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Eighth Graders’ Visual Behavior Characteristics When
Reading Mathematical Geometry Proof Problems

Pei-Hsuan Fu! Po-Fen Hsu? Meng-Jung Tsai 2

! Taipei Municipal Ren Ai Junior High School
2 Program of Learning Sciences, National Taiwan Normal University

This study aims to track the reading process of eighth-grade students when reading mathematical geometry
proof problems using eye-tracking technology and to explore the visual behavior characteristics associated
with different learning outcomes. Using an eye-tracking experimental research method, this study selected
17 subjects from 90 Taiwanese eighth-graders based on their mathematics midterm exam scores. These
students had a basic knowledge of geometric symbols but had not yet studied geometric proofs. They
participated in an eye-tracking experiment while reading geometry-proof materials. During the experiment,
participants were asked to read learning materials on triangle congruence properties (SSS, ASA, SAS). Each
congruence property consisted of three pages: a concept explanation page, a basic example page, and an
advanced example page. Each page contained three information zones: Main Idea Zone, Explanation Zone,
and Diagram Zone. Based on a data-driven approach, this study divided the subjects into high and low
learning outcome groups based on post-test scores. The study then compared all eye-tracking metrics among
different information zones across different material pages. Additionally, for each group, Lag Sequential
Analysis (LSA) was applied to identify visual behavior characteristics of students' reading processes. The
results revealed that, on the concept explanation page’s Diagram Zone, the high-performance group
exhibited significantly longer total reading time, total fixation duration, average fixation duration, percent
of reading time, percent of fixation count, secondary passing time, and revisited fixation duration,
suggesting that students with higher learning outcomes invested more effort in processing graphical
information when comprehending the concepts. On the simple example page’s Explanation Zone, high-
performance students showed a significantly shorter average fixation duration, indicating that they
perceived it easier than the low-performance group to understand the textual explanations of simple
examples. On the other hand, LSA results surprisingly indicated that high-performance students exhibited
no significant attentional shifts among different information zones. In contrast, low-performance students
displayed frequent back-and-forth inter-scanning between the Main Idea Zone and blank spaces on both the
concept explanation and difficult example pages, suggesting difficulty in understanding the core information.
Moreover, low-performance students shifted their attention from the Explanation Zone to the Diagram Zone
on the concept explanation page, indicating a greater reliance on visual aids to comprehend textual
explanations. Through the learning analytics of eye-tracking data, this study identified the visual behavior
characteristics of attentional distributions and attentional shifts for students with different learning outcomes,
especially for students with learning difficulties, in reading mathematical geometry proof materials. The
findings of this study may contribute to the future development of personalized digital learning platforms
to improve students’ mathematics learning.

Keyword: Geometric proof, eye tracking, learning process, visual behavior characteristics
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BERLERT ] ~ B SEAF AT LB ~ BRI RETED] - BRI R I B AL ] > BB E S
EERAEE (z = -2.02 2 -2.89) &ER T Cohen’sd BES L 1.08 = 1.61 2 - BUREHA
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T HARAFRN RS - DUNZRESR I ERIRBEEE R e ARAVESR -

s I H 5 HPIE E A E - s e R A B E o A E R
AR > BV AWM = AP 2% o & 228 pOSAEAE E& 0 B H (87 e Ay 48 B SRR ]
SRUBETIRFIE] ~ V-5 B AL R ] DA Rz Bl s g ] B B BT B = Y R B2 ] - Fom i B i3
SHAE T B 2000 7 By R A B R T T Y 20 1T AR B L 01 A2 0 v B2 S 4 3 77 [
ol A B - 46T BTSRRI 2 o I S el s ey ] B B R AR R P Y 2 22 > AIIARER
T B S ON F B A T SR B A RE D B T Ry

R6
= (KRG R AR E TSR E ) IRENEIE U-test (£ HEE)
R B 12 BB S8 TR {8 Cohen’s d
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(] TF2 1 - 5 A 1 e {& 0.29 0.03 2.79™" 1.44
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EhAE SR & 22.67 12.76 2.02" 1.08
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5t o*p <05, **p < .01,
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(2) B BEEFRNBLFNEAMEER ZEBNIOMBELH U-test lRELER
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1B EEA T A (Piaget, 1952) EMLECGHEBEAYREE - N E S H B -
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5 (REE AR T EEGIEE ) R U-test ((£%HEEE)
HR 51 BB S e M Cohen’s d
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5 *p <.05.
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FH A 12 23 A G FR B 1R A B VRS 1T B > IR 8 Wik 4@ MU IE - fEE 9 o
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— T SRS 7 B 0.17 F1 0.31 -
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RS B DU BIRERS > R EEE R AR EE AR T AEE - MBEEINREE
BHETT 73 A BLT 455 -

— - BEREERE-AREFHEBM RS HE S - SR E R LLL

BREEHRHBEFF TN BRI HE

KEFEH = AP & F U E & H DUE SISy T2 ] - M H SO Bl Ay & i 22
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A EEB B R E R R AVE AR - R R A A1 B A 8
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REMHATHIRGABEN L EIER > HERE2BE AT EEERAR T - S8R
HBSER PRSI AR > A g g S N R EEE -
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Exploring the Relationships Between Mathematics Anxiety
and the Process of Reading Differentiation Worked
Examples: An Eye-tracking Study

Jing-Yu Huang? Guo-Li Chiou?
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2 program of Learning Sciences, National Taiwan Normal University

This study aimed to explore the relationships between students' mathematics anxiety and their visual
behaviors while reading worked examples of differentiation by using eye-tracking technologies. The
participants of this study were 60 undergraduate students who had taken required calculus courses before
participating. As for the data collection procedure, the participants first completed the Chinese version
of the Mathematics Anxiety Rating Scale-Revised (MARS-R) and a pretest on basic differentiation
formulas. Next, they read three worked examples of basic differentiation formulas on a computer
monitor, and the Tobii Fusion 250 eye-tracker was used to record their eye movements throughout their
reading processes. Afterward, the participants took a post-test to assess their learning outcomes. The
results show that after reading the worked examples, the high-mathematics-anxiety and low-
mathematics-anxiety groups had no significant difference in the post-test scores. In addition, while
reading specific content of the worked examples, the participants' mathematics anxiety was significantly
correlated with their visual behaviors when reading the worked examples. Moreover, the results of
ANCOVA show that the participants with a higher level of mathematics anxiety were more likely to pay
more visual attention to some regions of the worked examples than those with a lower level of
mathematics anxiety. However, the extent to which the levels of mathematics anxiety correlate with their
visual behaviors while reading the worked examples might vary with their pretest scores. Only when
the participants' pretest scores were at the lower level were the total fixation duration and total fixation
counts significantly higher for those with higher mathematics anxiety than for those with lower
mathematics anxiety.
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R 2022 F &7 & /F S ¢ E4H 4% ( Organization for Economic Cooperation and
Development [OECD]) F/AAAY T EIPSEE A gt JE(hi5t 2 | ( Programme for International
Student Assessment [PISA]) 455 » Z0E B2 4= VU 2B 4B AT 81 (BRI 22 TR 45155 3 » ZA1M -
Zat =N RIE T - EEE AN EEREEEE OECD AR FIIMHE » BURE
SR NREN TR > QERARRE NN - B OB E - RS
H B ELEI %R HEA08E (ARAa% > 2023 5 OECD, 2023 ) - HE2EH5H! ( Dowker etal., 2016;
Tan & Yates, 2011) » ZERALIRIYFH UL - BEEAFRSVEEZEE ( mathematics
anxiety ) » MEREHVEUER LR T RE G o B H BB Y WAL » AR R 0 o B2
AEE - AR R RANEHEEREEE I R EE B R A E R -

WEEET R (2024) REREEEBNGATERER - BELER - TI20R 5
4 R B2 NBTT = 2RV (A8 2 By =R 1) BiiE sy K b = REFTHE RAyiEsR - A
M #FFZEE (SR - B 2006 ; Miller, 2010) i - ZEREERNEGHME S
EHCEENRE » BESZEMES T BRNEE  SHEHYEE S E A EEBEHT
ME2  BERAHER ARGEEENE S - MR IR 7 B EI R (Huang, 2011) -
PRI - B A SR SRR o A FR B RN » DR B2 AR Y BB AR IR D R 70 B2 I BRI - 2
—EEEERETAYME -

Joal ST HEUER R AT ETIVI I - 22 St B R A R B i ( mathematics problem
solving ) HIRE(&HEEITIRST » B4 « B2 HE B BT ( Aschraft & Kirk, 2001; Ramirez et al.,
2016 ) ~ BEEHERE (Cuderetal., 2023 ) HYRAME » {Hig /D5 FE 11 S22 1 58 B B 52 B2 3 FRR R 1Y o)
i o DRI B R e B2 A AN e A B BRSO R S - N s B R B R 4 HAR e 1Y
iRFE (Ching et al., 2021; Cipora et al., 2015 ) » RI[th B2 REIR R A GEAE 52 A B2 B2 A R A2 o
R B HER T - WAL - AT ER - HERSEEEEHESE 2T HE
R4 B HY RN RIZE T - A AR AR ERAVRANS - DU Bh ¥ 852 LB R R A B AR
TEARNEY -

FEEFHRHBE T ZREAV#ES] (worked example ) 252 A4 HI A2 35 i A HY B 52
BEHEN - ZHERAEEEE MV BEERL I - b sEE G P GLAY R BRI AL
BIH R T % - B EHRBE SRR D BERE TR ERE - AN apie 2 E 8w
RS AR P B A A AT R ST B AR B ERE A AR T ERET - DA AR
Jre R el ol B B2 i ) 2 AT BRI

AR BRAR 2 i 75 3 (o FER BRIE BIE R il SR PR B2 3 5 1 B2 B AR VIR BR RS ik
9 LA i B B JEL P B[] SR RS T S Y SR R R AR ( SREEAY 2019 5 BREEESE A - 20105
Knoblich et al., 2001; Perugini & Banse, 2007 ) - A 5% 01 ] FHHRBRIE ML ol 09 R M  #5 0
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T AT ER A A B S B R B AV LS T R AR B B IR TR 1 0 ARG - R AR ARV
RN B B R a2 I B (4 -

B SURRERRT

— -~ Bi= £ 8 (mathematics anxiety )
(—) BEERHEEEEE

BB R e SR AR R R RSO B SR R E B FE E A IRES - HiE SRR E &
BE RS AT B AR TSRO ER il 15 5% o pm BRSO R Y 05 SR FE AV B EE 3R B (Durette, 2009;
Richardson & Suinn, 1972; Sevindir et al., 2014 ) - Baloglu i Kogak (2006 ) 575 » EEEE
S AR B A IB 4B R 2 — - Skemp (1987/1995) AISEH » RS G 42 = ER AR B B2 Y IR B
& BA R AN Al RE e B R A E B R BT Y - I E B AR R EIE -
AETM IR — (8GR - A RADT 5Tt 45 ) R RE M B R S B2 B B WY Bl > 91140 > Kargar
FA (2010) SGERETREAYPERE - BEREE (mathematical attitude ) FIEE EH

( mathematical thinking ) 7 FEIFYRE % - sxbFFR4E SR SR » 805 8 =5 BB BB AR 1R 7 R AT
[EEfHR - BB RREREERSNAEEZERFZNE T FERE - BAROHMVE ERRRE -

HEIRFT S W FTE RS B A A B AR T B R B R 2 [ T B Y & AHRA
BT EER N ENEEREE - R S 2EM NS - IR Rk
& (attentional control theory [ACT]; Eysenck et al., 2007 ) » £ & & [F K1 EEH AR

(efficiency ) FEIREE R e HI & T /EEC 18 ( working memory ) 27 H 813417 ( central executive )

ZEEHITERIRE T o R(E RS E B T E B J7HIH (inhibition ) FYTIEE » {8 HER S 5 R BT
TERAHYSMERDEL (external stimuli) ~ B¢ H FIVHEEFTS [ZHINERDH (internal stimuli) 17
T3l 0 (e PR R B AReR » M B HR AR -

el S AE AT B2 R - FR (IR LR B AV - MRS B J1#EH 5w ( Eysenck et
al., 2007) » fERE G HIK TAFECIRAVRCR - SURE: Qe 8 ml AE 52 A0 1Y BB Al B8R iR R i
LR #2222 (Asheraft & Krause, 2007 ) = Asheraft B Kirk (2001 ) 5&:H > S22 A g ETFE
B TR R AU - MR PTL KRR A A= - sTERET R - $UTHER
B2 - EFRNEE LIFsCBAVENE - MBEEEGGE LFNRER - EEEREF RN
ERIHARE TS - SRR R e R AR RS | B2 EH e EE
B E W M RE R R S - A ERNEE FIRAH AN TR ERE » §©
117 P A FCF A B B2 B2 N R YA - Li B2 N (2023 ) WYBF ST 45 SR S8 36 - 18 HE 1T B 22 g RS
BEEEREES S 2 AR S R B R 0V B B 1 00 B R g B TR
BHVELE - BEAREIHE CA R ERIMENTERER - B EHMBE ARG - TR
B -
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B2 N B AR A R R R FT e B B L B2 e ((avoidance ) (Beilock et al.,
2010; Hendel & Davis, 1978 ) » (R =22 A B SR E 2 H » DR BB O FEE
PELBSE T i My S 22 B2 3 > R A KE AAVMH BE AV B2 S (BRRERR > 1996 5 Ashcraft, 2002;
Durette, 2009 ) 57 2 ift 55 45 ) #5052 £ i BB ZR Bt 2 B & AH R > 140 > Zhang %5 A (2019)
BT 2000 -2 2019 FFHRETE 2L 8 BB 48 2 BRI S AT IR 3 0 i S5 SR 5 U
B E B A TR E A EE YA AR - Rl R DAae N A B2 sl E R ST - Wi
JEFR HY B S R Y B AHRH © Barroso 55 A (2021) i $1f 1992 %2 2018 [ AR FEFE Ky
T REFT# R SUET R T > I ITHVAE SRS IR - BNV R R B S 2 MR
RERPEEZEEERN - WH - RRGEENS2EEEAVEAE - FXf - TRt
KB A 1 B 22 A i B B RO HE T T B R A A8 -

(Z) REANHEER

R EE EL A B2 A > Hr 0 S 22 R F 62 B ( Betz, 1978; Khasawneh et al., 2021; Richardson
& Suinn, 1972)  Betz (1978) & &5 B A U2 LR AV RS T M9 T T A& - 9R4S R
fath o BIEEE TR AL » WAEBE PV EREEEHREERE > AU Z—
HYEE A U2 BRI B R AN R 5 1 PR AR RSN 2 A WA S EA N2 ERE » Y
— Y ER A B0 R B SR A M L B B TR A A 2K 57 25 W 9T .45 H ( Hendel & Davis, 1978; Kadry
& El Shalkamy, 2012 ) » RE2A (R ELH YRR 715 » 48 & LS FE 8 - Huang (2011) 34
BEZE TR REERBREIVEE  HREREHREZEREEHNETMBE A =EN
gtk - At A S AR S » BIEEAEEEEMETIVRE - AltiE O A ESEE
HIECAR 5 Huang 805 » ZEHVEH LIRS (R 24E S EHEERNER -

BB A AT B R oy S P RS2 B S22 £ 58 > Estonanto B Dio (2019) ¥ 69 fir #E
TEREME  ZHERT > R PRASHNRNELET AR ERSEVEEER - ME
M E M EENRZE S MRS E RS (41 fin) ~ BETWREZE (AR
k&~ BETAVRESE - 39 fir) MEX B E CHIERREL S TRE IR EE (37 fir) - H - $HETE S
HHH S E 7y » R AR N E CREZRME T AR ARR - RIE R R E1E
tH W H - AEARET] MR R ATHY BRI N S BT - WERUEE Y
AR IFERNE - 5 2 BA T B2 E I 0V B 8 R g > HEHE R
AT B AR o IV ERBERL SR A ~ 04 8 FH P B Y (AR o0 RIS SR i D iR - IRl 2 22
SRV R E -

=~ BEWMBRITHIREE

TEHZEEEY - B2 A M2 EE NIRRT E SRR > MM~ B LR 2N
WA (&7 s sl A U EE I Y fRE 20 B - 2K B R (Lithner, 2004; Schoenfeld,
2016; Tall, 1993 ) « FEEEEAVIELT - B0 ER A BEFE HHEr i T R D MR RE AT 360 77 S HE Y 3
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B E MM S EEZ RERE » oREEE R A C N ERIAYEEE WA T RE R A 2K BT
7% (Gruenwald & Klymchuk, 2003 ) ; i Z24: BEA WY K ERES > oI RE#E— P EH B H B R KB
BENBBNSESSE (BUH)IEEA > 2010) -
OV #F 2 ST EIRET K22 A 11 B2 3 08 43 15 v BE HH B A PR B B ok R & s > SRS A-
(2018) LA "HorHYER o BB - ot B AR R - (1) RZESRENEHY
RIT R F 0 > HfEr RAafdE s (2) AR ABEKMENES > (3) MUBZNEART
MNEE 5 (4) RIBREER - BE S HEHEE (chain rule) KR FEE AN 73 B
(distribution law ) = [t4h » 2RI (2010) 8 53 H7 R B AR A B0y B AR A AT B R
e > HUFseas REmayE = RAsEsEal - (1) $KE > BEEHESK (WREA
(f(g(x)'=f"(g' ()~ ZIERESEFERFZ BRI AAFHERE (MRS ®) - gv)'=
f'x) + g'(x)); (2) k- BEfESETEEER (WA c+D)'=x+()'=x) &
W AR PR BB R (AIRREE R (f (g (x))' = f'(x)g(x) +f (x) + g'(x) ) ~ BHELZAME (AIEREE R
(f(g))' =1 (g'x) » ZExH fHYTTRIEM N - HRAHBMOAN A A ¢): (3) #E - G5
FFp (BORIEARTER ) ~ HFF$EER - AZURHE < fRI% RV EER - RISk HRiE
A~ HESHER B AE R = A ST B EATR Sy #] - DAFRET 224 B sl oy #a (A R A2
B H S22 A Y [ A 4 -

N\

= BEED

TERUER I, - # AT #H R E VB R - B R AT B8R - 0 HR L FEAY R
WERBLG A HARE TR - REE (2011) 3% » RG] A] DLRRER 4 52 1 B B2 Al Iy
A LAFSCAR AL AT R 2R AR 1A B B2 A B2 B B2 A R T [ 242 - (04 B2 R IR R [RI Y 228 »
RS EEEE - B2~ Jfiif1 T2 (Science, Technology, Engineering, and Mathematics » fi§
T STEM ) I HYEREE | » 25 B Al g (o H s ok 5 [ 5 22 A4 B2 E R FE A2 (Meiller, 2010 ) »
MELEAEIR1E - 485 & Bl 5B AH BHAY i B 2 i — 2D B2 an el g DRy e A Y R S 2
HER GRS > BHEEE AR Al ANV EE 770 (LeFevre & Dixon, 1986; Renkl,
1999; VanLehn, 1996 ) -

#PITE AR B2 E YRGS » AT #E EH S R0 B AT B B ( cognitive load theory ) SR g #EE - Sweller

(1994) E5& - [HEGHY LIFLBEEEANR - ERAN AT & LB REAN ST HHEE
H o WAL > Sweller (1994) $2 & FIEE (worked-example effect ) » 58 5 1E 2 HFL A HE
WIAEIEEE » AR E P2 E g b E TR E A (OREE > 2012 ;5 Renkl, 2005;
Schwonke et al., 2009 ) » LR EHHEZOR B2 A METT AR » A RE G 48 B A AT R BB AE TR I SE 88
AABE YIS R (searches ) » HIMGEH B Z I TIFLREE » HEEETENHERHE
FRA S BRI (Swelleretal., 1998) « sR<E (2012) & LA/ N FLAFEARAVEL R Ryt 55
5 BERAD HE R EERHETEEAE > BERHENE AR Z@OIBE - BAEAE
AR T - S Bl S E G 5 e i ER B AV B 22 (] R B g DUE 22 Y IZ =028 ) >
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PERIGHAVER A QIR 2 (HREERE - et ZATsl AR O - B2 B EME - ZH5ess
REUR > BERANEE ERE S EGIE > BIEREN B - EHEAEEEE > B
B BB R m N BTSN -

Sweller B Cooper (1985 ) {71 5% &1 8 B AR PRaf 82 AF S AR BUE H Fr S 6y /I - S
KA LR AR 2B BB 50k o MR 28 0 R (A AR A F R A R IS R AH - T STaE R
T B2 R R BER A A ML - SRR AV A R E O R B AR S
RGNS T - JLAYSEER /D > Sweller 81 Cooper (1985 ) [ b 5w (5 FH & B o] DLUR D EE 4
HIERHIE TR - Miller (2010) t 84 1% =207% (three-step method ) FEE $EHHAE 73 B XK #E
TEET - =R RIEE B2 A RIRE R o B2 E 4k _EAVER ] - BETR TR E AR DI/ N Y 5 =
FEUWEE - W H RS BETTEA B B B R A DUE R = DU NGE Y J7 =R
IR EE - R4S RS - 2Bl = 0 TEH SN B A RIEZ (BN B IRAHAVEE E » Miller
(2010) 38 Fsis 2N R B pE 40 5 Bh 22 A G R pe G d T AE RS ASE » DUt B EL A (DAY
fiRH

BfE PR BRI ST Y 45 AR SR 3 B By e - BRI 2 E S s e T8 - &b
R SR R AR ARG AR R o (o P E AT R A AR T R R -
BB T LA RE T o I N B R R SRR B - o R HLBRE A A AV s 1% PR TAERE - I RE
I HESMYRE A B (FEHE R AMERFI AL (extraneous cognitive load )) » L FEFR fEE)
A B R RE AR IEREN: » PEEN T ERSEAI FT i | (expertise reversal effect ) (Kalyuga
et al.,, 2003) - [ERETS HY - BEEERIERECA B 1Y E R st ai Py B h 2 - NRE
BTt TR HVEH S BUE 2R 5 (E A B SR AIBR A o = 1Y 2238 F 2KER - # il Frde Ak AV ER
BEAREE L EREY » B eV &N Al ge S LB BT g YRR AT - (R » 20K
it PR 2 E A=A E » A —ERREETHIIP AV E iRy - E 2 e GIHBEH 4
{THZEAREE (Kalyuga et al., 2003 ) -

AP T 45 SRt B2 A S A e & 2238 P YR G2 Il JR 2 ( 2011)
o DAB/ N SR ERAE R i se i 5 B TR S PIRFE E e A TR B A oy A% i 4H B
B - HERIH A B2 RS - I AET S e dpe - BTN EEH -
B B4 A Z B2 @A A - RITE BT T EfE - TR aTiE—E&M - 5
EE A T B E Y] R E PRV EDIEZE P EHR) - Z BB AE R 2B H H5E
KNGS ESUE - BT ¥R SRRV E AR T S - 2RO B & AR A R E S
ZEGBREN RN  HE - SHEATIRER SNEEN S » B2 EREENEZ
HPIFE W AH B2 AR MR ED A 2R - IRIZE R SOESUE - (&S GIE
RyBERREEEZM » HGGREAMANREmMAER - A —E g E £ EEITE
11 S5 S R S HEUE AT g R KBRS B R E E 5 | - %0 » Kalyuga (2008) % DL
32 i REAE B R H S » SRETEEMHKFEA R EH TR (BESFERER) /£
BRI B 75 - Kalyuga {(RIBTHEAY S SR RF <2 508 70 Ko =) oo 5 A1 s AH FI{ER S (A R a8k aH. -
4 — PRV A (E B E 28 W BT M ZROT R RV B R EH (Fa - B B4R E
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y=x* B y=2 (-1 -3 WE) S FAVSEAERIEEAFEE RS EHENAE -
TGS R BUR » RIS MRV E R AP R B S B R RIAEF - S SRR
ERENEAEFEMSEREEERIVFIAESF - IERBUR ot MoK BEHE g 237 7
ZEFAERE RIS B - Kalyuga 587 LB FE4E R 2 30 55 SR 38 R U 2 IR Ry B S AT
i e Y 22 B AT RE E AL B (R B AR T R B R AVAE ) HUE BOR HE A RV BT 2K
HELTERE > B e ISR AN S e T PR B AR M - BRI A E
N oA B B R SR AT A JT - GRS BRCRHIEN S &0 S M &S R M & E E
BEE A T T RS E sy -

VO ~ BREBR S HES AT

IRBRBHER M AR LAIIRE AR T BINE ~ FE TR B (S IR BRE B Y R (REES
A > 2010 ; Knoblich et al., 2001; Perugini & Banse, 2007 ) - &R BB HEFL 1T » WFFEE B A
ST (8 A8 AR B E AT RS DA S o[ B G 75 26 3RS (Andra et al., 2015 ) » S FE E HEHT ¥ FE
AU SR B B R AR - AT AR IRBRIBHER T C M 2 IR A B2 E H 2 H AR (PR
B N 0 2010 5 Alemdag & Cagiltay, 2018; Lai et al., 2013 ) » {F 82 Z 5 4818 8 HIE Bk
fla 2R ET B2 FERR AU 72t A AR B ey 835 ( Strohmaier et al., 2020 ) -

—fIME - IRERAVES) A] & oy Ry AEtR (fixation) B (saccade) Wifd £ FAYBAZA -

CEE L IR IRERDIAH AR (L AYARRE SR B R E YRS - BERF YIRS R G S R A & R )N
% (fovea) [N EIERAINE (retina) Fpk{% - DUBRIEWAVHA - ([ER8 & ST ¥ AT
PR T A B A R B A Ay R T (PREEEEE A » 2010 5 ZR{M 25 ~ $EEED » 2011 ;
Justice et al., 2005 ) - ZR[f » fEAEARHYEAME - ERERWCIRSE A (LA - MEHEEEHR

(nystagmus )~ J2EF% (drifts ) BLfHEEFH ( microsaccades ) = fd i/ NAVHR BK 2 @) ( Rayner, 1998 )e

CRE ) RIS ARERE — B RGP RS B B S — (MBS RSV R AR - HLABREERRLY 1540 =
Fb (Rayner, 1998 ) o F& i 77 #5871 R 58 B8 A2 TP 0B8R Bk > B 92 38 ] HiE dm (B G B2 EE 4
FLEE Y N AE SR HIFERE -

HRBK 3 &) BLEE KB AL YRR - A &5 Just B Carpenter (1980) f2HIAVLMHRMERER (eye-
mind hypothesis ) ELIZ B4R (immediacy hypothesis ) ARMETTHERR - 1M 22 W (8 Beah 5 LLIR
BREV B E) R B0 - OIRERERENE - IRNG BE G B AT H ERY SN SLERE - B R (E RS0 R £
SIEAE R EREIAERE, - L - 325 38 0 A (6 RS B S A A2 Hh B 0 R B {1 B B B 191 T Y =
50 BUeTHEsm HEEHE B RN A B ERVIGRT  — MM S REE R M BV S B A AH B
IR MEA S IR - AIEE NSRS E L EE &N ERHE ( RIEE
2019 ; Just & Carpenter, 1976, 1980; Schindler & Lilienthal, 2019 ) - 55— 751 @ TZEIMHRER =
R 0 EE g E T U E SN HY RS & B 23 5 52 R BT R DAMEE AR EM
AYEE M - Just Bl Carpenter 5834 » S EA G DB TR AV A R R 175008 - (HaaRg
HY R A I AR S — A HA 52 B > BRI > sEE R BT R EE (FlnEErEE
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SRR ) A REHIETEE RS BRI R o B O IRMERER B BRI RER W 9T R TRHE RS Y
IR BRSO H R AN R B R N AR FEAR A 17 24 - DUHE M LA B 3 B AR B R AV S 1 B A2
(Hvelplund, 2014 ) -

AETIRBOBHEAZENE - IR BB CBENAS P ERN —% " BEEE  (area of
interest [AOI] ) » 3l DA 1 35 5 i (B SR o AT AR ER RS BV B TE = T HRBRAY BEATAR L » 2 Bl 3l 4
ST o A B A AR R B - B g R R B A I BOR o R g L BB A i B R S
MOER I3 A RS (Rayner, 1998; Zhao et al., 2014) - —fiZIM 5 > IREKEFF E @B AT B
WA o QRS T S B RE TR 2 A e P B o W IRV ERUE. T FH DAHE AN Z & S 3R
BNA S E SRS (FEES A > 2010) - i LARER B EUIRO B T A IRBR BB 47
eI > B ALY R 4B EE AR (total fixation duration [TFD]) EA4EEEH X E (total fixation
counts [TFC]) « " #EEE IR | R " SHERI KB Fo BSCRIREIAITE FAVTEEE - nTLARZ I
i 4 B R G 0 T SRR O I AVRR S (SRIEE 0 2019 5 AR ~ SAEE - 2012 5 Andrd
etal.,2015) o " 4EEF GG, AR " HEGRRE, 8% BERTNZAEBRESNES
T L L NIRRT E R L R EEEHE (BREEE A > 2010 5 fBHALS ~ SAIEZ - 2012) -
RN+ RF B 5 e o DA SR Bt R BT DA 31 T SR Bt IF [ L (average fixation duration
[AFD]) » IEUETR ] N EE B B REEM N BT Z EIVEES R — RS @ @&
SEE A EEAYEH ST - PR IR A I BRI G R & (FREEE A » 2010) -

J

T~ ERERBHER T BB A R A

HR K 2B HEF5 il 19 o 0 I FH A B B2 SO Bl B Y < > DRI B ER i (B 1 /2 — T B T B B2 5
A U FIHR BRAB HERE ff 2K o3 A B2 A= B s # (I HRp Y AR S8 )R TR 1 43 AR - mI LA Bt 92 &
fHE S AR B E B A AR -

FERER I > AR TREIE R RAVESsa > NEaE T EENER - sy
Pt AR 7€ 2 ] ER HR S A5 B0 il 28 o3 A B2 A 4 ] el 5 A [ B Y B2 R 1 > DAL AT 3
GRELEAVER - fIa0 - BREFEEGIEE (2012) B LIEEE A B KM 31 fiLk
B4 Ry s\ # o REHE A EEIHER A IRENER - DU HEER AR R - Wess
REEW > BT SO%HY ST EEAE 2% 25 IR RV B & > HAE P & AY B A1 88 2R A LT
AR R 2ol & B 48 i R s B T AR R A 28 (T 56 - AL - 5 aa B R I
] Y &R B A1 A A W e A € - Pl B U/ D B 9 L Y AR B AR ] - (B 2 B L [ LIy
B R MHIRE > P& RFoR O 1 i & L B2 A R R M AR AR - (B3 28 9
HAGREENRZENWAR - B MREHRRIAE (2016) EEt# 50 i RB2AE
W SR LRI T AR IR | T ELRIKEE L TOREEEE I, =R BB S SRR IR B B -
AT R - e R R A (S I AV B AR TP B (O E P R B > LRI P Y
bR TorEEEI ) AP EE SR T RMRGE , M T ERCKEE ) MEREA > RoRsEE
BIGHEE ORI e © IE5h - s Rt et > ZelE R T IR0, AYSOR
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0 Has g ny bR s A EREE "o REIEEH ) BYSCOARES > HIZ [0 1R PR B AV EE R S -
PEIRZEAVEE SREREA - BB AVARBRE S - ATRE BB SO T =B N 25 1T A -

S—J71E - MBI IS Y - TERIEE AR UK - R ELAE FRYIRBRE St mT gE A P
A o Bl - Inglis Bl Alcock (2012) DIBREh#flobhis 12 fir #5258l 18 i Za R —HY
AR TR RS I VIR B BN 1T & - RS REUR » B4 A= LAY B B I R

(dwell time ) EASNZ345EfRIFRT ( mean fixation durations ) B3 5N EE 5 » TR K241
RE(E A B 2 a0 A&l AR R B A SNV ERUR, » 280 - BB o2 Y 4977 [ (208 ( mean number
of between-line saccades ) B9 {TEAFRR L] ( mean proportion of between-line saccades )
BEZEESNRELE R REBER M RERCE LR M E R i & 1T 2 MR BBy E B M B
HEME « FEAD » Panse % A (2018 ) SULEE T 12 T BN 14 (i 3 F-11 BE AR R B 58 22 58 BH Y
AR BT R {50 A AR B HE AT 60 & B B 5 ] ~ P 35y e 1 A5 4 e P ~ B LB 3R ( pupil diilation )
EL3fel B i 1 2B (regressive saccades ) o 5245 SR 4T - R A G i AL B0as B0 HR R 52
e HA AP B - EREE T TR AR BRI AT [BIAR - AR %3 S = Al D a7 % MR AV [B1 -
B FERYAE S o T Ry B R e o L B R AR AU ST PR (L E B B -t se B DUIR BB HE R
floPRa B2 H BRI R BT -

N~ IRERERH M E B R R e A

HRER B BRI b T ] DAHE A8 S A 1T REsE ~ B2 G IR R AR I YRR RO R AR AN » AT 2
L8] 3G BT R BA AT S S Y 05 BB PR G - I~ B EE R AR S (REE -
2019) - Hunt £ A (2015) R IR BRAE B) B2 85 52 £5 fR B R 3 2 [T R % » 3% b 9E5% 78 fir
RERAHELT 80 RE AT BFAYNIRGE » Hh 40 BRI - 5540 40 R AT AEAE (I
W T23429=52 ) F=HFE/RIULED)  SEENEE HHETEE RN EEES
IEHE - WFFR4S RS - BUR R R IR B 5 AR 2 IR AHRE - B Se g ~ SRS 2CH -
B )& - RS Rt B R TR g R R BEEH R AV -

BEAN - Li %A (2023) AL = NFRERAEAE s 52 - S5 H R BB T 7
S R B B R R R [ B I - 2 X 1 S 1T R R B8 A 75 ( problem verification task )
fiir 175 A B — R R B IR (AHET 33+3=30 2R 1EMH)  SEEF S g8l —(F
THEER (SN R E - external distractors ) —#E £ F o 52 B TR UL R BT 2 5l HEA TS
FFRIIR KRS - DUE— S I HBHAVIR BIFE R - (B4R - B 2al B g mifsE
bR B A B2 B M, - W B WA ) B G 2k o BRI & H BB R A — A FR R AR - TS
GRfEH  BEEERER R EEREREARET » SRR E AR SR Y
SMERTHEEY b - HE0S S8R FIETY IEFEREYE - R RV ERR] - Li 5 AR
R ZEAE AT & ACT BEm AR - A2l AR G s B H S B AV S - (e &
BHAT LR E B ETEETY b (8 AR RE R - Lt Hunt 58 A (2015)
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FILi F A (2023) WAEBTFE - B nEabk A e BE HY IR BT AR AR PRET BUR R NI e 8 R
MR Bl BE st Ay e 17 1

t - PHRERE

FH R 2200 ) SR [ B T R S e AL B A (Y B R B I B R B2 KBRS
LY g HERREER - WS MIESEE MR A g EERT > &2
A BOIRR T ISR E - AWTTERE Ry B AGRET B R 8 B o 223 R AR 2 FeT R BRI - T fip
BB AUE HE N B A B B R R R B BB MR R AV > EREE
A SR U7 PR Bh B R A DR B B R S S T B Y B L - NI > AR A A
IRERIEHER A > ARG AR My s BIry e - WA A 8 R R e Ry &2
A TE R S BIEIR A 2 R - AR IR B RS E AN T
(—) FAEEPEREERER AR M 8 BHIE G A AR 7
(=) BAAERIREMOY #u Iy - HLE R B BHR BR AR GUIN L 2 [ & A A B AR 2
(=) AFRBEEEREENEEEREMOTEPIR - HIRRBEIRILE SR ZR ?

2~ BETTA

AR L BT > AR RRET EEE R R B RS oy s ) Z P RO A M - AL - AT
FeLIMH BB ST (correlational study ) HYiat Ry B HE - UEE R ER A HYBER BRI ~ oy B2 38R0
FERE oy O Z IRBREESI Y EDORE - DUtz ig S BT 7 [ETRV R IBE - LS - R R ABRETEEE R
FE B RARE IR O BIRE Z FETHIRA (5 > AWt — D & SBAERVBER EEREE - Dz A FEEE2
BEREENVEL > EREMPIEBE AR LRI OMER -

— ~ HRHER

ARIFFEHHES 66 I 2KBHE T - A FH - MEFEAEZRARELIER/RSBE > A2
B AR RIS e B AR o B ERIE - BT RER R A TR A IS - mT AT g i
BIA AT 2RV EAR T AR - RIS PEVIREER - RHEHERR 6 friR#h#dE
RESEE (FIEARMEHE - 41 accuracy < 0.50° B¢ precision < 0.50° ; B¢# gaze sample {&
* 80%) > DAEIERAY 60 fr2Bisg (Hrpr 33 i BB » 27 fu KLt ) AHETTE R HT

ZHIRIEA
(—) BEERER

AHHFEE A Wu A (2018) BlsE S BUR AT T SRR 28 3% ( Mathematics Anxiety
Rating Scale-Revised [MARS-R]) » A E AL AR REE - ILERKEFIBHIRA > ZH
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Richardson B2 Suinn (1972 ) Fi4R#LAY Math Anxiety Rating Scale (MARS ) &%% ° [FlAEF It
H 98 - AEEERNEREEE ( mathematics test anxiety ) A= EEE (numerical anxiety ) Wy
EIRZ - o FHDAPAL B2 A Y BB R AR » Horp o B o (5 P I A B2 A ¥ 5 e B 2
- THIA RS R G RVIE S - M SR AIB H A SRR EN B R AR
(Rounds & Hendel, 1980 ) - 2R » A > MARS [FIAEE£AEH#E#% > Plake ¥ Parker
(1982) WHHAEETW4E R (&5 24 1Y MARS-R &35 » W SRR I A5 e e
HEEE (learning math anxiety [LMA]) FIEEHIEREEE (math evaluation anxiety [MEA]) Wi
&l-F&2EZ% » MER MARS E&RMEH(LIK - MARS-R B RIS (Cronbach's a = .98) »
HEBLFARRCAA & REAHRE (r(170) =.97) » B8 K 406 ko SR 22 FE R AT 7R YR R -

Tang B Dixon (2002) f5i » FHNSULZERGESIRS] > St &R A 8 AN IEIILEE A
RRRBHYELAE o (R » ARBHFEfEA Wu ZE A (2018) B3 R E iz AT S MARS-R 852558
2% DUNERBAEFEEMBE T IFHVEE AR - MARS-R FREAZERR AEER (1
SRIEEE S RBEEERE) 16 Hi 10 @ ABEEYEETESR  FHlu: FE4E
SEAh T EEEEEE RN AT ) TR BIN BT TS 5 BB NS EE T ER - flu:
SEERAERHE TR —K > BRI RS WEEIEE o It 16 B SCRAY MARS-
R B2 R E BRI 4R 24 Y MARS-R 8258 ERA #E EAHR - H Wil AR S 22
HERE (LMA) ~ #U22EfERE (MEA) FER 2 MW EABZE EHER - RF P SO RG
WY MARS-R 7E4f85t FI@ A ARIE - BB ZOREEA WA - AIE B E MR IR R
EMTE (Wuetal, 2018) -

RHER P U REEEREERNEE  AHARBESEEEET L ERNERETEE Y
Mo S iréE RN > BUERERE R T E 571 Cronbach's o AE%y 89 B HERERE TEFR
(/9 Cronbach's o {58 £y .86 » #ERFE R4 E FHY Cronbach's o N EI—E M HE S .93 » BURIE
EREARFNEE -

(Z) Mo R EE S

RIF5E£7% Stewart £ A (2020) 45 2B ZFlE (Calculus: Early Transcendentals )
o TRy BYBIRE - SHETOTEITRIEARN ~ BROEER] ~ EPHEE = (SRS RE T # G - DA
SEAFREM O AT EER AR - SREMSsE —EHEE G - H =& - 8
FplEE = REE  EEH (A0E 1 B2 B3 REER BT Mo EARA (AE 1 2 E
3R =17) BlgEEE (AE 1 28 3 GEAAT) « ARUHTTHRE = K& EEH 7 B 118 S R &
B (GFfV A RElERF S RE 1) BE—1T (QE 1 28 3 Zfi EJ7) ~ ALz
=17 (AE 1 26 3 M N5 BT RANEHE - & 21T R AXIZAATEE - =17/
R AN E ) BfEBUERE 1T (AE 1 268 3 5 > B—17 /I AVERE - £ 20T E
(ERFHVAEAE - BAAT ROIENEZR ) IAh Bl T 2 BT » SRR IRENE A& 7 RS
WA Z B 56 pEEE -
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B> #Ep(z) =25(x—2)5 » AR p/(a) °

d

FAF %A (The Product Rule) :

# flz) & g(z) ¥4 o TH > 2

—[[(@)9(@)] = 9(2)' (@) + f(2)g ()

<> & RATER T

p(z)

=l d 2 %d 1
(JI—Z)JR—:;[.LJ]—}—.E ZITL_'[(JJ_2)]
(.L—2)§A§x":l’+a§-%(:c—2)"5

1 _a 1
2 §x_3(x —2)s + %.’v%(x — 2)“5

ai(z—2)"3Rz" (2 - 2) +1]

W =

%m§($-—2)—§(3—-4$—h

& 2
CEIHE ) D

<> B/p(x) = (5 - \/1_) R ¥ 1 p(x) e

i 44 (The Chain Rule) :

E[.f(!](-’lﬁ))] L fl(!l(df))_(/'(;(:)

#% g(x) 3 a ThH> B f(z) # g(a) TH > 2

p'(x)
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3
PEREER ) Z R
ol
> HEp(z) = ey ; KK p'(z)° <H§> W MpiEEPTAF

d

Mk B] (The Quotient Rule) :

% f(x)s g(x) AT A 1% g(x)#0 65 =T £ » B

(x+2 )rh

(2% —3) — (z* —'3)—(1: +2)

P(z) =

(z+2)?

+2)(2z) - (z2-3) 1

(z +2)°
(@) _ g(z)f () — f(z)g'(z)
e | s 12 v g(x) #0 (222 + 4z) — (x2 — 3)
dx [ g(: )} [_r,:(,:.)] = CEDE
- 22 +4z +3
(x + 1)(xz+3)
o (z +2)2
1
=% B 5 35k 2 1 B E 3%
LA ] S s S, B JE % et R 2L ATH
= B5—17 &EH EH—EmwE o BE2EEXE EH
— R eE
/A= £—17 SHANEHE  ZEEHZ M A A=)
F17 AXWRHE REEREZE AKX AFX(Q)
JEHI R
B=17 AXRNE BEERAZH AR AF(3)
fRETE  B—1T WMoneEE BEEHERZOEERZER  BEEEQ)
e 7 Gy A BT — o
BT ALREAYERE H—HJ DTARFEREGENE EEBEQR)
B=17 ALREAVERE DTARFEREEENE EEBEG)
BT ALREAYERE H—HJ TARFERBEEENE EEBEG)
BT PIRENEZE EH@EGEE R EREZ(S)

(=

RES @i%ﬁ%%ﬁ@fﬁﬁ’\]
Faat st EE 0 3t

& > PLTBRIEEA KO B 4 B S o3RI 2EFRAEAERT -

) B RTHI R A
AHFEET B AT 0

=& E]

» BRSERITHIBL R JIR £ 05 - LAy Bl
EIRN - FEES E MO ERIEERA ~ BRIZER - EEE =
TR MATRERIAERF AR - {8 rh 8

B2BHMARMY

AIE Y (R B E BOE A
RMATH EREE -
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4 5
CERIAVERN ) FERTHIAYE H TERIAVEAD ) FERIATE H
2 2 “ a | z — _.) .

2. & plz) _'] » K 1”;[:_” @ (2) & plx) = — _lL ? 5}1 ,r;rf[_'?.‘j 2

AR FEHI o AR B M &5 5% & ARV B S — U Bk or & AT » =y
A H BRI IR » (275 5E AP Students Calculus AB f @ 3g AV o st FERE R4 (The
Advanced Placement Central [AP Central], 2023 ) » B EHEZE S B T oA 2E H #1751
X B TEZE BEE Sy B T B THE NS ER 1y B—EREE
TRy 2 oy 0 ZREMEE ST Fy 6 o7 o ARWFEE WALy FER 4R o TR B — By
MriUket% > IITEEREUR - AT ~ BAEEN T AER BN, TEE ) B A
Cohen’s Kappa (# & /1 % .88~1.00 [ » BURAMHITLHSEIEAIR] ~ RMHKE - BA S
ERYEE i —20E (inter-rater reliability ) o

(T8 HRBhAE pE s i as fg

AT PR IS AT S 0053 7520 2 B0 ) R B B R R » 1
T o PR B B A T

1. HE®hE — Tobii Fusion 250
AK5EfEH Tobii Pro Fusion 250 HREHEE » HUEAHZ Ky 250 Hz » B RBE THUREAEE
(precision) %5 0.04 & RMS » #ffEM: (accuracy) £ 0.3 [ > WESHEC 24 N AYE SRR Bl 1T
BORHEULEE - BT R E By 1920%1080 fE {52 (pixels) » EEBM R e mEN » kK2
B PR PR B PR HIAE 65 Aoy /ihs - BB (EE Bkl E /KA ALy 43 18 - T E A
&) 32 % -

2. IRENEFFEEREE — Tobii Pro Lab
AHFFE(#E F Tobii Pro Lab [ FH 8 AE 2 B HU G o &R » 17 [BIHF4C $% 2 5 & A2 R sl A AR
thER BRRS BNEAE - DA R ENVIRBR S BN ER 0 HT -
=~ AR

B FE BT EHE ) 2 B T BRI UL - PSSRV R AR S HR ~ BEEEE DY - R =
{6 B P& B > BEEWT TR R R Ry 1.5 /Ny > DUT 73 llE6 B -

(—) FIH

2 BLE RS TS R R R B o S ER AT > DAY B & 2 sl B HI B SR fR e R B oy
(NAERERE T -

G W
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(=) #PIBHA

TEFEABER G AT > G2 EE G TIRENE Z JUERE SR IE S RE P B tA
HPIHIBIEE o S 2 B (5 1 RS R AR BRI SR P o AR T SRREA R - T B | B T BR
EER] ) AR S DS IER 28 0 DUEURSHE#T (counterbalancing ) AYEEET o
RN el B 2 A PR > 28155 0] BT BBV » S8 B ERE e —EEipl 2 1% > #
EEBELEAZOHE > DEESHEHERE -tk oh S B2 R iR Is F 738 K Bk
ZBENEY] RSB 2 1% FiE LRI AN —EAHE A - AHEERH
Tobill Fision 250 #4fC Tobii Pro Lab 5K 2240 §% 2 Bl E Bl e & FIAVIR BRIZ B EERE - DUETTIR
SEHIRENE R T

(=) ®H

S RHIEE o B2 N > F LA i & B B s ] 1 SRS s BT IR 2 R 8 H
=H > DRI 2 BLZ BREEu BRI R - BESh » ARG R IR - W&t & 5h 2 B3 [H] g LR
AR L BRI IERE > 035 H O ERIEAY RIS L OGS - DURE F L CIREAY B R ACHE — 20 B i LB e #

PRI FERE -

I~ BT

ST SERRE — > B 1 A ] S5 B2 R R R 8 19 B2 2E Y ST s DA R AE Bl S L o s 81
BAVEE R R FRIRE S BEE MARS-R 8RSV S - o E s ~ &~ K=
{8 Bl A] (EBEER S EE 20 22E8E) > HRE TS - Eo MEAETEILEAR
tiE > BRI HRY AT IR GE R & B A AR DUR I [F R iE S 2L e iR & A
AE G HEFHETRERTAEREHT (ANCOVA) - FEHFZEHIAH 2 AL R IR AR - Zita
BRI R NS E G AEZR - ekt FEEEENSEEERHRN EERE AR -

ST > AT RAERBE R AT T » St HE S A EE - E
FULE oy EERE (AE 6 Frr) > SEHEA S E & =REE - EH - A3 EBE > At
Fuir bt = R o3 fy DT U SLeR & 3k - i H —1T (408 6 ek £07) ~ S B A
=17 (AniE 6 721 77 ) BEEEER AT (A0E 6 A1) SEBHYAFHNER 1 - 1 EE(E
B o AT TR R = TEIREEAR - BaSBEINTE (TFD) ~ S5 K& (TFC) ~ P15
BERRIEFE] CAFD ) o By 1 I fifp 22 24 1 B B2 0 R RE 1 B L BRI B 0 o0 s 9] 2 AR ER S BisiR 0 2 PR
BRI > AT S (I K 2 Z2 4R AHRE 73 # ( Spearman's correlation) » LA B fE MARS-R
BRIV LS T EP B & YR $h15 1R 8E (I TFD » TFC Ml AFD) > #E{TH B
At -

IR = > AWTSTE BN T EE T ANCOVA Zigia A FEEREN 2
L A el S A AR TP ERER SR GLIN N Y 72 52 BIDIZ BB EE AEEH (05 - K
BRI ) ~ BUHIRAR R SR B IH  DUR HAE S s 2 R s Y AR B E AR B E A (R
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FEHRPRATHIERGRV BT - s - (KRR 2 BB AR M SO VIREN T B2 S
HER -

6
1 1R 2 1 {1 B o 3

B> | dEp(z) =23 (x—2)3 » KK p'(z) ° D> D RBEINTR il i
v d 2 2 d 1
(1) | #£A%#%B] (The Product Rule) : 2K - [ ] ~ [ ] @
@) |2 o) # g(a) % 2 T B = @-2F-Jadead5@-27H| @)
E“‘(I)(j(i}] = g(z)f'(z) + f(x)g () = 9. %,;;*:]’:(; —2)li + %J'é(-l = 2)75 (3)
- %-‘rri (z—2)" 8227z - 2) +1] 4
— %.L'_‘(l 72)—%(374_1.—1) (5)

— » FEIBEEEE R R EREM I B BK
(—) &~ BEEEEENLEAR

N2 B — 2 U E A m] AR (B2 A 2 BB AR oy =i BU{ ( Dowker etaal., 2016 ) -
Fodt ¥4 R R RN S EEEITIREN T > AWTFES Dowker FA (2016) AYEEH
RASHEFEREEEMNE ZGEWHEBER FHE S e SR B R AR IR
AHH FE R BB FE R 0 BT 33% 2 2 B I o B R EER FE B4 (MARS-R 43K 38 47
M=30.90,SD=6.16) > #{& 33% 2 S E I 2 S EEEEELH (MARS-R #5555 48 47 5
M=56.50,SD=7.81) W#HE% Ry 20 A - BEMR [ FEILEEA ¢ fo e 2K o7 il e i R 4H 22 2R Y
AT AR S 225 > A PA Cohen’s d (Cohen, 1988 ) 5HRECRE - ist4SREUT > AEEE
REERMRSA ERAEREELER - HRHMENVERZEFRPRRE > (38)=242>p=.020 d
=0.78 > EEEAHAVATAIRE (M=2.10,8D=2.22) BE(RNMERERAHATATARES (M=3.85,
SD=235) aH&ERMFE 2 -
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=2
= RECEEE RN L i E
98155 = EE (N=20) KfERE (N=20) , » J
M (SD) M (SD)
AR R 4 2.10 (2.22) 3.85 (2.35) 2.42 .020 0.78

(Z) & ~ BB EE R R AR AT

RHISE {5 P B T S8 0T ( ANCOVA ) SOk BRRT4HES 5 72 £ BRI 4i7% - EA80)
WU B H R - EEA R F R 5 R R o IS4 B % (R R B
(p=516) & EERERE RN - St RER (0% 3)  ERERTIREE - &
U R AL RS R SRR AR (M =423, SE=038) BUE B ALIIAIE MRS (M=4.42, SE
=0.38) UATHRE 5 - A B2 3 VECR R (Cohen, 1988) > F(1,38)=0.11> p=_416
2= 003 5 BEERET  7 - (SRS AR I Y (% > TR A AR S A
= -

=3
= (REER R A 2 18 M Rl 4R Y 3 88 LBy BT A4S R
A R 4a 1% L% M X
<l M D) M (D) M (B L P W

BB (N=20) 3.85 (2.35) 475 (1.48) 4.42 (0.38)
N 0.11 416 .003
EEEL (N=20) 2.10 (2.22) 390 (2.10) 423 (0.38)

=~ 2 HEERBOE R R S R S R R HR B AR IR R

KRR ARG 7 R EH (—17) ~ M ERAN (=17) BfgE#EE (A17) 4
AV S B e 3, SN {5 P T R T A B o A SR e B 2 B S A Rl B — R o (9 > FLBER AR
TR, B2 L B L S Y A S R~ B B S P e L L R 5 B A R -

SRR (FERER 4) > EREE T RBAR] ) fVEBIE: - BB EE A
5 AT Z BB > 1(60) = .35 p=.006 ~ A FE AT Z AR KEL 1(60) = .29 p=.025
ANFE AT Z P AR > 1(60) = .38 > p=.003 ~ AT =17 Z AR > (60)=.38
p=.003 ~ AFHE =17 ZHEATREL > r(60) = .41 > p=.001 » EHEZIEAR -

TEREE " | FPIAY AR T o S BE WY EER R PR R S — 1T 2 AR
r(60)=.32> p=.012 - REIBIEE 1T 24 /ﬁﬁﬁ KEL > r(60) = .29 > p =.024 ~ fREBIZEE
— 1T Z P EERIEE 0 1(60) = .29 > p =.024 ~ AFE AT ZPHEEER I 0 #(60) = .27 0 p
=.037 » B EHE AR -

MAERE " BRAER] ) REFIREE T - S0 B RS (E B B AR 5 = 1T 2 4805
RREHEE AR > 7(60) =29 » p=.026 » H &k A EHE -
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=4
S5 5 5 S L% i 0 R B B & P VR B PR A AR 45 3R (W =60)

EE . \ \ — e mE e WE e
E VAN 1 AN 2 AN 3 . . . . .

g BH ARM BAQ) DA g mRe) BREG) BREG) ERG)
El

TFD .12 .06 35%* 38** .04 —.19 —.16 -.20 —.12
TFC .10 .00 20% A1** .03 -.20 —-.17 —.18 -.07
AFD .13 .05 38** 11 .09 —.12 .02 .24 .02
E2

TFD .12 .13 .19 25 32% 17 -.03 —-.03 .24
TFC .17 12 .16 25 20% 17 -.03 —-.07 .16
AFD .02 12 27* 25 20% .08 .15 25 24
E3

TFD .00 .02 .07 .15 13 .04 -.10 .02 22
TFC .04 —-.02 01 —.08 -.07 22 —.20%* —.16 —.08
AFD 10 —.00 .05 12 11 —-.04 —.09 —.11 —.15

it El ~ E2 ~ E3 JppCERSRRUERN ~ g ~ BRIZEM = E Mo & pl -
*p <.05. ** p<.01.

=B BERERREANEESNESIREERNESR

AT DA v {0 B B2 A R o 4H 1R R M S8 T > DA = 7 o ) R Y L (] L e T Y A AR
5 P ~ 4080 B 1 2 B AL S 85 e 19 IR T R Ry AR 828 3 > DURIRI Bl 48 17 o S 8B T 2R BR IR e 15
MGk A EISERR ARSI EE 2= 5> WHEE " 4RI xFH 093 OF SR R B K
& 4H P9 08 B A S5 B M e 0 RIETT BB R TR BBy it CANCOVA ) 5 35 T &4H Jl xAll
A AT EAE AR EE KR IR TIWBE R X AEER A RFEHEHNER G EE
PERGEE - RIS R (E B A% — N =0% (Johnson-Neyman ) #ETT 73 Afr » DUBE i 7 422 1l Al
MEZE & REEZEEEERESENRESETFHERZCAEHEEER -

SeteE R BN (FFRFE S £ T REEA, &b REAKE 1T > 5852
EREHAY BRI (M =203.85,8D =42.82) B 5N REE L EHRY 55
BFff (M =151.05, SD =66.34) > fi4H 0 2= 52 2 3 3 5 &= (Cohen, 1988) » F(1, 37)
=523 p=.028 > n,>=.124 ; 71 & i AR F VULTI - o 9022 FE p8 4 1Y K 39 B AL I
il (M =141.35, SD = 104.63) & = IMEREEE RIS T HE (M = 220.75,
SD=103.20) > Wi4H Ry H 2 55 & ( Cohen, 1988 ) F(1,37)=4.86> p=.034>
ny' =116 MEAER - NEEETEBR MG RS - £RE " RBEEA, &
B =ATHF - ERTHICE /NS 4.39 72l » S EUE E R A EGEE (M=6118.40,
SD = 4108.22) #E =N RAEFEENEE AR (M =2310.05, SD =1807.42) > {H2
EATDRIECE RS 4.39 70F > WA ABEEZR S MAERE " ®EEH, AXE=
TTHF & ARG/ INY 4.24 73 I 0 5 B2 B R 4H A 88 B 5 B ( M= 26.75, SD = 18.51 )
HE S REREAEEEGAXE (M=10.00, SD = 6.08) » {HZ & FiHI K& KN 4.24
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JriF o MEHII A B AR o Har BRI AV IR B 15 R TTHY4R
BRI T SRBUAA], A TRV BEE KB &
x5

= (KRB EEAAE TRBUEAL

L (TRBEAEA, ARXE—
S E AR -

i Z R EEIE 2 ANCOVA 455

HE{‘ %j] TE 1:% #1 lﬁf% ( N (ég)) {&f% ( N (510))) r p npz %E%?Iéiﬁi;{ﬁ ;‘E H*2
" H

TFD 6586.05 (3581.49) 522585 (3748.23) 0.16 .685  .004 fi:

TFC 27.60  (15.03) 2275 (14.62) 0.05 .825 .00l fi:

AFD 227.65  (64.00)  216.75  (44.06) 0.53 470 .014 fi:
A1)

TFD 1000.60 (1041.45) 562.80 (464.58) MABER - NEE it

TFC 5.00 (4.66) 3.10 (2.02) MHEHER - NEE it

AFD 167.10  (69.63) 149.15  (73.21) 1.44 237  .038 fit:
AF(2)

TFD 1394.00 (881.76)  785.15 (941.55) 3.71  .062  .091 fit:

TFC 6.75 (3.71) 4.40 (4.50) 2.63 113 .066 fit:

AFD 203.85  (42.82) 151.05  (66.34) 523  .028* .124 = > &
AF3)

TFD 6118.40 (4108.22) 2310.05 (1807.42) MHAHER - NEE =

TEC 26.75  (18.51) 10.00 (6.08) AHEH/R-—NEE (= (v

AFD 223.90  (39.65) 19595  (82.07) 0.81 .375 .021 fit:
R B ABAZ (1)

TFD 7441.30 (6519.90)  5622.90 (4038.48) 0.09 .762  .003 fit:

TFC 32.65  (32.54) 2495  (18.45) 0.03 .865 .00l fit:

AFD 22415  (42.08)  224.65  (56.48) 0.00 .968  .000 fit:
R ABIE(2)

TFD 5374.60 (5866.47)  7290.45 (6511.79) 1.45 236 .038 4t

TFC 2320  (24.47) 32.40  (28.09) 237  .132  .060 4t

AFD 202.30  (77.32)  224.85  (70.47) 0.33 .567  .009 4t
fiE A2 (3)

TFD 8954.15 (19896.47)  8968.75 (12940.74) 0.08  .777  .002 4t

TFC 35.00  (75.22) 38.05  (51.88) 021 .653  .006 4t

AFD 188.30  (105.22) 197.40  (81.51) 0.05 .821 .00l 4t
fiig RE A2 (4)

TFD 12277.80 (31469.66)  7242.55 (12201.61) 0.05 .828  .001 fit:

TFC 4745 (113.16) 31.45  (53.37) 0.02 .901  .000 fit:

AFD 14135 (104.63)  220.75 (103.20) 4.86 .034* 116 = > (K&
fR BB (S)

TFD 2278.00 (3492.07) 2284.25 (3382.01) 0.48 491  .013 fit:

TFC 10.65  (15.38) 10.00  (14.75) 024 .626 .006 fit:

AFD 192.95  (72.96)  204.40 (100.48) 0.85 363  .022 fit:
EE

1. TFD : Total Fixation Duration ( B&fi7 : ZF) )~ TFC : Total Fixation Counts ( 87 : ZX )~ AFD : Average
Fixation Duration ( BE{7 @ ZF))

2,75 SEEEEN K (REEERA

3CHTHVIN 4.39 o7EE > 5 >R

4. FURI/INGY 4.24 530F » = > (K

*p <.05. *¥*p <.01. ***p < .001.
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Btah o AE TESHEE | Ef R o ERES —TRREEIRRE o S R A R A Y T B A
fi] (M =223.25, SD = 39.71) BZE SN REEEEEHA IR (M = 185.40, SD =
46.53) > Wi4HRHHY7E B 2R AR E (Cohen, 1988) » F(1,37)=7.68 > p=.009 > n,>=.172 -
EEHER — NEABETEREESTE T » AIEREEER > SEERNFE 6 -

=6
= (KRB T #f PR IREN S ANCOVA &R

EEE (N=20 TERE (N=20 e
gy =1 — DR ) {EAER ) g, e mEEER 2

M (SD) M (SD)
EH

TFD 5165.85 (3982.26) 4196.15 (4562.14) 0.01  .939  .000 i

TFC 2275 (14.58) 18.45  (20.66) 0.01 913  .000 i

AFD 21595  (33.97) 2183  (83.84) MAE/R-NEE i
A

TFD 829.00 (716.04)  592.00 (488.40) 0.78 384  .021 e

TFC 4.25 (3.54) 3.40 (2.80) 0.10 .756  .003 e

AFD 161.35  (79.05)  147.65  (73.77) 0.01 912  .000 i
AH(2)

TFD 3878.60 (4018.48) 1938.10 (1978.49) AR — NS E e

TFC 18.75  (17.26) 1125 (12.46) 024 627  .006 i

AFD 199.60  (39.65)  158.40  (80.19) 3.47 .070  .086 e
AHE3)

TFD 8921.25 (8046.93) 3781.75 (4741.08) HER — NSk e

TFC 34.05  (31.45) 17.55  (22.67) MAE/R-—NEE i

AFD 24120  (84.08)  179.05  (77.30) 3.65 .064  .090 i
FREEETE (1)

TFD 6375.90 (4622.00) 3244.05 (4344.84) 1.73  .197  .045 i

TFC 27.80  (19.94) 1590  (18.95) 0.89 352  .023 i

AFD 22325  (39.71)  185.40  (46.53) 7.68 .009%* 172 B> (K
RAEBTZ(2)

TFD 8637.95 (8968.89) 4770.45 (3607.11) 0.65 424  .017 i

TFC 3570  (37.06) 2090  (16.29) 043 519 .01l i

AFD 241.05  (31.66) 21835  (59.56) 1.75 .194  .045 ik
fifRE A A (3)

TFD 5194.08 (5324.86)  7093.00 (12204.92) 0.92  .343  .024 ik

TFC 21.50  (22.60) 26.00  (35.46) 131 261  .034 ik

AFD 245.15  (57.22)  252.80  (82.83) 0.01 .942  .000 ik
ARREABIZ(4)

TFD 2746.00 (2632.05) 3524.95 (3712.04) 1.02 318  .027 ik

TFC 12.40  (11.38) 17.00  (17.72) 1.66 206  .043 ik

AFD 221.05  (46.70)  206.50  (45.34) 233 135  .059 ik
fifRE AL (5)

TFD 1921.20 (1253.36)  1400.85 (1176.82) 0.80 .377  .021 ik

TFC 7.85 (5.21) 6.60 (5.46) 0.09 769  .002 i

AFD 248.60  (67.07)  210.50  (49.57) 3.79 .059  .093 i
=

1. TFD : Total Fixation Duration ( B&fi7 : ZF) )~ TFC : Total Fixation Counts ( 87 : ZX )~ AFD : Average
Fixation Duration ( B8{i7 : ZF))

2.7 SEEEEN K REEEREA

*p <.05. *¥*p < .01. ¥**p < .001.
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ig o AE TERIAER ) dfldh o (ERIEEE TR o (RECEEEE AL EEH K
8 (M =16.25,8D=12.11) 8F SN EEEEEHNVGEERXE (M=9.45,SD=17.10)
R AH RS Y 72 B 2 3H g S &  (Cohen, 1988 ) 5 F(1,37)=5.58 > p=.024 > n,>=.131 ; {C:E
BT RRNY  (REUREEAHAVAEAE SR B (M =9.90, SD = 7.44) EHZE & SEEHE
[ 2H Y AHBE B (M =5.55,8D=5.87) » WAH[EIHY 2= 52 23 R & (Cohen, 1988 ) - F(1,
37)=591>p=.020 > n," = .138 ; Hepl@ B MAEER » HEtERUFRT -
=7

= AREUR AL T BROREAR ) @R S IREFEEE . ANCOVA 4551
=R (N=20) R (N=20)

IREPIERE T — D) M Gy~ Fop n BEERRR
=

TFD 5188.95 (4331.31) 4508.05 (3340.52) 0.25 .620 .007 i

TFC 22.85 (16.35) 23.45 (17.25) 0.11 745 .003 i

AFD 246.40 (58.94) 240.85 (71.29) 0.04 .836 .001 i
A1)

TFD 989.60 (1130.49) 717.35 (631.01) 0.20  .658 .005 ik

TFC 4.25 (3.06) 4.80 (3.97) 0.02  .882 .001 ik

AFD 170.55 (75.27) 183.20 (72.46) 1.21 279 .032 ik
AEVE))

TFD 2465.20 (2618.24) 1672.50 (1849.40) 0.99  .325 .026 ik

TFC 13.15  (14.19) 10.70 (8.54) MHEHZR-KNEE I

AFD 176.65 (64.72) 179.05 (59.29) 0.10 .748 .003 ik
ASVE)

TFD 9853.05 (7917.86)  6053.65 (5810.44) MFER - NEL it

TFC 41.00 (33.32) 39.75 (25.97) 049 487 .013 i

AFD 235.20 (44.40) 213.80 (45.26) 2.95 .094 .074 i
FRIEAR(1)

TFD 7080.15 (5831.35) 4636.10 (3185.76) 0.45 .505 .012 4t

TFC 23.55 (19.48) 28.25 (16.24) 0.01 .932 .000 4t

AFD 228.95 (49.19) 219.90 (32.75) 0.00 .984 .000 ik
FRREBIZ(2)

TFD 3091.75 (2971.74)  2457.00 (1906.46) 0.00  .965 .000 ik

TFC 9.45 (7.10) 16.25 (12.11) 5.58  .024* 131 = <f&

AFD 200.00 (57.39) 213.75 (34.85) 099  .325 .026 ik
RREBIZ(3)

TFD 1381.85 (1430.79)  1372.55 (999.23) 0.48  .492 .013 ik

TEC 5.55 (5.87) 9.90 (7.44) 591  .020* .138 = <&

AFD 181.20 (73.46) 208.20 (80.58) 0.49 485 .013 4t
ARIEATR (4)

TFD 981.80 (664.36) 994.80 (1191.05) 0.18 .678  .005 fitt

TFC 4.25 (3.91) 6.90 (5.36) 3.62 .065 .089 fi

AFD 200.30 (91.34) 238.55 (70.53) 0.74  .395 .020 4t
FRIEIBT(S)

TFD 736.20  (904.58)  1087.95 (1093.64) 2.08  .158 .053 ik

TEC 3.25 (2.88) 5.35 (5.17) MHEHER - NSk i

AFD 216.80 (129.85) 265.80 (121.18) 0.20  .654 .005 4
5

1. TFD : Total Fixation Duration ( B&fi7 : ZF) )~ TFC : Total Fixation Counts ( 87 : ZX )~ AFD : Average
Fixation Duration ( BEATr @ ZF))

2.0 R R KRB R

*p <.05. *¥*p < .01. ¥**p < .001.
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{f ~ B emEd SR

ASBITFE (o P AR B A e 52 ol 2R e B2 A O B 52 B e e P B L R e o i 51 2 P Y T e
R 7 oA BERE T # B AR R s B 2 AN AT SR S - (RIS R YR
A4 o BRETHAEBS M d PR Ry Z 2 -

— B BEEEEEERREIEI RN

SR 2 L P ST B RS SIS ~ (IR SR R AL 2 B AE AR
4 FABEE R R R R A S (S SRR A TR A B
I L2 0 RS T2 P T DI B » S S S0 B RS AT » VOB R e
SR B 485 B A A ( Barroso et al., 2021; Zhang et al., 2019) « 447 » fReg$E5
SSRGS o AR RIATIRR A o 1 - (SR BB A (M S A B 2
P S R e T T R4 IR 4 (L AL M P B B S 5 4
B FEUER JHE B (Eysenck ot al,, 2007) MY RGT + (EAIRT & BLSE A1 1
S (Kalyuga et al., 2003) FFFEMINIRG o B7E » (38 B SIS0 S MO TE RV 2% » RO3HI
ARG 2 S AR B 525 0 T B P2 o SR R T e 0 S M 0 1 0 84
RITHEE » 1E R R EL R AT RO F > 170 BT e SRS 0 2 L SR R 3 2
i 7 ] 4 L R AR R S (8 B AE (R BB TSR+ AT > SR G i 2 9

=0 PR A 2 L B B - SR L T S B 6T B 5 9 T B T2 B
R S FI TR o AT OB A SR I A BEAR - FCC - IRIESERE S
PeIE s (Eysenck et al., 2007) HY[EEE » B Y05 i 1 6N T A5 7 (5 8% o1 A A9 T fF
SOREEE o I T A U B TR S 0 S B S RO B S P R A SRR
MR T BB A BN BRI + 2R 0 SRR - HE R e B 30 3 I R
5, 5 5 SR T 8 T S 3 2 T o R R 1 98 1 5 T
TR - TR LARRAN T ROE | SR - A SO EEEEEN ST
FEHRHTIE R > A (PR A P RN TR S 2 R A R A (3 R e
B EE > R LR R R (I R ETE -

PRI » e P T 42 s B 0T 0 0 O T+ 75 T 5 B 2T M
BRI » L T A R o 5 1 £ T A 4 L T (R e R R B R SR & SR
(P 1 S0 2 DR T 5 S T O 0 BB 9 T B S A
By RUROVEL AR o AR AR A A BORIR R - M BB B AT
R 5 4 T L 4 7 (P 0 T o (L O S 1 L 7 25 S A e
ELA B2 » S ECR EL BB M » L T A 1P 1 M R o R (L 1 LR 3 A
SROHE— R > (5 LRI 2P IR B B TR -
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= BB AR EREEAHER MY

i1 0 455 0 T ) 2 B Gy B TS B S S B LR - T AR 5T o A B R AR
- B B 5 1 o 6 91 = MR B bR 0 e O B 4 B JE (S — 2D e JRB S BUR R Y 2 B3
A BE 75 S FC B 2 A I i 2R i B A o0 i (9 P FR (R AV EHUE. » A REBR R EL BRI N S « IR ZERY
GHIRFE M - 2 BLUE AR RS M oy # P0G - HB R fE R A2 1 B oy BB & (IR B s AR < M B A
BEEAIRABAE - Bl > 1F T RBUER] ) WEFIH - BERBEERR T T AKX AETR 1Y
AR BRI R ~ 4RBE AR IO S 2 R S R A B IR AR R 2 40 B DA SRR A ) YA R
A Heg R RO A 2~ T R A AR LR RV AR ) B BRI R B TR AR RE - T AER
E UHHAE | AVELGINY > BURERERE A T BB P rEAR | AVSEEEIG R - 4B
B BRI S 3 SR L IR 1 5 B3 TR AR - B T N SRR LAY RTER o B SR B I O B
IEAHRE - DL EISELaE IR Y BB R AR B = Y 22 B3 1] B 5 B 28 B AR
FUEE R R EAE R E HVELERIE - pb RN HBER B REB AR TR BE R HEF
P B R YIS A8 2 sl R & R AR B B TE AV AR R, » MHER 2 - B B2 R A2 B Y
SHLE > WA G R R R RUE 5 K2 TARRLIRE R B S5 A8 BH & 1 0 N 25 i Ry 2%
Fifr LA 22845 038 B e 150 ] A BB AR B /D - W RE s PN B AT A R AV R 3 -

ZAIM - (EREEE T BRIRVERT ) RS GINY - SRR T AR | VAR R B
EAHRE o (UREEE AR B - AREE BS » T — 38 BB Hunt 5 A (2015) 2§37
R R BT IR B FE AR 2 IR MHBARYAS SRA AT A [E » [h AR B0ET A #E th 2 B3 5 0 & 1
RSB R - RIS BFEERRERNOETE - B 9 iR EEHE
EFRTREHCARE TRREEA A HEEERMFBENRET " Ax/gx)  BEW
B R > DURIL ARG R B T 20 e BT P L ¥ 3 % i (f 232 0] ) #rr st
FREE-TORIAEAIA- LA B AN P @ (AR A S i)
-1 ®kE ki | MEZ  HRAAE TRIEEN ) 2 EREBEEENSIE - ]
A RE AR EROEHIMY L I AGEST T BRIAER] R0 T IRBUERN ) Z VR - T RE TS oy T AR
riZERIZ A A H BRI BAR - e R EREEEN T = BRFEEEMHK
R E% (Kalyugaetal., 2003 ) » JRE] - 5 S{RAEELHAY S BIE - BEAC A R SRR
AR A R Y DASRRR A Rl R BL B A g /20 B (B8 FL I B A PR R VA RI i 1]
I 78 EAEEESMY LIRS0 IE B TR A L B s AR B HAARER R EREE %
AR R B &R A #E 52 BORH B Y GRS R B > (340 Bl 5 e 25 2R B 2 02 R 497 v 1 fide R et
2 o IRT > SE3E Ry fal s ~ R B2 B R Y 2 B 35 7 A (5] Y s (91 e o o B HH R (R Y BR BRBE A AT
Ry » FRERAKE S AT -

= B BBEEE R LR EE AR AYHR R BESHR

BB ITHVEEIR - 5 — 0 2 BLE BEA iy MR A A 5 & > JIlA] B 2
AT B SR R R AR P B ] B 5 [ Y BRI - AL > i i SR B R AT > AW TSR
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A A I Bl SR Y 52 AR v~ (R ER R T Y B2 A B IR E 48 K 25 BB ) A6 16 {R 0 0%
ARENAER H 5 BUR R A Y B2 4 75 B 5l 2 L i iy o o2 BRI 1 - () 2 R R A48
BRI ] ~ 8522 SO R BB R AT I SE R [ - BEAE R BUR S B B S Ry B2 A s S
LR FO P 250 RN T Ry IR B B4 e > P AR B0 o 2 WY R R I 20 e B 3 FE YRR » It
Hh o AR Z HERE VSR - WEURU T ZHEEAERE - 5% & REEEE
S B Z AL R B - HIRBIE I 2B 2 ROV R HEURAHE R o3 i 2 3R EAH
MEHVEE > s Bl - S BRI TARBUEA ) 2 T AR BIIATE § R o HEERE
P FE AT SR AR OL IR ] ~ ARBE B 2 A BE A IEAR R - (B S W (EAH R 1 - 2 SR8 BB A
AYSESR PR 230 - tHIE AR - R N fI B s MR > MIRE g 2 B2 ERA
AYRIBRAE LR 2 - 55 — > FEHH LB R BUIITAVIBRE - AT 725830 2 B34 B sl # (] ir YR BR
BB  reg 2 HMAHSEEN R REEMWANR Z KO E: § L&Y
RO AFFHEER > #EHER - NSENDHEA  EREATARGA RN EEN28E - H
HHEHOINEH RS 2B EREEEE > T HEEsBEHN2BER TN
BRI I AR BOR N (R R AHAY B A - A — N VAR I R 7 & Al 78 7 22
B Y R o AU E R m Y ERE > 75 55 R Y IRy ] 20 AR B e 1 P9 2 Y ERUR, © 56
= RUTFE o ITHVEERBUR - B N e ] B 5 2 [ B R e i > A2 = (B8 sl A 231
AR & R ARE - fERRE T oRMBUERN ) AT B g | B o S BB R R A BB B A 2 B R
R AR RE BT Y S 2 B B B S N R B R R R o LA R E R 7R B R S Y R
% o AT > AERERE T BRIRVEAD ) B o SRRERE AR IR B SR T R EIAVRE (% o N R
g9 > HHBH (a8 BT T D PR B G P (RGBS AN [F] > BIMRESE £R 8 & L B Gl AR R
R - e BB R S T L B 2 BRI © e 1 ] A B i e S (R B B R R B A LB
TTERTEITRY AT > BIMEEER B 7R AR B S T R AR BN AR R E R EL A 52
ERER > DIEM A SR PEAYBRIEE GG - LR HIEER - IR R B S A
(2016)HyERIUHALL Al 2 B IR BRI > SIS & RIS R Py E R A R A Fr 2 £
HAW e &S R — D5 > 2B E PR R RN B2 B2 > A] g R HL£% A A [F HYAR 5K
R AR B A [FRE B AV E B e -

 BERREEBHEM R ER

SOARE  IRE LAAYRFEEE R > AT B PR o SR LR AR 58 - AT EE 2
ok o AP > BB T 18 AW FE R4S RS H & B B R Y B AR M AR Py A AR S 1Y
BERUIRF ] > BURHAE MR o3 2 U o] g B BOR A RN B > IR Bt - FERR 7y R B R 1 AR
o S ER A T oy R AR B S SUAY IR B R > e - R REE AR LIFC R &
AR A BRI AUAT » WA S BRI EAE RN L TR E R ERE RS -
o] RS S R D BREAGT RURIE A TR sC BB R A2 IR - AL - fEM oy By sl sest
T 7 S PR P 9 B Y o B s P B DA B v B R B R A B2 A R R R I A A R RE A R
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ESELGBR A R ROEAE B AR RAERE T o AEARARWTFE G - AW TS RIGH > &
BRI R > A AT REE 538 B SR MG SO UERY N 2R - NI R AR BT 58 AT ATRET A
o8 175 4 B 0 SR PR 32 2 R Y TR W B T A T DO A I e e o S 52 s (91 Y R A2 S ] 2 ol B
SR SR - L AW geis M BUR A EH R s PRS2 8 alRE s s
VTR R T 5 8 > IR E - KRR ZE AR A SRS A E R R ERRE R4 B E G
A [ Y SRS 2 Jee P AR e O B B T % > AW ST PR B AR A A Y5 1 - RS ER A1 HY
R R AR BT B 2 R e R o B R SR e ) FRT A B M - R R AR T 5 T R ) LAt B 5 & =
BB EVIRBIEIE - DU B ERVBRR R ERET B2 B R B R E AR & -

AU FEIRGH IR B2 R il Ze B g 48 5087 (WHFEat&E w9t © NSTC 111-2410-H-003-
012-MY3) -

SRR

Skemp, R.R. (1995 ) - BB 2E LHEE (FUER - 3 ) - SUEHRHE - (FEF LR 1987 F)
[Skemp, R. R. (1995). The psychology of learning mathematics (Chen, T.-M., Trans.).
Chiuchang. (Original work published 1987) (In Chinese)]

SIEZE (2019) - IRBRIEBHERGITE R MBSV ER BLIR G - E2BBEHRFHT > 6 (2) -
1-25 o [Wu, C.-J. (2019). Applications and limitations of eye tracking in geometry
education. Taiwan Journal of Mathematics Education, 6(2), 1-25. (in Chinese)]
https://doi.org/10.6278/tjme.201910_6(2).001

M (2023 4 12 5 13 H) - @8R4 TR TH ? PISA IEEXBEKE 3
EREAERT o I 2B RS2 EHEE 0 ¢ [Lin, B.-K. (2023, December
13). Do Taiwanese students find math particularly daunting? Ranked 3rd globally in PISA
math literacy, yet their anxiety level exceeds the average. Shi-Da Institute for Mathematics
Education. (in Chinese)] https://www.ime.ntnu.edu.tw/index.php/2023/12/15/2023-12-15/

PRSEEE ~ BAEES (2016) - (EHR B AYREPRET I 5E 2% (7] SR 1R B L B HE B R AR - BOF 8] »
47>41-77 - [Lin, T.-W., & Wu, C.-J. (2016). Using eye movements to explore visualization

and reasoning during the reading of geometric text. Educational Review, 47, 41-77. (in
Chinese)] https://doi.org/10.3966/156335272016120047002

AR E(2011)- A [#61( worked-out example )] 1 B0\ 22 RE A DR 1Y 052 B A 5 -
KEOHEES > 43 (1) 25-49 - [Tu, C.-T. (2011). An instructional experiment:
Using worked-out examples in mathematics problem-solving of elementary school

students. Bulletin of Educational Psychology, 43(1), 25-49. (in Chinese)] https://do
i.org/10.6251/BEP.20100414



https://doi.org/10.6278/tjme.201910_6(2).001
https://www.ime.ntnu.edu.tw/index.php/2023/12/15/2023-12-15/
https://doi.org/10.3966/156335272016120047002
https://doi.org/10.6251/BEP.20100414
https://doi.org/10.6251/BEP.20100414
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AREE (2012) - EFARRAIEMERIVESEBREAZER  BREFABEEH-BEFE
38> 227-255¢ [Tu, C.-T. (2012). The application of Cognitive Load Theory to
mathematical problem-solving instruction. Journal of Pingtung University of
Education: Education, 38, 227-255. (in Chinese)] https://www.airitilibrary.com/Arti
cle/Detail?DocID=P20161013002-201203-201610200029-201610200029-227-255

HEEGKETE (2024) - KERFEEE 4B - [Department of Statistics (2024). Number of college
students. (in Chinese)] https://reurl.cc/r3WyXb

PRIHIZ - BAZ (2012) o (s8I SCARREIVIRENAZE © BOCLhE REIRZEEE - BE
BERESE 0 25 (2) 0 35-66 - [Chen, C.-Y., & Wu, C.-J. (2012). Eye movements
during geometry proof reading: Text contrasting with figure and the colored effects.
Journal of Educational Practice and Research, 25(2), 35-66. (in Chinese)] https:/
/doi.org/10.6776/JEPR.201212.0035

PREZE ~ FEAEE - BREEE (2010) - HRERIBHER TR 2B H EAERN - BERIEWEH
] » 55 (4) > 39-68 - [Chen, H.-C., Lai, H.-D., & Chiu, F.-C. (2010). Eye tracking
technology for learning and education. Journal of Research in Education Sciences, 55(4),
39-68. (in Chinese)] http://www.AiritiLibrary.com/Publication/Index/2073753X-201012-
201307090011-201307090011-39-68

FOEC ~ BtEE (2006) - EEHME REAEBE S EEFH BB CRERRIELR SO -
TSRS K22 - [Huang, G.-Z., & Tsen, F.-S. (2006). A study on university students’
attitude toward calculus learning in Taiwan (Unpublished master’s thesis). National Yang
Ming Chiao Tung University. (in Chinese)] https://ir.lib.nycu.edu.tw/handle/11536/78994

BN BRE - SRS ~ =mEE - BHER - BEE - ZHE - FI5ME (2010) - AR
INEC 2 sEERAEA o CHIBR&EETAET] 0 18 (2) > 35-49 - [Liu, H.-C., Pai, T.-E., Cheng, C.-
Y., Huang, Y.-T., Hsieh, C.-Y., Chen, J.-S., Tsai, H.-J., & Liu, Y.-L. (2010). The error type
of basic differential formula. Journal of Research on Measurement and Statistics, 18(2),
35-49. (in Chinese)] https://doi.org/10.6773/JRMS.201012.0035

FRAMZS ~ REEEED (2011) - 48RS B 8 58 P = 4 GRS SR R BB B 1L = 2 W 58 — DA B2 B TR Y)
b maE 23 A0 - BT RBERER - 13 (3) 0 517-553 ¢ [Li, P-F., & Lai, C.-T.
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FEfR S ] (fixation duration ) B H AT 5 7 R & BE ( Areas of Interest [AOIs] ) AYEL# ( fixation
proportion ) 5 FZE SR RIE (8 FE M ST P 8y AT E ST b - BHFREE RS 1 (1) 18
CERRRIEE ) M b o BN T B R A S O A 4 T B e B P T A 2 2 DA
b BUNBETIHECE E LIRS TSR E L b WAHKETH R REE T AEEAEE |
Ay B R EL oA - F B HAH Y ERVER AN S L FA R - (2) Bk " SRIZEIE | [
WAH AN T Zeaeat ) NEBEER - BRI ZAT D EEAER % 7T HIRE ' B&
ARERY (32.6% )5 27 » BB A 2 amny o A e R - i B8 T B a0y YA
(44.8%) - (3) H® " ERIEMRE ) [ BI/NEZEN T2 B2 EREIRE (40.9%) #
TR M P AHEET EZRIE T BEREE ) (46.9% ) EITHAEEGET - (4) B "R
MR - RE - BLEIIE ) AYRAREME - A ERE B B LL B B B e st A FE T B By
BRMEME - B T ERE R TR THE ) E=ERRANEERINERLES - P
EALTRET AT B ENME B FE B » [EFREAYEE - (5) fxf& - BR/NAHZAT EL B 4H 20 A
HRABEEE SN —FRARIER  BRHECEE (4/5vs2/5) -

BgEF 1ot B RIPEBION - AR R B g K
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Using Eye-Tracking to Investigate Curricular Noticing
Among Pre-service Elementary and Secondary
Mathematics Teachers: A Case Study

Yung-Chi Lin

Graduate Institute of Mathematics and Science Education, National Tsing Hua University

The purpose of this study was to use an eye-tracking method to investigate the curricular noticing of ten
pre-service mathematics teachers, five from elementary school (n = 5) and five from middle school (n
=5), in the topic of “ratios and proportions.” The research procedure involved both groups of teachers
reading either the elementary or middle school textbooks, followed by writing lesson plans and then
reading the other version of the textbook to determine whether they would revise their lesson plans.
Using the Gazepoint GP3 HD eye-tracker, data were analyzed based on fixation durations and
proportions across defined Areas of Interest (AOIs) and the lesson plans were analyzed by using the
thematic analysis. Findings showed that: (1) Curricular attending differs between groups, The eye-
tracking data revealed a difference in average fixation duration, with the elementary pre-service teachers
exhibiting approximately twice as much average fixation duration on textbooks as secondary pre-service
teachers. The distribution of fixation proportion for different types of proportion problems was primarily
related to the amount of corresponding content in the textbooks. (2) Results in curricular responding
showed significant differences between the two groups: the elementary pre-service teachers presented a
more diverse range of problem types, with a focus on “associated sets” (32.6%), while the middle school
pre-service teachers had a more limited range of problem types, emphasizing “part-part” questions
(44.8%). (3) Curricular interpreting differed. The elementary group primarily designed lesson plans
from the “learner’s perspective” (40.9%), whereas the middle group was mainly based on the
“mathematical perspective” (46.9%). (4) Relationships among curricular noticing dimensions were not
clearly defined. The fixation proportions for different problem types did not show a very clear
correlation with lesson plan design. However, the fixation proportions for the three content categories

9

of “definitions and explanations,” “part-whole,” and “calculations” seem to be noteworthy dimensions
when exploring whether pre-service teachers revise their lesson plans. (5) Lastly, the elementary group
was more willing than the middle group to revise their lesson plans after viewing textbooks from another

grade level (4/5 vs. 2/5).

Keyword: curricular noticing, eye-tracking method, mathematics pre-service teachers, ratios
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Wrgets B0 5 2 AL B R B B N T RN EENSERE (RER
2013 » 2017 ; de Guzman & Adamos, 2020 ) » {HZRHRZEN " AT EEH , R & aviE E b E
7] B A= B2 g (Fan et al., 2013) « 5580—J51A » ZRAN{E HERFE A DB A ES AR
Hal o EAZEEEEITE - S ERERATE B ETHRREERNC - AR EBZAHY
R BRI BN % > BIEENAY(E S ~ FIEk - (E{E S S8R (Dietikeretal., 2018) - A
PRt - SEE IR T EREEEEE ] ) (curricular noticing ) HYBFFERE S - MRS RS (B fE & RE
Wi ERE AN E AR E NG > W HEEZNZEE24AE2EHEE (de Guzman &
Adamos, 2020; Dietiker et al., 2018; Males & Setniker, 2019 ) » 4% Dingman Z£ A (2019) HY
BZEHE o BT A R T B2 B M (big mathematical ideas ) /Y 1R | BT i
G BN E N EHEE RN ERANERE » &SR EEENEEHREY -

TEREE RS ) WU ERE R T BAETEE AR E R TIRER S BB
FHHERH BB ERZ | (Breyfogle et al., 2010, p. 308) - B & T ={H EZAERE " EE
CigRE T ElE - TERIEER ) BEWAETOMEEEGREA T IER > Wit ER PR
EHREEL o T SRARRRRE | R BB AT a0 el R R S LE R AR A A 0 W HAR IR H AR E A4
B (HIZE TEREEE ) - iS22 T EE ) B ERET R EEEE (Fl0 -
AfmE S RIS s N ) - T R | AT AT R AR N NS 5 T EIE | R
FREER B A AT Ry b - IBEWSEiEH » BB b ayE B R - EH R 2
EEEENR - T UE B MR AR Z AN T T T SRAZ [EIfE | (Lamon, 1993; Nicol &
Crespo, 2006 ) - #EFZRAWZE TH » IR 5 5 FHFEE 2 = (8 = RV ERE > frse
bEZ AV - IRBYERER ML T —(EIRA RN I - o] DLE Bh B E R R AR 25 2 FE HY
AIZET A E B BB SR FTE R (Males & Setniker, 2019 ) = ZRER 5] =45 ZAl 20 ol HETT
BEESZIAR > ERERENHENRET  &E > BRI EREIIAEENNFHEBE  FE
(IR T E AR SRR SRR > 10 T 5A8K ) BETRERRIS®RIEE  SIEIETE
i TR ) MR EETTRZ — (Jacobs et al., 2010) © [£4h > Dingman % A (2021) f5HI#
EIEZER "HEEC T B4 BT AR OE TR SRR -

FAb—J7MH » fR#%E Shulman (1986 ) HYEZ @ FENHY R 5 R0 EZ A & Wi {8 = 22
Al (L) ERRERE ERYSEE - DUk (2) EMEFRFE B E e SRy - B s (8
A 25 EfFI % Ball £ EZER A" 2082 R B AV A3, ( mathematics knowledge for teaching,
MKT) fERIch 5 K T R HERAYIR AL | (horizon content knowledge [HCK]; Ball & Bass,
2009; Hill et al., 2008 ) = Aff55 HCK 25 Bl W0 H R & puay 82 S » 20n] [a) iy B [ 1% 5
fE& - i FLAE A5 Se R E B 2 C RIS (MR ~ 4285 > 2014 ) - Zazkis B Mamolo (2011 )>
OB —E T E BN E B A o 180 P BRI - A ] DUFI I B A 82



74 =B EFERT ¥ 12 %% 18R

Y 180 J3 i pld B N B SRR (22x32%5) » XI5 A0 1 AHERAYAEAN (2+1) (2+1) (1+1)=18 » h
AL BRI T (FREE - &85 > 2014) - Ih4h > HH HCK AR AVEAT - #AEHE
HAR PRI EAERNEA (Hurst, 2017) > fl40 - " 7+2§ o WEtES - BEREAM T EHER

REELRE I o A 7 R%H’%ﬁ%&%iTEﬁ@ﬂ R TR Zgﬁti@ BB 2%%5‘2@%

o B ETEIE ? ) BA HCK \YEATFIE S 2= T E% S MEEREER 1
PRI B RA R B0 7 B R B8 - TR R E B E AV EIS - B2V E AR SN RERSE T —
LB/ NEA - (28 B B2 AR A eI - HCK ZAT A S4e I B 4T BV S B2 AR » R BB AR R 2K
YR B R R . -

b B o L B/ N S ER B ] LS R BN = A AR B ] T R A YRR IE N B R M & 12
JERYERE - IR/ NE 4Ry - TORIER ‘B8 - RS - thELER T - #ERf —F
HAEXR BN T E - CEE THREE ) B WEA RN ER TS
B HEBPERERE T E S BAER LM - flamsik 2023 FAREENS - BR T ERf
EEAE B ITAl > R EE A EFIAVETH ~ IEEL B EERY /M 4E S RE (1 - R > fR % B4 Shulman
=2 HCK FYH 2 ( Ball & Bass, 2009; Hurst, 2017; Shulman, 1986 ) » E/NZRETZERE T — {5 P& B
FRBUHI IR NE » G B BRI RN R AR 2E - 27 > B BEms g2 4 11 B
/NVERE NS e B Bh AT A0 e AR R AR Y S A AR B 0 R B FE Y 2 RS - BRI
b B B/ N Y T EEAIERE ) AR ML S R ARSI E B A R EEEE B
TR A Wi H BT B 5 E -

RtER R A S N B ERAR A S Sy B AR BT 0 ARWFSTEEEL T EEAIERE , EIE
FTEWREMERE - (1) fHEAHEAM T > A RN EEE R &R BN EERE R R
ERABE Y22 I3 20 B R 20A S (2 B E AR M & — 2P ERET (Ezaki etal., 2024) < (2)
EEFIEE (B A A R A S o1 7 B {1 R/ N AL R BRAS » Bl = o3 8~ BER ~ 3R~ TERZEE ~ R
&~ FIUP S - ELHE A A FEAVELE » 55275 2021 FRREVEET /NSRS » BIE
A S{EELEEFILL(E MBI AN ZS « 3.EEFIELE R B T8 &E " ELOEE | (982 > B AR
BAE BN S FER R P AR R AL 0 (HEBAFERRGHENEE - Bt R ERD
7L ( Glassmeyer et al., 2021 ) »

AL - B ETRY HCK RIgkA HEZME » HIL AW FTEEE B/ NN 40 B o —
FARCLEARVBE TR T ERBERE ) BRI R - BB R R BRI IR &
B~ Seat 2R BRI EE o PRET /N B P B R A A L I R B AR IE B R ) - BT A M
AR
— ~ BUNEEB PR ATBENE T SEEE ) MR R ?
= BUNEB AT AN SRR AR ) SR R ?
= BI/NEE AR " SRR O ) A R I Ry el 2
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B~ SURRERET

—  RERENINESR

e ZL A DU B E FRR " AN AL G R F TR T - R B 2
B EFERE | (Breyfogle et al., 2010, p. 308 ) - FHECHA S T 3RFEHEH | (curricular reasoning )
—& > T BRI T ) BRI R EETZ o BELFET 22 7] (teacher noticing ) - ERIZEZL St 7]
DUEZR "3 E R ) B T2 > LR ERIESHE EEE NS T EREEAE -
Britz4bh » SRIBEZ NWEE T HEME S - M0 SR BRIE NS4  F140 » Shinno
Bl Mizoguchi (2021) HYBFFEH » MRS — (L ZEMA{TAREE B 5 1Y Rk BUE & B RE
%%Eﬂﬂ%&ﬂ%%%ﬁ%&ﬂm%ﬁﬂﬁ—ﬁ’éﬁ%%%@ﬁﬂ?JE%—%ﬁﬁ
BHEIIAVREE - AAMEENE 2 E B I W98 B IRE - Tk B Pk
P10 By op Bt EEHEE?%%%ZBZ%E@% R Rt 28 R B2 A R o0 BF By 10 BYET R EEESAE
i AR S (LS - B BhER AR RESHER Sy Y I AR ( THEHER A o 2 45 bhl i BR B R i
B F M) - 281 > MY E B S AT PR AR A 1%+% 2%#@*%5’3% o ftl (S5 22 AR HDRE
St - ELIERERIBESIAACS A 10 EDIAIRIEE » AT ALY 55 B AR AR PR R
B EEEE - PR ATE 7 BUHIIA 2R B S RIS E g R
EHAE - EHEACEEE - (ERAP R EEH CHVBREIRGEHYERE - ZEHEFIZETE R 82 A R
i > BLEUEEAY(Z 72 (Shinno & Mizoguchi, 2021 ) » 12 2 3R A2 8 22 ST P EERETHYERIE T EE o
TRERE L BT [OIRE ) HIARSS -
(—) PRI

WM FERNE L S RN ER R TR " R BT [AE | (Jacobsetal.,
2010) - Mason (2002) fREEZZE SR ET LIS HZE > B IS EHME " 24 -
AR A2 22 TR BE AR 22 T HIAR S - A = EAAE O AR E R B FEAYERE J(curricular
attending ) ~ " ¥ ERFZ AV AERE | (curricular interpreting ) B " % ERF2 A9 B | ( curricular
responding; Dietiker et al., 2018; Males & Setniker, 2019 ) » H4EREWI T El 1 ¢

i 1

IR BRI AEE
Curricular Curricular Curricular

Attending : Interpreting l Responding

¥ 5| H“Curricular noticing: A framework to describe teachers’ interactions with curriculum materials,”
by L. Dietiker et al., 2018, Journal for Research in Mathematics Education, 49(5), p. 527
(https://www.jstor.org/stable/pdf/10.5951/jresematheduc.49.5.0521.pdf). Copyright 2018 by the
National Council of Teachers of Mathematics.
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TIRIEEE ) BWRBERERM (BEEE - BETF) o (R IEE N2 E
Hifl EEEME B BE - #E s TR ERENREBRE - flaEEEE)
BEANE ~ BEAER - R R BENT ST EMANREANS » 18 RAYEE
A Al & R EE B EE N 25 ( Dietiker etal., 2018 ) > S59h—J7 [ » ZAliE 2B FEB AN A
AT RE B H A I B N A ERR - IR RZAAE &0 J1FF HBEEE (Dingman et al., 2019;
Males & Setniker, 2019 ) -

TR BREN T EENERIENSK TEFE (making sense of ) - EEFERH
ER R0 A 45 B AR Y Bl nE L B R 2R E N B AV AR PRS- 75 1 A fife P R 4% AL iy 2L Y
Shulman (1986 ) ZF}E AL HCK T AE UM ~ RAREHEE ) » KAl —F20E
ZREm A0l AR R B e e 4 B - HARELE R ANEAHEA ( Dingman et al., 2021) -

TERIZ[EIE | BRI BN E R TTIRAZAYAR (curricular decisions ) » £ H
fifysREE (enacted curriculum ) » ZEVNHREFTEHEE ~ DURAMA 2 > i L EE B
RERIEAYARRE - B C B CAV B & BRI N AR AR E  PIAEEERS ~ IT NG ESE
( Dietiker et al., 2018; Males & Setniker, 2019 ) »

BEAh - (e 1 BVSEREE SRR - M AT DL IRERIE B 2= )N S AR R - T RTRE
TEEAETTER R kR B2 - Bl ENE R e BRI E AN B 1% Al Re B RIS L A A
HEREFERE RS EPEE -

Dingman % A (2021) EHAZFRIEHEE (curricular reasoning ) —38] » {HIZ A [E FiHk »
TELERIE B SIS HET - EEEERRE - BR S LR A R R SR TR
S {E FfE o Dingman % A\ EZAE(H T Cohen A (2003) = AFELAZLHE > K TERfE , ¥
A TEED T EA TR ZFERGT (E 2) o EEWRBEITE R TR g FEN
FrA M - Ra)EEsR - SREE 5T BEFRERENHA =F R MR G - (1) " MR
F2& k! |(analyzing curriculum materials )~ (2 )" ¥ fEE2 38/ 78 |( mapping learning trajectories )~

(3) T ENAEEEEENE | (viewing mathematics from the learner’s perspective ) ~
(4) " ZEEEENZEF | (considering mathematical meanings ) » % (5) " BB IFERIEZ
£ 1 (revising curriculum materials ) o ZRHFZI T :

B (1) o MaR AR R B B A R RY B - r i bhicig DR e H Ry B sest = -

(2) BEEK  BEWHREENRANERER  L2EF - BEEE BB ST H
- (3) BEHFER > SRR EE 0T AR B - PlansnE R EE H H
ELEIREE - BORRAE NV RS » 2B RSB HREHERE T - (4) BEERS
ST IR A B A B H W] 3 et 85 - BTN e LB 2 A BB B Ryl - B4
Z P E AV S o (5) ENBIESREEN - EEEREBBATNEENEZL S
BOUE BRIV E - RIENEGEEETBENS - PlaEAifest EXRERAERE - B st 5
A2 - FERIEREHAYE - 2T R SRE AV AR A B - — U 2 e s et I (E s
ARE & H R AN — R AV R TR AT PRI S E T RS 1 T R -
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A

¥ © 5| H “Conceptualizing curricular reasoning: A framework for examining mathematics teachers’

curricular decisions,” by S. Dingman et al., 2021, Investigations in Mathematics Learning, 13(4),
p.283 (https://doi.org/10.1080/19477503.2021.1981742). Copyright 2021 by Taylor & Francis Group.

de Guzman Bl Adamos (2020) {3 AraRfEH » HERIEZRBLEAVA L - FEHREEZ )
AR (B 3)  EURIEAEZE D FISME e GRE YRt » EEE S RS - T
## | (encountering ) ~ " X ¥ =E F | ( sense-making ) ~ " #E{F | (operationalizing ) » &4 " i |
FEEZ - BEMRIBEARNERIZRFEFAETRS - SRR REENS - FHE -
HE TR TESR ) BE > GEE > EBEAEHA > FREERIE R B R T
SRR - MR A FEAEE - EEP LB EE - B ERE - T EE ) B
& FRBRAG I SL AT B B BLARL - BRI TERE T - EEAVERIERE H AN S o 1E =6/
J@X - Bl mE A EEELE (propelling) ~ BEE TR A HYEEE (progressing ) ~ fx 1%
FR&E (polishing) FrEt -

(Z) SRERZNHHEBTE

HATE N ERIEERZ DR EEHARE D » REBEEFEHRBXR - W Ll ={r2F&n
#E (de Guzman & Adamos, 2020; Dietiker et al., 2018; Dingman et al., 2021 ) » Males i
Setniker (2019) Z/DEE EEFEF LS AETISCHISCE - M FTER FHAYZ Dietiker %5
A (2018) JEE - 4R - [BIEAVIEAY - EAEEE - RHEE L Males 2 B8R CEAIE
[E{F# Z— - Males B Setniker FYRFZE £ 2 FIRR B X ERET IUNL Bk A AT Y aRIE 08 22
73 W5e T U 2 E AR ENEE (Tobii Pro Glasses 2) » G5 {E BRI E - WP HEH
BEEEE  BE N EENRD SR ARG R, - I ELE B AT W R A SRIE R B R I 2= 5 - i
FEER BT R AN Z RS B EEFENEN LA ZR > LERENE N - EZEIERN
B HEACER SRR LRI ES) L - SAEREEEE RN R AFavEE - 5
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BT 8 28 & 5 1L TR B R AR AT E ZAHRARYRE H - Males 8 Setniker (2019) HYH
Fest e o ERMERA T ATRERYRERS - &AM MRy - NI IR BB
AR > A DA AR A A R ARG o DUR B AR AR G B 2R B R st E A R

3
R B 2 By R A

ENCOUNTERING FRAME
Curricular Noticing Elements
=  Content arcas
= Content & Performance Standards
*  Learning competencies

SENSE-MAKING FRAME
Curricular Noticing Questions

= What to know

= What to process

*  What to transfer

®=  What to reflect and understand

OPERATIONALIZING FRAME
Curricular Noticing Moves
= Propelling moves
*  Progressing moves
= Polishing moves

=¥ : 5|H“Like the layers of an onion: Curricular noticing as a lens to understand the epistemological
features of the Philippine K to 12 secondary mathematics curriculum materials,” by A. B. de Guzman,
& J. L. Adamos, 2020, Educational Research for Policy and Practice, 19(3), p. 394
(https://doi.org/10.1007/s10671-020-09264-8). Copyright 2020 by Springer Nature Singapore Pte Ltd.

= IREREE R AR R E VSRR

HREH 22 B AL Just B Carpenter (1980 ) HY/LMHR (eye-mind ) a% : " HRIE R
L B2 LA EAR R E A E M B 2 skl - S EIREEEFE RS - ZME - fIE
Frata AR I A B S AR ) (SRIEES > 20190 H 3) - EEEmE S E R S IRER
By - BESREFIRE IS BEIRBOVIEE - IREAVHIURRESCEE - S 280 E Ry i s

(RHEZE » 2019 ; PHELEZE A > 2010 5 Laietal.,, 2013 ) o

PEE RIS - IRENHIEZ M2 FIRE - DL Lai %A (2013) $+EE22H YIRS [0l BH
PEWFFEARER » 2000-2012 FEAEHLFHEL T 81 ol & (113 {EWFT) 3 REFZ (2019) DL
B HHRE) & £ 0 20012019 FILFFRELH 15 R 5 0] HAREhRE R 22 72 TR s —
{8 28 SR SRR o (E S (E ST R E N S - IREE TR EE 73R % > Beach £
McConnel (2019 ) F5Rl$t ¥ HanE2 1 i (6 £ EHETT BRI - 2007-2017 e EH
10 XLEFRF G ERVEERUELE -

HR TERE) R TERRBEE S BSOS - B T EREE

fim

211, 72 " A
§E207 ) WS WATERE TIRE) ) BHERIE " BENSERTT ) MR

AT
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(—) IRETH AR B E R SRR E )

IRENFH R RE SR B A AR B LAV E R - BB T — (8 A 977 Reialm » HESE
2 eIt —ME A " BE{L , AYEAH] (awareness ) » BIZ{E RS NG A Bk EAITT Fy UK
% (Beach & McConnel, 2019) - EEFFHEHELE M EIFEEE - HAEEZE TS —EE
Tt ESE T EE | (attending-to ) > EIB T HEMEEEFE » A RE#E— P L ERETHEm W] T %
T BT [O[fE > i R IEVEEBBEY R B EET > MIRSIEEHIE AR
& TEEY)) > BIRHEREEA S HEH (Gaudin & Chaligs, 2015) « Fl41 Wyss %A

(2021) HYIHZEH » I EENEBREBEE R PRVIRENE R - SR Z 5l B 2 B & i
RS (BRI LEE ) HREERNRE sl AR DVIVBETREE ([EEH:
ECERL N ESR EEE TR AR -

(=) IREh2—E " K , (low-inference) SEEE " H/NF# | (minimal disruption)
WERMEERERENTR

WIEFA - AR EEETHYE 22 T2k 5 IR BN B 282 2 k1 gV RCE - I B ZE & (E
URHEZERE 1T 04 ( Mitchell & Marin, 2015; Sherin & van Es, 2009; van Es & Sherin, 2008 ) »
MRS A AR B 2 —(8 " S#E5% o (high-inference ) #YJ7\ » KRR B 1R AREELR S & HY H
RERIEEERE - AHERY - IREIFTCENERZE R E R 2 B IRE R B RIS » EM
i EAREREF BT S > AR LSRRI E 0 RESEE HA U S EBETHY
25247 (Cortina et al., 2015 )

FAh—J7M » ZEEEN (wearable ) HYAREIELMH - AESES 5 TR ROE A ZUR AL » B E
BTV B2 TB B /N CHER — B 3 — B3 5N ) » It B & B IRE T B E R > BLaES
KR ZENA TR R = TP ZEAYEESRL (Cortina et al., 2015; Keller et al., 2022) -

Grex bt - IR FARBIRIBT 5T H HIESS - H2 MR REFERR I (7 B3 =AY BR sk
M A EIHE A T AR R - HRE A A AR S - IRMAE N IREIAYEE R
TR A TR VE T -

= bt ENEE A

T AR E R Y SR R R 5 (PREEE > 2010) 140 2 (AR5 L
I | (B NEERYYET  FRIALEAIEE G 1 2 % o TR, HIT U SRR R
AR (1) % > ELE T DU B A FEE 34— (8 B R (> Bl 2 A R
15 5% » Hefl 152 R R %/088 (FREB > 2010) - (2) (A th o] LA 8 5 A A
B LUETEITSE S (Reinke etal, 2023) - (3) DUATEM (ERER » AIIEMSEE - Bl a: b=
alb 1o BHIR 1B BIE a/b SEETHIELE (MR > 2010) - LhESEA THTS AL &
(S > T B B R AR P R T2 ¢ AR DA R TR A SR (1 2021 4R BEET
RS MEESANRR TS EERi BEBaTHESEE% aklibARaREb
[ alb £ (402023 FERRERPRERIE ) -
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SHAN—T5TH > EERIEE AT &t S i T R A A EL B HE R AE T 0 B R BN S Y
R > R ARER T - S EEEERM A (Parish, 2010) © FrEEELEIHERE -
TR W 2 AR AV B - ZIRLLBIEERE /T - R B4 5 AR o B IR il A B S
& (Lamon, 1993) -

BN BEERGT  BEMAARER TSR] - Males Bl Setniker (2019) > KEERAINE
BEorRk T E B ERE T EERES] ) BT HE  ={E8HN5 - Nicol B Crespo (2006 ) HIIZfR
B HRENEERE ETE > TBEERWEER > SRl TIEFERE , ETEEE
B - TREFERR ) BRELERENAXBEEM SN EE T - hEEh = R
BE . Kz TEEEEA | QIS SR ANEREEE - R LiES > FAlL > 3§
AP EAME > nR2AE HEERANXNERAEREE > BT KEEE  GAEEANE
FBHERS  FEN T EFERE AN T EEEEE (B R REFEREEE - g5
MIERAE Fo 1/ » BOREBALLE A4S A E 2 EITHRA - Bl TE 4 > BAERELAE H
HERALENTEAR > [FRERIEHILE > EEN T EFERE  AEWE 5 EE
fir FEoR B AR EE SRR A DN E48t s - ElhEfme T S EEEA .

Lamon (1993 ) Y5y SEHIERFER " ELRIEEE | TR - 4 55 H PO 3 2258 B a1 -
Syl s (1) TG AL, (Well-Chunked ) © o H R M A W (] 5 RLATHI & B 82 & Rl [E—
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e LilaE R TR RN RER AN B LOI L ERFERER (A0 T#EH ) BLEFIHERA T
AR S > G ERALY 70% » Bl/NGRAL) 84% ) {EIE A7 5% 2 {T 4H Bl AE B/ VR A
TEREARRE ) AVEERELOIIS DIERA S T ERBIREE ) AN ELES (49 5%) > MET4HE
HEMERTERA T ERBRREE | (YEEREELD] - B S RERARTN BT (49 2%) > KRN
HHEOIAZEHNE - LillERDERRMA2E -

(=) RIsEEERLE/\E AOIs P BRI f] - fHY 22 2

BRI ER AR R E R A B AR - — RIS " NSRS T AERERE
€ T XFNEE SRV ERBEERNAAMIHEER (MEE - BIEA 2016 ; Jian & Wu,
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BR/NGHEY TEPR L T BBy o B T ROREE/IN 0 B/ NSH BN AE 12 = A1 R A Y e EL
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HEEIERB] (BEHEY 2% ~ BUNG 5% ) @ EEEYIH ST 35 BRI AN o 15 20 22 503
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& Kuntze, 2015 ) » [N B AT E & LR AN S EL B S Ay B R R " B2 455, k-
2 —E M AT ATHAARYAE SR - 2R EEER A 2 B/ N E I R 1Y T B
G & = N IRAAN ARG 5 B 4HAZ 15 MR B/ NGRS ETE (B8 &7 3%) - Fffd
Jeitam B R AHBETHY R - MFTEBDINGRA TR R BRSNS R ERANE (B8
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7 3%)  AHZEE B HERAAEIR RN IRANE (1%) > E T o] DUEE R BB NRA R
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ELBIE S R ERA N A LB > RIBFASEER - REOMBV/NBRI AR g e Ep &
¥ R B g - = dE W BN T B A ol = B S L B A TR AL o I 4 SRS S
B B8 7 Bl A 52 EE#ES H {E ( Anderson & Taner, 2023 ) AR EHAYETRIELEH -
AN > B ERANET R IR T B8 EHE o RS REE/NGH A S AR R A T BE
JRRZ — » FhAh » BI/NHEAYESE SRATIERE TR ER (2013) BERYEL/INBENE H BR H a9 E E
Wtoe - MR BV NRENREMRZEAEN TETE ) BT WREBRIE P ENSRE 250 -
e E L EHIRENETERE S -

SAN—J7H > TR BN AT E B NRA T E SR | SR L BN BRA N
Eefl > BHRERAR T ERBERE | SR LA LR AT - B 0T B/ N A
FE TR NER - BEVIT IR RN T BEEE T E R o B T R R
EHY TEE ) Bt MBV/NEREREEEE T KRS | ( Anderson & Taner, 2023 ) ©

WRFRRANETE - BHaBEWAAREINEREEZR > B = (HLRESEENHT -
GraliEd (1) BI/NGRA TEHE ) VB ~ (2) B ERA " ERBERE | rYEEGRERA -
(3) BIHFERA " E RS, AVAERIERT - BN TR ) VARSI ER (BI/NE >
e ) RAE K E SRR AR - IR RE BBV NBATBEI Z SR A ENRE » HikE—3
HREMEAEA AR  FrDEEILE LRI o b RAREISER] A T E R LR
s (g > BN > 200 Bl o gE & B/ N AT ZTI N E SR RN E 2% -

Bei% > BT BIREE FER A T B —HEHe VAR (EHeH > B/ ) EEEARER T
WERRE (18 11) > MESE/NBRIZETT S - A SEAENEE - BUNITERE/NRA T
HEUAER (B 12 BUNRA > F—F " HFTREE . EEEEN " Ho-#r, 69E
H - B2 0 - BEEOREVERNED ) - S59h—T71H > B FREEE PR A — R
HYBIRE - B R 4H AT A B e i B s Et > Fr A& R sl BRI Ff (% - Males il Setniker
(2019 ) HYFZEE CH Ik Fir 220 Al o ol 5 BB AR 25 I BE T 38 — R B AV B A - R Rl BB
o EH RGE R -

Bl SR A AT DUE B FRAM IR AR Al B SR R B 1T R 5 > SR (R 4H BBl AR A 2 R D
SN BT DU BEEIR AR AEIZR RS - GO ME B/ N a7 "R MR
B B EETE T e R WES - JIL > BN EVNEETBETER AR P AR B R
JERZ R ML Fe o YA B ARy FYET B RE R 5 S B Bk AT e Bl Rl 2 FE 3% 7E 7y HLEF iRy BE 5
FURRAINE - WL > T ERANANS - HEhE s st EF eIt EAEEE - B
Itz 4h o i3] DUE B g B B BBl 2 T (Y B B Bk et B E R E A ) 0 ¢
EEF I EE - RISHBETEA FRIRTEAN S L F I TRIE - H2EREET AR F U
HIGE SR © mxf% » B{EC OB AT M - THCRARE(LIHENSE » FEHEELSHIRAE -
H] DAET Hm aE R B A B R B Y R R o R BB AN > R REEAE
BEHE N SE -
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= MR

(B /INGH B B v 4H ST ERAZ MR R R BH Y 2= ) B/ NEREEAE T AR | BT AR
B THEMS ) A5 EEARAIHEAR - Bl/NEE R EEFEIEAH T 0 Bl
PEMRER " ACEERNS ) BEERY T EEH R ME T HATRE " 8EMS ) B985 D
KB RE Ry T ER4ERE | ( Anderson & Taner, 2023; Dede, 2015; Jung et al., 2019 ) ©

= SRIEEE

B/ N ATBGET SR T RE ) EBE B B BATEET RIS R T E A ) B9
M L RNBEE PN TS5 R ERBIER A A E (18 11) > HiL - FiH
MR R T EL AR A s A R B A R =R E A - 30 Bl > 2B Males
Bl Setniker (2019) AYIHFE4E R —E  FETE R pIR B EIOB TRV ERAE AL - thoMD
B REES SR S AEARTE » Lamon (1993) 3l T E£4  BEENEE  EE T E
Sr—H05r ) BYRE B A M AR LR B (H 2R A RE S B 2l B Y )7 VAR RE R
WA —ERESEAE R LLGIME S F - BB BU/NBET B R et E - (HE > SR
ARE B2k AE B mBEEF el (Bl/NRAS: "8 ) & TH-—H5 0 BIPERAS TE6
-y o HER T RS BEANEHE) -

B ARSI T - NEENEL P AT E S A HEN R - N E R ER S
% (Jung et al., 2019) ; 534 —75TA » Anderson B Taner (2023) AYMFZCHE P E Ay B 5
HENLE NENBE R ZETH N BEFHEHE - WA ESHEREE 5 Lot - /INERIEETER
2 EEEEE R 2 AN E - P AN RA LA B B T o /NIRRT R4
BEpAh - eI EIRERYER ST ~ S E24ANE M - AEZENGFEEE - HitEZ -
A ZE BN B L R S OO T BT L A B R AR B B S — A R A
BHE R E » PRSI E A —2 -

o~ TERIEER TEREMRE ) BT RERIE AT RERA
(—) TERREER. (BEERRELS) 2 "REEME ) (HERHERELS) Nk

RIEAIATEAVEE R - VLA IFE BRI S B B NEBENE " SRR ) (BERN
) Bd T ERAEMIRE ) (BEREGETEE) BAREYE - B P AEA BN M -
BLEl/NHES 7y > BB RS HIEEPIE T EE ) BARIRRE - B2/ N R SR BE EL B
& TEME ) B A —T5 i o B A RE SR s B B AL TR By 0 EEA
& bl > a5 T E oy —Eh sy o B T ER O -REAG ) STEAVEE o LI LL GRS AR AR EL By
AR > Frhl S h RN T E By ) A KRB AEBRA T T E RS, By
WEFTRE (I 11) > sk pnal - ALeEsMEE (B4 : Lamon, 1993) A &R HIE ST " E#L 57—
gy o BTy -HREES  EWCEIYAVREHE o R e ME E — B -
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F AT & A AR L R Y H A B 2 B BEAR R ] (B B 4H A 2 BT Je &5 R AT - A
{PIAE ok T R Ay s R By T LR PR s » 28t SO AR R | - i 4H 7 =AY SR A A g 2 41
AL - B/ N AT R =5 B A [ LR % T A2 R AR NE B (Anderson
& Taner, 2023; Dede, 2015; Jung et al., 2019 ) »

(Z) "HREER. (FARME) # T EXHEERT ) ik

SRE MR RIRARE - BMIIR T ERERE T B - ) TEE ) B (EEEEER
FEHIE R » BB B B BB A 2 = (8 1 b IR EE R B L 172 52 (495 5%-10% )
B TERERRE ) DU T BETE R BRIV E GRS T B -, BRI ERA
E ZOB T H A R S AR B 5T s E > TMTSEEE E NE BT R R B AR AT R
7~ i B P R A L N ER A Bl S A B B AR - T B P AR A AR AR E S R R B NER A &
Rl XAt EEREL > NILtEF A DS " 5t & SR BEERAERNES - thoh
B/ NAHAYSE R RE T ER(E R (2013) BEHY B/ N AT A B0R R (E =T - A3 3R /N
BEMRERBAR T3E ) ) WRBRE T ENREEN AN - EFHFEZEET

SEATE BT -

RARHFE

FEARRGE T - PR RS HOR & B SR E R - AMMAREZEERE (2016)
BFFEsE R > AN [EHY SR N 5 G 4 RIGGE & B SRR AY 22 5 - e s R AR 7 m] DL IR 7Y
EEAIEE(E B0 T B SR SRR B 2 - B Bh IR M — 20 5 R 35 el 5 B B R s T Y )
et

AW Fe B R E TR A ST S A U AR RS B H SRR HE M - EEE e R
JERAY ) 8l TS g B2 ElA ) (HEASRERRER) - HEXFHBE BN ZERIEE i
KRBT E REFIAAE LY AT

XFH.
[a{m

W SRR

AW BB M 7E T A E FT ST - 12 18 SR AV B B SRR B Bk L B R R T Y
R BERMEAGEERETRE - B2 EEHNEZR MR SVEERBE - &
RAH eI Bt — PR R AV - HFtaat A e BRI 7EaEt - pnss R Ak m 2
AT BERERE -
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AR B AR B B A s SR G IR A 0 T S R | (educational
neuroscience ) B BB IR EWISCAYE S S E 8%, 2 — (Ansari etal., 2011; Howard-Jones,
2014 ) « R pll RAEEERE S G 0 A DT R Bl g2 BB H Bl By THVE AT 704 - BEfRIE

SE AR R - Al S R B A AT R A TR VB e Y BB B N B e RO PR - T 2R
PR G  H % 58 58 2R 8 1 m) B 1) 7= R [n] ERYPRER - B ARSTL SR B i - fe 17—
T RIHT A 22 B AT B2 IEAZ YR A5 (Hawes & Ansari, 2020; Leikin, 2018 ) » & #8 i 52
flr ~ BSER R EN ~ MRACHHE TR H 720 TR ERE 4B HE 2 A E B TS B Pt 4E R 48 HY
EALIER > AR P T BT TR - AR S DR S A RO R Y (A S A

Kimam X RS FERER G B8R - Bl MR 2B BB E 1S S ah - PRI
RIHEERTE B 20 I R Y E FIVE T L E B PREK - B0k ARSCRZE M BE g U7 BRAYV IR E
R B ER DR AN SR A AT ALE » R I 3 S 2 R i TR B [ RE R R BB TR RS - R Rt R 4K
R BT M RIRGE HIB IR - B 0t ERIBERE T T ARIIRS] - W45 SRR 2
Fflo e R A B 2 Ay A B EE - iR - M SRR IR Rl - f3E MR
EEG B fNIRS %5 - 3If; 358 B HAE B B2 B2 R A o P 22 S A e Al o [ B e Pt AR PR 5 et
MR 2R E RS FTAV R RS > IR AR ATREMNFE T H - &% @ B
R EN U % /- (passive BCI; Arico et al., 2017; Beauchemin et al., 2024; Belo et al., 2021;
Dehais et al., 2019 ) B4 Bl g5 3SRV E B 201 > FeffTam i RHE RO B IR E AR R HE S
IMH AT RE I B2 8 > HASE B R AR B 20 O SR R B 22 A PR A 7 Y FE e T s B
JiE Y R RETE

R - BRSSPI R ¢ (EREAT T SR

BEfiiT 7782 (Rubik's Cube ) j&—fEREE fy A KM =4 B E - HAMEELIHE > AN
BREA B RGENA G EE - HWRE LIEENS BTt T — @5 [ 3824 HE
BRI EF TH - NHEARBIBE IR R R - BEBEE O] - PP E - 65
R 1 F B AR TR S B 5 2 R MR AR - TE SR AR RS - (B BRIk s T A
BRI S B AIETRERE (Rl G MIE T /N ) 28122 [ R A A 5 & B 1 52 [
P BIEEIERE (FrhlE s dMAIETEESE ) RIS T 4R TAFECIE - HIHISE 35 S e B 5R S
i % (Krawcezyk, 2002; Woolgar et al., 2010 ) - ELEG 5= » BRIEE iy 7 BRAVAE T BLURAS B 77 (fluid
intelligence ) M TAFECIEA & (working memory capacity ) = IEAHER - 18 La0MIaE JIEHE
M RE R RN R S A e < RN - BEAIT T SHAII SR a8 B e T 22 AR Y 4Bl = 4k
#ERAERE ST (A0 MG e WA ) PhAE I AE S I b B 22 4 By HE E AT
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FRIBENG T BRI - RISTRACRERHY "I ) o (TR R R SR EE) il =
R BRAS i AR (R B e HE 7 20T 38 A A2 B P SR HEE - SO B B R T S e A
T R e L I B G R 2 T AR R T =X - FE F o SR E LAV [ E
A BT B B A S B R A R B B A LB ¢ (A AT AT R Y Em R AT U7 BRAARA SRS 0 5
ALEL R B S o Y B A S B R SRR - AT R B A Rl 52 S8 B R A AR
BRI HEE LA E R TR SRR A o 2R RS S AR B A B R
BE R EPREL (De Smedt etal., 2010) - EE2F R ZE8 | R REIlT /7 BRAF K B2 TR AVE
73 NEREREE A R A e B e Y BB - R B Hohh 5 B S B R i AR
PUAETEALBI BT 2R - & 22 AR sl R T 7 BRI — I AV B (o R B B[R] — e BRIY - 0 H
Fo Z e R B Ilg T SR Bl - 5 S BR B ME frh B B R Rl 7 BRAGE 1F B €0 R B Y S B A
% PR EE R BZRIVEESISHE b - WFE OB E ORI SRS - B8 T el —HR
B MEATE) — FHEIE ) IVIEER B S B REHERENGER - fInEEA%E “+FRE”
(cross method ) 87 “CFOP fi#;£” ( Cross, F2L, OLL, PLL ) H% - & ¥4 Hey isid)) Fp 51 i HA By
HAEE MR B -t BB B T e an i ~ RIS - B EEHEEAY AR —
B o [EIRFRE AT )7 SRAVERF R ] e R E RS HHIEE NS (Cornock, 2015; Davis, 1982) -
{8 BE Al U7 BRAVAR A S 80 T FAEAV B RS  HEAE FAVAERE (decomposition ) ~
FLHIAHE (rule-based induction ) EidfE G HERE ( visuospatial reasoning ) 1F & 822 [0« FT & 48
FItZ0aEE )] (Uttal etal., 2013 ) o 35 A8 BFBElo 7 SRR EUERE 45 S IERI B2 5T - BIA1E B TI6E
MRS R (IMRD) B R B2 FEE R HEEGIHTEELER - E 1 s - EBR
oA TR M B B0 S e AT B SR B o B A f4CER B (Qin et al., 2004) -
1
JBE filg 77 PR 145 [B] 88 Z 40 2 (]

Audio = Visual
Feedback

Biofeedback Loop

Measured Signal
From Sensor - Transducer
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DS - EHANTERGTEE2AY 7 B b 10 52 A A AR IRE 110 7 BB AR T BT Ry B JE 4
R > gREHP@EESESE BN - TR HERE WA HEER - 1 H 255
EESEBENER - BUIEERH BR300 TS Ay AT e © [ RE mAYRY
B WREREREAEE | CRF RS A - ELERAY KRR IEHE - LB
B N BT AERAAMER —HEEGUE ST T (H s R S Eh Y
FERE > Ty P AMTBH B — R i 1 B R Je B R B AR A AR AR - SRACE REAE & 1 AR 2 B iy B
LEERES > BROEZEN - T AR RS 7E - R RERUR S R AT
HWYEREE  HRBIEENA -

2~ ESRBRAENFRVER

ERIBERAF RN AR o HEW S - B RBUES A - B RESE
BEREEEL ~ T - G RARIRES A RARSTEAR B 5 A B AR -
sz b~ BIELENE © S—J7| > BRI - MEELART - BHEHEEE
BRHIEE ~ EALAET I IR R VR RS2 E ST B R - BERE R IR S E T
FLEARALWIZERY T A - S G M EHIER: > SREABUEAY R - BEEGTEARBEH
B T EEAYALE - CHAERE UL ~ SRR - $E R AT B B o A
ERETREEEER -

PRI - BT AR AR THINE , H T NRE ) B9RRAIT B B AE B EAIR A - E 5
BETASUGEINET BV R BRI > HAEREREAEREERE TR RTEE
HYRBRIEEE - X > B4R H S EH BRI EEA SR ERFER R RE - (B
RETREELBH] - AN > HTTASHEENELERE AR LRIRRER - SR AT
AR ERAR - RIERIEE » R BRI TSR A R OB AR AN ER o B DB SR AR
KRR RV E IR A2 2K B W —FERE R T 2 S A R BE -

Bt > fEEE H iR R E A - R RREREEEFRNVERBFHRE > BM
SRS RN T R PR > R A PRE S AR RSB RI AR VAT - IS TARIT 0 A RE I/
e AR ERE T L - Bl AT ~ JEE AN H T B 28R AGRE 5 51T
Rtk - TCHISAE B B8 5 s FE (R Al G B LA B8 ZE Pl I Ty sk - SRR 32— T A )
IR A B R R A R R I PE T B - DU AR e e 2248 T BT, BB XA e -
A AL - AP RE E IR MR B2 A0 17 B 22 R R A DR AR A o B PR A AR A ~ SRR 122
RIS SRR SR E R IRE - W — PG E AR RN ABEE T -

B~ BERREERE RIS B

Fo 710 & _E A0 BT H SRR 8 R Y B2 BRI E AR Y FR0K - (i RS B LR i 72
AR Ry e B B E L RIRAV B Ss - BIRThREMEMLIRIE R (functional magnetic
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resonance imaging [fMRI]) - [ETEfgfFii (positron emission tomography [PET]) ~ ff 5 &l

( electroencephalography [EEG] ) ~ #T 41 %4} ¢ 5% 4% ( functional near-infrared spectroscopy
[fNIRS]) » DA &S sl iy (AOaSEER BRI [tDCS] 5 BEALKERATI [TMS]) -

TR A BRSO LI SN AR ER - EEUEHIMR &ML - EIEZIhEE
MRS R, (fMRD) BLIEFErEgfmi (PET) (HRIERSEAYARER S {KP% (Raichle & Mintun,
2006 ) - {3401 E& 1 a8 TR B R I S A A LA R - HEUs MR A hn LAEEEE (Raichle
& Mintun, 2006 ) - 7555 SR iy - WFFEE 1 DUBI 22 B2 A AE T R R IR0 i S i U L - 2R
MR ZR BP0 MY (A LR B B R R AR (o0 - DHREMERS & 52 U A Lh A fm s 2 5 4k
HFEHEEE LN EER > ERB R HE RIS 1% K440y o] 821k

(Supekar etal., 2015) - % # 75 b5 fly - W95 O @ P LB LR ~ B HER - RBUER
B B AR RN EME R - RESPTE S AT &8 T s b R el B - 5] 500 e {0 TH 35 BT B 2l % )
Y BLE R BMHRE (Dehaene et al., 2004 ) - 8 865 flg R B MFTHH — Rt - (R A 2= 2
BAEFHEEEFER TN R EEANERE  EREEER - 178 E BRI B
HET T HLE R SE R VB AT AE

tEah - JER AMERY RS DO RE BB lr A B8R & ( EEG) FOATALAM KRS (INIRS ) R
Y - BT IAZBEER © BiE LZENE AT AT RSO sk RIS S8 - NMEAR
R ERF A E AR & o E AR T AL [ElEE (Neurofeedback ) Il 4F » 77 & I &2
BRER A BRAR [T AR HLEL R 5 1% AIA AT 4T A1 B 0 i B & sy 1 84 >\ AE
BB E R N EP 24 EH IR HY KBS S E (Ferrari & Quaresima, 2012 ) » ELFAAAHEIE H 72
BE G DR B A A BR B T B YR B~ w0 & ey B L B R R AR B R RE (Ferrari &
Quaresima, 2012; Kovelman et al., 2009) = %01 » BHFEH5H, - FELERERRANT A2 HY 0 R
g BTt TEEARGIEERANE S o FOEE F 8 » BRI A% S A2 dE
E #1727 (Borghini et al., 2016 )« B 7 & 0 T H » 1458 58 858 g 20 €8 BH B R BRI (tDCS )
BLEC RN (TMS ) JRIZM# R 82228 5% B st st WA TREE TR &
DR G B P2 T ) 22 8 R T ot B B e AR R B URU S » e R IZR 3] (Kadosh et al,,
2010) » B FIHEAY LS ET ( Neuromodulation ) FEiig /M2 MR ABCE T - BIAN&EEH EOR &
R (tDCS ) BRI 8 #2 AH e W ey B B8 1 - A i 72 S5 B TR S i LU & /Y tDCS ]
I B B B F AR IR RE T - HACR AR H 2 A (Kadoshetal., 2010 ) - JH{1
o ST EERER T R HO R o 45 S R S R B 4% [ B )1 SR Y 1) 25 B S T B L = BRI
FIRAY 7% )] ( Hashemian & Hashemian, 2015 ) o

EETENE - HATZ BT 58 R i 5 A 48 o M B N B sk at - R R
BRI 4 B W FE AR B i A (R B AR LB R R s 2 1R e ME BT M - 4D » i
R FE RTINS BB A~ & BB TR TS EERE » CEEGEHEH)
STEM HFBERAFEEE AT R [~ BEHESFHEGENRE - 2B ENAE I IR
SKANBCREERZ T2 W B 223 VLA [ Y B 2 e B hh S HE S BE 7 - L[St 5
SR B R AR A TR B B2 sE B A B oK = Ay A 2 o AT B SRS B 12— i - AU - RAREEREE
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Ay HE R E 2 R ISR E2 P 2 B A A AR ) SaT o B A RE B Y 2 AT %6 #HE
B EAG AT THIBS A B R B -

h ~ BERFEMEN SRS R 2 RES

AR B B B SR S I T T L H i R BIFE B B W s N EE S B 2 — -

SIS IS R RO AR R & T ES I AZE RS » W50 3 115 A5 S0 frfe sth B g 22 4 A S 22
2, 3] R A (] B = B T 14 A F &k 45 ( De Smedt et al., 2011; Grabner, 2022; Grabner & Ansari,
2010; Yu, 2023; Zacks, 2008 ) - {541 » FHECREEHY T A & 0] 2 Br 2 A0y 28R AE - 5
HE— TR ENE AR AT E - DURE A B FER A E K EE LR TRK (Stavy &
Babai, 2010; Yu, 2023 ) » ZA[f] » {E (&SR EL B ER 2 S BE S Y R ARG B - BT 2 oe BRI
SERRIY - EEILIESHEEEFEGRA S ERE ERAVEND - THAFEE R BRI
s AT E IR L B F R AR B S RIYPREL - HEREEEERE - 28 8RE
B ENER eI S8R BEHEREE R EBIHSFEE R %% (Bowers, 2016;
Clement & Lovat, 2012) -

R AL » AT EE R aS R 2 B B T s [ A 132 W (B i 92 SR I - [P R 2
FITR & &y R ] DA 26 Wi {8 S8 38 2 eI i 1 5 - B1FE Anderson 5 A (2014 ) 74 ( International
Journal of Science and Mathematics Education ) HiF|4R#EAVEET] o [T ( ZDM — Mathematics
Education) HF|RIEFEEREH =AET] » 47 F]H Grabner B Ansari (2010); De Smedt £
Grabner (2016 ) : Leikin - Grabner i Vogel TH&T 2026 4RI 8577 A 1 S8 FHE2 1 S0 22 22 2
HREVIFFTECSR © Anderson % A (2014 ) 4F#EAYE I L1 E A IR BB MR T8~ 22 4B i
FERZ FP YRR AR FE A - Grabner B Ansari (2010) EHIBREEABEEERE T - Ui 17 10
R » PRETA [EIF R g R B2 FE ROt 7K 28 B2 A Y B B2 R 0 B L K VE B AV AR BRI - LS
NEIMS > ZEFTFEERIURANESE > 4] Menon (2010 ) £E5 5 H ) B KNS & 55 2 7
FIRRIGE 5 TRA =R e EUE R B HEFR E AR - (U120 Bornemann %2 A (2010) W52 =wd K1 AE
JIEE AR ANl S LR R - A/ DB FE iR B A PR B BRI 2S - B4 Stavy il Babai (2010)
PRETER AR A B P BB (A0 — 2B ek %) FEIAVEEHA R AR o L 55 P 5 A Ay e 4
Bl 2 R DhRe RIS R (fMRI) BATRE AT ALY E R (INIRS) « FLjAiE Eeif ot
ESLAH BF SZRA (BB > Grabner 81 Ansari (2010) 45 (1 82 208 BRI B2 B S TP IVEE G
% GRS S EERER - EEsET N BE TG AITTE - DU B 7 i T 1 = P 8
BERRE 2 FE R BRBE M RTRE -

HF1% > (ZDM — Mathematics Education) FE 1 fFH De Smedt B2 Grabner F4RHYE
FI o G HE A T 5 A = e AR B2 P AE 2R AH SR P U 8% HY A 9T ( De Smedt & Grabner,
2015) 0 4R B @ gEHE#E (neuro-understanding ) ~ X TEMN| (neuro-prediction ) EHHZL 1
A (neuro-intervention ) » Forfr » " (i ZCH 2 | 5 15 FY 1o 48 h B2 il 2k AR B 40 ] 1S B2
FERenVRIEs - R A @ RV F IR FRAR T &S TEH  RURBEE A Aol B it S s (R
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THARAG4E -

De Smedt 1 Grabner (2016) f5H1 » 2HAHEPIek A % Wit LRSI 9% 15 0 Bl 2 et
A o FERZEN AT - BT —H S E S EE N B R B BN [F] o [E HH P 5 Y B R
FREEE Ry %ot o B > Obersteiner 81 Tumpek (2016 ) 72 i HRENFL fig £ 5T 70 B LL BT 75 » Babai
FAN (2016 ) Al AEfE &0 ERAEB T - SR (H R S IH B Y 24 B IE R 52
Z - EHWRHREENEREENEENS - B Leikin A (2016) HEAHSEFHRBEEMD

(ERP) PEETIIAZE J 725 () B AL A B 22 SRAR B 2 1] g R PR A2 Y B R 5[5 5 F¢ Waisman 55 A
(2016) HEHRGERE (EEG) &Rl oA E2 A i 2% {n ik TH R I Y 28 0 HE B R AR -

Grabner (2022) }» (Cognitive Mathematics Handbook ) H F4RE =0 NE » AT

BERAE BRI A S R RS © H— R R T 2 B I E B Re R AR

('Vogel, 2022 ) 5 H. 7 Fy 7y S pn FRAY (AP0 HIELBE (Worthaetal., 2022 ) 5 H. = Ry BB aE /6l

I AY{E A 72 52 ( Caviola et al., 2022 )3 I B 22 45 i 0, B B K ELBRE ( Pizzie, 2022 )
B R B B2 B &8 50 A J57% (Kucian & Cohen Kadosh, 2022 ) « - ft S| B
TEAELEEL - AOZEET RGENE TR E S AT - 2 E R B
SR ER S IR R B 58 JRe 0 G Al & il P T B Y PR R B R AR 52 5 1|1 o 91400 » Clement
Bi Lovat (2012) Ef5H > MR RIHNFE(LEEH EEREE A 15 —K
HLER 5 Ansari B Lyons (2016 ) A5G » 7 — P PR 1 & B 2 Gl Bess st A
FSCER Sl P e 4 HE A TRV SR AR (S 72 FE 3R -

FEH R EE 25 K& (International Conference of Mathematics Education [ICME] ) HYJ&EH
st o Leikin (2018 ) s CLEREER 208 A R0 AT 7T B 30 S0 1o &5 B2 v B 85 B2 i 34 A A 1
W% o e s M ERE I AE I 9T B AR ~ BUR TR - Froo ey ReE - oS8 - ekt
BLUERLEE ~ (EFHAYIHTE TR ~ FrakativiE®s - URGHESE RAVIEREE T H SR EER - 5Lk
7 52 AR o PR (b 58 RIS 2 R DR B RV AE 2R - 140 - MU FREI S - BEEE T YRR
TR E R NE IR BT B T MU B M SRATRASREE YA ST R
BN BREEUAPE R S ERNE - RA DB IRET SRS EEE N A - Leikin B
75 LB LR - 2 B HY A {18 <2 $5 b 28 SHISR 2 FET Y 22 8E » 30 F5 HH R SEIR R 2K T 2% ) 38 FE Y U7 [+ -
B EAEZEY (ICMD) RS EHERE TR EREBERE (SR -
IR BB R R AV RS I AR ) RS (Leikin et al., 2024 ) » #E—2 L BHEZ GHIOR 2K
SRR M -

HireBms » ek EEEHEEE A RCREHB AR 2R L EFEE - 2
VB R - 7F 108 SRR R B E M AL AT =T » B ERMGEER AR
EEBIEBFRRIIE £ - PN AR R ERT (LR (Sudrez-Pellicioni etal., 2016 )
S22 TR M B 2 e TV G ERA (% (Cheng & Mix, 2014; Mix, 2019) - A B Al B A E
PR B ) H G AT 2R B 85 5 SR AU JT 22 i BT -
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Bz ~ 55 Al SRRV SR 2ETRE © #8h=\ BC1
RERAENERER

#eEh= BCI & 2 By th &K .45 (central nervous system [CNS]) JEEFMEMN T H » H
B f S S S e R s At m ] R~ (A - BEOR ~ T EE Y HA ER R R ARy
fri (Wolpaw & Wolpaw, 2012 ) » #¢ &= BCI #yH: o — 1 & ZEHTE 5 [0 QI 2 A1) FH B 05 &
AECPETEH Z s\ E B SR FIFIE BIRBE (Arico etal., 2018; Belo et al., 2021; Dehais et al., 2019;
Khan & Hong, 2015)

TEBR AR ST 812 E A R A m BLE FI L2 BV E T - el R DU &SR B iz 0
A Eh=C BCT £41i - 456 AT AT RGO Sz ny RING o A B Al - W JE B BT R A i
I EZEME - TR EEE B2 o BIER - DI B — BRI

W BT - SEATVUIETS ABCD th > 43ES AE 1 BF 43 Bl 57 £ BAD F1 2 CBA {1
S48 0 H L AED =25° ¢

MR$E L lidE B &0k - T4 EETE o 2 IR -
(1) 2 EAD = 15°

(2) 2 EAD = 25°

(3) L EAD = 65°

(4) L EAD = 155°

TRIZRE H EXNI& ERY 2B - 7T PRS2 e B AR S R IE TS 25 Fy (2) L EAD =25°¢
DI Ry W fE2 A A E (o FH O AR REL SRS

FRRESRER— -
B2z T8t BA - AE LI ED FriRkAY T Z BUE | - K% BANED - fRIEPISE A E
1S/ BAE =/ AED = 25° XK / BAD Wifa V4345 AE 4% » ~/ BAE =/ EAD >
g 2~ EAD = 25° -
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fERESRES —
M BAD = 2x - HIH PAFVEI M E 5 ~ ADE = 180°— 2x » LA ~ AED =25° 5 |
FHA\ADE fHNf > A -
ZEAD+ 2 AED+ ~ ADE =180°
x+25°+ 180°-2x = 180° = x = 25° >
ir ~ EAD = 25° -

It i {91 REL 0 FH S R A RE A D R 2 (M B R SR > — (1R H AT DAFE FR R (S A #E 3 5 =
RGENEE - EHELITTHENERZE THEAR GBI E R E - iRt T84 L [aEH
fR PR RS E - BB ER A EWNME T L - B4R R R A B A
PR > I RIES E VR R > R SR 2 S E R AR

ZAIM - IR EPRAVEERES T B E T A RS B A i e 4 B R & S A B H IR
HEDLZR AR B2 AR AT R AR A TR ST B PR T () R SR > DL IEE 3 AR o o R A B0 K R AR Ry fel
75 TR FY PR A (R 15 2 Al DA RS WY 38 22 A Y 22 T IR B - B o5 B i 2 4R 22 A JE 5 i AR iy 3
FRECE R o I E R E ROFPE S A Ry 2570 - LB AR W RE(E N E B IS 2 K (2) »
s REEE LA - RE 5 AN 4 HE 1 R H R S 28 ol HERE AR

FIE L &l RETIRHEE RN N IR E P B ECE a8 H =T 1 R R
BB A A Bt R (decomposition ) BAEEf# (recomposition ) 24/ [EJE » #E—F FHEHR
B AL (visualization ) [&JF 2 FEjAY 56 (T 148 - 648 F 28 Se (B TP RCA ST R A SR o 26 fn
e B AL K 2 YRR A R AR - EE R B EaE AU B I B A AR Ay
FEHL . RIS B O E AR HL » SME B S BRI R ER HUCMG HY 3 1 K 3
# 5 A —%E BB ER E 20 M E TR A [E W B P RO IE T A [F] 28 1 E HY
HESRE o BhAb > B R B L iE 8 K 22 [ TAESCIRRE T A RUETE - DAYERFAIRIE
Ll T R 2 FE Y 25 [R5 - G HETT BN REAY.O G e B A iR o (E RS TR 2 L 2 4
T E T DAURE RN B P HIR RSB R - FIRHRR A L2 B & - 5T
et BB ISR  MERLEE A BN R B MY - TR B2 A A%
I RE R RE R TN EE A A E B & > (S ETARGEE (Duval, 1999; Waisman et al.,
2023; Weckbacher & Okamoto, 2014; Zykova, 1975 ) - [L4) - (& A8 1Y [E T E A LEIE 0] 5552 2
FefAE - MEEREEREE (FlnEfE)  fEEEEAEE TFLESE) 1Y
W o ERNRAEREEREREELSMIENZLHE - IR ERKRIERSE > LH
#eEh=( BCT Kl T2 (i B W B) 2 I -

LLELB Iy £ (o] R RE P ) - S22 0V JRRE SRl B H h AB - AE F ED P EITRRHY T Z
PEZE - #EmE2E It E EATRE 2RI NS A MEE - 280 - & B At ey & B e 4
S ER AR R AT ARV LAY N SE A B T A P = 2 - NIt - B4 R AL B RE A ZOt I H IE
DR o RS IR AR SR SRS @ (40 AB ~ AE FIED ) MR LUEFT AR %%
Al 005 (mental imagery ) (41 @ NEEAME ~ PATIUEPMWE ) » BIEHEGAEHAE
AL DA A 2 P AR FEAY 28 (n PR - B A R AV R Bl g T DL R B S P Y B
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EER o IR AR T AR LR B > R SR SR E e Eh = BCI TR GBI st iy E
BLRTAE © B3 o i B2 AL AR RE IR AL AU P A SR A A - A e SRR e sth 4R BB A AR R B R
T HEHERRIIRRE - HE— 20 Sk B H o Bk H A RIS R R R

*AEP T HEFA R THEOS PR
= S e

.
\68

7

REP EE A FEh e X BCT » w8 =0 BCT R 75 (50 A & T 8l 2 A2 7 e AY SR 52
EINESRIEE 38 S IE - (2 a8 B A (E B 1 B AR AR R fan = el e
TH45IRAE (Zander & Kothe, 2011) « 75 flR5 P 4 8 =0 BCTRf Hll 3 & FE R #05 S35
REARTEHE AAHBTENEE T ETRE  HiERESEEEEEE HAEEWNL
&R -

ERENEEREBNHFZHANER » ESEEERF S ES - BHHEREMT
( Event-Related Potential, ERP ) 1y P300 f{ 53 48 HELF B I ERIVECE & TAFsC B
Frimi2 A% VIS (Polich, 2007 ) < JTHARYIRSCHE— 20 H5 ) » BB AR 1 M/ TR ER [ R g RE
I BRSO YR [E) ERP B Sy (40 N200 82 P300) REA RN S B A2 22 T HERE ~ JE = )48
PR AR A FENIENRAFERE (Awhetal., 2000; Salillas et al., 2008 ) = [H i - FfTHA]
DIAEHEN - B T AR RE P YRR SRR AP B (B4R vI RE AE BB R i B v & 7 nu A
W ME o DLl %% ol RO REA AR E S (5] > B B2 AE B TDE% A B T Z PR E - 28T
BT ABCD (YAl FF1 Ky 180 5 - S DLO G ERR 77 R 7 88 7 B T e s > &
AT B & 71 FC SR B8 A AR E Y EEG Jf7 T RFE » 225 18 SEAR N 0 M KRR RS BER, Sd » 45
B ANTEE (AD) FT#ETISREALLE - 5 E RIS — B LA R R A -
FEiEERA > GEYiE=0 BCIET - (0] JE A B 24 i SR i R A2 - iF
ZEA R AR T REEE D X TER ROV HET B o PUREAE A ISR B T R AR L
R EES REOA RBGES A (LLM) EEKESCARISFTER T B S EE LR >
B AR A R B R S -

it > FPTFTHE 2 A wi B =\ BCI Rl & FE IE A i 22 08 B35 vl REAFAE & 2 Y PR EK -
i Cu PR ER B FE O BB o AR P RN - N EE RS R RO RS = R > DUREE
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BEBHSGE N I Ro a2 BB a2 [ F EH Y E B NFE (Beaucheminetal., 2024 ) -
It REARHIIHZE TAF 0 E R A BB ER T EOR 88 73 A D7 VA AV B e MR B RS e 1 T AR
[&)Z AR E SRR A A G R0 E A -t BRI BB AR W R T R R
TSR R RSN ZR - F RS EHEME A 28I BCI RirAVEfg - Wakst BN iRIFaE
MEERA T HE 24 - AR LR E A BRIt g AR EETE R 2 F -

75 B =0 BCT Rl A DURK Rz Py FERRE A il BB FE 4 R AR Y > FRAMSE Ry BE Ry ZE 2
FieftEr iR B BLE A T E o iSEEr N 7 A AR B PR B AR TR Y ([ A LA
B2 ENHUIEEYE - MASEMEEETHSHEYE > 2HRSEEERIGE - b HE
A BRI RN B4 7 FOETT IR S R R AR AU BT R [E] o R A
1y 55— E EEE RN R PR ATHE B RIR AL - B AN EER S B2 4 ETE AR
B OE) - BEERTRZMEA - LB E TSGR EY - EEAN RS
BB R R KR A R EE S — -

WEEA "REZR ) 2 BSOS AR TRV o SRS IR A
BRI EN B AEMRAMERE - BEA=THK » QEERIEEERE TPt R A 5H
% (Mullis et al., 2020; Organisation for Economic Co-operation and Development [OECD],
2023 ) > [ 5B ER A AR BB NI RS B B EEL - AN BEEE R RIRE L
B BERSET  BREERIVEEARE - HATLERZ 28RS - FEREE I RIEE
RATBLREIE i TR - A T AEZEEA » K5 BN 0SS EH TR
i - EMBEEGEEARERF ZRVEERA -

BB MR B SR 22 B T ARV SR RE & - S RE i — 20 K iE e o e
HRAEHRS » Frhl R MER RN EHEE IR ASAEET - R BBERE R Y%
B o ARSCRT R4S S BN A% /I (passive BCL) B\ TR E MY A2 B ]
e THERTYE - AR MBS SRR S VR AR T

FE IR ER - AMERETRIC AN 2 A 2 H B EIE - 27 E L HEA 2
MEMEBLE M - EAERERER " AEWERIE ) SIS - R 2 BRE g M,
fir » B eREEELR AR BRI R » EIEEREEAFMEER -



FFEE -~ T~ TERE - paEF - FaF REFL B S I 17 Z IR SR EL B IF B A 121

SE R

Anderson, O. R., Love, B. C., & Tsai, M.-J. (2014). Neuroscience perspectives for science
and mathematics learning in technology-enhanced learning environments. [nternational
Journal of Science and Mathematics Education, 12(3), 467—-474. https://doi.org/10.1
007/s10763-014-9540-2

Ansari, D., & Lyons, I. M. (2016). Cognitive neuroscience and mathematics learning: How
far have we come? Where do we need to go? ZDM-Mathematics Education, 48(3),
379-383. https://doi.org/10.1007/s11858-016-0782-7

Ansari, D., Donna, C., & De Smedt, B. (2011). Connecting education and cognitive neuroscience:
Where will the journey take us? Educational Philosophy and Theory, 43(1), 37-42.
https://doi.org/10.1111/1.1469-5812.2010.00705.x

Arico, P., Borghini, G., Di Flumeri, G., Sciaraffa, N., & Babiloni, F. (2018). Passive BCI beyond
the lab: Current trends and future directions. Physiological Measurement, 39(8), 08TR02.
https://doi.org/10.1088/1361-6579/aad57¢

Arico, P., Borghini, G., Di Flumeri, G., Sciaraffa, N., Colosimo, A., & Babiloni, F. (2017).
Passive BCI in operational environments: Insights, recent advances, and future trends.
IEEE Transactions on Biomedical Engineering, 64(7), 1431-1436. https://doi.org/1
0.1109/TBME.2017.2694856

Awh, E., Anllo-Vento, L., & Hillyard, S. A. (2000). The role of spatial selective attention in
working memory for locations: Evidence from event-related potentials. Journal of
Cognitive Neuroscience, 12(5), 840—-847. https://doi.org/10.1162/089892900562444

Babai, R., Nattiv, L., & Stavy, R. (2016). Comparison of perimeters: Improving students’
performance by increasing the salience of the relevant variable. ZDM-Mathematics
Education, 48(3), 367-378. https://doi.org/10.1007/s11858-016-0766-z

Beauchemin, N., Charland, P., Karran, A., Boasen, J., Tadson, B., Sénécal, S., & Léger, P. M.
(2024). Enhancing learning experiences: EEG-based passive BCI system adapts learning
speed to cognitive load in real-time, with motivation as catalyst. Frontiers in Human
Neuroscience, 18, 1416683. https://doi.org/10.3389/fnhum.2024.1416683

Belo, J., Clerc, M., & Schon, D. (2021). EEG-based auditory attention detection and its
possible future applications for passive BCI [Mini Review]. Frontiers in Computer

Science, 3, 661178. https://doi.org/10.3389/fcomp.2021.661178

Borghini, G., Arico, P., Graziani, I., Salinari, S., Sun, Y., Taya, F., Bezerianos, A., Thakor, N. V.,
& Babiloni, F. (2016). Quantitative assessment of the training improvement in a motor-
cognitive task by using EEG, ECG and EOG signals. Brain Topography, 29(1), 149-161.
https://doi.org/10.1007/s10548-015-0425-7

Bornemann, B., Foth, M., Horn, J., Ries, J., Warmuth, E., Wartenburger, 1., & van der Meer, E.
(2010). Mathematical cognition: Individual differences in resource allocation. ZDM—
Mathematics Education, 42(6), 555-567. https://doi.org/10.1007/s11858-010-0253-x

Bowers, J. S. (2016). The practical and principled problems with educational neuroscience.
Psychological Review, 123(5), 600—612. https://doi.org/10.1037/rev0000025

Caviola, S., Toffalini, E., Giofré, D., Ruiz, J. M., Szlcs, D., & Mammarella, 1. C. (2022). Math
performance and academic anxiety forms, from sociodemographic to cognitive aspects: A
meta-analysis on 906,311 participants. Educational Psychology Review, 34, 363-399.
https://doi.org/10.1007/s10648-021-09618-5

Cheng, Y.-L., & Mix, K. S. (2014). Spatial training improves children's mathematics
ability. Journal of Cognition and development, 15(1), 2—11. https://doi.org/10.1080/
15248372.2012.725186



https://doi.org/10.1007/s10763-014-9540-2
https://doi.org/10.1007/s10763-014-9540-2
https://doi.org/10.1007/s11858-016-0782-z
https://doi.org/10.1111/j.1469-5812.2010.00705.x
https://doi.org/10.1088/1361-6579/aad57e
https://doi.org/10.1109/TBME.2017.2694856
https://doi.org/10.1109/TBME.2017.2694856
https://doi.org/10.1162/089892900562444
https://doi.org/10.1007/s11858-016-0766-z
https://doi.org/10.3389/fnhum.2024.1416683
https://doi.org/10.3389/fcomp.2021.661178
https://doi.org/10.1007/s10548-015-0425-7
https://doi.org/10.1007/s11858-010-0253-x
https://doi.org/10.1037/rev0000025
https://doi.org/10.1007/s10648-021-09618-5
https://doi.org/10.1080/15248372.2012.725186
https://doi.org/10.1080/15248372.2012.725186

122 2B BHEFEAT ¥ 12 %% 18R

f

Clement, N. D., & Lovat, T. (2012). Neuroscience and education: issues and challenges
for curriculum. Curriculum Inquiry, 42(4), 534-557. https://doi.org/10.1111/].1467-
873X.2012.00602.x

Cornock, C. (2015). Teaching group theory using Rubik's cubes. International Journal of
Mathematical Education in Science and Technology, 46(7), 957-967. https://doi.org
/10.1080/0020739X.2015.1070442

Davis, T. (1982). Teaching mathematics with Rubik's cube. The Two-Year College Mathematics
Journal, 13(3), 178—185. https://www.]stor.org/stable/pdf/3027317.pdf

De Smedt, B., & Grabner, R. H. (2015). Applications of neuroscience to mathematics
education. In R. Cohen Kadosh & A. Dowker (Eds.), The Oxford Handbook of
Numerical Cognition (pp. 612—-632). Oxford University Press. https://doi.org/10.109
3/oxfordhb/9780199642342.013.48

De Smedt, B., & Grabner, R. H. (2016). Potential applications of cognitive neuroscience
to mathematics education. ZDM-Mathematics Education, 48(3), 249-253. https://do
1.org/10.1007/s11858-016-0784-x

De Smedt, B., Ansari, D., Grabner, R. H., Hannula, M. M., Schneider, M., & Verschaffel, L.
(2010). Cognitive neuroscience meets mathematics education. Educational Research
Review, 5(1), 97-105. https://doi.org/10.1016/j.edurev.2009.11.001

De Smedt, B., Ansari, D., Grabner, R. H., Hannula-Sormunen, M., Schneider, M., &
Verschaffel, L. (2011). Cognitive neuroscience meets mathematics education: It takes
two to Tango. Educational Research Review, 6(3), 232-237. https://doi.org/10.101
6/j.edurev.2011.10.003

Dehaene, S., Molko, N., Cohen, L., & Wilson, A. J. (2004). Arithmetic and the brain. Current
Opinion in Neurobiology, 14(2), 218-224. https://doi.org/10.1016/j.conb.2004.03.008

Dehais, F., Rida, 1., Roy, R. N., Iversen, J., Mullen, T., & Callan, D. (2019). A pBCI to predict
attentional error before it happens in real flight conditions. 2019 IEEE International
Conference on Systems, Man and Cybernetics (SMC) (pp. 4155-4160). IEEE.
https://doi.org/10.1109/SMC.2019.8914010

Duval, R. (1999). Representation, vision and visualization: Cognitive functions in mathematical
thinking: Basic issues for learning. In F. Hitt & M. Santos (Eds.), Proceedings of
the 21st annual meeting of the North American Chapter of the International Group
for the Psychology of Mathematics Education (pp. 3-26). ERIC. https://files.eric.ed.
gov/fulltext/ED433998.pdf

Ferrari, M., & Quaresima, V. (2012). A brief review on the history of human functional near-
infrared spectroscopy (fNIRS) development and fields of application. Neurolmage, 63(2),
921-935. https://doi.org/10.1016/j.neuroimage.2012.03.049

Grabner, R. H. (2022). Section III Cognitive neuroscience of mathematics. In M. Danesi
(Ed.), Handbook of cognitive mathematics (pp. 251-256). Springer. https://link.spri
nger.com/content/pdf/10.1007/978-3-031-03945-4.pdf

Grabner, R. H., & Ansari, D. (2010). Promises and potential pitfalls of a ‘cognitive
neuroscience of mathematics learning’. ZDM-Mathematics Education, 42(6), 655—
660. https://doi.org/10.1007/s11858-010-0283-4

Hashemian, P., & Hashemian, P. (2015). Effectiveness of neuro-feedback on mathematics
disorder. Journal of Psychiatry, 18(2), 243.

Hawes, Z., & Ansari, D. (2020). What explains the relationship between spatial and mathematical
skills? A review of evidence from brain and behavior. Psychonomic Bulletin & Review,
27,465-482. https://doi.org/10.3758/s13423-019-01694-7



https://doi.org/10.1111/j.1467-873X.2012.00602.x
https://doi.org/10.1111/j.1467-873X.2012.00602.x
https://doi.org/10.1080/0020739X.2015.1070442
https://doi.org/10.1080/0020739X.2015.1070442
https://www.jstor.org/stable/pdf/3027317.pdf
https://doi.org/10.1093/oxfordhb/9780199642342.013.48
https://doi.org/10.1093/oxfordhb/9780199642342.013.48
https://doi.org/10.1007/s11858-016-0784-x
https://doi.org/10.1007/s11858-016-0784-x
https://doi.org/10.1016/j.edurev.2009.11.001
https://doi.org/10.1016/j.edurev.2011.10.003
https://doi.org/10.1016/j.edurev.2011.10.003
https://doi.org/10.1016/j.conb.2004.03.008
https://doi.org/10.1109/SMC.2019.8914010
https://files.eric.ed.gov/fulltext/ED433998.pdf
https://files.eric.ed.gov/fulltext/ED433998.pdf
https://doi.org/10.1016/j.neuroimage.2012.03.049
https://link.springer.com/content/pdf/10.1007/978-3-031-03945-4.pdf
https://link.springer.com/content/pdf/10.1007/978-3-031-03945-4.pdf
https://doi.org/10.1007/s11858-010-0283-4
https://doi.org/10.3758/s13423-019-01694-7

FFEE -~ T~ TERE - paEF - FaF REFL B S I 17 Z IR SR EL B IF B A 123

Howard-Jones, P. A. (2014). Neuroscience and education: myths and messages. Nature Reviews
Neuroscience, 15(12), 817-824. https://doi.org/10.1038/nrn3817

Kadosh, R. C., Soskic, S., Iuculano, T., Kanai, R., & Walsh, V. (2010). Modulating neuronal
activity produces specific and long-lasting changes in numerical competence. Current
Biology, 20(22), 2016-2020. https://doi.org/10.1016/j.cub.2010.10.007

Khan, M. J., & Hong, K.-S. (2015). Passive BCI based on drowsiness detection: An fNIRS study.
Biomedical Optics Express, 6(10), 4063—-4078. https://doi.org/10.1364/BOE.6.004063

Kovelman, 1., Shalinsky, M. H., White, K. S., Schmitt, S. N., Berens, M. S., Paymer, N.,
& Petitto, L.-A. (2009). Dual language use in sign-speech bimodal bilinguals: fNIRS

brain-imaging evidence. Brain and language, 109(2-3), 112—123. https://doi.org/10.
1016/j.bandl.2008.09.008

Krawczyk, D. C. (2002). Contributions of the prefrontal cortex to the neural basis of
human decision making. Neuroscience & Biobehavioral Reviews, 26(6), 631-664.
https://doi.org/10.1016/S0149-7634(02)00021-0

Kucian, K., & Cohen Kadosh, R. (2022). Neurocognitive interventions to foster mathematical
learning. In M. Danesi (Ed.), Handbook of cognitive mathematics (pp. 385—411). Springer.
https://link.springer.com/content/pdf/10.1007/978-3-031-03945-4.pdf

Leikin, R. (2018). How can cognitive neuroscience contribute to mathematics education?
Bridging the two research areas. In G. Kaiser, H. Forgasz, M. Graven, A. Kuzniak,
E. Simmt, & B. X. (Eds.), Invited lectures from the 13th International Congress on
mathematical education (pp. 363—-384). Springer.

Leikin, R., Waisman, I., & Leikin, M. (2016). Does solving insight-based problems differ from
solving learning-based problems? Some evidence from an ERP study. ZDM-Mathematics
Education, 48(3), 305-319. https://doi.org/10.1007/s11858-016-0767-y

Menon, V. (2010). Developmental cognitive neuroscience of arithmetic: implications for
learning and education. ZDM-Mathematics Education, 42(6), 515-525. https://doi.o
rg/10.1007/s11858-010-0242-0

Mix, K. S. (2019). Why are spatial skill and mathematics related? Child Development
Perspectives, 13(2), 121-126. https://doi.org/10.1111/cdep.12323

Mullis, I. V. S., Martin, M., Foy, P., Kelly, D., & Fishbein, B. (2020). TIMSS 2019 international
results in mathematics and science. https://timssandpirls.bc.edu/timss2019/international-
results/

Obersteiner, A., & Tumpek, C. (2016). Measuring fraction comparison strategies with eye-
tracking. ZDM-Mathematics Education, 48(3), 255-266. https://doi.org/10.1007/s11858-
015-0742-z

Organisation for Economic Co-operation and Development. (2023). PISA 2022 results:
The state of learning and equity in Education, PISA (Vol. 1). OECD Publishing.
https://doi.org/10.1787/53123881-en

Pizzie, R. (2022). Mind, Brain, and Math Anxiety. In M. Danesi (Ed.), Handbook of cognitive
mathematics (pp. 349-383). Springer. https://link.springer.com/content/pdf/10.1007/978-
3-031-03945-4.pdf

Polich, J. (2007). Updating P300: An integrative theory of P3a and P3b. Clinical
Neurophysiology, 118(10), 2128-2148. https://doi.org/10.1016/j.clinph.2007.04.019

Qin, Y., Carter, C. S., Silk, E. M., Stenger, V. A., Fissell, K., Goode, A., & Anderson,
J. R. (2004). The change of the brain activation patterns as children learn algebra
equation solving. Proceedings of the National Academy of Sciences, 101(15), 5686—
5691. https://doi.org/10.1073/pnas.0401227101

Raichle, M. E., & Mintun, M. A. (2006). Brain work and brain imaging. Annual Review
of Neuroscience, 29, 449-476. https://doi.org/10.1146/annurev.neuro.29.051605.112819



https://doi.org/10.1038/nrn3817
https://doi.org/10.1016/j.cub.2010.10.007
https://doi.org/10.1364/BOE.6.004063
https://doi.org/10.1016/j.bandl.2008.09.008
https://doi.org/10.1016/j.bandl.2008.09.008
https://doi.org/10.1016/S0149-7634(02)00021-0
https://link.springer.com/content/pdf/10.1007/978-3-031-03945-4.pdf
https://doi.org/10.1007/s11858-016-0767-y
https://doi.org/10.1007/s11858-010-0242-0
https://doi.org/10.1007/s11858-010-0242-0
https://doi.org/10.1111/cdep.12323
https://timssandpirls.bc.edu/timss2019/international-results/
https://timssandpirls.bc.edu/timss2019/international-results/
https://doi.org/10.1007/s11858-015-0742-z
https://doi.org/10.1007/s11858-015-0742-z
https://doi.org/10.1787/53f23881-en
https://link.springer.com/content/pdf/10.1007/978-3-031-03945-4.pdf
https://link.springer.com/content/pdf/10.1007/978-3-031-03945-4.pdf
https://doi.org/10.1016/j.clinph.2007.04.019
https://doi.org/10.1073/pnas.0401227101
https://doi.org/10.1146/annurev.neuro.29.051605.112819

124 2B BHEFEAT ¥ 12 %% 18R

f

Salillas, E., El Yagoubi, R., & Semenza, C. (2008). Sensory and cognitive processes of shifts of
spatial attention induced by numbers: An ERP study. Cortex, 44(4), 406-413.
https://doi.org/10.1016/j.cortex.2007.08.006

Stavy, R., & Babai, R. (2010). Overcoming intuitive interference in mathematics: Insights from
behavioral, brain imaging and intervention studies. ZDM—-Mathematics Education, 42(6),
621-633. https://doi.org/10.1007/s11858-010-0251-z

Suarez-Pellicioni, M., Ntfiez-Pefia, M. I., & Colomé, A. (2016). Math anxiety: A review of its
cognitive consequences, psychophysiological correlates, and brain bases. Cognitive,
Affective, & Behavioral Neuroscience, 16(1), 3—22. https://doi.org/10.3758/s13415-015-
0370-7

Supekar, K., Tuculano, T., Chen, L., & Menon, V. (2015). Remediation of childhood math anxiety
and associated neural circuits through cognitive tutoring. Journal of Neuroscience, 35(36),
12574-12583. https://doi.org/10.1523/INEUROSCI.0786-15.2015

Uttal, D. H., Meadow, N. G., Tipton, E., Hand, L. L., Alden, A. R., Warren, C., & Newcombe, N.
S. (2013). The malleability of spatial skills: A meta-analysis of training studies.
Psychological Bulletin, 139(2), 352—402. https://doi.org/10.1037/a0028446

Vogel, S. E. (2022). Developmental Brain Dynamics: From Quantity Processing to Arithmetic. In
M. Danesi (Ed.), Handbook of Cognitive Mathematics (pp. 257-287). Springer.
https://link.springer.com/content/pdf/10.1007/978-3-031-03945-4.pdf

Waisman, I., Hsu, H.-Y., & Leikin, R. (2023). Complexity of geometry problems as a
function of field-dependency and asymmetry of a diagram. In R. Leikin (Ed.),
Mathematical challenges for all (pp. 501-520). Springer. https://doi.org/10.1007/97
8-3-031-18868-8 26

Waisman, I., Leikin, M., & Leikin, R. (2016). Brain activity associated with logical inferences in
geometry: focusing on students with different levels of ability. ZDM-Mathematics
Education, 48(3), 321-335. https://doi.org/10.1007/s11858-016-0760-5

Weckbacher, L. M., & Okamoto, Y. (2014). Mental rotation ability in relation to self-perceptions
of high school geometry. Learning and Individual Differences, 30, 58-63.
https://doi.org/10.1016/j.1indif.2013.10.007

Wolpaw, J. R., & Wolpaw, E. W. (2012). Brain-computer interfaces: Something new under the
sun. Brain-computer interfaces: Principles and practice, 14, 3-12.

Woolgar, A., Parr, A., Cusack, R., Thompson, R., Nimmo-Smith, 1., Torralva, T., Roca, M.,
Antoun, N., Manes, F., & Duncan, J. (2010). Fluid intelligence loss linked to restricted
regions of damage within frontal and parietal cortex. Proceedings of the National Academy
of Sciences, 107(33), 14899-14902. https://doi.org/10.1073/pnas.1007928107

Wortha, S. M., Obersteiner, A., & Dresler, T. (2022). Neurocognitive foundations of fraction
processing. In M. Danesi (Ed.), Handbook of cognitive mathematics (pp. 289-316).
Springer. https://link.springer.com/content/pdf/10.1007/978-3-031-03945-4.pdf

Yu, H. (2023). The neuroscience basis and educational interventions of mathematical cognitive
impairment and anxiety: A systematic literature review. Frontiers in Psychology, 14,
1282957. https://doi.org/10.3389/fpsyg.2023.1282957

Zacks, J. M. (2008). Neuroimaging studies of mental rotation: A Meta-analysis and review.
Journal of Cognitive Neuroscience, 20(1), 1-19. https://doi.org/10.1162/jocn.2008.20013

Zander, T. O., & Kothe, C. (2011). Towards passive brain—computer interfaces: Applying brain—
computer interface technology to human—machine systems in general. Journal of Neural
Engineering, 8(2), 025005. https://doi.org/10.1088/1741-2560/8/2/025005

Zykova, V. 1. (1975). Operating with concepts when solving geometry problems. In J. Kilpatrick
& 1. Wirszup (Eds.), The learning of mathematical concepts (Vol. 1, pp. 93-148).
University of Chicago Press.



https://doi.org/10.1016/j.cortex.2007.08.006
https://doi.org/10.1007/s11858-010-0251-z
https://doi.org/10.3758/s13415-015-0370-7
https://doi.org/10.3758/s13415-015-0370-7
https://doi.org/10.1523/JNEUROSCI.0786-15.2015
https://doi.org/10.1037/a0028446
https://link.springer.com/content/pdf/10.1007/978-3-031-03945-4.pdf
https://doi.org/10.1007/978-3-031-18868-8_26
https://doi.org/10.1007/978-3-031-18868-8_26
https://doi.org/10.1007/s11858-016-0760-5
https://doi.org/10.1016/j.lindif.2013.10.007
https://doi.org/10.1073/pnas.1007928107
https://link.springer.com/content/pdf/10.1007/978-3-031-03945-4.pdf
https://doi.org/10.3389/fpsyg.2023.1282957
https://doi.org/10.1162/jocn.2008.20013
https://doi.org/10.1088/1741-2560/8/2/025005

W

B~

{h~

(EBREREFHT) =Y

2013.04.03 RFEZ BTGk HiE
2013.09.27 RBFEZETGAEE @M
2014.09.04 RFZETGAREEEMA
2017.03.17 4RBE B TkEa [ EA
2021.04.09 4REE BT RS EA
2022.04.08 R FBEZ BTG R SE M

~ (EEEEHEEIF]) (Taiwan Journal of Mathematics Education ) ( DL N fEfEA<H] )

EENTEEME AR A N GEREAF R I FES T T A L R
FUE SRR RV R RIS R g -

» ATIECIRT & o BRI 2 T RIRRER TR SL - AT

— ~ H#EmSC (researchreport) & RHT SR EA T M 2R ER ST BE Bm s B Ea: <
— -~ [elgEMERm S (reviewarticle ) BEEHRH 2 B WA - e HEAIMEECRSE %
HIRERT -
=~ Elolr S (academy observatory ) : RIS MNEERZ S ~ s  HTA ~ B
FERCR - ETEE ~ SRR IR ~ ot - Bham - ROBEER
~ EZ5F (bookreview) : DUEGE ~ &f5m ~ /047 ~ BORE - SbbE > 2R 4G REREL
B EESH BRI EEEFE -

=

 BERSOR R AR

— ~ B R R S ¢ A A SRS o SO #2020,0005
F3210,00077 fy BFR (RLEGR SRS ~ PHOGHE - B3R - ffEE - 25508
iiferE) - WHREERFEME GE2REHIEZS) -

T R S EERY - DIhse5,0005 B IRRAT > HidRER =B - AKIEAEE > HE
RIS B

ATEFFZATRIE > AU A ~ A HHH WERE T RISRAS G 3T - 25 Ed
PEE ks -

TR Z SRR B[R BT R ER T 3w S 2 SRR > BIR G RE B L 3w~ OE IR

HAUHT] ~ bl S edm siE 58 - G UREEFR B TRl > S —RE &~ B1E

fRElEEY - RIDE PSRN RE R > R NIRRT

— ~ Kl —4EE > AT - R e s A S R ERIE 5 IF
RIREL I B TS - —FRA R (E s -

o BRI RS R RIUEFEBGE N R e T > BRI E
@rEsh e —UIRERFEER - HATR = FENA 22 FEANR - WA H
BB E AR EOKAE -



vil

il ~

=~ FEER S HSORE IR E AR = E N E S E IR KA IR R E - EE
e - S AR IR S BT -

F REATEE > ERZIEAFHNMREES o SR Z SO RE %

HEEFEHEREEFEREBR T LTS » g8 CE & (F AR B 17 2 E AT
REE LN GEREREEGHERE SCRRFEEA - IRE (ZE8HEH
BN Z3FE > AL SR HEFERE - TERE (2E8REHE) -

» PO PR 2 S AT SRR AR BIHER B s E 3 T 2 S0 S RS 2

SChE -~ 5SSO A R RTSE - ANEF 2B APAE LR R - &S E
FETFIEIE ¢
— ~ HEREER
(—) XhEAEAER -
(=) e EE 24 - RS BRI ~ Bk ~ Jmatthbl - Bes S sE A1 s T B bk -
—{L DA FAEERE - FREERER R RS % - IR A AR
(=) (RS K BB« SE R BT » RIS EE SO FTE A AT e AL -
() HEJERE Crunning head ) : FSC DIREEE15(E T ~ S DA EE#E40(E T
AL -
(H) E#E:E (author note) : ZREFELARRHZEAHRIAYERR ©
- BROORIESGN BRSSO - SRR (ZEBEREHT)
s SRR AE B
=~ BREIER » BB IERN S ( LIUFERIEE =R Bk FFEUETERE
MR 0 IR IRE S B AR BN A SR -

AFIBETRL S Ry T E A A (AP -

— THE  RFAATIRE - REEK - SRR - S TRROR R
BT -

= EREE BB AFE SRR FEHEEE DRSS
(P FkE - B U -

» XhEE g ERE A (http:/itjme.math.ntnu.edu.tw ) 5 3 50HE - SRR #H%EZ > fF

HHRAEATHEM L (EM R R EE L%t DIRmtEsiA =05 - fF&
FE S Em LR SE IR I 2 55 » e s2 P12 S0 > (R R fR Uiz doi » DUk
T SE R FGEER] - $IEZ TSSO - (FEB ETRERE SR THY
g~ 505 - 9H8 - SENEEIEREN - fEEEEATERA 2R -

EHa ~ HITIBhEE AR EFE © TIME.taiwan@gmail.com


mailto:TJME.taiwan@gmail.com

(EBBEHETT) Pt EERRES

2013.04.03 4R3EE B G GkimE
2013.09.27 RBFEZE TGRS @M
2014.09.04 RFZE TGRS EMA
2017.03.17 4RBE B G TS EE
2022.04.08 4REE BT RS EA

AHAFE A EAEER O HHEE @& ( American Psychological Association ) fYEEEFR =, »
HOORRE 2% TR BHEA T C 3 RS - 45 Ry CBER 2 SO ~ 5 TR0
DAUREERTTR ~ AEF 2 APA SRR AR T - SCREE5 {8 Microsoft Word 98 L)
FZERFOCCERERE - FRESARIES » oA AR RE - s —
1% By Times New Roman -

~ SRR

— ~ TR fhalRaR I EIF A B RRIE SN » PO B B O
H (GRgy) ~ JOOmEHA (Sky) ~ 130 (RiEE - & - 6T - 558~ 2
HIR) LUk CEERnE R EHE ) FOCR M Z BER IR - o S
HArEHEH -

=~ TefhiE ¢ DUER AR R R E S IRIAARRRRARGR > BN A G SR 25A 0 ZEH 0 FREA
BRREIMEHEFT IR - SORF 8 (BE®E -~ 1530 BRIt - 255080
fifgkE ) F1322020,00077 F FFR - 5£3212010,00057 5 F IR

=~ BIOURM P SGEEERT - SOGHEER - TR NS EERGER CHHAS20

By~ BH) -~ fHE (RB FRS00FDIA ) ~ BlRgsE T (DLAME A LR difkEE

EEFHDEIZHY) - EEEE NS Title (bold, 20 pt, central ) ~ Abstract
(o7 E% > PR300FZLAN ) K Keywords (558 S IEfF /R B2 R S BHEEGAAHE E ) -

MY ~ FECCRRESE SRR - POCRERR - SRR E NS Title (bold, 20 pt,
central ) - Abstract (“R57E% > FR3005=LDA ) K Keywords ( LAFLE £y EFR - AR
BHEFFHES) o HE NS EfERSCEE G204 7~ B ) ~ o2 (R
5yEE > PRB00F-DAN ) RSz fiaal (75 Ry R B 5 S RS arl fH T e ) -

To ~ FERERATEE * PREIANEE - RZeEaCE S B2 530 - ST 7y thaiscss 12

Ay BATTEE -

N~ FRISERSR  PROVARUESL - POCTRI-HRER RTINS > SRR R ZE O T RE
B TR —1# 5 Times New Roman »

Fl



R~ IESORAE
— IEEXWE RALEERE Ty TR~ TOAL - TEERL - TEf
B TSR FONEY 0 T e SR EIRE H Y - BREERbT SR TR
ArAS U IRRITERR E > (B3 AT RSO B -
= BREMER - BRRFETRE
(—) HEE AT - AR E S - EEHRERE T EREREETT - %—ZJE‘&
T Ry r%%%ﬁyrﬁif%ﬂ%ﬁy Fﬁiztu ~UEER > TEER L BT 2O F

BETIEEERRTR = ()1 (1) AH‘&UJ\?{.J:AP&EEJ
(Z) B EREEEET Eﬁ%saf%ﬁr FH— * DU~ AR AR S (5 A A

F A 16 45 > B g M‘?%Eﬁ% 14455 Hek 127 -

(2) F— = ZETIEE KBTI - WEARTR FREERES Ry 1175 580U ~ 71~ 7NEX
FRRE Ry 12 B/ M7 e ML AT R PRy & 0.5 17

(MU) 55 ~ NERIZEANYE 1.5 FIT 0 M SEIIZENN LKL -

(

= - 165F ~ HHiE - BT

— ~ 144k ~ fHAE ~ SEAEEE

(—)128%F ~ HHAR - FEAEHTE

1124k ~ HHAR - SEAER
(L)AHELESFIT ~ 128k F ~ MR - FEEHE

A NGELEETT ~ 124577 ~ JiE4s - B/t

\.

=~ BCUEIRSE | BRI o BIAIR(L 53) = 1008, t, F, M, SD, N, 1, pl% - A5}
BIRTERYA - G140 ¢ a.B.en -

U~ ORI BT R RS X~ ¢ /N L G9E - BIAIKR20, o, peEiit
BIEREIRBT "0 ) FHEN -

Ti - ST

() SEMIETRRAHTE » B IEC 6 - S5 16 G LA  of 36350573
FTRE ~ 55— TP 2 T ~ 12 G1F -

(=) HEEREE R 25 SRt 2 B - RIS e 17 » DALY - (KIEF
P -



2.

SURRE 8=

C EREHE

(—) SIFHSCRREE - A FEES (PoUFEEREY] > SOEEEIIIER ) K

Ty (PO R SSCURI E R T )

(Z) MHEEEER —E P EEWS [ - SR HEN 2R - EAER

AR MR B - B F B e TR EE S R - AR5 Rt -

(=) A5 HZ SR RAE S SRS, -

* 5 SRR E

&5 | R E ORI - BRPRERRPEE ~ 6~ B - &~ 220 AEIRE g
W05 B IS ORRED R » ZENNEEES » PoCbL T H ) FoR s PESCEE Kp. ~ WHE
DL B“pp.” -
il REEA (2019 - H9) B¢ (GiEE4 - 2006 - H167)

(Dubinsky, 1991, p. 102) = (Heath, 1956, pp. 251-252)

C EBEABR—A - A~ Z A EEE -

(—) EE AR —A

B (FE () =2 (FEE - 0
g, Author (Year) = (Author, Year)

g Fin7s (2021) =t (FkA7E - 2021)
Heinz (2015) =& (Heinz, 2015)

(&) EBEABR A - GRS ISR 8 EE - 70 DU T B 3B 5 fEFE5R

MSE R > FocPAEs: T~ o PESC DL &R -
ARt EE 1 8RR 2 (AR 80 (FFE 1~ 1EE 20 410
R E, Author 1 B Author 2 (Year) = (Author 1 & Author 2, Year)

P ¢ SEPUEBIRAEE (2021) B (ZERUHE - ZRERHE - 2021)
Yang Ed Idris (2021) = (Yang & Idris, 2021)

=) FEABR=ALE -

1.
2.

EFREENE S > BAFME "FA, 8 Tetal |
LB AR EARE (B—FEEEAEHEE) @ HREEZE—
Hl 2 e E B
HERE—FEARE - ARG [ HGE R A EE Y -
1 BEEREEA (2018) = (= EIHREE A - 2018) B Green 5 A (2014)
Sherry et al. (2010) =&, (Sherry et al., 2010)
Hif 2 : Hong ~ Hwang ~ Liu % A (2014)
Hong ~ Hwang ~ Tai &£ A (2014)
Ef5 3 ¢ Mullis ~ Martin ~ Foy B Arora (2012)
Mullis ~ Martin ~ Foy B Drucker (2012)



(IU) EfEEEFEZ— s - NG HESEEER2Y > WL ESEHERZ

J\

faife - 5 A& BT AT {sE ﬁ%ﬁﬂﬁﬁ
i ??Wm!ﬁ%ﬁﬁ (EfHer » 2011) = (TTEGREIRRE R E S [ERlE] - 2011)
National Science Council (NSC, 2011) =, (National Science Council [NSC], 2011)

» F—EEAREZEAE  ECET S HEAFEER—ENSREFR  BAEEARI

sEa b, c..... DIZEEH
Ef : (FEE - 2009a > 2009b - 2009¢ - 2009d )

 SIFHEEERES - EWEICURZ SRR A5 et Bk " ALE

AiEAER ) HES -
55 © A.J. Bishop (1985) FI E. Bishop (1970) #3715

- [ERFS I ZEOR - (RIFEEREE (SOUHFEE) $r © ERGA PIsUEE

AISERI S EE - A EVEE Z M 9855 - AHEEEA ESE A SO A 55

FR
B (PEEEE - BEEEE - AREESE > 2010 5 Laietal., 2013; Yen & Yang, 2016)

* 5 FEHESOR ¢ PR (JRIEE > R MR AR BURIEE (A& WAk

FAEEALRFER) BRI -
#Eif : Skemp (1987/1995) =k (Skemp, 1987/1995)

S R ¢ 85 IH 2B ERA - 25 &R - ERRGERAEE &k
[FIRFEER - FEFRSRE T E ey IR (FE R BT S T51H ) R TE&

B VBB > WRIHH R EN  sE S [ HE—FER 2 SO -
#if : (Garner, 1988 » 5|H&FEH > ~ MOFLL » 1992 » 246 )
(5IH&RESS ~ PRFLL > 1992 > 246 )

C HRESIER : SO 80 (340 %) - AIZASHIE—EL - WEURIRfEHEs 10

BT IEAEEE 2 ot BLIE SRR 25 —1T » HAES [SCRiIR TR H 5 (9% -
&l -
Schoendfeld (1992, p.335) H—Exs5 0] DA AR E & ¢

BEHA A2 2 e 8- AL g E o B ER Y - HYRG AT EF (P E T
HE Al np g — A RE F R % AR FRE A B AR A2
gl R B e R (p G %ﬁx%‘f) BEAF AY RS R R k2 ke
HosS (WA B ) e e B s BELA M ol ik T A F g pu
1IECHRAE2G - BANEESISALLA e BAHRY 1L o WP LY
BE () VI EE RSV RS R AR P REERY (2) FELE D
1 Bchigd o B/ EE LD R A PRGBS L & (mathematical

sense-making ) e



A~

- EEERE
« EEFEEIAC A E IR - BRIRBIEETE 5 & L TRTT B - BEFE LT

PARTHIBE T Fes > HAgiae - BRAE T 7T il AR -

ERBERAR > FERNEIRR TIN5 > [EIRF AR SR I LAGEAE - 8% o S A AR

T > ST R REE B R GRS IR - AR ERARE AR T 51 2 -

» RRaZ BUELREHERE ~ 7 (ERFEAREAT - THm SRR AR (1.5pt) g%l > o

B A N EE 4R o

+ B EEFRA AN R E RIRA - Al - AEER I RFERINE (&)

/ (continued) » {HiEZHEIREFL > 40 =1 (48) = Table 1 (continued). -

[EAIFAS NG B RN nI{EREED - SEscER 2 ARV YIEE -~ %
Z N5 EEESEAT o SRR BRIA AR -

(—) —{EEEME  POCREMELL TRk ) TR FEOTREMELL T Note. | TR (Note. Ff#g )
(&) —(EEEAELL L > SRR B -
1 —fiatlg « fRE - PR sde itk - BAVHEBIER (DL T3 o) -
2. RipEERE © FrERELE B - A E R B AR (DLERE Ta b o) DEEROR)
3. MEAEERE ¢ fEHHBETEEERHVAER (LL T ¥p <.05. #*p <.01. ***p < .001. ; FIR) °

B :
& 2
A [E] R A (@) A M HIHRF I 2 () SR PETRF I 2t

(a) Irregular (b) Linear-Spatial

5 b [T TT 177 .

5| B “Materials count: Linear-spatial materials improve young children's addition

strategies and accuracy, irregular arrays don't,” by J. Schiffman and E. V. Laski, 2018,
Plos One, 13(12), p. 4.




=B -

%2

AL R WA ER A A E SR AR (JETI R R ) THE
EH PR PR pps e

IR EEAREE IR REEEE

ESS 5.25 1.03 3.73 1.08 1.52 4 57***
Ak 5.23 95 3.85 1.07 1.38 4,31%**
AR 5.44 1.08 4.17 1.18 1.27 3.53*
ShE 5.39 1.08 4.15 1.13 1.24 3.55%*
EpEb 2132 3.81 15.90 4.18 5.42 4.28%**

af - PeaH B E BaaH 2 e H 5204 o

* BIEH YR F510 -

D RERE Y BN VU S IS5y IAE -
© RV = A R — R TR
*p <.05. **p < .01. ***p < .001.

h ~ SEUBRE

— EEEH

(—) B A= - IS S @ SR - AR 2508 A - A SIS
Z SRR » SRR F & R FEBIR AR > SNSCURRARIE & 2 R - BHE RS -
BEFER—THSE LR - B TP A =Y FOIREGE AT

(=) BRREAFHR © P SCURRERE F T AU RERLET ST > SRR I A ERRE 5% - A2
IR TR R 2 — A PG E R -

(=) IEXBBZARNR - HITRAEEARR T - B2 RS A 25—
BERESHN » HEREEEA/ING o BIFIRAHEER 7 Zaad B REE S - B HY 58 —(E
BERE -

(1U) ohSZse R BRERRA | Pk HEEE A (B ¢ Li-LiHuang) - RIES)A RyHuang,
L-L.: #92A (140 Lung Hung Chen) - RIIES7ERyChen, L. H.  (EE 3R E&1E
fefen BT THER TG 275 SO R (IR L% -

() BAXE

L FER 8= - ARSI EEES - R B CUR » A ERg — L E& AT
b T& e

2. =z (&) DLEEERE - @YIHAT-F AU B R R — (L (P& > FRLL ..
A o

(R) #ZTIBEZREA:

1. {FEEREESE IR Z B Y55 DOL) - #8=EE (" https://doi.org/xxxxx |°

2. RXSFEIREATUE > IFIIRNZEPSCORZ % - WERITEESE [1 A -

3. ETNSHIMEA HHEICREE - 55 LIRS ML /A EIC
By > AR iR R EABEPRE - Al (A0 858 thEAET
SUERAYBEE - SEERRAEITEE THE - BEE1TEE -



= HTERSC
(—) EE:
HOCgE
B (B0 - T3 - JATR - B8 GHED > HEL - [Author, A. A. (Year). Title of

article. Title of Periodical, xx(xx), xxx—xxX.] https://doi.org/xxxxx

IR

Author, A. A. (Year). Title of article. Title of Periodical, xx(xX), XXX—XXX.
https://doi.org/xxxxx

#h -

X0~ TREPH - BlRaZE (2019) - EEE R EER ST 2 B A B ¢ DA
1992 42 2017 FEfiam L - EEBUERBFHIT > 6 (1) 27-51 - [Tsai,
W.-J., Chang, C.-C., & Liu, P.-H. (2019). Analysis of current state and
recommendations for HPM research in Taiwan: The case of theses and
dissertations from 1992 to 2017. Taiwan Journal of Mathematics Education, 6(1),
27-51. (in Chinese)] https://doi.org/10.6278/tjme.201904 6(1).003

(Z) BEResz  REE
SRR
VEES ([TRER) © 44 - BAFI44 - [Author, A. A. (in press). Title of article. Title of

Periodical.]

FEHEE

Author, A. A. (in press). Title of article. 7itle of Periodical.

#p -

SRFE (P - BER A4 B e BURIRAY SE AT A Bl N 5 - BB
HAF] - [Chang, T.-K. (in press). Math Students’ Misunderstandings and Obstacles
in Learning Limits of Functions. Taiwan Journal of Mathematics Education. (in
Chinese)]

=~ REBHREEBERSL
235°E 520
fEEH (AR - X (RIS /AR EERS) - S24TE - [Author, A. A. (Year).
Title of article (Unpublished doctoral dissertation/master’s thesis). Name of
Institution. (in Chinese)]
TR
Author, A. A. (Year). Title of article [Unpublished doctoral dissertation/master’s thesis].

Name of Institution.



Y~ Bl Eram sl
(—) RHAR
kg
R4 (A HED - Rda (BESY IR RS0 ) » bET & 447 » BRYeT - B -
[Author, A. A. (Year, Month Day). Title of contribution (Paper presentation/Poster
presentation/Symposium presentation). Conference Name, Location, Country. (in
Chinese)] & & amtLdgtt
FORER
Author, A. A. (Year, Month Day). Title of contribution [Paper presentation/Poster
presentation/Symposium presentation]. Conference Name, Location, Country.
https://xxxxx
(=) ATHHR -
1 ) - B T HATER S MRS - SR T -
2. &F B TapiEE ) MEERE - SERENH -

T BE
TR
VEE (IR ) Edh o H RN 4455 < [Author, A. A. (Year). Book Title. Publisher Name.
(in Chinese)] https://doi.org/xxxxx
TR
Author, A. A. (Year). Book Title. Publisher Name. https://doi.org/xxxxx
N GRIEE C EREA A T(Ed), o WZPAEA T(Eds) ) e
TR
Famt (F4g) (HRE) - S - HRFE  [Author, A. A. (Ed./Eds.). (Year). Book title.
Publisher Name. (in Chinese)] https://doi.org/xxxxx

TR
Author, A. A. (Ed./Eds.). (Year). Book title. Publisher Name. https://doi.org/xxxxx

t - ERPNEER LEESER T BT WFRUE T ZAT -

R

fEE# () - FEIH - S EREAY RS (E4) > F8 (H xxexx) * TR
11 £478 - [Author, A. A. (Year). Title of chapter. In E. E. Editor (Ed./Eds.), Book title
(pp. xx—xx). Publisher Name. (in Chinese)] https://doi.org/xxxxx

TR

Author, A. A. (Year). Title of chapter. In E. E. Editor (Ed./Eds.), Book title (pp. Xx—xX).
Publisher Name. https://doi.org/xxxxx



I\~ BHEEE o Ryt GEAS > HOURUAS R th SO AR > WA R R DL BRSO

KBS R - (A AR R IEE 2R R oG » AR R RE

& AT SOURZ A - EH A RERRIEE 4

g

FIEE/EES (BREAMMRER) - BEE4 (FEH 0 3 - A0 - (FZE
HIRRY xxx &) [Author, A. A. (Year). Book title (Translator, Trans.). Publisher.
(Original work published Year) (in Chinese)]

FORER

Author, A. A. (Year). Book title (Translator, Trans.). Publisher. (Original work published
Year)

#HL

Struik, D.J. (2014) - BESE (S7EE » 5%) - /KA o (JAPEHIRRR 2012 ) [Struik,
D. J. (2014). A Concise History of Mathematics. (Wu, D.-Y., Trans.). Buffalo Book
Company. (Original work published 2012) (in Chinese)]

#H2 -

iR = (2009 )- BB R ek (Cufe - 5% )- S = - (JRIEHAUR 2006 4 )[Hellman,
H. (2009). Great feuds in mathematics: Ten of the liveliest disputes ever (Fan, W.,
Trans.). Goodness Publishing House. (Original work published 2006) (in Chinese)]

- WHSEEtE RS - B AT ERITEEEH: - RIS o SRR B L R EEA A [F]

IRf - A AR AL -

TR

P RREEE A (A0 - B (BFEERIT - xxx) o ARER{L - [Name of Group.
(Year). Title of report (Report No. xxx). Publisher name. (in Chinese)] {494k

FORBE

Author/Name of Group. (Year). Title of report (Report No. xxx). Publisher name.
https://xxxxx

- QERREER ¢ MR - PRIz Mg BB AL ) - FEIN H B R S 5%
FRdEuE R HI > a0 R > chSCORAERSIMAEER Ry (SRR ) > 3530
RREEIH Ry (nd) - HEITAEZ AR (500 ~ (EA) ~ (FEAH) ~ (EEE) -
&

VEEIBEAIS (EAH) - B - 4915547 - [Author, A. A. (Year, Month Day). Article
title. Website Name. (in Chinese)] 4g3f

FAET
Author, A. A. (Year, Month Day). Article title. Website Name. http://xxxxx



&

B (2020 4F 12 H 8 H) - EB2NEIREEEREZFEISEHAE (TIMSS
2019) pREEFE - L5 ERE N4 - [K-12 Education Administration. (2018,
December 8). The report of trends in international mathematics and science study 2019
for Taiwan. Taiwan Ministry of  Education. (in Chinese)]
https://www.edu.tw/News_Content.aspx?n=9E7AC85F1954DDA8&s=B822E38
553C1D561



(EBREBEHT) BREEATRR

(30
me ()
LA fafFesl (BHSCR® - I3 280300, - IifsRs) £ -
— (30
R R G 7 1) 0
HEEE (35 LA i3 158 oS 7 BRAO (B S T By A - )
(running head)
B (30 (FE0)
w | B
| BRBEAL (720
fE | Gusikg) |(FL32)
% | E-mail
& | st
o o ¥JJ_ ﬁ%ﬁ (. ) VALY
{TEhEEE ¢

RIBFEAZE  FaFELL FHEAZTEAML - TEHEFE (FRIT FEE - (L i B E B a7 H 7T )

HEEEA %4 FRFEBEAL (s 20 i
B—EE (D (4130)
(ChEEERrEE) |50 (FHZ)
BTMEE (D (4130)
(ChEEERrEE) |50 (FHZ)
B=EEE |0 (F132)
(ChEEERrEE) |50 (FH2)
. [ AREsCRE ~ MmOs - 588085
) O] AREsmsC i P2 o
[ AR sIERRI R - sTEI4RST -

L 2R A S SIS -
2 BB ABIRENE » SCRiR Y UL SRR T » RS - B

SRR > SCRRE A S S -
3 ZEWEIRAL PR ST (AR - 36 (R NS R (AR B -
4 BRI S RS (38

HEN

BEEHEIIT) -
ERA

s




(EBREZEFHT) M ERRERES

LE RN 2B 2 EATE KRR AR B R R R E G HER T (2EBEH
BT Z—30 Mk

IENEH R RS RIER R R AIMEEE - Fro (A2 ~ BRI 55
GEEREA AR SR M R > WRABFZNEAERMA LB EFEZE
k> BEEGEFETAEL (FH) R WHRAZFEREHHEACR LR - ZFEA
THERAZER AR NN EZNE - HEREEMAZEZMERE - 1LFEEEE
RIER I ZEBAE N BB LM R R U E RGN AL FEEERR - DEnsCE
ST ~ SRR T BRI E S SR A FTA 2L PR ~ B - KRB BN AAE
fE > WSETRAZEE - HISRAEEEESEAR EE T AL ER -~ 2E
N (S R Y ENE S TR o B EEATER R A e B R E R g S
PREM AT AT ZRER] - (B ARA RHIZRER] -

LAEAERHRA 2 P s A -

QA A S & (E AR 2 R -

3.tHARIR - ABEZ EEEE I AN B (B N Z & P eGEn LR 2 ERRE -

4 ARZEAE RN B N2 (TR P 0 00 25 2 B SR i SH 2 (I

S AR REFTE B Z AR -

SEANFE EAEER T 2 ERamEE IS E ERATE - LS IH (ZE%
SEHEIT) -

WMRAZLNE R NP EZ AR - Fo%E 2 E A CEREA S EREE AR
FEE R LS HEZFASREE - DEGREQREEAEES - RA
EEHREEAN ZIRSIE REAWIEATE - T& B Rigidimrr A - R EE
AR > WAE N

REEZE R G (5508 —IH)
L1 Z&1EARTE
[ Z1EANZ(EItstarTA

UEEEAN CGEEASRAMEBREN) & -

e M PN Al e




=

W

(T

(EBBEHEHT) A

2013.04.03 4RHBEZE TG FHEE

» (ZEBBEZETN) (LUTNEHAT) ZFEECMETEE - EAFEMWEREE
—  HEF RS E AT Z 5 5 amoCnE DU TS e A
= IEUEE  FEZ RURRE R B TR UETT - EREMEEZENEEE
LRGSR E PR SRS - BUR R E(F & ESUR F A TR A SRl -
FE T BIEREE ) 2Rl KEFEZENE N ERREETHEE - A
R ASRIEZ B gF T mIBR%R - JTRETI -

Rt 2 R EE DI 7N (8 B N SE Ol s A -

- FEZ AR MR AN « IEREME R EE SRR S - DHERATHISOR
ManE - A Z A ATt EE REstirveivEss - DADORIEIE a8 iR
A P F1 o — ey TS R m] 7
— TEEWE, @ SO REEUTERERRTIE -

o MBERTIE ) OEAFEREEE REBNEERETIE -

= TBEREF )  EREEREEERBUEER EERDREEZETER
FOZBNEH LR EETHE -

-~ PARETIE ) O EREE R

fafFEENRFRE U= A RIR - SEBIIR - wiEZ 8 gk A rielE s a2 2 R

& HENEEEH AT EEERR > AlwiEE S gEHEEGE S IFEENA

Z - BIFEEEEHREFEL  BEEFFES TPy REE -

C AT LR - B EREERIER BUREAT] > %% B E R AR S - 2
FEEGERIAE Z 5 am s T HEE AR F A RV E R (B fRERE & - HEEE
ELZEVE - FRERS) -

» AT A A0 B HAR - FEERIENER B 4R RSO B B R
LB RFREZ  HE—FEH SR —R AR ERE AT E TS

AR 2 S e 4l T E AR

\)



oA 2

e R 3

A

\ 4

=
N

A

RO RS

[ SIS

)

L3



Taiwan Joumal of Mathematics Education Vvol. 12, No. 1

April, 2025

Publisher

Guest Chief Editor

Editorial Board
Chief Editor

Vice Chief Editor

Editorial Panel

International
Editorial Panel

Department of Mathematics, National Taiwan Normal University
Taiwan Association for Mathematics Education

Hsu, Hui-Yu

Wou, Chao-Jung

Lin, Yuan-Horng
Chang, Yu-Liang
Chen, Fei-Ching

Chen, Jhih-Cheng
Hou, Ya-Ling
Hsu, Hui-Yu

Huang, Hsin-Mei
Lee, Yuan-Shun
Liu, Po-Hung

Tam, Hak-Ping

Wang, Ting-Ying
Wu, Chung-Chin

Yuan, Yuan

Lo, Jane-Jane
Seah, Wee-Tiong
Toh, Tin-Lam

Graduate Institute of Mathematics and Science Education,
National Tsing Hua University

Department of Educational Psychology and Counseling, National

Taiwan Normal University

Department of Mathematics Education, National Taichung University

of Education

Master Program in Education Administration and Policy Development,

Department of Education, National Chiayi University
Graduate Institute of Learning and Instruction, National Central

University

Department of Applied Mathematics, National University of Tainan

Department of Special Education, National Pingtung University

Graduate Institute of Mathematics and Science Education,
National Tsing Hua University

Department of Learning and Materials Design, University of Taipei

Department of Mathematics, University of Taipei (Retired)

Fundamental Education Center, National Chin-Yi University of

Technology

Graduate Institute of Science Education, National Taiwan Normal

University (Retired)

Department of Mathematics, National Taiwan Normal University

Department of Early Childhood Education, National Pingtung

University

Department of Mathematics Education, National Taichung

University of Education

Department of Mathematics, Western Michigan University, USA

Faculty of Education, University of Melbourne, Australia

National Institute of Education, Nanyang Technological University,

Singapore

[ 4
Address
TEL
FAX
E-mail
Website
[ 4

No.88 Sec. 4, Ting-Chou Rd.,, Taipei City, Taiwan, R.O.C.
Department of Mathematics, National Taiwan Normal University
" Taiwan Journal of Mathematics Education”

886-2-7749-3678
886-2-2933-2342

TIME.taiwan@gmail.com

http://tjime.math.ntnu.edu.tw/contents/contents/contents.asp?id=21

Copyright©2014 by Department of Mathematics, National Taiwan Normal University &

Taiwan Association for Mathematics Education. All rights reserved.



39

"

B S REH A UERERIRE T R EE

/ [BI8E ~ RIBR ~ BRET

Eighth Graders’ Visual Behavior Characteristics When Reading Mathematical Geometry
Proof Problems
/" Pei-Hsuan Fu, Po-Fen Hsu, Meng-Jung Tsai

PABRIKAE M #% ify R 51 S22 5 B B R SR R RA 8L 0| PR A2 2 REE — DA D /R 71
/ =R ~ BERED
Exploring the Relationships Between Mathematics Anxiety and the Process of Reading

Differentiation Worked Examples: An Eye-tracking Study
/" Jing-Yu Huang, Guo-Li Chiou

BBIRENFEVEN RE PEIBI AR S RIZE R © BEEWR
/MBS

Using Eye-Tracking to Investigate Curricular Noticing Among Pre-service Elementary and
Secondary Mathematics Teachers: A Case Study
/" Yung-Chi Lin

BAHTERE  Academy Observatory

109

BH B E | KRS IR R B ER
/HEE N FIE ~ TEER - ERT ~ i BEF
The Neuroscience Revolution in Mathematics Education: Theoretical and Practical

Applications of Emerging Brain Technologies
/" Hui-Yu Hsu, Jing Yu, Tsu-Jen Ding, Zai-Fu Yao, Bo-Yu Pan




	12(1)_封面
	12(1)_中文版權頁
	12(1)_主編的話
	12(1)_中文目錄
	12(1)_英文目錄
	12(1).001_國二學生閱讀數學幾何證明問題之視覺行為特徵
	12(1).002_以眼球追蹤技術探討數學焦慮與閱讀解題範例歷程之關聯－以微分為例
	12(1).003_透過眼動探討國小與國中職前教師的數學課程覺察力：個案研究
	12(1).004(學術瞭望)_數學教育的神經革命：腦科學新興技術之理論與實務應用
	TJME_稿約
	TJME_體例
	TJME_投稿基本資料表
	TJME_著作財產權讓與同意書
	TJME_編審辦法
	12(1)_英文版權頁
	12(1)_封底

