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Nature of Science(NOS) has been a well-organized focus of science education and one of the key elements
in defining and cultivating scientific literacy for more than a century. In recent years, a specific description
of NOS, which is often known as ‘the consensus view of NOS’, has become very influential and has
gained ready acceptance as an arrangement for both curriculum building and research into understanding
of NOS by students and teachers in many countries around the world. This study has two purposes;
one is to review some debates and criticism on the consensus view of NOS which consists of a list
of sentences to describe nature of refined and general science, which have been heated up for the last
few years by many prominent science education researchers, and the other is to consider alternative
perspectives on NOS for the purpose of a new direction of NOS education. As a result of an investigation
into such views as ‘Teaching about NOS’, ‘Critical NOS’, ‘Critical Thinking-NOS’, ‘“Whole Science’,
‘Features of Science’ and ‘Reconceptualized Family Resemblance Approach to NOS’, some implications
which focus on the generality and plurality of content knowledge of NOS based on current philosophy
of science and sociology of scientific knowledge are suggested for the improvement of teaching and
learning NOS.

. M2 TLEfRE A oule] FpebA Ackg FABRE Zrolke =7ke] BA

S22k ARR] GolE Aledsil AlRlef A Sga Fshet] ZIkte] Hi=

204710 SOl A TekS-L B Slsl] il Al g HRF R 71E AHe] 7IA7) ERETDeBoer, 2000; Hodson, 2003;
93t woF 2 W33t Ao] ARo|thMiller, 2006; Osborne, 2007). Roberts, 2007).

ol T}Elo] FHEA AL HEF AL 7REE HEO BHE At 4] ARt ApsbdetollA] apeite] A olel= Ao 5

Azstol, Q17be] alol|A] Tato] ofE kS sl Z9lA] ofgfals Bl £LOm, H ol AhshulsefA] ‘akeka] Ade(scientific practice)’

Zo| RZ3h= oot o 4= 9lrkBybee, 1997). 0]9h R Al & JEIRL QTR = Fof HiRojA] Fjsto] AR ofgA] dEk=

Tt U <2fs} Aokolal= 732 A (programmatic) 7I'd’(Norris & 7holl A3t oA JAES olslfslay, LRt SjAES Aok} wso

Phillips, 2009)0] T}3+A BIAEE o1 Al Ao}, B3H g} A A7 wAECl A8shs ==o] YEhaL Qi o= Hskat

—=

Hzjol| tht o|afol Z3hEl Aol ofal, maFAol AUl AL o] A4 A A2 SRt =4, =2E AAEA deks dY
Q5 AAS TR T v AL AREEE o] T3 gtk T 517] Hihs, Aetbse] A AIAIE olslst e HiEE S5
¥3slo], ‘st 4~9F, H])A I(Science Literacy, Vision 1)’} < 2}8}4] Qs AA|= k= Aol 23 Ao} W o)l o HE
Zof A II(Scientific Literacy, Vision 1) S J-E31= Zo] a3} 3P| At As Qnjeltt. & "W, Jeo|E A5}
thal F4E]7] % SHcKRoberts, 2007; Roberts & Bybee, 2014). Az} © A&2Ql Ashe] 7Pgx} Aok M2|al, ‘%1743t FsHauthentic
L gst wat o] f sHEA 18-S ZJxsks Ao, A= EX science)' & 7|&dtalAt kmee Skl Qltke Zlofw, iRt ek
webof WA <38} 7]dk AL A A H(socioscientific issues, ©|3} 2 21993} H s naturalized philosophy of science)’3)-E E3]
SSIyDef thak Qlalel oApas ehe malste] wtmgef s 7IEEL A

Hr} Z W0 A vpale 71xsh= Ao|ciKarisan & Zeidler, 2017).

2) o]=o] At T}8FEF(Next Generation Science Standards)(NGSS Lead

* AR} 227 (myjyk93@snu.ac.kr) States, 2013)0flA] 7| ‘T8HY H(inquiry)' = ‘ZHeHd] A o= i
http://dx.doi.org/10.14697/jkase.2018.38.5.721 =|Qiet ol ek A w1l <TekE of= Zl(knowing of science)’ Tk
1) SShi= 2] FA|RA, Alsje] w2l FeFgo] a1 E3gstn, 71 sd et ‘282 Sh= Zl(doing of science)’©] FEE Zlo]H(Osborne, 2014), 25}12]
o] Mgt ultxskE FA| AR welth SIS SSIof gt QAFEANS Hrs dehe dego] g Fejekar 715k Ul st Bybee, 2011).
e oA T} 2|42 B2, Al 2 A, A, &8, =94 3) IAEo] AAIR Fshe S8l Qs 1S Alwa o wX, st HAS
Z29e 19T 4 9l 7135 2 "ci(Sadler, 2009). stefd &= itk PAeIA AEE Hebdshe Witth(Giere, 1985).
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Ajelee] Hote] Pl BoLE QTSR SHES Tete] At
2 JReHESL ek Adel] gL QAEHo|n Ratael
Hape] Qi Alay, w70k 20| JFA 4% 2 U 242
A 5ol B A7 Susiol et Bel Tty Al

‘hatel tigt QLR el A4 Ao FE SR HIFRA BY
o thet H3S THHEFEE Aok QlckMathew, 2014). Z, I}
A o] chepat S, e A9 BT et 3] Bl
Sl Alioke] HEAG SRS TS PEslel W5 5% B¢
A B2, Heke] B 44 Meichuy, 1993), 5 ote] g
(nature of science, ©J3} NOS) 0] 55} 7o, WFARIO 24

A 2L 2% YT ARLS PYSIt] vRFsIck

S
NOSZ olo), Fskasia), Fsteinp), Fshalalsia, 4l
apx} ik o e} st g Al So] 7t Hope] sHEA <)ol Tske
2Rt AR R vlEE= st gt webA| Al(meta-knowledge)’
olekiL Ff(Clough, 2011). oo X|E7H4] B Tshig Q75ol
HPSS(History, Philosophy, Sociology of Science) w&lojak=r}
(AAAS, 1990; Abd-El-Khalick, Bell, & Lederman, 1998; Hodson,
1991; McComas, 2005, 2008: NRC, 1996), A4 o8] ko] wfstu-S-
ZN&E i McComas & Olson, 1998) = Mo} 5 M7k gol W&
(Osborne et al., 2003) HA 59| tjef3t A 25 Folf Astusagol
Z315E NOS Uhg- 9420 FHofE S ke &S = Sl 814
TF 223t o= Ekelal, #eke] e EEolal, deto] sy
& Y AAR = bk duso] wehus 3549 NOS 7id st
1Alof whggol wet NOS 7iid-2 Haligkom(AAAS, 1990, 1993;
NSTA, 1982), %74} NOS H§-02 702 3am5ubgo] Felske
ol &7t dsire o138 i ee 83 =44 2450
A= QJc}(Allchin, 2013; Hodson & Wong, 2017; Osborne et
al., 2003; Smith & Scharmann, 1999; Stanley & Brickhouse, 2001).
Jejus ek AA7E a3 95da B B8, Tetol thet
AAA ofellE FEvhe AFARES] WAloll whef, FHsks Al A
s7F st 9 wstulgo] 2tshe 7IEEel wet NOSe| oju)7t
oAl ERiube e Fsttal o 4= lon, J1Egl olf=
W axoke E9 Jg R 5she Wt fARSHA, NOS %A
Hslshs 99 igos ARG dekE:

3HH, NOSgh F-31Q171of| tsl HPSS 7=t dpets -4t
S0l ‘O NOS g 2420] EA) o, P52 NOS olsh=
9fell 2 - 5 - AL Sl 1 WS EESkeE Ao BhA] of
et 7z B Fa3t 212, S0l H8t ¢ 5l NOSoj| st

FQI7HE L7)at vilths Aotk ofuf F=sfof & A H
A Aifsoe] Srekol, it 2 - 5 - 2L 3, AL, gkt
o] &3t FBtof| Tt oAz of" NOS o8& Ssh= =75
ARgSte iR shefeie We 0] ofsfol] MEY tks AR
o]t (Abd-El-Khalick & Lederman, 2000a; Driver et al., 1996; Finson,
2002; Hogan & Maglienti, 2001; Lederman, 1992, 2007; Lederman
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4) QAIES Fuael Eb FE oIz A4 B4, 719 9 Yo 3y o
Aol thet ol omA, T8t QAEL AR QIAEAF of @] )
of w3 obto} sH=7bel vt Alo]chKwak, 2001).
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& Lederman, 2014; Moss et al., 2009; Noh et al., 2002; Oliveira
et al., 2012; Ryder, Leach, & Driver, 1999). o]o| Lederman &
Lederman(2014)-& NOS o]l o]u] 204]7]7} A|2tE]7] o] & HE
Aoz Tehmee] Aol RIS Fsh, Teje Tk
5 AAb & ol AEE AT 9] WA ol Etskal At
tig=0] NOSe| thal] 48t TS AfataL QA ek AMS
B Holek skt

A of2) Uete] % - nSsha wjsh mabd B4 ATk oS
Nzstol, ik AJ4le] g0 NOSE Ae] thea] ehAL, 1 e
o A=H8] H2akT, cherka 8 |2 olo](Abd-ElKhalick,
Waters, & Le, 2008; Irez, 2009), 2= 3HIE2] NOS ol3fof thsl
AgAR] 2ES A = = A om ATESIh E3E iR
o] wtAEo] F= Wt HF RS tEAY, HE4 FH=
ek HALSHH(Duschl, 1994), #5H] QlA]of EAsh= WHiEolut
ARl QAES FAIEE] wiol, NOS w59 Ao 285k 4
QIrkit B 4 gick oje} 7he: T} by B ATk S Tstugy
ol st Tpatol ek AT o] ZAH5}(Hodson, 1998), T
THE ol A7l A3hS SISk FYTHMcComas, 1996)
Q14:41 AJol] Tk TekEICh olo] HodsonQ014)2 15 TisHas
& shse) Tstol thet Aolo] ol 450] Zo|E 7hol, Ml
FNOS ofsfe] Ego] Hx| Eajul, wE Bt s - sy B,
5] AY 2Eoll WAlisk: et vzt AR = ZElste], W=
‘pshA] gatof thel AP SishaL, AUAA| deslste] gt
oha Fel e ahick

22 oeiuel Tehgaby W STt 9 9 et waklel
UFERT NOS U8 8452 St 917 20 73 m8akge] 5
Salolla] 2009 A meYe] ok Tsto R wsglo] tlel NOS
£ WHeks e 258 HasiolSs HolFditi(Yang, Kim, &
Noh, 2015). o] AHA|5] A, 55215}k o|F thloflA] TEAIA
QINOS &S 3b7] oL, 531% Wt F-5afst of e+
oA & 4= IE NOS W8k Alkxl & ERI5H3ITK Lee,
Park, & Jeong, 2016). F3t g4 shS w53t 11538k 150
SHYE9] NOSO tfgh ofafjo] =2 11 o] dEet 235]d st
Aoz Huw Hf ¢JriKim, 2016).

AF7HA AZE dAE XS o, 2 - S5 Lstusag Yell
NOS9| W85 #EEIJsl0] g - S50 o] R|X| s k= 29| Bl
At AEAE e ofA7E fiokar & = QUek olofl AlAl oY
Uzloll A= NOS 7lidstel] EAsl= Alehdt HPSS 2] =21t 54|
ot EtelaL, o= A= o7} o]FoiZl NOS W85 wshgo]
P e Holal glom, fEjuRte mRi7EA|ofA, 2015 1
Sapgo] nEskm B4aEel oA U] S o
psfe] BAPS b w1 7|28 A5k QITKMOE, 2015)

A2 oty RS Fohugel AY=R el sEe
(Matthew, 2014) 23 TS 8t slo] Higafo Fehe 24t
a7, NOSF 19177, < T2i3k NOSS| Ho1e Tsin gk 4o
sgafiof sh=r17 ol theh Be ok Aol JYEoHes ol EaL Qlrk

o

Am

5) WSSk SR S 9SS TSk & S S g
2 do] B} B 5 W WA gk A1) 91 Tt B A
AP el3 AR B4 ABS ATk 3H20|THMOE, 2015).



olo} 2He NOS Q179] 3] RS A ole] Uzle] T
A7 B8 mEY Aol Y] EoElo] & FHo] NOS o] Zh=

L O)(tenet)ol] Tt H]HA] HECL 317, Thekdt thebs] Sl 5%
shetl ©2E Algsialon, sHY 9l wAfugo] Ba%k NOSe Ui
of thgt ==0)= L 50 gL 7}¥E 3 Qlti(Hodson & Wong, 2017).

WEE FEA o v 7] Fsol]o, sHYEe] Hew
dopz wljo] s HheA] areslof s, T1 ARSlE Aobd 4= Sl

N TS VIS o =S WS ook Rtk wRbA ale

WALt ARE T B ofue}, tkE vlHE ASshaL giud

= GEolofof ghtk(Lee, 2008). 123t 7ol TL: o] A

AL AR, 715 Hstel -2 Q170 wjol yH oy ek

Al AR Aoz FA Febgel ueh dstago] Al

Aol aA=IL 7] wiZolth

olgfet A4S 11 ol A|7|Hc} 2 ste] gk osfe] Fa
A2 7pzslor 38 SRk olo] NOS T%o] Fie) AfEh a7
o st o] 98 7 ol i A9, 741
o= W5t oA NOSS| 1S o8] thojof ua) X34
kgl M= ks 2 9lex| wuldjor sk
e A@7IAe] AT Behg Q1 ) NOS st Mg

=5 A Ao =oAL 9l NOS 152 ok Tfofshs 2

Zepzloleal & 4= gtk & Aolli= NOSE| #-4 7S thef

T ok f=s Fol Wste] 71sske AAl HAlke 2sh=t T

o}, 2213t 7152 sk ]oll St st w3} U NOS g 849

EZsjot BRIE 5 Tetug ATAEY GHES AL

o Tefeh BES AT vA, 20104 AEE 7]E0 R, F2 Derck

Hodson, Douglas Allchin, Zoubeida R. Dagher, Sibel Erduran,

Richard A. Duschl, Michael R. Matthews 5-2] A 1}stws A}

So| NOS 74| Tl oS ghalatol, @) Al ofe] Uete] NOS

L0 A= ¥ 3’8} = “T2] NOS & (consensus view of

NOS)’(Chang, Chang, & Tseng, 2010)¢] tfgt =A%, vz As|E

& 2415 A B Flolek. Uo7} Fe) NOS #lo] that et

NOS PSS Rolojnl, 1 Ul Qa5 ojuFx] mEsel, 1

olg wEshug gt

ﬁ

N orr

|. @ NOS Eoll Chgt =ya} bzt

o) NOS THE 2714 Al ofe) vyeke] sk me ol
NOS 4+ 3ol Mo} & NOS Tl Uhg A1) = 3l9] 74
QAEL Tlt] o|uf, ‘groP et 8012 AL8SE AL W uksknS
A7 50| NOSE stk 71e8] Helz NOS 519] fa5e)
Aol ke Zloletar g 4= glrk e ER 9FO] NOS #Hde
st 2|4 0] HR/at kA QIA1A 487 s dS LT 1, ‘o]
© A% ishalel sk Fetngel Hgelin £Ee Bk of
3L Q1A 2o SfFsict. LA A o2, u|=t9] Lederman et al.(2002)
T Lederman(2007)0] Aokt oJE 71A] Ei= A 7HA] GAE
Hefjo] Moz EAFo g JLAJE wsl 2|42 EA(nature of scientific
knowledge, ©]3} NOSK)2 A|A%ItHLederman & Lederman,
2014)(Table 1).

A Study on the Plurality of Nature of Science in Science Education

Table 1. Consesus view of NOS (Lederman, 2007; Lederman
& Lederman, 2014)

ol Nos #Hel g 8k U /A

L g 222 tar

2. W23} o]2o A& g2 24 3otk

3. A AA gt BHERE SEEAY NS £7] g )8}
AAE Aol

kel 2AlL Q17tke] AMAFEw) A
st Aale FaAoltt.

311—611— Z]é]o }\]—Qx'l UHH—QJ 0‘5}—_% %_\E_D]_
e} xjale Hojgo] ALt Halgk Fo] o
uglolc,

ele E3t

©
i)

NS

bel, 2Pgdeln wst]

NOS 7igs} 5ol yehd du=2 4 vk oz 4
2| AE(McComas & Olson, 1998)ZHE Y] 7IX] =02 13
Eflin, Glennan, & Reisch(1999)2] A|2t7}A], duiL} W BAE
B AES FskeTe] AfolE Hol= ke, tAFem duk

7Fst 3842 7HAAL Qlekal & 4= Qi ojef o] o= A
ool =gt 355 NOS W 8452 Aokl U NOS #+l
Atoll ZGA ARgE O] o, vl ¥Rk 4= 57ke] NOS
W8 vhge] 27k Btk ohel rte] dpo R e o} Sk
=3, 5Pyt 3] NOS ojshe: AIstsk AR AL} NOS ol
2 2054 18 TR AL A} ATS Hekshs oo
Lederman(2007)2] &+2] NOS Z|AE7} n)z] g&ke e =osict &
= QJth(Abd-El-Khalick & Lederman, 2000b; Ackerson & Donnelly,
2008; Chang, Chang, & Tseng, 2010).

ofefgt vkslslo] g 75T Toke] 4A5E es HPSSH
o] o2 wf 84 /S Zerki o A7 Stk RS NOS
7heish 5] LERt ofe] NOS elAESe] Bolft FE4E 9o
2 Qx)7} oh]7] whEolek. Sg Salor o A& e NOS
PaEge shlalt TR Zo] ofe 287 Az Bely
Znlolq 92 Aelo] agel Aol
77 Good & Shymansky(2001)= 1 FA] A2 k2] NOS 4

=9 UhE 8453 dieaolRl nl=e] k4] 49F 3 (Benchmarks
for Science Literacy)(AAAS, 1993)1} =+7}a}s}a-S ¥ 5(National
Science Education Standards, NSES)(NRC, 1996)¢f 7]<&% NOS W
£ Rlol, 2t AN A sl G w6 dE
ujgho) B}z A2k vt o)k b e, Hstel HHA A
BN, EA0) A4 HEAS JEets TS A
7] 57) EEM—(post modemism)o]| 317U}, Sl BEjL %o
PRck, RS oI £ 330l W dige Al o
Yopr} GHEOM QlEslol tigt AlAET} thSt AoR ofE 9t
3 H|H3FATHGood & Shymansky, 2001). :rlxﬂﬂ_& oE &9,
sste] ke aulo] dhalo] “Tjat x|41e Y HolakES} Wl
nfH otk (Scientific knowledge is tentative or subject to change.)’2kal
71&3haA SAlol, “Tel A4l A otk (Scientific knowledge is
stable.)" 71 FEHSPAL, k= Tfste] 4ol Exolck(Change
is a persistent feature of science.)’2}al 7|&SFHA], “X|444-2 115}9]
%45219] EXJo|th(Continuity is a persistent feature of science.)”2}al
sHAY, “yekRlguict AR o2 A& AAro|tk(It is normal for
scientists to differ with one another.y’2}al SFHA] “IsFR= 279
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UX|E F7151c)(Scientists work toward consensus.)” 3! ATH 5}
ASITHAAAS, 1990, pp. 2-3).

]k 50] NOS 2lE0] tgh 34 Alzto] Tiste) 4 E
WA FA] vIER Qi Ao] ohiehs AME Be ATE
(Allchin, 2011, 2013, 2017; Clough, 2007; Dagher & Erduran, 2014,
2016, 2017; Deng et al., 2011; Elby & Hammer, 2001; Erduran &
Dagher, 2014a; Hodson, 2008, 2009, 2014; Hodson & Wong, 2017,
Rudge & Howe, 2013; Rudolph, 2000; Settlage, Madsen, & Rustad,
2005; Wong & Hodson, 2009)9|4] &218 4= Qic). o]e} T s}o],
Matthews(2001)= NOSo| ot o] THE, E3| “Lederman
Seven(p. 12)°0] i3]} At HES 3t Fof, A 2= NOS 3+
ol50]| Ego] HHH “HsA o T HALA O R AlTE] A noly
3 ¥ sfoF gkck.(much more philosophically and historically refined
and developed)(p. 12)°1L FASIATE 2 Allchin(2017)-2 “g-o] NOS
L a0l Fmolxl Rolck 2l Eas}ol, “Tol NOS 2] o
ol H)E HJA] & Skl itk (Ironically, the ‘consensus view” about
the nature of science (NOS) no longer enjoys consensus.)(p. 18)”1L
2Ajal7]% sk

E£3), 2000t A5Z gko] NOS ¥4} Bedshe] =4S Zuls)
AC A0 R NOS 15 Telsto] 1o 742 7JAI8] & Derek
Hodson®] #A]A 2] NOS 13-2] =3 = Norman G. Ledermanit}
FREC] Al’lstol, NOSel| tigh ‘ghe] P o2 Q1=HA] st
& A7 2 Astusaby o] R 93FEs dAlske d
NOS o]l thal] thzHAlQl HlThs B2 s WarshHA fe
- olofl FAARI frae Tt Aol AR B
At FEAIA R 30 NOS o] digh g9 Bl £, AR
A NGRS 1R o AS T2 PR Yol w1 k. da
=, 20179 <7yt 2}, 8t 8l 7] 15 A|'d(Canadian Journal
of Science, Mathematics and Technology Education> 179 13+
Hodson & Wong(2017)¢] +=io] th& k9] NOS 2ol tigh v}
Algtol eig 215t bS] SR wol LS, o] §3
a2 ALRlE ARt NOS 59| Weks A4sh= 21 43 44
B A SRIAA F7]= sieich

2] NOS ¥Hlof] #HAs vk tiokd HEe ‘Rols

A

rr

o
d
=}

T

5k A~
gl

5}

<)
oF

El

i)

ol st A-g3fjof sh=r1r e Fizell wis Ao of
Yzl 9 NOSE w&sfjof slerl2ehs & o il Ao

3|78} =2 o121 9JckDagher & Erduran, 2016). 0] 74 NOSe]
it ¥ o] U7 EAh: e Aekstel, ‘NOS ##3h =
E7FssHaL Z2FE HPSS A72=9] F745(Alters, 1997) &
Aoz frasto], Ag7HA] Ietas AARE0] 7120 & NOS
o5 WA o Avksat 1 weke] A W Ies Alsskal
A ok ego] MR Aufjgial ATE7|= shlthAlters, 1997;
Laudan et al., 1986; Ziman, 2000). 122 & NOS S0 225t
TEAQI o] 22 oJX15] NOSE| A9] ®i= A AR wAIEel=t
1 & 4 Qi Alters, 1997).

A 2 NOS 2|AES S4O2 7= NOS 159 FAl=
Ao G0 NOSE 444 7IHoR 1F0lEs ol 2 5E
H35kal Q)i Osborne, 2017). 782 7L “z 2 a=olut d(a
programme or a point of view)(Ennis, 1969, p. 179)”] tj3]] o]u]
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AP S A= o Aolnw, o el o7t Ak Y4,
HA/G 9] HYAe FO NOS ¥ils FAskes o]Fo], 3
S} %] W NOS w4 - shs50] Wigko]| 71 ofulof] WA BAA Ei=
=2 QAo oEsHeE otk Zlo|th
ofof Al&7kA] NOS 7I1'd e} Al E= A dekE 746k B
st 1750 AR o) NOS Frdo] Tieisl vl FSah
= QLES deu 2o] Qrlelel TaelA Tk
HA, A2 & uf, 3He] NOS 2AEd 231 jeke] 1
A, 7P, ROV, BRI A 58 ek 7 A B
Se A7k WE Al Hg Alse ATe W dgemn
(Dagher & Erduran, 2016), ¢ll& 5°1, vl=2] ZFstuls 23] 4
sfote] 4402 FAT ke 2ol S Ask Alwakck
=7k AR Ts W] $8% qEE sigitP(McComas &
Olson, 1998)= A= M50l B3k FAI7IE olsfsh=t
THES AlSSHA| FRhar AR EAL Qlek AR B Qo) &
Fo) AHBE WHHo| T, WE Fefo] 4] B Fojzolu, Tz}
Mo Afs) 9 ate] ofgre W A 2|t Hslolgt
g 7153 Ago] ofhuak= Ao thHodson, 2014; Kampoulakis,
2016). o FaL, A|=5] HHshn Tt 2 AE, & O NOS 2|2
Eof oo, gl ek il ek A 4 glrks QS
FlskA(Allchin, 2011), 3H2] NOS 2|AEQ] F-gof tfsf *2.2] AR
ol ek el 2 Aolehe Tistel M A g 91
< 73x357) §ig A Holgkal 2dsl| % gl (Wheeler-Toppen,
2005). EZL AUAA ARsEAY, Teste, Eeke]@(Allchin,
2017; Grandy & Duschl, 2008; Hodson, 2014) ¢}2] NOS ZAE+=
psate] Al FES b1 BhHol, A& Q(inert) 2eke] Aapgt
= ORI gleug o o} 0|5 Fate o] oftef, NOS 7
Ao ghtsiof o i e = A9 X|9E AlFsteiof shH, st
tfet ololtiols TRt Bito] HSES sl ehilg Zaor
Stk £4%7| = $c(Yacoubian, 2012). Bl&¢d, §2] NOS ¥4
29 7P B4 BARE R PlAE BUS HRORA, By
242 vl Afg o7 Wrks, YueFo R HdElo] ¢|sof
FUig K210 T2 5 slon, sie] we iAol e A4

= p

(o
0:

(

o] ARE AT eFeris HToE FHeksitha @ 4 ot
(Clough, 2007).5)

oleiat §ro] NOSel tiig 344 Ajzke 1

Z

=l 1 Ajmo] ofg) oj2e wsal 4 Q) uigolth AupHow
X o) Aol et St Sl Aeia] Kl 7RsekA) ohe B
e AL Al stefeke, WA 2o ol A S4H L,

6) SHL Tl HEA NOSE tholol Fth: WHE AAE &
Abd-El-Khalick(2012b)-2 ©f o]AF NOS ¢ =350 tis) AE3AY Fo
2 ] 912 Zlo] ohel, @A) U] S8HI Gl eI NOS TS St
of e Al weh R AL A vt gk



Ao ARE 7hsAdo] dtt sttty AE7HA| QI7to] &gk %
ol gt A4S dag st s o|thd, 13} 2|4 9]
< WSFOEN HIstara} sk AR 1k nES 9
ik Aolch. ujed Tfste] WA Suet Auglol A
e 2ol AT AV 2 WS, = oleo] WHHY
Ak o T, Ao ool Sold e ALel 4 glov]
ofe] o} e Agolls WMoY, HmstE M 4FHo
AFggo] weh ohg ol £} Raell i Z7lo] o3 2
olEsilh ste] W 3 Awsit] QloiH Wz ons
o ZolkL B 4 ok sk, Tste] WHHS =

2 Sgele A, RE Tslo] QM Woleks UL Aoj%
o= Q7] wigel|, dekt 7o) dido] 7= 7]E R|49) =3t
Auslel= Wz EAL 55514 FHtiHarding & Hare, 2000).
e, EW2 1ke] o|& AA7F oAHs] Aol H7|ak= Wt

i 4 ox AN o2

ATEE AL o] 24 7t S et sl A R 1 E
T e, AAE ARES 71E A4 7IRkE FA] o ol
AL o] FA] B3 Ao]7] wjEo]tiHodson & Wong, 2017).

= 2t olE W v S22 Afo]o] SRR wAlof wit
Aotk AA| A5 ke WHR; g Aol o] Zolu 20|
2= Bol5 AMSh=t] E5ka Holm(Cheong, 2014), ©|& X R3]
9] 715 TAE ok= o] AA| BEIAEA 1HA F83t #A
7} obdolte, ¥} o] 2otz et 2|49 HF= go]9f Aol
oR= Zlo] 2] wpshA] AxqF nSoflA] FAISk= SSIof thet 2
AR ol WS Tk A AL SltKWong &
Hodson, 2010).

E3h O] NOS 2| AEofA k)= ) 22 Alolof] 274
Ato|7F EARTHE T o] o] & o)AdS alefRith, X=9]
+RIgE FAolekz Aol 0|9} #eisto] Hodson(2014)-> 2k}
T2 Aol Ao|iE Feke 2l 53], eHEe] AU s
OJEZ|Ql Hpsto] WS ofafsl=tl] =0l HA| it ghrfarl A5k
th ol A& ol2e] SASHAU B U 7Iss AR E 1,
|| afgsls 2 Folo)al, S stk 2 F3lgl7tell ot
TS WS = Q7] whzole) T o) oS ApAIS] A E,
1 2lode: A A8E= Wt o] o2}, Feyerabend(1962)7}
A Agzo], IR Q2] i om A=do] w5 o, & Akl
AE 7255 Ad Zaglel f27h W= SO o Sl AR
Aol gk ZlolaL, o]Zolgh HAH O R Az Pzl vpgre
Aolug, 2|7k W7} opH 2207t AAE S
s} 2] 418] Husl, Aol thet A4, ARlolu 9 SR %
7o) ot FreE WHYSHA Hok ohA] wel, o]2o] & olsfjy]
FsHA Hol S0 of, o]22]Ql ol W <dojo s,
T ATE Hasks oA o] 24Ql §olE ARESHA Hr A
T} o] 2ol 7|he £ Solrt BAL S8 AHEEA psrhd Az
Tfste] UL ol 4 glrks Zolh WA Wiraw) AeeEr}
o B0 RHE] AHEHIL T 4 Gl S EASIA] eRzchs
ojujolck mhebA g9l NOS BHo] WA} o] o
T EE P o] oS T Zauleis A
= olslfstAY Hetatm A 7 Eshet At A
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Al MAl= 2 NOS o] afe} gt Ei= 2feko] 1 SHS
Z3FeIA] 9= Ao TW3E v ZA(Dagher & Erduran, 2016;
Hodson, 2009, 2014), 3£3}=]o] Qlrhar shejets, dAha] AAQE 25
Blal QA] o= AL B4 431 QithKampoulakis, 2016). ©]& &
TEAH, 2] NOS o= 1fsha Aldfo] Afgh wopd, wabd
o), & @ Foldoluk, et 2|4 A W o) ook, e

B2k 4 Qs Ak we] o] refulo] 9heS Mk 2
N

olck 2 Fo] NOS THE Bl Tste] Zzjo] AFlo] Tt
eloll mhe A14] S Slat sy o] WAl kS
A= 7152 S 4= Qickar o ARt Hodson, 2009, 2014).
siafo] 4 ol FEAOR Mg 7hs Tale] Yol } ahs
o] ZASHA ol NOSE “UHtel & Ji= W3} sh= 2

ofe] Ta} Hopo] A 44S htsks Zoleka 3 4 gt
(Kampoulakis, 2016). wteb] 72t 3eks Z7sle] L4jel g
9] R ARkS THRE= O] NOS 2 efofdstal, E3-wshy ©
F5 Holes o] EAL lthal B7HE AL Ql= Zlofti(Allchin, 2011;
Duschl & Grandy, 2013; Hodson, 2014; Irzik & Nola, 2011a;
Matthews, 2012; van Dijk, 2011). Za}x o2 7}d A, Ha Ao
5o] WL W2t A5 Ago] A2 BlsT Yo JeE ©
A weha Aol dist JEE EoshA] oAl qltke ojujo|th
0|2 5, Dagher & Erduran(2016)= $12] NOS #o] ko] g7
72 ASHs 2147] Tste] S48 viasix) Eala olrka A4
3w} 9lrk

Hodson(2009)- 1+ 3}8te] ip7gS st ‘Aol 7ol ¥}
52 At mele] ARt 4 oR HRkE S ol T NOS
o] Algshe "ol thet @7iEs HlHsksich &, ©¢] NOS
S 2ok 214 AA| WollA Kdlo] ash= Fa3h AT A9
5}o}(Grandy & Duschl, 2008), 33} 2|4]9] e apof 39k o],
7, A, B9 ks sk WS BS F5] s

3L QA FBhal ek Sjujelny. ofelk ' 72 Hgke

£4o]
3 20} WHS TAS Zrk oS Sl o AL Do WS
=13

23} Hu glong, olo] Yekis ofg 9 3t Al Bt
A4 &5 A, vlRe] TS s BEe] AFshd AoR
5, BRE 9Ie YaLo R sejckele] Hglo] doftom, we A
£H02 9o} ofn] U Q= Ao] WEIHA AomE Folelrt
2 Qophe WA JlEAE R0z Wtk qrka & 4 gk
olefat 5 A B3] gt By FHe| Betuom e
F7A0k 4 Alole] A FASH: Motz Wt A ol

WS SelomyE Wak A Agstel el chel 25t
78 7 W0 2o [ ofufgich it 2 T

rr =

o
N
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PARSI) AHA—]E]E]J] 51:]—__
] 212 i Aol 9 e ke o :
) A B st Y 74 9 SHo vises
ofulateh wetA] oje} 7he W we] BAS 18] A
+ ok A8k NOS -5 H-goll= et g5t9] 4 (nature of
scientific inquiry, ©]3} NOSI)-& Z&3fjof sttt 7Fx 5wl Qi &
3], Hodson(2009)& z|&2 0 2 318k gte] thal ols] JH& 7
= NOS g0 FasfoF gtk =42 A=, 17t AlAIRE

QA 22| Z=A||E(epistemological themes)> Th2-3} Ztch

S R |

o D3 EFIE 3 ANEl Df5t 2jAlo| it 2|9
2|

) = = =
12

. T3t ol20| 2ol Ayl oY
. OJ2 o] ABIH, 2iA B

. MBZ BSHEA BBASO0| HTBH= WA

© AN FYZ ASSIT HS5/0] UHSHD| AL 001 B

910 nasat e Hap gol diet olsle] el S
NOS 7Ng= AAshe A7AH=2] 780l et 8522, Lederman
et al (2002), Lederman(2006) X Lederman & Lederman(2014)-2 &
A $-217F ARg3h= NOSEHE Boli= dUs] WakAbd NOSKe] sig
SHELE, NOSERL Eeji= U852 NOSKE 7H53tehH 2319 424
7} A Fole Felsla, o] G0 ALgs] Eelo] NOS o
o] dl=olztal FH vl k7 Lederman®] Z123t 2xFof tis)
Hodson(2014)-2 NOSKHS NOS©]| Z3tsl= Aof| Hitfsh= o]g-&
X, 33t A|4e] oheee sk was et A, A, Aa wa

of ofsl ARl Tt 2|4le] A9l AL, ARy et et B
of ojEsielar s}, NOSO) NOSIE Egtslof # bl 2 vl
2SI, A NOSO] 24& £ 14 250l el lslel
= %ol o= =, Ryder(2009)7F A A]7t Hiel 2o, g
At o] gk QAR ZRSS A, 39, 28Y A
3o Zherka g 4 ol

31H, Grandy & Duschl(2008)-2 Lederman(2007)©] B2} NOS
Aole] Bigh B ZaatuaE, B oke] wholt 1
BLOE FgakaL, @] NOS TENHL Beh A4 et QA
ZRRkg ke Ao] thsjol, RS AR Tt o) B e
o] 2/ TeglRt Ao, #sto) iy oA mo] qekS
Axeoz wjAlRt Axjelar A% v ik o]F, Duschl &

7) @A NOS &AL A NOS Aot &Edékoq =HAYE AlES U=
AHEY shEA AU A8 212 NOS9F NOSI®| 57 Ei= #2119
FA2tal g 4 JAtiGrandy & Duschl, 2008; Hodson, 2009, 2014;
Lederman, 2007; Lederman, Antink, & Bartos, 2014). ¢2] NOS #Ho]
NOSKo|| =5Hel -8 2457k ZF6IEE, NOSIE HAIZ O R WSk
7o) FQ A} 22 Q Aof H|F0], Lederman et al.(2014)2 NOS W& A=
FE NOSIE Eejste] 7]gstal Hrlstalz), ofg 7hx] A4 2oz

AT ok BTe) FHEL A
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Grandy(2011):= 32| NOS 2| AEL= dbeh #]21ef 274 #ut ofy
o NOS7 E3bolot s BA a4 HoHEol B YL
AU +4sks AL =8 9t Al4e F71ed 1l 1 7)%ol
#I5) 7l aiohs Qeleh AMIS HHoR FASIEL Qo Mwelal
oh o] UokAb, ) NOS ol 23k e} 2|49 HAA
Zule g o] waPelt A WY 712 e o] FES
Ol EA| 7] wiizel, et A4 ] A Wk ohey, w9l
A4 @7k F\ee] walg e EasloR sk ojulol.

Yl WA Hle] axp Hrja] HPSS t=olo] EAlsks 91414 A
5 O Ao] BAHET, o] Fe] NOS FAEL oty
Felde e o Z3to) He 7 FrRE EAE dE S0
ALolo) o] ol Me] ok o) glel peld A}
<7k Hete] ApgjAo R dE=t ofd AAEETY BAE
EF3IL QA| Q= A o|th(Hodson, 2014; Wong & Hodson, 2010).
2, TfolAEo] ATE SR TP oS Muiet o), Tl

5 Aole] of7l makr} e eld AL 2, ohfw Al
A} tize) Aele mEssle] Bal HHEeR Btk 2|4o|
ofgA AFEL HSE=7toll ek Argel”] wiZoll(Lakatos, 1970;
Zammito, 2004), 0|23t ZHE 7lalsl= AL AT NOS -8
B3kskr| okl wtkE]|n Qi o] AL 71 Q5w st &
o) Bfake] S4del sgahis “@e) s 2|410) AslH TR o1
ko) FejAdoletar F4%7] wlEo|th(Kotter & Hammann, 2017).

Cj2 shmo Ry gl NOS Tl thet vl Ajzte] el -2
2 33l Belug ATASES w2A NOS Ujof sl =ahe
Mot Astd Aol 2 Tt QAL 0 AElE 74 5
ApEIck 4yes] Attieeld 7siE weis ] (Pomeroy, 1993), 3}
saje] 27] AEe WX o o2 X W) ofeaits Fa 74
= ol g2 AAIsleq, ofeh 2 =9 FES fisl NOSef gt
Ajefgt AEIsH Q1re] TWRAS A7I57]E SHCKAbd-ElKhalick,

AA8] Sofchid, Sejuets Hl
=< T NOS #H9] g a4 1
FAloll EAsl= g5 S| o H skl ‘Zlﬂﬂi E3 g2 NOS
A= NOSE 7IestA dstus Y Siil4 ws X35, A&
S0}, AAAS(1990), NRC(1996, 2012) S0 AAg NOS ZHEL
Zdet B4l AL Aels) goba 8 2> 9lri(Abd-El-Khalick,
2012a). ARG Ttme o] zE QleE= AAAS(1990),
NRC(1996, 2012) #A1E-2 25t o] &2olet Eefi= A4 HF=2] &4
22 A¢fell whel] H A2 Kvan Fraassen, 1998)Lf ARal=o|x}
(Musgrave, 1998)9] 1 o A= 3}l A S EZ(Good &
Shymansky, 2001), o]={gt 3] NOS #3o] ZH= A A=
off sl M&Eoh= SXH4 Y2 F7HAR] 5] djloletal & 4=
Uk TR} AR EA, 1213 FAIE0] AlA o] Y2kl NOS s
of HX= FFEL wsly] wolrt.

A7 NOS w5 $4AFE-2 NOS 50| ¢Fo = Hak7] el
= FIZ 24 & 18 18E & 2dsh(Allchin, 2017), FHo
NOS 9] 224 M= ddstarat igsial Sk o] NOS
A 7H & AH 5 shibe Ao AR TR ool Agh
Aolek= A, thA] el k9] NOS &2 71 W& SHe| A<

e ofe] el sk A3

N\



AT b A, 8ol 9 B4 1edlo] o717 u2AA B
(Osborme et al., 20035 717 Wa] Aeie Aolek Holoh. vz
9] NOS9| HAIE 53171 fleliAl= NOSo| ek “ghe) w3
M3l ow Wl E AWM Ea AAsta EAd, HgiA 1}
s} Alsjol ofet wek W4 Qs A Shesiol dijsior o
FAE| 31 QltiHodson & Wong, 2017).

Azdon m8H AxoA 27 HAC sk R W WL
‘ojm NOSQI7127°8}7] Hrh= <o) NOSQI712° 7} ook &1, 12i8t
o 7} & vl 02 el u, NOSE: o8] 7k2A| 3 7}
o Al 71EAR) B okl 4 slrt wekc,

=

il

CHOFY NOS HEE

uls, GRS HIESH o8] Ukl NOS AAkE-2 ] NOS ¥4
of gt v} A ek TS AAS) ik tisEAos ujg
2] NOS(Critical NOS)'(Clough, 2007), ‘H]7+2] A}18]-NOS(Critical
Thinking-NOS, ©]3} CT-NOS)'(Yacoubian, 2012, 2015), “NOS®]| ¢
3} W4x(Teaching about NOS)’ (Kétter & Hammann, 2017), <A 1}
SH(Whole Science)’(Allchin, 2011), ‘}8}+2] EXJ(Features of Science,
o]a} FOS)'(Matthews, 2012), 12]3 “ZJ/jdst 5 71E0AH A
NOS(Reconceptualized Family Resemblance Approach to NOS, ©]3}
RFN)’(Erduran & Dagher, 2014a; Kaya & Erduran, 2016) 5-2] 74
S8 5 4 9k

HA] B NOS #H4le 745k= Clough(2007)+= H8&0] 48
HRseke Az stol Bet 29de] Ak SH= 7% NOS
olEo] WAISo] 712 ut B shyse] s Bl o=
7Fs/do] & 499 YAER HAEo|, ‘ol ofof & Zolz}Y]
Hohs ‘dofof & A o=, T3t “HtEojof & Zo] ojg} k=
HAoF e A o' Aeshar Qlrkal XHsigint. weba of| ojujoj|
A ek x4 Aol of| Sjulo A 2[&Ado] QleAl, st
A Alo] o]z FrerkA] ARRESHA] RS WA, B oA A

o} B318 2USNA, BT FES ofEA TEA EL ofd o
oA xpEskE 4 Q] WRsior dchi sk

Fajo] ) T Ale] ito] ofujek ofe) Tsts AA)
E(Eflin, Glennan, & Reisch, 1999)¢] 43} ulz7FA] =, Clough
(2007)'= NOS U} 250] B 71| 4eld E450] elrs A
A== Ao whials, Table 29} o] B2 Gl 4 gl AR
Fej FolAof Bk F4sI3h

Table 2. NOS Questionaire (Clough, 2007)
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ol el NOSE FH51 o 4
L CER

Clough(2007)7} 3H5AF0] 422
S, NOSO thet BJgHA Akl IS Eetele HE
) NOS TS ARk wole A7 o] NOS g 723
AsiE wAe RAgS Hus B A8A dse] EAfu
A% B Syl wE A4 TS FEL A9lE L

AT ARl S AgSH HSiE A ATHE T
———Oﬂ}“ ‘q—‘c‘]— X]/U_,] 7&—7(—1}-] el 7]—8;{] ﬁ‘q— “_L]—‘G]— 11/51
/\]'“"ﬂ SRty = Q1A= RE vitfH Stk
S 4= ¢l Aoltkvan Dijk, 2011, p. 1092)."2k= HHA]
3}71] Soithe datso] Halge] g7] wZelth
Table 2014 & 4= Q= Clough(2007)7} AARE i &4 2] vl
2 NOS T2 SIS sl NOS 7ol 2= =
= =1Ho] E3l(culture of argumentation)©]] ZostEE o|Tojof 3t
th= Wheeler-Toppen(2005)9] 4} GARsck & 4= 9ok
Clough(2007)= =H9] T4 FAI= E& FEe NOSE Aesto
SISOl Afarslal Weles Sh= Alo] 1 NOSE eksdhe t'o
8 39 YU e A9 Agstes oin

r_
:_

O
)

EE
f-ﬁ

Aokt Aotk T3k I wo)r) opd AR o HAE NOSE 712
A= 7k, eHdEo] Wl g4 ofsl, dshA o 5= dad
1ol 258, ol o] Fefcln ZEBASCh olof 2E U

=

% NOSE 283t 14 - shgolld] Aol £ AL, WE Habd g
So] $EA /IS ZHerhs AUXA w4t thaF(pluralism)
£ Fl=Ae 9] $134, 1ea AP NOsol] whie] gt
2= oli= wighy BAleta 3t 2 QJriEflin, Glennan, & Reisch, 1999).
Matthews(1997) ©J4] olelgt x|2jo] E4tsted, 1=l F41o] el
NOS 52529] e NOS 31918 FIsk Aol offeh el
Nz BSOS, wiEhd 4, A ThE Tl ZASK: ol§E
oS MM AUS Ak
Clough(2007)] A|ota} -AFat wekel|A] Yacoubian(2012, 2015)
© o] NOS o] 248k o mA, B3] SHISE sl NOS
A GRS o] BA) Faka, shexto] W TS Tt )
B AXSL QA g A ulmsinl, sisxo) ek ge] whet
NOSE 7h23 4 9l 4912 Al SIsk CT-NOS 2|2 4|
QHeloick CT-NOS Z#|9)g 483 maage 3, sHase) sl
o Tiet oAb S wiaksl] $IE ETEA NOS W45 B
2 gk B, vigkd Amele] Eojg Eoh A, ulg Aaeis
sl wiEko] B9IE jol, NOS Bho] W ARE ATachs A
HAE B B AR 20w, SHEel NOSE Aeshe

i

] NOS #of 7]Hke: & A& NOS

.ol ojujoflA] st HAle %
i J,]:csl- z]xlo 011_ 2457/]-21

IR Ol Sfulef A& Aol Sleol?
ARA o) S T e, ofwl ojulold A Al 7 T AL oheka & 4 Qi

. WpEkrkel wksh z|AlL ol Amykz] FA 07N EIL o] A A el7)?

1

2

3

4. ol olulolA] 5t AL Qlzbe] 22, Ak, elie] sl of| olmjolA

5. 35} AAL ofu ErbA AR, Bebd AREelZl of® Slulold AlBlel BatE XSkl
6

7

8

9.

1

. ol oJulolx] Ta} x4l W, o ojulo]x WAHL}
b ow W o
. ol oJulolx Ta} WA o2 AR ThE 4]

AT 2L of@s] ThEAR of| ojulold FH ofelerp
0. APHQ) Teke Q1 skt olgA 2k o

STk e AR of8A AEsHl
REUAAN of | 2Julo] 4
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A 228271 NOS ol disf| kstal, SSIof oigt 274s e
AL o= Aol T8 b= 9mlelth
wbA] Yacoubian(2015)2 3 HA| TA|of|4] 52 NOS2|
ol chsh tslr] f1afl BlEkA Alals Ha g shm, & WA dAo
A= E53ENOS oJsE ARg-ste] SSIof| gt Ax4s We|A ok
TSI o]} Teste] “=AA0l SSIe] w2l NOS ofshot
=% 7]& Alolo] ofd AL A g AL A2 W7 Khishfe
(2012, p. 94)9] A= CT-NOS Z&| = AAE 4= 3= SA0l
sEgteh ofof o8] AAREE NOS o] QlofA, sHEEC] =
ol Folat 4 LS 1 5L el Ao FRAL e
@1 © W(Erduran & Jimenez-Aleixandre, 2007), w2}A] B|ZH2] Alal
of =1 7]&-2 15t tisf] WA o= Alrsly] 913t XA wg
WOl A Aokl o AR QJthKétter & Hammann, 2017).

PlAE de) ol NOS| UE-L AP} Zellos Mol
S0l 11 ol WA |EE Sk apo] Hithshm, NOS 1L
Jeoh SSI RS SlaH SISOl HlmA AmEe A 4
U= 713, 53] =19 gL 7F%3 Yacoubian(2015)0|L} Khishfe
(2012)9} uFR7HAIE, NOS 1 - 815 THgolA “2fato] that uhy
A gsp o] Q42 71%3 Kotter & Hammann(2017)= NOS 15
¢ltoll FA =] o] & HPSSZ AYHS71A] Eghste] alssfjoF qhrkal
223 A, NOS [2y(Teaching NOSY' 9} ‘NOSo| tjat w4
(Teaching about NOS)’, &, 25} =¢JoflA] “mpel-rtd 2] et @3}
(science-reflexive meta-discourses)” A& &= 7S Ha|slo]
71513k

£3] QPABIE BRo] AT, SISO Q1) Szmol] 48]
7] o= o= E°1, ‘NOSo|| gt w4=E Hithoh= &Jdof| ¥t

(e o

SFarAl, Kotter & Hammann(2017)= A, 314, “2fok-ud 2] webg
P AR - HAA wiEtof A thsolAl 374 ez WAYEl] wizol,
ulef AlRlo2A] Aol SHISOIAE 428 7Rsat HAAS 7o)
A, ofg] thE mofA] ofete] WA QaES 7IEAks A A
3l FstIAE THsle] BAAS Bol o] A shseiria
FAIATE o|ggt Ao 2ARA EYU 9] ‘Bewertungskompetenz’
A, 2 st uietollA] gelAel £2H oA i 4 ol
B7} S assessment competency)’ 2 A5t st =QJof| A 1}k
o) gely ZWEe o 4EAQ A AAslUtiKoter &
Hammann, 2017). £19] 7ol 714 TS5 7|48
o A5F 7de ARESh=t, ek gatoll tigh A4, NOS, HF
715 (knowledge on scientific inquiry, the nature of science and
experimentation skills)’' & Zstol= ‘IshHa Bt U] Y& 2|4 o=
HZof ‘Bewertungskompetenz(assessment competency), = H7} &
aF o] E7e vl 9ltiKampa & Koller, 2016, Neumann, Fischer, &
Kauertz, 2010). “NOS©| thgh 142 2+ |44 U 87} ol
Aol 4Esty] HeliMe HekubdA AEol west 2 Zavt
glox, sspo] dist B o4 efwofo} Fetin sfel, Table 33}
- capsto] ek W] =AA 2AS 7HEA7] Q13 2| Yol
A|tE] Atk Kotter & Hammann, 2017).

oJAE A4 FTeHe B ofl, muekdsiu A ol
NOS #4& NOS w59 F4] WEo= 715g] & nl=5g Rt
of2] L2ke] NOS 159] F3atk= g2, NOS 7idol] WAzt =244
Byl wstel, shbEo] Tkstel st 914 Lol waketiA)
SH= ARS8 4 glrk AR Seloi Tk AR

gtom o Aot MEg Adstel, 1 wihjgoe Talof tet

rather
Optimistic
regarding the scope of science

rather
Pessimistic
regarding the scope of science

* many scientists

* philosophy of science

* analytic tradition of science

— normative approaches to NOS

* realism

* epistemic absolutism

+ objectivism

* rationalism

* universalism

* skepticism about truth

* dermarcation-problem important

Typical Representatives

Commeon Positions

Central arguments [ Key points of discourse, e.g.:

* Theory-ladenness: Are there scientific facts?

* Under-determination: Can scientific theories be falsified?
* Incommensurability: Is there scientific progress?

* Norm-circularity: What is the source of scientific norms?

+ science studies

+ continental tradition of philosophy
+ feminist philosophy of science

— descriptive approaches to NOS

+  anti-realism

+  epistemic relativism

+  subjectivism

+  social-constructivism

+  pluralism

+ relativism about truth

+  dermarcation-problem misguided

Figure 1. Attitudes toward science, NOS views and key points of NOS discourse
(Kotter & Hammann, 2017, p. 475)

728



WP BAROR R glony e KUY s ng BE
o itk ofe Bofel 4 S 5 3p 48] 0 09
A 9 7R el el AAR R AR S gl T1sle AT

) QIthNW, 2014).

Z]- Abd-El-Khalik(2012b, p. 1046)-2 “T}sto]| thgt HPSSZ] =AYo|
OPIE NOSzh= 7id AAlE Hdsl= QAIE diasichs AMS St
o 4= qlokral B3t vl Qo JIRole S5t Abd-El-Khalik(20122,
2012b, 2012¢c)2 A}PA1O] =1 ofey Hoflx] NOSQ] =4 Q4= tfjshil
T HE S Sl Ao, & - 5 - AL S]] dhisliAe s
M NOSE 45t Flo] AGAAL s sk Hhel,
£ 9] Kétter & Hammann(2017)2- o|v] #}8kaA ]~— I3t w8
A Zs] Hste] ExPdol gt A2 shiA o= sle] shgoles

o|Fofof shH, 5ol AL ol A NOSgEE =4
A, ASTY R AL UESIER wgslob Sk Zsiick
o3t T4} §A|, HPSSH =40] Y852 115sHE0] ofalfske
5 57| fleiAe AUAA o249 M Fste], =4 W
gk =] o, Ald B A4S di|ske] FzbA| L
aAY 4 drke 1S5 95 AASFITHKotter &
2017; SL, 2008).

U] el FARBHAL =] Swinbank & Taylor(2007)+= ‘v
elulsb ol 24LS & Perspectives on Science) 2= 18t witAS
a7NsHAA, ABFRARZF 2] =9fofl A st AE A, &
2, Aok AEss tEr s IS AESHtE

ZHdste], & o 271291 tiebA] NOS ¥ %14 1fsH(Allchin,
2011)0f14] 2HE 4= def. L# o] Allchin(1997)2 38} oA tf
Folok & NOSE 7} ZAsfoF k=7 A REF 7t
A S Sl B 2R ISR AR E0] A Hstus
TPgel szghsfjof & Fa2lo]al KRl NOSe| W e4s A4S

“:_X]D
=

4 G0 7Y o slosh NOSE SIS T UK 2l
2 Aashe IS B9 E o R Tpslel that A4l |2

Ao ek ASisic oI, AlhinQ01) S 461 2l

7‘110}0} E} T Sl ol 4] o] = ﬁ%ﬁ e} @@3
23] ALS)E ool 3t Teh 49 B TS of i, Tt
Jdi2 [A FskS QJu]dtch(Allchin, 2013). &, 28k A (scientific
enterprise)0|2h= A 9] S|4 Tt 2= HE Q4 A5 5
A8, 71, F= HS XA HEE AP, A2E wel7les] e

el o) ofake Fste] Al Wie] BE xRkl T3k 7]
EO]"E‘ 7/4\% I r,} r,}/\] U%H ‘Cﬂ-/\HE—.Q_ 7Ho 14 tﬂ _-_017<4 _,]/\]-7:1%—1
ol ] ol Aol tfa Tato] AR oA 2HgBH=A

£ ZHF o7 o|gfsflof dttl= Qum|o] E]'(Allchln, 2013).
Allchin(2011)-2 A ¥psto & o] maQ] Hehe 53, S50
ojgA| Ffsta] o] Muflsl=ri= B2, FfslRlEo| 4] 94X

NG| FE=7EE olsfele s olEo] Tk Ado] Zk= nE A
9] Ag|of MBS k= Alo] ‘7|54 e A%Kfunctional

scientific literacy)’ HljoFol] "Wa=Aolala 71531 Aok o, 7|54
23} 20polet AU AR S Befo] 253 FAHO] e

Aok TRIYNW, 2014)E HoPHel wbo] Fola 4 ol
9] Q9 g 4451 rhKétter & Hammann, 2017).
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7ig 224 (Allchin, 2011), @A LSA] 2Hsd = = IeH4]
S GJulshH, the olAeh 22 SSI T jabdA oA el
WS stes o o e 2% 2uIdti(Allchin, 2017, p. 19).

A7} HIO|2{A(zika virus) 2T0| ZHI0A L2Z 4= A= 02

9By 4918 B 2012 AR

o AR TS HMSHS ZO|LF ZAFS Jfuisie TRUET} Zo)

o=

Matthews(1994)= 2] NOS #H-& “gF0] ¥
Drstol] oigh Q1Aof] thgh o] o) Folp. 8y el AT uf 9o
o, o|%- T1egt @74]% IRIste] §He] NOS #dS & of ZZz<l
72-& FAsHIcMatthew, 2012). FOS: 2t}
o] zk= 44 é%u A, o2 Add, el et ofye, st

HulyE, AMdEe), A0 84 B 2
Z] O

b 2E29l 7lsolEtal & 4 glnk Matthews
(2012)7P Xﬂoﬁﬁ FOS o] sz FA415E Table 3014 & 5
oAt ofek 22 FOS %@% gohs 22 NOSQ| A2 S
AEsp|erkes & o 22zola, A4 SHukE therhrs
Z ¢ toln o]?ﬂx—lo]:q, Qulslo] AZH T} wahk =3

i
L Auiziel ylsle] B wElsls HlsEo 2 NOS 13- #3ks|ok

ek ojojo], JLefdh Hishie A571209] NOS st ol
A3 & gk FE3 4 Qe el sk 7l
P S P R
Slzemstol 7h2A3 HIShES Shz B4, HPSS YolA A8 591
AL Bfshs AN =R TRfeh

A, NOS 7ol thg
A gole B4, 7 ﬂﬂ obl 4 WAl SRS Aol v
A % o 2%t 4 9l AgoletiE 3 4 9k 13
U Matthews(2012)2] FOS =& &A|, st 1}8}t 42412 wieto]| A
ofw7 FOSo| IEekel Habd PUSE thg 4 Qllol tet 44
X ARke TR stThs o] 1 BAHeR AY|E vl otk
(Erduran & Dagher, 2014a).

Table 3. FOS (Matthews, 2012)

FOS9| Y& a4

A
- o]3st
oAz EA - 7122} SSI
. /\sl—g}
s
A
- AARE Fa
i . ol2 Meim A
Hata B4 Q‘,UMZ e
 Apzelel F4F0)

E TRE WA 02 NOSE 7ledhs e ‘NOse]l ik 715-7A
) ZJ5YFamily Resemblace Approach to NOS, ©]5} FRA-to-NOS)™9)o]]

9) Irzik & Nola(2011a, 2011b, 2014)+= ‘NOSo]| gt 7[&AM LS 101
4] FRAZ 37|33t} 0]%, Kaya & Erduran(2016)+= ‘NOSo|| tjgt 71&-&
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skt 71EGAME 7E-S A& o] Ludwig J. J. Wittgenstein©] 7)<
3 ACTA| 1L OlF IS W BEAEL 7IEHAM ofoliols
7t 512 ofelo] MESITA} 442 AEE ShgichKaya & Erduran,
2016). Trzik & Nola(2011a, 2011b, 2014):= Wittgenstein®] 7}=-F-AF
4 ofolFjolZ NOS /el #§3t o} FRA-40-NOSE A2H51%]
31, Erduran & Dagher(2014a, 2014b)= Irzik & Nola(2014)9]
FRA-to-NOSE Hl& Hudlsto], 152 NOSe| F&3t o] &4, A
27 ke A Aolck

WA, Irzik & Nola(2014)= Wittgenstein®] M28F2] gl-L10) B35

S U R VIEGAME o33k o] AistSithp. 1011).

Yl 712 EMS ZH= 28 {A, B, C, DIE 12{5tH, (A & B & Q)
E=B&C&D), == (A &B &D), —(A&C&D)RP*OIMI
TR Ed S M 7RRIE SR3t= Ul 712 MES ARlEH 4= QICt DR}

A2 A BN S UL e 58S A=(polythetic) 42E CHS

ot 20| LEBIEICE n 71 |2] E4E 2= A SE I, O ZHelofzt
& 59| n 7| & BR, E= (n-1) 71|, F= Q29| (n-2) 71|, =
(n-3) 71| 52| BEH0| QU= B0t 71=0| Fgdo| FLt - B2
0]2{8t 3E 249| Z[CHZIO|LE 2|IAZES ARIE ZAIRAM HATO 29|
o| SIS RlA| b= A2 7IERAM ofo|C|ofof E&fst= ez
=

_'_

FloF &2 Wittgenstein®] 7}5-7-AMd ofot]olS NOS©l| 483}
= 22 Trete] thefeh ok ok E S84 Solde At
Shpe] ZE o 1Fsted, BE] 9ol AH|A Ea GO ollel
EAES Fgholgis 71E0] A8SE EAJOo R R 4835 AL
ojulaiek. whebd atste] ofi Hopoll EAshs 7 FAMIT TF
3% 7102 9 71 Fste] wFg TRl AAKol L, Eny
o PR 7143 4 glon], Eg 7 e 43 SoldS 5
Tote] ek 7143t 5 ik olg S, e 7} Jelse
S5t T )EsAL HEStOIL A det 5o
Bl A9 W) o], ojzke A Aae)

4

sk 45 NOSO| @424 tE 4= itk 2ot Irzik &
Nola(2011a) ool 9] NOS 2t -2 22504 49| g
AE9 SHAIE R|Z 3| & W2 AFAS(Eflin, Glennan, & Reisch,
1999)-& Wittgenstein®] 7[E-G-AM 7gS 2-8810] Hshof HLa}
A, RS T AAE EHEl & 4 ol idol ofuzl, d#e
ol EE5e] Moz, 1 slof o] B4R Mk ThA
u, Thohe ClORE RS A8k, 1 UEtze] 74 24
wk ejeh mE WS AMele Toh Bl EAjelA gharhs
oulzA SAMT Tlepe Eas Aol

Irzik & Nola(2011a)7} A3t FRA-to-NOS+= o8] x| 4742
AR Wslstt, Aol Hate] Ax-14H Suo] 2UE
F Tskrlz]sk(sociology of science)ll) IO A] =
Merton(1973)0] AAIg “SJH50] Tk 7 ] 7142 Eehz
slol, B AR AAHORA AfT U B wFe
FRA-t0-NOSE 7|2:5190t}. 117 Merton(1973)2 1812 < 1.9} 7}
219} 0] Z3}2 o}z AR i, NS ALsleRA
o] Toke TS TSR Fhaieh ] HHA B, Tt
of 719} BHE 2THS A)4] AAS WL Fpp. 2682690k
T 753153t Merton(1973)] RSHAFEISolH ThiaSo] B4
o R AAJSE B HEO (universalism), 3-85-2](communalism), ©]
8H%]‘“/‘d*é(disinterestedness) 3o o] = ZAI51E 3]9)(organized
skepticism) @] UJ-8-2 Table 404 & 4= itk

Irzik & Nola(2011b)= AFE)A 712 @ AL S (social values
& research ethics)E E§6l= A= U ALS|A fH(institutional &
social norms)(Merton, 1973) =H-2 FRA-to-NOS Q] thAl HHA| {3
2 2olatgdth1d) o]3, Irzik & Nola(2011b)e] T}3ko] Absl-A| =4
Zmo] AFA Q] E5(professional activities), 784 -2(scientific
ethos), A2 &= 9 Hul(social certification & dissemination of
scientific knowledge), AF814 7}X|(social values)2] Y] 7}A] HEZ
a5 itiIrzik & Nola, 2014). Hr} ZZofl= & ¢ T o]l
AAAQINOS 15 Zef| Y& nidsk= 7k, 71 ste] ARgl-A)|

=

1N

tﬂ——].orl

Table 4. Scientists’ norms from the viewpoint of the sociology of science (Irzik & Nola, 2011a; Merton, 1973)

HetAEol 3

Sh= Hl

K st g

oba] o] Wetatel QI A, TiL, A AR LS

St 2, Aeo|3 gl Zo] uke B ks 2ol

e ke HE Aot}

pome SRSl TS WAl X|4e] FE 445 sl ol MRE Tet A4l Ay A TR X4 TIuke T AT e

ST wae ofoltjol, AR Z1% W Aol B AFEL Qe EE wal SRt A A% Ef

sjojz0] TS0 AL 95k 22 AJE 7l W E 9 nE 39 ARo| Z3kE mjzx| o] s 2] S0 EA AXE sl =g,
ik woﬂ ozt FBAEE HlwE =9] o]9lo] g FEaA| o

oz YARES AT ARk Al ofe, o) o 7lofsh=Al oot duglel Jﬂ7}oh_ wHasjop it} olsiEEA FHEL TeirE

| R B T % Aol SR A Bl AR /A e AS mo A s el

A 7128 B0l FRA-NOSEHL /1519le), & Aol Fape)
7] vl etk

10) Wittgenstein AA19] M=11; oflA] 90 Qlo]9] =2|sal= e, U4t
A ol Sloje] ol Az o Az nAE] PRert HE
NEoicha 3kgl.om, o)g|sk AYzhe] AFke viglo g M4z gL & 29
st o), SHsIAE ool THsHA B = Wittgenstein AFS0] WA R

278 Yoto] FUEUL
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11) TSPALSISRE: ALS]A] AAZ A9 T8ke Atk ALSJSHe] 3 Rofz, wl=
o] A}3]EkA} Robert K. Mertono] 204]7] SHto] A5} c)

12) Trzik & Nola(2014)= T}5+0] AJB|2] A|AE] 2R 7|48l 150 =it
Yl FAof| ‘institutional’ S §-7}3F ‘social-institutional system’ 8015 ARE-SH
HhHo], ERo A ‘social system’ &2 HHAFIC)
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Table 5. Contents in systems & categories of RFN

T3k AjAHT B Bk
Nl 1. 74 A A7), Am SR 24, A AA, 7P A, olEn 2d A4, tE o) F 2di] v F
A [ . - HRE THR]: oS4, AYE, i, B, HSst
c}l SR - 54 AEY, AR7F, AEA A, olE AdY FiE e
;:] 3. B FeprpEo] AT =9l A4S A b ARgShe Theket AlAIARl Fat i
A e - AW AgE, d493, A5 22 7Y A
K T - HER 5 o] AE9] V&, AF HAY 712
Al
E 4. A4 Wz, o], nd, I BN, AY A7 59 ek &5 diks
)
5. A8 &% i) ARl WA S, dE S9, o] A, Ae, A AEE A7) AT A A A F
HHRF0] F56le g i
6. 1}8+3] 37 ol &9, Merton(1973)9] 11RlE &, HHF9, 3959, olaf5dA, T2} Resnik(2007)9] &214 <,
AL 5 AR, AF WA &5, 25 5
7 7. A1 g 9 et 1§ S9, “s8 HEo| 23E= A9, F4 T4 2 PHE JE 5, A9t dat g9 A Ao 7AE
I 2|4 Mgk Arolatis AFE|A Alo] 7] A|(rzik & Nola, 2014a, p. 1014)”
2] 8. Ab)A 7] A& 9, “BAE EA, A7) A% 9 4] A JHA ol FFE vA= A B EF AR 58 SHY
. : 7}2)(Irzik & Nola, 2014a, p. 1014)”
h 9. Ak3A 22y} AE 59, L8 Ee LEFEA IR A9, & 71| fx, I}, AW Fo] 23 Y I3AE Aol
Al FEAE Fo g nAe JF
ES 10, 92 A 7z s =4, 2fete]l Hiek A G, Apde] tig A s, wheh A4 A 22 oAl wete) HakE
2 o Hol ol Heto] AAH 5L sl P
AdlE 59, A=Y Weat Hstol| o] A e Aulichs AAE, “aehe AR 3 Wi Z]4] AA|(Salomon,
1L A% AA 1985, p. 79y eh= I, “AlE B4E 2F 7|AE fARE AR, AA =27t Aufske 2FeA; F-EA|(Polanyi,
2002/1969, p. 465)”, Aske] AFE3 2 A}
. , ms
Financial syst®
Figure 2. FRA wheel: science as a cognitive-epistemic and social-institutional system
(Dagher & Erduran, 2016, 2017; Erduran & Dagher, 2014, p. 28)
LA A|2H] o) AR 223} AFS AR8(social organizations and 31, Erduran & Dagher(2014a, 2014b)= FRA-to-NOSE A4
interactions), A x| H& LZ(political power structures), Z|& A|AE] slo] 28t wS-A NOS Z|Jo]| 2-8-51HA], RFN E= ‘S 71&
(financial systems)®] A 71X HFEE 718t Erduran & Dagher, A = NOS(expanded family resemblance approach to NOS)’
2014).13) 2= 8015 ARESISITE AlE7HA] REN 28|9) A9 17gef vehd

Hpo]| oJshd, QRS 0] NOSE 71&317] Y3l 71E-gAMd ©
13 WSE 9 N0SS| U8 AAES AP ATAE Fols k& N o S L Kot
Nola(2014)2] FRA0-NOSE} S A131], 1414 Sz} ALS14 Swolehiz

TEE B3 NOS WSl FT 4 Qi B9 RS A v ek Garcia-Camona(2016)1= NOS| U A1 “2pste] l4j, “sofat 714
ol 5o}, Martins(2015)& *e}AH, ALBJLY Sus} Q) Zule] T of A, “sate] U ARBISE, “fate] S ABISEe) U] b W i
Mg FE Zoz slo] NOSE WHs} 8191l Acevedo-Diaz & st
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CIElolE W AEE 2 8o B olifek 48 Yol
Zpo)7} dehar & 4= Qlth Wittgenstein(2009)-2 H3Ha] 7}E-GAM
<, Irzik & Nola(2011a, 2011b, 2014)%= }sFHs}2] 7} A}/\‘l o
Erduran & Dagher(2014a, 2014b)= I8t uS-4 71&5-AMS A5
shal gleme, A= ohE Fspel 7S gl ke Zlojth
REN©O| Z&E Q17]-01217] A|AH 9 A}3-H 2] A|AH 219
HEt 7HA] el 7t Higso] gk W 2459 H|AIE Table 59t
o] el & Qlrk ERF HA|1A REN Z#|Ye =48kt Aife=
Figure 29] FRA wheel(Dagher & Erduran, 2016, 2017; Erduran &
Dagher, 2014a)o|4] & 4= Utk
Dagher & Erduran(2016)-> RFN Z#[9}-& 288} uf, thaat} 7o)
NOS W88 7AIE 4 glrki el ckpp. 5-6)

«  NOSKO|| RIZst= 80| NOS ZH&nH= ©2), RENS) 245t |Alnt
A3l H=0jl= 1f5HY Alsho| B/40| Zete|Y| W20, Ol Efi=2
At Aaho] YA ASMES WKSH 4= QUCt Ol= Duschl &

Hl- ol S} | NOS 4_}7\42 Z-IE_EEI- [[H_(_)_|
W, =, o NOS 20| NOSK2HS ZE&i5H | 20| Elick=
AIEt 2|Alat AldHo| HEMYS Vlsshe H2 2|0]e] NOS 7HE

* RFNQ| QIZ|-QIMH,  ASlAHEZ  AILH LH %*5—% =g
Matthews(2012)7t A[2fet Bt Q= &2 2l
20| L= BAHYC=TE HolL, &2 15—.*0” EH?_F ._H'Oﬂ ChsH
AR OFF 4= UCh

* RFNS| AfS]-A|=2] AN LY 01| 2ot AlelY 82, Akl
2 EHE2 Allchin(2011)0] 223t HE Q= BIZIZISH Dt5to|
SHO 7Rl= 28 H |2 ARl MHE EESi=R 01F &
QUEE,

* Clough(2007)0] A[otst 2 &efo| B2 NOS= &2l NOS
2|AE0| LBS 4Gt HIHOY, RFN2 2E HEHE 2512,
O UES &9l NOS 2|AE0]| =3te|2| b=

. HIJIVd AE‘_ S 4= fE Yacoubian(2012)2| CT-NOS &2

SAO= HZot=t| UM Bty =2

1 [T [
HIJ.I_PH AH‘- 1y E@."@E 20|t

=
@]
A
_l,'_
o2
1]
o x

T NOS ¢S 1 319) g 4R 44 gk theka NOS

d

A7E st H 7H5 fAMd 2 NOS

BHHE, = Hodson(2009)2] QA2 FA|E, Matthews(2012)2]
FOS, Allchin(2011)2] 4] #}8}, Eduran & Dagher(2014)2] RFN
=)o) U W52 W]Lek Figure 3014 2 4 glol, o] mE
B N N R R e e
31 3pd, Allchin(2011)3} Hodson(2009)-2 1}6ke] E329} 71|, HHY
2 ARBIESEE 2SS, Allchin011)2 SAFE T W]
I} ASESHA] ARl tiel thE A 9] ARAE Folvke Holdt
(Dagher & Eduran, 2016). 3t Matthews(2012)7} A|2F3+ FOS 2]
e R olnel Hob Ao} HolUE 5 S Al vl

2] AH2A NOS BHES] nE =HES I35 RFN Zg|¢)o]
7 W2 HYE AR5k ok

0|9} Zre H|WE E3 E 71x]| oz T ZAE AL
ZahH A, A9l NOSKE T} ko] NOS A1) 1o /‘a_%

W gl thet ofsi BE, ASle Thte] Aaatg S of

o] B8 7)45tinA) She AR TS Aolols 2 Hol
ZARICHs AL o 2 ol ThE shEoR gojslol 3 AL, diEa
21 Tjebd NOS FHE Alo]o] Zjoli= Thak NOS W&o] H3ksof

H nZi nN
» o rUlO

sl F0] A7lo ek o] ohel, wstoleks Telo] At
7} Bgo] 3ol F0Aol ) AR The A7]9) Aje 71 Tt
& Y gleks Aolck

b, ol2d 4l o] AFsle] 1 EiE ulEdt vk &

Nola(2011a, 2011b, 2014)©] FRA-to-NOSS} H|w 3} 1, o] wlo w=
o] }sto thgt AS EZSH= Erduran & Dagher(2014a)2] RFN
ZIQ1e A G ATSel Zhe F Tl BRI
£3h WY o] A 15 gl 14 FTES ATATH:
oA 2pEYE 2=tk

RFN Zg| %2 7§kt Erduran & Dagher(2014a)2 H]53E o]
ATAZE A2 NOS TS 43 o] ot Auke AX3)
2t} ol & 594, Erduran, Kaya, & Dagher(2018)= 7] NOS 7ig<]
U 229 =AES AR Fol, REN TS 183 A2
ANE Algetaay, dehy A¥e HARe WAl a2 W
(Benzene Ring Heuristics, ©]5} BRH)’(Eduran & Dagher, 2014a)
(Figure 4)0|2= o224 AAS ofM] HBtuAl w5 L2 Tgo] 2
3w} ok, BRHA: dlofe], e, 4, o2, 3 W Al 2129

(Allchin, 2011)

(Erduran & Dagher, 2014a) AR EA R, AR R‘Ll%/v TA 2} IakE Agol ot o))

2R =S
(Hodson, 2009)

F}sto] EA
/(Matﬂaews, 2012)

Figure 3. The scope of RFN, represented in the largest circles, relative to other alternative views of NOS
represented by the smaller circles (Dagher & Erduran, 2017)
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Figure 4. Benzene Ring Heuristics (Eduran & Dagher, 2014a, p. 82)

S sRtsto] sk ARYe] QIR A, QIAA, AlBlA 4 aas
o54e Axst] Ashs AlAl=A, BRHE 2183t A §7]
s A AAEH o= HARHA H 9ot

1 75} HErduran, Kaya, & Dagher, 2018).

71 o]®]oll %=, Kaya et al.(2017)2 Kaya & Erduran(2016)0] 75t
REN 7]9F WARuS 2T5E B7] ofH] Hetuils tidos A8
sto] 1 Ay welgt vl Qlrk o]F 918 ‘NOS H=A|(NOS
Survey)' & 7lgsto] ARGl om, ofu] AfStwARE9] 7} RFN ¥
o) gt olaf7} WAHPSS K ustgithKaya et al, 2017). ZLof Bls}
04 Kaya & Erduran(2016)0] <243t B|7] 3} wabalE REN 289

2 FjzoR B AT, 92 Uet nEshn TigAe ke
/\1 RFN SH50] o= Ak vkdd 4 QleA] 413 Yang(2019,
in progress)©] &1L, RFN WPHE2-8 #-8-5F 994Erduran & Dagher,
2014b), NOS k5 7d Z(learning pathway) 7[iko] Q1o4] RFNo]| zt
1= aojo] gt ¢ (Kampourakis, 2016) 50| EAJgck

RFN Z#|9]8 A-83F NOS 1-30] ZH= E8o] e WA, 7[=
$AP] EjE E Thebaste Melng AT el 2ok Bl
Ao, dwAel AR HjA Bohe WA ke
Hol|A 2H& 4= QIti(Erduran & Dagher, 2014a). £3], Figure 39
BRH, Figure 42] FRA Wheel, Figure 52] AIS-A| =2 A28 0 2 A4
of Tphe molis ofujx) %, Tale B4 2me vie A2 we
S0 RENS| 25} ofoltiols mgo] H=at TPHelA 1 X17e)
U8 B4 NOS 4 st B} 2453 49 Bl 2ok
o2 AH 4 9 e AT & Utk % 3 9
05 0] 2SS NOS S SR 485 Zhe, 54

ki 1o lo gy
L
Iz
y )
f@
E
uln
2

AIZ7FA 9] NOS 14 - Sl5ollA] et Fs A o2 A a
SRy Jatol| FgeAl AR oRE AE ;} 5 YT M 4 014

L= ojujolck. gk RPN Zefele] 4 %) sh 7] 3] NOS
ClE o] YO Ao £ SISl WA, MO NOS
off HehES o]B7] urh AAE A4 B Qblaok 3 4419)
o2 2 Bk gl ofs) A9 E AR 4= Sleke A
olefar gehsich

S, sl that ol3lol GlotAl, 2141 ofsfel ula) £E5] thy
A 2 Apjaka] Zuio] uigo] A AL ulmA ool walel et
APS sk AT-Ee] Lhehd 5402 A Ryder, 2001), T}l
AbBleEs] ZTSe Tpote] i W o Aol 0 Jste] A

¥ gtk e 2o HE AARY A8 2e a7 3559
e 5 22 TR} Aol o] AuaRg-S sl Zlo|il, FAk=
3} Aol gk 7o tz4 A 7193 TR} Afol9] Fe, A
9} ko] AlE kg o] Zmy} vk Aikenhead & Ryan, 1992).
4?4]0‘01] 23t J}tﬂo] ABIAEA A AE 08 AQ3H 21
Ao Al B 4= 9Jrh14)
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3 A%, o]%7 NOS i - S5 o
watshed] Wadoletn @ 4 ik

A7 Bt 2|Al0) Al TAH BAL =she Aol =
of 17} ZAIBIAE, Tsto] et QAR oA Ea Tfat
o] shim S8, Tat 4o A oleks el ofe ofu
o] Stz olpHo® B v St A AR
#)4jo] $515] Wizl Flo] ohfel, M| T A%,
71, ol 20] tat WIS Sl Aol T 25 A8
) golg 7H T Aolck weby g ojule] Hat x4
o) A}8] T4 Aol vigt o] wAHo|X] o, 4283k what
Roletd, Tsie] Alsjo] Welrow Eafel st ojro] Al3lst
X QA5 NOS L8 8o Zisle] tholof Frks b o]e]
7} 25| ok Aole). ©al2 oju] $hdE AAle] A% EALE
) 7o) Baolut AFHE WA, Hu o) NOS TS
wekslol, Tste] It 1 AkEe] ool hdel 4
B ulols A 1o et Ae sl 7]
HollA Bgat et Lol s,

e} opjel, NOSE HstAlR sjoi et 7
7 BARBHES chja 127491 el A, nlghe] Bty
= i S EE L
2291 0] NOS L8] 7o} ks eIt AFolek, ol d
2 35t 20821 A o] EE NOS LR F91 ojg7)
Thiof slevlol digt ARl Weke st o whEA] mefsop
3 Folr,

Qubkow Tje Hek

[Eel 710k 3keA], 11 3k

Q]

il

0
o=

o3t
S e

A A5}

734

= 3sto] gt BES T1E Merton(1973)9] ZfahAelstat st
o, 3fsio) ok 7] REUS S| FR2A 19704 ofF W
=l 7}skx] A AL3]8H(sociology of scientific knowledge)-2 18} 2|42
Uhgo] of A A8IA 9le] Sfs) GRS WA, T olmrow
FAER=A) Yo7 Sial teelal St iRt Tk aEiste) B
Ak cha Hekasto R sloid, Als)Y wiekr} el 2o
0|31 wwlekerg Tsto] ofjek Tfsto] Qlzto] olETt Hak ALE
of sfpolu, ufetolzs, o 0 RS 2 A4 A et
WEE 0B o} 9, W) Tyste] WAlel el & o] Sekael
TS 319731 Carter(2008)= 23 52 HeIR} F-5A2] FHOZ
EFE 0] & Merton(1973)0] ERIgE skA} Alg]of] EAfsk= 7154
T Ul 7HR] FollA 24zt Al 7HA] o), olsfiEHAd, Blel
o= 7147} A Al(entrepreneurial spirit)’ I} 73A| AdZHeconomic
growth)’ © 2 A= kol 2ekshlar, wste] 2|4 Aojee U-8<%
(commodity) 7H\g¥} FLAEFTE ESE Carter(2008)= 1}5He] W2
gt Aol gt v HAdou A|4lo] tiet HejE Hosks A}
oAl M) 4L Bolgtoma, Teig Tste] AkeSo] Tl
T o) nlael Agomne Aol W oAl ¥ otk
A5 0m, Mirowski & Sent(2008)= 123t E@O R 014 g]

= 102
, S

=

i_.

s} Qlekal wHsgck 18} w850 NOso| disf 1)
shatoll A Algshes wa - Sy Be2 olegh A sjo]
aejfof Btk o= AT HEA| 3 & 2ot
0] SAPE ofd & AZsHER o] Tl o

A ) e 22l

e



I ER AG7HA] Fehug ArllA, B3 NOS wSi-ge vl
A o 2jE5E|o] 2 NOS Ul 2[4] tigh Hgeks dujsfof ghet.
UobrL, A NOS i8-2 wshaibs B2, 50| 15} x]4le]
AL Aestol Tofoh Bste] o) ALslsl 4] B Ao oo
3% olalohe AL E3stol, NOSol tst o] F49t B
< TPSREE Aok Gtk ol ste] HMAL, JeiSol, ALl
Aol ZV7] thE Ar o] #xAL & o] NOS IHSo] Z=27og
MR ThE S WL gl Flo] ohm, T1efet tield NOS TS
© 27k =4 AL ohel, WAy RS 2 TSl digt
Ao]7] wjEolck, ofe] ZAsHs o] 25w} wekH U] hopye
E%3150], NOS e oAl A2 Heeh 4 gl chopet HEES
Ezgtozm, kS ) NOS e A|4]el digh AlgHEl AlztolA
Hold 4 94 Zoftk

2} Aeha) T3} 20 RN Mg 7lofet 2 9l
£ o] RSIRIA, w70 SR, ol ] shrolest
Aol TRt ARt =

¢

ﬂJ
oit

N
-

¢

¢

>

]

71
ofof

ruH rlr
-°£ fass

o]

=0l50] 2g|ual NOS T3-S 95t x4 314
oA HAZQ YAE ARk, 28t dt AES HESH

NOS a5+ 3lsz0] AA| =4 @A 48 AL 7tk

2 g2 FLEATAEE A ofe] Ueo] akig
22, Ttng A7 AEoM Hete By meo) 4
g ol gt vl 85 9 Tk 5L
o A2 A7Iska Sick. o) Tste) 1y T oz
B9 NOS 2.4 HERE S T A s A4
L g3t QA)o] A, 23, o=
WAl ol ¥ 2B, AR o, Ak e

o] mite, @ 71| Aoy BAow PAE 2AE 4

ol

o I b

OBL‘ r_ﬁL

[e)

\a

?J
M ox

o
EE
®

O
E

r
o
”

U
il
i

M ox
oL é
:OIL_"
T ol
=
T
Ll
. R
J_
é

Yy
oBL

Mo ox 1o rlr oX ¥ rlo
9{3

R 011'{

pacs

_SL

%LXP ZFLW}XH AT st At Uf NOS 7Hdst dE
= @ AIolA =olE= NOS 159 32 wtefshe= 2l0]
o]\:t] ol ZsFH ‘14-01—7(4 4:0F0] WSS 93 WoRolalw
Sk ololl |A £ A7 Sl 5ol Hste] tigt JAAEA]
=& 748 2 A JFE AFAREO] AAIEE Ee] NOS
o

o Ffﬁj&

o o rlo
flo
S
O

>

i
2
=2

2 =7t wie] aX)S vjesto] AAEIeIct ojof Ifete]
Zh= B 7 Rt SHEA =S Bl wste] 7St
HWAS RSk gloua TIufdl 7S S| sk

ke Ffete] 24 Zidell tri 7] S8l o tiok] st
U facof ok A B ahete] 4 wgof] et oS
W Woph = ateke] 4 Aol 2 =AA adof dig
‘W] ghete] 2P, cHghA Afae] mpshe] 2P, A
‘Trete] S, APRES | ZERAMS A 2 Jku 2y 5L
I5tod, A& Fkskdshal dkskx|A)ALS] gk 7|k }sto]
UHE AAe] Bt qtelde SHeR T el ;«1]/\]0} ST},

gt
o

i1t
(TSR

EE
E4>

O:

ﬁ

kIO Bl tlo lo Mo orlror
Zn@r

g

oL [‘UN’ *
Oll

r

. 3} foid ig
. =

elA

N
Y
2
1o

24

B

A, oot 3

ok

o

24 #s

e

s

e lo
T

A Study on the Plurality of Nature of Science in Science Education

References

Abd-El-Khalick, F. (2001). Embedding Nature of Science Instruction in
Preservice Elementary Science Courses: Abandoning Scientism, But...
Journal of Science Teacher Education, 12(3), 215-233.

Abd-El-Khalick, F. (2012a). Teaching with and about nature of science, and
science teacher knowledge domains. Science & Education, 22(9), 2087-
2107.

Abd-El-Khalick, F. (2012b). Examining the sources for our understandings
about science: enduring conflations and critical issues in research on
nature of science in science education. International Journal of Science
Education, 34(3), 353-374.

Abd-El-Khalick, F. (2012c). Nature of science in science education: toward
a coherent framework for synergistic research and development. In B.
J. Fraser, K. Tobin, & C. J. McRobbie (Eds.), Springer international
handbooks of education: vol. 24. Second international handbook of
science education (pp. 1041-1060). Dordrecht: Springer SciencetBusiness
Media B. V.

Abd-El-Khalick, F., Bell, R. L., & Lederman, N. G. (1998). The nature of
science and instructional practice: Making the unnatural natural.
Science Education, 82(4), 417-436.

Abd-El-Khalick, F., & Lederman, N. G. (2000a). Improving science teachers’
conceptions of the nature of science: A critical review of the literature.
International Journal of Science Education, 22(7), 665-701.

Abd-El-Khalick, F., & Lederman, N. G. (2000b). The influence of history
of science courses on students’ views of nature of science. Journal
of Research in Science Teaching, 37(10), 1057-1095.

Abd-El-Khalick, F., Waters, M., & Le, A. P. (2008). Representations of
nature of science in high school chemistry textbooks over the past
four decades. Journal of Research in Science Teaching, 45(7), 835-855.

Acevedo-Diaz, J. A., & Garcia-Carmona, A. (2016). «Algo antiguo, algo
nuevo, algo prestado». Tendencias sobre la naturaleza de la ciencia
en la educacion cientifica. Revista Eureka sobre Enseflanza y
Divulgacion de las Ciencias, 13(1), 3-19.

Ackerson, V., & Donnelly, L. A. (2008). Relationships among learner
characteristics and preservice teachers’ views of the nature of science.
Journal of Elementary Science Education, 20(1), 45-58.

Aikenhead, G. S., & Ryan, A. G. (1992). The development of a new
instrument: ‘Views on Science-Technology-Society’(VOSTS). Science
Education, 76(5), 477-491.

Allchin, D. (1997). Rekindling phlogiston: From classroom case study to
interdisciplinary relationships. Science & Education, 6(5), 473-509.

Allchin, D. (2011). Evaluating knowledge of the nature of (whole) science.
Science Education, 95(3), 518-542.

Allchin, D. (2013). Teaching the nature of science. Perspectives and
resources. St. Paul, MN: SHiPS Education Press.

Allchin, D. (2017). Beyond the consensus view: Whole science. Canadian
Journal of Science, Mathematics and Technology Education, 17(1),
18-26.

Alters, B. J. (1997). Whose nature of science?. Journal of Research in Science
Teaching, 34(1), 39-55.

American Association for the Advancement of Science (AAAS) (1990).
Science for all Americans. New York: Oxford University Press.

American Association for the Advancement of Science (AAAS) (1993).
Benchmarks for scientific literacy. Oxford: Oxford University Press.

Bazzul, J. (2017). From Orthodoxy to Plurality in the Nature of Science
(NOS) and Science Education: A Metacommentary. Canadian Journal
of Science, Mathematics and Technology Education, 17(1), 66-71.

Bybee, R. W. (1997). Achieving scientific literacy: From purposes to
practices. Portsmouth, NH: Heinemann Publishing.

Bybee, R. W. (2011). Scientific and engineering practices in K-12
classrooms. Science Teacher, 78(9), 34-40.

Carter, L. (2008). Globalization and science education: The implications of
science in the new economy. Journal of Research in Science Teaching,
45(5), 617-633.

Chang, Y., Chang, C., & Tseng, Y. (2010). Trends of science education
research: an automatic content analysis. Journal of Science Education
and Technology, 19, 315-332.

Cheong, Y. W. (2014). Law, Theory, and Principle: Confusion in the
Normative Meaning and Actual Usage. Journal of the Korean
Association for Science Education, 34(5), 459-468.

Clough, M. P. (2007). Teaching the Nature of Science to Secondary and
Post-Secondary  Students: Questions Rather Than Tenets, The
Pantaneto Forum, Issue 25, January. Republished (2008) in the
California Journal of Science Education, §(2), 31-40.

Clough, M. P. (2011). Teaching and assessing the nature of science. The
Science Teacher, 78(6), 56-60.

735



Cho, Kim & Choe

Dagher, Z. R., & Erduran, S. (2014). Laws and explanations in biology and
chemistry: Philosophical perspectives and educational implications. In
International handbook of research in history, philosophy and science
teaching (pp. 1203-1233). Springer, Dordrecht.

Dagher, Z. R., & Erduran, S. (2016). Reconceptualizing the nature of science:
Why does it matter? Science & Education, 25(1 & 2), 147-164.

Dagher, Z. R., & Erduran, S. (2017). Abandoning patchwork approaches
to nature of science in science education. Canadian Journal of Science,
Mathematics, and Technology Education, 17(1), 46-52.

DeBoer, G. E. (2000). Scientific literacy: Another look at its historical and
contemporary meanings and its relationship to science education
reform. Journal of Research in Science Teaching, 37(6), 582-601.

Deng, F., Chen, D. T., Tsai, C. C., & Chai, C. S. (2011). Students’ views
of the nature of science: A critical review of research. Science
Education, 95(6), 961-999.

Driver, R., Leach, J., Millar, R., & Scott, P. (1996). Young People’s Images
of Science. Buckingham: Open University Press.

Duschl, R. A. (1994). Research on the history and philosophy of science.
In D. L. Gabriel (Ed.) Handbook of research on science teaching and
learning (Volume II), (pp. 443-465). New York, NY: MacMillan.

Duschl, R. A., & Grandy, R. E. (2011). Demarcation in science education:
Toward an enhanced view of scientific method. In S. R. Taylor &
M. Ferrari (Eds.), Epistemology and Science Education: Understanding
the Evolution vs. Intelligent Design Controversy, (pp. 3-19). New
York: Routledge.

Duschl, R. A., & Grandy, R. E. (2013). Two views about explicitly teaching
nature of science. Science & Education, 22, 2109-2139.

Eflin, J. T., Glennan, S., & Reisch, G. (1999). The Nature of Science: A
Perspective from the Philosophy of Science, Journal of Research in
Science Teaching, 36(1):107-117.

Elby, A., & Hammer, D. (2001). On the substance of a sophisticated
epistemology. Science Education, 85(5), 554-567.

Ennis, R. H. (1969). Logic in teaching. Englewood Cliffs, NJ: Prentice-Hall.

Erduran, S. (2014). Beyond Nature of Science: The Case for
Reconceptualising” Science" for Science Education. Science Education
International, 25(1), 93-111.

Erduran, S. (2016). Visualising the nature of science: beyond textual pieces
to holistic images in science education. In K. Hahl, K. Juuti, J.
Lampiselkd, J. Lavonen, & A. Uitto (Eds.), Cognitive and affective
aspects in science education research: selected papers from the ESERA
2015 conference. Dordrecht: Springer.

Erduran, S., & Dagher, Z. (2014a). Reconceptualizing the nature of science
for science education: Scientific knowledge, practices and other family
categories. Dordrecht: Springer.

Erduran, S., & Dagher, Z. (2014b). Regaining focus in Irish junior cycle
science: Potential new directions for curriculum development on nature
of science. Irish Educational Studies, 33(4), 335-350.

Erduran, S., & Jimenez-Aleixandre, M. P. (2007). Argumentation in science
education: Recent developments and future directions. Dordrech:
Springer.

Erduran, S., Kaya, E., & Dagher, Z. R. (2018). From Lists in Pieces to
Coherent Wholes: Nature of Science, Scientific Practices, and Science
Teacher Education. In Science Education Research and Practice in
Asia-Pacific and Beyond (pp. 3-24). Singapore: Springer.

Feyerabend, P. (1962). Knowledge without foundations. Oberlin: Oberlin
College.

Finson, K. D. (2002). Drawing a scientist: What we do and do not know
after fifty years of drawings. School Science and Mathematics, 102(7),
335-345.

Giere, R. N. (1985). Constructive realism. Images of Science, 75-98.

Good, R., & Shymansky, J. (2001). Nature-of-science literacy in Benchmarks
and Standards: Postmodern/relativist or modern/realist? Science &
Education, 10, 173-185.

Grandy, R. E., & Duschl, R. A. (2008). Consensus: Expanding the scientific
method and school science. Teaching Scientific Inquiry:
Recommendations for Research and Implementation, 304-325.

Harding, P., & Hare, W. (2000). Portraying science accurately in classrooms:
Emphasizing open-mindedness rather than relativism. Journal of
Research in Science Teaching, 37(3), 225-236.

Hodson, D. (1991). Philosophy of science and science education. In M.
Matthews (Ed.) History, philosophy and science teaching. Toronto:
OISE Press/Columbia University Press.

Hodson, D. (1998). Teaching and learning science: Towards a personalized
approach. UK: McGraw-Hill Education.

Hodson, D. (2003). Time for action: Science education for an alternative
future. International Journal of Science Education, 25(6), 645-670.

Hodson, D. (2008). Towards scientific literacy: A teachers’ guide to the
history, philosophy and sociology of science. Taipei: Sense Publishers.

736

Hodson, D. (2009). Teaching and learning about science: Language, theories,
methods, history, traditions and values. Taipei: Sense Publishers.

Hodson, D. (2014). Nature of science in the science curriculum: Origin,
development, implications and shifting emphases. In M. R. Matthews
(Ed.), International handbook of research in history, philosophy and
science teaching, (pp. 911-970). Dordrecht: Springer.

Hodson, D., & Wong, S. L. (2017). Going beyond the consensus view:
Broadening and enriching the scope of NOS-oriented curricula.
Canadian Journal of Science, Mathematics and Technology Education,
17(1), 3-17.

Hogan, K., & Maglienti, M. (2001). Comparing the epistemological
underpinnings of students’ and scientists’ reasoning about conclusions.
Journal of Research in Science Teaching, 38(6), 663-687.

Irez, S. (2009). Nature of science as depicted in Turkish biology textbooks.
Science Education, 93(3), 422-447

Irzik, G., & Nola, R. (2011a). A family resemblance approach to the nature
of science for science education. Science & Education, 20, 591-607.

Irzik, G., & Nola, R. (2011b). A family resemblance approach. Plenary
presentation session with N. Lederman titled: Current philosophical
and educational issues in nature of science (NOS) research, and
possible future directions. Presented at the International History,
Philosophy, and Science Teaching (IHPST) Conference, Thessaloniki,
Greece.

Irzik, G. & Nola, R. (2014). New directions for nature of science research.
In M. Matthews (Ed.), International handbook of research in history,
philosophy and science teaching. (pp. 999-1021). Dordrecht: Springer.

Kampa, N., & Koller, O. (2016). German national proficiency scales in
biology: Internal structure, relations to general cognitive abilities and
verbal skills. Science Education, 100(5), 903-922.

Kampourakis, K. (2016). The “general aspects” conceptualization as a
pragmatic and effective means to introducing students to nature of
science. Journal of Research in Science Teaching, 53(5), 667-682.

Karisan, D., & Zeidler, D. L. (2017). Contextualization of nature of science
within the socioscientific issues framework: A review of research.
International Journal of Education in Mathematics, Science and
Technology, 5(2), 139-152.

Kaya, E., & Erduran, S. (2016). From FRA to RFN, or how the Family
Resemblance Approach can be transformed for science curriculum
analysis on nature of science. Science & Education, 25(9-10),
1115-1133.

Kaya, E., Erduran, S., Akgiin, S., & Aksoz, B. (2017). Nature of Science
in Teacher Education: A Holistic Approach. Necatibey Faculty of
Education Electronic Journal of Science & Mathematics Education,
11(2).

Khishfe, R. (2012). Nature of science and decision-making. International
Journal of Science Education, 34(1), 67-100.

Kim, M. (2016). Educational Effects of the Integrated Science Developed
Under the 2009 Revised National Curriculum: Focused on Student’s
Views on Nature of Science and Science-Technology-Society
Relationship, Interest in Science, and Science Aspiration (Master’s
thesis). Seoul National University. Seoul. Korea.

Kim, H. (1997). Sociological understanding of science and technology.
Science, Philosophy & Culture, 20, 223-238.

Kétter, M., & Hammann, M. (2017). Controversy as a Blind Spot in Teaching
Nature of Science. Science & Education, 26(5), 451-482.

Kwak Y. (2001). Theoretical background of constructivist epistemology.
Journal of Korean Earth Sience Society, 22(5). 427-447.

Lakatos, 1. (1970). Falsification and the methodology of scientific research
programmes. Criticism and the growth of knowledge, 4, 91-196.

Laudan, L., Donovan, A., Laudan, R., Barker, P., Brown, H., Leplin, J.,
... & Wykstra, S. (1986). Scientific change: Philosophical models and
historical research. Synthese, 69(2), 141-223.

Lederman, N. G. (1992). Students’ and teachers’ conceptions of the nature
of science: A review of the research. Journal of Research in Science
Teaching, 29(4), 331-359.

Lederman, N. G. (2006). Syntax of nature of science within inquiry and
science instruction. In Scientific inquiry and nature of science (pp.
301-317). Springer: Dordrecht.

Lederman, N. G. (2007). Nature of science: Past, present, future. In S. K.
Abell & N. G. Lederman (Eds.), Handbook of research on science
education, (pp. 831-879). Mahwah: Lawrence Erlbaum.

Lederman, N. G., Abd-El-Khalick, F., Bell, R. L., & Schwartz, R. S. (2002).
Views of nature of science questionnaire (VNOS): Toward valid and
meaningful assessment of learners conceptions of nature of science.
Journal of Research in Science Teaching, 39(6), 497-521.

Lederman, N. G., Antink, A., & Bartos, S. (2014). Nature of science,
scientific inquiry, and socio-scientific issues arising from genetics: A
pathway to developing a scientifically literate citizenry. Science &



Education, 23(2), 285-302.

Lederman, N. G., & Lederman, J. S. (2014). Research on teaching and
learning of nature of science. In N. G. Lederman & S. K. Abell (Eds.),
Handbook of research on science education (Volume II), (pp.
1739-1815). Mahwah: Lawrence Erlbaum.

Lederman, J. S., Lederman, N. G., Bartos, S. A., Bartels, S. L., Meyer,
A. A., & Schwartz, R. S. (2014). Meaningful assessment of learners’
understandings about scientific inquiry—The views about scientific
inquiry (VASI) questionnaire. Journal of Research in Science
Teaching, 51(1), 65-83.

Lee, J-W, Park, Y-S, & Jeong, D-H. (2016). Exploring the level of nature
of science and its degree of revising curriculums: The case of the
7th and 2009 revised curriculums. Journal of Korean Society of Earth
Science Education, 9(2), 217-232.

Lee, S. J. (2008) A Study of Future-oriented Practical Arts(Technology and
Home Economics) Curriculum. Korean Association of Practical Arts
Education, 21(3), 21-39.

Martins, A. F. P. (2015). Natureza da Ciéncia no ensino de ciéncias: uma
proposta baseada em “temas” e “questdes”. Caderno Brasileiro de
Ensino de Fisica, 32(3), 703-737.

Matthews, M. R. (1994). Science teaching: The role of history and philosophy
of science. Routledge: Psychology Press.

Matthews, M. R. (1997). Editorial. Science & Education, 6(4), 323-329.

Matthews, M. R. (2001). How pendulum studies can promote knowledge
of the nature of science. Journal of Science Education and Technology,
10(4), 359-368.

Matthews, M. R. (2012). Changing the focus: from nature of science (NOS)
to features of science (FOS). In M. S. Khine (Ed.), Advances in nature
of science research. Concepts and methodologies (pp. 3-26). Dordrecht:
Springer.

Matthews, M. R. (Ed.). (2014). Handbook of research on history, philosophy
and sociology of science. Dordrecht: Springer.

McCain, K. (2016). The nature of scientific knowledge: An explanatory
approach. Switzerland: Springer.

McComas, W. F. (1996). Ten myths of science: Reexamining what we think
we know about the nature of science. School Science and Mathematics,
96(1), 10-16.

McComas, W. F. (2005). Teaching the nature of science: What illustrations
and examples exist in popular books on the subject. In Eighth
International History, Philosophy & Science Teaching (IHPST)
Conference, Leeds, UK (July 15-18).

McComas, W. F. (2008). Seeking historical examples to illustrate key aspects
of the nature of science. Science & Education, 17(2-3), 249-263.

McComas, W. F., & Olson, J. K. (1998). The nature of science in
international education standards documents. In W. F. McComas (Ed.),
The nature of science in science education: Rationales and strategies
(pp. 53-70). Dordrecht: Kluwer.

Meichtry, Y. J. (1993). The impact of science curricula on student views
about the nature of science. Journal of Research in Science Teaching,
30(5), 429-443.

Merton, R. K. (1973). The sociology of science: Theoretical and empirical
investigations. Chicago: University of Chicago press.

Millar, R. (2006). Twenty first century science: Insights from the design
and implementation of a scientific literacy approach in school science.
International Journal of Science Education, 28(13), 1499-1521.

Ministry of Education (MOE). (2015). 2015 revised national curriculum of
science. Seoul: Ministry of Education, Science and Technology.

Mirowski, P., & Sent, E. M. (2008). The commercialization of science and
the response of STS. In E. J. Hackett, O. Amsterdamska, M. Lynch
(Ed.), Handbook of Science and Technology Studies, (pp. 635-689).
Cambridge, MA: MIT Press.

Moss, P. A., Phillips, D. C., Erickson, F. D., Floden, R. E., Lather, P. A.,
& Schneider, B. L. (2009). Learning from our differences: A dialogue
across perspectives on quality in education research. Educational
Researcher, 38 (7), 501-517.

Musgrave, A. (1998). Realism versus constructive empiricism. In M. Curd
& J. A. Cover (Eds.), Philosophy of science: The central issues (pp.
1088-1113). New York: Norton.

National Research Council (NRC). (1996). National science education
standards. Washington, DC: National Academy Press.

National Research Council (NRC). (2012). A framework for K-12 science
education, DC: National Academy Press.

National Science Teachers Association (NSTA). (1982).
Science-Technology-Society: Science Education for the 1980s (An
NSTA position statement). Washington, DC: Author.

Neumann, K., Fischer, H. E., & Kauertz, A. (2010). From PISA to
educational standards: The impact of large-scale assessments on
science education in Germany. International Journal of Science and

A Study on the Plurality of Nature of Science in Science Education

Mathematics Education, 8, 545-563.

NGSS Lead States. (2013). Next Generation Science Standards: For States,
By States. Washington, DC: The National Academies Press.

Noh, T., Kim, Y., Han, S., & Kang, S. (2002). Elementary school students’
views on the nature of science. Journal of Korean Elementary Science
Education, 22(4), 882-891.

Norris, S. P., & Phillips, L. M. (2009). Scientific literacy. The Cambridge
handbook of literacy, 271-285.

NW. (2014). Kemlehrplan fiir die Sekundarstufe II, Gymnasium,
Gesamtschule in Nordrhein-Westfalen. MSW: Philosophie.

Oliveira, A. W., Akerson, V. L., Colak, H., Pongsanon, K., & Genel, A.
(2012). The implicit communication of nature of science and
epistemology during inquiry discussion. Science Education, 96(4),
652-684.

Osborne, J. F. (2007). Science Education for the Twenty First Century.
Eurasia Journal of Mathematics, Science & Technology Education,
3(3).

Osborne, J. F. (2014). Teaching scientific practices: Meeting the challenge
of change. Journal of Science Teacher Education, 25(2), 177-196.

Osborne, J. F. (2017). Going beyond the consensus view: A response.
Canadian Journal of Science, Mathematics and Technology Education,
17(1), 53-57.

Osborne, J. F., Collins, S., Ratcliffe, M., Millar, R., & Duschl, R. (2003).
What “ideas-about science” should be taught in school science? A
Delphi study of the expert community. Journal of Research in Science
Teaching, 40(7), 692-720.

Polanyi, M. (2002/1969). The republic of science: Its political and economic
theory. From knowing and being. Reproduced in P. Mirowsky & E.
M. Sent (Eds.), Science bought and sold: Essays in the economics
of science (pp. 465-485). Chicago: University of Chicago Press.

Pomeroy, D. (1993). Implications of teachers’ beliefs about the nature of
science: Comparison of the beliefs of scientists, secondary science
teachers, and elementary teachers. Science Education, 77(3), 261-278.

Resnik, D. B. (2007). The price of truth: How money affects the norms
of science. Oxford: Oxford University Press.

Roberts, D. A. (2007). Scientific literacy/science literacy. In S. K. Abell
& N. G. Lederman (Eds.), Handbook of research on science education
(Volume 1), (pp. 729-780). Mahwah, NJ: Lawrence Erlbaum
Associates.

Roberts, D. A., & Bybee, R. W. (2014). Science and scientific literacy. In
N. G. Lederman (Ed.), Handbook of research on science education
(2nd ed.). New York: Routledge.

Rudge, D. W., & Howe, E. M. (2013). Whither the VNOS?. Aprendendo
ciéncia, 225.

Rudolph, J. L. (2000). Reconsidering the ‘nature of science’ as a curriculum
component. Journal of Curriculum Studies, 32(3), 403-419.

Ryder, J. (2001). Identifying science understanding for functional scientific
literacy. Studies in Science Education, 36, 1-42.

Ryder, J. (2009). Enhancing engagement with science/technology-related
issues. In A. T. Jones & M. J. deVries (Eds.), International handbook
of research and development in technology education, (pp. 287-296).
Rotterdam/Taipei: Sense Publishers.

Ryder, J., Leach, J., & Driver, R. (1999). Undergraduate Science Students’
Images of Science, Journal of Research in Science Teaching, 36(2),
201-220.

Sadler, T. D. (2009). Situated learning in science education: socio-scientific
issues as contexts for practice. Studies in Science Education, 45(1),
1-42.

Salomon, J. (1985). Science as a commodity-policy changes, issues and
threats. In M. Gibbons & B. Wittrock (Eds.), Science as a commodity,
(pp. 78-98). Harlow, UK: Longman.

Settlage, J., Madsen, A., & Rustad, K. (2005). Inquiry Science, Sheltered
Instruction, and English Language Learners: Conflicting Pedagogies
in Highly Diverse Classrooms. Issues in Teacher Education, 14(1),
39-57.

SL (2008). Lehrplan. MfB: Philosophie.

Smith, M. U., & Scharmann, L. C. (1999). Defining versus describing the
nature of science: A pragmatic analysis for classroom teachers and
science educators. Science Education, 83(4), 493-509.

Stanley, W. B., & Brickhouse, N. W. (2001). Teaching sciences: The
multicultural question revisited. Science Education, 85(1), 35-49.

Swinbank, E. & Taylor, J. (2007). Perspectives on Science. The History,
Philosophy and Ethics of Science. Teachers’ Resource File, Oxford:
Heinemann.

van Dijk, T. A. (2011). Discourse Studies: A Multidisciplinary Introduction
(Vol. I). Singapore: Sage Publishing.

van Fraassen, B. C. (1998). Arguments concerning scientific realism. In M.
Curd & J. A. Cover (Eds.), Philosophy of science: The central issues,

737



Cho, Kim & Choe

(pp. 1064-1087). New York: Norton.

Wheeler-Toppen, J. L. (2005). Teaching NOS Tenets: Is it time for a change?
Paper presented at the Association of Science Teacher Educators
(ASTE) 2005 Conference, Colorado Springs, CO. January 19-23.

Wittgenstein, L. (2009). Philosophical investigations. New Jersey: John
Wiley & Sons, Inc.

Wong, S. L., & Hodson, D. (2010). More from the horse’s mouth: What
scientists say about science as a social practice. International Journal
of Science Education, 32(11), 1431-1463.

Yacoubian, H. A. (2012). Towards a philosophically and a pedagogically
reasonable nature of science curriculum. Alberta: University of Alberta.

Yacoubian, H. A. (2015). A framework for guiding future citizens to think
critically about nature of science and socioscientific issues. Canadian
Journal of Science, Mathematics and Technology Education, 15(3),
248-260.

Yang, C., Kim, M., & Noh, T. (2015). The Influences of Integrated Science
developed Under the 2009 Revised National Curriculum on Students’
Views on Nature of Science and Science-Technology-Society
Relationship, Interest in Science, and Science Aspiration. Journal of
the Korean Association for Science Education, 35(4), 549-555.

738

Yang, S. (2019, in progress). Representations of Nature of Science in New
Korean Science Textbooks: The Case of ‘Science Laboratory
Experiment” (Master’s thesis). Seoul National University. Seoul.
Korea.

Zammito, J. H. (2004). A nice derangement of epistemes: Post-positivism
in the study of science from Quine to Latour. Chicago: University
of Chicago Press.

Ziman, J. (2000). Are debatable scientific questions debatable?. Social
Epistemology, 14(2-3), 187-199.

T
2L ALt )
DREA LTSI 14
G e





