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VA R 66y AloT/UX Z$y$ & B3 E o

1 AL Content

1.1 #F % %% Research Motive

AT & sl 3T A R A S & o3l oA > — ARG T8 2 50 B R AF R AL ~ A R LAY
71 & Sk et R s 2 BedniE M BIE T o ?ﬁ‘%ﬁfﬁi?% Attt > B AloT AL B s
HAEBRERFEEIRIAMBMESL S > REZEFATAAREA T B AY - BBRTIE S BT
WHE - H74 AloT & eb ¥ B 33531 B M 402 R AR sk 2 > BLAT AR & o3 3T B AT 5 &
TR EAME > hof TR AR IR E et A k"g’ifﬁﬁk 1B 5L e B Y JE ) AR Sk B RE B AR A7 ST A
RAEEE > ARKEAEASRIGAFETCHERE > BFEE LTI ARARLENES
B EHERAAT o

1.2 #t% B & Research Purpose
AFHESIHE AR A - BRIE A TR B R 6 SR >%ﬂ%ﬁ%ﬁiﬁ¥%%%7

FRAN TG B R sl B & 0 W R 2 SRSt B R A de B9 & 0 B AESRE AL é’($ FEUE
.4 (Computational thinking) 7F+ii%‘7?»ﬁ: BREy J o SRR A AGE B N E ARGk ~ 12 Ff]

#F RAMBHREE AIUX & 3kt B R AW BEE B e R A B s %%Q%ﬁ%@%ﬂv AR
Al 245 F @ﬂ%&ﬁ%’&$#%a%a BB 2 5 AR MR E G E S A
&R Ay o

2 SUEREET Literature Review

2.1 EHEH

2006 F-F M EAMEE B AR 254% (Jeannette M. Wing) #2 1 3% H &4 (Computational thinking,
CT) EREHEZTAMEKAZGRRAMS BT AR R - RLAFTRBEBAZEDLHEREX (Wing,
2006) » w A AR BIEMAS > CT A —EA MR B AEEHE > CT %—‘7&?}&$% At 71 418
AR B A > SR AT S 4o T AR e ) RAGA B ST 40 ~ SRR AR > A2 ARG S EAPTAN
HRFE s B REERIENLEE T P A CT RS L ERBELE *fii%rbﬁ;ﬁ (Barr and
Stephenson, 2011; Selby and Woollard, 2013; Wing, 2006) > 2013 5 Selby # & % UL & & B h
%4t (abstraction) ~ %~## (decomposition) ~ i F-i% 8| (algorithmic thinking) ~ 4-#7 (evaluation) ~ &
# 3t —H% AL (generalization) 2.k A B (Selby and Woollard, 2013) o

Hro o 21 W BTJRMHTAE 1 E R > AN AE ~ ARA R ~ B3 LRI BT E A
A #6949 88 /7 (Van Laar et al., 2017) > Yildiz $2 Saritepeci 453 CT & 21 & 2266 69 &



R AEFZE AR EERFEFH T P ﬁﬁ%ﬁﬁzi& b9 1275 & % L (Durak and
Saritepeci, 2018) o CT £ 21 ‘tﬂ‘éaﬁi-‘fiﬁ‘:'ﬂ'vﬂm% E]F‘J%’U'ﬂ- CREMAAMGREHG TR
RSy > EFBREAKRETERALK-12CT 20F » BeHb g 13 .5’»1\ CT 324 ae B3 2 4 Fo fig
RFEREARL T > 6 S SR FEKXEFERBCRAZANGA CT %X FEF o

RAAEBRGFRET HAEERSE - HEEY - MBHZFH X MM%QMQW&ﬁﬁﬁ_\
ZEARTEAL S BEH ~ ARSI~ BEAEZRAERA > BARXRLBEEF £
7 @ HRE IR S BGE AR AR o By ok s BT AR R R SHER T HE AR %%amm%
ecosystem) o P B & B R AR AZ HRXZBLART LA LFIEE > MIFH ~ HBEEN LI A
TR A, > ERIAAR MG EALSEH2E 5k 23 (Soetal., 2020)

$# B2 Shin #7428 CT 48 /7254 MIT B %4 Scratch #7428 (flowchart) éﬁﬁfaﬁﬁm >
HFRAZA A Scratch K2 F AR BEER > BB A RBZAARBFRA ZRAERI L
ARG EINRERUHEFFERFON > CT 2T AZRELEES > T’TM%'J)ﬂﬁiia‘a%ﬁf\ﬂikﬁ%i
£ (Shin, 2015; Tremblay and Bunt, 1988) > vA 2 4 #EK-F 6, 2% ~ 8L ~ B0 E
Yt o R ZABALHKMECE A A 84 (Shin, 2015) -

Kuo #= Hsu &9 [ # 5 AT | 692 % > AR FRIGE 7 XK ZE CT > m AR KAl
B > BT A T HA R F LRI HAE > SR MEL T > ARERMAAXEHE
A (So et al., 2020) o ¥ A % 82 2 4 (hackathon) 38 -F 48 AP VA AR i % F o7 3L F 09 3k
G BRBERES N ETELTHGEN > AFRIFIET ARG R IHIES F AT R
R WAARNEZHEEEA > ARBAA AT RIBERLREXTF6 7% (Liuetal., 2010) ©

Fry 5324 2 2R EMREHE > —ELHREP ﬁ%i%“ﬁik %i’f%%ﬁ%%
Eﬁﬁﬁ@ﬂ@ﬁmwmm,m%%ﬂm%ﬂﬁaa# DRRERE XL R IMERET X
£ 61 E % (Seidel et al., 2020) © Sein 45 & #H4& A # @J’fiﬁ"ﬁk 54 6 5% ,?1{%\?#{2/,%1’%135] fY & MR
(Sein-Echaluce et al., 2017) o AR EH T —BE TR AL > FIRERKE 5 EZLZARE > T
VABPEFARBEAR IR 7 0% o (B4 A ROBR L 72k (Wang et al., 2015) o 525 F 5L /8 T A7 =T VA4S 69 3T &
AEKBE > RELATHFEATERFTE > 58 KT 475 % (Davies, 2011) o

2.2 E 5% 3D PP B AEERE

8 AT B Hsiao 5418 M T d168 85 F R wg- 69 3D 2P 4T > ¥ B2 AR G 94
MRS AE TR FEREANEETREEIA > AR RO WEMS ERE PRELEL 25
HARIELRATE ~ ARBESIAX > M aTHFRERELES 3D §'J PP AT o AT AT S é?fa
i%mmmddZM%Oﬂﬁ?@ﬁ%%ﬁ%ﬁﬂ‘W%‘%%‘% Mg o kA i HEARAT B
BAFRARE > BHERREITSEE > ¥ Py Hun T%A#ﬂv&éﬁkfib(&—?—#}i R SR e fu;
H @fﬁﬂaﬂT%ﬁmzﬁ f&iﬁ,rmxn““ e AnFLAR > 4 3D PP AR R AR B KRB H A5 E > 3D FHp
PMH R HABHFRETALE ﬁ)’(&f@'iﬁf—_g’ﬂﬁﬁua » BB FAE694E 7 (Chien, 2017;
Chien and Chu, 2018) 3D 27 JE 50 £ 54 7 X A& BIAHERE P oF > $3-F o) R a2 0931

RREE A AR B FAAE ~ FHF ARG~ A E ST RO BT @ FE e > ST £ 5HEER
895 B AR R ~ AL R Befe 7T /869 A & 77 @38 Jw (Schlegel et al., 2019) o



2.3 ALFZRMHA

&R LRI AAEN AL & (Artificial intelligence, Al) BE53% > 65 9% g AAEERER
FAALFEN BEREEF - AvEES  REKESLEALREE Y  HEFILELT
st > $RE B RETAREHEE  ETEFEABRIRRPEK > AloT ARB 0 R#ER
S FER N FTE RN PRBELSR) > SEAYNTERARBRGBEREHEL  AFER
HEE[RAMFGLERAE > PR AR RS > ARG B AL RIFTE )

#2016 FUAEHEAZFZ AT FEATHEERTEE R4 A2 LR B 2000
AATERE App MR RFEALHK > £ 2020 SF4& #7169 737 R BB £y B Bz 48 7% A0 M 4 & 4R
B BEAEOAEAIFE - BAHAE - WB 4 (Internet of things, IoT) ~ 5G/6G i3 ~ 4 @k fHL
(Fintech) ~ &7 B # 1% ~ AlFHA - BABRETELABE - KEA ~ BAK - FEABREFBERT >
BALIRIFAIS AR SRR BAIGGT > AR A RBEER AR ERE LGB EAT —
B4R IR > PR EALE S HAARIER o

H
)
™

AMAIKSEAUMAL R RELA —BRETH BT YO AEARERG Al B
B f AL A A A b B A TS el R AR A o SR B AT ) ALR 2 HA LS 4
(narrow Al) ~ #4554 % 3R E L AR > B3 Al RECEPUH R 62758 G IR o

Al B—EALEA MBI AT R T > B EBHM B 09 B G ¥ R E BT A9 175 X B AR
(Kaplan and Haenlein, 2019) > stitA s 4775 1956 &1 John McCarthy % A > 457 B g8 F AT
HEFRE > AITAIFE AW ALFEZ RN > R d AT KETRARA ~ BIETR > (EHKER
IR Q09 2 LA PAT © 1950 K Al BRFAHAREALG BAZ > MERERPAFATR—RANA >
R by — BBy BIAFA L R Foid 6 )FE 2B B AR > AR A EZEMULA o

1980 R4 MR > A TREZFRMEH % RERKEAZH RS - FAIRA
IHEBEIAY RS T TRRZERABY TR SAREENEDEE > BKEEE Ra1RE
(Rumelhart et al., 1986) ~ % # %1 & # (Suykens and Vandewalle, 1999) % » #7782 & £l3% 31 5 =k
B RimERATISAFAEHA Al Mk B0k - AL FHa e (SVM) SR B HER B IR o

B ZE 2000 5 2342 5 =gk kAL 0 £ 2006 F Geoffwey Himton #0442 h K B 13 & 48
% (DBN) 47T FAb & 4835 64 B8 % > © RIR A S H - 2012 F Himton 894 £ 4 GPU+ K B £ ¥ 547
ImageNet K FHAREZHRI > ALFERREE  ALFE BREZHRREEEHERE
i o REE Y (Deep learning) AEE ZH 090 X > £ —EUA LV EEE KRG > HAHETE
BEHGERE - REFVAREGARSIEHSE MR —EREGATAVE @I » KL FE H AT
Lo FELREZFAHGRERIEARIEREZ TR A PREGIRTREE > £ A HERNK
#% (feature) o Bk » IRERATF B > HHEH LB > w1 o
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MR EREYEBRALEE (super Al) RAB—BHERRL > THEARGRREZHM L
TR AL AR BT > RAAEZ ZRBAME A (Human-computer symbiosis) #4X, > VX/\}%$%/\
AFRELGIGTHERGFEINAMEE - BMEEAITERE > FREAEE 2020 F6% A
T8 ~ AA 8935 s BHER ARG EHB R EZLOERERMM > Al ZETERR - %
EZRB -FELBAFELAY > AOFORAINZTENREEAETT « ERFLBAAIFERE
FIBRAE - 48T AR MR R P R E R MR B & o 9 1B 25k > ARSI R IR > F RN E S Bk st
AEEREHT > GG A TR LR E AR > 4 F AL FHHH (Human-computer
interaction, HCI) 483%sf21% 4 45 (User experience, UX) ZRAAMRK T E K > Alicd Al #
WA EZRE AN ERTEIEN > S B AVUX Ao k45w Al 24 & %91z B e a3y e o

3 #F% k& Research Question

ALF BB BEATERIM TR > FEITRAAXREZSFOBIAIFZEANLE
Sas 3R A B S e o S A TR 6% KA > BB RE BRI R ZRAER
FRES > BEENMATIFZRNES AL AT EBARE (Proof of Concept, POC) ¥ 8¢ » Bras
B o BRAS A G T VAR HAT > 2By & o B Ha‘r,ﬁ,,jgm/\ﬁ/ B s 3 S B R AT
FRAEAK Z A EF B o

Foun Rt AW EE FHNELEE AMALA AGACE ERE N D LIAR R 69T AR
% sHﬁ%%)\ C BEHiERRE ETG R ARXGBEREMR LT S - AR E LT AARE

R BT RS GERR R A B s ARG E T A aM BT RS R %
i%@%ﬁ@ﬁ?ﬁ%=%%Q%@%?%POC%?%%%\&W%%%\&wﬁﬁﬂ 3D B
B~ BB ~ B S R R TARR S o

4 FrRFEEH % Research Methodology

AR E LB LB AR AT FRERNRIE B4 > fe353 B4R %18 g A g
LA HL2E X PR R RREZIRE > 452 A R RS B I B %ﬁ?ﬁﬁ&

#B%ﬁﬁ}f'ffﬁfﬁiﬂﬁ@iﬁf > g11%'£%%%%ﬁn;i{§k'ffg% R

4.1 FRRHEZEE A

S B AR ZBALZ IR R AT ARPZ S 24 15 > B H H LA KA B E
SRR MR 64 o EHEHEAALE BRY AN RS > BEESITRELET T
5B B A B RRAR L HAT M 0 SRR A AT AR REEIEE Y > AT R 18 B o TR
Bl 2 AR Z R AT A S ERER AT LY > w2 BRAMAEM ~ FHAAEY
WA > BAITELTHERT > — AT RV RARME K e T E XA 3D FI9P3544 > B
fE LT &2 & SIMREAF L B A FBRE N B o



(a) LR G (b) &% (c) Ttk &
2: BB T AR

4.2 AR

At £ 2 R Bvh B s X B 2 YRR AMERE > F 1 AXAWHELE
BAGRE  NgRRETE - 2URESR AR GHETFX > REFHE TR PR AL
%%ﬁ%°%2%9&&@3&ﬁﬁ%ﬁ%ﬂ@%%@%&%Q“?m%ﬁ@ﬂi#p&%a)d
PR A E R SR ALY AT AEBEY S MBEAREREL - 5 10 2 17 B A

B3R SR S SRR B A A BRI A A AR 0 ARG S AR S S 3D FIEPRA o 5 18
HEMRBEERREFRTEDRERABER TR c TEARBMARSE > B@UFAHEFMA - Z2YN
BRI RERTERERZA LSRR UATHZHRG - 2L H8 T KN4 54
5 EARA SLIRAEBRZE > R HAFRAR o K 0 RERREAKE I LT Y F— Iy 5 H RS o

4.3 FATHE

AR E AR R A B2 H AR L2 H R EE AR E R o AL A Ha] B4 48 St e sk ]
ER Al R R AR Bl B W R E & 20 TR > RIBREM A ARBE T F AR R E AR T
B R TIRBHAZR AR B 3R RIE o B IS AR A EREHTEAL > ¥ aihA%%%m
Likert t2 2% 7 X390 > 2B XRACHIMBZELEE > AFEZEEHEHETAL
M ATEEEREHE &ﬁ’ﬁ<mﬁiﬁg2%%&foﬁé?%ﬁf%ﬁég%’”WTu
TS AR B R 1E AR SR R -

a;

4.4 FHHAHT

$ﬂm%hﬁkk%#ﬁjﬁﬁﬁh$¢ﬁi%SMmoWﬁ ﬁ?%ﬁ’Aﬁgigﬂﬁ
SRR BB AL + R AT« AR BA BB £ R o MENEFEE T
HEF ML 10 45> WA P AR EMREIAZ Y AL > BHATHBREE gﬂ%ﬁi‘iﬁ
Bk Rk BARAL G IRIE o



5 #EYHE R Teaching and Research Outcomes

5.1 # %842

KL RRELFIAARN L ELL G LY AAMA I ERYBERER > 4052 E Hawn
T AR RAALL A aRE L2 > FHEAARG L ot h e AR > ik

T NG EARAS B A% R LB BB AS 0 IRGRAAR T BRI AR R P HAR A > MR AT AT 5 F 4
% 5 —ﬁg 3 o

(a) Wit fn (b) A2 5 E (c) Rl TPk 3B ek g

HoRuE MAT A RS Y H RS E o BYEE LI SRR A T RS
BIBEARAL o MH R ERMARAIRUHAE NN LT REREFERALT EA#BME T
Teachable Machine B ~ & & 2 & 8 5 IR E A > AF B B IR E H#4 E1% E Github F > B &S
Tensorflow £ mbot # & A > AR E MR IR E Fopr S dxf 2 TS & £ A 0IEH > HESE4
DNERE AT A% Ao TR A @ S MSEHAT > o 4 -

(a) £ FBALE BhEA (b) 4% AL SlskH % (c) 33 67 4 3k

4: KEFRRALE BMA

52 #HERR

HAK ARt AR B B AR E B R ARG AR ARARE B B &) R4
By R AR & o 4 38 e A AR AE SR R BRGRST IR T AR > MK A AR M MA RS R e
B S POC AR LARRBEMAH T2E > NRATHERBLHEIERETR > A% RASRFER
WS EHREE AR AR R AR T o



WA AloT 1% Fl & @Btk & A%t SRS MA R AR X ELLTIHE R
FREAE FIR PR M TEM G35 - KENRFLATLE ~ B - X B AL %
MRS T HE 3 W95 > BB B 8T 5~ 82 5 A T8 4 o E >  F
T s B R o

(a) K L] Stm3 ik (b) £ F AL RAR S R AE (c) X EF3LH POC L&
B 5: MRS A B R SR AR

(a) ARA R, (b) 135 F LA (c) - B AR
(d) -k B s R (e) HAFH KLY () BAER RN
(g) RAERE (h) AARERFET (i) # & B 1B

B 6: EHTHARET

53 HEmRMsE

A EHE AR B L Github > RRBERFMEHE—A— o



(a) Hovmn B BAIR MR (b) # A B IR AR (c) Hwda i B IR MR

(d) % =& B AR MR (e) % =—#Lpx B SLINR iR () F— bk B EIAR AR

() I-@izH3E3 1 (h) 4~ @4 #1332 (i) & BB AT A @ 3 A
B 7. #Az TR EERR AT

(a) AR E £ Github #8358 (b) SR F A
8: #sbiL N F M AR T
5.4 SRALE Y RRA I
FEARMEAT R Y RIAT R SLAL ] 3B A SPSS 4t ERE 0 SRR TR A 24 5 R4 BATH

&5t \?f)T J 'i’zﬂ']%‘ 24 A ATAT BT 34085 36.46 $245 BT 359 $ B 49.58 o B A E NS 50 4
88 H¥ AL A F AR Shapiro-Wilk 422 > 4zt & A8 war Bl 51 5283 R AIFAE M 5,149 - F



MARFEFEM > R T HAARINIOE R Z BT YA o mERAZABK A E R=557 > p=.005 >
EAE o BABATAREBRA tRESH > — REARAR T 0 1(23) 1B -6.242 > FAZ M E.0001 - F
BREREBE > ok | o RFP A GRTRI R AR EHARE A BE G RE > BT HHK T
Ao B a1 ] (49.58 ) RBAATA] (36.46 o) Btk > BT A ) RBE AP o

& 1t mREBEA tRT

£ 69 95% 15 B M

"i: agt;‘ ,1:_ fgii‘éani; 5F %E;-:E’l‘w_'
F34E AZEE ARERTFIA TR e t B WA M
IR 4
% -13.13 10.301 2.103 -17.475 -8.775 -6.242 23 .000
55 FHENEHE
[ el SRR S AT A | § AN TS S RRRTG BT ARG EAS 6
£ B X & 5 4F ((7-point Likert ) B8 > &2 3%#1 % 8= > €& 15 & Cronbach’s Alpha i #1.929 » &£

4
AR TR - MAEEMOHARLET > BRETAEE—ANHY BT 2 RAT > &4 HYHAR
209 % E AT T AN 596 ~6.21 XM > HRHEELTFHHS 6.08 -

A2 BB SRR M B LR

pa

M SD

LAIOT RERZETUR B AR L IRt E75 2 6.13  .900

2. W EE R ISR BRI U g 1R A B~ B2 E 2 621 932

3.AI0T BAE & Sl BB 53k 3R E S 575 2 6.04 1.042
4 AloT RAEZY FAF—18 &2 % Z B4 A A0 ? 6.08 1.213

SAIOT R ¥R R R E TR AIAHERA T HH?2 596 .806

6.AloT A2 895 4 ok IS K Bl & ? 6.04  .999

5.6 HEFHZERE
ARRAEHF B AT

1. MAEEREREA TR EEAARG LT EFEE 5 — WM AR R ARE AREE
FAIER > TR A A A AR R AT 3 Ao B AR 3 o

2. FARMAR 5 F 2oF MRk AR EAT P BRAAMHIAKRZE R E > EXFERTEATHE

A o Aokt AR TS AR RE S 0 RSV EN » A TAH IR E SR
AT 6 o



3. RAESBEFAE > £ Al IR HE@ANDEEL > FERGE SEEIM o

4. RALIEAT T 4 R B Ao FIBF K A BB A R — R > TR A SR A

% o

5. 2B BB > RET L he P A > Hoik Bl 269 300E ~ AR IAF009 28 Rk o

57 #4A 2V eE#
AT ERGHEA DHHE

1. AR AEBGHEEB A M RAE > 266 LRAZLRFRE - SRR AW I R - R $24% R
WA B —F 8GR - (CO30)

2. JRORTAAGREAL T /- 093042 - (2B L3R 2 VA T4 JE R 6950 A2 > 3 SR B 4522 W i SR 4K B
FEF R RIFRBAENMF S B RERR > FARTHEAR > A AR
BB T L % — 36 o (C055)

3. WATRAT BB E 1 JA3R A > FAF— I MRS > (2R TR 5 oF MR R M a7k & 4
o ERELEBGET R o ARREFBBORY M A ZREMAFR > LELAESREY
B A AR tm BRI S > BORFR A BN E A& o (C024)

4, HASEE—MBTA LT (25— ERGIRENT GRS MSRME Y AR > whERY
W RAFLRE > FAMERARLL 55 B > ARRROKERLME S A0 RIR
% BLE AR % 4] (C004)

5. ARTA K LB MR > A RARE > B RELF LG T BRLGRFHGFE
i > RAEBZ LA R S TR > REFA BMEVERROERIRA M > R K3 witiz
PSREYFLAE - (CO17)

6 ki1 4% Recommendations and Reflections
AL TR EIITHE  HEE DT

1. B 65 S35t TR
Bl S AR BAAF SR BT AR o R M BE S EY R BRI B B R AR Y R A SR RS AR
o ARRTT AR BN F GRS ARG DAYy AR F 2 2 %) > 3G RHk > R
RUEREN > BRI Z XM T L EBERNGEL > AEEKEEA -

2. BINEHRXEETH
T MERTFHNRFAELE > BENAZERAGEELAR  FTAFRBE BRI
—IAPE > UMM B LG LY /T RBRLEESREFGPITERL > RRBT U
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3. ZAER IS F TSP s,
R T & %fé BRI ELHAMN > ARARBEE SR E A4 - BT A A
B AT ETA LA RR o FaF > o F BB H dof A TR EGEF A > A A8 B 69 B S Jeel AR 4%
Bk RPFHERIF R IR -

4. FE SRR 3D PP 4R
TAEAREE ZA K OLEL 3D 25tk X 3% > AR ERIMRSH > REARERE
SoIRAVEMARAL £ 52210 o 3D FIFF T A A B BNR > BERAE > ME MLl 25Tk
B o EXEB PP H KBAEE EA @S LR o B HESRMAR T LA ok
AR E B3R EHIIR BB S H A B RV GRER > ’F’g Q #4 (doing) 72 & Sk
SPERARIEF E 2403 ERE > R EL 3D FISP Mt X AR A S B AR H B o BB R F ey Al
BIERE B 5% o

References

Barr, V. and Stephenson, C. (2011). Bringing computational thinking to k-12: What is involved and

what is the role of the computer science education community? Acm Inroads, 2(1):48-54.

Chien, Y.-H. (2017). Developing a pre-engineering curriculum for 3d printing skills for high school
technology education. FEurasia Journal of Mathematics, Science and Technology Education,
13(7):2941-2958.

Chien, Y.-H. and Chu, P.-Y. (2018). The different learning outcomes of high school and college
students on a 3d-printing steam engineering design curriculum. International Journal of Science
and Mathematics Education, 16:1047-1064.

Davies, R. S. (2011). Understanding technology literacy: A framework for evaluating educational
technology integration. TechTrends, 55:45-52.

Durak, H. Y. and Saritepeci, M. (2018). Analysis of the relation between computational thinking skills
and various variables with the structural equation model. Computers & Education, 116:191-202.

Fry, H., Ketteridge, S., and Marshall, S. (2008). A4 handbook for teaching and learning in higher

education: Enhancing academic practice. Routledge.

Hsiao, H.-S., Chen, J.-C., Lin, C.-Y., Zhuo, P.-W., and Lin, K.-Y. (2019). Using 3d printing tech-
nology with experiential learning strategies to improve preengineering students’ comprehension
of abstract scientific concepts and hands-on ability. Journal of Computer Assisted Learning,
35(2):178-187.

Kaplan, A. and Haenlein, M. (2019). Siri, siri, in my hand: Who ’ s the fairest in the land? on
the interpretations, illustrations, and implications of artificial intelligence. Business horizons,
62(1):15-25.

11



Liu, C.-C., Fan Chiang, S.-H., Chou, C.-Y., and Chen, S. Y. (2010). Knowledge exploration with

concept association techniques. Online Information Review, 34(5):786—805.

Rumelhart, D. E., Hinton, G. E., and Williams, R. J. (1986). Learning representations by back-
propagating errors. nature, 323(6088):533-536.

Schlegel, R. J., Chu, S. L., Chen, K., Deuermeyer, E., Christy, A. G., and Quek, F. (2019). Making in
the classroom: Longitudinal evidence of increases in self-efficacy and stem possible selves over
time. Computers & Education, 142:103637.

Seidel, V. P., Marion, T. J., and Fixson, S. K. (2020). Innovating how to learn design thinking, making,
and innovation: Incorporating multiple modes in teaching the innovation process. INFORMS
Transactions on Education, 20(2):73-84.

Sein-Echaluce, M. L., Fidalgo-Blanco, A., and Alves, G. (2017). Technology behaviors in education

innovation. Technical report.
Selby, C. and Woollard, J. (2013). Computational thinking: the developing definition.

Shin, S.-B. (2015). The improvement effectiveness of computational thinking through scratch educa-
tion. Journal of the Korea society of computer and information, 20(11):191-197.

So, H.-J., Jong, M. S.-Y., and Liu, C.-C. (2020). Computational thinking education in the asian pacific

region.

Suykens, J. A. and Vandewalle, J. (1999). Least squares support vector machine classifiers. Neural

processing letters, 9:293-300.

Tremblay, J.-P. and Bunt, R. B. (1988). Introduction to computer science: an algorithmic approach.
McGraw-Hill, Inc.

Van Laar, E., Van Deursen, A. J., Van Dijk, J. A., and De Haan, J. (2017). The relation between 21st-
century skills and digital skills: A systematic literature review. Computers in human behavior,
72:577-588.

Wang, D., Han, H., Zhan, Z., Xu, J., Liu, Q., and Ren, G. (2015). A problem solving oriented intel-
ligent tutoring system to improve students’ acquisition of basic computer skills. Computers &
Education, 81:102—-112.

Wing, J. M. (2006). Computational thinking. Communications of the ACM, 49(3):33-35.

12



	1b0931ee870245bc8d4e9914c2545a6b
	封面
	封面_成果報告
	實踐計畫結案報告_以運算思考導向的AIoT_UX互動與產品設計實作研究 (3)

	以運算思考導向的AIoT_UX互動與產品設計實作研究_結案報告

	實踐計畫結案報告_以運算思考導向的AIoT_UX互動與產品設計實作研究 (4)



