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STEAM and ¢ Gei-Doh (Z4E)

Mitsuru FUJIE

Professor Emeritus of Aichi University of Education

1. Technology and Art

To discuss STEAM education, it is necessary to explore the characteristics of STEM and "Art" and their
relationship. The term "art" originates from the root word "techneé in Greece," which denotes the human
ability to manipulate nature. Following the industrial revolution, "art" acquired two distinct meanings: the
artificial aspect represented by Al (artificial intelligence) and the artistic aspect represented by creative
expression. The infusion of "art" into STEM holds significance as it activates STEM through the power of
Art, which possesses contrasting characteristics to STEM (as shown in Table 1). Instead of using the term
"art" with its dual meaning, I propose incorporating "Gei,Z&" an artistic technique that coexists with
nature, into STEM to counterbalance STEM's dominance over nature.

2. What is *“ Gei” and * Gei-doh ” ?

" Gei-doh" refers to a traditional Japanese art training system. The term "Gei", similar to "art" in
English, encompasses various techniques and skills. The Chinese character for "Gei" is derived from a
pictograph representing plant cultivation (as shown in Picture 1).

On the other hand, "3&: Doh in Japanese, Tao in Chinese' "translates literally to "road," but in this
context, it represents a specific concept from traditional Chinese philosophy known as Taoism. According
to Taoism, "Tao" guides individuals towards understanding the ultimate reality of the universe and
recognizing the perpetual interplay of opposing elements (yin and yang [& - [5, Picture 2 ). The practice of
"Gei" as a skill is further enhanced through training based on the principles of "Tao."

3 “New Age Science” has met Taoism

The background of the "New Age Science" can be traced back to the counterculture movement that
emerged in the United States during the 1970. This counterculture criticized the existing system,
including scientific and technological dominance. Emerging fields like quantum mechanics provide a
description of the "ultimate existence" in the micro-quantum world, which differs from the macro-world
governed by classical physics. This concept aligns with the notions of the "Emptiness Z2" in India and the
"Tao j&" in China. Scholars argue that Eastern philosophies have long understood this reality akin to
what the theory of quantum mechanics have found.

Capra (F. Capra, 1976) illustrates the interconversion of contradictory phenomenon such as "energy and
matter, particle and wave, motion and static, existence and non-existence" within the realm of quantum
mechanics. This phenomenon can be seen in the yin-yang conversion of Taoism (as depicted in the
diagram of the supreme ultimate, Picture 2 ). Regarding “Gei-doh”, Capra (Capra, 1976: 112) states,
"Painting and tea ceremony both require technical skills, but true mastery lies in transcending technique
to achieve an unconscious artless art." This_artless art is a typical situation of “Mui Shizen (¥4 H4X),” 2
signifying a state of natural spontaneity.

In the field of quantum mechanics, the act of observing nature as an object alters the object itself. It
becomes impossible to objectively measure nature and predict its outcomes. Through this interplay
between nature and the observer, the observer becomes aware that they are an integral part of nature, thus
merging with the object of their observation.

4. Positioning of "Aesthetic (&&%)" in STEAM

STEAM is expected to have a complementary effect by contrasting "art" with STEM. Table 1 provides a
comparison by item. Not only Capra, but also Bohm (D. Bohm, 1980), contrasted 'yin and yang' while
highlighting the distinctions between the West and the East. The West emphasized the masculine
principle that corresponds to 'yang', where logic, competition, and science were preferred over
cooperation and religion. However, Bohm proposed that we should now embrace and learn from the
female principle (feminism) represented by 'yin', along with non-Western concepts like 'tao' and



'emptiness'. The knowledge gained from quantum mechanics has provided an opportunity to promote
coexistence between humans and nature, fostering mutual understanding among diverse cultures."
Regarding feminism, from the perspective of art education, the work of Peppler, Wohlwend(2018) and
Liao, Motter, Patton(2016) is an example of connecting STEAM education with feminism.

A pioneer of this approach was Northrop (F. S. C. Northrop, 1946). He argued that while the West
emphasizes the "theoretic continuum" of analysis based on ratio, the East emphasizes the "aesthetic
continuum" based on intuition. In classical physics, theoretical analysis was sufficient, but since the
advent of quantum mechanics, understanding through aesthetic and intuition has become essential in
science as well. Simultaneously, he developed a theory of comparative culture to establish a world where
the West and the East, science and art, democracy and communism coexist in a mutually complementary
manner. I propose that the "A" in STEAM should represent a more fundamental " aesthetic" that
encompasses "art" and "gei".

5. Issues in implementing STEAM education
In Japan, I expect research outcomes from collaborative research at university-affiliated schools and
practical research as comprehensive learning, such as Project-Based Learning (PBL).

In STEAM education, the framework for learning content and instructional materials is composed of
"science," "technology," "engineering," "mathematics," and "art/aesthetics." Mathematics, unlike STE, is
a realm based on deductive reasoning from principles in the human mind, rather than inductively
discovering laws from observational data and applying the laws to technology . STE is a series of
interconnected processes that elucidate the mechanisms of the material world (science), develop means
for practical applications (technology), and utilize those means to manipulate the material world
(engineering). These components are distinct yet intertwined, making it a challenge to present such a
complex flow as instructional material.

From the perspective of learning content in art education, in the field of "engineering" that deals with
real materials, such as architecture and design, sculpture and crafts, as well as scientific and artistic
"handmaking craft" in primary schools, are used as teaching materials associated with STEAM. In
relation to mathematics, programming as an expression tool is often said, and examples like "the golden
ratio and Fibonacci numbers" demonstrate the connection between artistic form and natural form.

The textbook of practical teaching for STEAM education (Sousa & Pilecki, 2018) introduces specific
teaching materials such as "the Principle of Leverage and Calder's mobile sculpture", although it does not
mention the merits of art education by introducing art into STEAM education is in this book.

By contrasting art with STEM, we are once again questioning the significance of art and its role in
education.
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Notes
1. Tao is described as follows,

“Tao is that by which all things become what they are. It is that with which all principles are
commensurable. Principles are patterns according to which all things come into being, and Tao is the



cause of their being.” in A source Book in Chinese Philosophy, Translated and compiled by Wing-Tsit
Chan. Princeton University Press, 1963, p. 136
2. “Mui Shizen (£ H #X) means “Nonaction does not mean doing nothing and keeping silent. Let

everything be allowed to do what it naturally does so that its nature will be satisfied.” (Capra 1976: 134).

Table 1 Comparison between STEM and Art / Gei-doh

Mathematic / Science vs. Art/ Gei-Doh ( Aesthetic)

Convergent / Analyzing

Divergent / Synthesizing

Universality / Reproducibility /
Objectivity

Individuality / Singurality / Subjectivity

Necessity / Causality

Accidental / Probability

Theoretic / Rational

Intuitive / Aesthetic (aisthesis)

Manipulation of Numerals and Signs

Expression and Interpretation of Symbols

Artificial / Mechanic

Organic / Natural

Form / Concept

Contents / Sensibility

Order of Whole > Parts (explicate order)

Emergence by Parts > Whole (implicate order)

Consciousness

Unconsciousness

SIOIOIOIDIGICI®OMOIC

Human-Ego centric

Cosmo-Nature centric

SRR

of 2%

Picture 1

; Pictogram of a person crouching and planting seedlings.

[%l | in the middle

Picture 2 Symbol of perpetual interplay of yin and yang
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—Ji. W7 VT TR, AN BRE BT 2RI FEN O RN AR E AT D T L LTo T25)
DGR B D, T2 X, AP BREET 2 Tld7e<, BROE L LTo HE] (LB, AM
DARE AT HHMOENRE BiFT [#6E] OBERORNTEENTE R, [HE] i%fi%ﬁ"ﬂ’@?'ﬁﬁ@i‘ﬁ
ARFHEEINDGEZXSHT, SETHALZD O LY TRy THROHE ] Thsb, WZ o T#5E] 13,
(77— ©ob2 [ZEIR) Zefllim 2R LoD, STEM & OxtHREI 7Rt xdﬁsmm%ﬁ%LHMM
ELTEMALT D Z EIFFTX B,

3. 838 LIXBROHBIILEDPVEEZEDDZ L

[#8] X, [7rRars| RIS, £ (bY) LoHffi—MELTETH 5, FHROLHNRAERHT
%5Ftﬁmiﬂ%mmmmum%m(im,@ﬁi,#ﬁ&,ﬁﬁ,%ﬁi,%ii BE) | LRk
L HENCE TSE (BL, 28, &, @, FH OB | LW O BERHEHLD o7z, HFEERSEICOT 5 REH
ﬁkbf@&m&mvﬁfﬁ%iﬂL?6# HAAICR L Cidigich 5, 7 2] 1k, AEI2ZEA%
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ANTAL LZHE 3 % 720 OFlT (techng) ICHIZRT 223, (2] X, d &b &R - MEBER AR AT S
O OEAICHRT 5, TOARFBITEFD [#) T, HErECAOANPORBICHKT S, (K1) [#] %
NHoZBEOF Fickh s Hfficidnd, HROETH 2 [HE] L0, xiivzy (EE) | EkA
720 (GE) . 5REH-720 (58 LCHATL2LT E| 22bs [EuE] kb,
Co [EGE] % STEM ICEAT 5 Z & T, STEAM (392 L 512 [==—H 1 =2 & New Age Science |
TO, BEFNIFOWMEEIRIET 5 [EDETE ultimate reality ] Z#3ILHFT 252 L2725,

4. T=a—PpAxrx] & TE]

[(ma—P A= R OHFITIE, 1970 T A U B OFF - il E# 52 G OBEFEOEEH 28 L= b o
VE—IINTF v —Nbb, PTHEORTFE-BN, v aotti (Gl Ol 13RI 7 uk
TOMRD TEOFEE] OGN, 4 Ko 142 LivEO HE| 12OV THPILTWDIRREICAEL L T
WHZ EICRDE, HEEAITEROOEFNFLERL TEOFEE] b2 TV EFELE,

7177 (F. Capra, 1976)0 X, &1 %0 18 B35 [ EWE, kL, #he, FHESIEGFE L
Dt SIS AT BE7 (ambivalent) R AERI T 255 2880 (1265 O (2 o X)) 12hb, F£72.
thOFHE LR BEZE TOTRAT =N ERTDHICA RO 1242] R0, SoBRekTchsrrua
77 74— THE] O X9 e (wholeness) .5, V& IFOETIX, BARERNRE L THLET L L
THGAEESHETLE S, BREZZBNEHUILERZ THIT 52 LI13 T3, BREBEHR L OHMEAE
H(interplay) D72/ CRISE L HRO I THL L2 AR T DL b, BEENBENRE —RMELT
LE 9,

[B3E | 1I2OW T, I 701%, THESREIT T CHN (bX) ORI AT 503, BEOBEE & IXHAiT
B LUT-EEHSRO DXL LEDRWDE” (artlessart) (TiETHZ &) T, Thnd HEAHKR] Th
HELTWD,

5. STEAMIZRIT D TRl DALERHT

STEAM TiL, STEM (Z, STEM & %FFRAYZeHFEZ D [0l ZEAT D5 2 LIC L DM ENHFfF S
TW5h, #1 TiX, 2O A2 FEFNHIR L, B 7 F7721 T <A —2 (D.Bohm,1980) @, [f&
Bl OXFEICTEEEE e L OxttbZBERC, BETE () 1Ch2 B2 ER L. B4 X0 O,
EHI VG, ML 0Ee. SHIVBREGATE RN, 5%, [ Chis M (7=
L) SRIEVERKIN . T <0 [28] OFBBENLHIRTER B2 0T 5, KICROMBEFSTOH R,
A EBRLE OIASE YO EEMEZEET 2 & >niF Lo T0 5D,

O LT T u—F0EEREIC, /—A1 v (F.S.C.Northrop, 1946) O35, fi1%. TE7E(the West) )Y
PRME (ratio)lZ X 2 5Mr > [BRERADERHA theoretic continuum | ZE -T2 DIk L, HPE (the East) TILEEL
W& D TEWMERERLIA aesthetic continuum | Z BT 25 &9, HHES TR 2o o Tho Tz
D, ETNFURITRRICB O TH BN R BB XD BN AR RIZ o7& LT, [EEREEEAR
ELTO NE) IZERLND, FEEL R, B &, REFEREWEERR EOHAMTMICIEGET
HWR A HESLT DT D bin 2 BB L=, STEAM O“A”IZiE, 77— k) & (885 25T LV RIR
#1752 [JRYE Aesthetic] D“A”E T 52 L HBELIZV,

6. STEAM HE X EBR T 57O DIFRE

STEAM #H 1%, BT EH (A / X—T a V) OfREL ), BEZESDLHEN T Y ¥ =27 AORBETE L
LTHEF TR, NED TXCHOEZE] bR LAME AR E ORAEIZ L DR TRt 2o S~ &
Thbd, 9 LIESTEAMEABEMBEL T L&, VAT AR« X - U U FO XD e RFBEHHOFLTH]
TEM. 4rBp % 2 7~ (transdisciplines) ¥ 72 5 BEFIFE ME M CHE MM 2T 2 LR B 503, FEEBEOHEEHL
LCIEZED LI 2825 Z LI3E LV, BHARTIT, KEKEZR TOIEFIE & A, PBL(Project-Based-
Learning)7¢ & DA 7E & L COIEEMIE /A & TOMFZERCRIZHARF L2,

STEAM (B C. FEHNEDOPHAZRIE LEM LT 572021, H 5720 T, STEAM 28 TRF) | TH
fir, T2y o THUF) 12 T2 Art - Aesthetic] ZINX 7GR TH D Z L AR LTZV, STE TO L HIZ
BT — 2 D OIRERNCERI 2 B USRS AT 28R 2 R 5 LB O 20 EF IR, A OO O JFEE) 5 IH
FERICHEGR TR D LR TH V. STE % FH (computation)iZ K - TIRAL-S1T 5, STE 1. WEA DA%
L (Bt | 2OIHAZESRT 5 REABR L (BN . 2o EE-> TwER (B 21T+ 5%
(LEF) &S —#H ORI (nexus) WOTHY | AWZHER DTN EHRICZKIETE v, £ LIEEAIKE
LTz, EOXIIZE M E L THSIT (framing) T 5008 E R 5,

EINBETOFENELEWIBENGIL, WEEWO EMEHRS [T7) S8 TIE, BEETHA L, &
DT, AR TEE, FIEE COME TIEL Kl TIED [TAE 72 L3, STEAM BIEOHHS & L THLE ST
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bIb, BFEDEETIE, ERHY—LLELTOTa T I I TIREDONDIN, [HERE 7 4R T v F
B 3B L BRE OFBOBITH D, 7 AU O STEAM HBEOEEH~=27 1 Tlx., HEFOFEL o
NWE—ED [T —] | 72 EOBRKIREM PRI SN TOD A, W STEM ITHAA EN D EIRHFIC &
LTDRAU » MZOWTIEEKIT R0,
EIDSTEM ERBEND Z LT, H OO TEINEZOHEDOEWNRBbLIL TV,

baz

(1) &) 1FEEETITPEFEORZICI Ttao) & EiLEIN D, HEHIT “acism”IZ72 5,

(2) 28 0% 135) DOIREFEN, [SCEEEK] L THREIN KT | EE)D L DI, AkoF
REMLADTDICEKMIC 128 252 2120,

(3) Collingwood, R. G.; The Principle of Art, Oxford at the Clarendon Press, 1938

LI (EF OB F AR T2 O B | R oosaffieal pril, T ondmet, 1979

FILT D craft” L THAlT) RSN TV 5D,

(4) DE] IZOWTESEIERRFMIANRESNLIN, BRI E22bA4fHTH2 &b TER
W oLy HEAIT TEIE TS LA aMiTHo0 5%9 2 & 4720 ] (Tao invariably takes no action,
and yet there is nothing left undoing.) & 7%, AZ&DO KX WFHOFEE, RN EEOHARDR
&N D EK,

(5) Hr BT, LU FOES TR ALV /AS 22 DIFRN &0 9 FJfETHIEE - FHIIT
X LBGE LR/, VAT LT D PRS- HiuE, EOFHOMRITI M TE D, B
KRBT, LU T OWR O &+ OEF) T 2L X — 2\ & 2T AT 5 TR EnEkDs
oo Th, FHILIERRZTHTHZ LT TE RN, EFFNEOMA

(6) Capra, Fritjof; The Tao of Physics: An Exploration of the Parallels between Modern Physics and
Eastern Mysticism, Bantam Books, 1974. SEfER [ ¥ 4 HARFZ—HRMEFZ O i o THRED
Al 2MaED] THEE, 1979, OIS LH LEDORWHLE | OFELIEL  “While they all require
a perfection of technique, real mastery is only achieved when technique is tran- scended and the art
becomes an "artless art" growing out of the unconscious.” (p.112) THEAEHIK] O %] O

“Nonaction does not mean doing nothing and keeping silent. Let everything be allowed to do what it

naturally does so that its nature will be satisfied.”(p.134),
(7) Wilber, Ken; The Holographic Paradigm and other Paradox, Sambhala, 1982

U =i GELEMER) . [22e s LToR] F 4. 1983 2,
(8) Bohm, David; Wholeness and Implicated Order, Routledge & Kegan Pual, 1980

A—b Ok BHMBER) TRk & NIgRT] & T4k, 1980
(9) Northrop, S. C. Filmer; The meeting of East and West: An inquiry concerning world understanding,
The Macmillan Company, 1946.

J—Aa ey (BB —, BHAEREER)  THREE AEOgE  HRERRE O] R BT
W2, 1946. 5 kIR OEERE A ICTIT S AFE T, AEICH Lm0 TR O A
fid] ZRa-> THATS iz, 1%, BBSEDO NETH D 2203 5 WEED O AN FIED(BHE
ZWIET Z L ~DfEARII LTV D,

(10) Peppler, K., & Wohlwend, K.; Theorizing the nexus of STEAM practice. Arts Education Policy Review, 2018, 119(2),
pp,88-99

(11) D. Sousa & T. Pilecki; From STEM to STEAM: Brain-compatible strategies and lessons tthat integrate
the arts. Corwin Sage Publication, Ltd., 2018

SEGE, ST 2 HD5, STEAM & [EEH], BHEE RKFEM RS (5 72 #2806 B W), 2023
ZHHERFMBXEEY AT R Y http;//hdl.handle.net/10424/00009724

#1 STEM & ZET & xR
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DA LHT T2 e AN A EN B/ SIDb LN E s T g,

BETIZ, ZNFETH, BN ORFEDIICEEN 21T > TV DA, LK 7 D [ 5 o5 ML
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A I DO FCEFEE IR TT DI LI E» T AMBERSCHUIBGRE ORI E S5 Z &
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EREIL, 2 E COMBIERTSE 210 C T, 28RO LCC DOghfit. R B RE
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R0, FLEELEARLTE OO D HIBRRG OIRBLE 2 & fRx e b2 TV 5, SNEHER
121 0 HADANZBELTEREIL, BERERFICT Yy Lo U o5k ch s, AR
BPEIZB SR S, BRESUBICRAMA S BES LAEDSEEIL, SDGs DET /L ERD 9D, ZD LD
IRERE T ZF GRS FR ORI 72 b EfE LTV 5,

ZDOEOIZE, HITTDFETI UKD BRKFELER-STL D, ARG EHFTOT T » b
TA—bbEH, E (R) % H - AEEOKH S D RAMELEEZ TN D,

[fHA3] () E (BR) -%-FH- & HEEOKH-SY
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ZRA AR EZ R o 7o A A=V HF[EHI NS, 720 F— AV ET>THRIED D
DT E R CIERIIESHE S .

LHtINA A -V 2 Db oM, EHFE, RIE BESE, £SNE RS 2 HHR= —
FIRIFFIN WREHE LTIRA 2L T2461E, ThEHFICL oT, RiZLoTHRKT ST
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[Art & Science DIFER - STEAMEEBZN L T(RE) 22

i ST
R R

1. STEAM @ Art [ZDOW\WT
Science (Bl4) , Technology (i) , Engineering (T.%%), Mathematics ($2) DUAL

T & o7 ISTEM) IZArt @ TA) ZiNZ 7% "[STEAM; OEEPEIZOWT, %< OHEkDS
AL L TWwd, Z2D—4T, Art ORIIZENZERZEATED, BANICED X %
15EE)2Y STEAM #E 7% Dh>, MHERE 21375 <, EEMEORZHATICH 2 L w2 k),

FARMIZIZ, STEAM ZHD Arts # TYXF)L - 77— (liberal arts) ; &gz, BT
R ENER DM Z KOO 72 THolistic (fify) 1 ZHimtr v —27 v v ofili L, b
DFFAIC Arts (Art & Design) ZFENOIF TEHIE 2HE £\ ) oDl 1EH 3,

—ft12 STEAM & \» 9 EEl%, 2006 226 2008 F£I20C, ¥—7~+> (G. Yakman) 2 &4)
WKIRELLLDEHINTWS, The STE@M Pyramid; (X 1)DEAIC, % %k - BiH,
HHORFENADX 2 LTI o4, LI STEM+Arts 23yt I, i Lificix

"Holistic (&), @I NTw3, ZIZTHDArts 1 TYRF)L - 77— (liberal arts) |
BEENTED, TREEPT 7/ ny—3 TR AR ZEL RIS, sz M (%)
ZHIEL T2 L) TR AOKMPEETCH > 72— 7 = v DG RIRITR L T %,
Y—7<2rvDOR%ELIHE LD 1%, BETYR EAXRIERDOARZ RSN 72
NG - MEBE) OVE» S ArtsZIBZ TWw 3 BRI D 5,

—7J7, STEAM &HF D Arts 2 Z4f7, K& L ThziEfHT 525 &I, “STEM into
STEAM” £ \»9 NPO EANA A A ZiZEFE (Ohio Alliance for Arts Education) @ 7°
7 v (J.Platz) 2k 228 (2007 ) BHIHTH A 9,

u—F 7478 %4~ 27— (Rhode Island School of Design / RISD) &< x
%" (J.Maeda) 13, 'STEM 75 STEAM ~; &\ 9 EGEZ 4B, ARILMEERZRD 2008 4
26 2015 SEEFTHE /2 77 LDl STEAM %2 T8 L 72, #lZ7 7 /7 as— 6l
N, MERVEMAVD X)) BIERNBRIILIEZ S 2 EOEBEEZRE VS, THS
2L, Ml HEGHEETHY, BAOMERPEEOEKICOWTEZ2HBTTHY,
H DERDPH RO PR OB LEE AR L) BB TH D, ZiUArtist 79
AT =72 TnB 2 ) LR,
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KHWE LT TREAECRMEDIEE L ZMA L TVA F—olEzlAaAbE S I LIC
0, HOFHNT7 70 —F 2L S¥ %) LiE>TW 5,

2. Arts & Science - ETIIAXEIFOFERZR DN ?

HAB AR D% sciences EHEZ, Art # AXRFAROFEM & A27%3 (Bl & Ly
L, EfRMEICEES b DTH D, #2123, ERELED TEEINZRGN ) PEE b
IR X o TRl S NBIRRICK 2 TH DD YT, Bb->Tws, LAFLE -5 -

4 FOIEB L7V 2y v AMICIE,  Tscience; DEERE
%77 vEk® Tscientiay I3RS U HERCFEROMIS & V) BIRTHWONTED, &
22X > % §ED philosophy & [FIU X 9 12—, AEE—MD T3, v Bz N
WL TWwhk, A%V 7#ED Tscicnza 13, HADEIE & EERIC L > THEMNITF s NEd:
% scienza sensibile (EE2E) ) EFFINLTw7z, 17 ORI
D AL, BIEPHEERICHD RSN & v ) IR TIE, natural philosophy

(A7) +° experimental philosophy (SEER#T%%) DOEESHWVSNE D, Liberal arts &
Liberal sciences 1Z[FHFEED & I Icbit Tz, 2226 TArts and Sciences; &) S,
AL LI RBELEHL T, NROLHKLELEZDIRIAIZEATVIEREFF>TW0WD
Thb, 25 HOBEKTHONIDIF 19 D4 ¥V AEEFGOHE, FhI i
MIRISICRE T 2 769 5 THER, % science & MDY
BEh, TREAE (scientist) ;) &) BEPE FNARHIICHIET 5,

F—7 4 v OBGEHDOMAE E LTHHSND Fw A - N7 Y — (1825-95) 743
MFAIE R LT (scientist) Tld e\, b L (science) &WwIHiEEMEH D745, (a man of
science) &MFATERL ) LR L LTHE L G2 H 2, (TXXHoF DR, pl3 (a
man of science) #FHHIE THIOA, ERL T3, ) 1830 FEHDA ¥ A TlX, Fban
7- AR R OB M5EIE O THIER) % science & IERXEADVEEN T, Dl Ed 19
tfl £ T (science) &, A<, KERAGHK, ZH—MBOBEWRTH D, (scientist) DFEEIZ,
HRZEIN 72 M2 & —D D RIS 2 B HICIB2E T %

ANEWVIEREZNEL T, HFEN, NEWBRKR L > TR T2 T8 JAzET5AN) ]
xR ->T0n 3,
ZOEH) 7 ) TS TREE) LW BEZR, NT R —RBMREICHEAZDOTIE
A RYIER

PEAR OEHR TIREAREAIL 17 OB G, T4hbb, aXV=7 X, 7F
77—, AI)VLA, Z2—FVIZELH 160 FORICHELZEEbNS, LarL, X4
IROM S IRIEE TIZ AR, MR 2 G sIC L THIREEDL of



HHELT, NERBBIE T E L ToREE/Eifis Do Tii>Tws, DR,
TEBEL L TMoALEOME) LRIFERETH D, ERNIIEA OXNRPTE

i, maahRkEiIck s TEMDOF scientisty WEET 2D TIlE% L, H oW 5HERH

HICEHEL Hvo, HEMICHEEGL TW, = a— ik, B2, #8iem, b5, B,

Bt &, SEIEFRMAZITo70, ZHUFEME V) DD ZH Z B HGERDOEEEN

BRI ZARELE T AWML 2D DTH 75 TH 5,

"scientist" & \» 9 KEEDNE S N7 DIF 1840 FD Z ETH B, Zik, 19 tidiciilE b
I TREE & AMSEMDOENZZ S ER L Tw 5, BEEE 75 MR o dh[F & 2 A3
L, Hf¥Ea v HlEREE N, —DOEMBEEICED 2 HMIEXDOHGEROEH 25w C 5 &
EHIS, FMEOBEEEERLT 5, BlIAWEIE TRSAED, &
MRDOILFEDOFEIC 2 2 A ZHEE LT 2 e ThHS,) LHETE S, M
— DM L TEigr ) M Fh, EHAFIEI  #iHINn 5,

19 s, ER, ERIKZL, THEK 25eENRE LD, At - GReeAEk & MR -
TERE 22 0k & DT S TV IR TH & 5, EIFRPHA2ODMNENEGRNESG L, {156
WZEZB TAMy 2 TR L) BEMEEFNTE R, LD
M7t e LT TREE) 13, BEHEERETH 2 KL L VIHIEDLLITEVIAATY S
72

&, EARIV—7TZ2IBR L, Z0AE%E TEHT%, 2EickD), HoD
HZ@ER L L) e, Z—Y 2 Db 2R ML Tw <, FIZIE NASA I

27—t CYMIEzlInry 2V A DOERNEEDORIE L RR, & LT,
K T7ar =7 by MIREIL, RBUIEFS NG ulimzigila) kHicks, T
TO TR, LIZRG BB E LT, BrLwv Do kE) OEM0ER, TEins
ML, ZNDBHEFDBNEE T 5 3 F I L EMEEO MR > TE 2, WAL, EFE
LB R, BEL o T2 UIDEEL, M TYEORAZRILISDIIHARATH % & I
T3,

3. AaF%LLTOT—h
JFED TSchool(*#1%), L HFEET TARICET 2D, ICHKRTE R 7% (97
it : scholasticus) &, b &b LEMOTELHEZOMELZ I TEETH S, ZIUMMBHY
i OMER 2 BRI 28 (BERE) L I35a D, Bk &k, 1B
(=P D9, BRI ORI R 2 B0 LT, IERREN 2 AR - #hERm
RRAE]) [Tk o C, MEzREL, ME2ESHL, FEZMRIRTLEMAY AV ER
. ZODAa7%: THHE: Z(artes liberales) | & TEEME =

<l
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(artes mechanicae) ; , FEZLZTNVA (Ars)E MELFHEITITIONTED, FIYLRED
FRHE R,

TAHBEZE 1F, =2 Ept2ia LHBEERT, VRILT7T—V DR E o7 b
DTH D, ZHE, E, R GeERYE) , Feiili (BfE) v SEICT200
ZR LTS, BUCKEMIICEEEL, BB 2 T8 ki, B6LA, SeEs
WPIIRZ 726, HFEOLZI T ODERIBZA2bDTH -7, WEHE, BT, Rify:, KL
¥, BRTHDL, B0z 5L, ZEH (1 XT»ro 3k ERZHTKS FREDF 2 5,

TR 2 1, B GREERVESE) Tid%ed, AL L ChilED 65 S 2 FFHD
L Lo N5, MtFeRE, RfivcEfionez o "IED ), BADE (7
7 %) #IBATEHHDT, AEPELG L xwEELonERTH 5, Ly RAH
T, SHODArts (i, ) [CE&EE s, A, 8 5, SRk & oS
RS TR S IcfEo T, Loz TH
2222, 125l & B o, Artiste L COHN ZES L T\, ZDOKE LflifEi%z 5
ZT-DIE, VR yH v AMOERE THYH ) OFETH D,

4, VEFNVER - H T FnnE 2S5 STEAM OFF A
HATIZRELE, STEAM #E O Arts % liberal arts &\ 9 SHEICEHH I &, RS RR

BEBD X ) BALED T TEET 22 L 8IS T 5, 2D Z b EiE AR
RDFEMT, BELIZRRZ2DDHRD» E ) —DDEM%ERio 72,

“From STEM to STEAM”IZ 1%, STEM fHIKD2AR (Begoklegn &) & Arts (Zfh, 3£
i) 2372 2 /KUZOWT, 5 DOX D S MG L7 b D3 H 5 (£ 1),

Bl STEM E=00)
1 g2l I
2 AP BB
3 SIATHY &I
4 BT hE T
5 A H WAHIZREY 2w

BRFIRABIN, MBI, OGS 0T, S, LN, EERD, EERA A —
ELUTHIRT 2 ECIRA SN TV S, AL, WMBITHEE L SORATS Lo, K
Bz, WU FECHBA®RDEL 2L Xic, WUMEE LCHEShathug, HHEe
HAaA SN0, N LTENE, BEOFEREEE, B2 50 b, ek
EoT, WEREBE LR EROKD 5 5,

RERLAT LY - 5 - 71 v F OREDTHAD 5 3500 & B L OBl FIE L TL 3.
BRI VAR, MRS S YOTAM O£, TR, & e oMb
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) ZBHRICHIE 2K TE 7, 20T, BIFEEDREPRImDO B2 ) Afts BT,

7—bMEED TANENE, &7 v EFICE TS TRERR T, i, R 2880, %
ORI 2 EMEZEZ T0D, HlZIE (EF - V) DX 2 EEREZ B, @EHEe
Rl TAB L3 LI BBINAGHREERT, FhEks MEmziio M
N1 DFEDBEDL > TV, iRl 3 RIGDZEMZ BT 271, BERNEHOZEZ K
THRNLOMNELE IND, WNR2EETZIRP, WHOMELZMTIL, 2 AHEIE S
AXNIE, TNETEMEDPEE->TELHDTH S,

5. [PGR7e 2 PXITHEE R TH D <Ars sine  Scientia nihil est >

LAFIFIERa7%20ETHIC TR, &) B Tscentia> (v 74 7) &
WIHREZ LIFLIEFHVTw S, 14K, 29 7 RESEDOEERICHEFH L T ZE iR E
bE, HE kgt THEER TAabEEMIIEELER VW EE> TS,

LAV FIESH, ZEiERr2 8T 2 Artiste U TEM T STw 5208, MR
pFEINTR, 164285, 79V AET7 7V 7=y, LA F LK -

T4 v FORBICGES R BENDH D, ThroTIoftFuc (Bl E) , LAFLFIE
EBNT Gz B 7o NYIDMBISHFAE L 72725 9 2o Bl hzi, A, @SBl T2
T, ROERBETEETH Ty (WEAN, WARRY T2 X—F - Fzy)—=D
ac#%, Mario Lucertini, Ana Millan Gasca, Fernando Nicolo (2004). Technological
Concepts and Mathematical Models in the Evolution of Modern Engineering Systems.
Birkhéuser. ISBN 978-3-7643-)

B IR, BARY: (Y, BiY%E, REPY:, WEYE, KRS, KH) 1I2o0vT
L Tl A%iE, BYHELERBZIN VR, TEETHLLEVH) T LE, BPEETH
O, AR, T, AVIRTHLDH 5, Y, BAL, HHoFHIREEEERGEE, WP RAE
Mz EKT % Lo E SN TE T,

LA TV FiE AR TRw b DX, ROEBIHO R, AR Twuin
£ BREATIE, R BHEFMED v, LR, BARRORRZHMT 57201213,
LAY 2 5RM 22 50k & B O LB 2B DR LER L T %,

BEEMEA S T 3, SHOGEPKAL, Hoahklznrn L TEh, fls
EEE, Bl L 2RI 2E 2 T ThH T, ORAREDY, v AMY—, Jur—rav,
H R &, S E O I IO W B R E, EEEGERKE = AR
T4 7)) 7% ERAN e G O P A T 2RI EE O b
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DTH D, ~MICEFEERPLE LIERIE, BBNE T—2o0&F 2 IZmd > TWw L 23,
7— bldZ g, 0L DDRGTREMEZ EDXHICHTED0E W) HE BN
boTL %, 7— FPERBALZERIZEAD D DD RGP EMIE»N DL Z > T
%,

LA L FIAEEZEL T, 13,000 R— L 5000 K H KA E SNBIEKE
T, FHPLET, AWy VE2AfET2 04 Y ariidl CTE L, HBELEE
DRI 2 EHAELD S, HROBIZ L EHEL 2H5, MO CRIFEEN L2 FIRIC L - T,
7— b LR, B4 et & T L 22 eI e i 2 Sl LT v B,

LAV ROTRICIEER, &, AN <, 35, wE, SEAIsf, a2 -
et EOMER L BE, IHICIEMTO LI b OWFHIN T2,

B (B, Bfisg, SREEER) , BEWEE, BDse, Bhcg, BB, Ot
SIEIT, SRS AT, AT A% WoE MZess, Mk,

Husg, HIEESE, MWESE, KX, WYSE, B, BE4E, R, ABERESRL STk ATw
72o LA IV FDOFEMPICEBTE 2L D TIHED 57208, BIE DRI DR ZE 12
W2 2bDH% <, RREEPIEI > Tnz, Fa—vAEohNs~Y) a7y —pFH,
FDORFMIED S AT 0 DM, 7> 2 — P HEHL EDHE

Mz B, —HEMvRESE, Mo LRGN, K, WEL CoHEHERM, Kb rrx
—LEMRERO MR, X 5 ITIE AR & B & MR BT T O 7t O BRI 72
Ty¥y, ASLKBOWE, P07 L—1t7 7 =7 A, JIIOEESPHIEOZL, 225°
KOBE, MNMEOBEANZEE, LaoRERECHRO 7 FuxT

(FHOZMFER) &L, R4 B7IICER > ThiE I 72,

L2LEBRS LA FILVFAYE, 7T—FEHA VALV FHBZ BT L T3 &E
ZTCEpokl LIZEETH S, SHIZBWTHEMMEI N T 2 EM, Rl 12407
Befild, Lty 3o RAHNCIEHEBR LHEIEIX 3 SN TE ST, M bEkL 0 BFIC £ 72235 T
LTw? ThHEA &L wkreTthd, 618, VATV FORFNRFEEIL, HICHE
BOFEMITHZBECTHIZEL Twl L LDy, Zns2EAaNIcBlEse T, Mzl
XX EICHD, SOICMATEELRDIZ, VAL 2N (R, i) 23 L
THREZED, ZMROBELZIBICL T I ETHS), PV L LEEINTEL
DIFHRTH Y, LAFILFOAEDIRE LTHEAL DX, AR, By, Hugol
&, WiEn ED<HR>OEMIVEE, VEGodkbos, ThHot, LA FILRIFEES T
%, TARZMELZTNUE RSB, &,



6. Arts % HRIZ(fRE)% STEAM #HHE L5

BERETIIEE, ORICAIEEZERZ 200, o HUISIC BLE M O fffifiE 2 BRfE S € 5
2>, WIZPEERIVICANEEB IR Z T 200 L v ) FEICIE X 2 WS STEAMEBE 2 1R
LTw3, STEAM #8113, 77/ 0y =202 2 EPHNTIERL, 77/ vy =05
L 7R THRTE 2008 EHETH ), AP LOHERZA ) RXR=F 4 7IZTHFA T
LN EF > AMEE TS 2 LD STEAM HBE DKM A HE L WA %5, STEAM &
WY BERELL S, MHTEHEAMRIEZUE L —EO T L LTHASZRELDT
Hs, (M2)

2011 FEDRAARE IR HREE & BT NFEINIC L 2 H D> S, FER TR
7 T E B BT 2 MEE SR D IKI N T E o, HARE, HIEEAEE D & W5
AR, WEPEOBIRERZ 25 L FIRFIC, BURER, Bi%, PEEORE, S 5ITIZZMUbosl
R GHUIB DL P& &2 HIETHEDS RO N Tw5, Z2I0ro@mEld. mMEET Y
F—L %, mEOHIFIKEF\ 72 STEAM #H O FEIGE % B L &, (KM4~5)

G R E OHEL & TSTEAM HH ) OEWIL, RAmDRIERMOATICT — b
DENER, TN T 70 —F2MA 52 T, FE, Al DY ML BIFEtRICETT 5%
afdEicmzea) CE2EBREL LR D T on s,

B OEMBE Y L v ¥ (T. J. Pilecki) & Rl¥~#E o 2 —+ (D. A. Sousa) 1%,
#“From STEM to STEAM” DT TArts(Z4l) 3R, BUeE#s, BaiEBId 5701
RipELBHDTHY, W FEMDSMH LA X V2TV

"PCRBEE IR D 235 722 STEM I Arts Z2 il 2 % EHRHCEE DD b BER 2 3658003
EEND) TMEEPICIESICICT 2 2 813, IS X > THREATEDIN O % 25T 36T
B E, WMANDO Ry b7 — AR EIET 52 Licon s, TEiNEEE 528, KL
ZUE, EREIERZIEET I ER5L, B3T3 28T, 7 XY AAREDM & IHEEL,
KR DREEEBREZKAILTEMET 2 2 L TE S, JEEL, XD X)) LEMICHE
HES) (R 2)PEMIC L > TRMES N ARIH (R3) 2L T3,

FK2: Zfcko b 2 F v

1AL O RREE 2 IR 72 BlI5E 3.5 7 2 MR O AT 4. TR ORESE & BIENA O IEME 2 B 5.Mth7 & ORI 7o 1 f8) 6. 224
175 8 7 8B R R R

3R 3.5 X 28R

LI ZE ZACIC T 5 (BEHPIC 3 4 %) 278 AIEE ) O 3. RIFGHE 0 UG 4 8hiE ko i s b SR 2 (et 6. 3T L X 2 HL Y

AB 7.2 b LA DM 85 R < &4 5 (30T REEED)
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STEAM ZH 13, AIEREOBAN, PANREREZ TR 2036, %5 B EHIICE 2

HEHNEE) , Bl TE2IEH LT, BRI - BG4 7 7'a — 50, BT S
LRTEICIND #E & 9 ICHRE S 2 THAT2EF T & LTkbi, 791 v OEAIZTE

ML, ANERZRRTERIRZEET 2 2 LR EBEIT o5, BT IIRENREED T
DDEZ L WENT B2 TIE% L, T L4 EANPHIRO UL & £ 2 RIE T 21582 H

REDE L EDRETH S ), STEAMZHIZ "HoOEMBHROh TR OEEICH L E

E2R 2L ) BHB, THY, Z20UE "7 —T 4 AR THA F—OiEEIGHEEI NS, &

Yav-vIYIFEE->TWD,
STEAM#(T % Kz L, B4 S TIXOSTEAMEKH 2HHT 22 L, 2hns
H., @&l TE5BDIvyaryThsdb,

fiHEsE [REEMBE N : [ARTs +Design = S TE AM| HEICHOWTl #HEZEMR 11 B 5, 2019,
Mok fil TSTEM #E & STEAM ZE —fEs, T, FRISEHG —1 WPIBERFIIAE 55 34 &, pp58-72,
2019
YU ERRETF - KBEIL [HREE XD STEAM AM > U ar b— 551 V%) okl) siESE, 2019
fE, p70 & HIZ~ T &1 2010 4E, STEAM DJEF % AUk % TEAMS &9 RHR LR L7
KHER TvAF AR - & - T o FoFi] BlEEIE, 1954 &, p.214
F 4 —/L X - == (CharlesNicholl), #JIMGRAMER VATV R - & - U U FOEE—RAT DEHFOHHT—] B
K4k, 2009
K EBG—RR 32k & U CoRAESN] (EHEE, 2001 4F)

(D. A. Sousa, T. Pilecki, From STEM To STEAM, Corwin, 2013.;[5 B AZEER R AR, TAI R %
Lx 7DD STEAMEBTE] , %%4E, 2017.;D.A.Sousa, T. Pilecki, From STEM To STEAM 2nd Ed., Corwin, 2018.)
EBR— ) - VVoFERE] BAHELM, 2021 F
IERR— PEpgeE FEREFTE(C) (—H%) 2022~2024 (3D A5 4 7 %{EF L7= STEAM Z&E OHIZE -
EffiE HA L DD Y 52 5-]

STZ@M = .
Science & Technology STZ@M S
interpreted through A Framework for

Engineering & the Arts, Education Across

all based in the Disciplines
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: EHE-x%
Fine Arts Liberal Arts (x»;g»;;ﬁ-»sw
R
W (S - BT K X0) Philosophy
BARS
Bl Pes
Math N I ‘Iy‘ Science e
: X
(F®
i
Art fes
i R
lagic Technology
B - EEE
Ebglucere HPEw., GRARNY
Useful Arts
T8 Enin
TRE#. THEGOKY)

2 : STEAM D% % OIFFERAMRK (BHEERL, 2022 45)
3.2005 F, NECTv Y =7 ) v /HREH L BETOEARBIE LEIC L 2o b &, ZRICFHIERRED 7Y % 7 4 ¥)F VT AR
DT =2 EAEL, FHROXBIROMEREZHIEL 2z, BEIX, avFvR7 )Xy A0EMEZHY Lz [FFILHE T Lfe Casting] B

[ 57 B35 1> 18,2007 4F)

4.2008 4F, REAEFE 7 2 25 4 AT, ELHIRRD 7 — 2 — 5 5 HE T O %R TEKRR A 0 <HifE L - BEROMIFIN,
FE, [ (28 o MR /SREREE, 2021 4F) BR® (On An Earth @ Fukushima)

[X]5.2022 4%, JAMSTEC (EZHFZERASE IR NG ZERARERE) S50 FERR SO T —F - T R4 F =L LCHEAWED D &, HAVIE L

ORI ZFR, G, LTSS RO ME DROEE <HIR> | BT L I,
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V—ravy TeNLEBREULOBBIBRFIZ O \WT
s &

RFERTIATLIC, RREVINETIT-oTERLY =7 v ay 7Tk 2 TBEUL DS
REORTF) IC oW T L, BPICIBIEEIThO Y =72 ay 7 TOL > TBE I 7 4
VLMERE, ODFEY AL —varviEEIhk),

TV Y VIR 72 D | & Ao e BAE, IR & Ao B RGHEE) & O BRI AL L Tw
5, POTIRMEZMLEBTZDIC7 4 VLEZMEKICYy T4 v LT, 297 %F
TEIDP L OO 208D -7, BETIZRY v 237210 &R ESES it
5, FEFIE, RGO L 2 OFEHEZ SRR 2 720, 798 VLB, & <
I HEHT O WUESUL D B RELR T &2 B A T B,

20194 IC R H X, KBt FHI L oM G Z (15 AR ELEL T=v 7 L4 74
YAV D=7 ay T rBIlkol, BEIMEAT L X, IBAHIOYOEICEEL 21
EILEfECH 5, B TARBOERICIIEEIHIToNnTE ), o BRFEICEHEZ D>
CATEADOHMNCEY Mo r 7 ) —vERZ, BMEICERERFICHEIE R ET
BREINTOAELLLDOFRILMEK L L L SMEO 7 4 LA EH I, BbH
W, BETTTIEr T o NARRBEIS 7T = X B E2HAHAL b0, Bb D
P EAEAICEEL b Db H o, T OBBIBLEATILE T CEE o4 LR L
D, ZOBRTLVEPRELZZEITIIHMATL o7,

ANNBERER "=y 7V FFF v 22 13, 2003412 KR O E 56 k58 ot 1
L. BESULEE R OMAR BB EDBEBO T T, WIBAER O HERBL A4S IR 0 % B i b
fZHAGEL72bDTH D, T2y VA T4y IV DIRRKOFEIZ, KEBEE N
FIcfiv, BRPLVEIICOMEia Ty Y PBETEL L ThE, T, oA
B OETHARET 22T, MEoL a—FR =3 —%2AM88IC L 72, 4D Tk
WA 2 3UE EDBREDi D > T ld b 6wy, Edu b ki ae & B¢
bH5,

O T2yt TAvy 2y i, RIROBEYISFRGEECHEFIRES ¥ —F vy @
EARNZ E2000FERICMEPEH SN d L id, MABEBICHRE SN Tz, 20184
ICHFRE L, BRI EMAR O L L CHRRERZFEEL COMARLE L) T2y
TNWVATH YT Ty Oz, ZodExAz —UlibaWBIEHAEARIZ, 771X
FATHERE Lo LBRICBO TS T o— 7 2MERAERTH 2 2 L2HEEL., 2D
WRALTE O JE LA E & ARIEINIC TR B R B ERFE 2 il 5 2 LT L 7,
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Z DL F D IFRBEEMARED TGS SEE ) B8N T, UikoHYHE
DIMARRAEDOTF N ZBRTUEH L A2 EThH D, HETHEL L EELBEDOF VY F LT 4
WAafEiz Ty r VA T4y 73y TERT2DTH S, HIBLX T4 72ERE
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