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ABSTRACT

A research field develops by experiencing several turns of paradigms. Mathematics education research have experienced those
turns as well. Still, the dominant perspective is that mathematics education research should be scientific and objective. In this
article, | suggest that this need not to be the prime rule to follow and that the mathematics education field will fertile by discussing
extraordinary cases which may seem controversal to be recognized as valid research work. To this end, | first briefly describe
the necessity of open discussions among researchers for a field to develop. Then, | introduce fiction writing, a resesarch method
derived from arts-based research, as an extraordinary case for open discussions. The benefit of Arts-based research is on that it
takes an holistic approach to how we know by embracing emotion and emphathy as means for knowing. Because of this trait, arts-
based research holds a powerful potential for influencing a wide range of people, both inside and outside of the resesarch field.
Following this, | present a fiction about a prospective teacher who participated in an activity for designing educative curriculum
materials. By doing so, | sought to provoke discussions among mathematics education researchers about what to include as a valid
research work, possible standards for reviewing arts-based resesarch.

Key words: fiction, arts-based research, paradigms of inquiry, resesarch methodology, curriculum material, teachers’
guide, metaverse
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st2ol Yete AP PESH -2 ofLI2} Ti2iCiele] £394 HEtS HXIHAE O|R0iTICh T2{Ciele] 39t TBte Aol Alzof
CH3t =0 Soif O|Z0ITICE +3tmS st oAl ¥ 71X 7N I2iCielel M2 XM weshetct. B 2icieo] M2 ofM Ti2iCieel
ARIS ©|0|stRIE =) CiAl, 7|Z0] Bax m2{cio] ATfets oHE0 7IZ T CH2 ¢ =X 9 HAsty 7|8t JtE H2Ho0|
LMo = A SfA|9| | =&t 7|ofSHRACE. d2{Lt TS| 3t S = 2HSHR 0|10 242t 0[0{0FRt S 20| EXBICE 210= of2{$h
Mol BE H 7t gtEA] m2tofet SH= MOi& el A2 ofdE =& %It 0|E fldh ol&7 |8 H7E Y| E HAIStC) ol&7[gt H1es
KMSEH X0V |E S| HESIHH, gfS F7E0l| A0 =2|2 2ol Sg0| Zaes T AT g3 2280l SHO0| XA Mitat
Ar2le| 2™ E QI Hotof| QICHH, ol&7 (8t A= ol2{st 2Eo| Aol SASICH 2= ol=7|8 Ao 7| & SiLiQl AME IMT| J|HE
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288518 E3leE WShe 1 % 7] HHAY ThA|of| A Al2]ste] A|chat 9 &FS BHQHTH(Stinson & Walshaw, 2017). o]0 wat, -8
St A5 Abe]ISk(social science)?] Y2 H= o] FEF . o]= A7-o] A9 43 Bl F-Foll o] 27|17k A 3o 3t
&} o]ojof Stth= FE O] WAol| Y= pIRlTh iyt TsA Rl HH & 2835 Arto] 717} Ql=7tell thgh o &2 A&
2 0 2 A|7|= o] ghrt. 35k Q17to] ghol] == St 7HA] BhA| Y B wEhato] ghS F2X] = SF=TH(Feyerabend, 1993; Lvi-Strauss,
1966). Y| =, 2= 3= Sl EfQloll thgh 21& ofsfiof] =267] = gttt 2fu g3to] ZEA| AL Sl ARt jlol| = ekl
A7t FehA o] ofofpttt= ¥ slofl 372 2Bt St A F247|of| A HjA|Eof fitt. ofl&7|RF At o]of] 2eketed, e}
Q]o] HhAl o 2 = A7} 7Hs$hS B oj & Th(de Freitas, 2003; MeNiff, 2018). AA| 2 1.7+ of2] SkaE0] ]g% #iﬂ%%%ﬂ A
E-5}a12} 51T STEAM(science, technology, engineering, arts, and mathematics) 52 53l 4511} of| &-& &5}
22| = Woll St 112K(Chen & Raley, 2013; Lee, 2017; Lee, 2022)°] 1 L&f|o]c}. £3] Chen} Raley (2013)= 8t
59| 8 k5ol anl Hopal Btk ek ofuzh, £8tu g SRS U/ o= NS A2 2AF ATHE BY
95l ol &2 7+e 7uko 2 3 73S E-8ab A U(Bakker et al, 2021), 29 8k WAl Bt 244 FL B3

o]

< A5 QA A AISHA THde Freitas, 2004).

oA, ol 42 F3l 43HF AT WS 7 I 3 A EL TS| 9lof ek Tk of 3] e A7AHEo] HeHel
TS S AIAIBH0] el ]9 G175 A2 7] Qs Aol ek, olof £ el 7|4t 17 7)ol cisl A7HekaL, o] 17 ]
2 Selue 28I g ATo] YT 7Rl that £0S ZSKIA ek o] S 915 ol &7 AT 71 F shbel 447 2
27) 7182 g 3to] 2T ATE AA T THO M £87 F27] 71, B WAL o474 A7k Sefmg Aol 7]o]
1 wlol o) A0 2 =g 4 91 719 slRIshA ehsick 2T o715 @ 0] i 249l 998 Ak ol

fujru

Ba0) BHe 44 #7] 7o) AR S Fshe Ao Y] Bk, 44 7] 7S Fa) et Lolello) djg st v
o] =o)2 Ao wH Selufet 45k g Aol W] 7ofsl elo] glrt. sHee] e Had o o)zojx 7| se
2ot 2L WHARRI7E SRS 1 0] 5 of @A ThEofok & 21917 i=olstRi A o] 2017 7] = FHeh(Lakatos, 1976a). HILE
shspro] A} 0|72 A1 27] b 24 £7] 78 A7HEHo 2 A 458 A7) AFo] WMHARIE ANSILA Tk
o2 £ s} o] WK Afelle] H B =eldt 4 Qi ulk nlestaA} slgich 2, Bk epptEAd o 2 wsiaiw ¢ B
o] AwHgolaly| Rris WA 714 291 Zo|s] ol Zle] $he B ujite] ol 2 Sal =28 4 9ltt o]2jd 248 o] 27| gl
WA s2e] W] e 7] RS AR, 44 27] 7)ol tis) 4703 5 o] 7He A8d Are] 34 9 AnE A
o} ojA g0 2 2 10| Bt ofe] o|AS AA3o 24 o)o] S Walch
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Lakatos= 8H50] A3z %3]
1976a). ©]2|3F T2 Lakatos7t 4~5}0] -2 gt whato 2 & Z1ak GALE 740 lth(Lakatos, 1976b). 4-5}H2] kol i3
Lakatos= 7]&2] Ao 4] e dstahs 9], 4814 A2f7h ot ¥l SR E ™ 2F4 <l Fol2hes wAoll o &2 Al7IsHithAn
etal, 2010; Lee, 2013). 50| 4~5t9] 5:Q

o

S dhakst ol 7| A5k T ol A A2

AkJungetal, 2013). ol & E0], F52 F& F5EE e 5 dhelle 2
U, §H7F ehd winpot of 9] 28 F7tete] RIS Wil &0 AYstes g 4
O 7)'-1 =

Lee, 2008).

Lakatos (19760 %5} 2 ofUj2} Ch2 SHE2) ol A o]k AR UL HEITL ch 71, Lakatosts 75 A1}
+ 7|2 G = AT =T (research programme)= H|A| ST, A T2 582 <}
(hard core), 123 Tl (protective belt), 271 8 (heuristic) = 743 £ 0] JTHKim, 2011; Kim, 1992). st 2 7 x 2 7305 2H25h=
TFAFEo] Holksol= 9 7Hdat flgo] Bgo|th ANSh i 2 13 A olsh= £ 0]7] wjFol| BHE(falsification) O =
E] REEA] Z1AUoF gttt Aargh sHo] 4272 2 11 2 1175 Wl th= ojn]o] 7] w20 Th(Inglis & Foster, 2018). A &2 15
2 &Y glo] HAARE ot At vl At =2 adlo] 2 AFstal ok AAE 2 MM E A A2 Falu
ol th771 2 & 4= Qlo}. & AFsstal 917] wiwoll 2o MRS 37 esoF & o7t gl7] wlwolth HRARE tFo]

St AlgtolghH Ho oS &85t} Hols T2 13e 2| Q5= B2 7H4 (auxiliary hypotheses) 2 A3 E] o] Qlom o] B 27}
e AT sl HEFA YEF W EHE tlol AT 4 Uk ATE ke Do), B o AokEA 2L B 59
ok 2o =M 1% so] Mopigol T2 lo] &t 4= QA SFth(Inglis & Foster, 2018). ‘A2 1 T2 0383 Fgsh= A

< o|F7] flol| 2= Wit EAISHE L] 7]eS ojnlgtt). IR s At 2 )0l A3t Sofl = A H A 2] A}
A0 E dojdth= 7H o] Q7] whizol o] =T RoA FH AXhE F 23 EAH QI 20| Ch(Inglis & Foster, 2018). Inglis2t
Foster (2018)+= Lakatos2] $1- L2 T 3lo] T3t =0] & 48kl §5of| A 85131th o] 52 459 A+ 2 dlo] f3tu s+t
of @] 2= A7) 5351tk o] wol] A}] A ¥ (social tun) L Z2] F7o| e oHA| thFE| A A EeHd At X2
o] FEASH =tk ARl wehd] At 2 ado] F oS F6l AFAE2 Ao A+ T2 39| A E st
Qo PETtE 22 HAARE A ST GASHAIE, AT A+ T2 1S F-8olH A7 AT E H2 A &k
oF. oAl g el e] Anrgt dg f-AJ517] flof Bat)E 245t of2] Mz Abeo tf-3-3ict. o] = ¢lsf FL/dF2fell ¥k =27}
SR eE BECITE $FSEA T Lo U = M E AR AT RO AFFe] YRlo] op ) A T2 o] Ay
< RS0 MR Aol g5t & S e At 22 sHE o mubd o, =2 HAR|7} Qlojete O A m2
o] tjo]F M= A A AgAtol| 71052 & ulf 2Th(Inglis & Foster, 2018).

eSS0l AT et ARl EEHA 1t e 8] Qof|w of2] At Lz gdo] EXjjob E Ae| & HehS 7 om
ottt delE, At ol SEuSsA s 1 g 3PS v 7He] 'tA oi2] ot (paradigm of inquiry) 2 & 2|57 & §
(Table 1 &),
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Table 1. Mapping moments of mathematics education research to paradigms of inquiry (Stinson and Walshaw (2017), p. 133. Note is as in

the origial source.)

* Process-product moment (1970s-) —Predict

* Interpretivist-Constructivist Moment (1980s-) — Understand

* Social-Turn Moment (mid 1980s-) — Understand (albeit, contextualized understanding) or Emancipate (or oscillate between the two)
* Sociopolitical-Turn Moment (2000s-) — Emancipate or Deconstruct (or oscillate between the two)

Paradigms of Inquiry
Predict Understand Emancipate Deconstruct
e
*Interpretivist Cntlc.aq *Poststructural/ Postmodern
e . .. . <Feminist> ..
*Positivist Social Constructivist Radical Crifical Race Theory> BREAK Postcritical
Expepmentgl . Constructivist Spmocultural> Latino/a Critical Race Theory> Postcoloma.l
Quasi-experimental Mixed Phenomenological Critical Theories of Race> Posthumanist
Methods> Etnr:cgtrizi}nc Symbolic <Participatory Action Research z%s;;fﬂlsfan s
Critical Ethnography Analy

Note. * Indicates the term most commonly used; < or > indicates cross-paradigm movement. The BREAK in the original Lather and St. Pierre table indicated
a shift from the Enlightenment humanist paradigms on the left to the post-Enlightenment, posthumanist paradigm on the right. Here it indicates a hybrid, in-
between space where the resesarcher might adopt a critical postmodern theoretical tradition (see Stionson & Bullock, 2012, 2015). Paradigms of inquiry adapted
from table by P. A. Lather and B. St. Pierre, 2005, found in “Paradigm Proliferation as a Good Thing to Think With: Teaching Research in Education as a Wild
Profusion,” by P. A. Lather, 2006, International Journal of Qualitative Studies in Education, 19(1), p. 37.

Stinsonﬂr Walshaw (2017)7} H A1 @ 43k -581 2] 1] 714 S7% 32{The)-S Lather 2006)2) 153117 &1 el e

o] whEoj3lth. o] 5ol oJ5hH, 43t §38ke) o 270l AFE 535 oS (predict)5HaLAl SHIAL o] 2{3E FA| 2 o] £7]
915l A5 (positivism) 2] Q1 FdZo] FE A A UrEFETH: 1980‘5‘ 22 R B olslunderstand) S A-0] FA 0= A= 22
o] ZsHA| Lrebstt. o] ol whet, Abs] ekt A 2| ste] Al go] FESiAITE AFS] A g Al7|ofl & AtaL7E AR A Zsolete
o] 55l = UL ofof whet AFef A2 wEhg F75] LTt o3l S 3l (emancipate)©] E AT 20001 tof] SoA = 3l

3t 3| (deconstruct)?F Ate] F2 02 RASIA| ERAA AF]7Y %) A Zd 2k (sociopolitical turn)& SEA| =3 ZpZte] Tt i
Thd 2 At 2 Bl =24 da/dol] sl 1 siz{ohlehe] 7 2 7140l 241 Itk (Stinson & Walshaw, 2017). 13 7] w2l
AFARZ}TElRt g7 s ohe) & BlofubA sl Al = w2 T4 sliz{th)ofl Bt =of o] Aol b= aaba dA] St A
7o) A wiste g2 e s FAET 4~ I E R 1ol 5 3ttt 9f FollM FEAIA =2id Ul 7HA] A4 w2
T2 At eetalg sl M O gThE S0 7;‘%% 7| &2 2/t Zlo|m, A2 ofF A4 sf2ithelo] 3ERtth
%, 20009 = 0] 2kt shof sRtskaL siAsh= ARk 3 Zlo] ofu2t, ol E51al osfislr] 1% At 43 H Tk I, o]
w2 AT #etu e 7|E0l ER ThE A Z2 —711-1 oo F4ko] A gl = 4 gloh Aol = &tskal o] &
& a7lshe olfi= AFte] FA 2 TdE 4 52 HolF7] flsiAolth

TATIEES SAA R Z48 /S olslistaiat gt =20l Tkl ShAL k= o] ‘_—‘:Oﬂ thsll, A2 A2 S EAH A
7iQlo] =il A] R 50 4o Wk s MeshA] U dEe §3l FHfekAl HFskal Slok= HlEE & 4 Qi
A|qF o]2{5h H|gh2- o] =Fo] A5 sl AdEiet T4 stk ZpAof] Tt v]soll 7h7ke-H, sl 'HA] sk Wioll A o]
o] 57| ffsl Bagt 25l thelA= 7o) o AR 41 QIA| etk &, o] A7t Mg S TS| skl Al
€ HE2 AR A4 7S 288 e AT E FAEE AL s floh A2 A4 7H S E8soF antios

YT 4 Ak BAISO| 97| tholtk. 5, o] 71| dA7H 205 A TolE Bska sl 7lofskt vt 2esEE

O S A nN'
o
FU

olr
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o] 7149] B§-& FASN Y HLL gUck IR, T Tele] A 4SS SYS| e 2102 oS3k gl o] 4
91452]5F 9727t QITk 82k, olol chal ALHIA| 543t Biztol 4 sl @7tol7]o] UNHslo] Gt ek HlEe ok
g 4 glck. iU 2HE A2, of2] F910] B2t HAls Al BES FaA AN O R BE 4 9l BRe) A2o0] Yot
£ 7olek. 12| 2 gioh e wime el Ndx 3 A7 HAS RS 247 Y 4 ek

oA &AM Z27] 7]Hof tisl Azl EAL AEH F247] 7|2 1 715 <] o] Soll A FE]| &k o] 11 Z| A o] 7| & A K-Sl
At} o] 72 5] A o] 1 Ao 512 ¢kal, T 2fgh QJALE “Add olehs Tol S Bl ol WAL Jlek 13 7] wiEo,
AN A2 HSH S ASolA] oo n g AadS BES = QlrAL A2} gt o| B g A7} S olgk= vl A
o2 e 47} gict. oAl 24, 2 AAH %&71 7]‘%‘3% -85t ATE A7} HrolE oo h=rto|t}. T A F2
7] 715 o] 1 v B/ dol = L5k aL AJo]] 7]of 5} EYottA Zo] AE FHFot siAlsiHE = gl& Aol dFE
95k = ro] thfEtE ) u ek AYAlS st Oth ‘317] w20 th(de Freitas et al., 2017; Fennema & Hart, 1994; Gutiérrez, 2013).
2358, T-9] theFatrt A 9] ol feletths Mol FolShA 2| A4St A% Z247] 7|Hof| el Lot = k¥ Y=
SfjoF mpgoict. o] 212 ThA H|7-4 0 2 WokAH etu Sl qehs e T2 0] o t)E 24 oke A& /45| 2 4
T QUok kAR QA AGSHATHA ] AR AL ol of-S-517] ol L EETE 2 ohe a0l A o e 4= 9l
t}. upx] 48to] Higlof| of-2-517] 9J5H 4:&%4%‘— & $4ohe IFgellA o Ad7stsixol Woltt. 4=5tal-5-8} FEgh A1o] ¥ 9o
g Zgofiof sh=A] =9loke M2 5ol Ast7| & 7Itigttt. o|stollA= A4 Z247] 7]Hof| thisl A713H.

A7 Z27) 71 clle7|9 Ate] g 7ot ol &7 |8 A A7 SR S2 thE AFEEY 7 oleS el
o Zolohe= A& 7P F o3t gt WA 0 & A= ©9] M-S o] ETHMNR, 2018). o714 oll&2 7Y FE 9Jn|o oleS 5
O]ﬂ'ﬂ Q— 4 Sl BE 2 23R ole7 i Ao SeAtE2 A7E 2 ekl AL ofyH o] Ate] 3 F

18). 1% 7] uf2ol] 25H2 Eb = (validity)= A2 A1 2] /g (trustworthiness) S 7Hs0h=

_ﬁ
,{;
e
B

8

—
S
NG
>
5
Z
=3
[\)
S

+ A7 8ot YFHo| Jlom A5= S 20 Qlojof sk, oll& 7[Rt S 59
Tal ZTHMeNIff, 2018). w=22] Aol thsliA = o2& A 7] l~—t1| A&, A, A =9
£ o]ojR| & =& FA2 A7t Hetolojofgitt= WA E 7IHe 2 EE2H Zo|B R oj&7|i ol A3tetA] ¢k 4 Utk
i olxl—o]E]—(Mchff, 2018). |52 ol&AEo] HFES BolsolH 159 345 dojdit= 401] FE5H oled A W
o] L= sy =y AES 7]5ko 2 St HSHE o] Tofdl 4= Tkl 7S (de Freitas, 2003; Eisner, 2008; Kang, 2009;
Leavy, 2016). ©]= oﬂ:rLP«] Ap7F AAA RN 2l A A7} ok ™ ®EZ-1} o5 9] 7H5 /g7 = 2FFetal Qlgol Tt Q1A & HojE
TH(Youngchun & Heeyong, 2008). &Kol = of 2] w58t A1 2k50] ofl& 7|5t i tol tisl 92 9] F4elE Fopglou A= nl=
7|9ko] 5+8]9Q1 American Educational Research Association®] arts-based educational research”} special interest groupS- = = JE 2
2} w58} AL E 9|5l & 7Hs3h shuke] 4R o & Hholso | 1t gl

ol &7|5t AFolMe] A7) = AH ST of e} Al A= S ESITt o
ot} HEHQl Aol|A] F27) = AP S FA6AIT, Q17 Al S et =l
S Aol =T 4= glok &, ofwdt AR E e A2 Adsks A2 E7Fst Fxolth cled 2247|= 7]'54%%“\5]%
e o)A Z2.719] 2 tiehd 4= U TH(Kim & Lee, 2013). 7Fx|FH A o] P4l dAoj 2= Fopd 4= glA|TH 25
2] 4o] YRE o] R TFY AP = e 2278 Bl T 4 917] whiEo|th(Kang, 2009; Kim & Lee, 2013; Leavy, 2016).
Sk

ol
F“F
o X
olN
-IN

<l L o =
o7 22712 & ©f AR ABHR X A70t ALE FrIRCHE 05le] AT RS HFHOR AFTHLather,
1991; McNiff, 2018). 52191 77} AFARE A7 3 T ollM 2] AlIZITHH, Z4e] 551/dE IAstal &S d=xshes A

T2 AFAE 1A EA)E 175 o o)A AL A7) A] E=THKang, 2009).
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& 2 oheFet HlRu 4 59 E5H 33 7S AREokaL 57 QIEC] A3zl e 4 Al ol EAtellAl |
AR H @Al AFL x ]%oPE}agm&Lee 2013; Leavy, 2012). 242 AA| Aot Azl o] of 2= ol A= 21 51710 A]

vk AEH S27) 71Ye] 882 FYthe AFAES o] 24 FEA 2 2Rl 5| 7ol FE3ThLeavy, 2012). of= 4do]
=402 ANAE skl 817 ELHDOIE} T o] AAIAIE RF9sHA] Rethil SAks2 1 WEE A ofsid 4 fls A
ojct. 244 S27] 7S A &3 AFE F3l FAE2 ARl A B stA| ot FUAA ot EfRlol] thgh 5443t o sfol] =g
e 4> 31th(de Freitas, 2003; Kim & Lee, 2013). 27 0[OFE 2 42442 S227] 7] o] 7R AL Q)= PRt 311, ol & S8l 21493
A sl A2 Al o3t v IR Al o] ohZ FotH Atddst 515 7h=2= o B A AtaLe] 7| E &S 4 St
(Leavy, 2016; McNiff, 2018). 157] w2l 242 S27] 7|95 2| §-oF 917-29] Ak(findings)= LRFA < A7 =] Aafek=ot
S 4 ol ik ol SEI oF Ao ok A @Al = A& ERfuio dshe BEo] mR ke g9, M IV e =
A7 AR SIS = Sl oA E EAET Y 24 7]—3— 2 A5 (datay= HHOI 2 245 AEAA 2= #4 H
< 50l D& 4 715 SRR AARe] Aol MR B 2= A F ot AR 2 F-8otth whbA Ak 7R A ]l AkRe #X‘ 4

o
o
é
(A
P
&

Slo|x AMA FRI|E & 4 9lom 2pEo] BA A= 7]-}\] 20 2 o|Ro|x]|7| K} 22 A= 1A 2pA|of| &=
Freitas, 2003; Leavy, 2016).

Aol i ZE

JollMe 28 227] 7RIS 4
SAFE|S) 3ol A of2] vt o] 252 HSHHA]
w-5-5tof| Al 9] B|3A] Ql&A|sE AL, wSStof| A 9] v Q1% A

SAET= T, HEP o] S FAoh 23A R E gAstd F, A §iF2o M‘Oi 1L OPQ = ’7&5}7%]
o}, ZUiel & 9HEskaL, o AT ujollA B%, wAF Aol Tt AFR] 3-5A|2] /14]o]
w59 FAlof| Jlojof npgst WAL gl JEo] WElehs MEAS MFe R ol ?-i*c}
A2/doll Tt AkS] ZA12] §Hel & ol EojiioF & E o & L7)A =it o] & FshiA] %ﬁ@ﬁﬂ P AAE XWOI ZAST S
2730 A1 71 of Stttz Q14 stof] WA MR/ SIS SIsh 'etol sl Ay ZetA| E A w54 WS S (educative
curriculum material; Davis et al., 2017)°1| 55514 = Ath. Ojl 71 A8 A s A, A EA, B AR £ &5 aAEla BE
S A= AES LA 02 o2} wSH wKIY AHE = Y9 <5 oh 2t WAL WS 7R & e sto] Zdst AfEolct u}
2HA, ol2|gt At g = EAF AR A 0 2 455} HOP A 52 vskaL o} o 7]oll= A Ake] Q=& HAIH o & sy
A, £ oA Z-& 7Hs3st of 2] FAE AAISHL, oo sl d 52 s A = AR AEE e 52 Wiol ok
(Davis et al., 2017). 531178 2t5= FHASH F5= ™ dolA 9] 1§ 7HE S o] Foluf7] /gt =1 & QIA1H JAPL o s
2 A2 AARAAHA wSA WS 2pz ol F£E0HA| B ATHCho & Kim, 2021; Stein & Kim, 2009; Suh et al., 2019).

2ol tigt A7Ake] Al AAPF A F247] 71RE (oAl of) A Esh= tloll e Y& riFith A RS A4
T A A o = o] etk AR At WS o A RStk & 4= Qltk. 28 $FHoll= o2 o] 2l9] ohE WA
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Figure 1. An outline of LECR activity
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