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A Theoretical and Reflexive Study on Cultivating Literacy
of Mathematical Culture by Using Lesson Plans from
Humanistic Mathematics

Po-Hung Liu

Fundamental General Education Center, National Chin-Yi University of Technology

Mathematical culture a crucial approach to understanding the nature of mathematical knowledge, but it
has been mostly ignored in traditional teaching for a long time. This research was a theoretical and
reflexive study on how mathematical culture can be conducted in practical teaching in terms of
theoretical and practical aspects. In terms of theory, this research provided a definition of mathematical
culture and explained the dual dimensions of mathematical culture, that is, “mathematics in culture” and
“culture of mathematics,” followed by the definition of “mathematical cultural literacy” to explore the
meaning of mathematic cultural literacy in education. For the practical aspect, by referring to the
humanistic spirit of mathematics, this research focused on two lesson plans—the Fibonacci Sequence
and the Monty Hall Problem. Furthermore, two lesson plans were implemented for middle school and
high school students. The findings indicated that, although the students were highly appreciative of the
lesson plan content, they failed to be impressed by the connection between mathematics and the natural
world in teaching the Fibonacci sequence. For the Monty Hall problem lesson plan, results also
demonstrated that approximately half of the participating high school students still had difficulties in

generalizing the concept of conditional probability.

Keywords: conditional probability culture, Fibonacci sequence, lesson plans of humanistic

mathematics, mathematical culture, literacy of mathematical culture

Corresponding author : Po-Hung Liu > e-mail : liuph@ncut.edu.tw
Received : 26 January 2021;
Accepted : 9 April 2021.



Fliaa HBAXUEITRBBILER 3

NI

BEHBRERRUTE » AREMERZEBBRFEULRE - 8RR Bt &b
AR VIR - BPEREHMEREE U b FAY E B R A (8 (Raymond Wilder ) & 1950
FEHPEEE 5 K& (International Congress of Mathematicians ) HH DL T 82 (LELE | (Cultural
basis of mathematics, Wilder, 1950 ) Fyifi#8755% - BRRIER0 5 » A BT ENSUEAR -
A HE R AT DAV o S5 BRI AE (Morris Kline ) 8% (PEJ73LHHY
#EE) (Kline, 1953 ) —EZWFE i hEFHIY SR REE— BRI EER L)
T30 MR R AR B B R RV PR TR T H PR R e e s ey B AR A )
TREBARI - T8 - BENE T - WRRRIENRITEE AR L ~ TTEH1
b mAVERE - (BRI E R BB ME - ARG - SR BER R R EE
EAE NSO TR AR RO BARSS - 1 F EL A L R — iR ER AR AIT A, » (E1G A 7R R B R ig 0
MR PR IR HEZRAVE " (naked and dry material ) A FTHIAE - RIEES 3 HE57
SERE IR T HEESEN AR AT O - NMES "SRR K G =SS
[&" (ignorance of mathematics has attained the status of a social grace, p. viii ) » #E27(LEL A FHEE -
i sk Bt e AT B B SRR - 20075 (2021) ELMERBH » fEER L » AR EER ALY E
Fo o W - BLHATEE RAVER o R R ABEE S bA SRR B A SRS o I AR
BEFEOIR R - 4B IBER AL AVEER A SOT R A T EZZE 2 > WP PRI
BTG E T A B B A RERY SR T 1] -

A BEUERRERE LR

— ~ BB R

BENG GRS - 8l ~ FEREREEINE NHEEN UL MEEATHE NHERES
RE AT AR B AR Y — T R S BB 2 e ikt - BB LM D RATAYEEE - WIFT
AV ERIO AR R EEEE "B b —F N ESR » 1 H H AN RSN 8 SUE
FIRRSE A28 - (EEaTamATaRnY T 852 50(k ) (mathematical culture ) I » % DAGmET " #5250
b SRR AR Y 78 R B RIS A B /2 — 15 b( mathematics as a culture, Wilder, 1981 )
BB R — LA - BRI LFARMER4EZE (mathematics as a cultural clue, Keyser,
1947 ) BCEAE R A 38 I Bl b & I EhAY AR A AR Y S BB ( mathematics as a cultural locus,
White, 1947 ) » A (B 5 B G B2 UL H B B 2% (mathematics as a cultural
discipline, Burton, 2009 ) -« A » ZIM172 (2016 ) 224 Kroeber B Kluckhohn (1952) %} " =2
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by B PHYES » ERCEEBERIVAE - & T BESUE ) ERAT ¢

Yo v AR R Y A 7 BN RIS S AT e
mﬁgﬁﬁa»wgwwﬁﬁﬁmém(%%\@%ééi)ié

E%ﬁ%ﬂii% B AR EMSMESR - MIRERMEALES - N T3yt f%*#(l?ﬁé&ﬂﬁj\jlﬁ%

TE[/L/FEI’J%EHMTE Eﬂm%ﬂﬂ;ﬁfﬁ'%&ﬁﬁﬂﬁ/\—{lﬁéﬁ‘ﬂgﬁﬁéE’J?H’E%” ° HefHEant -
%kfﬁquiégéﬁﬁ%?? TEESAL ) WA T DUERRRY A -

FRIZRRFTE (Wilder, 1950) HYEIRS - SUEHYES SR EH R ER RIS E - —2 N EH
{b Cevolution ) » S5—Z KA FMABHYHEHL (diffusion) - BERSALS LI —(FEE T fERESS ARz
FlfIEIRRE Z AT T2 AT —(E %85y S RE S SR A8 H 2%/, (no branch of mathematics can
pursue its course in isolation indefinitely, without ultimately reaching a static condition, Wilder, 1950,
p. 265) - #ELL > FMA7E (2016) E5R "HESL ) EEEFEMEAER - —EE " SUbTRIE
£ | (mathematics in culture ) » 55—{f2 " #E Ry S7{L | (culture of mathematics ) » Fij & &€
{ERYAREL S - B NSRS > SR EHE & UL Er A T '@é%%%%%&ﬁi%ﬂg&
S ie AN BRI L BT R S ERE - B B IR —TEsCsE AW G g3 - &
ARE NSRRI IEACSUE A Ky - HAEE(ERY I E B 285155  EEITE (Wilder, 1968) 3t
fEt - I RIBION A4S HYTE FE52(E (host culture ) E/ 2 S HA S EHEAGR IR EE - N
MR RERE > BUEBERSR A= - S EAREIMNPHY S ERIIF5RIT - R e g A i
{BHYERERBRER » R — 2 FOREHART AR BON S ER 5 SR 22 50 8 B 25 - AT o — -
[EERESE e (el e

RN —(E A DHERE _EERERYAME - BIf07E (2016) ARIEAHE STER (J54ERH - 2007 © Zhpg
B~ 250 2007 5 gRE4ELL > 2011 ; Ernest, 1998 ; Kline, 1953 ; Polya, 1954 ; Wilder, 1950 ) #E—
Bl TSRS ) Aoy By TIESE T A0 T R =B i " EE T RYSUE ) RIE
& TERGVIETE ) TSR ) R AL o IR N B S LA R T ([ 1)
B IR RE T3 - Al REAS MR - Ui (R AT IS A LR 2R 2
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1 BB - 5|8 " IR bR (AR B U B2 N — i am B ZE
o3ty o BUfH7E > 2016 > EEEEREERIT 03 (1) - 65-

— - BaRENREEE
KEBAREINAUIL » RAME - A EER S LB A SN E B & ARV B SRR
Z 1 - Burton (2009 ) {EAEEUREH S HTTBCE R 22 HUsEakER (epistemologies ) WiFRETEAT/E
A EARUER R ELE AR - RIS E o M BRI W (E S b ¢ T R R Ub
(culture of mathematics ) il " #2971 | (mathematical culture ) o B &5 BB MR B 25
(rigour) ~ fi/8 (succinctness ) BSERY (beauty) FHEFFENIEEEAE » B EIREE AT
EHER BRI IFIRARSS - AT ISRV & BUAREE (socio-political attitudes ) ~ fH{E (values )
FIT 5 (behaviour) « 1A B R E B ARG L - WELE (S 7EBE2REE ~ (EIH
FOTT R MH E TR R E (B R B2 A Lk B A eI B BB A3 2 L~ 2 25 - SRR Cai(1995)
bhk P BRI SR B A VR AR RS MR fa - R B RRE 2 AR (RS T R A R B A R R S
% LELSEEER A A A AR - (B SHE R AR S ERAR B - BB E
1Y T EEEETE MR TS VSR E E A IR o ATLL Burton 0 R BUER R
WRRASE M E G - CHSE T EERAYSE ) (mathematical culture) » i " BERERH L |
Y RE B A EE L B R Y T B AHRE - AR BT E LR A TEm AL < H Burton AYRHZE ]
DI AT R R B 2 0 AR T2 - SEAIEIES ~ RBJE ~ (BT R E H A AT 2EHY L
b WHERFEE S BT R A B E B R R B - IREAZANY - Burton WD ATERESE ~ fHErEL
RS 2B A5 s B S L - MhFTEERY " BER R HYSE ) (culture of mathematics ) BEASE
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LSO E T #EEAY L ) (mathematical culture ) RIIELETAARSCHY T X L VEEE |
(mathematics in culture) 2t » [RRBERSERRL ~ BEFE - (588 T RS S vEE B FT
PR E ARG - RSBt g AR -

SRR NBE LR B NAAE —(E BRI - Rt > DA PISA SR 208V E 7 Ry BLRE
Zifa7E (2016) 48 EEE T —(ERIERINES ¢

B 2 i F A Gy B o e AR G ol BEARTE B AR > R 2 G
HE - BFPAN NI BT AL N B AR framA A N A S
FACALEFE SN A LG Tt BEA ML PR R AL B ik )
B o JEh IR L Y N ol 8 Ao A 0 BAIRME R R T TR 3D
FrAz® A A 2§ E o (p.73)

EE—RAVE @ 1 bt TEESUERE ) NERF AR HIHBIEE AT - 22
RS T L EZEHEE BRI - RAE—(EEEERE "o @5 - kEmLd

BOATRE > R LS N B F R AR P AR A ST R AL G F B PM T X
fRA-R MDA Y Su vl F ch 2 B I s SR RS AT IR AME(E 2 A IR IRRE -

M N EEREN A E FAE LHME - EEERNTE  MEtEANEE X tEEER
B PISA BB 2B EFRMANIARE » BRI ERIFAES » Liu (2018) FHREBAHR SUREREH—
EHE LR BNEENEIEE (FEA) BUEERINENE (BER) SRS REGTE
BESALBM VIS - 0% 1 F03R 2 o - 3R 1 B ER BN =HEEANAHEE (FESE ~
GHRE) BUERHES REME (2021) - RIS " EEREER | HORIIE 2 882 L&
BV ERIFERE « £I1F 1637 FRVRE—K » BEREA " 82, BN HRREER EE
(Diophantus ) FYZAF (Fffr) (Arithmetica) —& H ¥ B[ EHEREE 2% - IEEHEHRES
TilErs A GASas = 2o ERe AN A2 E = e T =

B FAA A AT K Heehfe VAR WELE TR o AR 2l i B AR W
y'=2" R R BEERCEREGaBIRE—EIREITYIEH o AR AEPES
AR LS TS BHAARE - FEPEE H e a0l & S N 2 RIVER - 212
BET S ERBEZNEGL (Euler) ~ =i (Gauss ) ~ #4f 2 (Germain ) ~ [/ HF#H (Abel ) ~

PKFPEFHF( Dirichlet )~ 285 {% ( Legendre )~ hi7#&( Lame )~ [EEZ8 R ( Kummer )~ 17§ ( Cauchy )......>

B REEH T BB A9ir o EEIEE R EE YT (Andrew Wiles ) 1 FRiEfEEE
MREEAEA —RieH BEREEH FMESE S EINER ZBIC T TR 7 1993
7 B E ek e A B SRRV IERE M - (HIERES RB R B iRie Al 3 T 58 I 2 e
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R - BB SAE T R A SRR A SE B RE R - R EARAR G AL T ERAIE A, — T
SRR o TrEEERRES ) =(ERSE: - SRR BN BERER A RSUE -

=1

BB ULEBRNEENEEE
FEsE (History) #5EE
AR (H-C: Concept ) * SE2 R AYJFE 52 FH 2R
7775553 (H-M: Methodology ) : #2277 A{E RS2 EREIRYEFR 7
282 RE (H-P: Problem ) © Jif 52 BB 7T 3 REAHRA & Sy B2 R
kRIS (H-E: Episode) * fE5H FEARE ST T BEAHRAHV SRS
#1& (Society) $5i&%
H#AFHY (S-N: Nature ) * #2277 B AR T HINIFE
AeJENER (S-L: Life) @ S84 HE 4 0E 77 HVER
&Cps% e (S-E: Economy )  SERAT &P 5 5 THI Y e
BraHGE (S-P: Politics ) * #ERAE LA & T HINIIEH
NS (S-A: Arts) @ SR AE A\ SCEMilT T HIAVIEH
& (Ethno) 5%
XAGHREE (E-C: Culture ) @ UEEMESAEA B RIEEAENRRA
J77AEERE (E-M: Methodology ) * #5277 A A R RIGHI 2 F 7 =X
P EAE (E-P:Philosophy ) @ SUEMESAIE I 2 EAEAYRA G

=2
BEUERBNEE TR
EF&EAE (Induction & Guessing ) F51E
BiZ2 M7 (1&G-S: Survey ) * {EfiR At 2 HpIAET TEIZL B 1T
TR (1&G-P: Pattern ) © 48 FHEIZZ B Afr 38 B a0 2 SR [EIH
FILIERE (1&G-C: Conjecture ) * 37532 FRL 0 {51 7 Hh BT B SA 1R
VS (Deduction & Proof) #51E
HHEEIH (D&P-I: Intuitive ) * 1% 4# H 2B ZZY DA EEEEME ~ GFM
FrBEtBH (D&P-E: Explanation ) : B2 HRF RIS E ~ G FEME
#Hmso (D&P-L: Logic ) © 48 R imag MR B 2 IERENE
HEEREES (Community & Dialectic ) 512
B ¥EE (C&D-C: Conversation ) * BB X1 BE L — B2 b S s E B A
s (C&D-E:Evolution ) * sEEH— B M e B A [E A 8
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2 ~ BB ASUE S

FE—ARAERRIT - BRI R — PRS- R B E AR R B M i A e B -
BT EREY o FHENRIERAIERAT o A % OCEER—EREZEA AT T ER - BT
%Eﬁ}?ﬂ*ﬁ%Eﬂﬁﬁﬂéﬁﬁkﬁ%ﬁﬁ%ﬁ@mﬁﬁﬁﬁ (PAALERE ) M (ERIEEE) B50 R AEE 5 iR
Rt R LUBEL IR T BRI MM B 2ARY 30 - B — B AR EER BT R
TEREFE %fkﬁiﬂﬁi‘}ﬁ%%?ﬁ%@*g%fﬁﬁz’ﬂ o [HERMH R B - T\ﬁaiﬁﬁ%ﬁfﬁ?}ix
B LAUERES ? T2 AT (GREEA) (PN TR SRR ES R
ALE T AP I I 2N 2T 2 <72 T R b AFTRIIZAY /S 2 =Bl RSBy B A=

PR L Eap g E N ERAI o LN EERTE - WESFER - TS ERAE
= R A SCRIEREE N R o RIS R ARG - B s BT AR
FF o A G R EmAAN BE U BT S RV EER A\ SR BB IARFT RS - MR8 AR
% (literacy of humanistic mathematics ) FtEREfess [ ASZEES | (humanistic mathematics ) HYZAS
B oo JEERE T ACEEE | 9 EREEY, 2 (Mathematical Association of America ) i 1993 FEH
WA ( Humanistic Mathematics) (White, 1993 ) —EHHHEFRR T ASCEER | 502 B8R
i LS R Bl R A CSCER RIS Rk AE A AT A1 R B ( Humanistic mathematics carries
with it an awareness of and a sensitivity to those things shares with the humanities such as literature, art,
and music. White, 1993, p. vii ) o FlEE$EE SR Jacques Hadamard Fi5 HH 5 E2AYE L B /225 R B3R 5
— i "W 4 (incubation) HYMERE - S EIRFRREL S RIBAIE LS - AR By S IR 5
(BUETEE) 1VEFH (Hadamard, 1945 ) » JE 8B KA G EVAIAY L ELIRRR B A SCEERHIL
TE - B E R B ANV EE NBEER LB s

BB I - PRERDEH v RS A AR 0 xR EOR T
oo L HHEE A ERE BB ARG EAE L3 R D)0 ] RS
#4m o (H 2 4F > 20130 p. 1)

EREE ARSI RRNEEEE - EEEENE T ASEE ) A HRE—EE
RS BIERYE) 55 - White (1993 ) 585 » SRRl HARV/HZE # U\ZIK%Z'EA*%'Z + ,(teaching
mathematics humanistically ) F1 " 2% A SC8E | (teaching humanistic mathematics ) FifEEFE » Fif
FimrEEERN - DB RA » AlE—(E S EREEE A e TEIPRTT RS - DL T iR
B—(EAEEAE & EREAE% (a meaningful, socially constructed knowledge ) ; 7% & F B2 |7§]
A fREE R R A E RS, - W E R R (SR (R EEIEMN
BT R S LRSS -
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CAARBERBE T ENERHRRELE R T AR AR T IR ) IVEERH
B w2405 Ermest (1996 ) Frif » 2IH P EEHIER A {EAY—TME (human side of mathematics )
FiTalt White (1993 ) Fraft DAERAE By 1 OB ERE AR T 2 808 R E Z Pnimdl - 'EEAFHES -
T B TR N AR BB NE / 4T B R a2 e A o B ER o ] FE 85 TR P T e T T
PERY#ERE - Marchisotto (1993b) DU IR E H R (fiehse A ARBUER 20N - DAS B A {3 E2 A
T RRER R SR BRI o W ER AT B BRIy IR L A A B B s (L
AY7ZZEIRHEL - iSRRI T AR Z F AR - T RTEEER Richard Courant A R
EIFEEEAEE O R 22 TR R AR TH R > SR ST 1 R IR BB AL - R
% B ELAt SEISRAY A4S > B CE B ERAE S PR SR HIEh - IR (B2 (EE?) (What is
mathematics?) —2Z ( Courant & Robbins, 1941 ) » HHAJ{FN EIE e B FHfEEE 2 —(EH
PR REREERG - 0 H A DUSCR LR BB A TEIHYARLE - (B2 55— (I #E2 5 Reuben Hersh AI50 A
Courant f£ & H1 A5 EHAIERG A EE - 4I9A SRR R A SOEH - FiblAA "B
77 B EE (showing what mathematicsis ) » AVGHEEIE “3%#” (TEEEEIZ (notby felling
what it is ) > Richard Courant fT/2H “77:#." HYZEEHERAVITENE - M2 RE IR A SO
YA S B « R Roat am T BRI N TR S B RIS 8 - 1 /0% B A1 i R Ayt B
SRR RO B (B - #A HJ55ER  Courant BT IEMEMN A B2 AMEIV G jslCH! BEUE SR (concept
definition ) - A A EEEERN T NEES ) SH T RESES ) (concept image ) » (At Hersh ¢
FisHemEUES (epistemological point of view ) » i N AH 5 (BEEFTREE?) (What is
mathematics, really? ) —E LI =% (Hersh, 1997 ) - Hersh [ T F iEEE 2 NS0 EHY—
oy 28 s R RIS I PR - MU R A BB HIUEE - Z1E - FEIERVEE
AR #E - BERPTER FRAY AL 1970 AR FARRIG T R EER AV AS Bp i Ho P i R AAERAFR =
— B (B T MEEMERYSS% ) (Mathematics: The loss of certainty, Kline, 1982 ) » 55—72
Imre Lakatos /Y (EE8HHELRZEL ) (Proofs and Refutations, Lakatos, 1976 ) - JE Lakatos £ (Z5HHEL
[ZBL) — 2 AE AN A N EE R B GE R IR B “E”  (polishing) HYFERR » DASCEL 5
Bl 20556 (Godfrey Hardy ) it E5RIVEEL D £ 58 (formalism ) - 2172 (2015) {555 (55
BHEARZ I ) 2 v e - BEE— 2l (T) FI=Ar22 8 (o, BRIy ) Z RN 2B En SRS -
PLE ¥ Lakatos HYEREL -

TR NS R SR RSB~ Bl HEEE A SR A AR A A L
o o DIBER BB Ry ] - BUERIETRMERY - 4R RN - WIE B IUER - (B I RIS AE AV ER RS
AT DL R W A PR AR L M (D - WA (EER RS i A fe] 2B P MIP A TSR E R » BB
N TEZE MM - &SRO - ZEBWETED EEE LB AyER - FHL
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EEMREYHEE T RRE o Bk N HA M B ee iRl - 5o NESIIaZE
W AE A S LAY R AT AT - 4RI BE, - (HERGEAE T L& P 1e BIRfAR - —fER
PR R LARAEHMINER FL ( Evariste Galois, 1811-1832) FTEEfEEER (group theory) » itk
EHEERPY (Augustin Cauchy » 1789-1857 ) FHREE fFHz Tt (Karl Weierstrass, 1815-1897) il
FESTBERALAY TAE » fIZEEE ) Hr AL (Nikolai Lobachevsky, 1792-1856 ) Ei%2 2 ( Georg Riemann,
1826-1866 ) % AfZHIHVIREIR(TES » s — - AC I R BB EE R - g Ehig T - B T Ak
( Wassily Kandinsky, 1866-1944 ) F15%{# B 77 (Piet Mondrian, 1872-1944 ) Z A Wi B 2fh &=
SR » A8 — [E DA ] (o SRR IR 25 ) BRI EC B BR( fauvism )R TZAG)RK( cubism )
FKAE o FRAMT AT LARE PO B EER 52 Jensen (2002) HY— ok ARER AT 5 R A B VAR DL -

BErE IR RAAFLLB I ETHRRF L A PR 2 AA R E AP
FAOFERY > LFE bk
B Fo HmRA IR

o FREER G L

=B

HAILF oo Fp A ﬁ ehfd afedp i 2V IR EP ah e e

E)
Food F3F ARFEFORPEIRZ L LR F RS
%

FERBERBLERH S AERE (narrative) © DURSRATIEREZEMGHVESR R RE B LA
QT RS v SCERR P 4S ? Thomas (2002) Fi5 HISCERHH B TR V4TS T FREARCE AT - Bl
BRGERAIZHNZE - PINEEEHLA A ENER ~ e - FMHRBEEEYEA 5
AETTREE » B NSUEE (45 ERY A B S U BB eI B - M2 SUE A EBHR A 2
EIRA R % - #EE P AL [E S BRI R DUHPRAS = - SN T A A L LR (4 -
ERHEERREERF ] (special case) B (generalization) HYFE EE 5 E T - BE5E
FEh 2RI R BRI L [FEIR - 1/ S IS AR E N\ W) BE SR S8 BV el i 1 g i A Y
FERORCIE - BUHEREER NSV Y © RARREE & ) PrZE ERVHTEERL > BN LIRS TR 52k
R AR T 8BRS | (mathematical narrative ) H/E{E/&SE - Davis (2012) f5H > BERREZ
DARCEEER T AR B SR AT A BN AR T - EBERRAE A EE R R i i
A T #CEEAVIEEE (it's full of isolated identities......But there are no accompanying narratives. ) °
NILTEREEREARE - (£35 BiR "BUlBs” e /attallek "BroRgis” HURETTEREH
SELF(EEG A LRI R BRe g - EEA ASUEE -

B~ BEREAEBEB XD

BRI A AL B S S L 2 E FR B R AR s ey \ SR 2R T AR BRI
5 DEGHRBER NSO BER 2 - N BEE AR R BN RIS - FradenyasE
ML IR RBIR - 1B R e — AT 1R ey Ry B B R L RRE 1 & S R Al ey 8 M o
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H - i ZE SRS IR KEZENFE L (Center for Research on Teaching and Learning ) 7
faRIVE R AERN (http://www.crlt.umich.edu/gsis/p2_5) o E BN R GETRIEEE =
REZ - BEHERE - BEEIRGT - BB E RO RES - M EA EE R B SR e
&

P TE RSP BRETT - BB B R ? SRS R R B AR & ? 121
FIHEZE HEE (outline learning objectives ) » #2EEf#55H5H (develop the introduction ) » £33
R AEA RIEAIBAS 0 DA 5 [ A Ay B BB G SBh  8 fE % - 5 B4 i A RTEIE N - ka2
FUERHI L > BeETERE UGS (plan the specific learning activities ) » JEH AL (LAY SE A
DA 5 2241 B S AIA TR BIRY 75 2rT ARl R DUSURNER A A2 TEE)) - 2 EE)5
Fi% 2 1% WA RE AR 4% (18 R RE DU HIES A= Y BREZAZEFE (plan to check for understanding ) » EHFZ5{AH
B2 R RERY[B]E - 31 2 R B TR - 1% /e AE (R 4ERE 21 TH &5 ( develop a conclusion and a preview )
DARS SO AV EE B RS B (B B G B EERG - A TUEPP B R 2 1% - B E AR
% (create a realistic timeline ) (B E/EENRIZATFRIGM - 71| HEE HERMESCIEF1& DAEL
P Bl -

USRI 22 2 BB B T 488 T -

— ~ T B TEES ) BERAE R SORR
"ERATEEE ) R SRLER & BAREE LAV E R RS - FAIER A A IS AT
R A[LMIBRERZRE » &/ NEIEREIREE - FLY 1970 4 - Ainsworth (1970) 54 PE5T40
Rl PR/ NEREUME 2 TR B R AT PR B A B 5 AR SR AR ) AURE - InBAY ~ BRER ~ [a) HZEFIE R
125E% % - Kaygin ~ Balgin ~ Yildiz 8 Arslan (2011) $+¥f 30 {i7 8 FE4RE2E - DI—{E HAUISFE &
it DA R AL PS5 R VBRSO N RERER A E R AhPe By B D R = 2 RV RA (R
A 4E T BB AP B 2R P IR o SREE TP 4GB B2 A —FRER AR - BORE BRI ik
F EHVEEGE T FIR TR o BN EIRATE R = B OIRIRIGRAE B R /4 o iR HI&E A
R MEEA VR EUAERN D B - R MBI EE T T R B R S R A BRI R Y
E{F - Leikin B Winicki-Landman (2001 ) DI 4HPG 850 IR EIRE (7 R A0 - St iitdE &
AR AR EFREE) » — SRR (defining by modeling ) » 55— {EZ 4 E
BEr5a ARl (defining by means of symbolic rules ) » Leikin B Winicki-Landman 32 i {[E 822 5 &)
{(E R & TR AT B e e < 88 B - 13 Lu R 5l A2 8 18 T ) B A PR S B Y 18 S R
( meta-mathematical knowledge ) - Marchisotto (1993a) $t¥FAE F(E A SCE g E A S8R H—
ERE  SERAEEBRNNEREE T D S S = c# (Pythagorean triples ) » SEE A —
(BB G EE A RANY 201550  64=65?  (INETHIRERET ) - FRER A Is B AR 1R AT SERI# R
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o HAYEESE - AE SRR B A AR B BB A A B M st Y A -

(—) BENTHEBE UL RN
"B ARSI | FOEESAE] 45 i - BERNSHYE EAR S U E AT B LR R
o g

1. &KH4E (H-P) @ fEsE FELEET T EMHRE A B R -

2. NCESffg (S-A: Arts) @ BUERAE A SCESffT 5 IRV EA -

3. BZE T (1&G-S) * fEFTHR AL Z s TEIZE B4 -

4. SR (1&G-P: Pattern ) * &KX pHZZ B2 ) M 8 BRI 51 > S [ERA R -

Al @ T bR RVEEE ) i e T RES T BRI S R -

REELIVER TR T B B MRS - R P B EERARER ST
BAFEFERTLLE C IR R 5 T —B8er “13-3-2-21-1-1-8-5" fI—E¥SZ5F “O, Draconian Devil!
Oh, Lame Saint!” (47 » psg cnfig & | o7 > p &enB A | ) o SRR AT EER R PIHT
CLsh B AV 82 DAS [EML MR 2y « B 4 T B AATE R ) AYJRE Sk 2RORT R RE R AL -

BREHASRINIEA B ETT LA A 2 B EE R T L0
FooF- BTG - ML RULET B LA HEA ML S 2 - E5] 3
#4309

By 7R ER A PR AR ARV RS A [ EE A — R AT ALE A AV R T ANMESBERAERR
B THEEEETREE /S ~ EE AR R T HERR MRS R EERRIEE T - BEEakatiihl
CAEEH SR R EZ AR R AN - EE A AR - (HREOR M+ T E A %R R
THEEEAE S HE REE o WRET ] D2 AR R E LT Z MR O A ER A ? &
A REISA T B ATE Y] B 1, 1,2,3,5, 8,13, 21,34, 55,89, 144, ... {5 =IHB
i B HE R A > DB A LARR Ry Fuo= Fant Fo o JERFEEIEBIEE O,
Draconian Devil! Oh, Lame Saint!” P&t & 78 - B LR DI E R EHREYC i
FRREV BN APEELY ] PR B 2RSSR S > PIAETIEM A - A =~ REE
A T ~ ARE I~ TNEE T =00~ 2ot i 8 =1 DUBR - i gem H 20
T EAYIMESEDRY IR $H A sE IR NE - oo —sHIF s AVIRE R 0k - S —4HIERF S HY
BRhER =Tk - 1o BB AP EE | AN

PREEB SRR BETIS > AR —(HERVEHNE " 64=657 ) AYIHIEE) - A[E
2 SRIEPRER—(EENE - FEA—(E 8x8 HYIE T LAB AN PR R 1Y 3,5, 8 BB UIEIZ -
AR AEERHRR —{l 5x13 VR ITI - ARG EORPABEE A S 2 g - FHFE BV R
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RERAIRES BB — 2242 — ARPKER - AT EBENRE —EEBEERE U 82410E 1,2 B
B CAWE— (%5 - Hp s =I5 - & THALHIRATRIEARR - S(E 8T 5 #Y2 M
SRR IREBESHVERE T - WBRECREERE A -

8]

5 3

2 T64=65? | IEATEENSL

(2 BEERHEGEE

HIFN S A 45 o0 [ I AR R R S8 S A R SRS A R s S B2 AR Y R T
TEEEEEE - FTLUEBATR M D R Ay BRI 7 5 = B E - NI AR e e e
ERRRCE ~ B2 LS BRI = 5 T B E A -

SO BRI A OIS BB B pICR SR - BRAE RHTREER AR T BT Es ) VIR
A > HEBEANEEE TIEABIEE - 26 (ISR EHNEEANERE 3RS -

=3
BAERRBEZEIEHIEE
T &
CABUFA CABUFN
SEENE 20 20
BRHERE DRI RE B EEE AR © 25/26 1/26
BRHEREE ARSI " HE ) AVEE B ? 23/26 3/26
ERBEEHNESEEREE ? 23/26 3/26
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=4
BAENNBEAEHNEE
B EME EEAE (ABO
ERHE SRR E RTINS PR EEE R (16)

BRI IR (4)
64=65?2 (3)
ERHEEHREA SHINEE AN ZEHINE (24)
RFEIAATARAEE (1)
&l (1)
ERHE SRR SR AN E BRI AN PR B IR (14)
64=65?2 (3)
ATEEH RS P HIEST (3)
AILLECANEEST (1)
ATLIERE S (1)
HERHIHERE (1)
woas —LBEER (1)

3 BUNMERH T BEAEBNAFAEEWEE > P E ARG RS A A - (2
TEPEEERR R AT LS B ANAS TR R A TR SR B AT R R A ST 00 - R S A
P e - ESRPARER THINBARNE R > MEESLES - CEARTHE
FRREAEBZIRENN (A REEE VRGN TR U R EAEREY > FETHEE
HEEHHES > BT E B4R/ D F BRSNS IR ERGNAE S - £ EESR
EAMTE o SSOMERRIR SR E BT SRR VB IR BIEYICT T TP AR B R e S -
S8l Kaygin A (2011) HIBIFEEIEAIE - K2 ©64=657 ) BEAU i SEIH E RS B4R
ERT - BREERESA 6 (IBRAREIZI > EREBHIBHRGUR-E T 22 TR IS E I 5
A BIANR A AEERE BB P RO

ARE LA BERERRELE IS P - W EEG - B 8x8 el > A 4
Buo B EAe ks 27 13x5ehE 3 A0 1 ¥ kg ff 473 #eho v £ 13x5=8x8 ?
LA (M kB ER > AR & B >,

L
B A o Pl XFFHIER A O RN °

EFREYAIEEEN SRR AATE RAVEEE - AIDIERSEENAE - ZA&RFEET T —
MBS 11,2,-1,6,-7,...... o HIREER T IR IE SRR ) bR a,,, = (a, —a,,.) %A,
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(RE(1-2)x1=-1 ~ 2-(-1)x2=6 ~ (-1-6)x(-1)=7,...) ~ ZAESRFIN RIS ERERE T EY]
RUAIHIRERY © S5—r A RIS -

FRERHEESRALT B R MT (LR L) - B G Jikifu R
Teew e S AT RSNG| - By RARESET] 0 1,2,3,5,8,13,21,34 >
1+2=3, 2+3=5, ... & #|T 10 min > MT = EA P p FA(E p & chdier|leg e o HC #c7)|
=1, 2,1/2,4,1/8, 32, 1/256, 8192, ...1t’s a magic~~Ha!

PAERES Ui HARALE ane=an/an > HPar8IHE 75111, 112,18, 1/256,... s 0 -
BECET D2, 4, 32, 8192, .. JAAYEMIRA - HEBARIE - R2AMREEE R AT LIED
AP RE R B E PP AVER AR - 2ERFIEREINES > BRREAIFRE B CRIRESIHEE
R FTERFEMRCE L T PR ) 5 - AR BN AR R A BAIEE - B2
TR E AR o

(=) #EXRKE

R R (AR E EIE PN SR E RS ER LR, - A8 R H R4 =7
(OIS P TR ZR B R AR (AR ANAE T T SRR ENRY o U SR REHE B RE T HI B A L0 TH
S - 15 ATRESE S (ERREEHE OGRS R B0 - NI E R A TR Bt e Sais RS A TR se iR
VB T > EREGHSE N ~ TE AR THE > R ARG il S E 12 - 5550
et B EI > BRE EAERY G B ARG - B CIPAHERE - BN AR
SOERRBUGGET - BRI S IE R E R T > B A B A EE > EREARAGHE
T LR R THR IR - A8 > S2AE ARIFBS IR EBIAIHE L) - A DIE L
BN B CRERIBRER S BY I ERE > EBESUEPHBRZE T (1&G-S) FISHAE
(1&G-P) iE M EEE LA AR R - BEMESBOBE T A e ARG L B3 R Ry
SITEEFINRIEE - RS2 B2 E AT RIS - (Hi2 B B E B e o DIE
B E B MR - S EEREFNE  AREBEZ 2R AREEE B AR RS
HYEYY - BEAEIE AR A% o RA SR E R/ DRl iEteiay) - HaRE E R ERURE
PIiE /o SMRAD Kaygin FEA (2011) HYEERTTH > R EHIREEEY) - LENESZAS - &
FIRERYER » BT A] DO TRER BA YIRS RIS R A B A RIS MBI 22 - TTRE EIR A AR

>

ol
Iy

= TERERME ) BEAHERESR
B A S PRIERE mERN —(E 8T - HINEEZ m N R AR - SR8
EHER Z 1% o €8 DUk SRR 8 T SR MR R IR AV - DL SRR AT
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FIIESE - B0E RS FETREAT E R HTRASE S - R ROERREN S R E BN B8 - FIhE
AEHEPIEAE (Tomlinson & Quinn, 1997) « Fischbein £ Gazit (1984) i 5-7 (10-12 5% ) F4kHY
/N SRR MPTEEAYR T B E] S AT B AR ] AR ERERIFE - Tarr B Jones (1997 )
BT 4-8 4R (9-13 %) BV NEAERMIERA B E RS S AT 3 B - B2 AR Y R =] DU 7y
Ky U BHER T AR B AAERENE ) T IR R T RO T B M, FI(ERE X - A ENE
AT PR 2K B & T AR B [ 5 =UA R - B4 B IR S e R AR TR R AREE YRR
1 B A T EE2 i) > Elbehary (2020) [RITTiSs 68 {ir 2 BB pTE 2 S iR A4 »
TERRAHLLBRERA A > 225 8 W (B B PR (A R AR R Y R T M R R R 1 S T P g 12 R TR T
AYEE IR - SEREEH - R&YHA 6% AT E B M85 (rational thinker ) » tHE/Z4EE
TR HEE VEGREE T HIER LN IR TR A B AR ZE ] - WB R RA RIS (EF4EE
HI R AR B A AT -

EIE > Falk (1986) 1R FRtREACTR NEL AR R A G srfdiy MR - —EimEk
KB A AT E2 2T o BEAE I T fl CABEAE2 uER2T AT
4 s &7 EWERE > EHY 2R (confusion of the inverse ) o DA MRS HES | s T &
{HE5f | (interpreting conditionality as causality ) = {51 F A Wi (5 BR ARG (EEER - eI —
BRAa 2 B AR - SERC A BRI - FE— Bkt 2O R RES D - §F
S A R A — B £ £+ R R AT S B ] (MR St B TE S BR
MARINHAEE 2T » EGEHE _ERE A6 2 SRR MR TR RS R S R
B o PR 0 SRR T RZHETE | FSRE T DU AR 5 A AT A B T o e T B S R
VRS e A B AR A BT A 5 - PN AT =R ( three-card problem ):

- TR Y RF RS R - R R WA 0 V- KA G A F - G
LF

Foav- 548 APgibjeimy £9- 8+ ¥ padkp 4t e don

=1

§ o HREEF PR G4 RES L5

BB AR DU BRI G 1T - R R A —R RS ZES  FIEER=7Z— 5
—EM AR R ERIES > BERE R EAREN R - R RATR T Wik o 5 5 R 4T
EEOHRRE 22— - BE L EWEEEE R R T AR ER - (SR
HH TR A A E - SR T hE R 1R 2 DU&ESy - BEsr el RES (R~ Ay 10 &Rt
TRk 20 AEEE R RER LA A (2 1 Fa E2) (e F20 F
GEID (B E1  Fas ) (2a%2  FaE D (2as%l > Fa%2)~ (25 %2

Foaok 1) FAEHE > A ERAE=E - P RIERERI R > iR HIEEREE S > L
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B (2 %2 FaEI(Fa% 1 Fa%2)~(2a %2 Fa%l) Z=FHE  ME
RN =fEbA T AT SRR ECK > NIRE =2 = » S E = v DUE#RHR
[E5ERY > B2 T RE R A SRR - AT EiElE DL T E R R, (Monty Hall problem ) fic & f55iR
5 B PRAR R R RR SRS -

TR IR 1960 AR —(HE R EETH " MRS TEREE S (Let’s make a
deal) - fEEIERNTH =B » Ef—RIHEEA —WE - HermRErIgREiE &0 £5
ANFIE—RBPIEEHARE - —BRER AGERReE =R EEE R » SRERE T
—RmF% - IR ERFASEF TR EA T RIECEFE 7 Hd— B A L=ERFT - 2M&
i THR L B TR ? o HEE IS G H PR TR R - B R N B A v
A ETEE 2% Steve Selvin A 1975 4F 2 HZ45HAT] ( American Statistician ) AP 4RARAS » 7
[ T4 R0 TR DR AR - B E R (=R fEEAEA
EHERITLE SRR T REA I E EIREEIRR %)) BREVFZHER
BURE TR Bt Fam AR - — IR EIREAERE S - W45 H IEMERVETREER - B5—IRAIER
EXFAITH—RBIZ% > MEFERE—BFTAERE T, 1 TR BER AR
Ty — - DU R SRR S S B R R AR BRI SR Paul Erdés 24
FrEE % - S IEMAVEEEHEZ " # N Granberg (1999 ) ¥ - KZLEATREE (79%
Ay P EIRREER A ~ 8T%MYPEERE ~ 83%HYSEEUERA A 84% S ELER L ) #SE "R, - Fofn]
B R AE SR VR4 HEE A VI E — 2 ? Tubau ~ Aguilar-Lleyda #1 Johnson

(2015) 38R » — A GEEHEMTSERRNFEFERE Z « —2ENBE&VEERR
(‘emotional-based choice biases ) » — R FREH R EAVZEHEE (cognitive limitations in
understanding and representing probabilities ) » [RI[f] " 2 R RIRE | 285 W A PN ASE O BERRFZE -
B0 Glymour (2001) 5 " ERRE , PAR—E " HHEEEHE  (collider structure) HYRHR - [H
RS- Fr M TRIGER- E P EREETIARZE  HER T #F A -
FoE—BRmEE (AR ST AFARP < RIER ) BEE T RAVHERME -
A R 5E R & A S R ] S S R e HE T Ay 22

(—) BXERE

TEMME ) BRI R o BN REC R ERBISRT s A - DITEE
ESE BRI R

1. &EHPRE (H-P) © RS BB T R RE & A A BER R -

2. BT (1&G-S) : ARt Z S pIHET TR AT -

3. HEEGmRE (D&P-L) » i@ fEmm S st B2 e 2 Il -
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4. SEHFE (1&G-P) : & HEZL P4 B a0 2 St [EI R -
F—EER T UL RVEER ) B Her=(EEn T BEFHsUh ) i e

16 TREIEEEE) , (R BETEREH=EEELS - 2 2 shEEEEAESN - Bt
TEFA M (M) BI—EEESE A ST - B84 5E 1% - AT RE—E(E
A > NIESEITH—ER S8 navEE WA T# ) 80T R o w240 E
T B TR SRR R o AL AR BRI E MRS - SO SR ER A WIRE R Ry e —
% o FEAE R AR A - AR TP RIS FAURAZYEAE - A0EAR LT 10 20 ME4CH: T #2
TR BB - B TR R ENRIERA: T, BT R WUERE ) ERER A TTRER
BB EANRIEME - HREESIEREA - ABEERIINAEREE B 7 KBS 2 —(E
REAE H R REAYRE SR (https:/math.ucsd.edu/~crypto/Monty/monty.html ) » 4k a] DU H
R IRFI R B, MR LR E TR - B4 g s T, Ay
HSPREL S o NS HENE A MIES R TS T SRR EHEARERE S - WA AR/
SHETEmTEIARE - E(EH SR MR 1% - ZUEMAEBBHRE YT R E— 50 - & 3

BRI ORI - SRAE T TTAREDURITIER =) G +2) = MR TR R
BERAA S (D)= - BTGB (% 5) ML TR ISR S i
B S ¢

#1712 53 F 1/3x1/2=1/6

E 13
= S B 13x12-16

R 12

& 1/2 123 & 2/3x1/2=2/6
W F /3 /

Rk 12 43 8] F 2/3x1/2=2/6

3 ERME 3 FIBPEHRE

x5
ERMEF BRI BR
BEFES 2 (P EIAE A BEFEES 2 (P e
BEE1 O BE2 EE3 BEE1 O BEE2 EE3
B AE 1 L HEALAE 1 =]
HEAnAE 2 W HEAnAE 2 i
HEALAE 3 L HEALAE 3 .
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£ THEE R HEARARIE | FEEL - BATAVHERE TR

ek 224 1000 S0 R f-odmTE AR - B o4k RER L BP0 A
Frip g AT il %.iv&a‘f%“}iw 998 5 s % E G IR AEFAINGEFIT h -
B EER T BLTAH ) VER TR TR RIS

B MBI R A AR - BMMTE GRS L= - (HERE 3 BPTESEE] 1000 5
P9 RUAE2 AR ML S DU RE  JETSE DL 4 BRPIRI 5 BPIOR" AiE4HAS (advanced orgamzer)
AEBRARNE 4 BRI 5 BT P ENR TR TR HEER AR
999/1000 -

(Z) BXEIIESER
PRIFIERETEA S A E SRR BRI - AE_EEE SARRINEE - 7235 50 rry#eR
AN AW R ReRE R = EAVERE > AR ELE ﬁméﬂ’im@ﬁ‘égiﬁﬂﬁfﬁ&%%
FEFARERLUE PSR 1000 FRPIRFHIIETD - AREBEEHHY %é\%% XEBETESERE
> HASUFERBEETESR > SIRERE—FlE = 5 37 A - e BENSEEED G
0

b 20 A TEREEIE R - DA BB P P AR R —— - b aTHeR

1000
%l%%% SRR T, B TR E@T%%ﬁ%%% A TOREETY
SE ez - 1_ 1
1 EEECRE L, SRR a%%f;%looo ()
et T 11
2. EEIERT TR G fg%?;%moo e (B)
999 1 999
3. WELEAE B @S feRh =L (O)
- espoe [ 999 1 999
4 BEEIE TRB SRS R =2 (D)
999
- ©) 2000 999 ..
A SR, r % _ — ) TS
S B ISR o s - — B0 o i
2000 2000
1
TR ErEEseR s ) 2000 __ 1 ey e e s

(B)+(D) 1 , 999 1000
2000 ' 2000
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|
TPV Wi :
37‘39"@ Wi T\
>t

4 BAFTREARAREHAE

19 {7 pi 1 Hhe o M TRE R B2 AR W B RSB S R S I - [HIEEE RRE W]
LLoy RyWisst - — SRS SRR MIRERY S E R e A - B0 A A5 2 TSR R PR ARERET R A E
PR (BEA GRERE R(1E > OREI0EE) - RS S EE BT AN B E L B
EAYSERR - SRR RN EREESE 0 B AR BERAEARNENL T RiGREEME
TEEtE - C AR AR EEERIEERIRS B - Tl BIREEEHEE RIS R
ELEREAE S TR RAREGE Ty s R g kv kg ghEp gz (D ) o [EBLEEIERTLL
it WRRERGTREESERVGER - A - A AR © 5990 17 AR
REERSTEE > B EMAMNERE - ZRNEANEHEMEFRESEA - KE T HIREE T R
B —Ebr BAREAERE I B A RIS TT - S8 AIZ A E RGN E A #HE
HUBAZ o 5550 A BIRERHER Ry R FEGR M « E AR iARE B ZRR K  (HREi
EHRIE -

(=) BFERE

B—fm h AN - B RIS > FROFERE I ol DI BT - FTLAAREE
E R — (A Br RS S 2 A W E AV EEEE TS - FE IR R > AR
HRATER - DISEEERM G - R—FEEEBE T (1&G-S) ~ #iHsmsg (D&P-L) f15¢
B (1&G-P) 15 = HEER LA TIHERE B ARTHEY > SRR 7RIS (BRI —FHY
BAREAZRFRFRNEEBE - THRRA > BRERLMENFRIA— /e —F
== BRI = BEHENE AT BB R MR » HR - RIS
BIEEERELL 4 BP0 5 Fel RIS RER AR B2 EHERS - (B T o s ] AT RE A e AR 7
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AC xBD = AB x + AD x

= CO0S B xSina =

=sin(a—-p) =

(3) BzE/\PEINEEIUER AEBC » HitEh (Ptolemy) EH - 15

AB xCE = AE x + AC x

=1xcos(a—pf) =

FEENERER T RAEARRZ-RVEE (REE—HEE D)  IMaZEHAMER » MRk
SERAE 0° Fsh » LL0.5° R L] 180° K52 - EMEREHR Tt IR HHVBERSCH - Rk
EERRES I RBBNH RSk - LHAESMR - B2 - K=" -
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An Exploratory Study on Developing Game-Based
Mathematical Culture Lesson Plans for Cultivating
Quantitative and Algebraic Literacy

Tung-Shyan Chen

Fundamental General Education Center, National Chin-Yi University of Technology

This research was based on a 12-year compulsory education syllabus in the field of mathematics, and it
integrated mathematical culture to develop game-based lesson plans to cultivate students' inductive
reasoning ability for quantitative and algebraic literacy. The teaching plans for “Mathematical Card
Magic” and “Chinese Ring of Chinese Puzzle Games” were given to Taiwanese junior and senior high
school students, respectively. This research was a theoretical and reflexive study on the implementation
of the two quantitative and algebraic teaching plans. The results of the study demonstrated that most
students were receptive of the teaching activities. The activities helped to cultivate students' inductive
reasoning ability and improve their quantitative and algebraic literacy. The use of mathematical card
magic was a new experience for many junior high school students. Combining the concept of number
sequences in Grade 8 can effectively arouse students' interest in learning and study, cultivate students'
ability of inductive reasoning, and then apply the patterns of mathematics to perform magic tricks. High
school students can develop observation, exploration, discovery, analysis, and communication skills by
operating the Chinese ring. Teaching activities can link the concepts of logarithm, number sequences,
and series and recursions in Grade 10. However, some students made mistakes in mathematical
representation. It remains difficult for Grade 12 high school students to do more in-depth, abstract

algebra thinking.

Keywords: lesson plans for algebra, game-based learning, quantitative and algebraic literacy,

mathematical culture, mathematical magic

Corresponding author : Tung-Shyan Chen > e-mail : chents@ncut.edu.tw
Received : 25 January 2021;
Accepted : 9 April 2021.



PRRE TREERKMERBMBILUTIRR 57

NI

IR E S 2019 BRI B 22 B R B 20 5 ke ik 8524 5 45 ( Trends in International Mathematics
and Science Study 2019, TIMSS 2019 ) plSi&:3% (ZEH » 2020 ) B FREIVUFELREL )\ F45 22
A B ERER R Bt 0 A S B 2 St B A4 SE U AN EE — - FRERER A B B R pl et R R A
ZBRN B[S A (Mullis, Martin, Foy, Kelly, & Fishbein, 2020 ) - [EHFFEIZEE % %24 T 00 E
BT FRE NS - AR RYZ Rt g S/ - St pont B R 2B R N AT B SR B
BHERA ~ B OHIES AR R ESTAMTRENYE - TIMSS 1999 % 2019 fYE/&E2 4 T ¥
BUERNER B | B T RUER R S (B A R AARTE | BIEAGESR  FNTHENE B oy EE A B
P HEALERES o 8 n] e AR A B R A R R R R B R T R A T T R R
& - i - 2015 A 6 H 18 HEEGUHTH A /AR NE—FR A S » WIlE 1 for - BEEE

A Lot of Thought

Whiat 3 the nuanber of the purking space containing the
m.

/6 J 06 ] 68 | 88

B 1 REFEEREMRES - 518 TEH TS EEaRREEg UirEeR] L @1
2~ BFESr o 2015 0 HhEEEENT

it o sCEREE H AR M EE/ N4 g KBRS K » iR AR F S paR
o HEESENEEMANESREERE > AREREAEES > BNEEER - (FEERS
MEZAGRER - K 7B BFHETGE - (EHBSEE G A T 8 (e BRI
T (18 2) BFEIFEZAH -
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88 | 89 J %0 J 9/

A%
o Burameyuod sovde Fuenund sy jo Jequinu sy e ety

y8noy) jo o7y

B2 JEH SRS AR

28+ T HEBRAEAHEREMEEM DT OFRE ) MAIRERE Y T - e E
FERR EBLAESE & - IBIBEE T MBI N EE - FEE 108 SRAIEE - BEEZ
DA—FESALHTHER S NEIEHEE T - IS (2016) sRASEE UL ASEE - R4 25
LAY P RS EREEE L IREEER B L 35 JEE AT LIS EE R4 TSt - (RAEE ) 7Y
IR o ASTREF 480 el A AR B R A A S BRI R i B A R A B S LRrSE T 3
PR PERBEE > WERITATRHEE 2 IR B2 77 =0T T EE e R R il ) B T P R R
JUHER | WI{EEEHREEERRENERBENLE » DRSS AR BRI E R T -
EASEOP=

(—) BRI BRI B IR B F R T E R EE -
(=) PRovEd B prbass 2 1R LR S LR E B B AR -

A~ BB SRR ENERNY

AR G E NS E TR FrfEbE A Ay — L » Kline (1953) 454 #E—HEP
P SAE EEBMEE TR - AEENEREA LT (GREERE - FEFESS » 2008) -
B (R. L. Wilder, 1896-1982) 1F ( #1221y ~r{FE#E ) ( The cultural basis of mathematics, Wilder,
1950) R ACEER S ALY A B G SR S S B R A B BER IR 0TS » R P BE2 S by
A > Burton ( 2009 ) i &2 1 97 {E ( culture of mathematics ) E#E2 <7 /I ( mathematical culture )
AR

#H ¥ h% it (culture of mathematics ) % =322 HcF Ap B - & K 5 (Aoft £ ~ Bl
FE? FE TR ) o BB < v (mathematical culture) % S F ik g ruie
CHEREEL 2 HE A ERCRE CRRERE Y MRS - (p. 157)
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S—T71H > BfA7E (2016) R TS bF Y% (mathematics in culture) | 81 T #ER Sk
(culture of mathematics ) | Wi AFEAE A " 827 {k | (mathematical culture ) :

A ek R BB AR RERY O F AR AL g v TR h
¢ RHIp T Ry B AP e AT IO T 28 H R B

ey 3 B8 B o (pp. 62-63)

Zfr7E (2016) {EHEE A1 Burton (2009) HEFFAE > (HAWAZHHE - EIFEEE > PEH
RSP EEESA LRI TR IR E R - TREEH - REBHEERE (2003) SRR b HAE#
SR [ HRERRERS 2003 FEAREM (5 i S PR R AR ) (B ) (A RIEFEZEE -
2013) FEHEESbRVEE KL E » DUBBBERHH 8 BAE - bR T EREEE L1y
RlA - J7RERH (2007) #E—PH2 DL T BAEEE ()" TEMEE (J775) ) BT EREE (&
B ) = rAERE LA BB S LHUAS Z 4518 - BEEAE 2017 4 (il R a iR ieE ) (HhEE A
RAFEZ S - 2017) {EERIE4EE S FRITEEE SR ASRIEA S » RIS b2
fREEERY AR T BB E - 075 B DIREMAVPEIS R - EREEERAE BT - B2
ey ~ HEg R ERMAE S - DUREEEERAERN A SCOES) - NIEEEE - SISk
(2010) FRAEERSULAYHT BB B P BISER H R — » = SRR RAHEE -
TIMSS 2011 % 2019 FEZEIUFLRDL FRZE RN EFE R LPIEZ TR - Hs
REIFESEES (ERF#A 0 2020) - AN EES2ATEHEANENIEEREEIHBIRIER " #mEEA
Bl TR G228 | IEK - BEE (T FEBEREAHFBIR P/ N @R S 40 P E R RGERE
G2 EHEHE T ied e oy e > 2 WG BN F Y R LR o W ORI a R
s LB rga 2 e (BEE 2018 0 p. 1) - —ELELAAE AL ERAEIA [E]NT - AIAE
W IEERREZE SR - HABEBRHEZORLBA RN NEE TR 82 A BE 2%
ARG - RUish - RiEHATE (BEREwEERTTE) ShFrsRg]

BB OPEE PRI T (LG IR BT B A~ F LS
T2 RS E e FHESFREE - PEEER F A Y R PR F (F

LB > 1969/1986 0 B ) o

BT AR S b A E AR S5 TR R e S BB miE T > HIE RSz R8-S UL BEAS
B3NS - BBEHE ULk - REREHE  HEEHEEEE T HREAERTTEIEE S
{eBEEE L - BRI  RRAIAEES - R A e B R DA B AR S -
RN MR EER - BS54 (2008) S0 REEA T T 81T b s -
MRS A LA R P T F BRI Rl E AR RS - A PR =2 BV EEE3Ieh & 7B B b —
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B AEFREETTR - WHESZH - NIL > IFTREREE SO bR A E SR
BHEE - PAS T B R | B T PR S LR | B R RS LR
{EAY BB B S S L RER AN ST R - SR T T 22 - DO BER AR ENS: > DIBERHY
Fat -~ R B AT BSOS EAE R EREYEARENER - SEE S
MBS B R - i A — P BRI - S - BRRIRE b - SUETER (b
% » (HERAEZ RS -

& BEXREARER

B[R A GE JJeFEET#E] (The Programme for International Student Assessment, PISA ) &% 7%
EEZEEfE4H%% (Organisation for Economic Co-operation and Development, OECD ) H 1997 4F#E
FH4nEEH#] - PISA (OECD,2018) FTERMESEREIIAMI SR "8E - T FHEEMsER , -

P B (R ) B T ZEREAR | - EVUARRER Y T BE ) B T S LEARR (R B T e
B BN - BRI 5K Cajori (1928) WS M TR R EMIHIERAT 775  SEbtst
¥ - AR - EEAEAVED - B —2E0EE: (BN 1 £ 2 540 se gD R EE AT
& EEMEEAEHIER - REAVENR 0 #EEE T EEEE (B3 4545 ZEEA
BHVUAE R SRR - WP 28 8BSV NGRS - fEETHE - DIRE AARE > 288
AV B R BETR - SE=22 IR (BN 5 2 6 4% » B2 8L Ny AT & > DUE A
AR RR R - AR R A4S MR © 27 e TUEEIEEE (BT 7 2 9 4 seslan 2
REAIRES B TE » PVEREE AR -« it =0 AR e - BB HEEIEE: (& 10
F 12 FER) o BT E B R T R R B - AR AT S T BB S - M2
aoanar B - BESURR 2 TR RS ~ F5 B R er B = o e = RO AR B - AR
T E PR AR AR - B A (EEEIEE: - lEEBRa e R - BEREE oK
Mg - MBS LIS - REFAEIREWRS - 2AREEIEAHEEET
TR TR R o R M L RS AR T AR Ry T ARRR Y

National Council of Teachers of Mathematics (NCTM) (2000 ) 2F5 » (REER S IUAE 5 -

P~ BEARIDTRER ) T E R ARERT SR 2R AT REEV BRI | - T I BEREAEAK
RIS Z B T T SRR RARACCE | - BEE SR B A fe 4 A B F
AR T RV RESE - B2t a5 — SRR A SRR (Kieran, 1992, 2007 ) © 22
JRNE (2013) 385

BELa R R SRR AT - 0 BT MR BT R RS

fseniN e ix o 4 RE - it o (p.518)
p
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— LR ZEEEIE (FE4E 0 1993 5 [HEZE » 2006 » 2007 ; Laborde, 1990 ; Schliemann, Carraher, &
Brizuela, 2007 ; Simon, 1980) » Hf " &ifig , #EA "8, 825 > H—L2AME » Al —(ERS
P - AfEEE AR (1996b) BIHEHY » FRAMTE—E2 A HVERE RHEA = Seil - B S e
FE—E ] R > FEE AR (1996a) BHFEEEER T BDE TR ER E W A AP (B R il o » RIS
DI P B2 A SR E RE 12 —BHEG B TR EEN - Bt E SRR R E & R -
TEFRSEET LS b > FRMULHFREDEERER (2011) rytels - FIF " Sl =0 " B FRiE
MREECET A R BT - ARINEEE B - ARy T EEEMRR - 2e8% A HARE0E
R FIE T IRRAE - (NIRRT Hilr , 245 T 8, B2EAEEA HEE M - ARER
HAE 10 FARFEE - B - PEEURIERG ST - BRI T Rl S T A8 1y T Bl
BNV | BEEEE - — TR | ARRABERTTE - RE S R B S LEE » BRI
IR > DU RRE R A UHEERZEE (Aul - 2015 5 REEESE > 2019 5 & ~ EEd0k
2012) » A HBENGERZ BRI L EERZZEZEBIPRTE -

FEIE - FOOE - BRFHRIME (2013) &KRGEINSMNEEE ZE 2 BIRL » R IR
BT

BAPHE N SRR R AEY A AL BRE A RN RRRY 5 TRl
SEFF > A PR AT B BT 0 R PR o B B B g
B Lt o EETR ARG B ALHE L0 S L e
ME RN B A fRARMAOFARY 0 iR B e AR EE - (p.19)

WA H IR BEEREAVOR BE ¢ (1) S2EWSHEEER DR - (2) EEIEHEANE
ERRIE - (3) BEIL(EFHVSRFEERHIRRE - (4) HERFIFETEESEE TH - i 12 FEEER
QoA R > LA (E AR - se D BIREE - AR A SIS - I PR
RIS - Grig DA Eamh > WP E R T ERAEERE ) MEMEE - BRI BT 3R
& R HEEE RS -

B BRERHEEGET

—~ BEHER

T EERE (game-based learning ) EATFEEGEEH— 2T > UEE B T HBUEEET
B BB 2 E T A B BN S L E I —R - MR AR R B 22
H o (B SR B BEkAYEEE T3\ (Plass, Homer, & Kinzer, 2015) - E#HER - 1B E R
Efaaat— O BERE - (SRR AR RIERAV TR KB AN T oK 2 RS-y 22
F =, (Plass, Perlin, & Nordlinger, 2010 ) - [@#=CEEHF(FEEE (2016) AL > 5L
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HERE B - BT AR HBBEFAMIER Gt 2015 F2HBERERG®H TR » EHE
/NI A T BT UIRHEAS LSS - BRI RN TR B R R AT - IR " R
#E2 (JUSTDOMATH ) | 518 - /&8 T SR s EUEE) | f1 T BT oohiE 2 | HESh ek »
WS AT EE) TSNS SRR DL R, B BT P
% o

Rt L EEE R LR - WERBECEEE B AN B TTRERE - AU5EY
FRATFEENEEZEYIRDSERHERE - MR EENSEEEH - & - PR
VNS E LI IR - B - PEEE > EHEREENERNEEYN - BB
A RFSR LA AU - Bl ERE > 2L I 2R 55 (assimilation ) BL[E1L
(‘accommodation ) o H it 2 22 B A1 Y 10 A e 28 K 2 — (B R EEAY £RE > HE MR B
(d=a,-a, =a,-a,=a,—a; =) BRE (a,,=a +nd ) Zf » SAVAKE I
AR B EUER 2 Ry - WA B E B AEERBAEERE e — KR - THEEEY
SO IR AR PR ~ BRI — B TRE B (NCTM, 2000 ) » FiT AZRAEERE IR S
TR - AT NEAG R Ay TR0 - 281 B B/ DR B T B2 AR N S = B I
(Zazkis & Liljedahl, 2002 ) - il /282 A B4R (linear pattern ) HYRERIAE

BEAh - BRAHERERE I NMEE R E R ERIE T EE RN A - 12 21 SIS RGEL
KEl/DEJE Sy (Molnar, Greiff, & Csapo, 2013; Van Vo & Csapd, 2020 ) - EF4HEF 2R bmE
—FALH R AR R E U — B R i A I ZE A HEERRE ) 2 — < 2 A1) 5E( Polya, 1954)
FEH - BRAHERE o] DUE FEsE 2 SR R EARES - CEAE BB T —f%{b | ( generalization )
EEEEERLET T RO EEREN A E T b SEHBEN TR
AR AR ORI EREETIIETE - A TIER 2B se B i s H At Ty = w515 18
ZIEWENE o BEATEROVEEE N E AR SR EH VIR D NIETE B 58 - thREN S B E R B R
YIRS - R EBEEE PR RN - 2 LBEESI R & R sy —([Ef2 7
( Haverty, Koedinger, Klahr, & Alibali, 2000 ) - A 1 - 272 (2016) FEF4RHEERS A FHE
AR EHEERBIEE W& BT EZ 0T ,(1&G-S: Survey )~ I ,(1&G-P: Pattern )
A TETEE | (1&G-C: Conjecture ) ZE = (&K -

&r LRIl - AR ESHEBN B BN T S R (T B b - IR R A ER
HRES) - NEIRBLEEAEER TP ME - AEENZ A ASUAR &3 E VR
f%( o Garris ~ Ahlers i Driskell (2002) wtfetH—{E 158 ELBWIE AT - H R B3 2 H BT
(user judgments » f5E2E FHIYELZ ) ~ E2HFH TRy (user behavior » FEEEEHNSERE ) HZ4%

[E]85 (system feedback » #Ska%aTE YRS ) =R —(EENREARE (& 3) AL EEE - AWT5E


https://www.sciencedirect.com/science/article/abs/pii/S1871187113000163#!
https://www.sciencedirect.com/science/article/abs/pii/S1871187113000163#!
https://www.sciencedirect.com/science/article/abs/pii/S1871187113000163#!
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RIFE LAY 2 N fi s R gE

A 2L
BB
SR
Y

3 IREEEE BREAE o B H “Games, motivation, and learning: A research and practice
model,” by R. Garris, R. Ahlers, & J. E. Driskell, 2002, Simulation & Gaming: An Interdisciplinary
Journal of Theory, Practice and Research, 33(4), 445.

» BEEGETAE

KWV ZE R ET 35 B A 2 B PHIR KRB ENTSE 0, ( Center for Research on Teaching and
Learning ) Fr#E AV ZE%s1ER]] (http://www.crlt.umich.edu/gsis/p2 5) o B FeEHN 2K MAEE
ZHIYCER ERNER  BEHES - BEETERGT - BRI E BRI RES o B RERPR—
(e EEaEt e (E 4)  sHEAEIFREE S FEREREE -

HBAREALBINET?

B THRAREE BT BB MTEEEEFS?

%

4 BEIGEHEE

e EIE TN E B
o FIHEXEHE (outline learning obJectlveSD BB LERRE - R 7 RIEAE
AR E S ? URLb EFAIRE S « BUSFIRT B A S 2 A se s AR PR A Ay 2
o MBS (develop the introduction ) * $13f - RERSAE—{EA RIS O A5 [ B2 A 1Y LRI
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BN FEEE - ARSI R A M A\ R -

o JHEEEED) (plan the specific learning activities ) : FEJERRAYEEN 0] DA [Z24E/Y H O 2 AU
SRRy 77 =] DA R 2 Aol B AR 1 A VEE) 2

o JEERERVELFEE (plan to check for understanding ) : NIFRREE A B S EH IS AL E /S ?
e 4% TR DA B2 AR Y B AR AR T 2 AR AR mTRERY RIS 2

o ME{ELEEEHITEZ (develop a conclusion and a preview ) : Ff BT S Mt 17 7 B RS B8 22 B BhAY
R o AL ZENAEEE - (RERGEERAE 0T » SR FH AR MIMS RFTEE FRYES -
7508 S R S A A B ARARE -

o EHERRIFEFR (create arealistic timeline ) * ¥I[HHE2E HIRAVIESEIEFFZ - (GRS SENAE
T FRHFA o

h ~ BEERBERIEL

ARERER AR AT AR A\ BB SRS T BB AR, R IR L E B
FEAERRT > BRI — 285 [REER AR BV SR 2 - DAS SR8 - AL
EHURES S > B A RS A BN - SRR A - BEAERTBE R 2 B E A
e > SRR GHEEAVEE S o B REE R ERE -

AWFESE—EEEE Ry " BB, —AEE P IR/ R ERAVET - RASE
HARFPFEAENER 51 26 (L FRSBERGHER - BT E AR ETER - FEE HiR T 8
ARITEE 3 I BE oA RS /R B S MR ANRE 1) » A PR SR S RE R AR Pl
PHEAEE Z B - DU 2 IR LB B et B 2 A RGHEERE ) - i
THREESAEERE - I - B3 T Ely ) S T BEREAHEE FEBEER
HAETFRIER - B RESBURERIGER T - S T P B S LR | B - RBEE
FeHESHRRE G T = ER AT HAEY - MASUFERBERERENES > 5TA 15 IF
EE TR 8 sHSBIGAEE - B R RIEIER o PRESZIC L EER 8 e fiE S B (E 0 A 200
REREUAIF > T Hlr ) 2T B BRI UEERARE » M S BT T
AHEFEN AREEYE ) o EETEESUERM RS EARARTE - A T P RS
R B R AR TR P BT &R - DU TR/ 48 T BE e R e ol B T
B LR | AR R PRIUARE -

— ~ T SETE B G | BE
Koirala 81 Goodwin (2000) Wf5e#REERBEMEL A RBEE - AN ~ NERELIER
T R A S, > 165 (3552 BN - Lim (2018 ) B9 E2 35 AT B B2 3R P o F IRl 1%



PRRE TREBIERBEMEREBIILHMFTIRRT 65

I BIRS SR AH e GRMTETT - W5 SRR - (E AR EEEA IR
TIEEBUR(F EAWNEE - AEEBIC/ 2 T HE28Y ) Bon > AP EHERAEELEER
ek F 28 e ie g FARBG IR > RSB REN - EE S ER R Y
RETT > SRS HEE AR T - AR B A A B v i e n B R ol - SRR SRR E =y
FYIBElT - FEEDER T REATATEE 7 MR BURESEEE - 5[ EEAE

(—) BEAE

LEEAEED 1-BERE T - AR TS B SRR SR &2 T SRR - 27 (SBERas
ZEEhR (PRESAE ~ S0 > 2009) » FEEEE L —RIBARE - BERRIEEHL— (1 8242 - RERE e
AR R ZIRFEL R RGBS FEE - B AR EE R EE
AR 2L HHGRAVICOMIBE R - FRF K - B H I e T MR =R Hos T B
RIRERS HH et e AR Z AE CARITRE S, - BB FRE AR R (L 5228 » A1 [F)— BRSPS B
IR - BEflTiE 1% - s T REGAT ey ? | Seii e SR - B EEE R - 5[
B (HSCA R -

2 JBEMTEE 2-885 M - BERBEEN I E—RIBE - FESFES Db s e 2 =1
WR—feE " $#857 (four of akind ) BIVHFRFCEA[EIREEARIFEIIRE - FEZERE R BE TR IR P28k
=01 BRFPE0F > EEEMAT R - BRI AR E S5 H#CE - Bl RIE5E1R - gy
BhE Sk > BAEEE AT A

3R - SEE SR EE R E PR RTRE © SEmBE AT RE R EER - KB —ESTERTR o
REEMT T A AV sC . (18] 5) - SRR S PR B M BT AR RN E R
Ay REREBLRTS - 55— E M ioH R BB RER T IR BRI (R R bk ~ 4L
O~ HAE ~ DT8R > B RRREEUD A d=3 ISR (A, 4,7,10,K,3,6, - 2 [ 5) -
FoBETa R Ry A~ 2~ -~ T~ Q ~ Ko JEENPECEFEREE (modulo) ffE - MEEE—(E Bk
DA —(EEHIERE > ATAAE Ry 16=3 (mod 13) - BRMEEEERHEY IR EAR - HETTREMTRIENT -
T A A A e AV AT — SRR - 28 A PR R AN HERR AU RO - 25 Rl
FE—ERE - JefBE e MK 7> =100 > St sd e > s ek IRORIERAR =3 hga0f - B
FTTREEE RN Ry N2 d=3x3=9 HYFERY] - HEEEE X HREEUMRE T =00 0 B
SRy d=3x9=27 (INFZEES > A7 27=1 (mod 13) « NILEEBRIIGRHEE SR 73 =17
50 BRI A d=1 RS2 801] > BIBEve it S SRR B - 88 R Frh H (R SR 95 e U8
520 BIVR]SE RSB MT#RI -
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5 HBEERENETE

4G ER A B AR © & RIS B B R BN R R SR E SR B T B IR T A
FRELRE S 2 R R ] USRI H AR R, - B EI SRR RS - B ARE A B R E IR AR
S ORI A R ey i e D

S.EISUEG  SRESEAUHMR R ER N - BRI FES LR - BERHHEL - DU ile:
AEHVERAEARIE - A PRRE S R ATH Y — EE e -

6. AEMASEEHLTH T © A i A BRIIE T R R (M B o B SR B B R - BEE ER A [MIER 5 KA e
BEINYHRPY > WA N FERR S VBRI - AR R BT R PR PR A AR Y
T BRG - B it g T HE RS ) BT SRS T R ) R R TP YA -

(Z) #ERZOBER

1 5R[FIEEEh T S B R B v R AR Bl A EL R - AR B LR B AR b > [RIE2 3 I Fr
BRI EBRREOITEEZRS > [T RY ISR - BER AR AR

2GR FER AR GRBE Il - SRR SR T T2 B B AR - B2 b — SRR A P HH el
f > ARIRECE R ACEBOIER ~ EFEE R B RE ~ WA E Eal - Rl - e - AReEaTH
ASTER S (MEAREERE)  EE ARG EER RN -

3. R [FEEAE H IR rH 20 AR SR B2 EN S - (s 2238 - R ERA YA [ T [
Ao e e L2 B E IR O S S B St -

(=) BEERBERRE

EDBEFEAMETER - MR A > FMEEE LERAE ~ 2238 05 B0l e B A = ey
T - AEBRIGHERRR T > BEAKE 2RI A RE E RS ~ 1C s BRI TR A] LIS
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NI

— {4 & By o S Y SO B B E B (AR % G R U BRI L R L (Hofstede, 1980;
Schwartz, 2006 ) - ZHEEERIHT > (LGRS EEERREP 2 T & BH P A ERE R E
NS TEN HAY - (B{EREEIRHITT RFIRAA RIS 2R AR AR E &I T
M AREEATR A IMER BRI TR > SRS TR A% 2 - —EtEIRE
A SAEE AL O A FR B B R SRR BRI AT i — (Tl S - FrnlE 1 EMiFeEE
Tk - SrEB BIELNER > IE | oz " BT RRAAE - B PR ERAE S LAY 2E H
AR BRI (S S R EARES - T ERS AR AVTT RS B QEBR EITE Z AEE R - REFR
BRI E S BERE W B T 2 & BRI S EEP 2 B FRE - ERFERIE - SUERSHE—TT
T A DA R T TENHEY) > o 5 T S A Ry A TENRIIHI T 2R (Kroeber & Kluckhohn, 1952)
DRI — YRR (B IS 2 AFRERY - T2 23— T e BT e gt ) AVBhREIR B AR -
B NECUE P ERIVEREG L — - BB P —EICUE - iEEEE S B R B
PHLRERNGEEHENRE -

B 1 "L T REAE

A~ BRI =SS

— ~ BB BRI

FHABAGTE H R S(E (mathematical culture ) #E&0YE B EEEZ [EEI{E (Raymond Wilder,
1896-1982 )= {7 1950 41 BRI PE B E2 57 A g b DU B2 1 (B AL ( cultural basis of mathematics )
FRyRAEE I WIS ERY PR B EE: - R (Wilder, 1950) 5834 » A SEREERHY
ABASE - A AR R AE A R - HE T SUb ) sk SR o A e BBl s AR
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EAREE L. — R B o SRR BRI R/ D rT DI LT = (ER A 3

(—) NgsiEs

NSRS R A 5 — A IR 5 - 59— BRSPS  JBEFA 8 ( Wilder,
1968 ) 2 HE B AIIAT A HE S RS B e B AT SIS S L - th RIS R s B F e
BRIl » T A SEERAIBIES - HFS L - R — (RS R A B AT 1200 4EARAGE] -
fit, (H) BARAIPIETSNPREFE BRI AR - SO S A AR5 PR AR o B
BR L 5 WA TR - FIREHL - 75 A TERRFATE 200 FEAITH - L ()
T SRS S DA T R R AT - T VBB R HERT R - TR A B
PRI - it (1) BERIAIPI A DAE IR 0 S TR [ i S T R A — 3
15 - feiE— BT LU SR R\ LIRS B AT S R SRR M i - SR8
RIS T SO {LA 1Y - WA (Wilder, 1968) SEBHERSL » FUG/ESRKIBETRE IR
EREEEF T B S B R B HE R - 14088 2 T L 75 S0 {1 host culture )
HEAKE - SURBRAA S T B - BB R (o G 4 R - i - o
PRI BRI HEA BN » 07 SR RERR A S » TR S I 22 - Y -
R A REONEER R R - 3 SRR E AR - SRR - (R A
{LE IR SR A AP R » S B @S PR+ U g A A
TSR » BT 5 TR R S 6 T« A RRA 2 - 90 (53 He R o C hstory )
AR (evolution) AYZRIE] » Pl T FEHUMESE | I T FBAYHEE | SUE RIS » B
IR BT A L LAV, -

RS 1981 6 — 45 RMLBUERR S Sy S  RERA: (Wilder, 1981) - firfs
o BT S A T R (L (particularizing ) Y - T 92 LR — (L
(generalizing ) (YR - B EE 103 | 45 LA PR ) (AR S)  FBBEONEISE I RIAI P55
1) » DS T 88 5 46 6 S RTS8k - ZEBLIR PO O 53 R T ST
O R - (ORURAIACE - R A B T ML T IR AR5 -
[EEEL AR - 2 T I/ OB CRHT (REME(T3h) B ERE AT RSN
B - S - JFE BN A B SN - TR B R e
T T ARAERERT BRI BISET -

(=) RESEAItt e

AR (PEITALHAVEER ) (Kline, 1954 ) FRHA T S22 8@ A\ 1S L R Y —FE2CL
b (BRI EENEEERE "6 > 2P Y - Ba ka2 itfid 4 £ (a major cultural
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force in Western civilization, p. ix ) o S EFEAEARALL A o] BRI E & A g 5 PRt - v s
BER RyiE 2 N READIAR AR GRS R B SR AE SEER A SR RIFT R © it T 5REEE SN — (BRI
EREEEH (truths) - BIEEMEEAEERYER I FHTER » MEEE sk a/™ e 551
RIEZFIZ TR - #HEEEE SRV FREEL SRRV - REEAYFEH EITES
(over and above all other drives to create is the search for beauty, p. 5) » 32 EEEBLE AR — % A5
FERHTRIR o
TETE AR RHR R 8RR 38 e 5 1R 0 R IR EE LU A S BrR - SR NV AT ~ BEEZRY ~ S2RHY

TR ESNNRE AN S HAT RERVEER - SR A R (e A= — i
MRS - B Im e BRI ~ (H ERIER  BIRES - BiliR - HE¥ER - EEWERN
TR FTLASEARAE (PE5 UL Ve ) —E TSGR BN T BT R ~ =%~ ROCEE - 4
T R ORI B T HR AR [$50VEE - 57 A ( Alexander Pope, 1688-1744 )
MR MR E Bk ] T p AR e p R AR AL LY o PR E DAL o g
- REEP o EBETTRERANESE (1694-1778) FENEGEN (FIEETEAYFE) (Elements
of the Philosophy of Newton ) —E G Hie— MRk E - ISR FHEATS PRAVEZ 2 - At
TENPERE SR - At/ (5B AEZA0E ¢ (William Blake, 1757-1827) f£H
EE PRI R — L SRS AL AN ST (EhE - HRT I ERE S E SR REER - A5
RGN EREA LEEU A WAL AR CRE - 12 2 SR A SRR 5 B Bl K5 e
R R BREVAH R, - B S AN SR AT HTAE G - FrllEns 2 B CERH ST A SRR B 17
T8 TR HEEE R - AR RSHRIVES - 7] RAER UL BRI
WIEFTREGA R IRBEMERY - HorFe st 25 2o by T Ze B2 fr -

(=) TENEA
1980 = Z g2 2 E e £ 2 EARRY 8 - BER 2RI (ma P U - SRR BRI
GRS [t AR M - SR AT EL LAY B 1980 BRI HEEE R HhrRFRIEE S
— 2R FFEHT (Imre Lakatos, 1922-1974) By (EEHHELRZEY ) (Proofs and Refutations) ( Lakatos,
1976 ) S5—1E e A Y (B ER « w e MY 275 ) ( Mathematics: The loss of certainty )( Kline, 1982 )
1960 FEABEEEEE R AL RALHTIR B E R R BEERE S (Godfrey Hardy, 1877-1947) E5R(Y
P E5 (formalism) FPAEERTTERN TR » RIERIAGIC S AV IR -Lam S0 pc Ry (EEHBHELR
B —& - ETFRESAIRERES T2 - #5 AR S S R B EE PRI e S ey T B (V)8 (E )~
m (F), B st 2B mes A= V-E+F=2 « =@ — (A2 B
(polishing ) WYFERE  fuRFTirsmsd " BAREE: | (thought experiment ) B " AEEEg | (quasi-
experiment) + DI ZERERUEITTKach T IRAEHS > SRATE BN (> IS TE RS Bt
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KBRS - SOARUE (BB  HEEMVRTR) — ST EB “5g g B Rad § 7 S487

B ashmEes i ~ HEEAGUR - ESHVRAISEREE - B m A — ﬂx/K¥#§§£iﬂﬁEU§§ EE
T b SORRAERETA R SRS - SF BN E A A SRS E R @ i K aA L
IHEEERR AR TR A > SR ESFE MR FRRE 2 @8 _E AP ERHRL S » BlinsE
BRI R R T R R AR TR BB R IR BB I A LE B (glp) - it asis > V2 i
MBS NN - R —T2FNEE TR A - ERRFRR AL - BRI
1EEE A PR ARG E R - EEEV-11FE (ENER P EHERTIE)  BEE-titen
R KRN E#T - FiEE A KRR A &R TR EEEAIE (real number) »
/(B G AIEL (imaginary number ) » FPSCEIEEDIGEADN T EE, 2 -

BT rT LSS B e 2 re A R B AL RATHT - #RIEEE R R ERR LSS - A DA (&
FYRIERES IR R R B A B A IRE - WS AT (Ruben Hersh) Fisli - SR ERHY TIFNE
B EXEERA BE g feha1 7478”7 (working philosophy of professional mathematicians ) ( Hersh,
1997, p. 31) » fERLERE Y | > BRI SRR MRMHBEAY £5R - 70 Bl AL RIErey &8s 1 328
(‘empiricist view ) ( Lakatos, 1978 ) FIJGJEfifiAyn]:2 F i (fallibilist view ) ( Ernest, 1991) »
72 W SR R B R A BB T - A 5REE (ERESE ) BEERVAEEE - SO BRI B
FEMATE » FIREEMIEAN 2k Capriori ) WA IR EEHVEEM: (absolute validity ) -
FZifii » Bl PAEERY - KBS EIER B RERE - R — R RS Ay St

(LA =T RA T BB S LAY Em AP =] DLSEER - A [RHR A R BB S LRI R AU A EREA
155 o NIFERAR A DUSHUE Vs L EUEE PR IT R B B BRI SR (N AR ) 5 R S Bt 1
= B AT L A B B BT 5 [35 B SRV E TR A AR B R Y TP 2
PR R R T R - =R AN RNV EE - AR T A - HDIBEREE Y - NS
TR 728 - LB RFTE R B AT - R RS E - WG AR E - B LS
ERESHVEE ~ ERBUREEIRRE - E DM R MR ER R B L B BRI S TR S B R
FARIEET  (RIBE S E A & ORI S BRI S R R T 1H) - (BB B Em (i SR
BAANED - 25 =K1 (SRERTEE > epistemological view ) WEISRHF AL E APE » 1990
FRREAFEYERE 2 S AREZEM £ (radical constructivism ) FItE & A%+ 58
(‘social constructivism ) » H7Ei [t = K EEE < (B B2 U fHEE -

- BEUEERERE THEE

— ~ BESYEER
TR A s AR R R N B s Al B RSB e - (B NSRS UG TR E—E A AR
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TEF - EPHRNEETREEN R - BEA SRR NSRS R TR E AR — S o T
Bty —sREEEER ? " BEUL ) MR RERTE R ? Bk T BERSUE ) RES
TEERS ) EEEE NIt RAESE ERE THESUE ) B T B BEE EWEE
RIS BEANE T SAb AT FESE i E AR BRI E AR R RIS — i - A ZERN I 2fa72 (2016)
) Kroeber 8 Kluckhohn (1952) i SUEHVESRTR » R SUEEZRA T

g T“b{‘ AR R BF B 5 Lot e B RG i%ﬁd AREFAE o B
g 7 E f’%ﬁﬂi%é&l#rdﬁ&ﬁﬂ?ﬁ%% (R~ 23) kKiggo(p.61)

i AEEERSA LAY NSRS ~ RSB gy ~ AT A o i — (M i - Hodr T #EE S
1t , (mathematical culture ) {4H " SZ(EFAYEIE | ( mathematics in culture ) 1 " #E2h AL |
(culture of mathematics ) W{EFEIIAHL - A& ELAZZB AR FHERAEE SRR - B A
Hasmaatet » BB UL ENA G REREE AR RS S R
FERZ » BEE BRI AR R B AT ARAR T (EAS BLEFAG P RETER A FE A= - Pl o] DAAYBS 3t
B0 T BV ) RS R R I A A s AR Y 5 - 1 T EER RS Rl
MRETHY "B S Foha T E7 AR (EREREEBAMIL - M2 E 2 Y
RO EERE -

=~ BESUEREE

HRATC AN/ VEETIME E R aw S e EE _ EAVEE - B0 RS B 25
AT {EAVEE{% ( Barta, 2014; Burton, 2009; D’ Ambrosio, 1990; Nasir, Hand, & Taylor, 2008; Liu, 2018 )
b B NFIRUEE BB (ethnomathematics )o" ERIEEIEE ,—3al/ZH D’ Ambrosio( 1985)
ATt - A —{E e 3R RSO bR ERS ~ BUER B A B BN - BRITE S Teo U B ATRE L
FIHVEEREAE - D’ Ambrosio M2 T RIGEEE | —5d 7R

FF Ethno 44 = SR &¥ fpfiab g ez ok TR e 235 S mE o~ 75 ER]
#EAC B EL e A F % mathema 230 T @ F RAp ERR R e R
RIE o MK REEHEES o T tics RP techné s fri it 4p ke chF 4T o

(D’Ambrosio, 1990 > 31 f Rosa & Orey, 2011, p. 35)

M AIEEER > tethno’ E4E — (B S LERSE T UL AR ~ (05 ~ FF9% » PiiEE LU AT HEEEAYRT 2 0550
AR IR R © “Mathema’ YR EUS MERER AR (5 - DU - EHRIESIRE - L
(=S BEBG AR R RES A (F ISR - 1T “ties /EIE=ELIETE ~ PEFP ~ & ~ 0 ~ 7398 ~ HEETA
PR Z AR - fE 2 o T RIFEEE ) (ethnomathematics ) FEFEFERERRET 5 T Rt AR
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BN HE MBS AEEE A ERNE RS EAEEER i (Rosa & Orey, 2011 ) -
D’Ambrosio (2005) 5t} » HAEERALAIPE 5 A (B S B 4l By B REEE AR e - B S
BB T RAIERARGEE o DBIRIERIIE R U SR S E S M B B2 T
¥ o s ama s RS (PIBRGE A A ) AYEER B4 » iSRRI SR v (T
S RIE I E AL N ENEE - AR EEEA B IEE - WH—ARE e A
BN EE R ERIM: -

Nasir ~ Hand £ Taylor (2008 ) 5&3H%ER IRk OHR A S EARES » A e 3s B2 0 A B
DA B R o DL R EERIELEIFIEE R E R B - T ZE—R NI R A
HERMMTEREETE (1) 7/11=2%F1 (2) (15,20, 10) =829 - FF5 22 AR RIS L
& EEAEMRRR] > AR S > IR o (A (1) BN R T Bk sk AR
BB ISR Y T e Gk A Y FE 502 5 (2) ER T BRI ¥ - 35
FEISA B 20 4 0 5 ZHE 100 B2 HenT @A 50 0 B LIHEARE
HIRRRERIR » FF 224 M2 RNEMET R A EHRENE R - AT eI EE
HIRERASRES - DAZS (1) BRI AR 7 10 FEHEk » B b 10% - b5 7 4
BRAVER TR 70% o FHPAEEIEE T 11 JE8K > SHanh AR T]aERE 110% » AT B A R E IEHY
HRERFHETY 70% © BN (2) B NEEREANEA A GBI — A avE#E T > A%
FiwbiE A 10,20, 15 VAR S HHTE o BEFE S iRg R RN EAN RS » Hig
CERBUR I S EARGS Al A B ZE R B - IR EHV B B2 R R DB R A S > 4l
RS BERHERFTRAE A S EARES  — H—{E#ER MR B H S VS bHRES - KRS [
BANAREE - BPNEDHVEE > Lin (2018) A28 - HEIKENERN S HEERE F
HESLTTEN I AIBIEAEA R - 5883 - 298 - PEIKENZERIVEFERAE " Ut
HRVEER | T HEIREE T e mamAEEREE - BENEEM SN ERIEEENRERRA
I A AR RGN 2R T AFEEM A BT 2 RS T H & P 2tgm A - £ T8
Brpinb ) J7HE i HEREYE D E R S A M AV IFE R T R - S PR R R
HIEk B HY AR - A EEEBEIE AR R BN S S E R EE AR o B
REERSEBHFIEAHE - 280 S P REER S EEE U LEM T - e RIS AR BUA
EREK T IRV FEA - i LA S fE A RIRE » 20wk B R ma (& A Fr 28R - 512 Fmasiy
JEFREELE B AJE AR » HIER N2 - B EEHET AR SR B ESE T = > 3R
JTEBENFER - (Hih = 5 [F5 224 1T ~ BRal - HEERRIEmES AV EEE (L& - %5 PA Nasir » Hand
B Taylor HYBZE45 R 2KE - BN E T EEARIESTURELEFRELE THEERE -
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HIRBRIEVEEEHIGHZE - Al St @ ERRE PR S TR A EREeE T =
G2 EMHESULEERERRE - NHRBRERENEEASTFHERER - RHEEE
{EAVE 2R 2 B B 1 P R RV HIERETA R - Burton (2009 ) HE G PRITILE
BCEBERER VR AERE - DIBIEE " PRBCERE R O T EESU L e
EEBNEE WA E T VNS - DARRERE - BEZR Burton BN EER S LAYRREE T U
A7 (2016) KECEML > BAESSC AR A LEER - Burton WioRES T #EEUE , —(ERED
SHE > MhAYEPE S ERESEL S | culture of mathematics | A1 " mathematical culture | » H:H  culture
of mathematics | HYPHERZIAH7ZAHIE - GAETHEER RIS ICGERE T S FEV S 4 ~ SRISBLTAS
JTZ ° [fj Burton i " mathematical culture ; BT RIf17<HY " mathematics in culture | » 2355 [SHEL
B AR A AT SR tp AT RS B R A L BUBRE RS ~ (B {H 5277 £ (the socio-political attitudes,
values and behaviours that constitute how mathematicians, and their students, experience mathematics
in the settings of conferences, classrooms, tutorials, etc., p. 157) = {Fahs8 1 35 L B MHEEL SR 35
L2 EBER R 2 1% > Burton 5535 83%HYZ 5/ # 2 E E 52 (intuition ) 1£ EFHELTHYEZE > 61%
FEF(55E2 (aesthetics ) HYE BN « EFYEERRIGRAVEFEL - 56%58 Ry e HAIER&S1H (structure ) > 41%
HEFBEME (rigour) » 37%HEFIELESE (beauty ) 31%2FIFI{E (pattern ) » BEEHE T HER Y
AL YR - Burton HYBFFTRAERZE ECRFBIRAZE (2019) HYSER - BIHZE OBl s 2
RIS PRSI RAVE RS - BIEE - R EFISEEIAY = P BB SR - JLE
PSR R REAYERST - H PR T B AERERVIE AR T SR A S &
TEFEAER 5T 54.2% > ifi T EAEEREA ) FEEL ST 33.7% > 1551 Burton FTHHEE PR LB 5T
SRS S Y B AR R P YA SR & o i Burton tA5HY - EEEEEES0 LA
R — SRR S LT RN A RS B — AR A LR BINESEHE - B MR ss -

AL —BAaFRR bR — 5 o A R  TEIVEY) > 55— IS TR — AT
BIHIHHITER » BT DRSS b T S B AYBER | B T SRR RS W BN RS YR
& AEEMAZE (2021) DA T AEALETEG ) A0 T el TR ) RyBIRrsaaEey - 31 28R
REHELRAE T AL AVEER | 3 - ARIEE T B TR b SRR R — R - TTTE e
BRI O — 2 B H A< - P EER S — L > TS W& B L BIRS N (E R A F SR A5
WP EGERE - P P BB RERRE R - (L7 R EARR R R R
AR TR, SRR S SR S R BN B A E YA 3540 Burton (2009) FrfEHIHY -
— st " SE P HYEE ) BB AT AR R AR R A SR BRI RE - R BRI
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TEERTEISE ) AYERAR > ATEA Burton SRAMVEREE T SUETPHIEER |0 B R & R
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it > B (PIEE REERRI R R v B B ) - (B E Rt & IR B R EEH AL
SR LB (8 - M B — S FRry " S b A EER | B - P DAASC YR T 5f - 2R
BB - DRSS BRI T TNEE T REEEIR ST/ NEE T BRI EEEHE
AR PR T EEEP RS o T ORERER ) AR IRE AR BB, HE
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