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HHEZEE (mathematics and science education ) FHEHEEREISE - EHiRE24 FRHM1%HE
S ER A B T R RE ST S R » Lester (2005) EMRHIFRAMMERE 2 ER G AR IR
TEIERE  DUERIG LR B R PR AR R PR L B R 22 (practical wisdom )iy H AR -
Justi M1 Gilbert (2000) 7RfisHE @ EEEREE T ZEIBAHRI VR - W] DURTHT R
BEWER - SRR TR SO EERBE EZEN: « HrySEEK (aesthetic) Al
TEEAR PRI DA AR o - ZERRATE R REIRE » Z B BRI » /25 ] DURE R A
REERBE WFFERIRRL (Reimer & Smith, 1910) ? KM 7EBERZE L RK A EERIEIE -

EHERAEY » BIET RS RS AR REE - HiREL AT EE
BER ~ BB E ARG 2GR EAE - Bk iusigte (A2
B 1R E 2 T SRS R R PRIA A B A R T EIRE B - F R ERBE LIS
BEERETERE (Ernest, 1989; Matthews, 1997 ) - Freedman (2003) JREREEHHIE
I e AT SE R HURRAR I - BT K-12 Bl EBEFAB RIS
FREASVEES - f55 FBHRIEE R AR FEEBER AT R B RINTFE -

Macdonald (2004) C45HIERAT ERESPRAEAEERIZPAEETRIIE - L
R ERCAE R b - A SEAIZ B HRY - I sE 22 BB FE SR A S I
A Cprinciples) #1753% (methods) ; TT¥EREE R 7 AER RVESSEL] » %
ANEIFEER AT ERSE T 7 — SRS IRR G - S B B ] DA 5 i ASsiam
HERE » SE MR AL sE ¥ERERSERLC (Burbules & Linn, 1991; Sriraman & English, 2010)
4 Freedman (2003) $RAS3EEE ~ B4 S IREAZEAIZ FAIIHER - BRTERZAISMISEIRRTG S
DAR R R A e BERAERIE RS /N Dewey (2008) Firds » HA
HEfEE e — M7 i R AvsEs (literal experience) ~ —{E&EHI (rule) ~ BAFUAYELME - A
REFHEZe (charts) ~ f#if (conventionality) FI#fat (statistics) Azl - SERHEH
MEAFEHEANE » R RBE BB R BT -

AR » SEERRGES e iRt 7B SRR IS (explore media) ~ BiEHHIE

(invent their own forms) » DU FEAMEE Ry BE SR AREA MR Z B » BB RAN

A S DUHERE N 2 BB IR BUER - P&/ E &R BT (Reimer & Smith, 1910) -
(LR Y A B DU B R 1 32 /T B B B2 N B DS - B BSR4
B T, (beautiful) FYFEmEERAE ARSI EBTPRYEI 5k ~ (EEE (values) B
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FEs28 (historical considerations) ¥R ZAHE R4 K, (Gardner, 1990) » Howard

(1992) PpfEH v —EERMABE LR - FoR rE2E X2 H S (aesthetic face of
learning) - ARG TERE ) AOBEEMIMER THER o INMEHEETEMIE RN
T3tk - fa5 BTSRRI /i1 -

[fEAFLENES - 2B TR (aesthetic element) {3 RERR BRI AR
8T (activated ) ~ 228l (engaged ) FlIfaEE (embodied ) 5 IR T (Apps & MacDonald,
2012) - HAEEEEEE rIE SO il s U A T A A - NERBERA
Fo HA AR 2 SFF I AT RENE - AWTFERI B S AE PTG 28 - BB O BELAE
HISEERA RS » DARIE P oeiiE © " BB E SRR ] 2 o~ TP
BHERGMERGHET [Refr] 2 o ~ T B IE R BER E 45T [Refl 2 5 » DU T8
BRARTE R BT HER AR [l 2 4 5 WA HAsas -

B~ MRREE

— > BEHBHEHFESE

ffi% Black (1944 ) HUE L2818, : T BB ARG AR (8" BB | -
[WEAE LR E IR » SEERSHBLH M (wrestles) - [A]IRFH%%# (nourishes )
FEEZENE (intention) » HINHEN B E BB R 7] DUMSHEE - DURGZBITEEE
REfiiim R B E » BE BN ASEE BN R — IS A ERYBE ; HIESI
BT - Hirst (1966) #2185 A (educational principles ) JE& LA RCEE ~ £
BRI ~ ETRR S AR - T A LGB  Peters (1966) PR HIf#E2: (ethics)
HIEE%Gm (epistemology ) SERATRIAMEREHIRIRE » 205 TR Rl SR B A o
RE AR IPRSE 5 Kerdeman (1998) HIfEERREEE (hermeneutics) FIBEGERINHIEE
H TR N H RN EL 2 B - EBAEGE IR RS ER a5 |
ERFHAEENER, -

Hansen (2004) HU#H S BIERURE 28 F Rsitife (process) FIfGER (product)
GBI FEILE (R N BLH S [ERY B B (self )BiLERE( connection ) - ARG /1 (creativity )
HEBHE R R NBEEAGEG 2R » RILTEE S sS #Eh R R A K R
A& ST R 77 (Adu-Agyem & Enti, 2009 ) » 35222 (aesthetics ) 514 AT £E ( soothe )

-41 -



B KT i AL &

FE (excite) EKE - (EERABLEANEIZIH AT (purpose) IR L - B SEERANAT L
ERRaER T AR B AR HIRSRRAEGER A B A 2R AR H AN/ E S & Apps & MacDonald,
2012) -

—BHEEE

[l RSB ECE AHRAWTSE » Lerman (1983 ) {22 EAHE )R (schools of thought in
philosophy of mathematics ) & H W {EIFARERIEN A « T 203%H00 . (knowledge-centered )
H1 T RJREMFER 5 (problem-solving) ; Ernest (1989) RIS O REZMIAHE -
HBEERE SR B - B BEARG EA HUARAE » Sierpinska Eil Lerman (1996)
EEE T " EEPANRES . (context of justification) FI1 T #EFRAKS% (context of discovery)
HYEEE5%Em ~ FLE 3% (foundationalist) fIJEELRE 28 (non-foundationalist ) &2 223585
FE s A historico-critical ) ~ 5& {2 ( genetic ) ~ it & FE 2 (socio-historical )F13Z4k( cultural )
oakan » DA #Eadakam (epistemologies of meaning ) - fERERkamITI KA » FrEHY
RIFES A PREE (warrant ) » AIERAIER( tacit knowledge )& i/~ B2 IRATE - ( public
performance and demonstration ) ZREZEENY » SEASANIGRIVEE R A DAUHE EL B2 HURTR

(Ernest, 1999) ; Lester (2005 ) 7Rt v —RE#LAMEZE IS - WHGit & =3 (social
justice) ~ BRIEIEZE (environmental justice) » DU EFERTAEELFIHES] (dialogue and
critique ) ZFHES s ZEIULE ~ SHLFIBGEAE (social, cultural and political dimensions
of education ) » 22 1WA 24 1Y 8 HE (thinking ) BiL2275 ( Sriraman & English, 2010) »
Ernest (2018) RIREESE HEFNIAEVIZERATA I » Bl " BEERERy , ~ Tl
TEERAGR . ~ THEREE , ~ THEREE ) - Dk T AEERAERSUSRHBUIA
ey 5 EHERE -

Koulaidis {1 Ogborn (1989) FF&HERIRIE S (scientific method ) FYHE ~ &4
BE#E (demarcation) ~ AIEREMLIIIEE ~ HIERHEATIT 5 Burbules 1 Linn (1991) HIZ
BRI ~ IR DRGSR /5 AT R SRR AN A 22522 5 Nola (1997)
BEREAEFEZ (realism) I ELETFFE (anti-realism) DU ZHEFFE (constructivism)
(2t FERE Plato SRV RIRSRIZ SR B SIS Bl - T L - SRS
FEABY Vico ~ Kant H1 Piaget FEEERPMERK » WF2H¥S von Glaserfeld fYXIERER
am A EAE EFAVHLH] - Matthews (1997) Hfs I £ R B ERIBEENE R

2 sy T HEEMEFE (educational constructivism » A IR EEE S ) BIEEITE
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s £ 3% (constructivism in the philosophy of science » @5 ELRFERBIEGHY T H ¥ 78
BIEEAHRR ) - DUSRE S e g 135 (constructivism in the sociology of science »
WAL E BT BRI & 2219 /5 % Edinburgh Strong Programme in the sociology
of scientific knowledge ) » Monk F1 Osborne (1998 ) HIJE*FE AL B3 EAEA SRR
HIETERG | NSRRI » PG ay e F22R0E © SR SAPRIRERE | DU TR
ABECYREHERERL, -
Justi F1 Gilbert (2000) FE-H¥ il fE FH —FHRF BRI AT A2 » Fd Lakatos A 1970
Je 1978 SRS - FERTRY —(EBEZA S TIPS 5 (nature of the atom) -
Abd-El-Khalick % A (2004 ) HIBFZERR R FE B3R b C B PR e/ R B 5k
(inquiry as an instructional approach ) FI#RZE/F 27 R (inquiry as a learning
outcome ) FFEHHBARIE ; ZHE AR — BEEEHEERAERERITEE S » Russ FE A (2008 )
RIFEHA S ERAERIE S — il " BEARHERE | (mechanistic reasoning) - W&
PrERAE BRI B NIRRT R AL AR R (generativity ) » Kelly #T Licona (2018) HIfiE
HRETFErh RS - DS B HIE B EUR - 1EZEER A REErT THE 2
EETAIE (EHEEZHIFIE cognitive science ~ it €722 sociology - AZHE2 anthropology 1
fE&FER rhetoric) - S T EREERAGEERIR A - PRETHERS - STt -
HERHI S BB TR E LB PRGOSO - BE SR ~
SO SR » BTRREGR B AR R IR 0% - Ry NEDE ARG E F AR A » &0
BESENIPERE - PTE(E M  EERAYEE » AN ARE SR & UL ST BEAS
MSEEMERYERTE - BRI S » w5 ST ARG B S e B R R B2 g -

£« s

EI'I_

Ka

— ~ BIZESE

BMWFsE (qualitative research) Z2FRBi#EE (interpretative paradigm) 2E%45 €Nk
& FR A HRRASRE - BBk BANEIRY 8785 (Malterud, 2016 ) » Phothongsunan (2010)
AR iR R IR AR T E R - BHFE A B aR a5 - IR A RAtRINER
FRER - BRRRIEWEFER B TR AR S - A3 ~ B ~ PR slEA B R (Rahi, 2017) -
S ERNIE ML SRR R A 0 Hr it 2 il SEU TR -
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ASHFFEHEIT SRS T (documentary analysis )+ RyIBEI ST EF LR AT SE 301

FBEREE SRR - G HBEL R R N ERT SR RE - 8 Google Schoalr ~ DOAJ

ProQuest ~ EBSCO F&ERHEIEE » (ERWI7E RSV By T A RT3
B2 DR T BT ) - ALK IRRAEE 7" philosophy | ~ Taesthetics ; LUK " education
B¢ " pedagogy ; HETTIEE - HUERIKIR FenZ SORRBEINIERTSERTREE - EEIRFFEE | 3R

Ccurriculum)~T & (teaching )DLEe" ZiEmEE 2425 (teacher professional development )
FARE - DB EEAE L2 - 5T 137 - WEAE e ~ 3688 |l
R ~ PSR it R ~ FRRRER - BUANGR © EECEEREY - NEBR - REMARE S
BRI IEE DU AT % 1 (Adu-Agyem & Enti, 2009; Apps & MacDonald, 2012,
Black, 1944; Dewey, 2008; Freedman, 2003; Gardner, 1990; Hansen, 2004; Hirst, 1966;
Howard, 1992; Kerdeman, 1998; Macdonald, 2004; Peters, 1966; Reimer & Smith, 1910) -

BEHZEF R DL T mathematics education | ~ T mathematics curriculum ; ~ " mathematics

teaching ; ~ T mathematics teacher professional development ; ~ T science education ; ~

Mscience curriculum ; ~ Tscience teaching ; ~ T science teacher professional development |
Folrd i T i - BRI R ORI A Ta T 1758 ) Bl T e8| % HET 160% - 18
B SRR 2 BT 52 ~ A 3% ~ ik & UL~ BB - SEERNREG - 1287
HAVEE ~ ik ~ SULHBES ~ Aldds ~ P 8 - 58 BEER - MESNIEE
HBEWIE S E 7 & (Ernest, 1989; 1999; 2018; Lerman, 1983; Lester, 2005;
Sierpinska & Lerman, 1996; Sriraman & English, 2010) ; DL RIHERAERITER- 202530 ~ Rl
ERPT R BE W A5 $R5E  DUBCERR R84 & 9 F( Abd-El-Khalick et al., 2004;
Burbules & Linn, 1991; Justi & Gilbert, 2000; Kelly & Licona, 2018; Koulaidis & Ogborn,
1989; Matthews, 1997; Monk & Osborne,1998; Nola, 1997; Russ et al., 2008 ) - F¥ERHijlL
KRR SCIRK P S RS - SEET TS et SREAES am iy A -

= BRI e

AT ORI e BRI R ARy T HIRRENAIS AT - BHH
R ER R AR SEER A ERAR - B S R B AN E] - MRS R E AR
Fe Ry PR AR - A E A A HUAIG 1 SRS Bt 5 - S5 IRAIE
JIRIEREREST - AR [REELF HA RTINS ) RECHAEEIT O - MBI
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FUISHUIR B & BA (R R - BRI SUERIBAGMEERAE - ISR BB DR
H - MHEFAE EER PGS » AIERAVEEIIEEE L - PRIUERARTENEEE R
FMWE > HEREMAE - DUEEEERME - FCERE TP RIS BR R SRR S ~
B ~ FdiAst -

AWFFERREIBE SO S - (g T BER B TR S BRI ~ BOEEBE I
BRERRERRGE TS | ~ BRI SR AER E A5 | ~ B BTSRRI R S5 RE5 |
IS AT - BT eR SRS TR TGN - WF e PHRIRRZ OB e T8 ~ J5(HE
R GR |~ T IORRERGTEORE] ) ~ TBERE, - T BB, 25
(R B AT AT ERV 2 b - BFeE AR R R RS - SRR G IR iR
HISTRRFIT SRS - (R M A ZL805E - DUETTRe iR Bl - IE @A
[FIEUA SRR & FRI R R B - E AN E DGR R - (e SERE ER e
HAsdsk -

B2 - ML R AR ER

— » BEEEHENEENMRE
BB A R EA KE AR A E TR I B3 BB LIFRVEHEEUT
BERNFES | B AR AR I S A PEA BRIk e & &M Eeist (Kerdeman, 1998) » Lerman
(1983) ErhHHip i AR EIES - sr Al T AERTLG o R0 T R o SRS 2
JEASIRFSR T T RIER RO o AUBEER 5 e B — (8 H 250 R R - BV RES DUAHET
B~ BER ~ BB EA 25005 2GR BEAIERANE (Emest, 1989) -+ Sierpinska Bil
Lerman (1996) s E HHVREERGmIE LR B T 22 -
[A]iF Burbules H1 Linn (1991) Z2%s 2% BB I RVERE I B N EE E &
(positivist assumptions ) {Ezi% » e HE B (et 5w B RGN RE L » DIk sve
WERIHEERLCs » Nola (1997 ) HNRET- A EE M E BB HVESE - 41 Russ A (2008) 43
e BRIV NI ETamtE i B S = B HERE - Reimer B Smith (1910) JR
PR ER A B RE R B A S SR BN ER R /7 2 5 RV e H SR E L 2 AR AR AR K
5 (H B R e 2 S s Bl 1 HEZ8A1( purely cognitive ) Gardner, 1990 )-
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I R0/ SRR R/ AT RetE: (possibilities of the medium) [FIEEHIEH #EE
(Black, 1944) - Ernest (1999 4f) FIREANBETS @ Hri IRIERIE Bk
22 BR T IR ~ REA0E% (knowledge of particulars) ~ G55 MIfE##ER (language and
rhetoric) INIA] - 5L HE FGE Rt & VTR ER  AE A — s
TEAR R — B I EL O BRER A YTAERA » AN RIS AT B2 17 38 B /NS B L
WF4E (Sriraman & English, 2010) - Ernest (2018) HIfEEHAE 25 - Pk LE
fEEIEY s BT - B3 E R AR EE eI E M -

Koulaidis F1 Ogborn (1989) HifgH (&% 3 #EAE (contextualist thought) FiazEIiHY
KRR FIAWTIORS SR AEEE - SRR SR AT E R gl A 28 (empirical
inductivism ) S BER AT MR SRS - SR MO IR BEAR AR B R B
)32 » 411 Kelly Bil Licona (2018) Firislad k& (epistemic practices) @& —Hfl &R
ti (propose) ~ i@ (communicate) ~ FF{d (assess) At ERLARMIZB5ER T -
Freedman (2003 ) RIEE&iitaEr ~ 2841 ~ 35582 1R M TR L A BEET T A BRI 2 -
Dewey (2008) ZREXERHEHT ¢ " RERAERERCHTIES ST RIBE R H AT ) -

Fral AT - E Y E AR B B A B AR AN & M G SR HlREs » Hp R 2
B H W AR B R, T RO o A T RRERRR - B AR R AR A B e R
JHRRF LR S W HHER ARG SO 22 A S S BB B T 2 SRR AN B P R LK
S (H B A RH R e 22 S R T RERR A » MEBE R BE T BB E L B DU BB
BB 1T » BN R RS ~ FIaS A DU BB S8 B T s 2
RMCEEBBENZ e - DU ~ #7528 ~ DIRERRT S 2 5 2 a2 - DURR
BRI AR -

— - BEEENERGEREEE|

Reimer B Smith (1910) $2HHZHE T EREHEE EEBAER T 265 ] DANEE — e
X BEFRINMEES 2 (can phases in general aesthetic development be identified?) | ~ T7E2E
JEk B e PR e 2 %58 2 (pedagogical issues?) |+ DR T #lE 2 t:E278 (conceptual
learnings ) ¥1ZEJRKEEfE (aesthetic understanding) HYESREAE S EHE ? | FHiE » 22
AV RBrE Rt T RaE S SR BER e |« T RGERYRE T BEREAY A ER . (ability, which is

restrained, and wisdom, which is humble) (Kerdeman, 1998) -
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HIERBIEEE - BELEAE (dialogical processes) & ZRFIVEA » B ZE HALH]
REJY - SRRITAIE AR B A - DUSHR I E A A B8y /52X (Lester, 2005) -
T RHADUR I — A SR A RS B2 A IR SERE /T » Rl 2 /e B % (experimentation )
FIZmE8 (argumentation) /51 (Russ et al., 2008) » Matthews (1997) HIEFHAZEE Lif
FEIERWIINERTE V505 B R A REEGR - BOE R ~ B SRRk
[{JFE 1 » Macdonald (2004) 7REHHERS HISERK B HERZ AT EAERESR ~ ¥52 - (LBIERAL
HEEBAH IR I TISE -

Gardner (1990) ERFs{HfFHRMIIERRKAT /T ENE RS G IEE (b 2 #ll5iH
[ - BB N R I 25 3 SR RO @ AR R A R AR » T DA ~ 40
% DUREE R T LU - Hansen (2004) HIFSHY 1R R2 A 42 75 A ERy
#E1 (pedagogical ) ~ By (open) BdEEgM: (experimental ) FFHEf -

EME (certainty) AT R GRIEIRE » DU HANFE YRR /20 » Kelly #1 Licona (2018)

INTE B WE 52 v 15 H 0 S G v 2 B3R B8 (epistemic practices ) & A Hj 11
(interactional » ;ZBILEREEIE AT RIHEE) - HERI (contextual » (7AILEE

BRI LA ) - B SCHERY (intertextual » 358 — 23— Eiamad ~ FFRFISLEENE ) -

i 2 AR (consequential » ErAbIFAIGREL THESIAISLE) » B4 Freedman
(2003) FRERRTRURRIESEER » BEHPTEREIE S5 & -

BE T AR RR B BERENR S 2 b RE T g
REIVRES ) BRI AR o BTG WER B EE PR - Eille R RE A
SRCRIHE FH BRI R 22 » 1 R DR B G AL SR A (R SERE )T - EREE BRI -
AFERER R BIETER ~ B  MERERNIRIERERA] o D ERIERCBE A E
A EAMEPAMLERE - KPR T o TCHAERES ~ TPE  LOBERA
BRI TSR - BT H BB N MR AT - BEEERZ
MIAS B2 S RRAE IR 2t - AR S E B FE e -
= BHEFBNERBEE KRG

F AT HIPREA AT SULEEB] (values of the culture) ~ SERKEFHIFFRATA]

it » AR SRz 8 N AR R E %8 (particular developmental ) FIflEl A F#12
(individual profiles) A %EAET (modulate effectively) ( Gardner, 1990) -
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Hirst (1966) Fi5H i I B B s ] R i A N A E AN R TS T B B MRAH BRI BRER A HD
RFERFE 5 Lester (2005) f@ii—fEREaMEA4% « 5 SRS H QI 215 E
Z-mrEERkEEdE (philosophical stance in considering what counts as evidence ) [H]RE[Y
{EME - BEEBEIMEFTEME B A RS THGY - & n DA R — i E R i L ABiES

(bottom-up perspective) - [RIRFH T DAGETT BRI 53 > HE AT B R Y A REEE T
WF5E (Ernest, 2018) » Justi B Gilbert (2000 ) Bl HfEAE]FE S A (historical models)
PRI S & HrP AN R S22 - DUE SIS B2 S RAVERR - [A)IRF Dewey (2008 )
PHEH T REAE B SR T SR Rihe o BIRRISHY -

Freedman (2003 ) 52k RKEE °J DLE BB R B2 RL 2Pl B ISR Y - Apps B
MacDonald (2012 ) #5Hml A LB R & &G (classroom design ) fHIEHH &R

(pedagogical process) HIEEM: (implicit) FIgEM: (explicit) GRS - MBEEEE O
RS AE - S R B A E eI (Emest, 1989) - B3
BEIE — RYNNERTEERES - & H b —Hw & o Ry H & e Biie s 22 AR B AR
J& (indicates to the teacher the level of a student's understanding) (Ernest, 1999) -

Lerman (1983) EIfRH: T REIGEMEYE | FI2 St T I e S b T (1 S A
2L+ Monk A1 Osborne (1998) JR{ZH: | —HEHTHUEL - ELERW K B2 R BB FE S
&S 5 5 HARTRER BIE2A40R 5 B S B3P BRI S REHES 21 HoAth E2 ] G A: 75
HIASE] A (Adu-Agyem & Enti, 2009) -

PRICSHN B A L AR AR EET [HV Ry « T REMRRIOSE) ) KBRS E
BIFNSSERFTER - R HLE AR AE (AEBEROP 2B BEIAERS) - EiE
i T ESERRLEES ) AIE SRR EE AN A T B - PR T R, R
A 2B LB P RE B R IS & R RO R BRI T2 » DURIE T 5B et | ¥
R E S RSB T - PRI R R ) - MR AT WA RS
HIBAMEEG, » A T SRR SNt & Sk o R SR BRI S B P o Bt o S L
2K BEBEAEPRREPIAGERAVIAIRY - PRSIV SN DU 5t -

P ~ BB R R B R R R R eS|

Lester (2005) C@HiBEREH —MEAREFTEMRR © " BEpreh I rEH
eftEE? o~ TEAREEGAREEEHCPIE ? 5 - DUk T EEEETERIE
THERLR(TE 2 4 - Howard (1992) #@H 7 — eSS RRBE TR RE « T34
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faf ~ DURAEWRAEERE 2, ~ TERPEARRERAESRE PR A R HE? o ~ TEBEE
B~ fRONISCEE TR E A HEE R MIBAGR 2 4~ TR SURI SR RN
fERAMEENER RN 2 5 ~ TR E R AR S i e MR E R S 3
32 5 » Pl T BAPIIRRPARIFAMIHY B B2 Al 22 sy 2, -

Hirst (1966) BN BE A RE BASHERT A E LS ~ (OBIER ~ it & £2 ~ T24E
e - A RN BB R R BBV FERE T K 2 EERIR » Sierpinska Eil
Lerman (1996) fEZAEFIRAIE EAY—LERTE « T AERAVEB-Z8BIM: . ~ TikE
AL ARSI E A 5 DUK 38 S MR IR R 13 Abd-El-Khalick %5 A (2004 )
HIBATE TARRE PP ERZEET S L ~ TERME ~ SRREAORL  BRE AR EENEHEE IR E
TEERFERIES 5 » DR T (et BRPH R PR e B B B BB BRI I MR SRR
{1 s Kelly #1 Licona( 2018 ) fifwAn 1 eI B 23S 2 5E PR » T2 (engineering )
Fint &R (socioscientific issues) B G -

Freedman (2003 ) FEEHIEREREAIMEEEFAG T 5 BLRYEET (design) ~ 652
HIZTE (pedagogy ) ARREHEFFHAAS v] BRERIBRASEEE - n] DARSFE S0 LA S MRS R
HE R REES (Apps & MacDonald, 2012) - DUSETERRYEEE (teaching of philosophy ) [y
=AEEER BT AR E R RSBk AHEETE o (relevance to practical problems and
interests of teachers in training ) ~ " ELH M E RS AT 5EM: o (possibility of linking with
other disciplines) » DURz 5 [T ARG EARRIEIES | (desirability of leading on
to fundamental problems in philosophy itself ) (Peters, 1966 ) Z#HEL -

BOHHLEIE, - BELARTER L SR P G - SRR R A R E AR R
FBEE BRI - 355 B RS © SRRELHM R (WCRE ~ hEr ki) B
RIAEREGET MBS RS - (EERE A TR R A SR ERTEY 51 - il
BB U AR ERS  FRERA R E RN - RRAT MR G AT - 2
SEEAE N R PR I Eer i ; N e SRR A EEREANRE T - B DG TNISE 2 R iy
BEEE - AERE TR SRR Sy - DUE T P G B B S - SO E A
BT BTG W C AR - IR REIR B E R PR SE BRI - TR
FEEAR L BRI TR S 1T R Bk -
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f - ARERARS

— ~ WFFEAS

(—) BEHFREERERRER SRR 2R BT HEEERRR

Black (1944) f5HIFECREERE HRIFRE LT RaEanETT 5 R BlER
W NP Z SRS YA A v B AR AL & R S R 2 b (Kerdeman, 1998) » B
s AR I RATE - RS AR R 8% - HaSBIEA T ISR EARA
BIERRT - (e RS B AR B LD - BRI ~ SEERa Tl
RIGEHTIE AR B - (A SR SE R A B A ~ NIRRT 3 -
DURGRGR R A8 ~ fasAt ~ AXHEMBAARRINE: - BERBHE S AR -
SN ETE BENIDFERIA R - SRS IS5 ~ TR ER IR S LR BER A R B 2 - bk
BATERZEBGUR BN B il ~ AHE HEAT S SRS REETER -

(Z) BEBERENSSRER S 2R S AR
BE T RmAE LRSI G A FRIEROUER - WA ~ -
B~ DEERIEE R - DRt i HATREENVE SIS - HEATE S SEREL S -
S S R AR A E BB A i E D - (B DUE B R T BT
WIHAE - WSR2 - PSRRI g - B AR AU REHE R R R e Y
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(P9) ZRBER BRI LR BB LB B RS
Ernest (2018) #MRSHATLE2AVEBIR M ~ E5E ~ PRENHILAIBEEHES - B
SRAIFFERY R - Abd-El-Khalick A (2004) s BER AR P ER5E (inquiry) (T
faR A B BRIV AE RSB - BRSNS - SRS MBI AT R AR S 1

-5]-



B KT i AL &

AE SRR ERRGTEEHE - SERRERTITR AR - ZICHIBT RS ~ #tHIE
£ ~ PEERRDCRAVERS - AR AR BR BRI A - R A R ERE

2K

Abd-El-Khalick, F., BouJaoude, S., Duschl, R., Lederman, N. G., Mamlok-Naaman, R.,
Hofstein, A., Niaz, M., Treagust, D., & Tuan, H.-L. (2004). Inquiry in science education:
International perspectives. Science Education, 88(3), 397-419.
https://doi.org/10.1002/sce.10118

Adu-Agyem, J. & Enti, M. (2009). Learning: The role of aesthetics in education. Journal of
Science and Technology, 29(1), https://doi.org/10.4314/just.v29i1.46464

Apps, L. & MacDonald, M. (2012). Classroom aesthetics in early childhood education.
Journal of Education and Learning, 1(1). https://doi.org/ 10.5539/jel.vin1p49

Black, M. (1944). Education as art and discipline. In I. Scheffler (ed.), Philosophy and
education (pp. 32-38). Allyn and Bacon.

Burbules, N. C., & Linn, M. C. (1991). Science education and philosophy of science:
congruence or contradiction?. International Journal of Science Education, 13(3),
227-241. https://doi.org/10.1080/0950069910130302

Dewey, J. (2008). Art as experience. In H. Cannatella (ed.), The Richness of Art Education
(pp- 33-48). BRILL. https://doi.org/10.1163/9789087906092_003

Ernest, P. (1989). Philosophy, mathematics and education. International Journal of
Mathematical Education in Science and Technology, 20(4), 555-559.
https://doi.org/10.1080/0020739890200409

Ernest, P. (1999). Forms of knowledge in mathematics and mathematics education:
Philosophical and rhetorical perspectives. Educational Studies in Mathematics 38, 67—
83. https://doi.org/10.1023/A:1003577024357

Ernest P. (2018). The philosophy of mathematics education: An overview. In P. Ernest (ed.),
The Philosophy of Mathematics Education Today (pp.13-35). Springer.

-52-



EAKTFALEIE 53 1 39-58

https://doi.org/10.1007/978-3-319-77760-3 2

Freedman, K. (2003). Teaching Visual Culture: Curriculum, Aesthetics, and the Social Life of
Art. Teachers College Press.

Gardner, H. (1990). Art Education and Human Development. Getty Publications.

Hansen, D. T. (2004). A poetics of teaching. Educational Theory, 54(2), 119-142.
https://doi.org/10.1111/1.1741-5446.2004.00010.x

Hirst, P. H. (1966). Educational theory. In J. W. Tibble (ed.), The Study of education
(29-58). Routledge & Kegan Paul.

Howard, V. A. (1992). Learning by All Means: Lessons from the Arts : A Study in the
Philosophy of Education. P. Lang.

Justi, R., & Gilbert, J. (2000). History and philosophy of science through models: some
challenges in the case of “the atom”. International Journal of Science Education, 22(9),
993-1009. https://doi.org/10.1080/095006900416875

Kelly, G. J., & Licona, P. (2018). Epistemic practices and science education. In M. Matthews
(ed.), History, Philosophy and Science Teaching (pp. 139-165). Springer.
https://doi.org/10.1007/978-3-319-62616-1_5

Kerdeman, D. (1998). Hermeneutics and education: Understanding, control, and agency.
Educational Theory, 48(2), 241-266. https://doi.org/10.1111/j.1741-5446.1998.00241.x

Koulaidis, V., & Ogborn, J. (1989). Philosophy of science: An empirical study of teachers’
views. International Journal of Science Education, 11(2), 173-184.
https://doi.org/10.1080/0950069890110206

Lerman, S. (1983). Problem-solving or knowledge-centred: The influence of philosophy on
mathematics teaching. International Journal of Mathematical Education in Science and
Technology, 14(1), 59-66. https://doi.org/10.1080/0020739830140109

Lester, F. K. (2005). On the theoretical, conceptual, and philosophical foundations for
research in mathematics education. Zentralblatt fiir Didaktik der Mathematik, 37 (6),
457-467. https://link.springer.com/article/10.1007/BF02655854

Macdonald, S. (2004). The History and Philosophy of Art Education. James Clarke & Co.

Malterud, K. (2016). Theory and interpretation in qualitative studies from general practice:

-53-



B KT i AL &

Why and how? Scandinavian Journal of Public Health, 44(2), 120-129.
https://doi.org/10.1177/1403494815621181

Matthews, M. R. (1997). Introductory comments on philosophy and Constructivism in
science education. Science & Education, 6, 5—14.
https://doi.org/10.1023/A:1008650823980

Monk, M., & Osborne, J. (1998). Placing the history and philosophy of science on the
curriculum: A model for the development of pedagogy. Science Education, §1(4),
405-424.
https://doi.org/10.1002/(SICI)1098-237X(199707)81:4<405::AID-SCE3>3.0.CO;2-G

Nola, R. (1997). Constructivism in science and science Education: A philosophical critique.
Science & Education 6, 55-83. https://doi.org/10.1023/A:1008670030605

Peters, R. S. (1966). The Philosophy of education. In J. W. Tibble (ed.), The Study of
education (59-89). Routledge & Kegan Paul.

Phothongsunan, S. (2010). Interpretive paradigm in educational research. Galaxy: The IELE
Journal, 2(1), 1-4.
https://repository.au.edu/server/api/core/bitstreams/dc6d9eas5-e96a-4a64-a744-767904b
3b73c/content

Rahi, S. (2017). Research design and methods: A systematic review of research paradigms,
sampling issues and instruments development. International Journal of Economics &
Management Sciences, 6(2), Article 403. https://doi.org/10.4172/2162-6359.1000403

Reimer, B., & Smith, R. A. (1910). The Arts, Education, and Aesthetic Knowing. The
National Society for the Study of Ed.

Russ, R. S., Scherr, R. E., Hammer, D., & Mikeska, J. (2008). Recognizing mechanistic
reasoning in student scientific inquiry: A framework for discourse analysis developed
from philosophy of science. Science Education, 92(3), 499-525.
https://doi.org/10.1002/sce.20264

Sierpinska, A., & Lerman, S. (1996). Epistemologies of mathematics and of mathematics
education. In: A. J. Bishop, K. Clements, C. Keitel, J. Kilpatrick & C. Laborde, (eds.),

International Handbook of Mathematics Education. Kluwer International Handbooks of

-54-



EAKTFALEIE 53 1 39-58

Education, vol 4 (pp. 827-876). Springer. ttps://doi.org/10.1007/978-94-009-1465-0 23
Sriraman, B., & English, L. (2010). Surveying theories and philosophies of mathematics
education. In: B. Sriraman & L. English (eds.), Theories of Mathematics Education.
Advances in Mathematics Education (pp. 7-32). Springer.
https://doi.org/10.1007/978-3-642-00742-2 2

-55-



R RTERMRE

Aesthetic Perspectives of Mathematics and
Science Education

Lin, Meng-An*

Abstract

In response to the relative lack of attention to the aesthetic dimensions in
contemporary mathematics and science education research, this research adopted a
qualitative research approach under the interpretative paradigm. Using the
perspectives of philosophy of education and aesthetics of education, it employed
documentary analysis to address the following research questions: "What is the
aesthetic interpretation of mathematics and science education?”, "What are the
curriculum design guidelines for aesthetics in mathematics and science education?",
"What are the implementation guidance for aesthetic teaching in mathematics and
science education?", and "What are the professional development guidance for
teachers based on perspectives of aesthetics in mathematics and science education?"
The findings indicated that: "The aesthetic interpretation of mathematics and science
education integrates epistemology and aesthetics to deepen the exploration of
educational goals and practices,” "Aesthetic-inspired curriculum design in
mathematics and science education promote interdisciplinary integration and
innovation,” "Aesthetic teaching in mathematics and science education explores
diversified practices and applications," and "Teachers’ professional growth in
aesthetic dimensions is reflected in deepening social interpretations and providing
diverse learning experiences." Specific recommendations are proposed.

Keywords : aesthetic perspectives, philosophy of education, aesthetics of education,

mathematics and science education
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