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The convergence and consilience in education (hereafter, interdisciplinary education) is receiving great
attention from societies. This study aims to investigate the works of scientists and artists who have intended
to combine science with the arts in the modern era, to take into account the socio-philosophical setbacks
during the period, and to suggest pedagogical implications of science education as interdisciplinary
education. The concept of interdisciplinary education stems from Plato’s thought, idea, as a comprehensive

and invariant truth. The renaissance, full of enrichment about scientific achievement, was based on
Neo-Platonism pursuing holistic-synthetic approach. During the time, scientists presented in this study
tried to find comprehensive principles and borrow useful method from the arts. In such a context, scientists
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not only made use of the arts for expression of scientific knowledge, but also drew conclusion by analogical
reasoning between science and the arts. Artists, as well, relied upon anatomy and optics especially, to
elaborate linear perspective and even developed their own scientific knowledge through personal
experience. Hence, contemporary science education should encourage students to hold a holistic viewpoint
about science and the arts, articulate explicit goals and outcomes as interdisciplinary education, implement

convergence
meta-disciplinary instruction about science and the arts, and develop assessment framework for
collaborative learning. There may be good examples for inter-disciplinary education as listed: illustrating
scientific ideas through the arts and vice versa, organizing collaborative works and evaluations criteria
for them, and stressing problem solving on a daily basis.

. M2

L= o] IS A ARRle] Age] HakE 7HA grow,
W7l S8 F7PIAR Qlaf ko] A =8 sEde
2 AR AN Hetusof gt whajo] FoiE L Qlrk 2T whad
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=3 78 50| A|=E o] 2thKim, 2012; Na & Kwon, 2014). o=
A= G wAleh HRE A8t 2| AE ofsfstar ofof thgh v
Apsh 27 S 5ol AEsham, whehd Aotke QujEt
(American Association for the Advancement of Science(AAAS), 1989,
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(Science-Technology-Engineering-Mathematics) W o|&(Art)S 3
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k7 QJtHAhn & Kwon, 2012; Bang et al., 2013; Solomon &
Aikenhead, 1994; Son et al., 2001; Yakman, 2007; Zeidler et al.,
2005).
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T8TYo| T4 Zoll 9k vle] A9, AAchTisH-S 7| NGSS)
oA EgS 7323 AR E(cross-cutting concepts)©] SHA]A Q] LE
Q42 AA| =K National Research Council, 2012). 4t oYz} &
b AZRER S0l BrONE ol Atk aehe S ol
(competencies) S FAO 2 WS AHs}L QJUTHCSCNEPA,
2007; New Zealand Ministry of Education, 2007, OECD, 2001).
dl4The] §4S BsHe STEAM 80) 49, a4, ey
J 7re] AARRE S o R s, ogd ol s
J2E AL BT gk 22 50| §UTLE(S5] STEAM 29)
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U
2o g HESITHAhn & Kwon, 2012; Na & Kwon, 2014; Woo &
Yoo, 2013). 53], gEgtusolA 3 %, &2 4 ol A=
ofgA FEEH AKX = o F ofH 7HAE FAHLE siAslof 5}
L), gughmgo] 27ak g B} A, wS B Sfat
B7h =g 57 AlA 58 o] RSk WRekEA] oL qlok
=3) st ofldre] B SwolA dlgolre] Aold A 1zt
Ear Qlont dlss Solf ste] 5T 4 Qe wSA] A o
el =27} =5l Lee & Kim, 2012; Park & Lee, 2013; Petrie,
1992; Ro & An, 2012).
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AR 192 B3] B3 e A4S el 9lckGombrich,
2006). 3 A%} 7|3k, vslvle AelFEe] dAS BAS
23 Halr|go A E A5 EHch(Pedretti, 2004; Strosberg, 2001).
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sjoick Tale] 7%, ol ojo|tiold B TSR, Haal
of Nzt © AEst A9 B BES F2 Avusl
(Cushing, 1998; Kim et al., 2013). &3} dof 7|03t HSHE2
+= Copernicus, Galileo, Brahe, Kepler, Newton 5] §lom o] =
oleule] 2. 7Pg A nHel 288 ®Ql Galileo, Kepler, Newton2
o s AAstalnh B3k ARS8l HAS 5o Astaat
gF Gilbert®} ofszo Ao Ay 2 g Fopo] gEdy #E Sl=
Maxwell-g 35T 2 dtollA] AAE Befatet dls7bse vl
SAF A TSR ARER0) 9l ZESt S| sfisim, wfsh ol
= B8 AR AR to) 2ok B3l Al ks 7] wRet
=32 Skl (Cushing, 1998; Gombrich, 2006; Huff, 2003,
Kang, 1996; Miller, 1996; Pedretti, 2004; Shlain, 1993; Strosberg,
2001).
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2006), 1}&hofAl= Maxwell, Mach, Poincare 52| A2+ vjgto 2
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S3olH o)zl B %9 ZwolME olskt 4 Uk
Fogarty(2009)= na} 7+o] 143t o7 7H3] Wf T 70l 7 /24t
S5 7Y AA asislen I Feo] weh £4E, 4% o=
T-E513Ic) Drake & Bums(2004)= i} 7t E5ke] 42of whet ot
F(multidisciplinary), 7F&hZ(interdisciplinary), Er&H(transdiscipli-
nary) @2 SHESH3IT} 919 7|l wErhd $4E otk e 115}
ol s, 5 T FEE> | 1t Ao e gER
VR = gelE 0] AL ZH=T} o]0 B Alojx= EF| et

3 oS sk BRHe ofujold gEmEo R EUsto] A}
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CHFerguson, 2013). ©]% Newton2 Kepler7} AWs}A| 551 259
2lo] wko ool g_qfa o] BAIE 3455t ESF Kepler
O] gl ot 250 ek AR Hlolls 2o AR5k Hisol
71093k Gilbert©} 11P7l°ﬂ P Wew, 19 ofojroj=
Maxwello]] ]3] £+ =] Itk Baigrie, 2007). ©] Qo= ~H-2 ATjj9]
HeRrEo] s o] 7oA, o] F et wEte] St
HF L B3] ATE Hol AAEL =AoZ ArHE A} S
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lllustration of the Moon (Galilei & Helden, 2000) and the immaculate conception by Cigoli(Princeton University, 1996)
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ez A9 piten o s I Fet
¥ 449 2]
S oAl 28 9o EHS PO e ol 5%
e Aog Azt ﬁli](Kang, 1996). Galileo7} AQFEl oJerz]ofof| A
= FAIAD I oG S0k 272 59 0
QlAjskgon] Bake Akl the AFA RARE B9 e 3
st oS = QAT Baigrie, 1996). 12] ZIgh A E 35} t
Cigolio}e] 52 S8 ARTfsla} ol&oale] 24T} W] =98
213125, Cigolie] ToIAIE ol 137} wre) Do| o] o)
%) gkl 7127 BAE AT Figure 1 22,
zdgﬂ ogejoxle] uFA] 7]ojgt Kepler ¢A] &3} 7IIaHA
asc 2 HRA ojstola] A1k ERgon ek dskLe
) 9l HESES 7l=2 4k Tycho Brahed] 24$E & 2459
AR, Bl S ANE A 3 ATt BedE ok Al
IR S o] WALS TR <AHEsh-S wi)
(Cushing, 1998). 217} B} =& A¢tstA € A& 24 55
AFA AlaLE E3) Aloket Ao 2w of XU (Ferguson, 2013), &
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ARl H2le dof| gigt o14]of|A] £}t Cushing, 1998; Shlain,
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Figure 2. Harmonics (left) and geometry (right) of revolutionary orbits by Kepler (1619)

(halo or mandorla)& &3l WERHIL Qlet. Hlo] 2 APl HA|= 2
= ©]&df(radiation), Alo] ojt]oflu} RS ArgsttHFerguson,
1954). E3F T12|A A ERE E49] 75 Ho® ofAR geo]
ol9} Hgtstnzm PO FAUS Alol ot Aem At
Newton A o]2|gt AlsH THof] AA=]o] v, Ak 71
A Atolo] B Aol A8E= Ao® kel o] HAlE Aletst
HAL AV A Ut 5 #2S 7HYstItMiller, 1996).
B ol 19417] el 2(ether) S thAISk= 71E Q] Hfield) =
A 2g wAE dlaske oA YEbddthHesse, 1962;
Nersessian, 1984).

E3F Keplero] ] 3 2ol o] 3/do] 37 719} Fdnt
A, 34 Hl=oll gt 1121290 v EE ok 9 Jofe] Ao e
E] ofolt]ojE AR5k Aolrk. e <9529 x3pof|A] Figure 29}
o] P40 FAUS Sofell B3I Galileo o] AAE ¢1aL 7173
= W2 1= ofgelols ofeld kb (S Bl ol Il
THAA EaL, o Sl 2otol 7h 21l dhsf olsfskqict
(Ferguson, 2013; Voelkel, 2006). T3+ 3§44 9] 4 HEx|Sof|A2] v
ALY FHAL Copernicus7} 22 Aokst 202 Kepler= Arid
Aol o Fske Y& 3l ol5 25131tk Plato7F BESUH
FAFE AohEAl= 4, 6, 8, 12, 201HA|9] S7RF EARIThE Zlo]
AHA Qe olE B4E FAsks 7 dar ozlth olzler
| ZRebsf Kepler= H6HAIE il osh= -9t Wish= &
7Hgskeiet. 12jal sk F el AAMAAE WHskES o
T, 7L et HA] 5 WSHES Sleith o]ef o] SdshH 67119
T7F Ut o] BiYks SR 3 4, |4, AL 3, B4,
EAO FAAEE Yyepdtiar AJZ51tH Cushing, 1998; Ferguson,
2013).

o= E A3AQ Fke WS A o A|Hk Gilbert A 2o

Hic locum babet stiam]

2] A 2 4 9lk Ge] YA AR Gilbertt el Alo] 4
aelglon, W Ak Bejslat Woke gRstc Te
4] Elizabeth csfo] chetisol 4 ¥t $A18he ZzsbeiA]
Zelalat Goto] vhet s HIHE ZolSglon], BT WeeA Tt

o

=

T SR A RE S ot 0S8 sk Ao REE
FRE dof AH4lo] Wk 27 W8S SHSE <A7|of| thst
o= A FWSIGTE e FAO AVIE 224 Zew 2
2] 79 ofel=etar Azsielon, ol HlEEAe]a £
e EE 7= (5] lumen) S 25 ofolt]olE ATt
(Heilbron, 1999; Trifogli, 2000). 1= X7|H& F&of H|-G31HL
A A o ® ThE HRso] 3 Wk Thele A Sl AA19] A
£ FESHcE E3E A5L9] N3} S=0] Qlzo] shsol= H=0]
O, T of2} 24| A9 RAE A|gem drst
231 3} th(Baigrie, 2007, 2002). 719] AJ%=i= Keplerof = Fa& 5
of At M| 5 LT Ao m Argstaat skqink g,
Maxwell-2 Faraday7} A|QFeE A1 9 2 @4 BEoi= 27| offF|
29| 7lgleha] 25 Sl &8-=0] oHl=E FF AAp|uke] A
nygog AHzp7]AHelectromagnetic field)2  A|eFsF tHMaxwell,
1881). 217} AQFeE AR 1o 7dS =249l B ofqh oEs}A]
o B0 o2 W) THE Hwaiglon, ol B oE
T¥5e e PRIl iz 10] $17) 1A KRNl 1
£3) ZBAE AEs HIS e, 3t Bsto] ATE
oflo]c} (Harman, 1980; Mahon, 2003). T3t 1= 81| 391448 Aok}
=t ol 71Eaol 9] A1 YA Zhd oA RE & A O E(Tumer,
1996), =0l 2] 95 A7} Q1AlSk= 37FA] Make JX|jit) Lpof
7F $7) k] HEah srHEe] oaf oldh M-S = w4
o A] EA}5}cH(Shlain, 1993; Strosberg, 2001).
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T2 U571 Brunelleschiof] 2Jsf 5] A 52 213 A8k
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Figure 5. The Vitruvian man (1490) and Mona Lisa (1503-1517) (Strosberg, 2001)
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23S0l 5 ndlg o AX|= Leonardo da Vinci= 38} 48}
O 5 TSR ofollAl 242 YRSl Bfe] AT s
O1A] APZES] SIS 9I5) ato] THALS BirkPedreti, 2004). 1
& olgelol WARR: A ehoR Selol S shvlol 2217k
MEAFAE Verrocchiod] o}ejollA] 4=8}a}9itt. 17} QAAIE H&s)
wAE 4 ol 7t ek A Aa ARE 2s] ol
QUL AFRO] APl ekl BAKS Sl 1 e BRst
oo, Rafael, Michelangelo 5-2] Bl V&%= QA9 BAE Y&l
Eere AP}t )AL 7Y Ao g Z=ZE T Pedretti, 2004). E3E

o}, it
%

Al

Michelangelo= AJ2E|LF 40| Halol| ofg Q1A 47]9] BG5S &
Fetel 1 dolon, sk E A FWe EKEknoyan,
2000; Meshberger, 1990; Suk & Tamargo, 2010). ¢1H|9] sj57} E8
gh Ou|E ARGk A2 Tes] AFAQ] HAL] ZLX|A] gkow, x|
of o2 A HAES sty Xt A RS A2
AT} ] QLS RS 9FE RARIEA EE Uel 285
AlEo]7] wfjZolcth

da VInCI"] OTa <E]’]-‘:qxl-> <“’]—l—‘04 t‘l__ ’ <‘|_EH —]_lx] ﬂ— ZEH%
sjoks AuEE YT 9 371EEHE S wE A4

TS AZ|AL ok B9 obyzh adf JEAvE SASIE e
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Table 1. Shared features of interdisciplinary activities in science and art

Science

Art

Explanation of celestial movement based on the
observation of terrestial movement
Proposition of magnetic force in the orbital motion and
terrestrial phenomenon

Generalization of theory

Generalization of linear perspective across the context
Illustration of the divine presence through the
understanding of human bodies(anatomy)

“Borrowing” knowledge from other

s in astronom
disciplines Y

Analogy between regularity of harmony and orbital motion

Proposition of inverse-square law through radiation of light

Utilization of Camera Obsura(technology) for linear
perspective
Application of anatomy and optics to perspective

Knowledge acquisition in the informal

context experience

Understanding of arts thorugh personal interest and

Participation in dissection of a dead body

HEof] TS o & o Aok E3 GRE "N B Hes
T2 E 73S HARSEL QltkStrosberg, 2001). $HH Michelangelo
© AZEIY o] BakE Tels dolA ofde] 'Y Aol Ao
H5e FHE FAssA, QY] A @ 55 AEsHA HAlSH
W ol olzl, Haiet BRI BAS B4 SRet A4S g
NS BUPIE S olsh o), 2rje] BFES TRe e
Sio Al SjRohe 722 HEsE 75 Ue)g E40i
2} slglon], WEkA x|AlS Ea) AFAA HAL] 34Tk @A 2
of aferbee Hot WS Bal e B BASET sge

o
v, ol i3} ekt oS wew Aot

4>

VI =9 2 HA

2 AoliE 2o} Tiekat oS S AR B Y H
5o JoRt T deriee AWETE 1 A, 34
2 e EAES a9k thaat Zo(Table 1 32, A4, @
S wRAel WS A8ela Awalel Hrh Galileoo] 9] R
o] th3t £E3} Kepler?} Newton2] 34l %o that A, Gilbert2]
ARp7\o 0] SE) et AL BE Aol HAe] T
Qlol, Abolut ol thet T glol ek WaLS Agstiat ok
T} o= Whewello] 91533t Tfshaste] S4olv|w sh, Zohe 4w
T AlEetETofoll Rt EAoltk SAIE AHRE g A/

T, A7k e EAjele] TS Aolela wHdoln ArjHel
WAL 75t sk olhs oA Haste Ak o)
e EUR At 9 4, A EAES EEsIR st

A, T2 shte] F83t Foht Yo zRE thE 2ok 7]&0]
U W8-S 5551 Aok 3IKE da Vinci= ola7he] oA
A 9l SlAe] AR F7EHCm, Galikok TRFARRA AR
FoA slEo] HPHES Sl 3| 2853tk Kepler2} Newton<
Soke Bo o] e} uhpelee] WS mashAt skik
Alberti@} Diirer= 7|53t} 348he 218310 24 AYLHE A A]

Z = QIQIE ol2Rt S dF0] “de PR 3 2ok 7]l
U A48 Tk Bokz H8A1 e ZolckLee & Kim, 2012;
Wineburg & Grossman, 2000). 37}50| sjHE sk53tA, 7142t
$oqtelE o) TS TelAY TskEo] Alsht A wele)
542 fsio] Tyt 0|28 ANakE 250] olo] APk ol
3 uPe gl (analogy)oll ek Ao ulgEI BR el
g AL STt 5, WG] SAE Bio|E HEAT AE]
"o} A2j7}h F7etel whet Blof A7)z AlFell whale]

Sk, 3 A 2Esihal ofZ] o= Tk Q1 o) WAl AQtskAL
(Cushing, 1998), Kepler7} =0} &olo] %312 EQ|E 3PAlo] 24
A=t S vehd o, 24S sk AsS B4 s
Ao Hitjo] A3 THFerguson, 2013; Kim et al., 2013).

AR, st} ool A o] Sk HmAlQl wSabgS S8l B 2ok
o] A4le SERIeEMN o|FojFthr| Kk 7iR1e] #halT}t SH| 2R
dhsf] o Folxl Bl AAQl Bk50] FEiE wWal Qlrk TA| theka
AoIE 38 4= =2, ALY WS 5 AL 2n AkeA]
= 7125 do| A5tk 2 AtolAe Sefus 1 oAt
¢l Gilberts= 71912} 2hioll ofsff x|=p7]of sl st dar thst
Aol Ao Eeiek HelE A o 2\ By EIt
Galileo®} Kepler &JA] A}419] F=oto] el 7914 e &3l
nsh Zotofl thet A4S SESIGITE o= oA ALY WS
A7\ 7F 3 A T7)A1E B o] Fo| AL ou]sttiWeisberg,
2006). 01315} Wb v ] £ o] F= wiHolle At e
3] Hga g vehd AEeETY Al HA|Hol L HEgds
o= X4°L°1 om, esdihe g ehZo| ulEatE Al7|Sink

o TR} dllmvlEo] HolE gEHe AHlES es5d
Sof o sEF o] ofwdlof sh=A] FERT AAE AlERit
AR, ELAES Fato] 0}‘4 AR 9 ol E Tl M=e Hile
7 P“ T UEE Sfjof gty 25| shro] Hwsiet Ak st

| AE % HejuE 9 2HEA Afare] viEE ok ey
NS A 2|40 % FE]‘I‘ 71E Thed] AU &5 T
2717} o]tk Heh We AlZtolA Az thE watE Blebie
Zo] Faslrh Lee & Kim(2012) GA] AUA|A AlE3skE o]
T HET= 28HE A (meta-disciplinary) IS 7HA]= Zlo] Q3kS
Tkl Qlek weto] k= ROl T /dS wetolet =3t
w7 gFom, Fotol| A9 BH, nl&olAQ] el A oA
B34 AlH B SomE BolE 4 Atk & o W WSl
Clokel LIS HlEHE 4 oeE gEolo} g gFAE BHoR
zojs), sjs, A T3t 5o WE SHels AR olof vl
wigo| A Azl & 4= QIti(Bang et al., 2013; Brooks, 2009; Lelliott
& Rollnick, 2010).
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S Tt Lee & Kim, 2012; Park & Lee, 2013; Ro & An, 2012).
5t oA Ho]A] o}E Ex} 7k 3 WpHul 2g Z=Euly 9)lg),

sk AES mRe} ot Baskct 204)7] Hetat vl
2 Al ol £t opelata TiE ARzlo] ki)
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