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Development of a Contextualized STEM
Interdisciplinary Problem-Solving Skill Tool
for Senior High School Students:
Utilizing the Nanfang’ao Cross-Harbor
Bridge as an Exemplar

Kuen-Yi Lin Yu-Jen Sie Ying-Shao Hsu
Po-His Chen Hsin-Kai Wu Kai-Lin Yang

A challenge in advancing STEM education is the absence of appropriate
assessment tools for evaluating the learning performance of students in STEM
courses. This study aimed to develop an assessment tool for the STEM
interdisciplinary problem-solving skills of high school students. The Nanfang’ao
Bridge serves as the case study for this tool. The proposed tresearch tool consists
of five dimensions: contextualization, analogical reasoning, predicting, quantitative
thinking, and reflective ability. The study surveyed 844 high school students and
employed the Rasch dichotomous scoring model to develop an effective assessment
tool for the STEM interdisciplinary problem-solving competencies of these
students. The findings suggest that high school students need to improve their
competencies, especially those in predictive analysis and reflective ability. This
study also discusses potential limitations and highlights critical considerations
for future investigations in this field. Furthermore, it provides recommendations
for classroom teachers regarding the implementation and integration of the
assessment tool, and the results serve as a reference for future research.
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—= DL —
= AlG

BHEE—FR S —— THE—8E2HE (Science, Technology, Engineering,
and Mathematics Education, DL TN f&if STEM #(E ) HF R EHEH) STEM
HE MR HRE - BIRS EHEE) STEM BB EEME 2 — Bk Z#Y)
MURFE TH » DI HE DIFF B AETE STEM SRR B E R (Gao et
al., 2020; Kayan-Fadlelmula et al., 2022; Margot & Kettler, 2019 ) ° SR
2 STEM #F & TEMFEFK .2 — » fEAHEE STEM B EMN HER
HOOAHE - HIRE B STEM BB I E © Gao ¥ A (2020) 3 538K
TEIH T STEM BE B8 B AR a i€ 2 [ ) g A » — {1 17172 DA B —fE I
B~ HALAEE R - BB ERE STEM g (1 B — BB s
BRI B o FH TAEEET DS R AR U B R R AT (Becker &
Park, 2011; Guzey et al., 2014; Sanders, 2009, 2012) ° [fi 54— 1 i ] {5
T B R B P S IR (I RE 1T o AN FF 22 B S 108 A AR R R o
REITEEL > LIRS 2 524 JE FH B sH BURTER I RE ST (Hurley, 2001; Moore et
al., 2014) [ » A FIBE B ZE R STEMT R TR g A -
R kg 02 T STEM SR EET T B A R AIRE I B IR 1B -

fRPE STEM ZUE FH B A 52 1Y SRR [B1 B 73 A #5 H > @ 51 STEM 1Y
FHRAIF7C £ A8 a2 (Al STEM RUBS EERMRHIE » B R T2 AR B B2 R
R~ DU ER STEM B3 fEIBHIERIIRE 1155 > LIVERS STEM BUF HiE -
SRT » @AWY STEM BUE MHER I F2 AR 2 (S B35 B — EERLEY RIG8k f [70
B — B 1 2 1 170 DA B B ZR R I [ 55 7 T EA TR R - e R
T i o8 A B s B2 [ER DA ISR EE R STEM #F & TH »
DU B2 AR 0 5 B R B2 T E AR BT UL - TR RGRAE ~ 322 - BET R
AN—EHIRIT > tHEFS STEM BB BRI —HIBE o KM - RARAEHES)
STEM # & WA » fa] i ok B g B ik 2 5@ U1 3F & T H DIFF & B2 7
5 RS BT F B o S HE B STEM ZUE IR T i FL o2 78 v IR A e g ] e

(Herro et al., 2017) °
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B 7 B A MR AL BR A AE STEM BUE YRR » STEM BUE WU
FeTR BRI B B HUE A AUFE S T H o DUSE S U (10 FF &2 A 1R S E I
FHRIRI « B > BFEE T A MHBRAM 7eiE 21 HEACRRBEGE T80/
A EEB R E TR ENGEE TH » DIEF & 24 B F B o
K% IEE ) (Amalina & Vidakovich, 2022; Priemer et al., 2020) ° [fi f%
TEBRAFEUN STEM MEM LT ] TH » L MAHFRAFNA
FEYI A - L ERSE 2 AT A 4 — (8 A AR E S > BRI SRR AR
A FE T I ) 77 5 B R AR SR A B AR A Y STEM R AR IR EE ) (Kind &
Osborne, 2017) & [E4f - WA B F BEAERERIER ~ BIEL ~ TR BEER
I REARPRE JIY A » SRR SE 8 STEM 5 fE Ik I RE RV BE T » LITERS
BEFE THERE (Lin et al, 2022) © SRR AEY A - BSHEK
STEM i i R 7F & T2 AN A £ L — A R ARERET BLFF (i ( Amalina
& Vidikovich, 2022; Chusinkunawut et al., 2018) °

HE AT AREFFERRATME STEM BB B Z B Y] & T 2R -
HERIFFE I AR 5R FE 7 Brl a8 — (18w 373001 22 20 1 S 5 B (95 B o 8 e 2 B Bk
REMETRBE TTHIFT & T B - (REBI—F5e H Y » AW e : (—)
DIEEMEBEREHEE STEM REmRRGE 17 E TE 2w S 2
(=) IE—@saE STEM REMRRE HFFE TAEE ~BERM 2 (=)
AR I — B S STEM R REMERAE 113 & IR R BUEE B 2

5~ STk

— ~ STEM ¥ & H i

BE STEM 28 BB @G 2% W2 R 1
FEEESE STEM & 17 25 MIE I » 502 4121 R4 STEM BB 13 R 2
FSEE 47 EFE (03 30 (Tanenbaum, 2016) o (147 26 B 7E HE B STEM %
B 0 B AT 3% STEM A B3 A ~ BRAL STEM %I A A
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(IREST ~ BE AT A 240U STEM % 2% » LU GEE % o M sl 55 B IR
% A STEM #EI% (National Research Council, 2011) ° #Rfi » AN [E 38
BHE R BE LT STEM BB HIFE LR > EVRe S B3 E) STEM
BERRETTR > EMAAEHESERE T EEZ 2 N (Holmlund et al,
2018; Thibaut et al., 2018 ) °

HIERATHIMKRE » STEM BENEAREEHE 2 —  SEE
B2 STEM T3 1 B — BC0E 2 I N A 13 © 40 > STEM BB IIH
ST TG R R 2 BB SR B2 A3, (Becker & Park, 2011;
Guzey et al., 2014; Sanders, 2009, 2012) » & /715 LL STEM BB — K
B HMEEAE (Gao et al, 2020) ° HIt » FLEEHFEIGEE
AR STEM #EEIESHEE) STEM A E M EELEHE - R - R[FEE
HHEPE#E STEM Z B A R HEMEE > HlA Tang B Williams (2019)
g STEM ZE W IHE SRR AR R & - BRI FEE - THEARED
Fe BB A G AR AR o T2 MEEX v 48 M E R HIE 3 STEM BB FlTRES) 1%
IR E E RS AL B B 5 BE /) (skills and practices) ° R IE » #
UENA S AR R STEM BB 2 E B Br T BY) STEM 7H I8 1Y £135%
B 24 > BEAERS BT A B 2 AR A B R R SR RE B B RE

LREEHEAIZRE - EEEHESE STEM BE W - HEPA STEM
I ERET AL Z B AD - mIEREREANAL - B
B ATEE = STEM fHE TIF » EBLE® STEM BEHEE » 5
B 2% H 2 3 STEM SH U BUERE A 8 AR LI > BB HE 2 8
7519 STEM AT A (Raju & Clayson, 2010) ° [KIit » #F% 225 7t
B RGBS STEM FH U0 IF 17 B8 & LR {3 STEM Hik IFE L 17 45
¢ R EREARE STEM BERE SRR > 5 LEZHEETZS
BiLjit [ ~ 2 PR EEE B) # STEM BB B 4% > RA — L AIREE R R
[ STEM E{ENGEIE STEM REFEE1JBI%4R (English, 2017; Ho et al., 2020;
Lin et al., 2020; Lin et al., 2021; Wahono et al., 2020) ° Martin-Piez 2 A

(2019) {EHABREIIHTHIRIEF thIE - &K FIEBR S8 75 1E & 77 g
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HLTRHED - B& STEM BB GEH 5 2275 & 115 STEM 247 -
Tt E STEM BRL R RN ~ S infiT#E STEM B8} 1) Bk B 47
A0 0 AR R EHE STEM B2RIIEMARRE - K » TEEE A HM
STEM # & & HEW [ 2% % STEM fEIRE Bl r A A £ AFHM TAE -

HIERESTHIMIZKE » STEM BB T/ i EZ AR FIEHE (4068
Ui~ BRIRAE ) TEITES PR - 38AH STEM BB EE EPGEE
BEAEEIER T RS R RRE ) - I - 3% STEM B &
(I FEEEE FEHT > STEM BB B EERE 2 24 1 21 HACBHIERE /T (Lee
et al., 2019; Lynch et al., 2018) » i Lin % A (2022) 7087 A [E B3 SR
% E STEM #UH B2 21 MHACRHBERE /) U7 I - this AN STEM BUE 1R
=M EEEDEEELITRE: (—) REE2HGEN: (Z) M
Mae sy (=) A&/ (M) @EMEST s (70) BIZES) : (OR) ki
Re ) () MAMEEFZES 0 (V) EBERGERER RS - 1t
FFE BB KAG LA R8O I G BLGE J7 o B o IR B e 3F 2 B2 A B
BRI ELRE B R o (R R AR BB S ) B B AR (National
Research Council, 2014 ) °

WEBBE - B S EAHBE 8 )& R s NSO is R TE
FIZE A8 B HBE (Marope et al., 2017) » WIL—2k » AT LUSSNRE SR —
HE RIS > BB TR RS e s S BLE A A ~ Bire - B E
RO Al 2 T ME R AT S BB 2B 0 - Hodb > 357 % STEM BB i &
MEEEER > R ETRER > IS EE M ERSERNE
DA 22 B 5 | 36 B2 AR 5 S el ] REL R DR M BE T (Huurley, 2001; Moore et al.,
2014) o R KRR T E A 5 2 W 5o A TGRS Q{r] 55 22 22 48 15 1 S ) ]
REfRVRAE ST » DI JE STEM BUE HIE AT M S e EMEHEE T
HEAT R RE MBI A o #8 LAt > SEEmIEERA ~ R ECE RE I
MR AL STEM BUE B AR » B LLH R K2 /8 STEM #F & T B2 T B34
YIRJEREE - JoH A STEM I fFE IR RE MR P68 1 /7 1h - SR (15 I8 a0 fa]
HREYIFEE R TE » DI EE F AR 5 HRH B ALEE I RILUEIE -
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—~ STEM #F & THZ BRI K

Nadelson 3¢ A (2013) HIWFSEHEH - A E 40% 1Y E Al 78 £ kD
STEM ifI2[UFT & T H » KA BT &L (E STEM RI2 I E R
(o R - R SR B AR 7E STEM £ JRE F o S 2 R [R] 22 R & 1
BRFLIE (Asghar et al., 2012; Dare et al., 2014) ° Harwell 3 A (2015)
W BH AR STEM BB R AN &M &P H 2R - BHR D
TERIE A FE T - AL A0 o] B 22 75 35 AF STEM aR 1% ¥ A A KT8 ) B
fiig ~ STEM B2 R} Z [ HF ¥ BAF% ~ DL STEM E2RFAIER U H 55 > &
AR EEMRE - MFL EMABERT AL EN STEM & LH -
PRI LUR STEM B2REANGS: - R HEE) STEM BUH 1 3 Ak Bl = e

(Margot & Kettler, 2019) ° JR[fi » STEM iF & (VKT HBRE ST
HEM TR HEET R T AR Bl 28 R F BR AT T AR A N AR A - 41
e SEETRER - BT HE TG - W LS T HERE - ATERA Y
e DIk STEM BEREZ N B A - 7TReHE GBI AR K STEM &
BHHEE) -

AL SHEFEENKE (WA - Bt - BBLURIFTESE) »
STEM #f & T B AZHRES RIS B B TR NS - fEIHEEin G
A AE S TR IEOTT A B R > DU RS e st AL HE S STEM BB 1 R

(Gao et al., 2020; Kayan-Fadlelmula et al., 2022) ° Z&{FI 5 » 41 4 2K
HEF 2 B4 %A STEM BRE BB & R #EE (Cantrell & Ewing-Taylor,
2009; Holmes et al., 2017; Kier et al., 2014; Sadler et al., 2012; Tuijl &
Molen, 2015; Tyler-Wood et al., 2010) » BURaA{A] g5 B2 A4 A #F STEM 1%
JFE BB — {8 /3 (B 15 HR AT 0 BB BEER A © Tyler-Wood 5 A (2010) {H&
%/ STEM 53 &% (STEM Semantics Scale) FlI STEM Hif 3 Bl #x [l 4

(Career Interest Questionnaire) 2 JH TH » Ht STEM ERBERR T
Fi 7 BRI > EE 5 B IAUTZ A > W0 TRE A (fascinating) —7F L

(mundane) 1 %5 FEZHE ERERTSHERIE - BIE - TR - B2
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K STEM W& ZE B % 1 STEM B BB B IR F s s B E L - N
BEEALFEZAE HRRE - RO - TRERE - a0 i
il © Tyler-Wood & K (2010) B T HFE EAHEIARTE » HE Kier F A

(2014) fEH Tyler-Wood % A Fr 8 B A STEM 35 2 & £ Al STEM ffi 3%
BRI A8 0 2 PHAR JE R o [RIIE - Kier 5 A (2014 ) F& &t & 37 500 B
afii (social cognitive career theory) > #E STEM MEBIBIRE (STEM-
C1S) » #MEEENEZHAEHRIEE - Bl - TENBEBRENH K
EE (self-efficacy) ~ THHARE R (outcome expectations) ~ HiE (goals) ~
BEN (interests) ~ [HHE K} (contextual supports) FIE AT (personal
disposition ) %5 ¢ {IE [ AT A o & A MHEARY STEM Bl Bl & R
T E o HAN] A5 B8 AR A R 2B B STEM B E B » (TR —
%77 -

At > HRRFRBEANAEKRE > EF RS EEE - 5 E -
HIEm RS - (HREE &R R » $H° STEM B tRI e EHIET(d -
TELEEE 2 ot X DM B AR 2 e R > BRI -
BRI T ~ TREERET ~ Beflr M ~ Bl J1 R R RERE S5 J7 T © W
FEA (2015) [EEERTEF RIHE 2B 7 AR 83 > IREIREEERRE /7 A H
BEAEEEEE —ERENE . 2o A 2 —HEEHE
2 BRI AN BB A CHE > B ERRRED > (1A [
B [ 15 B SO o T 9 3% BRI A R (1) B2 2F W] i B 75 ) B AR R e P R B )
FEH 2R (EERREIY E GO R R IUE o T TR E S R
Fits SR RES N R AT B4 > FHIZ T > - RAVERE T RE ELAH 55 2 1UEE A1 &
VR OGRS RE 5 i PR A A A B AR RE R > e T IREE RN E S > R
R EN BT IR S o KIME » (EEETHEFE LRSI - MBS & 22 A 14
AN H AR AR EARFRNTFER A - K > STEM 2E 1 &
JEEZ 2 2R ~ 2ot ~ BiBRURI R B MERY > FIRE » BEMFIBE LIFE
THEAYT AR ERFFRE R - DIEB AT A FRE T & ER
FITEE ~ ok R RERDAE 77 2 19RES) (Fang & Hsu, 2019) ©
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bR T RAREFF R/ B ~ Te XEAF AR EST STEM 37 & T ARHN
ZEEEIIY > Priemer % A (2020) ¥ STEM BH 12 i — ([ 7F & [ R g
TRRESIRIZENE > (R e B A AL M RE AR TR RE ) 2 B B H KB - LT -
Kind B Osborne (2017) £ T #HEE2 AR ERIGE ST - FAE T —(A
STEM T I3k i R e v e A P B A 2 - #E L1 B B2 B B A S8 =5 ]
B R B AR R RE MR BE T > SN 4R [T R AR R ) S A A Rt Ay (LR A R
R E BRI © Amalina B Vidikovich (2022) h[F B H5 Hi#F 2% W52
HEBREPHBRAFD STEM MEMRRTE LE > HAREREH S 11
72 o FIAn - Afe] 4 B — ER R 1 B R A B S ER R A B o DA 3% B E
I/ STEM 5 e Sk W RE R v 3F & T 5 o [R>S AT i STEM & T
BB B AR E o A0 A # B STEM 15 8 35 i R g vk g
(T & T H - DU B 88 5248 0 05 tH S RE R R RE T - {3 I B S B B
STEM # H i & HF PRI EE -

=~ STEM §5 bk ARE MR AE ) < &

K45 1l 0t (1) 73 B B R G > 8 SR AT AF 2R A B IS AH BT STEM 227
AROMAEERENER (BN AERENEEE » CHS UM RELLR
i STEM 15 AE 35 [l RE fR VR RE 1 2 8F & © Gao S A (20200 H 12) &%
STEM 7 BRI EdH# gl © TsTEM B2EEREMEH 1+ /7% i
G CH BN FI R EE A E B AT AT e 2B AR o fERT
UG B S s AR R R RE TR B L H 25T o tBHHETS a1 g5 22
ARG H % o FEFE FR A 2R AR A B A S R R AR R T B AR TR R BN T
% RARKFER STEM & T AHZER B i AR (Amalina &
Vidakovich, 2022; Kind & Osborne, 2017) ©

B —TT T PREL - 272 E iR I E I RE /) DIVE B -
fi e JTHIENR > FTLAFEH Lin A (2022) fERHEE ~ RiH - T2 EEL
ER SRR A FE AR AN (R SR ) R RE R R AR - G- STEM BB R IR
REfERRE J7 A HE EL AR 1Y) 5 TEBRSEEEALEE ST > BRANAIS ¢ (—) THEEEMERE -
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TE T H 5 ARG (R R R e G S IS - A {n] g 17 B DA H R RE A e )
BEF > BIEFEBENL O IIZ— - RS EEIEEE » S RedE
ST R S RE B 3 MR RE (Kirschner et al., 2010) ¢ () FEHEISMT ¢
TEfR R B ER T RE R ER AR AR EN T % 2S5
i 3 R B E Rt E SN R R 77 % 0 AT AR 07 ZE AT REE
SEBRIR L TE AR 4 (Olewnik et al., 2020) ¢ (=) FEFCHEM « 77 [H %
H 8 AR 36 AN (A R RE ISR FRAM 28 75 A0 ot i R 38 R i LA FE 4
] VR o 7 AR B rh > FE T b n B O AR - S v
RELIE 2 P ) B2 HE PR HH AR BRI 2 F KR - I > B2 E F A RE 4 Bk
FLHEPRRIRE ST 07 Sk BE Hi0 36 U $H0 165 5 G J Gk R A By et s 22 6L o T e )
FIRETEEH (Songer et al., 2009) 5 (I¥) EALEHME - 7EH S H A TGN
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fe 12— (Quinnell et al., 2013) 5 (71) EGES] : 1£ HH A G E
kiR B R AREER > RNEEE WA ISR E e
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BRI T EZIIHEE (Shanta & Wells, 2020) ©
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T6 1.29 0.09 1.04 1.02
T7 1.14 0.09 0.91 0.96
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LRt 0.01 0.08 0.14
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7 20.01

B 0.16 0.08 2.05
T3

7k 0.16

LRt 0.03 0.08 0.39
T4

7 20.03

HE 0.02 0.07 0.27
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7k -0.02

Bk 0.05 0.09 -0.60
T6

7 0.05
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T7
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Bt 0.01 0.07 0.14
T9
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Hk: -0.01 0.08 0.11
T10

peyis 0.01
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T11
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T12
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Bk 0.001 0.08 0.01
T13
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T14
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