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Reflections on the Structure of
Mathematics Courses in the Era of
Artificial Intelligence

Jing Yu Tsu-Jen Ding

From the perspective of mathematics education, we analyzed curriculum
guidelines and revealed how effective course planning can better serve the next
generation of students. We compared Taiwans current 108 mathematics
curriculum guidelines with the 2010 US Common Core State Standards and
the Advanced Placement curriculum framework in terms of factors such as
objectives and core competencies. The findings highlight the correspondence
between the mathematics and information science curricula. Furthermore, the
article sheds light on the use of various teaching tools and their effects on
mathematics education. Specific examples of machine learning classification
models are presented to illustrate the foundational mathematics involved in
their implementation.
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T AR BIBERM AT AR IR o HK 0 AP TFE 23 S B ERAE AU DY B
T Z S W~ R EM - MEREAAEE PR T T AEBE
P ER AR v R (H R A AR B AUR R B AT RS IRTROK -
Ban - AP BRAE DA2 B 1R RS BB - 6l Ml A 20 ey 7 i b R o RREER
A T S B A 22 BB 2 TR R 0R o 2R BRI REAM S > 2R
ARURAI S B B 5 R E B2 R H R TAE - AERE IR R R 470K
REZ [HIHETE (transition of states) » JH:Hf i ZCGE G A JE > HE R AH 7€
B TC S REUAE AP (AR S S B3R AR - T 1 — 48 B B R A S R e P £
i AN AR » R 0 AP fRFE J S AR R i R e i B A & - 3E
e EEHE R BAELERIVEE o B3 B 0R 3 8 R it iy
WAL B AGIR R B2 - M HAE A - B2 he it 73 2 5 22 ] » 2%
MM > A BB R R 5T 2 s 738 — T - RREFS 2 A fR (b B i 12

I
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HRIETE B B

FHmPE BB R AR & - BEBZRE - AP (HE 3 e BARAR R B 5
Ji> B ER A e Y JE Y BB SR B (00 > AP RRAE SR = A B2 AU 5E
Bt RSB BEHAESRER T HA e MR AGT wmEHRE  &
B2 B B ENZ HLE IR B IR o L) - BEb A B AT FIEHR R
IR OBl B - IL > SR BER R AT SRR R + =
FEBHERMA 2E AP RIS RG - DR BN
B KBRS B B AR SR B R -

O BB

A EE &8+ — 5 B BB R AR A (1 s = AR AR > AP fRa o B R E O
BRI E B BER] - s T B BRI R R EE RO
BE ° AP RRAZ(E 4 W ERG 1 38 - Sx i SR MR 0 BOR I B S - B 2 2R
i e AL P R~ i A P P BB A R B R e DU R B PR A - R
AEREAE R B~ BofiE ~ AT (RBCEE) K 3R 2 TR 805 U468 « S
FOREZE ~ R HH B P 31 Gk 2 A A REL Y LA 2R+ IEREDE A /7 (> 07
dy/dx FERFTEIT A BLES o (£ B EE R G R By - BERY
BUERGE S RE ST o A N A i) 50 B B B ) B R O P T R AR
TEBRZ b o 38 PR TT Y %8 e (OREE S5 EUAE R 28 - o8 il 1T e £ B B [
B ~ Bl ~ AT B L AR 2 PR B R FE T 5 A - MHEEZ T - 2
O B 2 B AR AR O D8R 00 R P o i S AR B AR O i - (HAE
S B I R 1 b R T BN 45 - R H R AR B 2T 2 R B
WP BT B (5 P ) GBR EE BE 2E JT 1 o IAIOE - AP (R 3 AR B A T —{H
P2 HHIBERESE - AE ] DUE By AR R [ IR o0 A% D e - 3B RE
RRLER A A5 SO P R Y 2 I IS R I RE R o R T T BB AR A A
gt R aET BRI iR it TR EE - FERIREBUR A S BLE R A RE
TR G FETTIE

iR & AL RS R ENR ORRBERE TAZ — > RMAEZ 8
HHER AR Ry R AR EE R G B TF AR R M T BT - AR B2 BB L R 1 22
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o WANTEEAAEMRR ST o ORI - ZEIET % = BER B B AR T 1
BT = W] DUE R T BURGE B B M R (HE S 2=
AP {4 AB Bl BC) ° i&SEIREFRIER A w] LU GE P8 J + — 4R 15
BUOEERERA T BT 72 A (BN LA AR E2 A B2 25 At A
B —fERIRE » RBIREE ARZ AT O AP BRIERRM T - s 17—
£e3JE AP HIBRE EIFU A - HE B EH 1 M (UERHEZR - f£&
Mt E BRI R - HRUR M4 R — e BB - E
ERBBAGIG OER 2 — « —HIFIHERR - EES LR G R
PR AR ERRIEE BBt R A RS B ERA L A2 S
38R 2 3k AR 2R 22 7 R AR - BUR BRI B AR MEAE R AN
A o BEAE OSBRSS B LB R - BRI R A TP 1S T R e
K[ e B o

SR 5 B B B2 AR A 1 5 = BB M B R 70 R e R B ST B Y
R e g (B R AR BRRAAUAR 73 - 8 Rl g B A ERE T B -
BN RS AR B4 B g - 1R F - R 518 B A PR
SR AR N A FE Bk L B B B R 0 FE A
12D A TERE S HIRE O TR > RAEFE S SR IIRE 70 M BCER MR i - SRR i
fe b M PRERLSR » (H GRS — 20 A R 5 ik B B S RO MR PR B A s 5~ /D>
#f L’Hospital 14 Al S5 5540 Ol BT R > PURRERIRE R o 680080 73[R B
ANTEEE - BRZ BRI AT o R T R S o B AT
e > 8 s WA AE AP FE ) AB ARIE L AR 73 < ISt -
T BB R AR A R > BRI A AR IR R A R 0 REE K TR AR
JriEE RS> AB TR AT - R /PR /2L (integration by
parts) * iEsefE AP fffE > BC P BURAIEREfE > /7% o BT AL s 22
BB 2 — R AR EKBRME DY - EH S NEHEETE AP
R s> BC ARIE T » [tk - BB TCRIIA > WG Taylor B
f 2B Maclaurin B AT & - tHE AP 7> BCHI— KRB - 38
S T B ERE A B IR PR E MR AR TRERN A& ER
R - 17738 e AE + — AR B B R AR A TP P R e e
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HRIETE B B

REMI S &+ =5 B B2 AR 1 v = PR o0 AR Py 2 e L L e
P o (EL DRI R i 25 ORE 7 A0 e 8 8 G A 200 B () IO P 7y B BB A JiE U
ST PR AR 7 HUBR L BRI 2295 AP f(f5 /> AB F11 BC RRAE » ' 18
R R ANE - NMERRR B BRI TR - RSP EE S
HEERBGE A AT RS S AL E LN -

{h ~ AT BRI R T R — E AT

BT AT IS R 5 R B B U - R (A B IR B LR
PESPER A TR T A o 3 78— SRR AT SR —(E5 T
LIk AT #F R BUERBCE 38 - SAMFT RN 2 {18 8 B A B 2238 = 441
HEAT AL - R (8 A 22 5 DURK o 22 75 v Ak =5 A 21 {50 1 RS A B
FROEHE - H ARSI B~ MR TR (BUBRIAER) - DURBGE
BPARAE R o BRI 2 B0 770 o B DIR B R R L AT IR (R E AR
fift o Wi chain rule 7> T H @I RHE 2 B R » Hr - 5B —{d
Z R CRIRRTE AR AL - 3 B AE A i A By (T - BBCER R 240
e T AU R B A+ 5 —(E S 2 R AR AU B e 2 B s i o -
At B B 3 e T AT A R IR T 47 Ve Y B iy €1 = 58 W M A5 T DL BRAE
AT 38 5 T @ AN ] JEE ] S e B 2

= Rl CEIRRTERZ KR o RER R

I S 2 B 4 o e AL R B 2 UMY > S EARAK SR T
R S R 2 SEURE G B R PEUN - MRS 3 R KT -
BRI — R AR e 2 (AT > 308 RRIEE
iR BEE BRI S ) SRR/ - 5 B B EREE - W 2 (B4R ELU
(exponential linear unit) WO B MY AL TEARL AR » 2 = I8 53— (IR
R A 3 IS TT » L SoftMax B 6 L ML I L1
A AT o B 1 B0 T (A Python $ESHOES SRR B B U AR
B i R -
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model = Sequential()
# ST {751 2O

model.add(Dense(2, input_dim=2, activation="elu’))

# A —fEIESE - A5 2 (AR - S AKERERS 2 » EEIBIER ELU -

model.add(Dense(3, activation="softmax’))

# At - A 3 (AT - BB SoftMax

Layer 1 (‘dense’) weights:
[[-0.62866855 -0.8795535 |
[0.5303564 1.4903426 ]
Layer 1 (‘dense’) biases:

[ 2.7442696 -1.1798885]

Layer 2 (‘dense_1") weights:

[[-0.04085465 -4.42944  3.8439677 |

[ 3.2410345 -1.662833 -0.38140038]]

Layer 2 (‘dense_1") biases:

[-1.8881806 0.66835004 0.32566744]

/1] ] - 0s 41ms/step

FEHIAE R -

i A RS : [BE =105, HE =102

FEHIFEZS © [9.9988735¢-01 9.0585021¢-13 1.1260554¢-04]
FEMEHA : 0 (FEIL )

il 1 KSR RARIRL AR 70 R A B RIS SR

EME N 2 ERRET 2 AN > ZEREERS 105> HE
Ry 10.2 > B EHEGEIEIE HE W E KR o BRTEHIEL KR 5 9 LY
PEES RS 0.99 o B 7 THEIAS RIL - 8] 1 ZEUR 1 ARE T 2 Fa] % (I E A Y 1
H (8 MG - Hred s SE (E2) RERIELHEE - KA
fi> BEAR AR A P E 2% 22 B B E R N S R R e o AT - P R AR A
JERCTE - (00 B8 R I 252 A KRS > EDLER S ABER T H - i —
SR FERES (8 3) K 2B R B B 0% - B 55T
Rt A A BUE R T - thoRE BE A R il 8 Y % e B T 3 AR A T R

T e -
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—0.6 —Sum+2.7— ELU
) — 06— 44
-0.9 3.8

7N
Sum+0.7=SoftMax
N

3.2
0.5 % e
15— gum-1.2 3@4_0.4
T~ VAR
Sum+0.3=SoftMax
N

2 BEFEREE

e S — KR EIEE R 10 EEES -

SoftMax (ELU( [10 S]X[—O.é 0.9 14 12.7 _LZ]X[O —4.4 3.8
0.5 1.5 3.2 -1.5 —0.4

+[-1.9 0.7 0.3])

Hrft ELUM)=[fin,0) fimn0)] = M=[ny m) > f(00= (o), e o}
IE R o1 I o

£ £

SoftMax(G)= ¢ = < ] c Hr G=[g1 & & ]

ef1te2tes  efitetes  efiteftes

3 R B S

BEGE > FREE — A ERE R Ry 2 /7 PR B BRI SR 3%
(I8 4) - HiAr s sa BEE ) BUiEET 5 - b DUE @ g (L )7 SN R 3
BER O

fRIB B ZEG] - TR R A MR EF B RER T - E£RITE
R ERIE BT Al - R 512 7 1 B i B AR RER 2 & X s e
R > BER R e v] UK Bt 2 20 ot ~ I 2 S B s B A - S i

SoftMax(ELU(aW,+b, ) W,+b,)
el 4 BB TR
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R AR R AR b B SR SR o BLHEARET - IR i RS A s A R U
dE R o R B R U R R D RE R AL R ARG i
o AL ~ WRESE o A REPRE IR E S R AE - A BRI AR A
FEREEE AT EEA T 2R3 > LUK A B 2 O RE - EIEATEe T B
s B B S AR TP A R B s RO B v B0 > DUR i TP P B B B R R T
FEEL ~ PP ~ A B RAE A i B A Ml Aot B 8 2 i B R e U =
TIRCRILGE - E AR B 1S BRI O E G RE ) R R E R g
IR H R RE A % AR+ BIIA0 - 8 T R RS A % R A A A 5 IR GE 2L
1 S D i A R ) T AR 1 oy R BRI K (HERZ O £ R

(Bl A A Ao 1 QA B ) o [T I 8 B2 A 90 5 18 A 53 50 1R o B 22 At
& RBBAENGEARIREE T RIRIm N Z—

= B B R E R A

BEZE GRS AI T 3 Fet i (0 o850 e S e B 22 - 1R UK SR A s i
FIRERE R AT /K SR R PR R R A - R A —#E R AlE 5 &
R B s - B8 BRI - (8 D sl 2 AR > F i 2R 9 7k
REHREEAN R » SR AT A S d Py - e H A RSO CR

2l

> @

[

FHE 4
14 QD
0.5+
“ ccco | @y >
0 0.5 1 1.5
v e

5 S B RHEAT E



30  HFEwmE B B

15 B O3 AT LA (B AT R » B 5 Feo A P i 1
01 2 » AHLE 0 (RFEFIROIRL - BT 1 (RRFES IR kR
RS R B2 10 0~ 1 2 » AN o (REK R » WHSE 1 A%
KRR - T 6 2 AR ) A AR £ B -

[l 6 87t 21— LS 3 AR RSB - L — T W -
T — BRI 2 2 (G TE - — W - B RS
— (ST -

W S sigmoid  HLEIIGR A i - DAL 3 (HBSASAT &
TRk » 43I -

. _ 1
PEIE— - h(x)= 1 o CT9xH2)

P _ 1
PEIK - 4(x)= o Gox3)

AR =t flx)=—2.2/h(x)—2.4g(x)+1.7

Hers x (RRIEEHE » /(o) FURTAHAIKCREHEE o RS s R
RIFY 3 (BB 1E 2 A Al B T2 ATE] 7 A

BRE— : wi=—7.9,bi=1.2

B = IiE+(bs=1.7)

i
®

PRt w2=3.9,ba=—3

\ m wa=—2.4
sigmoid —
N4

fiEl 6 SAB1 — FAR A R et 1K il




T TER E AL F B — R A B EEE 3]

7 SRR 3 1 158 S o ek

7 35t BH RI] PR (2 0 7 3 ATl L R ) B B2 s - [ IR T R A
AR HE R P (5 HTHY chain rule 73 T E > AL AR ARAURE L B K%
(gradient decent) » FABUE AL i) 5 B2E b, RATLGEITREE o ]
(BB SR SR AU (R M A 7 AN E K i - 77 B O Aa R R AR By
IR ME » FEAE 220 15 e R R i T A (A IR R R M SE /G 2 b,=0 R34
fe 0 - A 8 A o f R AR CEALAUEE DU SRR - [FIRFES T Rk (KB
AP EUMIEN - DI IREERAR) £ Bl e - Felis DL 3 (& Rh R 1T R
T BRHNER 1R e

*1 HHIEE

R & IKREHE
0 0
0.5 1
1 0
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9 I8 8 B b,=0 T T > FEIKAIRMIE o FEME 9 7T LUSAT »
by=0 (ITETE T3R5 2 R TR EL A (x)=—2.2/() —2.4¢(x) +(0) » FH >
xe {0 0.5 1) HEHWETRE (EFHAEORE) » BEEERETERE
IR > R E— 2 KL b, B EME -

ANIFT T by B & 75 HAS (5] FEH B 8 > T A L A (] A T B
FE7E K B SSR £

SSR(by)=33_,(0,~P, (b))
1 P, (by)==2.25()=2.48(x) b, » (1, %5, %3)=(0,0.5,1)

TN

_— sigmoid ~
L -—22
BiS&—w=—79b=12 S~—r W

H& PRI = ¢ DIHE+(bs=(0))

BRIE "+ wo=3.9,b=—3

N _
\ Wa=—2.4
sigmoid —

A
8 HARE b;=0 FRHIG L BRI AR I

ﬁgl-- ) —_ f(x)

— g

—_— ) (x)

L5 2
k&

fiEl 9 SR 1% e {41 2 1T i e ]
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Oi BB EBIZHE - 2 &R =EAEH E /I ACRETRE > Pi
B RITHHE - At SRS 3 AR & {0 0.5 1) ATEFEHIRAIK
R - HE by, MARE > aJLREEEE > b, BUEFT ¥ FET) SSR
1K B P2 A0 1] 10 Fros e

10 H SSR {1 /Ml RIS B B /K SR T B T I K SR 22 S AR
(i /Ml > Mk S B R R > B RIS —1F b, B REE SSR Bl &/ »
AT HEST SSR BN EHT b, I —PE EEET & - K15 SSR #f b, IR} EL -
IER 73 ZH A chain rule #1738 BB R R o HEUERFRAXMT

ASSR(by)

7 2
LR SSR HURFAR K -

4(0~ P(h3)) 4 (0,~P,(by)

223=1(Oi_P/(b3)) db, 22 1(0 P(ba))

IRIB LRI AR > v DIKRAT SSR H1 > £ — b, B HEEA UTRR R AR
KIF% SSR MU/ IMEZEERI AR RZR G - FEHER BRI BER RIE R A IR AR
BERS 0 0 SETAT B H b, FEUE - (EIERE 7 A 1E 5 2 AR E ~ JE
RS IR DUIRE » &8 AR G R - TR] I ({0 oA A B R P B
FE(REE (gradient decent) FEATHREMAIRIL o B8 LR ENIMSES -

SSR
10\

& 10 SSR K BEIE
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TERIRAEMNERE T > E Rl R R - HEom P RER - il
EAEMRRS > Hogsn i Rwod - INIEAT DIE R IRD B (REH S E
BA ) P98I (R o

A5 = LIRS B PR ARV SR B A (% b (B AR B R AT
SR 15 SSR 7E b,=0 RFHJ YRR RLZR o
3

—ZE(O,.—P,(O)):—Z><((0+1.8)+(1+O.75)+(0+1.7)):—10.5
=1
MR AR LR ERAELRE D K> fEHE R 2EEHERET RS
0.1> KA RE -1.05 « #3& H I b,=0 I & & LUK 556 Z R B (1
b,=0—(—1.05)=1.05 °

B — PEBOR 1T SSR 1E b,=1.05 IRFIYIHRAI R -
3

—2)(0,~P,(1.05))==2 X ((0+0.75)+(1~0.3)+(0+0.65))=—4.2
i=1

BRI RIS —0.42 0 b,=1.05—(—0.42)=1.47 °

B UPEELK A3 SSR AF by=1.47 FFHIUIRRRI 2 -
3
—ZE(O;—P,»(I.47))=—2><((0+0.33)+(1—0.72)+(0+o.24))=—1.7
i=1

RS S RRIRS —0.17 » b,=1.47—(—0.17)=1.64 °

B TEEE R 15 SSR 7F by=1.64 FEHIUIRERIZE o
3

—ZE(O,-—P,-(I.64))=—2 X ((0+0.16)+(1—0.89)+(0+0.07))=—0.68
i=1

BHFEETIS FERIFS —0.068 » b,=1.64—(—0.068)=1.708 °
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5SS ER SR 15 SSR 1F by=1.708 KEJRIZR ©
3
—ZE(O,—P,.(I.708))=—2><((0+0.1)+(1—O.95)+(0—0))=—0.3
=1

FRNPERS KRy -0.03 0 FREET 0> INMifFEEH -

11 B3 1 AR 82 6 {12 3850 SSR e/ IMIERF » R R S IE]E - 8
TRHHANE] b, B FERY SSR YRR R i /N R e (A L o

Z BRI SRR AR R S B R M (R R & b
TEZ AP — H5E S D HEA AR AL B —H 73 FH I RE - ] DL B S 05— A ey
J& 4R SoftMax K ¥ » & 5 2 KA i AG A i i E O BRAS 0 A 3 L
TE B TR » 5 1A 21 (5 00 ek 5 0k O o I (I S5 U)o 4 L A AR ) 28 B
il o TECEE Mo P AR gy OB AR AT > SEAT AN B H SSR BN BGEA TR A2
b5 G A R A RE AR AR - (R 25 R BRAR o A1 1) e (AR 22
@ LA Cross Entropy dE1TH AL H > 38 TR B B2 B8 R B AR il
BLIIRE IR (ERR AR B2 Bl @ — (BB - NI B SR AR AL E H AL
B 7 BB AR i O B 2R > IR (A A AT RELISHY I o

11 SSR MR i MERTRIZR S (L
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HRIETE B B

P~ il B

BER R BN TR NIRR S B A B R BT a8k LR 2 B
BEGREIERG - BUERE g NS Ery—8 7> - i B 28 A&
R IR ISR BUERRE S T DURE L B 22 0 S A B SR T 52 BOER At R
RURVE « 8 LA TEMEHES) 7R AR S U3 - LR RER ~ Bl el T
Rt T RZAIER ATRE © 55— 51 - HRas R E R N TR 2R —
o3¢ RS EIGB AR AR E R - ELIRE BB IERE
f o SRR P R T BT e B S My o (E5E (EEFE T - HR e Rl
() TORAE ) B SR 1T I P B A Uk - B h A T i AR AR PR 15
ARS8 o 7E 21 THAC - PR E 08 A KH B BRI B A% It A7 L B2 iE 1€ -
WA 5 0 Tb (7 & VR S 3 RN A R 5 BB ol 11 el i ) ) RETE

T T B SR R A 1 R R B R 2 B — AR SR B A AR Pk
B o (HIRAMAE TR S AR B 38 » T2 7 SEAE 8 AU BB IR B
BRI » PRESAMA] 2 B AR (R A BUER R o [AIIRF » SR th BTNt i R 22 B
e R R AR R (Y SE B o ORI - BEET A BLENERE AT FHBH R R 2L
B Re AT 2L MR R L B BN B fE B AR
DR REBBURZ AR 2 H KR - FMMHE - 20+ —EE
= R BB AN SE I AP B ERE BRI I R R Z AR IERURE ST > &
BECE IR i St B A B B SR I B B R % ou R E - A
WA ER ST ERAEERRM B TRETEE - B R
B ER R = — R R AU B R AR o ORI 8 LERR AR AR B R R
IR B - BIREANATSE B AP B ERAR - ST AP BUERRTEH College
Board M| » H & BB A RBE & T - FRACHBIGREANME - &
R B R ER BOR (U R AT o SR e v B mT DL i A A B (i 2
ZFE AP FRIERIE A o 1M SR AR AE R o2 AP RRE s H 2R 2
B 5 H B THIRR E HIBR o i R A (8 A 7F £ B2 A 3 B2 AU RF IR
B thid BERBRINGIIZ2 % - @K PMEMAC T - AP SRR B2 I BR #
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K m R B ESREL T HRERE - EEHR2HE K
X SHER E S R AR AT I B PR BT IR TR RURRAE - BERERER AR R
MW SERE ) S IR BT B2 FR (0L 3 2 S0y -

LUT $ A4 H m fle i reg (03 © & o > B S SE B R S R
BRI EEE > FM et 3+ A BB R AR AR H LU T Y 4 B R
BLYGE AR

— o B TR AR R A
(—) BERHE LB

WERBLEF 2 HAMER R AN > HFFERE SRS fE I g fH4 - AR B % &
T 6] A AS R I o INIE - FEBCERRR IR ARG b - EIREE A & 2 FH Ry
i A SR AR AL A2 Bl D B2 B B B B o DASEIE 2010 SR AURRAA LS 41 - 8
DIAE RRA ) — K 72 B AL 7S R ARG B e > BORES AR SR R R R Y Y
AT RERR VRN O BT o - A R R A A A ) R
P o RRAMSRF A A R B AFEBER N R A F R ER o HAanApeE
B ER A B Y AR ARG () 8 8 B BB T R Pk — - TR R
BB R EE EE B HERRR AR » 52 B R Y
LG - MR PRI R B TR PR R BBl o DUBRR HAE B A BOER il 2 e 22
AR EEUE R iRV B R B ER A EENE - HREERETEA
bR BRI A B 2SS o T AR IS R R A A ] DL — @ O s
7 EVEIA AR B - S ET R - AEE TR R - Rt
RRRAEWE FrALRIRIES T - B DU ST SE B B2 FEAEAE Y o AEBUACRIB TR
HERERIRAER T BEUKOERREZ - ERBE R B W &
TR e L B A - IS AR R A B B 2 [RI A B SRR R - R B
Haf e DS BB BB —F o — BER ARy R A 56 S Bl JE Y ) IR
31 MM E A RE TG R E I AN A I - BB RIS 2 i o R A I
B s A RMH e 2R e S M ER R E R AU E -
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HRIETE B B

(=) R M

EANTEZIRN > BEBEEREERS A TR fEfT - &
HAEDAE TEFE EEPAET o AT R] LITE 2 DUER T I B P A 2K
PR TERE) PSSR E R R HEPE AR - ORT T2RFE ) nURes S HI
DRI HL Py 0 S SRl v 2 1R R O » ARV A L S TR SRR AR - (H TR
1 AE BB P AR R RE A AR BRI BCR © 18 — BRI ABUER B
A DUE 8 ATl (e A IR BRI RN o @0t S22 A B2 e - 37
EEER IR R R A > B B ER A DU B AR A A (L B R R B B o M
ANTRAERE M E A TRESEAVAE ] - MR ARIB R B - R EH5E
B B B SE E BE SE R A o (R - R (AR R B - HERE SR BIRE
P AR RS ) 38 S8 T 2 SRR B2 A B AR AR 2 o LA BS 38 R B2 AR S 2
5 FH B 1R B oh 8 G ] B B2 B AR R KGR U B e T » TEiE BRIV
BRI BERHATRIRE ) R B - &8 R B B R R B
A AT RDEAE » BATRE A Rt 5[ 8 52 A A BUER - BBl A 3T B 2R
TS A B R R o AU B RE - R AR TR o BHAR(E
PIBER S HIRIET - e TR - ICREEE RS R EER -

(=) R B R e R L 1T

HAE AL T —FE BB BRI T s > A B e B
JB IO 3R RIS A BRI RS o G40 - TR AR AR ER % ) HIRLE I
FEMEL > RO BRIE R BT ARIBBUER TR B A e T BIE TR E © BEPR
E P ASRE R AT NI o (HEREATRR AR — HEEEE L - H
1050 B 5% T 285 o W - e B2 22 BRI B0ER [ b - 380 1 v B B S 23R
T A2 I AP SRR - 8RS0 72 DA 5 R OK
B > $5AE > AR FE ST A EE B ~ MR Y L'Hospital’s ALHI » DLK
RN IRGH TR R - RN IR B2 A S % A B A B B R (R A PR
MANME RS SRR 2 A KB o 18 LEERERRAE n] AT AR — 5 Sl -
(HESR G BB SRR EMF R — D B YA - LIt - £ TEMH
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The Current Status and Needs of English
Teachers in Elementary Schools in
Taoyuan City Regarding the Use of Digital
Educational Resources

Chiao-Chen Huang Hui-Hsueh Chan

With the rise of the internet and Al, English teachers increasingly use
electronic textbooks and digital platforms for instruction. This study examines
the usage, teaching benefits, and needs of digital educational resources among
elementary school English teachers in Taoyuan City. A self-developed
questionnaire was distributed to 238 public elementary-school English teachers
online, and 182 were returned, with a response rate of 76.5%. Analysis
included descriptive statistics, independent samples t-test, one-way ANOVA,
and Pearson correlation coefficient. Key findings include: 1. Teachers
primarily use electronic textbooks. New features on digital platforms are either
heavily used or not used at all. 2. Connect aspect is the most beneficial and in
demand; Reflect aspect has limited benefits and lower demand. 3. Demand
for Organize aspect exceeds perceived benefits, while Extend aspect is the
opposite. 4. Homeroom teachers perceive greater teaching benefits and
demand compared to both administrative and subject teachers. 5. Middle-grade
teachers use digital educational resources significantly more and find them
more beneficial and in higher demand. The perceived teaching benefits and
demand are generally lower among senior-grade teachers. 6. Frequency of
use correlates positively with both perceived benefits and demands for
supplementary resources.
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CORE model

Received: October 4, 2024; Revised: December 17, 2024; Accepted: March 5,
2025

Chiao-Chen Huang, Master, Department of Education and Learning Technology, National
Tsing Hua University, E-mail: chiaoger@gapp.nthu.edu.tw

Hui-Hsueh Chan, Professor, Department of Education and Learning Technology, National
Tsing Hua University.



WIER - EAEE R T B/ SR Bk o T B i B AR B LB TR R

47

== e =
= AlE

LA
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Zu TAEHEM - DR E Bk - s S8 sk - GREE R LB
BLE R

HESRHLAIES - BOM EARERAIVERE - I EBHE SR T
RN E BN E ) - MRS TILIEA s A4 A B
W BB RGET R R E A E ~ MR A TR E B (BE RS
RIBIF] - FEEHH) - BE AR A i 2 E B2 R & o R
IR NE TR ~ bR 7 R BREES s BRI - R tEET
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Grjaznova, 2016) ° HH#8iE » BB B E G5 h DL 1% X 2 3L
FIERE BT~ B~ - BRE - SRR ~ W% REFE
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operation and Development (2009) HJE# » ZAl A4 H 22 E H 1Y
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RPgaaR - () BEEREETEERR - (O8) 2EETESH
LT TEZEWRG) (negotiation of meaning) MBS FEN H 13
Lo (1) BEHEESELIGE RiF 8% EH 1.2 HEEEE S5 -

## & boft CORE # AR A JIHUBUER IS » 518 22 L R i 22 Bl
BT ERE B, ¢ Chapelle (1998) WJEBEGRET 753 F (6 2 PG B EE
TS EEE S BB EE P A2 8 o RS T > BB R E R
ZAEE A ned iR b ALE) o 1R T 22 S5 B S N B B S BRI B
R B ZEE S B SEERAN A E R - TRBEHANEE S W A BB o WS
F N8 A AE B G A R 2 T 2 B - LB FIGE S 8 M 7 e CUE
o B o BT BRI B B BB R M IR LR B B R B R
M B R B N2

(—) G

G TRV B A BT B N R 2 EI R - O A EE S R R R B
FAA BIAS B ~ T S RNER RS R H RS L 2K > DI 7R 22 38 B SRR % - 9110
PEEEHCR A TKEE - 3 - 3 - BERES RIS EIKREES A

N ~—
N

I

H

\\E‘_}
=il

pu(
|
|



54

HRIETE B B

AT RE ~ BEE >~ A o~ B RE - SRR E I KRR, -
FIABEENE ~ i FE - sl AR SRR EERBNERTE
SREFHRNG - SO A W B2 A A SR MRS B B0 Fr - DA 227
i o

(=) &

A fE AR BUR A DU & B R BB HIIA S FI20HE - RS EE
A G PR AIRCIERE 5 RN - AR B EE R TP VLV I AR S R o B
a0 - B RE S AR IR E AR E S AUIE T 2.8 - S i B A AR R I
AR FEE G A SRR SOERG > HBTERE (LS E ST
B R EHEREENGE L LRe B RIUEE S A

(=) &8

BIEGIE T EEREE N E R - (T H S H P8 BT SH AR 1 1 DA
B > EEBEE S A B PR AR TR - f”;"éﬁﬁzﬁﬁ%i‘iiﬁbf’ﬁ
REHIRE ST > MRERIERAIAAL o BT > Bhlh B2 H S8 I ~ & dmvsE)
BRE SRS N EER G E T AIER - ML PEHFEE SR G g - A
PhE -~ FENGENSE 0 SR E QB AR S (A R - SRR
Al AT DARET B AL S o B - R A E AT A - 3T I RS R - £
Rt PO P BITIR S B R - REER AR BT S BRAS REFAEHATRTIE -

(19) &

FEAHEFE TR 0L 2 B IR & > AHE Krashen (1982) 5 G5 H
S fE LA Tiv1) GBS WA - 8 (8 Em A E S22 E H T HEARA - (A
SRR HEH H ATAYRE 5 /KR - DLEALERE & (URE 5 FIER A RE - 5%
B At (135 Py 2258 P 2N R IR B A0RE S B - DU R A AR -
pian - Bhmie SEAR I OB BE AR ~ WO ERS - BREWE - ATPESE
B EEHEL BALRIESE T RS - SR E &2 HEH
(G B - ANRTER ~ HEER ~ ey o DUEHER S E I HURE



WIER - EAEE BRI B R B o F B B R IR B Sk B8O

DU~ i o BN B A R BR 5

Moorhouse 82 Yan (2023) & T COVID-19 15 % & #E09E /)
o FE BT P B T BB o W AR B B R R A o
SRR T AT R o B RO T BB I K T B T B ] DI
BT - Moorhouse (2023) 3% 885/ R i 7 e 16 (/NS EE
FUHT R AS — BRI [ (AR BBt > B TEAME RSN - BHEETE
AR A B SR E > B M E RS R - SRR A
(IR ERE - (RIS IRIRR b BRI A R B AT B R RO (s EC [l
FIEMBERR > EAE IR E M ABABEER o I > Chen &
A (2023) fEREGRIEEFI LR (SSCI) Pk 53 MBI EFL BF f# H
BENIHFFE » #81 2011~2020 EHE 1 BT RIS R - &8
2 20 WAL 5% LISV B2 AT 2 E B R B R - HHE— K
F o EFEBAITTEER 5 MAE i S LAB/ N EEE R R T T & oK
LT ETRRIE TR fUEREE > 20T s E R (2023)
fift 9 28 B s e i B/ NS BRSO A TR T AR R G AL e E T &
St o A SRR E R 200 o 7 BRI HE - A B AER A RS 1 A i
B BB O B E 2 E G E RS A (2017) BIWFSE - BEGT BLm
B EE A (1] Fl Cool English (JIE 2 B AR AT o $FBIFHBAITFE > Moorhouse
(2023) [T FEC#E— 4 BEST BT & IR B SE3B BRI B 4 - 18 i 7E
K2 S MM F BaEs ~ (IR > H{ETE S — B P2 HE T HR
HWH 2 PR > BRI E AT DA B B B B R R
JeRE BB B A A TR ZE - R M AN T 9% 36— A BRGT 06 38 i it A £
F 3 F Bk} 35 BB R 2 B B R RIS > i SRR B
G o M SE AR AT B BOEEE R A T oK o PR b AR P R A b B i
BB BERE I 227 o



56

SR

B B

— ~ WA

2

=

5t

bh
p=1118

=t

BB i

IS & TSR BRI 17 B/ )N 3 i 68 B B IR IR L ~ B

G B oK o WSS ANIE 1 - BRI B E & 2 S E IR
JE S EIRIL 3 (AR - BB IR SR BB &
BT IR B K B R AS ~ RHAR - B EfRE 4 (R o

BT R B

1. AR FRMER

2. T

3, B

4, PEE IR E

5. B AY

6. BRI

7. BEIR

8. YE(THEES

9 BN

10. FEBHER

11. i ERER

12. %Eﬁéﬂﬁ WA EE
b

13. e B P8R
ERRA AT =

14. {5 FB B IR
il

H1

H2

RAEB(IRRERFE

EZ Sl vl

A EAER
[l @& IR

A

A

H4

B BRI AR BRI R

H3

A
R
Bl
A

{58 BN B IR BERR K

A

AR

H1T

JEfif

1 WFeseRE

e

50 ] 5 R B (2

H5



WIER - EAEE R T B/ SR Bk o T B i B AR B LB TR R

57

RIR B3 > A FERIR FE R DUR & B IE 2 IR R A -+ (—)

B T3 B/ N RE B AR B L BRI T 2 8 E sy ~ TiFEL ~ TH

BEVE L 3 ERE G RERE M 2 (=) Bk BN 38 B 8 7 Bz

BOEREPE DA ~ TR ~&-y ~ T 4 5 i m B 22 HI Bl

afs Al 2 (=) BREE /NS RE B B B BB IR TSy~ TRERSR D -
PR~ THEM 4 (A A R B R R R ] 2

(P9 AR 75 5 B8 2R [k el 7 [/ )N e B 28 1o P B (2 B B R 1
&~ BURBI R R FERAMZESR 2 1. H1 F0R ¢ S0 AN E T S8 HI BT 8
MBI BER IR TRIVAZRBIE - 2. H2 £ AN ES R IEA ZD
{50 AL BB IR ST BRI B s 2 FE B © 3. H3 o + T A AE =
SATE AT 5 BT BB IR A IR B TR SR 2 2 BT -

(L) Bl T B/ N R B 66 F AL B B IR AU TE T - BB B d
TR ZAHBRAIBIC R 2 1. Ha FoR « PREH BN 6 FH B B & R >
{50 AT R L BRI B Z BRI © 2. HS Row + SRR BT A iz
BUERE - BT R B TR R ZFHRRTEIE -

= RS

A 52 R DIBKE /AL B /N 1~6 AR TEEE BT 7 E o R Bk
MBI RE R A2 T112 BEEREAH ) - IR EREE B
EEERRG o MK EA 188 AT AL BIR/NEE > 10,197 18 37 B/ NE T > LA
% (B [ /) 3 B AT AT o5 ) LB AR S50 B 57000 HEAL (BUE ECHEET B
WEEHA) o 112 BRAE ARG RN DERE A AR AT AY 581 v o ELFE JEEEE
RN ~ SRALAT B L AFRI S EEHAN ~ 3635 (R B FITE B 9638 Z AR AT
LT o ARIFTEIR > G RERE AR - B B B R A B ER AR o AR 4R

(2006) A R AHIEEEA B 2 HEAS 28 2R R ARBUBR R AR 232 A -

B R AR AW TR IR & BRI BB R B R R B T 48 -/ [a b

IR B 2



58

HRIETE B B

%2 BB AR B ) I R R IR R 2

209 B B | AR | R POERERAG | THG Fifr i
B el B | FIBE | B BORE | R A A
—fi% 15 8 8 1 8 3.36
JNEIER R | FEILFET 26 9 9 1 9 3.78
(128ELLT) fi 16 5 5 1 5 2.10
Fi 8 2 2 1 2 0.84
rh B — % 29 26 13 2 26 10.92
(13~24FF) | FEIFE 5 4 2 2 4 1.68
PRER® —fi 53 86 22 4 88 36.97
(25~48 Bf)
KBUERFG
(a9 BELLE) — 36 94 16 6 9% 40.34
= 188 ft | 23413 | 77k 238 A 100%

Rt + T LR AL BB A TS TR - AR FTRENS A AR - RLHEHEERS 1000% -

=~ TH

ARWFFCAK BB 2 HRY B B ME » 2B ERANS - B2 S
FHEASCHER - FRBFZEE BfR TR T /)N S35 B 8 FH Bi 2088 & I &
&) Em#AE L E  MERFR A (Likert) WETEE - (&3 4
{EES > — B AR RL « 5 THKEE B/ NS5 Bhn i FH B B2 & IR 2
B % #AEREIE TZHEER) - THE) - TRESEH) &
T A PTG » Sk 19 88 ¢ =55 TRk R T 3] 2 3 S {0 3507 S 22
BIRE BB - $ 30 & : PUE TRk EE T B /)N 52 35 B 50 A Bz
BEEEVEMIAREFE R > 178 > SAFAEBAIEIEE NEkG ) ~ T
w1 o~ TERL ~ T 4 AT A BRI & DU 0 7 B

TEHRERANEME > 8 6 MHKEE WA EY T ~ SRR Z
LR - EEH S HEHEHE ETEE - RNE LB IERE K TEEM
B o AT R DIPK R T B = e G AR AR s B B R > IR
TERIEE 720 12 2023 11 H 13 HEHT 12 ATt 43 3 FERA N -
[E] 1 37 73

({113



WIER - EAEE R T B/ SR Bk o T B i B AR B LB TR R

59

[l FEEA T B R AT E A > R EE 28R e BL@E UM > DL
Cronbach’s a fREURE .70 (EEAIBTIEHE (George & Mallery, 2003)
M €8 H % > #7 /Y Cronbach’s o R B BAEE S R H B &R/ 1Y
Cronbach’s af& 8 » K RaZE H B H A EH 2 [ [F B M 2= > #8
MEREMEBFREER - AWK LEEENNERS - B THAHEE
VR {E FIEZ 0 #43 Cronbach’s ol .80 > T BT BE2 & R BUE2 (1 By
% ) #4> Cronbach’s ofifif .95 > THUA7HCER & IR IR BE 3R oKk 0 043
Cronbach’s « flHif% .89 » B H {5 [ RAT

WISl iaN=g SR e

AWML 2023 4 12 HHESTIEXM BT A - L8k 238 (3[HE - 9]
I 182 153 > MR ML ZSHEET S 76.5% » GRUEARES 173 1) o G R
R PERET ~ FALERA « i ~ BIR T8 B3 HT ~ Pearson F& 2= FH
ERET ST o

%3 TOeRBEm AR BT BR R IR A RS ) B HTHTEER

i f&H TE R Cronbach’s o fifi
% AR 1-7 57
FEEEBE FH N B E R HE 8~12 58
I [E@EIR 13~19 64
e H 19 fE .80
THRE 1~7 81
ST B - — =
SO A B 15~20 91
paai 21~30 94
HER JE 30 95
BUib 1~4 59
A B | e &
et ae 12 7
A 13~16 58
fagER It 16 7 89




60

HRIETE B B

Bt~ e R B

— %&Eﬂiﬁﬁﬁ%&fﬁ@ﬁ%ﬁﬁ TR 5 il
MRS EIR ) AR - S TETE ] VSRR
PR SE 3RS (DL T RN ) TEEA 8RR IR B > (ER
4~ FSHUR BRI 2.84 7 0 BEE TIOE W 353 > BEHEE B 41
oy FoRTERE AR RE S - B AEREE 2 - TERFEME - L
MEEEI ) RS RS (3.054) » HXE T8 ER) (2.834) »
MEF& ) HEZE S RIK (2.555)) o FEEIK 75 B T R B HE »
U TEBER) (EHEE SR T EEER) & TFFE) > THEE
B R ER TR o T RBAETTE S B AR E R S
FHEEEER > AEAETARE NDEEEEAR) > HREEEEE
NSRS @M Mg > PS8R LA - BEE
Ui BCE—F R TS E) - (ERREGIBMIEN > BErEEREE
RETT o AR AL @ 50 BT R E IR T3 & TIse o nRER
NFEBAER TEME ~ TIRSy ~ THRERE) ShescEsst s
B ] > BT AR AR A B R A PR L BE A R o {50 B B
B2 1G22 RETERET AF 85 1

* 4 SERBENE A BERE P

f&HE (N=173) M SD
% &R 2.83 46
e 2.55 59

J& @& R 3.05 48
B EE 2.84 41




WIER - EAEE BRI B SR B F B B IR B K 61

X5 SERBEE AT EER RGP < B HT R R

SV %) df MS FfE g
| 90.86 172 53 83.08"**
AP 66.63 346 )
: J&>% ~ &
HH P97k Y] 21.70 2 10.85 i
: %=
7 44.93 344 13
e 157.49 518 53
p < 001,

T BRRE R i B A R IR R B 4
FHERS ) ivBhamR - TERD B/

B BB B EE RS BRI S > HE 6~ K7 HTREHETY
B 342 5 0 GEE TER 373 0 BEHEER 40 7 R BATEEHEE
BRI B E IR E BN B > B S —2 - /e m L DL
MEhs | (95 RE (3.5543) » HRE T (3.42743) - THHAR
(3.36 53) M TEEL ZE5MIK (3.34 47) o K 78 BE N R
Hiptod > B NEM ) BRI EEE S Ty ~ TS0 & TE
B THefdy B tEr TS 1 TEE D - BUREEEER
BB EIRAE TS ) MRS G REEER - M TSN RS
e~ TIRAIERAREE T - AR E 2 E AT - it £
MREAH ) M B R Z AR LB (L = & IR FIAR Tt & > QB e s -
HE 785 > I TREEFRYER ) M T REEHEHE ) - ez
SHEARS > (BEEEBBIVBR - Rl B A= EHATRAEN BT
B PEMHRH DGR TG0 ~ THML > wERRARA B M8 8EK
FEBEEE R AL ) RN > B THE ) R A BB RIS - (8 F 8
NIBEEE IR B BRI B i 2 & RE PR ARG T IR 8% 2 -



62

HRIETE B B

* 6 HERBEMRE LA A B R IR BRI B

i (N=173) M SD
R 3.55 45

B 3.36 47

B 3.34 51

A 3.42 45
MR D 3.42 40

* 7 SEHEANE R E IR IR SR B s o S B TR R

B o5 & MS F{# L
FHE 111.29 172 65 20.89%*
A 4478 519 .y
L P9 7K HETH] 4.85 3 1.62 £>$ > 2
W 39.93 516 .08
2o 156.07 691
#p < 001,

= ~ BT AR B PRI AT SRAHE ) 5
FHEGS ) i RmE - TER R K&K
B R BT B A IRAIAR AT R (€K 8 ~ R o B RBHMAEY
W% 3.51 07 0 S TRREE) 3 38 TIRWTRE ) 4 fp 2] » tRYEFESS 44
oy FBIM B E P BB EE RS AFE R EE &
F—E o EANFERER - DL DS ) (B SRS (3.5947) » HXE THH
k1 (3.5343) ~ THEfRL (3.5043) » 1fi TAEL ZHB MK (3.40

%) o AE R K B S AT R SRR FE - SR TS ) FORBAE RS T4
i) ke MERED - RS A Ty fRRbEEREE TEE) - #

BT P EAIBERE IR THAS ) R A R SRR B oK - W
DEMEHEF BRI ENE FERY  F8 TE RIS TR E
FITEERERGGERUIOM 0 DUMGE H IR RS - (HR R R P E S # R



WIER - EAEE kI 7 B/ N SR BT of P BB R BB R 63

Fofr H S A8 TR M - TS HEEEBEERE R B 7 B
fIER— 3K - WY RE AT A 1= M o ERBANE TAE ) W Mg
LMS ZhfE | SF T RIS AN G - OAS R w] 1 A 7255 — 8> TR T2
PR BN TLMS Thae ) FISREREIK - rree 2 BB Z iRy 2278
EHSEFEEN DA RE » S EEESR THBEERDY > DR
B/ N B B SR B BRI A\ 2 IR - SO 0 fE TR R AN TRR B R
A& AEt 2 7 FRWAE - ATREN B T Z e HE N AR %
TEERE » 31 T WA FAFE - R HEE ~ FEIEREES - FIHAE
ZUm AT LS DOE R S E AR > B0 o 8 ABEEE - R BOE
o~ ETYE > CREWE BUMAUTE K o B A B BEE R IR A
BT R 2 & RETER AT AN 8% 3

% 8RB BB E IR B R

M (N=173) M SD
RS 3.59 48

A 3.53 54

B 3.40 53

A 3.50 50
MK 3.51 44

X9 JERRBEE AR R IR RS B R B B TR R

SV X df MS F{# Hipg
A 133.94 172 78 12.35%%*
FHA 48.21 519 ‘ .
#H P9 7K HEFH] 323 3 1.08 i é@%
Ve 44.98 516 09
By 182.15 691

*p <001,



64

HEET

B B

%%é HEB AR

hORA RS R

T S IE A BT AR IR B L (contrast) ()5 #H B L BRAH 2 HL 8L /7
LT > AR T 5 E BT A BT B R IR R T 0 22 55 Bt SR Al
10 - BB E R BUR B 78 B RS R AR 11 HE(IBERE
TR R 2 B FBRAE RANE 12 o R FRAEESH S S b B A #E B

RIRIBE AT ~ B ha

REZ B 2R8I RZEAEKEEZELATEH » DUSRFse s, -
F10  FEEEHAN Y S IE LR AT B B R T S T 2 2 R
TR .
#69 S o g
jb%ﬁlﬁ BT
{THER AR JE AR FRAERR> JE AR
PaGamO > Wordwall > Wordwall >
SN | JF PaGamO™ oW | Wordwall> | 3 Wordwall*
. ) FE Wordwall** )
WA HiTeach > Blooket >JE Blooket* FEWordwall* HiTeach >
Ik HlTeach ooket ooket FF HiTeach*
EE%%UH’ = /\
SORILED] | S0FE bl ﬁgb%%ﬁﬁ ﬁgb%%ﬁﬂ
- L EASERLL F # HSERLL F #
< 05, %p< 0l.
F1 BB SORIE A BT BB R IR B ) a2 B
B
G e e B | e
jbﬁﬁlé
FETRMER | o5 e e L | A e
BB | B EH >
i AT Huii> S e B * T R T
TRAEmE it Fed T BATHUT> | AT >
BHEST = | BHEZ00 *
AR FRAE > FRAE N> AR
O PR * JEE > JErP AR = | JEFRAERR ¢ | JETPAERR ¢
" B EAERR HEEH> | FEEES |
AR BES | BER | BER

(#8)



WIER - EAEE

R T B/ SR Bk o T B i B AR B LB TR R

X1 BEEHND

Ju =

o OB IE N BB B R B B a2 22 BT ()
A
» i e 4 Ep ﬁ§§§
25 BT
SR R
e BRI
e B
HE SR S
e
ik
T N
SRR iﬁzﬁg* I Padler™* -
BATE HiTeach >3E HiTeach* #* Nearpof - I
Nearpod*
Padlet >Jf Padlet***
*p< 05. %< 01 **p < 001.
12 WEEZADTY R EAAE BN BT RN R 2 2= B
e
%?;k S 4 s I T ==
;;&Em kjﬁn fﬂﬁﬂi ‘é/a\ Lmﬁ gﬁgﬁ'ﬁ;‘k
o5 B
SRR | 4o B | B | LR
— >
o (&) *
BRI i)
B e
I (250 *
HEN | AW | REA
. TR AR | R
RAERE SIEHE | SIEEGT | BTEET
FHEBT | RHESET | RS
e | e | e | SRR
AT SEG e | EERC | BESC | TR
e R -
TS ﬁﬁfﬁ
Wik i
RHE BT Wordwall > | J Nearpod >
HiF= JE Wordwall*| Nearpod*

*p< 05, %p < 01. ***p < 001.



66

HRIETE B B

fRe BB - (—) RN B8R E IR BB & e
Ko S S BB o W] RE KRS Bk R T 1B N SRR AT R T LB 2L
Ve > LA HA A DS BB > SREERE - H[EIR T A 8
NBERE IR IR R 77 = o

(=) (EHFRE - B GE IR AT Bl BB AT SR AT AT BUR RHE#L
il B X A B B By 4 > FL R TR SR A = A U ST A T BUR BT B -

A] BE S AR R AT B Gl E A EBUE AT P 35 3R - TR ek
BATHER BT o JCH E A A BB N A B R

(=) AEBFEBKE » FEE R EAm B i o AR s
PR ER Rl BB B e - T AR 280 v A B P 85 i FU S R i ) B B 4 B 77 SR
o T BAKA 3 B o vTREIR h AR AR B A A RE ) B AR R N A Rl A
BB AR - 1 = R AR A 2 TR D I TR A0 A > [RIE
HL (RIS AR AS G ELAth A B B

(I9) REEEH R ZERATEE B B TR WA B
FEER o HETN AR FERA R R B I SRR T B B NS TR 2R
JEFEMRARIRE > ATRE R MHBA R R BB A 35 5 2 20 - 1|
FF~ HiEA—ERENEEMERE - e BT EEEREELH - KR
DARFREAT B E IR R B P B R -

(7)o FAS [ BOM RiAS ) 5 i B 3 72 R0 43 B Hi
FAMARA BT ER A TARHAR ) 4% I 09 B2 B 4 AR 00 A = K AR P Bt
(%A - ATgE R H A AR R 3 R AR B - EHRBE AR LEEES
FI2E ] s (o AT R AT AR BB AE T 3dhS 1 A ] AN 7 SRS (56 H IR 32
{ZRRAHIBN > vl RER Sl w5k 38 DI RE R B ) A R R A B
BEIREEACE A ETRE E S5 > A7 DUERE 5 B 22 A 1) A2 5 AR e A=
RS RN E BT TR K -

(7)) {8 A Wordwall ~ HiTeach 2 fili 8 #8 (o F #2884 & > BEUT
Wordwall 847 5 - HAE THHAR ) &R A SOE 221 » HiTeach BY THH
% ThEEHIEZ 5 % + 1Mif# Fl Blooket ~ PaGamO (%Al o] BE & K 7 /> %8



B R TIPS R B o

67

T Z AR O BRI G - hr] R TR K - EREH A
YouTube 2Ll ] GEA & B (L1 & (9% € IR - B2 F5 B H B iz
BOEREIR - P DIE G IR TR R = R - (HE BRI = A0 Fs & f i
BAE R IR & ¢ ff A Padlet ~ Nearpod & B » (HH A LT
BB AR D » TR R/ MEARRBUE S 8 R B AT E B -

() SERERR (0 F BT B2 & s L (A [R) 2 BB A (58 F 17 T2 A6 B
EER o EHEFHRE RS S PABETE T % S E IR
T~ TRTPE L R R R B O SRS A F A 1 BB S SR
R - n]RERE SR A B 2 B B T BRI A BT E B B R A
R RS S N B R B RS - AGE A ELIRE - pETRE I - thREs
B RS M (BRI A BB B o SEECRE O SRS P o

() IR ERR R BT S B BER B IRRIT R TEAs ) W
BRI AR » BUR—MOEAIE L IR i SRR ERAG OB £ Tk ) /IR
KEEEE (SRR ERERIENT - nlee —MEEADE L IR
FAALERA B2 R A BT R Ml 1 3 2 (R & - B BRI TS
SRS AT EENI S - A B A A o AR
HER B BRATEL A

i~ Fil 8 FT B B R R IR AR - BRI B A
HURER - BE T IR ¢ AEHARE Bl oRANES K
JEE = AH A

FY0 8 B BT BB R A5 S T B 2R B i o2 FHRR (R 8 > 3k
13 > ARIBERAE B (2021) FHRAREGREEHE AT .70~.99 » (AR EHRM
S .40~.69 > (RFRPEEMB - A .10~.39 (RFALE MR - 7] R 8
{5 FH G 12 B 22 B 4 ) B4 e A (i T - SRR BESE S IEFHRE - B
il > AR ~ BB = AR I 2 AR B (KRS R AH R o BB A B
FEEE R HSEZRS TN > BEAE 0B B 4 B A (RN s A KR Y
PRTT o 2 HH BB S B AHRE (p<.05) » (UFREENE FH B B2



HRIETE B B

Pl

BRI SR B B2 Bl i A R 8

BT E F BT BRI A (o P 1 T BB R RO 7R SR 2 FH B AR B > Ak
14 {E& W BB HE X 2 2 B BAE MR (p<.05) » H Bl f 52
BRI e T R B S & M T - 7 2 ARBRE (K I AR - o Bl &
{56 P BT B B R ISR A M > BRI 15 S TR SR AT G b 2 2 7T -

213 BRI BN SERE i 5 V5 1 BB R Bl e < FHBR T T 22 5%

- e CoiER
T AHA HRE e B
%i{iﬁ%éﬁﬂ? 3% 29%* 24%% 34 35
) gqs% 16* 29%% 9% 307 31
EH1ER —
%@ﬁ(}ﬁ 36%% 37 35%% 447 45%%
g .34% 397 .36%* A5** A5**

*5<.05.*p < 0L

2% 14 BRI BN AE R B8 B R 175 1 BB RE B 7 SR AR

GURLEES
IR S K
*%E NT = [ Ang’ N

SRS AR AR FEfF EAg

2 HEE IR 25%% 17* 21%% 21%* 24%%

FrE 16* .10 20 07 16*

SR .

J%i:%iéiﬁ 33%% 37 37 34 41

g 31 27%% 32%% 26%* 33%%

*p<.05.%p< 0L



WIER - EAEE R T B/ SR Bk o T B i B AR B LB TR R

69

i
(—) BN A BB AR - M A 20T DIREE FT A e

A T o TR T BT R R AR+ LRI
I T B BB R T 5 o 4900 » LA L L0 2 RET BT 7 6 L
RIF » AT BT ER 6 2017 GEARHE Y BB ch/ N RO f AR 2
TR 50 A R DR T UL TR
) RE KBRS  (TEIE - BB 5G BT
B S R BRI R 30 R R R R T2 - B R
HEBY AT B BB R > ELIEAE 2021 46 5 1 2B S A BRI AR
R ah R KR SR ST T R ) ES M T - S ECRH F B
A TR L B P S S 4R 7

BSMTETIS  (FEBER (MBS TS EIE R
oo TS BTN (EAER TR o b ST AT S ST
TS GME R E R TEEEE ) (M=3.66) - BLRYERS
LB ERISE A (2017) HIWFGERS FARAT o (0 TAL GBS WA (68
SR TR (M=2.08) » BBFERMZEA (2017) (OWFICRE AT
F1E » BT SO T 80 PR S35 3R » T A A — S 30 A AT
DAEFTIE A TR o MMM 4 (M<2.1) o 53460 T 50t
TR WD (LMS ) o TALGEE MR~ TIEASEE ) > DUREL (3
BTN TEERE SRR TR A Y
EVRK - B EROE BB » W R SRR SRR TP B
RS W55 o BT 55 I T bk 50 8 T B ) B £ 07
AT R 15 S O R -
() Bt B PR R T I B & » e SR T P

FEhTR

T B ST KT 2 o S P TR BTN 45 Bt LR
BTN GUBRE T (2023) WIRFIEITHE » S35 B0 1 BT OBy 0T
- SRPUERTE TS » () SCSBATTE SR Tk - TEE) & TE



70 HRIEE B B

iy o THER (HURBIG GBS THEM R TERE - BREETRRR
RBCEIRTE TS ) MOBEBN R IR AL o 3 T BB S
(195 B (M>3.6) » SMAGHS TRl FE o RS THEGR ) HETET 1 B BT
B U FA 5 LR (AT TEBY W3 AR ) T
BRI BRI - TIFMRIEI 4 B (M<32) » MR TH5E.)
ATE 2 R TAEER) T SR AL BB LB BURBCTBCR TR
M85 4 FE R G 52211 - TR 8% B BAIRE ) 1
SRR » (T SRR O BAIAG - D3l BT R 2 S
RO VARSI » MRS I > DR (R BT
ELERIRERS - R B R TT(
(=) BB AR TR BRI RIS S

RIBIE(CR S

AT BT S W BB R R R A - A
HRTERTT A » 3RS ) TR BCE 0 T4 B CAE ) AR R TAE A9
TR EE TS (A - &S ONREL > B TR M
S AT PR R BT BN RO (M-3.65)
L shen % A (2015) (FSCHS RARLL - SIS B0 o1 I BEAORA 5
AR TBSCARIGRION ) (M=3.58) + BETo(E 0 BB A AT
4 PAERUR LT SRR BRI - (RSB -
RiH O HIEE TR TN TS S IO R -
W) RIS (M-3.66)  BUTHUHTA<a e B PG TSR A (7
S LR SR LGRS AR © LS B TR
HTEI TA6F BOR S0P i 9 1 O 56 R A ) 09 R B
(M-3.55) > Bf TAEf) MEEN THMEFETHR SN FHR)
RIS (M-3.54) - ILEEBURSRIUBITT (2023) T8 b 1) Jaa
BT U8 P 6 T BB AOWF S AT - BB BRI TS
FI TBPEL ) (S AERPRA -



WIER - EAEE R T B/ SR Bk o T B i B AR B LB TR R

71

(I9) & 2RE BT EEEERCE R - RSB
AR TS SRR 6 ] - BRSO 5 P RUBE T %
BERSEIR ) W~ TRFEL i R BRI I ARER - R a%%ﬁl
FEE SR B AR - LEaS B B 5 (2018 ) HURFZERS RAEML -
%’?ﬁzﬂiﬁ’ﬂﬁﬁﬁtwiﬁm C BIRSERAIE TE - FATS M li)i’d@ﬂ%ﬁﬁﬁ?
EBZISEFFjL%ST‘%ﬁ%D *H BT T R AL = T
4 e R P SR TR T B AR B

]H

fh ~ i

IRIGIT B - SR S BAL BRI T - B2 ~ BRGNS
SR T [ (1 B A - B A A B AR &E/J\ﬂ%éﬁ%&ﬁfﬁ ~ Rk LU
BEMRENIZS -

—~ BRI AR E S HE R 2a9H
VIRerF e THIEHEIERENT - A=A D AUBiSR

fiFf 5 i SR BE T Bk Rl T [0/ N 3 B AT B B B R P B T M A
i - HACREAMEHETERIE R o A th B A F
ENETHRIEWRE B EBM BRGNS AER R E
TG LB (o I AEAR LB o [RIIE o U foF B R TR B AR A
o BEE B a AR > ME SR IR o Rt > ZEREETE K
EHEAE AR SR ENEE > SEEERANEBABEER - TR
T AR E & T E ik A B R & IRS 5 4] Blooket ~ Kahoot!
Quizlet ~ Quizizz ~ Wordwall 5§ - [F] I 42 38 205 B0 o] £2 (L Bl i 7 179
(TEE R o B L R I ARG > DRSS B R T T 2 T DI RE Y
fig it {56 F LR o



72

HRIETE B B

~ B AR AT B R TS )RR B B A
KEFBRWRE : 385 TEE) BMENEE&EE
R H. 55 oKtk

T Sehs R TR B @ BERE RN 5 & > B4 @M TE
0 W o M EEN 4 8 F 2 AR TEE ) W EIRR
TR BERB RGNS - G 3 @R TERG ) B - e K
()38 F 2 @M TEE) W - BB, 8REEWS R
- > BT (o F S BB HE ) B BRGERE 1 VI6E » B0 F 9538 13t
B AE NG BIYIGE - BT R B R T O EE R B
RS ~ FEE A FAEREE > RSB EIRT L R
SRATTR > W T EOM T B A K& A IR &R > DRI A8 AR
TR M B e 2RI B AL B G B IR L A2 $2 & B JF
PR B 8 RS (Y S BT SRR - DUSBREE T HURE S AL - [HiE >
HERA S AT 2 TATZEEHES ) DIRERD TLMS) - GEEEAHEAT(H
NIEARTE - MiAs o B N8R > NMEReRE R E F2E A A6
J1 o i ffi B A SR EREEER BE B VU IR S O B -

= FhAE THERR ) MR RE R S LA B B R R
[l s A2 TAEf) Fimm pg B R B e a8 R v S S 5 oK

fFeds R A BT B BERE IR TR (UK = i BER )
a0 H¥ MEE 2 HGGEROEEREEN - MG =50 (URRKEIE
K  BURBALBEREIRAE DM TRt BRI eERE e
KA R R e 2 5 2 TR L BUR B IR - aiE B — A - e Tt A
A IEMEERTEYITE - DU 2 A= Re 1] - EA% - B SR BT EE
Ry THE(H ) HIBCR )RS RIS R - H o B B & e A B o R HE
TITHBR 2 IR > B sz BT MR IR - 2835 L at g R AlB e A - IR
FR A AR P A TS B A U - A S AL - R B RBH B A - DUBEAE
B AR ER AN T ZEI R AR 8 AL GRS A DIse - ATE



WIER - EAEE R T B/ SR Bk o T B i B AR B LB TR R

73

EAEHERTE - AR SES ~ B rAEsE - S DU AR iR R iy
& HREEEFEAAVERE -

VU ~ (BRI AT 25 {5 FH B B IR AR Bl A
BeitaaR - B R B SR A T B R H T B

B Ze it SR B R AR B 8 B BT IR B B a R T oK
i (0 1> B AT BB RHE B > 7T RE DA s A 280 il 30 (2 B2 S R BIE Y
Fa o T B AR T T BB R ) e 3 B i P > SR SO B[R] T B R SR
= o ORI - (1S AR BB R B 4 il B e ah e B e % - 4l
RGBSR ~ BB g ~ T ORBAE S 0 H M Bh - TR PR A R R 2
Feu] LI AGHRR ~ B E VR TE )T AR A T B B B I U E
BRIRIT B AT 3 — 25 A ARG R IE > BUANSEEE Bhl H ERLRE - DAL T
BRI i LB ER RN RE 2 TRTHO R A T 3 T o

T~ AR S A A (5 P B A R I SRR~ R
% o S T SRARWH BRI 51 5 AR AR ARCBUT A 22 B
fak B T SR FU - i K
AT S > BRI A8 S AR R TR > R
BB g o AT AR R BT S L A R R ) B I R R T R AT AN A L
f AR BUT > FTRER M AR SRR N A S E o FARIE AR 1
WU GEULBS ERA SRR R SR > B LA o S A B B
FIRP Bha > S E TR ER o ARBRATF S AHBE 23 7 4 5 m st A
SRARS G [F W) B BB B i B T oK o [R) IR A s X o s SRt B
HASE GBI IS GE ARAE I B ~ BT B TR S B M - I > BB E S W
150 P AR D R AR AT o BRSO B R T AR S 5 S v A AR 2
AERRTRIR B > TR S B A O B BB R R AR > TR TR
B



74

HRIETE B B

CHEEER TREE ) (RS - BB

BRAK - [AIRF S 2R I S SR - W

B E B IR AR

R 58 ST T S5 U 5 5 2 SR Bl e S B A
W (FIRE BT R S ok S B TE R 38— 25 S 7 4 M T -
ST TR ) AR N - U G B TR AR AR
SRS TE AR o DRI > AR T R O Bl 2 SR T T 1 e
K> HE AT TRBEIR ) SBAETA AE F LREE - S
T BEHE S E EAE ) PR ROLRRALAE T - (R TAEMRERE L - T
fIHEL) BIIRERL AT AL S OB -

ll

25 lak

AR B AR AT R A 2 R L e B S R v v S B —— R S
I s BEERSL (2018) e
[Curriculum guidelines of 12-year basic education: English domain for elementary, junior high school

and upper secondary school education. (2018).]

flfEE (2009) RE BRI - R
B o ZRIEWIZE > 2 (2) ° 126-131 ° https://doi.org/10.6481/

JTR.200912.0111]

[Ho, K-H. (2009). Opening a new chapter in textbook development: Discussing the
development, features, and prospects of electronic textbooks. Journal of Textbook
Research, 2(2), 126-131. https://doi.org/10.6481/JTR.200912.0111]

AVOE (2014) o B/INAIE R 2 BB DR SR il FTBUH NP BB e
Zige CRHIMUGZIE AR SC) o BINIACHE AR -

[Yu, H.-P. (2014). Taiwan elementary school teachers’ information literacy and external environmental

\

Jactors on their experience of using teacher-version electronic textbooks [Unpublished master’s
thesis]. National Chiao Tung University.]
JEWUE (2008) © B2 T—A) RET » — BRIEMEHIIELE - BRI -1
(1) » 2947 ° https://doi.org/10.6481/JTR.200806.0029



B R TIPS R B o

75

[Chou, S.-C. (2008). Is “one book” enough? Reconstruction of the concept of
textbooks. Journal of Textbook Research, 1(1), 29-47. https://doi.org/10.6481/
JTR.200806.0029]

ERASEL (2021) ° BALRHSEE () : MEHEBEL sl ( —hi) - BESEEED -

[Chiu, H.-C. (2021). Quantitative research methods (I1): Statistical principles and analysis
techniques (2nd ed.). Yeh Yeh.]

fRpTs ~ fEEEs (2013) o BIERASERAIEEE AR EHRR R o BRHET
4256 (2) 131 ° https;//doi.org/10.6481/JTR.201308_6(2).01

[Hsu, H-Y., & Lai, T.-L. (2013). Insights from international experiences for the
development of electronic textbooks in Taiwan. Journal of Textbook Research, 6(2),
1-31. https://doi.org/10.6481/JTR.201308_6(2).01]

B #EREEE ~ BHEG - NFITBREE - FE - A ABRESEEIZE
(2021°9 H) ° 2030 BEEEBUEREMIHED) /T E © https;//reurl.cc/9R4ADYY?

[National Development Council, Ministry of Education, Directorate-General of
Personnel Administration, Ministry of Examination, & Civil Service Protection
and Training Commission. (2021, September). Overall promotion plan for the 2030
bilingnal policy. https://reurl.cc/9R4DYY]

BEEGETE (RO o BU/NBRIE — M B R 53 - 2023 4 9
H 10 H » HUH https;//stats.moe.gov.tw/files/gender/302-5.xls

[Department of Statistics, Ministry of Education. (n.d.). Nuwmber of elementary school
teachers by gender and teaching field. Retrieved September 10, 2023, from https://stats.
moe.gov.tw/files/gender/302-5.xls]

BEEREREE () o BB - 2023 52 H 22 H » BUH https;//
ws.moe.edu.tw/001/Upload/3/relfile/8711/79188/c9fd4872-36df-45be-94ce-
00led11fc4d8.pdf

[Department of Planning, Ministry of Education, (n. d.). The current state of education.
Retrieved February 22,2023, from https://ws.moe.edu.tw/001/Upload/3/
relfile/8711/79188/c9{d4872-36df-45be-94ce-001ed 11fc4d8.pdf]

BRAESS (2018) o FEFHURFEBE AR B 78— DUSd B Wl SEaE 2l 3
G CRHEMCZRELERSC) o BISLEHERER -

[Chen, C.-N. (2018). A study of the willingness of using electronic texctbooks: The case of children’s
supplementary English teacher [Unpublished master’s thesis]. National Kaohsiung

University.]

ek ~ BIEHF ~ FIR - FAZRE ~ FHEE (2017) o RAUSEFEEERMEuLERET
B B ARAT 53« BT ERERHIT - 9 (4) > 81-107 © https:;//doi.org/
10.3966,/2071260X2017100904004

[Yang, T.-Y., Liu, C.-Y., Liu, Y-H., Kuo, Y.-E., & Tsai, Y.-T. (2017). Design of large-



76

HRIETE B B

scale English teaching websites and analysis of user preferences. Journal of
Digital 1 earning and Technology, 9(4), 81-107. https://doi.org/10.3966/207126
0X2017100904004]

BUfhR (2023510 F) - BREIMFRE S 3 5 2 XEHE : SRETBUGEE R
TAEHRT © https://www.tycg.gov.tw/News_Content.aspx?n=958&s=984170]

[Liu, C.-C. (2023, October). Work report of the Department of Education, Taoyuan City
Government: 3rd session, 2nd regular meeting of the Tagynan City Council. https://www.
tycg.gov.tw/News_Content.aspx?n=95&s=984170]

BUEhy (2023) o Wk /NS RE S 1 ORIl P e B R RE 2
AtSe COREMGZRELERSC) o BINL S HERTE R o

[Liu, G.-Y. (2023). The survey research of user satisfaction of electronic textbooks and teaching
effectiveness among elementary school English teachers in Kaobsiung City [Unpublished
master’s thesis]. National Kaohsiung Normal University.]

By ~ BREF (2023 > 4 ) o IIEFTRRAED N EE B L #E BB
I BRI - AR TR R TR - it A NS T
FEHE S PHER G ~ [N AT E SR LR BB BRI S 2R e T4
19 JERHECE W 7e B S R ER TR AT & ~ 55 12 JB TR ~ BBt STEM #UH J
WFaTerdmsc s (H 703-714) o @HETT > 208 © https;//doi.org/10.29619/
STEM.202311.0045

[Liu, K-Y., & Chen, C.-Y. (2023, April). The survey of elementary school English
teachers’ user satisfaction and demand of the electronic textbooks in response to
curriculum guidelines of 12-year basic education. In Proceedings of Kaohsiung
Society for Research in Industrial Technology and Education, Taiwan Society
of Engineering Education and Management, & Department of Industrial
Technology Education, National Kaohsiung Normal University, #be 19¢h conference
of research and development in technology education and the 12th conference of engineering,
technology, and STEM edncation (pp. 703-714), Kaohsiung, Taiwan. https://doi.
org/10.29619/STEM.202311.0045]

AER (2006 > 4 F1 1 H) o BALHFFEBRET 0T —fltkk o BA7 S8 C 22 E
EHERBHEERA © https;//www.lis.ntu.edu.tw/~ pnhsieh/courses/QStat/6_Sampling.
ppt

[Hsieh, P.-N. (2006, April 1). Quantitative research and statistical analysis: Sampling.
Department of Library and Information Science, National Taiwan University.
https://www.lis.ntu.edu.tw/ ~ pnhsieh/courses/QStat/6_Sampling.ppt]

Chambliss, J. M., & Calfee, R. C. (1998). Textbooks for learning: Nurturing children’s minds.
Blackwell.

Chapelle, C. (1998). Multimedia CALL: Lessons to be learned from research
on instructed SLA. Langnage Learning & Technology, 2(1), 22-34. https://doi.



WIER - EAEE R T B/ NS Bk ot T B B TR B LB R S

77

org/10.125/10125/25030

Chen, M.-R. A, Hwang, G.-J., Majumdar, R., Toyokawa, Y., & Ogata, H. (2023).
Research trends in the use of E books in English as a foreign language (EFL)
education from 2011 to 2020: A bibliometric and content analysis. Inzeractive
Learning Environments, 31(4), 2411-2427. https://doi.org/10.1080/10494820.2021.1
888755

Chesser, W. D. (2011). The e-textbook revolution. Library Technology Reports, 47(8), 28-40.
https://doi.org/10.5860/1tr.47n8

Churchill, D. (2017). Digital resonrces for learning. Springer. https://doi.org/10.1007/978-981-10-
3776-4

Clark, R. C., & Mayer, R. E. (2023). E-learning and the science of instruction: Proven guidelines
Jor consumers and designers of multimedia learning (5th ed.). John Wiley & Sons.

Davis, F. D. (1993). User acceptance of information technology: System characteristics,
user perceptions and behavioral impacts. International Jonrnal of Man-Machine
Studies, 38(3), 475-487. https://doi.org/10.1006/imms.1993.1022

DeLone, W. H., & McLean, E. R. (1992). Information systems success: The quest
for the dependent variable. Information Systems Research, 3(1), 60-95. https://doi.
org/10.1287/1sre.3.1.60

Dillon, A. (2023, February 22). What are digital learning resources? Overview & examples.
Study.com. https://study.com/academy/lesson/what-are-digital-learning-resources-
overview-examples.html

European Commission, Directorate-General for the Information Society and Media.
(2013). Survey of schools: ICT in education: Benchmarking access, use and attitudes to
technology in Europe’s schools. EU Publications. https://doi.org/10.2759/94499

George, D., & Mallery, P. (2003). SPSS for Windows step by step: A simple guide and reference,
11.0 update (4th ed.). Allyn & Bacon.

Intelligent Community Forum. (2023). The top7 intelligent communities of the year. https://
www.intelligentcommunity.org/top7

Krashen, S. (1982). Principles and practice in second langnage acquisition. Pergamon.

Ministere de I'Education, Gouvernement du Québec. (2021). Best practices guide for the
creation of digital educational resonrces. https://www.education.gouv.qc.ca/fileadmin/
site_web/documents/education/Guide_bonnes_pratique_ REN-VA.pdf

Moorhouse, B. L. (2023). Teachers’ digital technology use after a period of online
teaching. ELT Journal, 77(4), 445-457. https://doi.org/10.1093/elt/ccad029

Moorhouse, B. L., & Yan, L. (2023). Use of digital tools by English language
schoolteachers. Education Sciences, 13(3), 226. https://doi.org/10.3390/
educsci13030226



78

HRIETE B B

Organisation for Economic Co-operation and Development. (2009). Beyond textbooks:
Digital learning resources as systemic innovation in the Nordjc countries. https://doi.
org/10.1787/9789264067813-en

Peters-Burton, E. (2018). Social equity and STEM education. Schoo/ Science and
Mathematics, 118(3-4), 73-74. https://doi.org/10.1111/ssm.12265

Shen, H., Yuan, Y., & Ewing, R. (2015). English learning websites and digital resources
from the perspective of Chinese university EFL practitioners. ReCALL, 27(2),
156-176. https://doi.org/10.1017/S0958344014000263

Vayndorf-Sysoeva, M., & Grjaznova, T. (2016). Explore the possibility of resources and
elements of online teachers training program. In V. Mkrttchian (Ed.), Handbook
of research on estimation and control techniques in e-learning systems (pp. 111-126). IGI
Global. https://doi.org/10.4018/978-1-5225-0019-3.ch008

Weggen, C. C., & Urdan, T. A. (2000). Corporate e-learning: Exploring a new frontier. WR
Hambrecht.



B R TIPS R B o

79

Byt 1 SERRBIBE BT BER R IR 2 TP & & R 7P o B B v

REH M SD | HEF
E2 S 2.83 46 B
LIE i MEEEE) o B R R HEVEETIAIER - | 3.66 53 1
2. B TETeHeg ) > BRI EE EHERRE Y - AR 151 - 5
A BREE AR AR - ' ’
3. e TEEHE R - A EEAAGRETE BB 330 o A
AIE BRI T ' )
4. A THGRE S - FRERA S & SRS RA M B PR
B g - 3.35 81 3
5. A HHBAITE (A1 Cool English » SHIL) () TALEHE o |
Py o FEEAME L - ' )
6. FErHEHBM T (XM ~ PaGamO) W T{E AL -
SERDELE RS S - 20 s
7. Wi B A 2R TEEEERN (IMS) 1 - B L85 03 .
BRI ETHIR  WMOBHEEE AR - ’ )
i 2.55 59 |H=
8. el MifeEk, - & & AL IR - WA BIEE R a7 26 )
FRIAE TEE S ' )
0. WEfiA MEXry o IRIEERFES - 2.94 89 2
10. e (BN P 2R TEERL > BIER ST > R4 523 o ;
NIfRRE - ' '
11 FR@r (i B R 20 TRIRE S BERAE (IRS) 1 - BIEREE (L 220 | Los A
BB o WS R R R - ' ’
12. e HEAFZE (WM ~ PaGamO) [ [EJERARE] - 190 o7 5
E PB4 E R e o ' )
A& IR 3.05 48 | H—
13. WG A MEHEE ] - RIEIMIEE SR - 2L . 0 5
R - ’ )
14, FEr i AR B LB E - IRIEARIIHE o|  3.09 .80 4
15 Fe@r (i THohEs ) - 518 B I AH R AR B &R - 337 . 5
WHEA ~ ES - ' )
l6. e MMuHHE) (BFF-EBF - wfE) o FE 136 . ;
THlB (QnffeR ~ SR S FERBE) (UM - ' ]
17. 5@ TEEIIAR ) > B2 E SRR Py A A sl
e —— 2.84 90 6
18. e HE FHERIEN DEGBEEARL > BUREEEEN - s X
TEEEE - HiE e EREENARTS - ' )
19. @B FZ (RME) 9 rERsE > HREE 228 99 .
TR B E i E LB - ' )
B IR 2.84 M




80

HEET

B B

Bi¥dek 2 S GE S 58 P 98017 058 1 A B A B 2 & R T R 8 Y B

[ M| 5D | B

S 3.55 44 | B

1 BRI SR VR ADEEEE |
S YA LA [ O BR A o ' '

2. BT % BT (BB B - JoaRa -

YRS MIEBRE GES) - BUREEEN 361 | 61 | 4
i -

s, BACRERNS AR (B s | | |
BT o HYIR T B LR SGER EE - ' '

o BATARERE A TG - WS s | |
RS | BT /] » B 1R 35 o ' '

5. BTSRRI SERNE - TR R RSE - | 321 | 77 | 7

o MACFE RS Ml Eaie > Ao | |
ST T A R S B A A R AT B A o ' '

7. BT R B R B E Y - R
BB ~ TRV - 336 L) 6

FH 3.36 47 | B=

8. Wi BB R TR b P S I 5 S8+ %

(RRASEERRE ) (BB~ 30~ 3~ 95~ 7 SCE) M | 340 | 68 | 3
BB R b o

o, B ACFE ARSI M AL =B | | | |
SRR S R RS S TR o ' '

10. BT AR IR EEE (IR - AT )

AR BB - S B R 345 | 6l | 2
I DRI -

11, T R A 7 5 T R 2 e T3 B 5 b
GBS (TR (R ARSI 340 | 66 | 3
FRRESE ) SEATEE(L S -

2 B AR TR R R | |
SHIEFFHRHE » SIS [ LR o ' '

D B E R AR R R R R |
R 1 RIBI - G BT L - ' '

10 SRR R RN TR | |

i B BRSNS PR R A




WIER - EAEE kI 7 B )N SRR B o B B R BL B ok 81

B¥dek 2 SERE A0 B AT 052 I S B B A o % RE A 7S 32 B B
freE (M)

i H M SD | HEF

HHR 3.34 50 | HEDY

15. AT B R IR SR R T BT PR A [ BB - A B2 e B

. . . et et i 3.43 61 3
PRERSENEERI  BIHERENRE -

l6. MO ER B IR IR M % RT & 7 0 (0B ~ Esk) - A

BRSBTS A TSR P SRR 1 e A

17. Bz FR A E A (LAY SERE 22 R AR RO sk b 1L - A D
T B st o 22 A A1 O R 2 S E AR IR - A5 882 3.46 59 2
PEAERTE T 6L E CHIRIREATSEER o

18. WP B HURE & Hras U e B IR [|] B8R AR - A BIFS B

B 3SR (T S35 150 ) HRETAE - S
1o, MR ERIERATG TR (M paGamo) - BAEE | |
FEEREEARIRE » S ST R T £ 4 ' '
20 BTSRRI RAMONE  Bonams e |

SE SRS A -

JEf 3.42 45 | B

21. BB R IR AR R P R S 0 - B

T M - SRR s | o | Y]

2 MR RGERE MR A | |
A » T B RS SR - ' '

2 MR AR & S BSR O » BB | |
5% ST - (B - ' '

T e T e R
%) - MBERANE R - [DER R HERRE - | '

2 WP RTEBER T  WE R | | |
B B S S 75 kAR (a5 - ' '

26 BATFERES TR RN G e e | | |
I BT B R S RS ' '

27 W TR R - ) G EE
St " 3.63 .58 1
(TR TRBE -

28 WAL T ERUR ASTE S AR AmET | |
S AL o ' '

20 BTFEAVETRE (RFE LR o AORETE | |

TR B -

30. B A SR (AR B as A ThRE - A BIRSBlh 5 E 8 A

R, o 3.14 77 10
R - TR LREE TR -

g e il 3.42 .40




82

HEET

B B

By ek 3 SR {50 FH BB B DR IR B oR 2 25 R 7P P g B R e 5

eS| M SD | HEf

S 3.59 48 B

1. TREBIEEE SN ) DIseUS s S M ~ A B E nl sk . o A
DIRE AR EE T R mH A R o ' '

2. TEEBHGEE ) WIMOM T > BIAHE S R B Bl R T & 358 o 5
86 PRESERUR FI o ETRE BRI ] ]

3. AR T HRLE RS T € IR B > DU S IEE 15 5 .
S b b - G FERTEREIR - ) ]

4 FEEBR THARIE R rE EESS FEER T REE ) rgnE
EEEERE DM T (a0 TIVEED ~ TEENERIEHET %) - 3.58 67 2
J ST BB R R RS -

HH % 3.53 .54 -

5. HISBHEE —(lafdns B Ar s AR B 5 2 TR AR U\ BRI > DL 366 59 .
BEN_E SRR - ] ]

6. TSEFBSF SO T PUE N a) &L - DUR T s B el 156 5 5
R EL /7 30 o T R RGE B TR - ] )

7. TEEEET ] MRS T EE MR A & e B & 15 s ;
PRI AR, - S ERH R A R o ’ '

8. WABE AR BN ERE - JHSEREHTIG B THREHE Py B 145 . ;
HIEFIYIRE - RS2 AEREET K - ) '

AR 3.40 53| By

9, WEBFE AR ERIFT E TG INE B I e A, IR
A 3.55 64 1

10. JEEEE THRIE TGN EHAT (LMS) YiRe » EBIEET . 28 A
o e D PN : '

11 B R Z a3 ) B LA S s F o TRE S S e 134 o ;
BB > DA S AR AR E A A - ’ '

12. B2 TALGE SR B E R EE 3 & 346 o 5
fifi o EEEIA R SRR LE - ' ‘

HEf 3.50 T I

13. BB E PRI MY TR 3R ) BRI N B AL+ 154 6 .
SCERERIEIRIR - DRSNS E R RS - ] )

14, BT 2B R T 308 N ] e LS AR I T e (IS B " - .
AR E (EES) - BRRAEAH -~ sCRE) - ' ]

15. WISE B T AR EREET DI B8 i pURE - B3 151 5 ;
SETEE TR - R R EIRE D - ] ]

16. HEEEEE FHRLE U7 & IR 0 A1A% R B O IR - RS &
21 AL GBS HERIIRE  MINAE B IR AR ~ B REEE) 354 .60 1
ke -

TR 3.51 44




Journal of Textbook Research
Vol. 18, No. 2 (August, 2025), 83-130
doi: 10.6481/JTR.202508_18(2).03

Higher-Order Thinking in English Education:
Content Analysis of Taiwan’s Senior High School
Textbooks by Using L. Book as an Example

Chia-Hsuan Li

Critical thinking (CT) is an essential higher-order thinking skill for students.
Although numerous Taiwanese studies have focused on the teaching of CT
and its association with English , few have investigated its representation in
English textbooks. In the present study, content analysis of CT representation
in Taiwans senior high school English textbooks was performed to determine
the extent to which secondary school English textbooks support CT teaching.
The 593 questions in the reading sections of the L Book series were used for a
case study. Drawing on Blooms taxonomy and Taiwans English curriculum
guidelines, the researcher developed a coding scheme comprising four CT
categoriesanalysis, evaluation, synthesis, and creation and analyzed how CT
was presented within and across textbook volumes. The results indicated that
one-third of the questions in the L Book series could enhance students CT
skills, with analysis and evaluation being the most prevalent categories.
Furthermore, a progressive shift from analysis and evaluation to creation was
observed across volumes, indicating a cumulative hierarchy in CT
development. These findings offer pedagogical insights for senior high school
English teachers and textbook publishers regarding the cultivation of CT skills
in students and the improvement of English textbook design in Taiwan.

Keywords: critical thinking, critical thinking representation, English textbook,
content analysis
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1. Introduction

Critical thinking (CT) is a must-have higher-order thinking (HOTS) ability
for students. In Taiwan, CT has been considered a core competence in the
national curriculum guidelines for numerous years. CT debuted in Grade
1-9 Curriculum Guidelines in 2003 as a sub-skill and remained in a crucial
place during the educational reformation ten years later, in 2014, as a Core
Competency in the new Curriculum Guidelines of 12-Year Basic Education.
With its significance, CT has drawn close attention in Taiwan’s EFL research
field.

The EFL research on CT in Taiwan could be divided into two
dimensions. On the one hand, a growing number of Taiwanese researchers
have been experimenting with the effectiveness of teaching CT with
particular pedagogies, including theme-based instructions (Lin, 2005),
debate (Liu et al., 2015), literature circle (Liao, 2009), content-based
reading and writing (Liaw, 2007), and case-study (Lai, 2022). On the other
hand, another group of researchers has been exploring the relationship
between CT and English language skills, such as speaking fluency (Chen,
2021) and persuasive writing (Bauman, 2020). These local papers not only
highlighted the instruction of CT but also attested to the close relationship
between CT and English abilities. Despite the critical role of CT in Taiwan’s
national curriculum guidelines and its popularity in the EFL research field,
few existing local studies shed light on the definitions and representations
of CT in Taiwan’s English teaching materials.

In the field of EFL textbook analysis, most local teacher-researchers
who have carried out content analysis for Taiwan’s officially approved
English textbooks emphasized language structures, including text difficulty
(Cheng & Chang, 2022), speech acts (Huang & Pai, 2009), and vocabulary
(Lee, 2011), or particular issues, such as culture (Li, 2022), gender disparity
(Chen, 2019), global competence (Chou et al., 2019), and English as a
lingua franca (Luo, 2017). Very few of them examine the representation
of CT in English textbooks, namely, how it is defined, presented, and

organized within or across volumes. Lacking such knowledge about the
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definitions, elements, and patterns of CT, on-site English teachers might
have difficulty effectively teaching their students the ability of HOTS
through textbooks.

The above literature review shows a noticeable absence of the textbook
analysis of CT. Given that CT is one of the core competencies in Taiwan, the
present study intended to conduct a content analysis of the representation
of CT in the English textbooks for Taiwan’s senior high schools, using L
Book as an example. The specific aims were twofold: the first one was to
investigate the extent to which the English textbooks for secondary schools
were conducive to CT instruction, and the second one was to explore any
patterns of how CT was presented across different volumes of English
textbooks. The following two research questions guided this study:

1. What elements of CT are presented in the English textbooks for Taiwan’s
senior high schools?

2. What are the patterns of CT representation across volumes of the English
textbooks for Taiwan’s senior high schools?

It was hoped that this study would discern any problems with CT
representation in Taiwan’s English textbooks and propose corresponding
suggestions. The findings might additionally serve as a guide for English
teachers to improve their instruction of CT and as a template for textbook

editors to revise their publications.

2. Literature Review

2.1 Critical Thinking

The definitions and categorizations of CT vary remarkably among the
theories of philosophical, psychological, and educational domains.
Philosophically speaking, “critical thinking is the ‘educational cognate’ of
rationality,” and the central task of the cultivation of CT is to foster one’s
capability of “assess[ing] the probative strength of reasons” (Bailin & Siegel,
2003, p. 182). Ennis (1962) defined CT as “reasonable reflective thinking
focused on deciding what to believe or do” (cited in Ennis, 1993, p. 180),
whereas Lipman (1988) referred to CT as “thinking that is conducive to
judgment” and depends on standards (cited in Paul et al., 1997, p. 4).
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For philosophers, CT is the interaction between two sets of dispositions
and abilities (Ennis, 1991). Regarding dispositions, a critical thinker must
take an inquiring attitude, be independent-minded, stay fair-minded, and
respect others (Bailin et al., 1999). They must also (1) understand intended
meanings, (2) determine the focus of questions, (3) take an entire situation
into consideration, (4) seek and proffer reasons, (5) be well-informed, (6)
search for alternatives, (7) quest precision, (8) be reflective on one’s beliefs,
(9) stay open-minded, (10) withhold judgments without sufficient evidence,
(11) take a position, and (12) adopt one’s critical thinking abilities (Ennis,
1991). As for abilities, Ennis (1991) created a constitutive list of abilities of
ideal critical thinkers, which consists of five abilities related to clarification,
two to decision making, three to inference, three to metacognition, and
four auxiliary abilities. Clarifying includes: (1) identification of the focus
of questions, (2) analysis of arguments, (3) inquiry into and response to
challenges, (4) judgment of definitions and handling equivocation, and (5)
recognition of underlying assumptions. Deciding involves (6) judgment of
source credibility and (7) observation of judgments. Inferencing refers to
(8) deductive thinking and judgments of deduction, (9) inductive thinking
and judgments of induction, and (10) value judgments. Metacognitive
abilities are (11) “suppositional thinking” and (12) integrating the rest
of dispositions and abilities to make and defend decisions. The auxiliary
abilities are (13) to solve problems, monitor one’s thinking, and use a CT
checklist, (14) to be sensitive to others’ feelings and knowledge level, (15)
to adopt “rhetorical strategies,” and (16) to be reactive to fallacy.

The psychological tradition of CT differentiates from the philosophical
theories in that psychologists emphasize the performances of humans’
actual behaviors and disclose our CT processes (Sternberg, 1986). The
American Psychological Association (APA, n.d.) defines CT as “a form of
directed, problem-focused thinking” with which an individual tests his ideas
or solutions to errors. Psychologists often view CT as “a form of problem
solving” and are interested in the components or sets of the behaviors of CT
(Moon, 2007, p. 37). In Sternberg’s (1986, p. 3) “componential” definition,
CT consists of “the mental processes, strategies and representations people
use to solve problems, make decisions, and learn new concepts.” There are
three componential skills in CT (Sternberg, 19835; cited in Sternberg, 1986):
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metacomponents, performance components, and knowledge-acquisition
components. Metacomponents are “higher order executive processes” an
individual uses to plan what to do, monitor while doing, and evaluate after
things are done. Performance components are “lower order, nonexecutive
processes” a person utilizes to implement the metacomponents’ instructions
and offer feedback. These components vary across domains of performance,
such as inductive and deductive reasoning. Under knowledge-acquisition
components are “selective encoding” of (ir)relevant information, “selective
combination” of related information in an organized form, and “selective
comparison” between background knowledge and new information. They
are the processes one applies to learn conceptual knowledge or procedures.
As a mixture of philosophical and psychological theories, the
educational approach sheds light on the skills students need in classrooms to
solve problems, make decisions, and grasp new concepts (Sternberg, 1986).
Such a close tie to observations and experiences in classrooms is its benefits.
In educational contexts, the definition of CT is more like a “programmatic
definition” that expresses practical educational goals (Scheffler 1960;
cited in Hitchcock, 2018). Dewey (1910, p. 6), for instance, coined the
term “reflective thought” to describe the “active, persistent and careful
consideration” of one’s beliefs, and took such CT as an ultimate goal of
education. Likewise, in Bloom’s term, CT is labeled as “intellectual abilities
and skills” (Bloom et al., 1956, p. 38) that learners can transfer information
and techniques from their past experiences to new problems and situations.
Moreover, Bloom et al. (1956) developed a six-level taxonomy of cognitive
skills: (1) knowledge, (2) comprehension, (3) application, (4) analysis, (5)
synthesis, and (6) evaluation. These skills are sequenced from simple and
concrete to complicated and abstract and put in “a cumulative hierarchy”
(Krathwohl, 2002, p. 212). That is, the capability of lower skills is the
prerequisite for mastering higher skills. Later on, Anderson and Krathwohl
(2001), considering that learning objectives and results are what students
can do, renamed the six nouns in the form of verbs: from knowledge to
“remember,” comprehension to “understand,” application to “apply,”
analysis to “analyze,” synthesis to “create,” and evaluation to “evaluate”
(Krathwohl, 2002, p. 214). Another change was the replacement of the
top two skills, with evaluating listed as the fifth and creating as the sixth.
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The revised taxonomy is also presented hierarchically, and under the six
categories are 19 subcategories of cognitive processes (Krathwohl, 2002).
Based on Bloom’s taxonomy and its revision, several different verb
lists have been created for learning assessments. To reach a consensus on
the verbs’ position in the taxonomy, Newton et al. (2020) and Stanny
(2016) revisited all the lists collected from Google Search and counted the
frequency of verbs within and across categories. The former researcher
identified 104 verbs (Stanny, 2016), while the latter enlisted 61 verbs
(Newton et al., 2020). In terms of the ambiguity and overlap of verb
categorization, Stanny (2016) explained that many words have multiple
meanings and that “context modifies meanings” (p. 8). An example was the

1113

verb “‘recognize’ the definition of technical terms” as lower-level thinking
but “‘recognize’ professional situations that produce a conflict of interest”
as higher-level thinking.

Different as the above three approaches appear, it is worth noticing
that the CT skills each proposes strikingly overlap (Sternberg, 1986).
Gubbins (19835), collecting several similar CT taxonomies by numerous
researchers, developed a list of thinking skills (cited in Sternberg, 1986). His
list included six primary skills and multiple subskills: (1) problem-solving,
(2) decision-making, (3) inferencing, (4) divergent thinking, (5) evaluative

thinking, and (6) reasoning.

2.2 Textbook Analysis of CT

In the existing studies on CT representation in textbooks of various
disciplines, researchers have different preferences in using philosophical,
psychological, or educational categorizations. Among the three categories,
the most frequently used taxonomy is that of the educator Bloom. In his
hierarchical taxonomy of cognitive thinking, the first three are lower-order
thinking (LOTS), while the last three are HOTS and are often viewed as CT
skills (Ennis, 1993).

With the use of Bloom’s taxonomy (Bloom et al., 1956) or its revised
version by Anderson and Krathwohl (2001), numerous foreign researchers
have tried to probe how levels of thinking skills are presented in English
textbooks and to what extent these teaching materials could enhance
students” HOTS or CT, including Al-Qahtani (2019), Laila and Fitriyah
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(2022), Peyré et al. (2020), Qasrawi and BeniAndelrahman (2020), and
Tayyeh (2021). Laila and Fitriyah (2022) adapted a checklist table from
Pratiwi (2014), while Tayyeh (2021) conducted descriptive content analysis
to explain numerical findings, both focusing on reading comprehension
questions in the English textbooks respectively for Indonesian and
Iraqi twelfth graders. Similarly, Al-Qahtani (2019) and Qasrawi and
BeniAndelrahman (2020) analyzed reading and/or writing activities and
tasks in the English textbooks respectively for Palestinian and Saudi Arabian
college students. The former researchers utilized a category of verbs under
the six levels by OPAR (2012), whereas the latter also adopted descriptive
analysis. All of their results, nevertheless, showed that very few HOTS were
presented in the English teaching materials; in other words, students were
not encouraged to think critically. Unlike these four studies, which used
Bloom’s HOTS, Peyré et al. (2020) adopted the framework of Anderson
and Krathwohl’s (2001) revised two-dimension classification to examine
the actions and knowledge in the CLIL science textbooks for Spanish sixth
graders. Their findings also revealed that more than 60% of the materials
did not help promote the CT skills required for the CLIL approach.

Most researchers used Bloom’s taxonomy and/or its revised version
as a research framework; nevertheless, such adoption might not be as
convincing as it seemed. Regarding Bloom’s taxonomy, the following
two aspects might need to be considered. Firstly, according to Ennis
(1993, p. 179), Bloom’s taxonomy (Bloom et al., 1956) somehow appears
problematic. The six cognitive thinking levels are not hierarchical but
“interdependent.” Ennis (1981) gives an example: while synthesis and
evaluation require analysis, analysis also requires these two skills. Hence,
marking more than one CT skill for each question or activity might be
possible and essential during the content analysis. One question or activity
might encourage two or more kinds of CT skills. Secondly, Ennis (1993,
p. 179) also warned that the three higher levels, namely the HOTS, seem
to be “too vague.” This might be because Bloom’s taxonomy was initially

designed to be a vastly general principle “a common language”

so that it could be adapted or modified in accordance with different
educational needs (Bloom et al., 1956, p. 10; Krathwohl, 2002, p. 212).
In light of its generality, what could be and might have to be done is to
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expand the HOTS in Bloom’s taxonomy (Bloom et al., 1956) or its revision
by Anderson and Krathwohl (2001) and make them as relevant as possible
to the Taiwan context. By doing so, the research findings could be more

convincing and localized to Taiwan’s education of CT.

2.3 CT in the Context of Taiwan’s Secondary Education

Scholars in Taiwan have also tried to define CT, and most local researchers
take a philosophical perspective. According to Wang (2000), CT is a type
of judgmental thinking based on the understanding of narratives and
questions. More specifically, Yeh (2003) defined CT as “a complicated
cognitive process” involving five kinds of thinking skills: “identification of
hypotheses, inferences, deductions, explanations, and evaluations” (cited
in Kuo et al., 2008, pp. 171, 174). Wen (2012, p. 3) referred to CT as “the
process and result of dialectical thinking carried out by autonomous and
self-disciplined people, including questioning, introspection, liberation, and
reconstruction to pursue a more reasonable life.” In addition, Cheng (2012),
reviewing both philosophical and psychological approaches, listed six
natures of CT: (1) the thorough and in-depth understanding of a problem
or question, (2) the transcendence of self-centeredness and personal
experiences, (3) the practice of reason, (4) the connection to and display
of language quality, (5) the concern about oneself and his life, and (6) the
pursuit of meanings.

When it comes to the education of CT, Taiwan’s curriculum guidelines
adopted a mixture of philosophical, psychological, and educational
approaches. In Taiwan’s educational history, CT debuted in Grade 1-9
Curriculum Guidelines in 2003 as a sub-skill of the tenth Core Competence,
“Independent Thinking and Problem Solving.” “Independent Thinking and
Problem Solving,” consisting of fundamental thinking, CT, and creative
thinking (Curriculum and Instruction Resources Network, CIRN, n.d.,
abstract), refers to one’s capability and habit of thinking independently
and reflectively, making judgments systematically, and resolving problems
effectively. As a sub-ability, CT, analytic and reflective in nature, is defined
as being able to (1) examine, relate, and evaluate a context or a problem,
(2) put emphasis on the foci of the problem, (3) collect, organize, analyze,

and digest information, (4) decide whether solutions are reasonable with
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previously learned experiences, and (5) make practical conclusions (CIRN,
n.d., definition). These five sets of action verbs in the CT definition
correspond to the different concepts of CT. In the statement, verbs 1 and 5
first see CT as both the capability and disposition of “reasonably reflective
thinking” that involves value judgment and asks one to “remain relevant
to the main point,” which echoes with Ennis’ (1993, p. 180) philosophy.
Its second focus on problem-solving (e.g., verb 2) and the decoding,
comparison, and combination of information (e.g., verb 3) is a psychological
point of view of Sternberg (1986). The third focal point of reflective
thinking and the ability to transfer background knowledge to new contexts,
namely verb 4, are what Dewey and Bloom propose as ultimate educational
goals.

During the educational reformation ten years later, in 2014, CT
still held a special place in Taiwan’s curriculum. In the new Curriculum
Guidelines of 12-Year Basic Education (2014), CT can be found in A2, one
of the nine Core Competencies. A2 “Logical Thinking and Problem Solving”
pertains to the systematic thinking of understanding problems, analysis, CT,
and metacognition, with all of which one can take action, reflect oneself,
and effectively resolve daily-life problems. More specifically, in Curriculum
Guidelines of 12-Year Basic Education: English Domain for Elementary,
Junior High School and Upper Secondary School Education (2018),
the ENG-A2 for higher-level English learners (i.e., senior high students)
requires them to adopt various strategies to gain a deeper understanding
of texts, to discern the essence of messages, and to distinguish truth from
falsity. Furthermore, under Core Competency is Essential Learning Focus, a
combination of nine Leaner Performances and four categories of Learning
Contents. Amid the English learner performances for senior high students,
the ninth “Logical Reasoning, Judgement and Creativity” includes eight
thinking levels (i.e., 9-V-1 to 9-V-8):' (1) compare, classify, and sequence,
(2) determine the relationship between information, (3) distinguish facts
from opinions, (4) generalize and conclude, (5) transfer acquired knowledge
to solve problems, (6) integrate information, (7) evaluate and judge, and

(8) formulate plans with creativity. As for the learning content for senior

" The first code, “9” means the ninth Learner Performance, whereas “D” represents the fourth
Learning Content in the Curriculum Guideline for Subject English. “V” refers to senior high
students being in the fifth learner stage. The other number, “1,” is the numbered skills.
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high students, the fourth “Cognitive Capability” (i.e., D-V-1 to D-V-8) also
contains the same eight thinking levels. The above verbs in the definitions
of (ENG-)A2 and the descriptions of learner performances and learning
contents are also a mixture of philosophical, psychological, and educational
concepts of CT. Philosophically, it calls for logical, systematic, and reflective
thinking, as well as truth-telling. Psychologically, the emphasis is further
put on problem-solving and Sternberg’s (1986) meta-components, namely
planning, monitoring, and evaluating. Educationally, the utmost objective is
for students to be able to transfer what they already know to their daily life
situations.

The attempts to adopt philosophical, psychological, and educational
traditions make the CT definitions and descriptions of its skills more
comprehensive. With such comprehensiveness, English teachers and

textbook designers might be well persuaded, no matter their stance.

3. Methodology

3.1 Data Sets

The data sets were collected from the English textbooks published by L
Book Co., Ltd. L Book Co., Ltd. is a leading publisher of English textbooks
for senior high schools, holding about 80% of the market share. The
rationale behind its textbook design is to “educate students” instead of
merely “proffering knowledge.” Speaking of educating a person, CT is
not knowledge but a disposition, representation, and ability that one must
possess. Considering its high market share and core value on “education,” L
Book was selected as the research subject in the present study. The L Book’s
five volumes of English textbooks students used from the fall of 2022 to
spring 2023 were analyzed. The first four volumes contain nine units and
three reviews, and the fifth has only six units. The reviews were excluded
from the data set because of their different designs from other units. Except
for the reviews, all units consist of seven sections: “Thinking Aloud,”
“Reading Strategy,” “Reading Selection,” “Vocabulary & Phrases,” “Sentence

b

Pattern,” “Language in Use,” and “Listening Strategy.” Only the sections
related to reading, the first three, were gathered as data, for reading covers

most parts of one unit.



94

HRIETE B B

Below is an introduction of each (sub)section under the “pre-, during,
and postreading” model (Grabe, 1991, p. 396), a reading process where
readers first activate their schemata (Carrell, 1988), adopt reading strategies
and acquire linguistic knowledge (Giizel, 2022, p. 30), and demonstrate
their comprehension through extended production (Petrosky, 1982, p. 24;
cited in Zamel, 1992, p. 468). Every unit in L Book starts with two sections
for pre-reading. One is “Thinking Ahead (TA),” where an activity and a
question serve as a warm-up to increase students’ learning motivations. The
other, “Reading Strategy (RS),” containing two subparts, reading strategy
(RS-RS) and reading comprehension (RS-RC), introduces one reading
strategy and includes a short passage and two to three activities or questions
for students to practice. The topic of the short passage is closely related to
the topic of the main reading text for the next stage, while-reading, which
includes one main part and four subparts. “Reading Selection (R)” involves
a reading text with activities and questions presented in the subsections
of “Language Highlight (R-LH),” “Reading Strategy (R-RS),” “Note the
details (R-ND),” and “Reading Comprehension (R-RC).” R-LH focuses on
linguistic knowledge, such as transition words and grammatical sentence
patterns. R-RS is a similar practice of particular reading strategy to that in
the previous section RS-RS. R-ND targets the details of the main reading
text and invites students to find out detailed information. R-RC is literacy-
based and scenario-situated, as in its design. Behind the reading text, for
post-reading, are three other subparts: “Graphic Organizer (R-GO)” with
an activity to visualize the text, another “Comprehension Practice (R-RC)”
with three questions to check students’ understanding of the text, and “Think
and Reflect (TR)” with two to four questions to encourage students’ critical
and reflective thinking about the themes or issues arising from the texts.

The unit of analysis is question. By question, it referred to the
statements ending with a question mark and/or starting with wh-words,
such as “what” and “how,” or auxiliary verbs, like “do” or “would.” Each
question mark or keyword was marked as one piece of data. The rationale
behind the focused selection of questions was twofold. On the one hand,
questions help probe CT, for “thinking is question driven” (Paul & Elder,
2002, 2007; cited in Rashid & Qaisar, 2016, p. 155) and is displayed “in
the form of questions” (Santoso et al., 2018, p. 1).
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On the other hand, most learning activities in L Book’s English
textbooks are phrased in the form of or followed with questions, and those
that end only with a period are rare cases. If the statements involve both a
question mark and a period, they would still be considered questions. Based
on the criteria, 135 questions were gathered from Volume one, 141 from
Volume two, 125 from Volume three, 123 from Volume four, and 69 from
five. In total, 593 questions were collected from the selected (sub)sections
(see Table 1). The whole data set could be divided into three reading stages
and four sections: TA as a warm-up and RS and its subsections (i.e., RS-RS
and RS-RC) as a pre-learning for reading strategies in pre-reading, R and its
subsections (i.e., R-LH, R-RS, R-ND, and R-RC) as the main part in while-
reading, and TR as an extension in post-reading.” Considering space limit,
sample questions of each (sub)part are presented with coding examples
in 3.2 Coding Scheme. Other thinking-related tasks, namely R-GO, were
excluded from the data set, not only because they are not question-type but
also because graphic organizer is another independent research topic that

requests further and separate attention.

Table 1. Data Sets

Stages Sections Vi V2 V3 V4 | V5 | Total
TA 20 19 13 17 12 81
Pre-Reading RS
RS-RS S 6 0 0 0 11
RS-RC 9 9 9 6 0 33
R
R-LH 6 7 8 4 0 25
While-Reading R-RS 6 6 3 4 0 19
R-ND 27 28 31 27 | 20 133
R-RC* 34 35 35 35 | 22 161
Post-Reading TR 28 31 26 30 15 130
Total 135 | 141 | 125 | 123 | 69 593

*Reading Comprehension (R-RC) and Comprehension Practice (CP) have identical

features, and thus were combined together as Reading Comprehension (R-RC).

> “Think and Reflect” is renamed as “Thinking and Reflecting” for parallel presentation.
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3.2 Coding Scheme

In the present study, CT’s educational approach was adopted. The
philosophical perspective was excluded because philosophers focus more
on logical systems and reasoning, whereas psychologists pay much closer
attention to the mental processes of problem-solving. Contrastively, the
educational tradition of CT, as a mixture of the two theories (Sternberg,
1986), is more comprehensive and has played the role of the Bible, guiding
textbook design and lesson design. Hence, frameworks from the educators,
Bloom’s taxonomy (Bloom et al., 1956), and its revised version by Anderson
and Krathwohl (2001) were modified to create the localized coding scheme
for the content analysis of the representation of CT in Taiwan’s English
textbooks. The categories of the coding scheme included only “Analyzing,”
“Evaluating,” and “Synthesizing” from Bloom’s framework, for according
to Ennis (1993), the last three are HOTS and are often viewed as CT skills.
Synthesizing was still added to the coding scheme, as Taiwan’s English test
in the college entrance exam, the General Scholastic Ability Test (GSAT), is
now prone to add such a synthesis nature in its test design. Another category
was Creating from Anderson and Krathwohl’s revised version. Creating
and Synthesizing both existed in the coding scheme because they differed in
the learning outcome learners were required to perform. For Synthesizing,
students need to draw multiple elements from different sources and
integrate all available information into new constructions. The synthesized
production involved both the original contents of the sources and parts of
learners’ ideas. As for Creating, students typically need to formulate a plan
or complete a project from scratch. The created production thus requests
more originality of learners’ ideas, imagination, and creativity.

Extended from Wang’s (2000) definition of CT (see Section 2.3), in
the present study, CT was operationally defined as “a type of thinking that
puts forward rational value judgments and creative idea generation after
in-depth analysis and comprehensive synthesis of the narrative texts and
problems.” Based on the operational definition, a localized coding scheme
was created. The steps were as follows. The researcher first gathered all the
contents related to HOTS, namely the above four categories of CT from
the Curriculum Guidelines of 12-Year Basic Education: English Domain for
Elementary, Junior High School and Upper Secondary School Education
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(2018, pp. 17, 24-25, 32-33), which included the lists of the third and the
ninth Learner Performance “Language Proficiency in Reading” and “Logical
Reasoning, Judgement and Creativity” as well as the fourth Learning
Content “Cognitive Capability.” Among all the skills on the lists, 9-V-3,
“Can apply acquired knowledge to new situations and solve problems,”
was excluded because it was considered at the level of applying. Then,
extracted statements of CT were separated into multiple pieces by verbs
since each original statement in the curriculum guideline covered more
than one HOTS. To exemplify, the statement of skill 9-V-8, “Can integrate
various information, formulate a reasonable plan and accomplish a task
with creativity,” was chunked into three separate subskills, S-3, C-1, and C-2.
3-V-15, “Can analyze and critique an article and understand the author’s
perspective, stance and writing purpose,” was also split into two, A-7 and
E-2; the former was about the objective analysis of the author’s writing

purpose, while the latter was leveled at evaluation for the subjectivity

» <« >

natures in “critique, and “stance.” Lastly, the researcher
divided those skills into four HOTS ——“Analyzing,” “Evaluating,”

“Synthesizing,” and “Creating” (see Table 2). The four categories of HOTS

perspective,’

were hierarchical and interdependent, meaning that higher-level thinking
skills include lower-level ones as prerequisites. Their corresponding CT
skills were also levelized, as they originally were in the curriculum guideline.
For instance, A-4 (9-V-2, D-V-2) is above A-1, A-2, and A-3 (9-V-1, D-V-1),
the necessary CT skills to master A-4.

During the content analysis, the researcher, considering contexts
(Newton et al., 2020; Stanny, 2016), first identified the required thinking
skills in each question, such as differentiating and comparing. Then, the
marked thinking skills, or action verbs, were categorized according to the
present coding scheme and the verb lists of Bloom’s taxonomy by Newton
et al. (2020) and Stanny (2016). Moreover, based on the abovementioned
assumptions of CT skills, instead of marking only one code for each piece of
data, the researcher would identify which categories and CT skills a question
invites students to perform and label one or more codes. Also, to present
the results of CT representations more comprehensively, each identified
code would be counted in proportion, regardless of their hierarchy. To
exemplify, if a question required A-4 and A-1, both codes would be marked
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Table 2. Coding Scheme
Category CT Skills
C-1 Can formulate a reasonable plan.” (9-V-8, D-V-8)

Creating . . ..
C-2 Can accomplish a task with creativity. (9-V-8, D-V-8)
S-1 Can generalize multiple pieces of information and arrive at a
conclusion. (9-V-4, D-V-4)
. S-2 Can integrate all the information available to predict potential
Synthesizing
development. (9-V-6, D-V-6)
S-3 Can integrate various information and reconstruct an original text to
produce a new interpretation. (9-V-8, D-V-8)
E-1 Can evaluate various pieces of information and make reasonable
. judgment or suggestions. (9-V-7, D-V-7)
Evaluating

E-2 Can critique an article and understand the author’s perspective and
stance. (3-V-15)
A-1 Can compare multiple pieces of information. (9-V-1, D-V-1)

A-2 Can classify multiple pieces of information. (9-V-1, D-V-1)

A-3 Can sequence multiple pieces of information. (9-V-1, D-V-1)

A-4 Can determine the relationship between two pieces of information
based on the context. (9-V-2, D-V-2)

Analyzing A-5 Can distinguish objective facts from subjective opinions based on the
context and textual clues. (9-V-3, D-V-3)

A-6 Can analyze multiple pieces of information and identify the
similarities. (9-V-4, D-V-4)

A-7 Can analyze an article and understand the author’s writing purpose.
(3-V-15)

*The codes in the brackets were the original codes from Curriculum Guidelines of 12-

Year Basic Education: English Domain for Elementary, Junior High School and Upper
Secondary School Education (2018), added to exemplify how the coding scheme was
adapted.

and counted. For the calculation of CT proportion, the total counts of CT
skills identified in L Book would be the denominator, and the amount of
each CT (sub)skill was the numerator (i.e., CT proportion = N of CT (sub)
skill / Total of identified CT skills). Both of the portions within and across
the five volumes were calculated. In contrast, if any cognitive thinking skills
required in the questions were not closely related to HOTS, such as locating
information or demonstrating comprehension, they would not be coded into

any categories or skills but marked as not applicable (NA). The portion of



Chia-Hsuan Li Higher-Order Thinking in English Education

99

NA was calculated separately by dividing the non-applicable questions by the
sum of collected data (i.e., NA proportion = N of NA / Total of the data set).

To exemplify the coding procedure, Volume two unit four (V2U4)
“Malala: Stronger Than Violence” was used as a demonstration. In the
pre-reading stage, the TA question asked students to look at pictures of
teenagers and ponder “What can teenagers do to make our world a better
place?” This question was coded as S-2 because students had to integrate
what they viewed in the pictures and make possible predictions about what
teenagers could do for a better world. For another RS-RC question, students
had to read a news article and check their understanding of the features of
the texts by answering the question, “According to the text, which of the
following statements is true?” Such questions only tested their linguistic
knowledge and thus were labeled as NA.

In the while-reading stage, firstly, the R-LH question, “What does the
phrase ‘a few’ in Paragraph 1 refer to?” assessed if learners understood
what certain words or phrases in the reading text indicated. The question
only required students to demonstrate their understanding of the pronoun
“a few” by making references within the reading text, and therefore, was
marked as NA. Secondly, the R-RS question, “...which kind of article is this
passage?” asked students to identify the features of the reading text and
determine whether it was a news report or a feature article. The question
was also an NA, for it merely checked students’ application of the linguistic
knowledge of text genres. Thirdly, two of the three R-ND questions: “When
the Taliban ruled her hometown, what did Malala’s father encourage her to
do?” and “Why did the Pakistani government launch a new policy ensuring
gender equality in education?” were also labeled as NA in that they only
requested students to locate specific information in the reading text. In
contrast, to answer the other R-ND question, “Why did the Pakistani
government launch a new policy ensuring gender equality in education?”
learners had to identify the cause-and-effect relationship for the new policy
launched by the Pakistani government mentioned in the reading text. This
question was thus marked A-4. Fourthly, among the three R-RC questions,
the first one, “What’s the main idea of the passage?” only confirmed
students’ comprehension, considered an NA. The second one, “Why did

Malala fight for girls’ educational rights?” was also labeled NA, even though
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there seemed to be a causal relationship in the question. This was because
the text relation had been pointed out so clearly with a discourse marker
“Malala believed that
no one could take away others’ right to education. She thus became an
advocate of equal rights for female students” (L Book, 2022, p. 83). The
last one, “What is the author’s main purpose in writing this passage?” where

that learners only needed to locate information

students were asked to analyze the author’s purpose of writing the article
was coded as A-7.

In the post-reading stage, TR included three questions. The first,
“What kind of girl do you think Malala is?” was labeled as both E-1 and
S-3, for learners not only had to make reasonable judgments with their own
criteria to appraise Malala but also generalize what she has done in her
life to conclude her personality or beliefs. The second, “Do you agree that
education is the most powerful weapon we can use to change the world?”
merely invited learners to share their opinions on whether education is a
powerful tool; therefore, it was marked as NA. However, if followed up
with the third question, “Why or why not?” the combination of the two
would be labeled as E-1, for it required students to evaluate the role of

education. A summary of the coding example is displayed in Table 3.

3.3 Inter-Rater Reliability

To carry out the coding more objectively and reach more convincing results,
another researcher was invited to conduct the coding of content analysis
together with the present researcher. The partner researcher was one of
the researcher’s classmates in graduate school, and both of whose master’s
thesis were instructed by the same professor. The partner researcher agreed
that the HOTS (i.e., Analyzing, Evaluating, Synthesizing, and Creating)
are CT skills. She also considered the categorization to be much more
meaningful because it corresponds to the teaching site, where the textbook

design should fulfill the expectations of the curriculum guideline.
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Table 3. A Coding Example of V2U4

Stages

Sections

Questions

CT skills

Pre-

reading

TA

Look at the pictures and discuss the following
question with your partner. What can

teenagers do to make our world a better place?

S-2 (make possible
prediction)

RS-RC

According to the text, which of the following
statements is true?

(A) The text provides a complete analysis of
the event.

(B) The text covers the author’s opinion about
this attack.

(C) The text includes the most essential

information in the first paragraph.

NA (acquire linguistic
knowledge)

While-

reading

R-LH

What does the phrase ‘a few’ in Paragraph 1
refer to?

NA (understand text
contents)

R-RS

According to the statements you checked,
which kind of article is this passage?

[] News report. [ ] Feature article.

NA (acquire linguistic
knowledge)

R-ND

1. When the Taliban ruled her hometown, what
did Malala’s father encourage her to do?

2. Why did the Pakistani government launch
a new policy ensuring gender equality in
education?

3. What message did Malala send to the world
in her UN speech?

1. NA (locate

information)

2. A-4 (identify cause-
and-effect)
3. NA (locate

information)

R-RC

1. What’s the main idea of the passage?

2. Why did Malala fight for girls’ educational
rights?
3. What is the author’s main purpose in

writing this passage?

1. NA (understand text
contents)
2. NA (locate

information)

3. A-7 (analyze the

author’s purpose)

Post-

reading

TR

1. What kind of girl do you think Malala is?

2. Do you agree that education is the most
powerful weapon we can use to change the
world? Why or why not?

1. E-1 (make reasonable
judgment), S-1
(generalize, conclude)

2. (1) NA (personal
opinion); (2) E-1 (make

reasonable judgment)
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The co-coding steps were as follows. First, the researcher introduced
the coding scheme to the partner rater and trained her on how to analyze
questions. V2U4 was used as an example to check her understanding.
Once ready, we conducted the coding separately and dealt with the five
randomly selected units: V1US, V2U6, V3U3, V4U2, and V5Ul1. Following
the individual coding was an online discussion to identify the problems and
reach a consensus if there were disagreements between the two raters. After
the analysis, the (in)consistency between the two rates on each item was
marked as 1 for agreement and 0 for disagreement. Next, the researcher
calculated the percentage of consensus, drawing a matrix where the columns
were different raters, and the rows represented the variables collected from
the data. This is the traditional measurement of inter-rater reliability named
“percent agreement,” calculated by dividing the scores of agreements by
the total scores (McHugh, 2012, p. 277). This study used such a method
because its calculation is simple and allows analyzers to discern any
problematic variables. In the present study, the percentage of agreement
between the researcher and the partner was about 84%, which meant the

inter-rater reliability was well-established.

4. Results

4.1 CT Representation Within Volumes

Table 4 shows the sum of NA questions found in each volume of L Book.
About two-thirds (69.3%, 411 out of 593) of questions seemed not
conducive to developing learners’ HOTS. In contrast, of the remaining 182
CT-provocative questions, the CT skills were counted 214 times, as some of
the questions required more than one skill. The proportion of CT skills in
the five volumes is presented in Table 5. In an overview, the four categories
of CT skills all appeared in the different units of the different volumes of
English textbooks. Of all the identified data (i.e., 214 counts), Analyzing
(41.6%) was the most dominant CT skill, with 17.8% of A-4 and 12.6%
of A-7. Evaluating (28.5%) was the second dominant CT skill, with E-1
(25.7%) accounting for the most. On the other hand, Synthesizing (19.2%)
and Creating (10.7%) appeared rather less frequently, respectively including
11.29% of S-1 and 7.5% of S-2, and 4.7% of C-1 and 6% of C-2.
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Table 4. Proportion of NA in L Book
N of NA Questions Proportion of NA (%)

Vi 89 64.0
V2 103 70.1
V3 91 72.8
V4 81 61.8
\'A) 47 63.5
Total 411 69.3

Table 5. Proportion of

CT in L Book

N of CT Proportion of CT (%)
CT

Creating 23 10.7
C-1 11 4.7
C-2 13 6.0
Synthesizing 41 19.2
S-1 24 11.2
S-2 16 7.5
S-3 1 0.5
Evaluating 61 28.5
E-1 55 25.7
E-2 6 2.8
Analyzing 89 41.6
A-1 10 4.7
A-2 2 0.9
A-3 4 1.9
A-4 38 17.8
A-S 0 0
A-6 8 3.7
A-7 27 12.6
Total 214 100
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More specifically, Table 6 points out the portion of the NA question

in each (sub)section. On the other hand, for the identified CT-provocative

questions, Table 7 shows the proportion of each CT skill in the different

(sub)sections of L Book. The detailed findings of each (sub)section are

presented below in three stages: pre-reading (i.e., TA, R-RS, R-RC), while-
reading (i.e., R-LH, R-RS, R-ND, R-RC), and post-reading (i.e., TR).

Table 6. Proportion of NA in Each Section of L Book

N of NA Questions Proportion of NA (%)
Pre-Reading (TA, RS) 100 80.0
While-Reading (R) 251 74.3
Post-Reading (TA) 60 46.2
Total 411 69.3

Table 7. Proportion of CT within Volumes (%)

Pre-Reading (TA, RS) ‘ While-Reading (R)

Post-Reading (TR)

CT

Creating 3.3 0 25.9
C-1 0 0 11.8
C-2 3.3 0 14.1
Synthesizing 40.1 22.2 8.2
S-1 3.3 20.2 3.5
S-2 36.7 2.0 3.5
S-3 0 0 1.2
Evaluating 23.3 6.1 56.5
E-1 23.3 0 56.5
E-2 0 6.1 0
Analyzing 33.3 71.7 9.4
A-1 10.0 54 2.4
A-2 0 2.0 0
A-3 0 4.0 0
A-4 10.0 35.4 0
A-5 0 0 0
A-6 10 3.0 2.4
A-7 3.3 22.2 4.7
Total 100 100 100
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4.1.1 Pre-Reading

In the first two sections, TA and RS, most questions (80%) seemed unable to
engage students in CT but targeted their background knowledge or personal
experiences (see Table 6). Only one-fifth of the questions focused on HOTs,
with 33.3% of Analyzing, 23.3% of Evaluating, 40.1% of Synthesizing,
and 3.3% of Creating (see Table 7). More specifically, only four Analyzing
skills, A-1 (10%), A-4 (10%), A-6 (10%), and A-7 (3.3%), were found. For
Evaluating, none of E-2 (0%) could be found but mostly E-1 (23.3%). As
for Synthesizing, the relatively dominant CT skill here, 3.3% of S-1 and
36.7% of S-2 were identified. Below is an example of S2, where students
needed to integrate the information in the picture and make predictions. By
sharp comparison, Creating merely accounted for a small portion (3.3% of
C-2).

V5U6 (see Figure 1): Look at the picture. Who are these people, and

what are they doing? Why are some of the people chained up, and

what will happen to them? * (L Book, 2022, p. 147, TA) (both S-2,

make possible prediction)

V1U9: Does the graffiti on the wall make the city ugly or beautiful?
Why? (L Book, 2022, p. 193, TA) (E-1, make reasonable judgment)

g A
Figure 1. Example of S-2 from V5U6
Source: L Book (2022, p. 147).

’ CT-provocative questions were underlined to differentiate them from other descriptions in the
examples. This explanation is consistently applied to all underlined elements that follow.
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4.1.2 While-Reading

In the third section, R, a significant number of the questions (74.3%) in its
subsections were lower-level thinking (see Table 6). Among the scarce CT
skills, Analyzing was primarily required in while-reading, taking up 71.7%.
All of its six subskills, except for A-5, were found, with A-4 (35.4%) and
A-7 (22.29%) appearing the most. The rest identified CT skills were 6.1 % of
Evaluating (E-2) and 22.2% of Synthesizing (20.2% of S-1 and 2% of S-2)
(see Table 7).

Below are four examples of Analyzing from V4Ué6, V5US5, VSU1,
and V3US. In the first example from V4U6, an introduction to Mumbai’s
unique food delivery system, Dabbawalas, its R-RC question asked learners
to categorize the features of and identify the similarities between Mumbai’s
Dabbawalas and Taiwan’s Foodpanda and Uber Eats. The second example,
V5US5, introduced the threats and reasons for the rising water level in
Venice, Italy. After reading the text, learners were invited to analyze how
the author organized the essay by reordering the ideas in the question.
For V5U1, it was a summary and an analysis of the British writer Rudyard
Kipling’s poem “If —.” The reading text explained the qualities of a
successful life mentioned in the poem, one of which is willpower. During
their reading process, learners had to ponder why willpower was important.
The cause-and-effect relationship was not clearly presented in the text;
hence, the ability to analyze the text critically was a must. In the last
example from V3US5, students were asked to read each sentence carefully
in the first paragraph of the main reading text to analyze how different
sentences supported one idea. Students had to pay attention to transition

<«

words, such as “In spring...,” “In summer...,” “... in autumn...,” and “Then,

2

when winter comes...,” and multiple adjectives, both of which were used
by the textbook author to delineate how Kyoto looked “throughout the
year.” Through such analysis, students would learn that the writer aimed to

describe something logically and visually.

V4U6: Dabbawalas play an important role in the lives of many Mumbai
residents, and so do food delivery services such as Foodpanda and Uber
Eats in that of many Taiwanese. According to the passage, which of the
following is the proper content for the intersection? (L Book, 2022, p.
141, R-RC) (A-1 compare; A-2, classify; A-6, identify dis/similarities)
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V5US: How does the author organize the passage? Put the following
ideas in the correct order... (L Book, 2022, p. 125, R-RC) (A-3,

sequence)

V5U1: Why is willpower an important ability that one needs to have? (L
Book, 2022, p. 6, R-ND) (A-4, identify cause-and-effect)

V3US5: Circle the keywords that signal the development of Paragraph
1. How is the idea “throughout the year” supported? (L Book, 2022, p.

106, R-LH) (A-7, analyze the author’s writing purpose)
Examples of Synthesizing were from V1U2, V1US, and V2U3. V1U2

was a break-up letter a teenage girl wrote to say goodbye to her cellphone.
In the reading text, the pros and cons of smartphones were mentioned. Its
R-RC question required students to generalize what had been mentioned in
different paragraphs to summarize the reason for writing this letter. Another
similar example was V1US, which told the life story of a plastic bag with
personification. In V1US5, its R-RC asked students to take a concluding
stance on plastic bags to respond to other personified marine animals’
concerns. V2U3 was adapted from American writer O. Henry’s short story
Mammon and the Archer. In the narration, different characters hold different
opinions on true love and money, as indicated in different paragraphs.
To answer the R-RC question, learners also needed to generalize
the descriptions and plots to make conclusions about the characters’

perspectives.

V1U2: Why does Sally want to leave John? (A) John cheats on her.
(B) Sally’s friends dislike him. (C) She has changed for the worse. (D)
John seldom pays attention to her. (L Book, 2022, p. 33, R-RC) (5-1,

generalize, conclude)

V1US (see Figure 2): According to the passage, which of the following

is most likely the plastic bag’s response? (A) We never meant to hurt

anyone. I think it’s fair to say we plastic bags are also victims. (B) It’s all
your fault! Your friends should have seen it clearly before swallowing
a plastic bag. (C) It’s unfair to blame us. According to a study, less than

half of all sea turtles have eaten plastic. (D) Since we were created to
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make humans’ lives easier, some negative effects are unavoidable. (L
Book, 2022, p. 107) (S-1, generalize, conclude)

V2U3 (see Figure 3): Based on the passage, which of the following
statements best describes Old Anthony Rockwall’s concept of money? (L
Book, 2022, p. 53, R-RC) (S-1, generalize, conclude)

My friends often mistake your Exactly! Many of my friends died
friends for jellyfish and they after eating plastic bags because
cause serious problems! they couldn't digest food normally
anymore.
o

My friends often get caught in plastic
bags and rubber bands, which makes
them have trouble moving and sometimes
even causes their death. You are killers!

.

Figure 2. Example of S-1 from V1US$
Source: L Book (2022, p. 107).

-
It's important that we pay attention to our everyday expenses

(A) Y
h {because a small leak may eventually sink a great ship.
4
4

N
(B) ’ﬁ‘ A wise man should have money in his head, not in his pocket.
L 4 Knowledge and experiences are more important than bills and

coins.

© 2 No matter how rich you are, you can't buy what's truly precious.

In my opinion, others' respect and trust are not for sale.

O f From my viewpoint, the richer you are, the easier it is for you
~ to find love—in family, among friends, and everywhere.
Figure 3. Example of S-1 from V2U3

Source: L Book (2022, p. 53).
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4.1.3 Post-Reading

In the final section, TR, more than half of the questions targeted students’
higher-level skills (see Table 6). TR involved all of the four categories of
CT, including 9.4% of Analyzing (A-1, A-6, A-7), 56.5% of Evaluating (E-
1), 8.2% of Synthesizing (S-1, S-2, S-3), and 25.9% of Creating (C-1, C-2)
(see Table 7). Below are some instances from different units and volumes.
Synthesizing could be found in V4U4 and V4U9. S-2 existed in V4U4,
where the Tao people’s culture of flying fish season on Orchid Island,
Taiwan, was described. The article involved several aspects of flying fish,
such as origin, traditional ceremonies, and restricted rules. To answer the
TR question, students had to generalize all the information mentioned in
the text and summarize what they could learn from the Tao people. S-3 and
C-2 were in V4U9, the rewritten version of the novel To Ki// a Mockingbird.
Since it was a story with a sad ending, its TR question invited learners to
synthesize what they had read from the narration and then come up with a
new and different ending for the story on their own. Two other instances of
Creating could be seen in V3U6 and V2U9. V4U7 was a history of Iceland’s
road to gender equality. Extended from the description, its TR question
encouraged students to think of their experiences of being treated unfairly
and then formulate feasible solutions to deal with the discrimination they
had faced. As in V2U9, after reading about examples of eponyms, learners
were asked to come up with more examples and the reasons behind them
on their own.

V4U4: What can we learn from the Tao people’s attitude toward
the flying fish season? (L Book, 2022, p. 91, TR) (S-1, generalize,

conclude)

V4U9: The author ends the story with Tom Robinson’s death and
Atticus Finch’s comforts. If you could change the story, how would you
end it? (L Book, 2022, p. 227, TR) (S-3, reconstruct; C-2, be creative)

V4U7: Have you been treated unfairly because of your gender? For
example, are you expected to do more household chores at home or
perform better in certain school subjects? If you are faced with such
discrimination, how will you deal with it? (L Book, 2022, p. 175, TR)
(C-1, formulate plans)
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V2U9: Think of a popular brand name. What do you think this name

would mean if it were turned into an eponym? Try to make a sentence

as an example. (L Book, 2022, p. 207, TR) (C-2, be creative)

4.2 Patterns of CT Representation across Volumes

Table 8 displays the CT representation separately in each volume. The overall

findings showed that all four categories of CT skills had a similar proportion

in each volume, with Analyzing (40.5% on average) and Evaluating (28.9%

on average) being the most dominant two skills and Synthesizing (19% on

average) and Creating (11.4% on average) the least. If viewed carefully,

evidence of the features of CT in each (sub)section and the enhancement of

CT skills could be found. Such patterns across volumes are discussed below

by the pre-while-post reading model.

Table 8. Proportion of CT in Each Volume (%)

Vi1 \ V3 V4 VS

CT
Creating 7.7 8.8 10.8 11.5 18.5
C-1 1.9 4.4 5.4 3.8 11.1
C-2 5.8 4.4 5.4 7.7 7.4
Synthesizing 23.1 13.0 27.1 17.3 14.8
S-1 15.4 8.7 19.0 9.6 0
S-2 7.7 4.3 8.1 5.8 14.8
S-3 0 0 0 1.9 0
Evaluating 26.9 21.7 37.8 28.8 29.6
E-1 26.9 21.7 32.4 25.0 22.2
E-2 0 0 5.4 3.8 7.4
Analyzing 42.3 56.5 24.3 42.4 37.0
A-1 3.9 8.7 2.7 3.9 3.7
A-2 0 2.2 0 1.9 0
A-3 1.9 2.2 0 1.9 3.7
A-4 26.9 13.0 5.4 23.1 14.8
A-S 0 0 0 0 0
A-6 1.9 6.5 2.7 3.9 3.7
A-7 7.7 23.9 13.5 7.7 11.1
Total 100 100 100 100 100
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4.2.1 Patterns of CT Representation in Pre-Reading

In Pre-Reading, particularly the TA section, as displayed in Figure 4, there
were two nuances of the four categories of CT skills across volumes. On the
one hand, every volume started its units with Synthesizing and Analyzing,
especially S-2 making predictions and A-1 comparing. Learners were
invited to observe pictures or watch videos and make general guesses about
the upcoming topic. On the other hand, almost each of the five volumes
motivated students to perform Evaluating at the beginning of each unit,
except for V2. Most of V2’s pre-reading questions involved few CT skills
but invited learners to share their personal experiences, which might serve
as a connection to the coming topic of the main reading text since V2 tried

to convey messages about personal growth.

4.2.2 Patterns of CT Representation in While-Reading

In the (sub)sections of while-reading, three patterns could be found. To
begin with, Analyzing was the most frequently required CT (sub)skill,
particularly A-4 determining text relationship (16.6% on average) and
A-7 analyzing the author’s purposes (12.7% on average). The proportion
of this CT skill was an up-and-down flow — the ups in V1, V2, and V4
and the downs in V3 and V5 (see Figure 5). Possible reasons might be the

composition of sentences in the main reading text. Even though almost
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Figure 4. Patterns of CT Representation in Pre-Reading
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Figure 5. Patterns of CT Representation in While-Reading

every unit in each volume inquired students about the relationship between
pieces of information, especially cause-and-effect, some answers were
clearly presented in the main reading text with discourse markers, such as
“because,” “so,” “thus,” or “therefore.” In such cases, the CT skill A-4 was
unnecessary because students only had to locate the discourse markers.
In addition, there was much more Analyzing in V2, especially A-7. The
potential reason might be that the units in V2 tried to convey various vital
messages about personal growth to senior high students. By analyzing the
writer’s purpose, students could understand the topic or central message of
a passage and why it was essential to target readers. That is to say, given the
chance to perform A-7, students could uncover the hidden messages in V2
units. Take U4 and U5 for example. V2U4 described Malala’s life story and
aimed to inspire learners that “teenagers can make a difference in society”
as long as they firmly stuck to their beliefs. V2US5 was about Walt Disney’s
career history and Disney animations. Its reading text motivated students
to overcome difficulties and pursue their dreams. Lastly, Evaluating,
specifically E-2 criticizing the author’s perspectives, started to appear
from V3 onward, though with a slight portion (5.4%) (see Table 8). The
R-RC questions in V3, V4, and VS5 focused more on E-2 because the target
students were second- and third-graders preparing for the English writing
test in Taiwan’s college entrance exam, the GSAT. Analyzing the author’s
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attitudes and perspectives benefited their English writing ability. Through
Evaluating, students could not only realize that English writings were not

entirely neutral but also learn how to express their opinions in their essays.

4.2.3 Patterns of CT Representation in Post-Reading

In TR, three main patterns of the four categories of CT skills could be seen
(see Figure 6). Firstly, almost each of the five volumes motivated senior
high students to perform Evaluating at the end of each unit. The proportion
of Evaluating was much more significant than the other three CT skills,
and E-1 making reasonable judgment or suggestion was the most
dominant CT skill in TR (56.5%) (see Table 7). Secondly, less and less
Analyzing could be found from V1 to V5. In V1 and V2, most questions

requested students to analyze the author’s purpose (i.e., A-7). The reason
might be that learners who read V1 and V2 were freshmen; therefore, the
training of CT skills might have to start with easier ones, namely Analyzing.
Thirdly, the portion of Creating gradually increased from V1 to V5. The
percentage of Creating was once one-third as much as that of Evaluating
in V1, V2, and V3, from which Creating grew from half as much to nearly
equivalent to the other CT skill. This might indicate a change from the CT
skills of Analyzing and Evaluating to Creating. It was also likely that L Book

attempted to motivate students to be more creative.
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Figure 6. Patterns of CT Representation in Post-Reading
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5. Discussion
5.1 CT Representation Within Volumes

5.1.1 The W-Shaped Flow of Cognitive Level

To better understand the CT representations within volumes, the researcher
visualized and conceptualized the cognitive flows respectively in pre-while-
post reading stages (see Figure 7). The conceptual diagram showed that the
required CT skills varied according to the different purposes of the (sub)
sections. In each (sub)sections, the unique features of CT skills formed
a W-shaped flow of cognitive level within the five volumes of L Book’s
English textbooks
and “Synthesizing,” and to “Evaluating” and “Creating”. The essential CT

from “Evaluating” and “Synthesizing,” to “Analyzing”

skills in each section of the reading parts in L Book’s English textbooks
E-1 and S-2 in pre-reading (i.e., TA, RS), A-4, A-7, and S-1 in while-reading
(i.e., R), E-1, C-1, and C2 in post-reading (i.e., TR)
ups and downs among the four hierarchical categories of CT skills in the

demonstrated

coding scheme (see Section 3.2), with creating being the highest one. This
result was similar to Qasrawi and BeniAndelrahman’s (2020) study. In their
calculation of the frequency of HOTS in each unit of the English textbooks,
though not specified directly, it could be found that their textbooks also
started with [Evaluation] in the warm-up videos (motivating students to
make predictions), continued with Analysis and Synthesis in the reading
(asking learners to make inferences and summarize), and ended with

Pre-Reading While-Reading Post-Reading

m Creating = Synthesizing mEvaluating m®Analyzing

Figure 7. W-Shaped Flow of Cognitive Level

Note. The figure is a conceptual diagram, not created using the aforementioned quantitative data.



Chia-Hsuan Li Higher-Order Thinking in English Education 115

Evaluation in CT (encouraging students to evaluate) and Synthesis [Creating]
in writing (inviting learners to make plans and compose writing).

The pre-while-post model for reading might explain the rationale
behind the W-shaped flow of cognition. According to Grabe (1991), reading
lessons should be divided into the three-stage framework of “pre-, during,
and postreading” (p. 396). In the first stage, pre-reading aims to activate
learners’ schemata, namely their background knowledge and personal
experiences, of a topic to motivate them to read and prepare them for
reading. In schema theory, pre-reading is of utmost significance, for the
lack of “schema activation” may lead to reading difficulties for language
learners (Carrell, 1988; cited in Grabe, 1991, p. 390). In the case of L
Book, TA was a warm-up in pre-reading. Its questions invited students to
perform Evaluating (i.e., E-1, evaluating an issue) and Synthesizing (i.e., S-2,
integrating information to make predictions). Both subskills required their
schemata. In the next stage, while-reading targets both learners’ reading
strategies (Grabe, 1991) and linguistic knowledge (Giizel, 2022). During
the reading process, students not only need to decode texts and understand
text relationships (i.e., A-4) but also have to analyze pieces of information
(i.e., A-1, A-2, A-3, A-6, A-7) and synthesize (i.e., S-1, S-3) them as a whole
conclusion. In L Book, R and its subsections were where students perform
these Analyzing and Synthesizing skills. In the final stage, post-reading
engages learners in both comprehension check and deeper analysis of texts.
From the viewpoints of reading theorists, “the only way to demonstrate
comprehension is through extended discourse where readers become
writers” (Petrosky, 1982, p. 24; cited in Zamel, 1992, p. 468). This means
learners can express their understanding of texts and connections to the
topics and reconstruct their own meanings. As an extension of reading, the
TR of L Book was a suitable place for students to discuss critical questions
or issues, share their values, and make judgments (i.e., E-1). Through the
performance of Evaluating, learners become connected to what they have

acquired and will reach an advanced level being capable of “taking a

2]

one of the goals of English learning (Hedge, 2003; cited
in Alyousef, 2006, p. 67). Also, TR questions challenged students to

critical stance,’

construct problem-solving plans with creativity (i.e., C-1, C-2). Through the
performance of Creating, they rebuild what they’ve read in the texts with

their thoughts to create new meanings.
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5.1.2 The Most Frequently Required CT Skills

In particular, four CT skills were apparently of high proportion in the
questions of the reading parts in L Book’s English textbooks (see Table
5): A-4 and A-7 from Analyzing, E-1 from Evaluating, and S-1 from
Synthesizing. A-4 and A-7 appeared frequently. The rationale behind the
high numbers of A-4 and A-7 might be related to the design of Taiwan’s
curriculum guidelines for English learning. According to the Curriculum
Guidelines of 12-Year Basic Education: English Domain for Elementary,
Junior High School and Upper Secondary School Education (2018), the
deep analysis of text contents (e.g., A-7) and the clarification of crucial
information (i.e., A-4) are two essential capabilities of systematic thinking
that Taiwan’s senior high students must have, clearly mentioned in the
A2 core competency. Another reason might concern the washback effect.
The design of Taiwan’s English tests in the college entrance exam GSAT
also promotes the CT skills of A-4 and A-7. In the latest GSAT English Test
Preparation Guide provided by the College Entrance Examination Center
(CEEC, 2019), one of the test objectives is to evaluate students’ ability to
extract important information in a reading text to further analyze, compare,
and infer the information. Analysis includes understanding the author’s
writing purpose (i.e., A-7), whereas inference requires clarifying pieces
of information (i.e., A-4). Examples could be found in the archive of test
papers on the CEEC website (e.g., analysis of writer’s purpose in the year
2022; inference in the year 2023).

E-1 was also a high-portion CT skill in L Book. It is a must-have
characteristic of a critical thinker. According to philosophers, critical
thinkers must be well-informed, open-minded, independent-minded, and
judgmental (Bailin et al., 1999). Nonetheless, the higher percentage of E-1
seemed to subordinate other CT skills and lower their proportions, such as
S-1, S-3, C-1, and C-2. This might, in turn, make the CT representation in
the questions of L Book’s reading parts, especially those in TR, somehow
homogenous rather than diverse. In pursuit of the diversity of the CT skills,
L Book might need to make some changes to the TR questions to engage
learners in multiple kinds of CT skills. More Creating could be added
by asking students to solve the issues mentioned in the reading texts. For
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instance, in V1US, whose topic is environmental issues, its TR questions
may motivate students to devise plans to reduce plastic products. Also,
more Synthesizing and Creating could be involved by inviting learners to
reconstruct the ending or beginning of texts, as such creation also required a
synthesized understanding of the origin text. V2U6, adapted from American
author R. J. Palacio’s novel Wonder, or V3U3, the Greek mythology of
Prometheus, could be good sources. By doing so, Taiwan’s senior high
students might have more opportunities to perform different CT skills in
English learning. Other possible training for S-3 might include questions
asking students to compose a short summary for a passage or fill in the
blanks of a synthesized summary.

S-1 was the other most frequently required CT skill. It appeared

almost in every unit of the R-RC some accompanied graphic organizers,

while others offered contextualized scenarios to check students’ overall
understanding of a reading text and evaluate if they could transfer their
knowledge in different contexts. The synthesized and contextualized
design of this might be a product under Taiwan’s curriculum guidelines for
English learning. According to the Curriculum Guidelines of 12-Year Basic
Education: English Domain for Elementary, Junior High School and Upper
Secondary School Education (2018), one of the principles for the edition of
English teaching materials is to provide “examples of real-life situations and
[diverse] communicative exercises that are related to the topic of the unit”
(p. 51). To provide real-life situations, most questions in textbooks were
contextualized. Dialogues were also added in the R-RC to engage learners
in diverse linguistic exercises. Examples could be found in the RC of V1US5,
V2U3, and V3U4 (see Section 4.1.2). Another reason might concern the
washback effect. The design of Taiwan’s English tests in the college entrance
exam GSAT also encourages S-1 and the diversity of questions. In the latest
GSAT English Test Preparation Guide provided by the CEEC(2019), one of the
test objectives is to evaluate students’ ability to understand text contents
and extract critical messages (i.e., S-1) (CEEC, 2019). The latest mixed
item type is devised specifically to evaluate such a HOTS skill. The forms
of questions in the mixed item type include multiple choices, short-answer

questions, fill-in-the-blanks, etc.
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5.1.3 The Missing CT Skills

In contrast to the most frequently required CT skills, four CT skills were
found scarce or missing in the questions of the reading parts in L Book’s
English textbooks: A-2, A-3, and A-5 from Analyzing, and S-3 from
Synthesizing.

A-2 and A-3 were two similar CT skills that were of low frequency. A-2
and A-3 seldom appeared alone in the questions of the reading parts in L
Book but mostly along with other CT skills. For example, A-2 was required
together with A-1 and A-6 in the R-RC questions of V4U6. The reason for
the scarcity of A-2 and A-3 might be the limited unit analysis of questions in
the present study. That is to say, A-2 and A-3 might not appear in the form
of questions but, in fact, might exist in other forms and in other subsections,
such as Graphic Organizer (R-GO), which encourages learners to outline
a graphic for each reading text systematically. In R-GO activities, students
need to categorize pieces of information from the main reading text or
sequence them into a logical order.

A-5 was the only CT skill that did not exist. The capability of A-5
is a new trend in literacy-oriented test design, as shown in the example
test items on CIRN (n.d.). A-§ is also a critical reading subskill, for it
involves an evaluative process (Schell, 1967). According to Gubbins (1985),
“distinguishing between facts and opinions” is one of the subskills of
“Evaluative Thinking Skills” in his Matrix of [six] Thinking Skills (cited in
Sternberg, 1986, p. 34). Significant as it is, A-5 was somehow missing in the
questions of the reading parts in L Book’s English textbooks. This might
be because about half of the units in each volume are expository essays,
a genre that contains primarily facts. To engage students in A-5, maybe
L Book could extract essays whose contents refute the public’s ideas. In
this way, both subjective opinions and objective facts could be presented
simultaneously, and learners would have chances to discern the differences
between the two.

S-3 was another least frequently required CT skill that only appeared
once in V4U9’s TR (see Section 4.1.3). As a HOTS skill, Synthesizing helps
learners build an in-depth understanding of the information in the texts
(Cooper, 2006). To synthesize a text, students have to draw elements from

different sources and put them into new and clearer structures. According
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to Bloom et al. (1956, p. 162), Synthesizing will require “all of the previous
categories to some extent.” As stated, the scarcity of S-3 was probably due
to its prerequisite of idea originality and the coverage of other CT skills.
It might be difficult for textbook publishers to design S-3 relevant tasks,
for English teachers to instruct S-3, and for students to perform such a CT
skill. Hence, it is suggested that L Book could add more questions similar
to the one in V4U9 to develop learners’ S-3. Also, English teachers should
guide their students in practicing writing synthesized summaries of the main

reading text in the classroom to improve their S-3.

5.1.4 The Causes of NAs

In addition to the scarce or missing CT skills, another issue was the high
proportion of NAs. About two-thirds of the questions in the reading-related
(sub)sections of L Book’s English textbooks were NAs, suggesting that the
textbook had more LOTS, lower-level thinking, than HOTS, higher-level
thinking or CT. Such results correspond to the prior literature that about
60% to 80% of the questions in the reading parts of their English textbooks
could not promote students’ HOTs (Laila & Fitriyah, 2022; Peyré et al.,
2020; Tayyeh, 2021). The low proportion of CT skills in the questions of
reading-related parts in L Book’s English textbooks can be explained by
exploring the nature of each (sub)section.

In the reading parts of L Book, a significant number of NAs were
marked in RS-RS, RS-RC, R-LH, R-RS, and R-ND. Most of the questions
from these subsections were lower-level thinking. The cause of their lack
of CT skills might be their original design and their teaching and learning
purposes. RS-RS, RS-RC, and R-RS, were devised to instruct students in
specific reading strategies and provide opportunities for them to apply what
they have learned. R-LH focused mainly on the knowledge of the English
language, such as grammatical knowledge and the reference of pronouns.
R-ND was designed to assist learners in comprehending the texts with
several guided detail-oriented questions, such as those inquiring about
what, where, or when. To answer R-ND questions, students had to scan for
certain information throughout the text or skim for the main idea. Most
of the above questions either requested students to recall or understand

linguistic knowledge or required them to adopt reading strategies. In other
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words, these subsections were both linguistic and meta-cognitive oriented
in their nature and thus were only at the Remembering, Understanding, and
Applying levels.

LOTS as the questions might be, their existence in English textbooks
is indispensable for EFL learners. They play an essential role in drawing
students’ close attention to what they need to know to understand the
reading texts and instructing them how to practice different reading
strategies in their reading process. Still, the high percentage of the
LOTS needed to be taken into consideration. Other than the LOTS,
English textbooks might add one or two more questions at Analyzing or
Synthesizing levels to these subsections to train students in both lower- and
higher-level thinking.

5.2 Patterns of CT Representation Across Volumes

5.2.1 Patterns of CT Representation in While-Reading

In while-reading, especially the subsection of R-RC, there existed a
movement from Analyzing to Evaluating, or from A-7 to E-2. The transition
from analyzing the author’s purpose to evaluating the author’s attitudes
indicated an enhancement of CT skills from V1 to V5. Given the slight
difference between the two CT skills, both A-7 and E-2 are beneficial
to learners not only in their English reading but also in English writing.
Through A-7 and E-2, senior high students could grasp how good writers
compose their English essays to convey meaningful messages and express
personal opinions. Gradually, they would be more capable of writing
English essays, which is a needed language ability for GSAT. The rationale
behind such training seems similar to the first part of Halliday’s systematic
functional theory of language development. In his theory, there are three
teaching and learning cycles of English writing: modeling of texts, joint
construction of texts, and independent composition of texts (cited in
Firkins et al., 2007). In the case of L Book, the reading texts in the English
textbooks play the role of writing models, and CT skills A-7 and E-2 serve
as guidance for students in analyzing and evaluating the model texts. For
imitating writing, L Book also provides students with handbooks, including
guided writing instructions to help students compose essays similar to the

model texts. As for the other two stages, it is English teachers’ responsibility
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to use L Book’s teaching materials well to design lessons inviting students to
compose English essays collaboratively and individually.

Compared with Analysis, Evaluating took up a relatively slight portion,
only with E-2. However, E-1, criticizing information and making reasonable
judgments, was missing in while-reading. Evaluative reading is critical
reading, defined as “the judgment of veracity, validity, of worth of the ideas
read” (Robinson, 1966; cited in Smith, 1972, p. 164). Such judgment and
evaluation are based on the criteria readers developed with their previous
experiences. It is a crucial skill, particularly in the modern world full of false
information. To help learners develop their critical reading ability, various
reading materials are essential, and attention needs to be given in the
classroom (Smith, 1972). Therefore, it is suggested that textbook publishers
and English teachers could provide students with extended reading materials
where they would have the opportunity to read information from multiple
perspectives and discuss or comment on matters with their own standards.
Take V1U9 for instance. The reading text of V1U9 was arguments for and
against graffiti. To engage learners in evaluative reading, further reading
texts about opinions from different individuals, such as artists, cleaners, or

residents, would be helpful.

5.2.2 Patterns of CT Representation in Post-Reading

In post-reading, or the section of TR, there was a move from Analyzing
and Evaluating to Synthesizing and Creating, which proved the following
two concepts. First, the level of thinking skills is a “cumulative hierarchy”
(Krathwohl, 2002, p. 212), meaning the mastery of the previous CT skills is
the prerequisite for the mastery of the next CT skills. Learners would need
to learn how to analyze and evaluate before they move on to synthesize and
create. The questions in the reading parts of L Book’s English textbooks
first assisted students in becoming proficient in the CT skills of Analyzing
and Evaluating in the first three volumes. Then, they challenged learners to
perform the CT skills of Synthesizing and Creating. Second, Creating is one
of the ultimate educational goals of English learning in Taiwan. According
to Taiwan’s Curriculum Guidelines of 12-Year Basic Education: English
Domain for Elementary, Junior High School and Upper Secondary School
Education (2018, p. 2), to cultivate Taiwanese students’ core competency in
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English learning, our English lessons should “foster learners’... creativity”.
Under such an essential setting, L Book’s English textbooks could be viewed
as a helpful and well-designed tool for English teachers to reach the final

educational goal of developing students’ creativity.

6. Conclusion

This study explored the elements of CT in the English textbooks for
Taiwan’s senior high schools and the patterns of CT representation across
volumes with a coding scheme of CT skills, including Analyzing, Evaluating,
Synthesizing, and Creating. The questions collected from reading-related
(sub)sections in L Book’s English textbooks were examined by content
analysis. The findings showed that about one-third of the questions are
conducive to developing students’ CT skills and revealed that patterns of

CT representation existed within and across volumes in each (sub)section.

6.1 Pedagogical Implications

6.1.1 For Textbook Publishers

Undoubtedly, L Book’s English textbooks could cultivate students’
different kinds of CT skills, and the existing patterns across volumes
boost its training. Nevertheless, the findings also disclosed three issues in
the questions of reading-related sections that might need corresponding
adjustments from the English textbooks’ publisher and English teachers.
Firstly, E-1 seemed more dominant in post-reading (i.e., TR) but missing in
while-reading (i.e., R). L Book is suggested to diversify the TR questions so
that Taiwan’s senior high students may have more opportunities to perform
multiple kinds of CT skills. Providing various extended reading materials
to present numerous perspectives for learners to integrate and criticize
information is also advised. Secondly, A-5 was missing in the questions of
reading-related sections. To fill the gap, L Book is recommended to involve
both opinions and facts in reading texts to allow students to distinguish the

differences between the two. Thirdly, S-3 was found scarce in pre-, while-,
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and post-reading stages. To engage learners in integrating and reconstructing

texts, L Book is advised to add more questions similar to the one in V4U9.

6.1.2 For English Teachers

Not only English textbook publishers but also Taiwan’s senior high school
English teachers are responsible for the abovementioned issues. What
English teachers could do is to modify their pedagogies in their classrooms.
Firstly, to evenly engage students in different CT skills, English teachers
are suggested to add various HOTS questions in different reading stages.
For pre- and while-reading, English teachers could adopt the Directed
Reading Thinking Activity (DRTA), which involves three steps: predicting,
reading, and proving (Stauffer, 1969). Before reading, students make
assumptions about the texts with their schemata. Then, learners, reading
the texts carefully, look for reasonable proofs to validate their predictions
and generate conclusions (Chang, 2004). During the reading process,
English teachers could also help students read meaningfully and critically by
instructing them in the following techniques: determining text relationships
(e.g., chronological and causal), making inferences from contexts, making
conclusions, explaining their understandings (Rosenshine, 1980; cited in
Chang, 2004). It is also effective to jot down personal notes in the margin,
which could be further used for extended discussion and evaluation in
post-reading. English teachers could invite students to share if they (dis)
agree with the reading texts and why. Secondly, to engage students in E-1,
English teachers could create opportunities for them to lead a discussion or
leave comments on certain issues by offering extended materials involving
diverse perspectives. Thirdly, in response to the missing A-5, before changes
are made to the English textbooks, English teachers are recommended to
design supplementary reading materials that can help develop students’ A-5
and to add A-5 as a test item type to tests and exams. By doing so, English
teachers could train and assess their students’ A-5. Fourthly, faced with
the scarcity of S-3 in English textbooks, English teachers are advised to
devise related lesson plans. For instance, English teachers could guide their
students to practice writing a synthesized summary of the main reading text
to habitually and gradually cultivate their S-3.
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6.2 Limitations and Suggestions for Future Research

The limitations of the present study are twofold. First, the collected data
was limited to the questions. If the learning tasks were not in the form of
questions, there was no data for analysis and discussion, which might, in
turn, affect the overall results of the CT representation. Therefore, future
researchers are suggested to involve both questions and activities in their
studies. Second, data collection was limited only to the content analysis
of English textbooks. However, how English teachers teach and use
textbooks might influence the target CT skills. Hence, future researchers
are recommended to conduct class observations further to justify whether
English teachers engage their students in the target CT skills.

Last but not least, it is of the utmost significance that English teachers,
textbook publishers, and future researchers understand that CT is not one
single thinking skill but involves different kinds of HOTS such as Analyzing,
Evaluating, Synthesizing, and Creating, just as Bailin and Siegel (Bailin
& Siegel, 2003, p. 188) stated, “Critical thinking does not describe one
type of thinking among others, but is an umbrella term that refers to the
quality of thinking, whatever the context or activity.” Only when educators
and researchers are aware of the diversity of CT could they cultivate their
students’ CT skills with a comprehensive focus and provide them with

multiple contexts to practice their thinking skills.
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A Genre Structure Analysis of Prefaces in
Chinese Teaching Materials

Ching-Lan Chang

The preface, or editorial summary, is a crucial explanatory text at the start of
teaching materials, typically written by the editor. It provides essential
background on editing objectives, processes, style, and content, holding true
for Chinese language teaching materials. As a researcher and editor of Chinese
language teaching materials, I recognize the preface.s significance. Despite
scarce models, it serves as a vital reference for understanding material content,
posing challenges in its composition. Extensive research exists on Chinese
language teaching materials, but prefaces are understudied, impacting material
selection for educators and learners. This study underscores investigating
prefaces in Chinese language teaching materials, focusing on genre structure
and linguistic features across Taiwan, China, and the United States. Three
main steps - introduction, main text, and conclusion - with 22 sub-steps were
identified. While main steps are consistent, variations in sub-step composition
and positioning highlight considerable flexibility in preface writing. The
research aims to provide empirical evidence for comparative preface analysis,
offering insights for material selection and preface writing. It significantly
contributes to aiding Chinese language educators and learners in material
reading and selection while assisting editors in crafting more comprehensive
prefaces.
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In developing this latest edition of IC, we have consulted
the American Council on the Teaching of Foreign Languages

(ACTFL) 21st Century Skills Map for World Languages. (A1)
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The readings of this book have been carefully chosen to include a
variety of viewpoints on current issues of population, education,
family, gender, environment, business, and technology in the

rapidly changing China. (A8)
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The book is suitable for students who have reached the Advanced-

Low or Advanced-Mid levels of competence (typically, as early as

fifth semester beginning of third year, when it would be a bit

middle of

more challenging, or as late as the eighth semester
the fourth year, when students would be able to concentrate more

on discussion than reading) . (A3)
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Mathematical literacy is an individual’s capacity to reason
mathematically and to formulate, employ, and interpret
mathematics to solve problems in a variety of real-world contexts.
It includes concepts, procedures, facts, and tools to describe,
explain, and predict phenomena. It assists individuals to know the
role that mathematics plays in the world and to make the well-
founded judgments and decisions needed by constructive, engaged

and reflective 21st century citizens. (OECD, 2018, p.7)
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RO TR BEZM  BAMBERE NG 21 HREARFE -
(Hesms A > 2025 B 13)

I R ) B R R T AT HR AR RE AT B S R R - PISA BR S 21 fH:
O 2N B P AR B it 16 R R BB — 7 % {18 1 B B n B E AR A BT
b B—EELEETGEE  MBUNER - AOWE - 2R EE
W~ A8 2 ERL DU R (=5 8 S (OECD, 2023a) e [ ¥]:E W K PREL -
HUEE R BN A B AR B AT & P E R O A R 2 TE ]
BB R O A S BB 2 B R AN Wl B N B RE T ST B R K B B AL
G311 Z B RE B S FE M B AT FE BR S5 it ey B (BB RE T - BB B R AL S
IR - BER R 2R TH > R TR BRI+ — A B B 22
A B R E A (WP EE & - 2R R ) KE - BIE
T I FEREET B AR ST B 2 o B R A A S R A R B S S T
B TH o HILAT R > PISA 2022 FF & Fr 3 HEVEIE L2 8+ —F B
HOER M B BB L P A R o

KR EEREARRATIE LN PISA 2022 FF & B8 K T 28+ B
W ERAEAN o AR IS R ER A T b o B RRIR R A ST R
WEEEH > AF RN EE T B OREm (A A& =K
. Gouédard et al., 2020) > &Ll REFEM IS 2% Alkin (1973) B
Johnson (1973) &I ¥} 53 M7 B 5REFAE BLEUE S R4S A 5@ A 3 3m ZE A -
T8 WAL ERE o M SRR S 3 (1 BE SR I o M EE R AR A A B R
e TR EWERIE EEE (value) - MCE{EEHE KL BGEE R BE
EI#E (educational goals) BUEEE L E (learning outcomes) MJEKE : H

e R B H B R R R A B R B A e - LR o B 5 R KR D



wm Hi PISA 2022 FF AU RS — F R BB R A R 2 B R

231

— BB AF R BB (interactions which will form the total
instructional operation) : S —HIBEEEMELIIFHE (characteristics of
the materials) ° ZERR(EPAY A B X ZW EIRD - £ - BM Z MR A
By » RIM PISA 2022 FFEAZE W HETHIES 73 - Hof DU A B ¥ L) I )
JERET IR TAEBER MR R B M T b - A5 RE b % o B 3%
BUEEE - EASAER L B B 2R A 588 45 = e i e O (R R 2R S BR B - 1T
PISA 2022 {EHEREM ) E E A LI G amA, - & UL 17 S8 AT
REEESEEA - 2LL Zijzagiiiﬁ]}#fﬁ%::f.ﬁﬁf?’ 3% it PISA
2022 A B+ fﬁll%ﬁ%& — ~ WOERRS A EEE —
B BB BRI gl 7 U ) ﬁﬁiﬁﬁﬁﬁﬁ

&~ =M PISA 2022 5 E 28
+ A BB R

— ~ BB A R fiE v v

(—) WS E e B R R (E

BB — PR3 FRATAT DA 3 (A 2 B HAFAERUA L (Ernest,
1991) o

1. A3 (ontology) HIFE

18 8 A REBRE R R BB AR A » HEEAE AT 2 (1 EL
A DUAE R » B2 (HYoT ~ iRA) R LUERIREF(E » & —MEH
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TSR T B - — A B B R A A ) 8 P A I B A B PR R AT
A AR B s e RO R TR/ R n & —(Em s
BHELD TE RS TH SRR RS ~ TR T B EHE iR
FP A AR R RE S P9 SIS (IR S B BH A8 RT3 (P S B8 Py 25 B,
BRp B PRPUGH > M2 B AE R EMIEE > AT R R B S
oo BR{LAN PISA 2B EMEEE R 0 BB EET TR &
EELRAHE ~ 21 HACERERU B R BT BG ) -

= BB 2 I

(—) PISA Bl i A= B 2 P A B EE A1) 1 22 3R

PISA 2022 #F & 1% /O 38 3 2 & 1F B8 Ok fa) RE WF P 28 B R B A
(inductive) BRVH#E (deductive) HEPRAEST o 7w IR B 1R (¢ (B B 1 77
sy HEEE % > B H e L MBS 1 > HE—D
KRB ~ WM B BRI BB R - BREET PR SRR -
FRAREE T MERE I 1 1 S AE SR SR B DR P D L
TR RS » WSCBR T PISA ¥ BURREAVILY « tHEIZRE - HEE
AR BB R A SR AR AR A~ HLAR A 5R E DUR B AG E Y

B

@



wm Hi PISA 2022 FF AU RS — F R BB R A R 2 B R

243

RITERTE » BB BLET &0 B A DL HE 8 B N =X % g Y
7]+ B e LA S0 3% R F (051 - 35 AF o DR A Ve 8 S B Tﬁéﬁﬁ
& WA A A AN FE R E R 2 — T2k B % 21 AR AR E R BBIER
6] » Q075 Fitidt » PISA 385 B A7k (9 HEfC = WL & b o3 b7 B 85 i e 2
J8 M T 35t BE R A AT R B L e

B N HE B /3 A 2K B » PISA 2022 At FEBLEL Py 25 (19 5 LR &
BARAE - TEE 53200 ~ TAREETEEERI T &5 2600 ~ T3#
{LELRRAFR ) 5 2400 ~ TZERELZAR ) 5 18% (WIlE 3) - tHERZ T » &=
8 A B R A A A T R [ T R R S R Py 2 i o R BT L
B (IRBEEIELETF M2 #E) KE > EBRIFREE > K RN
RT3 RS 25% ~ 6% ~ 35% ~ 33% ¢ £ F A0 10 TR - L)
HIIF% 25% ~ 129% ~ 40% ~ 23% © 13 5 I ARG SRR T 48 130 B B 22 e i
PISA 2022 HECE B THE 1 K& TAEEMEEE R 3 b5 EEBHER
K > CHE®RE - & E L 120 - A E PISA 2022 FT 5 26% fJ—F »
BRIt PISA 2022 (5 HLRARA) 22 BLZAR 0 1E SR8 B RSB 5 EL AT 52
wHE > BMEI | 10 FRRETAE > S I S BIBR AR RE

50%

40
40%
32 33

30% 26 35
/ 23
20% 25 j‘\.

12 18
10%
6
BE THEEVEEER O SRR ZERERIR
==@==PISA 2022
T R BB R ~ 9
B RIS 7 - 105

3 PISA 2022 Bt A BE SR SR A A o L

0%
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(=) PISA EFPYRHT B AR 1 REM) H e adt

PISA % 25 3T & et vh 0 B B2 9 25 RG0S 2 AR B B2 9 25 i e 2 B
TCERFEE S o MR8 1 5 B ARG T B R S BB B R A A > 8
SCEE ARG GRS - WSETHRE ~ Tt @ BRI BLR BRI BT
0 ARG E BB R PR R BB AN A S R R > IR AR S8
HIBERAR & o BRFIARER > AR ~ BB AR SRR B R N 2 -
BRSO B T /0 FH > AT 2 B0 RE {0 BN B S Vi St AN ] 1 85
SLBAGE o S — R RIS R BB N AR A R A > R
B BB A (B TR RE AR S > AR £ B R RE B BT B A AR IR TR
21 AT R BEE R A -

PISA 2022 % & 21 MACHT BES T sl (S RHEGESE ) KAt
GEENE D > FABE T 4 EEER R > G s T EN I R
e TR HA Y R BB A B R B S Rl ma ny £ & o R oy
A

LRI (LB TR)

16 TELEHRHAR ) H > PISA 5 7 B B2 2 i ult B M98 Ay &5 1) 48 b B B
R TH - Ve R ES T AER » HEbnTRE <2 2R i st R
AN - WEALE &R - T B HEEE 7% » Rl ER
08 L LR -

PISA 2022 1 LB EE s ARG RILSR (growth phenomena) »
A B —EBER TR S EEEE ) (OECD, 2018) MUEHIEEE (R - 3B
AR - B4R AT DURIR ] 4 (B (FakR ~ TR - FF1E -
ARRD) > i =T R (GHEAFIR ~ R AER - HEAK
WIR) - BRI A (RS R DA 2B > B B2 A e I P A B <
(IBAGR » IREGIEIE BB RO R BRAR - SIAG HE AR o

PISA AT 2 L RIBR AR (AN ERAT ~ MBI ~ SR8 E -
R R ) o (EF R IERR S AN » AR EH G IR A > 0
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TR R ER B & o IR 0 PISA SRR E o Al BEOK B B AR K
B o M@ 7 BB RE AR A AR R I RV EAE > PR LW B EH ik IR
B e EEHEIRBUE RAIVEE (PGSR - £+ FEREH
A (2018 » H 59) o AW R R BRI SC - BIANTE £-v-4
e - TRRER DUHE s O R R R Y R B R B AR - A RE ] DL
IR Y - PRILIE AU R R BGE A AR 2 - E— DM
TGN GEE <5 BB R RERY S3 07 b > B PISA i G By 1 85 A2 3 Bl B SR P A s
A -

2. % MlEL (ZEHEEIR)

PISA 1 IR il W8 25 % el 5062 B B WL B SR A PR B R P RE T - DU
(I HENE - Rl & 22 FRLRAL ~ HI R BB TR - O E R (i
LR RE AT R B 2 T RE T DURAETR A T B (RHED) #UtE SR
ARG ~ PR IF R S IR R BT -

FE B At & v AR IR H 42 5 - A8 ] 2 20 I 3 D
FE %538 BB BE o $TIE > PISA 2022 Ff A5 [ & J3E L 1 (geometric
approximation ) FUEEEME » R ERA MEREEE S 8 ] 22 TR B IR 2 » £
BT R A SRR - T IR (AR RE S AT E R 2 ] SO A B A
Y o BUAN - E BB R BT A s s » L3557 TR AN [ S (R R
JTIEFEE » RN R R R AT 3@ 3T T5 7 o - — 6 (5 2 B 22 A e oA P e
{50 FH ST 3T —Re) > (ELAE /NG B T # B U e O B B - 50
S-6-3 fi SCETHA T R1] FH 5 38l 2 ] — fise A~ A FUJ T dek ) 1 55 222 A ] B A2 1L £
i (PSRBT 0 2018 0 34) o BITEEM A IS R %
PIEIEEHE A & > SO REAMET G - 8T8 AR - BEE
A FGEM ~ B AR AT > Bobt ol Et R o B 5 ] 3 3T FH B A R
HEBAHE R 2 R&ATIHE > B )ik r i Ul -
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3. FEMGIREE (BE)

PISA £ B &8 — FER il S IV BUR N - G e £ B (L B & 1 5%
AFEE ~ BURBL S VERR L ~ SO BE B U AR B P A~ R
BRAJGE A - (EBCERAE A A R BT R -

PISA 2022 HrRFRIHETY THEEIEEE ) (computer simulations) » &
FEAE T 5 R R B B R 2 RO I B - B ER I TR T 5 - T A
(e IR o PR e O~ AR B ~ THUHS SR /E H R IR - 8 B BERS
SRGEEA T T RE R R B P - AT - R BRI A 1 o T S 2 A
B S FEMEHIE R » (ELH P o [ = B S S B R T 5 A At (e %
iR 77 12 2B i RO R BT R B - A >+ A BB R (2018 >
H 57) HfgH o Talw s o0 SIS B BB a5 - G40 - DL 0 Rk
K BUE T ~ SR BT A RIRRER AR E ) - AR - 18 B PISA
2022 fi iR RIS e & 00 A BIERVE 22 - [HZ B HAEBRLE i -
AH SR E EAIERRIEE) - M B R - (2 B R R R e i
i A5 B LR M JRE S 1 7 A Bl e Bl R SR 2R AR RE U R S T

4. FIRAFIIRR. (NEE VR R T )

TERET FHBR BB EE P9 25 T > PISA 2022 3% B 71 PR 15 B {1 57L0% B4 IR
it JE T SRR SR A R RS E M > DARCAE B B T ae] AT A B Y HE
AMEL R o (EIMLELEE N [ PISA 2022 B3 BIR I A 16 IR 38
(conditional decision making) Z B » B —HERME (REFIHIR)
EIERL > 5B A AT AN A FHE B F T BLAR A e AR - (RIS - B
B Re R E > NEIVERER / BGREC T 77 AT BE E BRI 4G R - ¢
1 85 2 FLAE BB o3 i A A B B R SRAE )

T BB EREA C R 7 R B At AR R R A 0
9 FEARAN N B AR N AURRARETE BV SR AR L E T B A T HE AR 1Y
THBA R ZS > AUZHERS 10 ~ 11 4k - BHIS - HA0E 7~ 9 FREFED
FH A2 3 A T A Ak £ B R 2 10 AR AR DATR FI 38 B S MR AR B G R A 1 A
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T e - W R B B R R L T AR B8 B SE KA A fE TR 3R © SR > PISA
Framaf ) TEGRIFRRR Y » M AERERET AR A S > M EHREE
RETE B EIEHR T - MRS E B B AR B R > DUR S R 0 5 3 At B ot
T & ARG RS e HL 2L P ) o HEBR B VR IR > B 2K > AT Al I 4 F
Bl PISA 2022 FiraRafRY TEGRMAIRE ) - (A —E 2R

LA PISA 2022 IRy TEIFR 2K ) EH EH > 38 LIYHER 25
AR SMEAAN A B 3 95 (7B AR AE 5 {18 9 FRRIERHAI AL - 251
/NERIFIER N - 5 2 /NERIRE BRI — 2 82 E - ARk 5 3
B H @A IR ES B n] o 55 3 /NERIBERS I — 224 > RERBEHE
W B RS ] o F 810 MIZMEER A ERERIEEE 1 /NE » BURIE L
B HERYIBRR IR - @8 AR 2 3 /NEEFTIRRAIE b & i
FIRIAHEE TREMEHII » KBS RSP BIB AT RS > (HEEE A E
fife 0] 25 ) L ZR AR R T B 22 3800 AT 58% ¢ B L& » i W/ NE L 10 4
ER A1 AR B 9 FERRER A Z3 I T 17% K2 11% 5 PISA 2022 33—
PR RE RS AR A T 9 B 10 FRRERE - (FE /B FH R EHTIR (BRI
(IAERE ) AR IR W — {8 A7 AR 22 A g 22 B AR 1Y W R PR HLBE K > ZETE 9 -
10 bk [FIARER R B R BRZR R TETE T > 10 AR AR 7 28 FIRE L 9
AR T 11% o —{E&HEAVERE S 28 10 FEHREARBEOALEHH
KIERITEICE o R E B & > B REBE @IS » KEEIEHCS
AT LUTE (B B 57 378 st S 2 3 A o ) B ot B SR A 2R R B R > L O
EE WA ERER AR » kL THCES#ERE - b ~ B -
RISt g - IH) R E R B ARG E T REfR & - BB
BRE B FEREIES I E RS L R B R - il 22
AN AR IERS R G R B B R T RE A A & AR E R HoR
HERIRIT ~ H& - BRFAE g A oL iR 55 2R A B iy
MRAR S PR EBRAF (AIBRGICE TR AR HIE Y ) ETERIIBEREHER > 8
AT E FH He# 22 AF 8 2 AT AR 2R B G 132 FH R S AR IS (5 B o B B2 A
(1) i B B HE P
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(=) PISA 2022 Bil& iy REHUM 1) 76 52
PISA FIEE(Ean I » FBE LT REZE

==

PISA 75 i B JEE AR 72 % T 050 B {0 SR 1R A » REM 2RI % e -
W (AR ~ WEEN it iR R REE > BETREERGA
i FE ST PR E P T AU BER R 8 o B LR H RS B 1
PhEd 2 Bt - PR AR R R AREN - BHERES - HEEREHE
BHUHELAR - BORAURR R ELE T S EIURRE ST HAVERURGT B 2 B
A 21 THFC 17 Re Hp B 8B 3R 2 AR A Ry /AR R 1me - IIEAE T K
N b BERR AT ER E AR g A R R - EEERGET
REE I+ H R — W A 1 S B B A 8 WL AT B AR s
ARZONE » HEBCE & LB SR G 5 (FE E R e A s
BRERE o B bRRIRGH T X F2 B A SR B A B4 A G 1 1 S i
B2 A BB HIARA ETR R RE  INIE > (EAE R RE E R BRI - & (L akidE
PRELEZ BOR A o R R I (T#8) - REHA S (LSRRI AR AR MR B

I

2. Wt AR R

PISA 2022 {EilEHER T L2 PRAEME X 2B > G 4 1 (3] 25 ] RE Y
RS R BIR S MR EB R R A B g 85 EE - WlRrIR
(B —HRE > RTS8 E 2 MR A E T HERE - FHIZ T »
A2 B —EEH AR - B MR EEE N - S
% Ve HE E R A B R S R R RE Y o B SR A (B iy 7 (1 RE A RE B IR
ARG e At TR (HEAIREIR -

3.HT (Bugfflr) mit (B s ) rBEE 5 EE

PISA 2022 iXGERY— KFFE » £ E B EE A G b £ &)
B2~ EAE > SEBEEHT o FE— DA E R 4 bR R R
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T~ B - SELTIR BT AR R S P ET - SRR R AT S 22 A 1 BB TR 55
g o REERE ORI BERE R - A R R AR R R AR - £ B
fi o TR S GERES 21 RACHRE o S SUE IR E s —
PG me LUE AL ~ FEiRALRY T L BB B RO F B s - B4 R EM
BEA A B A TR L SRR HE B DOK R - B 588 5 2 R
FEBA R - ACR A B A @ -

4. PE IR B

PISA 5 3 Bl (5 B A% B A E AG B BT IR At REAS 5 BT 5 i 4
Rk o BN RS SRR - MBS ERE R o R 0 —HEWEIA
SRV B AL S AR - L e DUHE o2 & filg S rR O R P B R R R > T
18 BERFE B A RS vy REHES R P — RS R i BN 00 B TR FR - AR
FE SR RS R B B BB T A e o W 1 AR R SR G
(Fuzzy set theory) ZKEFAE%S (Zimmermann, 2010) ° ZERIILIK
NEEF AV BB R A 2R - AR ORI - R > R RRRI 22 [
FAE > WA EAERG Rt A KR8 - R —(ERREE 2 - TR B e
B AL R AR TTE ) BEIE 5L - Dk B E ARG AT RE B
AR RE B ANREE o 18 BRHUAS R - G ] BE 8 B 2R A Bt DU E2 A i 22 JE
BN o

LU 22 2 {857 3 BH ATt 4 {18 PISA 2022 i REFF Bl il 2 8 iy RE [ 1)
RS

1. PISA BBy ) fHE

FEEBLALET ) U RE D 568 8] 1 A 40 B8 Bl ) 5 S0 B 40T ] 52 A0 R e
B WAL 4 TN [FEE T WA SR A s > (8] R AR
(the line of best fit) > HHREEFTAGHY 4 F8 3 5B N E B8 EAR L o
FUR L E AR TIEREHE ) AR - RE AT S (00 S B B ol
AR BATEMGEE > E R N BB E S g A
Ao B2 EAE— D EREBAGE  EHEFRESE —JFEE Y 4 &
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L 25— REfERE - BB AR D - 55 3 RG] A RTRERYE
BLIREL - 1 B b — i . DUSE ] 0 IR T Il A — {18 2 00 B R 1 6 8 I v ok
RF > BT N 2R GE 55 0 — (1T A > EH BRI AR - FEAERF L
AAEDLT » RE AT N BCE R ARG R % ) - BB AT B 5
RZATA °

IR RIL T TEEFEEEEREZ ABEFENE RE - B
T B EEME (REER) 1Y rTﬁﬁ VEELE R TS - (EH 3 (|
TR g/ NEE TEMEEBAR ) - 55 3 /NI AL rwﬁaﬁéﬁiﬁé
KD o REH AR & 2 (8 B BB - Blan - BUn e~ REE R
WAk - RRCHE =AL  HASEBIGA - ﬁ}@b%ﬁiﬁié%ﬁjgé
TR » FEA S ST AR R E R T eEEN SR - AL
MG BEREEE R AT A A G 0 R B B R B S A WD 1
A G B L

2. PISA Tg5iis ) [HrE

1 i e (5L B HE RO HLE T3 o rh R AU B AR SGE - E E AT kL
EPRTGEE - b Al o A AL S A Bl Bl e s —AH e A - T
B0 ke 4 (AR - RSB iR IUE BL - DU A R o B AR
NS REHRAE - BT JOR BB EE - 10 - £ - S Y
v BB - R BB E AT PR AR B SR - R 1/ NVEEB AR R K A E
04 3l 05 e 1) 0 ORI 0 - SR Bl e Y R OE Rl o B
T/ ES R 12) - B4 BRI E LB E R AAERK
(T1,/T2) » & —/NEEWHIE 2 HEBEAIRER - 55 2 /NEAE—
A EEV 4 (AR BHIRH R - R H BORERAGE 2 (3 TH g 1 — {18 e 11 i il
L~ A v 1 S B R U 4 I B 2 TRT R AR AR I -
A LR MR B IR I E - P A BB (7R F R H TR IR At > 221
BHWAELE B PR B T ﬁﬁﬁ?iﬁgﬁﬁaﬁ@ﬁ@%ﬁﬁﬁiﬂg o EELE
i 7 52 B IR S A AIE ~ SCHE BT - RFEAVE AN AERS B

F

\
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R EUIB R R SRR 2 (E BRI B R R - R E e H R e
IEHEU EER SRR 1% - BOREBAFI M @ R LIRS - thatE - MER[R B
BATEST - HEE T H B8R 8 DRt Bl R 09 SO RoA E 722
e 5% o SRR A SRR 1 A R R i T Bl B e rh 2 R RN Y
B - gt 2R B e 1 1 T AR R A R AL A M E - SEEBRGREY
THEE - IRBEA B B A A R rhoR sy B R B L HE P U BB R -

Q1 SR B 1 T [ R A 1 4 TR A T I R R A
B ifr = B SR R ARG B e RELOM R - IR B P B - R RGN
g R AT P SR EEB - G D 22 R EUEZIRA S HE - CHR S R E
PISA 2022 WY A& I HERE » ] IR E ARG H AL R T RREE A B - B
L FERRAA ] B E R AN A B R BT BRHER ~ ARFRRE LR
SR ER HEBR R REAE RS > DU s el B 15 B 22 P A AW e 2 HE B RELAE 5 -

.
%ﬁ N nnﬁg

PISA 2022 38 f% » R ALK » 3F % Bl BUER 3R F2 00 B A 1 0 B 22
TR~ E B R DL M B A R ET FE A B S B R (OECD,
2023a) > ARMBEERIE B R > 2 —imiBME IR 12 A5 > KIS
LW C AT BEL o (5 PR 05 B R e i ) 85 22 A e R S S LA
SHE S T K o ST R B2 AR T B R Ve A A A L P
T10 WA G —/INEB 53 S 1538 Tl 4 P ) AR BRI & 5 PISA 2022 [AIIRFER
B SRS RO TFEAMERR - MEE2ENEERRTEL R
BiE . (OECD, 2023a) ° B — FEIZBHEEM P -
IEER |3t PISA 2022 fft £ b [BI o8 BB AR AR 2 B TR AHAE -

## LA > PISA 2022 B2 R B B N E A HEMIVEEE N AR
) B A RS 15 RE 2 A % e 05 B T LI 5 ol ) G B o B ER A 1
FLER R E I A €A > N BEAR B I B A B B SR - ACE L H Y > 1EER
ERE b B AR EE R R SR CEERAE - BRI T E = BB
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2Rk LB SR P B R B R R EL R R - E AR R B
MMEREF MR LA B M S ~ BRANERE - thRe RS E A 21 11
FC B HLRE o (EBCERREMS b - JU B o e A O R PR ) B R
R o a0 AL AR R B A HE B

IRIBIE & RIIAUREER - BRI R B2 (O (B (EAE B I R AR R
et > B2 ST B R B R S B O S R E - (Hth RS
BEAETT 3 R AT H 8 3 SRR » A SCERB 1 e B B ER AR 22 38 SR BB I
{RFRHIHE A R AU RS PISA 2022 FF &2 - &5 REUR - fHBE HB
H AR FBAIREHEE - PISA 2022 WEHEAEBERREE - SRS - 15
e I 2 P B B AR S R B R s P B R B (R _E AR ¢ Al
FHEBEBNEBEE - B2 B2 AR N LL B 5 » () T B 22
BRI EE  HREZHERENEEZNEREE > 255N
JE(RRRHI TR OR - FEBeE F R B BRI -

S5 IR S AR AR A 225 ] M B AR R IR B E AR - (HiE
IR RAE R hRe S B EE A - ARG L3RR ] e
ZEVEERNZ T o ARSI B R E - EEF ERER
[EEE - L)Y BIRAVELR - (HEW BIRKERM LS - SR EBJITREIER -
HE > RUINEE - EERREE R - DI B R 28 R LR T -

2% 3k

AR R REE A SRR A R S e R S R v e 2 A —— B R
(2018) -

[Curriculum guidelines of 12-year basic education: Mathematics domain for n_for elementary, junior
high school and npper secondary school education. (2018).]

ATl ~ EisA SRS MR BREERR (2025) o SEEEEREHOBERREE I -
NS (£HR) - PIsA 2022 EFEE/EIRIL (H 13-94) © BLE#E
il B K E2 2298 PISA BRI FE A0 ©

[Hsieh, F.J., Wang, T.-Y., Wu, L.-T., Lin, S.-W., & Chen, C.-H. (2025). Mathematical
literacy performance of Taiwanese students. In J.-C. Tsai (Ed.), Performance of
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EGEGEL

g

~ BRE
CHRFEMTE) (LITHAT]) BB EHIebiE 8T 2 S
T » BE AR E B HRE 2 R~ BOR S BB BRI/ R - A E
EEAT 28T - FALHEE P& [EERRI B e E R LIRS 2 08
A - BEIRBR R B E S - MERABCHEBNBORl EHRHIBOR 2 £
PRI - DURABREE B 2 i
~ T R AR
AHIEH 16 BREREAIHRGEX#1T - BEET3H - 24 H -8
AR 12 AHH -
~ e
LR E B BB BOR I ~ AT ~ (8 ~ 7R3 ~ FRmAJE
RS IMT ~ WHTE TR - EE BT~ s BB R EBE R RS
B E(EE R S BOR B B 2 P8I -
~ TR
IS U S Y
(1) G« RIS HBFAIMEZ B2 o Bz ~ SEChaft -
R PR LL 15,000 FEBIEAT > 2% N 20,000 F ¢ RSCREE
LA8,000 73 HI - 2% R 10,000 5 53 FERR (HEH SR ZE (350
FA) ~ FECHE (200 7)) RO RBE (%3 Es5E) -
(2) WF7EHRCEE - FIN AU B FeRE R - DURAIHT I s - i
T B LB 2GS Bz ~ SR - HhodisfELL 10,000
FRJFA « SECRRELL 5,000 SFREFRAT - SIRERRHE R SORE (350
FA) ~ FOCEE (200 7)) ReHESCRERER (%3 E S5 (E) -
(3) G ~ HFF - BRI ~ W8 - BRI - L5000 F5
JEHI o
2. lEEREER
(1) American Psychological Association. (2020). Publication manual of the
American Psychological Association (7th ed.).
(2) BRIEREREENE (%) IR EGE2BAT Mgy -
3. KR —ASER A - EE MBS AL SR 2 P 2 H OB (i 3-1) » dTdise
ZEIESGE - BRI IEAC TR (BEERE ) ko (Hif32) -
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