvivE - sEE
BIEGET B > DU RERMEEIE - BEE
% - H— U RIEEHEE R — s N5
PP EERFEREET > HAMALEf—FHE
ARESEEENE - 5 N 2 U R
it o BE—HEIE » RRRETEE 24N
RelsE IR

BB MR GlaserBid Strauss (1967)32
H YA B ER#2 47 #7 74 (constant comparative
method) 2K 73T A  GlaserEi StraussE A 57
FEHERIFRRATZHEER B
B IR 4R S (open coding) 1y BRETTE M ERE
HI4REE - ok ARSI ERETT » #

REAH i H I B TSRS
R JIEE ReRE— 0.56 0.52 0.88 75
R — 0.45 0.61 0.86 78
A= 0.61 0.49 0.85 .69
RARE 0.38 0.69 0.79 73
TIREL IR R — 0.58 0.47 0.88 a2
RemE— 0.44 0.55 0.76 65
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B 5 Jog R RIS o DO AREAE - 1T
R L HEE o DA B LB o A AT AH BE A
R L ZKEGER AT E8h - R EFRATEL
ve A Ry [F] — M o [RJEF PR R
MR IR S ELE JB Al (% > FFeEEa L AT
Bk Mz mi5E 2 Bl ES > miBE YA
H— 25 KappafE £5.93 (k> .80) » Fon—
H MR E A (Cohen, 1988) » GRS HTER ]
WIR2ATR

Bt~ W SERE R BT A

—  BEANERmE EMSTEM#H 2
NABHBEAPEESTEMEESEZ
DR
AT i —2 ] A s

[MSTEM |, A Atk » $1HEHEFBR4H L% 07

4HEBAEAE T STEMERE S 8ifF | fl TSTEM

E B ) IR T S B S AT LB R 4

BN R o KSR R B AR

B Af% » T STEMEEH S | (F =7.57 »

p =.008) ~ TSTEMFEEL%E | (F = 39.49 »
p <.001)~ TSTEMEEZEES) | (F = 11.90 »
p=.001) @& ESFISTEM | (F = 17.70 »

p < .001)» LUK TSTEMZBIELS | (F =
18.30 > p < .001) B HEE 5 1\ S 4 4
BRIEAN o AT g 4 B B B A A2 A 1E R A
Af% > TSTEMIEE4E | (F=4.53>p =
.037) ~ TSTEM{E & HIEME | (F = 39.41 >

2 HmiHDHTERS

i 52

BB

p<.001)» DUF. "STEMEFAGHEELESY | (F =
16.45 » p < .001) 5 B 5 A I AL AR A %
F(A1%3) -

FR B R A {E S — BRI T
G s 5 STEMEUEEA A | 4 » W4
HEHISTEMEE IFNZE B - IR AT S
T BTERA SR Y STEMEE BRSO
PSR A AT FRIR(F = 4535 0 p < .001) (4
%) -

— - BERE4LAZNERAERRE
ERISTEMBZ N ATESTEME
EREREE
RIZ B b dH H A2 AR G ~ (B RIGs 25EE

FEEEE A EHER . RUE DA Er

EL# 73 #r7A(Glaser & Strauss, 1967)53 878 1

BHERN A AL -

(—) A TESTEMS ELE I &
TEMERYE TR ~ (B A3 2 E B

HYSI X o3 - Wt oe & iR an B B F AR SR AR £ T

SBIEHIFAA Nl =14

LEFEBREEBEM

H RS A AR (E R P Ig 1R 2] > AT
aca T HVERIR (R B 2R —Bh IR % - B
EEREMMEEER > BRI AR
Tt > ATDEISRREEEN - B0 -

S1002 : T fF 5 prigaieand & A

ESSi RS BEEET R inE T
S0401: TA @B RLLXEF Fgenp 50 2% 7Y Le P %HH FEEE  2EHLA STEM£:Ei
i

B-ihi:EFF % o (IS109112010401)

SI103: TAEWA ¢ enL ¥ BB § iFIL > F1 2 2 5 epf@z GEJHET
R g RV R & AR

S EY RE R UFE L ¥

AR STEMEHUAE

ouf

BRLIZFIRAEF A A D R TRMNDPEG > AT EE T

# o | (IS109112011103)
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ﬁf‘ﬁ?ﬁ’ﬂ,‘j‘ T AR AB - IR BEFET AEFL PP
e R EIPE I A B R G - BREE 0 & ; (1S109101041002)
Lidp > Rgfek it > 2 S0803 1 A4 ghpehph F 01
EATE o i g g BEAE S AR T %R BT &
A EEIRERE  ERALT TeB F L BT P E
73 : @PESTEMBE S ME MSTEM B MEEHEH DITHER
4H ATARSS RATIE SRR
[e ON 9] (FEE) (FEE) (B Fop N
STEMEZE 2 ELE
STEMEREZ ) EERH(n=49) 22.92(541)  23.47(6.31) 23.18(0.83)  7.57  .008 .096
YHE4(n =30) 2072 (4.68)  18.64 (5.54) 19.21 (1.17)
STEMEEhEE  FERdH(n=49) 23.04 (437) 2431 (3.64) 23.97(0.58)  39.49 <.001 .367
YHIE4H(n = 30)  20.16 (4.01)  16.88 (5.14) 17.54 (0.82)
STEMIE#EE BERAH(n=49) 19.63 (4.26)  20.06 (4.52) 19.81(0.63) 1190  .001 .143
$HIELH(n =30)  17.72/(3.89)  15.52 (4.84) 16.02 (0.89)
YEAERESTEM  EERAH(n=49) 1429 (345)  15.02(3.27) 14.83(0.48)  17.70 <.001 .200
HHE4H(n =30)  12.36 (3.04)  10.92 (3.67) 11.30 (0.67)
4asy HERAH(n=49) 79.88 (16.05) 82.86(16.09)  81.67(2.30)  18.30 <.001 .205
WHALH(n=30)  70.96 (13.28) 61.96 (18.40)  64.29 (3.26)
STEM H $RAUAE
STEMIE[AE4E  EE4(n=49) 18.04(4.61)  17.71 (4.87) 1749 (0.66)  4.53  .037 .060
AL =30)  16.08 (4.58)  14.60 (4.74) 15.04 (0.93)
STEM{S 2 BligfE  BER4H(n=49) 3122(5.39) 3237 (4.98) 31.91(0.80)  39.41 <.001 .357
BHE4H( =30)  26.16 (5.72)  21.88 (6.60) 22.78 (1.15)
STEMJEFIBURIE  BERH(n=49) 1243 (2.90) 1241 (3.43) 11.96 (0.40) 290  .093 .039
HHA4H(n=30) 1044 (3.16)  9.88 (3.26) 10.76 (0.57)
4 sy FERAA( =49)  61.69(10.24) 62.49 (11.44)  61.03(1.61) 1645 <.001 .188
HA4(n=30)  52.68 (11.71) 46.36 (13.25)  49.22(2.31)

I 010A/NEERE St
analysis for the behavioral sciences (2nd ed.), by J. Cohen, 1988, Hillsdale, NJ: Erlbaum.

059 B RUER 5’

A38 R RAURE >

BRI 2% 5 Statistical power

2 MHASFO A E R A -
#4 : BPAESTEMBEDRITRHEHDITIER
NS e SRR
[ 0N ) (SD) (SD) (SE) F P n
STEMZ#HE S84 =49) 7.92(1.53) 937 (1.73) 9.04 (0.29) 4535 <.001 386
EIELH (n = 30) 5.35(2.55) 4.77 (2.44) 5.39(0.42)
oo’ 0108/ VR E 5 059 RRURE s 0 1 138 B R B - BRIV TS [ Statistical power analysis

for the behavioral sciences (2nd ed.), by J. Cohen, 1988, Hillsdale, NJ: Erlbaum.
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S0102: T} iz BaaAgmp e
i s PR S
ek AR AdkAim o Bl A
2E¢ AR FERAEL o
(IS109112010102)

S1002: MTAFEFRFHMAREL » #
RBEEETRAANLZF2I] 0 A
mrEAREES L o BEFHRET G
FEH o Y EpER Y BN REAR
faE % 4=k o | (IS109101041002)

2IEABER DB EMENNES
EEAR MG T - 572 NEE
MR ZERE B T > HIRRIY EH 2AH
0 PR T MR N R SR E
HYEE 54 & T8 AR HAN SRS - B8
HIM IRV ESE R AR th EIRF T -
S0304 : T #cH 4F 0 BAR A Y v
A BUFH bl > AR g E L
oo R ERL T PRS2
Fomwaiss o YiaBEkY K EY
RBEL Y BB RE T
XS g4F o (IS109101040304)

S0804 @ TARE=> X4 %47 » AF

pEB AHIE T2 A ETE
TEEHE L VRT R

F oIS RGN AR A 4

A% PRE < (IS109101110804)

i

EREHEMcTighe B Wiggins (2012)57
Ry BB T B A 5 | E 22 A DURI
EEWSHER > TRERETHEES
HIRRE - HEORZBE 2 — A IR g E%

7

Ry =
B L

w5l #FXla

Za HR G NHYZERE 5 — {8 2 H AR AV R A2
% et (understanding by design)5&EEi% 0 [ E
(essential questions)AJEZEME » [MEFAYIZ LM
RERRE R R A B AR S [ PR - MR
R ZH YRR o ASHH 72 ZAE i B o A B A
ABHISTEMARRA AR AER R - EEfsE=
BEEE TR T E R ERNE T
A DRI EEE BB A - IR
A5G| EELEEA e 2 B % ZE 0 FERZ (McTighe
& Wiggins) » fli5 2 » AR BHAEHZ
M TR ) BEIPERAREIERSE - S| BEEE
"ERL N TER ) —BBERRSCEEE
RV B ECRTE - WS iR ~ B
BiEmEgh TSRS B BERA
2 rp R BT st S B 22 A $ ABR ST BRI R
H o EE I RERE o PSRRI
RA  TNEAN TR E A RCTEA## (McTighe
& Wiggins) ©

e Lt BB R AT A R AT DIEFER - &8
FE12 524/ N Y T B R AR s s L e
STEM#(EE | i#f8 » B —FREE4E/ESTEM
ELE 2 Bl R 1% 0 1% 0 70 B = i S B
B4 o il - FESTEMERE 3T ~ STEM £
HE2E - STEMAFRAEE ~ S HSTEM
VO{RE 7y (o) 55 B B aH B2 A # 2D - T LR B
HEAEAESTEME B FHENERE - BURBTETE
Frigt - 824 —FIE TP g SR 2 E R
[& ~ SRS B RERIRUAE ZT (Ainley, Hidi,
& Berndorff, 2002; Chang et al., 2007; Chen,
Wang, Lin, Lawrenz, & Hong, 2014; Chen et al.,
2016, 2019; Eccles & Wigfield, 2002) » H.F
S PRI R S B Y R ER Al e S L AE B N
P& EXBHERVER = » B ER MR ATR R
B o B IR RS R A A = Y
— BRI S gy I PRI & 5 (Sweller, Ayres,
& Kalyuga, 2011) - FH | » ZHE 24
T RRANCLE 2 A B R B Bt (A pE T il hh 52
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fix R BT - BRI B R LR
S S EIGER R ST IR R T A RE S [E =
H— AR B A A Gy IR i R AN B A
(Quigley, Herro, & Jamil, 2017) - ZR1f H FijEd
o AR BT R B A (R e Y s i =
RN EREAER R SBEIGA
BRI NS ESTEMZ B » ETHE
R E SR A AR S HY B

AT 5E 5 S B Y — (2R E R
HIEEERE  WERE P AR ES
M HASTEME 4 » 85T B C 4 RIRYIF ST
R EREMEERETUERSE (structured inquiry)
(Windschitl, 2003)f T gE{e #EE2 A= ¥ B2
TAEER AR o B PR R R A T I B R 1T A
MR AL (R FE I RE ST - BRILSD -
KRR BB I tamee ERISTEM 2 -
W47 R A (R e AR Y G B - R — B2 Al
R EEEEE - Bt ft B g4 4 TS B
RRE R AR R A AR B i Y SRS (Jocz, Zhai,
& Tan, 2014) » 5[E24 H O EHHIERE
R R - St BB BREREER
37 B e o s oK A = o EERAHERAE Ny
THHEEHCHEE  FEEEE SRR ER
72 (Duschl & Osborne, 2002) » 5tV EHFE
B T & Bh E AR B LS AR JE IS IEMEAYRLER
FEARHIE,(Lee, Buxton, Lewis, & LeRoy, 2006;
Zohar & David, 2008) ~ {84 | B2 EL F
i#fi(Jack & Lin, 2017; Su, Ding, & Lai, 2017) »
S AR B AR L H B R Bl KGR AE
(Chen et al., 2014; Venville & Dawson, 2010) -
PRI ATH ST 2 3 B Bp4H 22 42 JHMHSTEM 2 B [T
215 » IESTEMAY(E IR R th i S A iR
SHERAE » ISR EE T (deep learning) B {H
FFHETTHEE AT B HEEE (Neuman, 2006)
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e BRI BB IR - 287 5 A PR
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BAMRRNEEERNVEEZE - MEZE
ZEIBEHEE - BORRERBERTT - A
HYUSFE I 25 30 B FRAVE R I - P18 22
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TN S BB (EEZE R AR TT ~ A WA USRE G 2%
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2, WA TR RSN T A B A
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[Directorate General of Budget, Accounting and Statistics, Executive Yuan. (2018). The trends

in labor productivity, 2017. Retrieved June 16, 2021, from https://www.stat.gov.tw/public/
Attachment/11021135827ZX60WRYE.pdf]

=~ mEEK -~ 54825(2007) - FIEZERREEER ZHE - BE2HEF 2T 15(6)

613-626 - doi:10.6173/CJSE.2007.1506.01

[Ho, S.-J., Huang, T.-C., & Wu, Y.-Y. (2007). Development of the science self-efficacy inven-
tory. Chinese Journal of Science Education, 15(6), 613-626. doi:10.6173/CJSE.2007.1506.01]

TEE - PRILEE(2017) - PISA 2015224 195K - Hrdbi - LFE -

[She, H.-C., & Lin, H.-S. (2017). Taiwan student performance on PISA 2015. New Taipei, Tai-
wan: Psychological.]

sREL ~ BfEan(2014) - STEMZB S aeat ZBkaT © LURBETE BT BoT - BB A%
BEZF] > 1(1) > 2-17  doi:10.6587/JTHRE.2014.1(1).1

[Chang, Y.-S., & Yang, Y.-J. (2014). An exemplar of STEM teaching design-hydraulic
arm. Journal of Technology and Human Resources Education, 1(1), 2-17. doi:10.6587/
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Abstract

The purpose of this study was to explore the effects of a Contextual-Based Inquiry-driven
Argumentation (CIA) Science, Technology, Engineering, Mathematics (STEM) teaching strategy
on junior high students’ STEM engagement, STEM self-efficacy, and STEM competency.
Forty-nine ninth grade students were conveniently selected to participate in a 12-week CIA
STEM course and chosen as the Experimental Group (EG) for this study. In addition, thirty
ninth graders from the same school were also randomly selected as the Comparison Group
(CQ). All participants in both groups were evaluated on their STEM engagement, STEM self-
efficacy, and STEM competency before and after the CIA STEM intervention. Eight students
who scored either in the top 15% or the bottom 15% of the pre-test were specially selected
and observed weekly. Individual interviews with these students were conducted at the end of
the intervention. Based on covariance analysis, EG students’ mean scores for STEM learning
engagement, STEM self-efficacy, and STEM competency were significantly higher than their
CG counterparts. A continuous comparative analysis revealed that an open learning environment,
challenging tasks, cooperative, and friendly relationships affected the target students’ engagement
in scientific activities. When these students received affirmation from their teachers, their
academic performance improved and their STEM self-efficacy and STEM competency improved
significantly. Furthermore, through the interactive dialogue argumentation, students’ scientific
conception and high level thinking skills improved. The results of this study provide a fresh
insight on science teaching and related studies.

Key words: STEM Self-Efficacy, STEM Competency, STEM Engagement, Contextual-Based
Inquiry-Driven Argumentation STEM Teaching
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