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ABSTRACT
This study aims to introduce the ENACT model, which is a systematic teaching-learning model for cultivating social responsibility

of science and engineering college students, and to discuss its educational implications. For the development of the ENACT model,
we conducted extensive literature reviews on RRI, STEM education, and science and technology studies (STS). In addition, we
examined exemplary overseas education programs emphasizing social responsibility of scientists/engineers and citizens. The ENACT
model consists of five steps; 1) Engage in SSIs, 2) Navigate SSIs, 3) Anticipate consequences, 4) Conduct scientific and engineering
practice, and 5) Take action. This model links Socioscientific Issues (SSI) education with engineering education, dividing the major
elements of social responsibility education for scientists and engineers into the dimensions of epistemology and praxis, and reflected
them in the model. This effort enables science and engineering college students to pursue more responsible and sustainable development
by carrying out the responsible problem-solving process based on an understanding of the nature of science and technology. We
plan to implement ENACT model based programs for science and engineering college students and to examine the effects.
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g off, Bel7leAke] A4 gosfor & Za
A&HORE A7|EaL et dlE E©, Bielefeldt(2018)
Ha7|sAke] 71 Fagt Folo] Qe Qbdat 17, &
15 Ftohe Aoleta Fdsiqict &, ZstATE Qg o
= s vlE Ak, olF Faslslr] fJaf == sfof
k= Aotk B3 Hsh]a ot 4| 7ol E6tA
A=le] Qo] FY3t Aelrleo] sl A= ok A Al
P e QAIskL, olE ZBA o' Jgfgfjof st A%
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(Biswas, 2012; Enelund et al., 2013), ¥}8}7]&o] disf dis
oA Arstir T wof ALY BARs] Hofst= A
(Scheufele & Lewenstein, 2005), £<12] 7]&oluf AEA A
AlE BRI FRdk= A S AR Fololeiar skl 9l
tHCanney & Bielefeldt, 2015; Wyndham et al., 2015).
H3h7|sAke] ARS|A Aglol gt =0= MY Sl Aot
& Al(Responsible Research and Innovation, RRD)' 71'@9] &
Fo® tg 7GRS RRIE Z£8-20]aL A& 7Rs3t A
£ 7] S8l 17| Eoke] At E alo] 7L 4= Sl
AR Gkt Ak2lA 7IHE ol 9 Hrlstaat sh oo
A EQJEIICKStahl, 2013). RRIOIA 2381 gl 8 7id
% sh7E BER ARR]A oY oot kA9l AJA(2015)2 =
UlQ] RRI &3 ZAMS HIEO & RRIGIA Q] AQle] ou)E o+
LF0] B4} F7ol|Ae] Al Aol FAle] Autol| gt &
¢, TLEjal A-rel Al By ollAle] A1) Al ZHA| = A efsted
Agstolct. Ad, A7gAle] HAI Frlol digt 4%
(reflectivity) )02, ofi= AFAEY] A+54 52 1A
stel= Zlo] ofet A4ekEo] HAat F7]o AES "R
A A2 At FAlo) A At gojetal A9ttt &
A, A7t SAkE ol Q=R A TS 5 e A AR
ZAA- 2 A g3l 7Hs/dS vlE] o4 (anticipation)skal Tk
T TS wEshs A F9 o) 9SS 7RI nHA|
2o 2 &9)(deliberativeness)@t &4 (inclusiveness)] Y
ZJsof| Iel7]eA}, 714, H7HE opet AlRlE 33 thst
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WSIECHStahl, 2013; Lundstrom et al., 2017; Von Schomberg,

2013).

RRI9| F-2/d0] Zx2do] wet - ATHEU)S F4 2= RRI
oF A1 ket wsEE OS] AEEY] gt Z-Fals
g SMIES 93 diE ST oR= PARRISE,
ENGAGE, IRRESISTIBLE Z2AE o] glt}. SAKsH wigto]
Al TetuS Bofof| A= #8ke] EAJ(Nature of Science), 71&
o] EA(Nature of Technology) -3¢ tfgt A7-50] 19904
off SREEE Zgs]o] gkom, 2000t FRHEEl= k]«
ALS]-&E] A Frojet ARlom A o] MUTRS Zxsh= ‘Helrle
T AR (Socioscientific Issues, SSI) W-&'o] 7% o]
SHZeilder et al., 2005). ©J2F 22 WSH Aleme FF40
2 e7)ee] WAlE 24 (uncertainty), TRt olsiiA
A} 7ke] =7 7, ekl AkRlete] A & xSt
3 Qlek HE Ao W= o]dgh ATt eHEEe] st
7ol tigh ol SHIAIE Hk ofeKo|d%- 0|3, 2016;
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1= QJtkBencze, 2017; Lee et al., 2013; Kim et al.,
2020; Sjostrom & Eilks, 2018).
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rﬂi A3l A A0 2 Sefst 918 B b
A A8 s 208 2 g B

iﬁ 01“01 Ulﬂi *}QE tElskes S22 %= o Ao
(U578 A, 2017). SRS ARRlA Aot S5d
=S Tep7ls ARl WS 2l ARl A3 s
A= 2ol Basi(drig-olas, 2019).

ofof, & ol M= ol sl ARl Aol ok
Rt AAAS a-Bls 2L ASIAL Bk 2 Aol A
Alehe RS Fohls ool F2 Bgohes AglEAs]
A wgol helad ARPHSS) w59 o2 7Nk
Cjglo 244 o] FA sEo] 1elr|&e] ATl AE)A o5k
ol gt olsls pero & sl |/ BASAT S A3
o} 2> QI Bl g o1 4o Qlu). E3F 1 Alse] J,].Fﬂoﬂ
RRIQ] 7jd-& vkeJgto g AMolzt ol= BExsdu}Ao] @
5 Shlgie) o} 91 £ Aol 24 B IEehe)
A QS Fske B9 WEIRIY AlRlE ZARE T,
o MtelSel A4 AR Wk wasks B B,
ol AE7FSTI0] 2]4:2/0) ol AR B o] A SR

Kol gt Wess wPS Aksian d.

£ AErtel Al
3 el ole] 2ol
ﬂ@(EU)OﬂHL RRI2] 7S A
J—J’_o 1:]O]: _E?Q]EE zx o],
3t PARRISE,
ENGAGE, IRRESISTIBLE 5-& & & 9tk o] ZogESe
Sl A RRle| A 91 ok RYE AN
JJ_/\]- [¢) U] ij_ﬂu 7H Hj— /\6]-7 ‘; Q{s}_ﬂz v
Sisick, o] el Tebl Hotel Aol Aol Bt
ZRIROR EUY 1 SBE ZRAE20) Avtete] STEPWISE
2 ga)5o] Qltk [ SEE ZRAELE= o] FEOKSTEM &

2) 1 SEE+= ‘Inclusive STEM Education to Enhance the capacity to

aspire and imagine future careers; ] 2FAFY(https:/iseeproject.eu/
Z]-Z)

3) STEPWISEE [Science & Technology Education Promoting Wellbeing
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1. PARRISE Z2HE

PARRISEY+= ™Promoting Attainment of Responsible Research
& Innovation in Science Education; & 2Foj=, GHAT |
43 11740 187) sy 7Be FH0R 4urheoly
-201749) 73 Z2AEo|t} o] TRAE AL x5 W =
5 RO RIS IR 7 S okl 7
w3 S Sfel =Sslgick PARRISE— Wl |su ALY
P
(Inquiry-Based Science Educatlon)a A3A|71 SSIBL
(Socio-Scientific Inquiry-Based Learning) AZHS 7]HES.
2 uaslsy ARE s on], ey 7)) &3 wAle}
Aol 11 W8] Bl e A= ASshe e Fol A
AlA Yzttt E3E v]34] A (critical citizenship)& 7423}
o] SPIE0] &% ] WS v o8 Afxsial
12 e sk TRIe WSl el Wl meake A
RRIQ] oJu|E o|&fi5lar AASH AW 0 2 A o] }sha] A0kS: 7+
FEF Sh= o H4o] QltHZafrani & Yarden, 2017).

E3], PARRISE= SSIBL 2&2 E3] 1) Al4d-g2]4 ¢
aLo{]/\—] Aer= JstA Jfdat Y], 2) IekA o/ At

Lo|A 2] & (uncertainty), 3) FE7F 7F A EUA|
7}‘6@, 4) W7 o AR tigt B2 =%, 5) i
ol ARE] E AIA W2t SSIof| gt oJARAA ] B4
(complexity), 6) @Al 7|9kt E2a} Aol Q/dS ofs)

H(Socioscientific  Issues)

for Individuals, Societies and Environments; 2] 2FAF<](https:/wordpress.
oise.utoronto.ca/jlbencze/stepwise/ ).
4) PARRISE -&3|°]A](https://www.parrise.eu/) F=
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2. IRRESISTIBLE Z2HE

[RRESISTIBLE Z=2AESH=
Research and innovation in cutting Edge Science and

FIncluding Responsible

Inquiry-based Science education to improve Teacher's
Ability of Bridging Learning Environments; & ¢Fol2, 49
Aol &2t 1071=9] 1470 9EY 7|e SHe= 34t
(20139-2016\) A|¢he o} 2Y¥ ZzAEo|r}, 3EY]
tiet 9 7jolAe 8R4 71T, HE, ek
)] AAE Ff St WAL tieke] ws Aerh whEw
TSI O] HA] Hi7h 9 72 4| Fofo] A o® S
AN GS HdstaL, 4t dHsh wE oot Advls
tol] TRk FA(ol: Ueast, 715 Ris), A7l A,
At w3} 55 WEste] Zeas Jdsiglth Augt =
Ale 258 wsaPgola thie g dAEHA F
Aloll RRIZ wHggkch 7ol ofdh wAES ok wAkREel
A ZRaH

Al Tl mEFOZA 41 o] o
o] o] LzIYL

e ¢ Qles skl gloh
IRRESISTIBLE Zg2AE0] Zojdl= SHIES RRI 7HES
U AARE(: 29, X288 5) ARl Zofstar, v
s 71e B djske] &3 AR iY Ads etk A

ol wAel SHIEL Fel7lae] B o] YA

ot A2 Ak Shasil ot Eek Be7)edl oEs
APIshL, =eleh S 2gote] 2hebd A dshe W

OjAEEE W St uj9A Hirh 8k oz} Halr)4

5) IRRESISTIBLE -&|°]A|(http://www.irresistible-project.eu/) =

3. ENGAGE Z2HE

ENGAGE Z2AE6 = JH Azl &3 1374=1<] 147 1t
EY 7 $4oE dA7IA] A=A Qlet. ENGAGE 22
AEL= g8 wadehs 7|Rho &2 wAkEo] SS9 4t
A dd Helrlee] EAI9 A8S BT & Qs w51,
WARZE] RRIO thet Q142 ofsfE =0t =Ha7ol RRIO|
izt HES A8 4= =S op, sHEo] 159 4 &l
A BHsk= ST RRIO) osl] 4] 2L F9lzh A #
o 4 Sl 7IRkE nRsks © H3o] QltiOkada, 2016).

ENGAGE 52PgollAl= RRIZ 918 2}eh4] gowks 7]
27] 918l thad] 10714] el 24 FaL Qlek 1) g+tef
A sk AEbEES wWEeH AYsks 9 (Devise
questions), 2) &42] A=, T4l tigt 2A9] HaHd 2
AlZA3S Teksh= 53 (Interrogate sources), 3) Ao o
oF AR TRt IS Jlefsto] =edow Hrlshs &
(Examine consequences), 4) A A&t sl s
F3H o7 Byl S (Estimate risks), 5) TheFst Fgjel
A2 28E HfHE gopfs BEA5H(Analyse patterns), 6)
Aol A AAJgE o] FES AR FE=A] FAs)
= 5% (Draw conclusions), 7) 40| ZAZRKE =g|zo
B FEHGEA, F50] Bkl YA & HEsl= 5
(Critique claims), 8) FE4 SA} 2ekd] Fg2of oJgt =
e ItA 24 gt 7S Feld o R 5
sh= 5= (Justify opinions), 9) TF¥FeH S vhet ¥
A AAE flal SeA s Afalsks 58 (Use ethics), 10)
ohoket FAoE out ko] il QAEshHs Y
(Communicate ideas)& ZEgFtct.

4. HEIRRI Z2HE

HEIRRI Z2AENE= THigher Education Institutions &
Responsible Research and Innovation; 2] oFol=2, 8- As}o|
3 el o) wEY e Fiem AET o
HEIRRI Z2AE= tfgtllA] RRIZ wapbgt goiste] 7}
24 & =% A¥ske b 5ol gloh HERRIE= RRIO| o

3 shEe] Holoh ARE ZAA]] St BAIASl T4
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6) ENGAGE Z2AE S0 |(http://www.irresistible-project.eu/) F=
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Table 1 Comparison of major characteristics of exemplary programs
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s Lo |- ol Wske Teshe mEge BH0E wY o . ] 1
B °° | amEAE
- SSIe] 24 B A%
STEPWISE | %35 |- SSI sh2& 913 99713 A 2 A8l3el 8L 9t| o | o | o o o o o
AR 7=
HEIRRI it ol | - sttt RRIS| ¢A ol ol o|o| o] o
- =98 =2 glold) 2 9] dlo 3 z] 1l
EnRRICH KHfi,]‘ O]Ao}‘ :1:/0&']-;1‘]:;?“ RRIE J’o% T )\l\__ O\_]—oﬂ EH‘?—_" X];é: = ﬂ ° ° ° ° ° o o
)

(an) A: SSiefl digk #a/olsl B: delree E4EEAE/EE 5

C: TRt ARS A9 o] ofal/28s D £ F//59; B ARl

FoA/ 4 Frovld S G AS7RsAY] 95 H ARUERS] AA: I AR AR T RIE/RRA

< Agsto] wSARE kL qlon, HE AR
Open AccessZ %3511 Qlth wW8Al#E= RRIO 84 9 7}
7, et Ak2le] AkS AR, RRIOY thsh 118 §lo] Zlsg=l=
7l A7t o 1S 4= Qe 84 A 52 Ao R &
stel7] Sl Alue]transdisciplinary scenarios)& 7[HHOZ
gt} 58] AR 7lsolut wekedt Aufel dish ot v
7k =10] ox 7} Qs FAE FHCE Aue]ert qdE)
TAE eS| FA O tiel F5o] BAsiaL ARt 4 ol= A}
"o} ARSE Als3it 2ejar ekt 2gol|A A= AH
o 5 Qs A ARIE S oE EAI7I9E 25(Problem-based
learning activities)= A53itt SIS AIE slidsk= 24
oM g &2, A 9 7o) B A a= olstst
L, Zdsdel] dfsf s ABke A= 0& RokiEc o] aPgofi] o
SIS RRI9 72 oBA golsliof sk=A], dtollAe] A
2] oJu] Fofl tiell RRI HAIERRI walls)olu 7H= wgh EHs
= 5ol AR Eoskal gofsf Wit

5. EnRRICH Z2ME

EnRRICH Z2AE8)= MEphancing Responsible Research
and Innovation through Curricula in Higher Educations %
AR, e R e 3W7H2015-2017) AJ¥E wot &
¥el Z=AEo|t}, EnRRICH ZRAEE Mgug7]HofA
RRI9F #edsto] S50 214, 7e 9 g B o=F i
Fste e H2or gtk o5 8 EnRRICH A4AY

8) EnRRICH Z2AE Zuo]|
(https://www.livingknowledge.org/projects/enrrich/) =
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< JAst] thee] BEEE GAsAL Sk AA, RRIO| o
gk oJsiE &ol7]| S8 +9E = AlElE Fyskar Bkt
o}, ST HolA o] gAERtE ofle} ARglakshE et
g, Alriet
Fd, AR &)t A o, A Z& A )
£ ofBA =23 Aoln 11 aapdel disy 7kt ZI7tel
gt Akl At 9 XS AlskaL Qlok S, theket ofs)
IAAES olE F¢ll RRI w53} =500 x|&2 0
2 E AlEE S QS 583 Bas 55 At
A, RRI &S el 23t (science shop) HIESH o
et ArUEete] A HAYESS AlEsfEal Qlot, Tt
ofz} RRI 5219 245 £x1sh] flsf A A H=
A Qlck UiA] AUEA|(Civil Society Organizations),
AES7]IHHED, A71, vido], A& oAt 52 23
gt EUAE G551, o 7MY A 1RFE F9 RRI 1L
SIS Adet, A&4 B7ks F8l s Wk qlck
oF 24 Wk 5ot 15, 28, AE, AD 5 79709 ZEIgo]
ZRE 9 SAkE|Qlom 59269 SAiE0] TR o
stgior, 231712 AlRIEAI7F Z|stsict.

o

QpellA] 27k TR Bal7140] ABIA FHjet o] A
WSk AETe] ASIA Al A 7le BRLR IR
o B3} AAES FUHOR uwshH Table 13} 2ok, RRI
2 AFoR BSHEAY olnoh Haigle] BE FEHo
RRIGIA 2515 9 8 A9E, 5 Babléol ob|g 4
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1. ENACT 2¢ 7iZ9 IFat Efgst

2 Aol A= Fig. 19] Aol wpg} ENACT 2&-S 7ida}
Sk

94, RRI 9 3k7]4-gotus, Haprest Hop

5o &
W, azla el Bl wemead ARlE EAsed

Table 10 AAIE # 2200 vla W& AuEy, 7t}
7l& HETFe AREA A9 wsE fleide A F 7 A}
A vFH|oF T & 5 9tk &, Ws]e TH AHEE V]
Hto g o ws7]4o] 2ol SSIol| thgt Eal/olel, et
&9] BA(EZAY/EA Bl digh olal] Bl digh ofaljet
W75 EAREY] ARl A ES 3t A+

\ ENACT 2& x|ot \

Fig, 1 Development process of ENACT model

A%, NGNS o) SEVA 75, 253 34 5) Aol
o}, ofol, ¥ 7oA Hebie g ASlA A wY

< A

9] Q2 QAE oldf(epistemology)et Ad(praxis) AFLOZE
URal, ZF 2ol =8 9458 AR 25331 By

4 A5t AR, BEEAS B =Eso
Bj2kAe] AL, o] SRbEo] EAlsAS gk Adge] o
ges] oot A9 54 As] wefsh= A
o] Q3 ZIESITHeEE] €|, 2012; Davis, 1999;
Schinzinger & Martin, 2000). 3F33] €](2012)% -g3Hof
oA F2d AIE i dst= 7MY sasgt dAE FAIE B
5] AoJetaL welsk= 2Hgoletal AHsigich wAlet wH
o] = eIA], A& FES 4= e 7He §leA, =9&
gjFog Hsop sk SHS gl=Al Sl et A= =
EAllo] P @sirhs Aoloh SSI wWi-Hoko] HILERE olE 5l
HEEIT, oS So] old&at o]d(2016)%E o3 A SHIE
of te]AQl aAR T AYE 57| Yelirl= elrlee] 2t
= AEA fhele} Felriee] 24 Helrlee] gt
ol oAl B4, tiRt ofsiiAR} 11e] AT A
5)oll thgh oJai7} Aei=lojof Fhe 73x3I3ITt. o]AH E&olA
7gx8he 84S Table 19 AXE ofalRMd 84S 1128t
of, FFHo2 W87 |&o] AKEA §2)(Social implications), Tk
okt olaARK] 7 A(Multiple-stakeholders), F8}7|49] &
o983 ZH(Moral & ethical aspects), F3}7|<2] E2HA
3} B34 (Complexity & uncertainty)2] Yl 245 &3

et
APAHA = B

A e W7|e/5eH EANES

23l RRIZF HAE 23 (Owen et al., 2013)0] 7]Z3l0] F8
QA4E EEglt) ol S0, WA AA12(2015)2 RRI

=

9] 9 7Nd % oA(anticipation), A& reflectivity), <9

(deliberativeness)/3=ZAd(inclusiveness), 2% (responsibility)
< RRIE Adsl7] flgt =8 Whos goksto] AAJstoirt.
0|9} 85 Tassone et al.(2018)2} Stilgoe et al.(2013)
T RRI 9% competence)22 IA Y| 7] 84 = oA

(anticipation), "3 reflexivity)?), EZZA(inclusiveness), Bk

9) Reflexive?] Qnli= AARO} s, ‘AAZRE HIGol="9] <
|2, reflexivex reflective®} B2|<9J4’0] AEA] = S

ou|eh g2, 2011). S2H5(2011)2 reflexivel] 7HES “Z7]di
Woz HASHAA <71 whAkel A, o, 28] AprF F3ll

2 AHoz 4y = B fdrom «Poate] F4Y
of wiet Apritie] Ayt Hlmo] B Lk QI3 Ade] E F
QLS 7z ity AHEp. 49). AREQ2012)2 o]9t 22 Ao
of FolstHA FAle] gzt wah Prte] 2|4zt A
Y

e AEAe mERitty 4ud B aTelds gados

slof A
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SX(responsiveness)< AA3FL)

Valdivia & Guston(2015)> {70l <al(deliberation)&
EPF o7 AAStaL Sl sHbEnkt AARE 84 Thof] B
Aol QLo tiRE oI, Az 22, v 59 g
& 3EHos Tk Qlrk. olofl Table 1& AR,
AT TR/, EAENAY o/, A&7 S
T MR 59 8aso] 23E 4t 2 A=
2 ENACT R2g9 HANE st wkH
(Responsive), ZEZA(Inclusive), A2 (reflexive), A&7}t
‘5 ¥Hsustainable) AY] ¥] 7H2] 845 EE3I90ct

=2 8458 SR tl 9A= 445 ENACTI0
B0 2ok ULt o]%- SSI w& W STEM & A
7t 3% Ak HESH: dgellM Edehs 8o sy
U o]d(e]l: gole] zto], 7]E} RRI 840 thgh 1ie] )0l
Ao, 3] M-S AX HFAHORE ENACT ZFS AQt

bil

[e]
W52

=

A oleA e 7IEAle derlee W22 ENACT
BEE alfskal ofef bRt oe sHshe e ARl

2. JH&=E ENACT 2¥

ENACT H&2 Fig. 2014 AARE wiel o] 1) Axbd
(Engage in SSIs), 2) AHEM(Navigate SSIs), 3) vt
ol Z(Anticipate consequences), 4) IF8l/7|</38H4 A3
Z(Conduct scientific and engineering practice), 5) AF&4
A%d(Take action)®] Al THAIZ F/d=]o] it

SIS FHopol= gRbg o “FA (problem)ghs €0

S |
GAA RSl el 23S W) SIRfolth. ENACT 23
o auom Wept Fot BAIS sEsks Bol]
HTRE oS8 WA St g RS AN ook
9l o] 913 AR8lH B Aok Sl

53], Solld et sl 24 olsli(epistemology) At
A} AR A (praxis) A Hep PA[F o= 26}
Sl AHRANT Hsl7ls/seH AHHAC) dAle
Cycle 13} Cycle 12 AZ3I5H3It = 7119 Cycle olsie}

10) ENACT 232 il W15 A4ske o] wolo] 3 345 o
A RE dolr, A47NsT AR 913 ol2A 1Sl 2]

7 g Ane AR Jnl
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St
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rlo
Lo
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7t MH™EYA(Engage in SSIs) EHA|
= oAl tieEe] A e AE

HeE Aol Bie 2o Eske YAl distEs &
Z

o
Y
9
|
L
N
i

ol A3t FAE A A dREY IS 2
He FAE ART o A, AElFoR b At A
5ot = Q7] WEo]tiMorgan, 2011). olof|, o8 A=

2~

=2 T
(3H43] 9], 2012; Burdinger & Burdinger, 2006; Davis,
1999 EAIEE oA A metstal ook dAE

2017; Mueller & Zeidler, 2010). whehA| g Hsl7|&o] =
Aol HaL Q= olfroll thelf Bk, AHsHES Fo4d%
Aajsi sid Wk AAH U4 derh Qtkolds,
2018). dIE =01, AEY Axt YA SHA77] 2t &
A FARRZ |z el WAl Tk, o] elrlee] £
o, ¢ff 2] ARE|7} o] WS AR sheA|, ojudt
of| A =70l =L Ql=A(el: A7l thgt AHA 91, 2848
ejA|] Wy, A ik 571 28 5) ol el Avkd e
& olgffstal, njef T7|sAtEA o o] Aol A 2l
sfidsfiof sl=xlol thsl AztelE= dAE & 4= Qlot

rE
2

Lt & EHH (Navigate SSls) EHA|

AEAN) DAl= SFollA] =23t o]3f|(epistemology) 2t 41
3(praxis) 2 Z olaf 2Fde] sfgsls TAIE, B = A
Aol disl| EAZ o8 thefst 2w FMsiH= At g
= Qle}. SSI Ad) At 7|Rtsto], 2st7]so] 2 dat e
Ul 7] 845 EEsI9ion, o] v 84F Jdsto] AHS vt
Aoz gAlslE= IS Fig. 29 Cycle [= &I Y]
Q4= W38l7]49] AFslA 8H9|(Social implications), Thgt o]
A AH Multiple-stakeholders) 2] 7%, #Fel7|&e] w9 &
2)4 =H(Moral & ethical aspects), Zfel7|&9] AT} B35
AX(Complexity & uncertainty)©|ch. o] Y] 84= Az 2k
3] =<9l A(mutually exclusive) oFUARE 2} @ 45 ¢}
w2t Zo] B4 A¢ AelE 4= Sl

HA) o ‘Tlr1eo] ARR)A gkef ol tigh ojsli= 1el7|wo]
ojwfgt AMAA FA2 Ao RA EYE|GoH, ot vt



B gaua
(Engage in SSls)

| E PN ES

(Anticipate consequences)

E AtElH HH e )
(Take action)

Bl et/712/38% waaz

(Conduct scientific and engineering practice)

Fig. 2 ENACT model

A0 Afglof| 7]ofg 4= Q=AY tiel thbH o R AlmE =
2 ouglt). el ol sfdstaat ok Al Fast
Ae 714 BAlC: 71419] 22K aid, MEe AR i 5),
Wike wsbleat BAE AREA|(: 71583 71oREA, &
749A 5) 5ol 2 = Qlrk 1y iAo R AAE welr|e
o] WaAAS] BAIE s sdsk= Thge] obdS olaig
a7t Qlek. SHAH R Hol= elr|&o] A6k Selks W
Alo g #wgkE7|w akal(Kruse, 2013) EE Y2 W3h]e
o] & #AE oM = Q17| wZe|tKClough, 2013;
Waight & Abd-El-Khalick, 2012; Volti, 2009).

TR olaftARe] A ol thgt olsle Tekr st R
wjo] ojufgl ofalARrL EAstH ojuldt AAE FAdstaL
A=A, Z42+] I} 71A] Fo] ofGA tREA] Foll sl
A= AL oJu)sitHKahn & Zeidler, 2019; Sadler et al.,
2007). A& E°1, did ol7les 7t HelreAHent of
Uzt 71eS ARSks AR Tel7]eS 7Hho R AR o
ol AriA|et a7, Ed1eh HRE HEGA|, H3rlE
2 Qe #AIE ) o sh= AL ¢ 5 o7 A
B0l A7HoR A= thHughes, 2012). ol&2 Al
2 o2 7Rl 3, AA, Fe7lE, o, AR 5)E
e 4= Q7] R, thoFet W] digh §e SSIE o]
sk= ol 7Fg Fast Sgtko] =

‘Wel7|Ee mY-ge]4 ZW'o| gigt ofsfe= ely]&ol of
718 4 Qle mg-$2|4 Zdo dig)] s vk = 3l

ojok H(moral & ethical sensitivity)2 2]u|gtth(Sadler et

10

al., 2007). e7|& A+e Atz LAY vl
aesfjof st} 2] XS 2= IS 3ok 7HAA
Aol QJAMEA(value-laden decision making)S =HFaich
(Hughes, 2012; Volti, 2009). wekA] of SHHOZ A7
= Brleo] BY-GH R FAZE E & Q=Al, L]
<9] FHoA AQEAY E2 1 BAH w5iE dS 4= 9l
© WA gl oudt 7 EeE =YA df(d: A,
o, 49 AlZol gt #ie] 5)7F AA] Eojof sl 4=
Al Foll el AldstA gel] & Zart Qlch

‘Ws7|eo] B B2 Ol Higt ofs= 5|0l
do= ofgA s AR, ofd AdE ZefsiA =
ARJAA] Foll tial] d&3sl= Aol el AAsh= As o]
StHNye, 2006). 237 |e2 A2 AA A HotAlolt). 2Hel7]
wo] HTrE AAHE ok ARk AA 84 5
theFet aaso] AR Bk Hel 7] whitel delrled]
Aol sl &3} oL, dF7]ee ARgolRE 2AE 2}
EH o8 AP ol YA Aol FolA Hrko]d<-
old3, 2016; Hughes, 2012; Volti, 2009; Waight &
Abd-El-Khalick, 2012). 3t dutdoa 1sl7]& £3
Aol AR AgETeE tE gl old tE &
AR el JEaor e 4 okl (s olgrt
(De Vries & De Vries, 2006). waha] B2 9o &4
A 5 Avks FalA Zslrlse] oplsk= f1d
of sl AP o8 SHsAY &t Aol B2l o
gl olefjol= Ao] Fasict

o

& AT #1238 Al6w, 2020
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Table 2. Major elements of Cycle I

[y R GR]
_ AB150 Al 5 = 3}
Sresel A1 el SHIGE A3 it 7178 3

(Social implications) - 9 o] FE|&S Wag sherp

- ofufzt ofshaAAE EASHTE
- oJsEAA 7ho] ofufst 2ol ob]
g 5 b

cekst ofalARke Y
(Multiple-stakeholders)

o o] Yeprlge] megeHow

7)< rd.$ex = .
eIES B8 S pap) 2 4 e Bane Zae

(Moral & ethical aspects)

A
- ojugh ot W 7HA7F HeA
Tslr]ee] Bxdat 224 U=TR
(Complexity & uncertainty) |- 21 Zip7} o& 7K53712 9 oZo)
o7

Cl D[2f&k& o =11) (Anticipate consequences) THA|

oS dlE(A) TAlE vl WA 4= o= 1=
AR e 9 A AFRAE dSEoEN ALt
o HAS 4 4 Qe RS BAE) B O &
Atk "ElA|e} A2 2(2015) AlA(CE)S ‘A= RAAY 2
A= AR A oR EAfsk= 7w AR, A,
A FoF 5= 7Isekal A5k A4 (p. 109) & F2st
A, A HHE B3 SEA nlY A5 visk= Aol
ofe}, Ialrlso] vl = Q= AR gkl disl ofsiAl
Ago] &0 9 EEsl= Z1S onjgitial Adsigich

FEAS [ SEE ZeAEojx= sH=2] 24 34 24
oA wel et &S wie- AEFCHLevrini et al,
2019). vlgh= ESMAAS AYIL §)7] wiiell A=A o5
otk A2 E7Fsskh kAR ol 1dEskl(plausible)
7Fs’d  Sl=(possible) B2t HEEASHdesirable  or
preferable) PIE 1 Alo] Asigiety. 1831l 7Hs4d
S vl = Gl 7[HkeiA ASdlE 4= QAR Bl
A5k mlgis Q1 SHol glo] iR 7Ex|e} vk, A
A, 34 T 52 vhdshs Aotk webA S0l A&
=05 Bl BFEE ngE ek 713E 2 A vl
of tigh vjAS 2=l =gl

Of

Hoh= Aolt). Tassone et
al.(2018)% RRI A& 93t gFo 2 o5& 23t o

714wl ARel7) 2 E = Qe SAET IS RRIS| A3

S Bl AT 4 ol vHNEIE Azl 2 ojue
ok Z, ol 3 SIS uleha olZ(y) THAIA B 2

11) 98 A7 gslA], A2, 2015)°)4= anticipations oA
©F predictiong ‘& 0= RSt} WAS|E g T2t 2
Ao A= anticipations WS4 Ho] ALEEE gofld
08 HoAste] ARgotaat gk
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&} &) =3 81 T8

& Tz Ao] ofel, afd #3lrl&9] viEAet

thaf 37 =oJsla 11 wpstRet wieko & Mgy ols) a4
afof sh= &A

Agepl B

71%:0] rdto] X4 A4S WA B AnA Aol 27

== EEthEe e AYside] A Hdks

2t fel7|s/88s WEsZ(Conduct scientific and

engineering practice) THA|

e}/ 71e/5eA BHAHAC) DA olFA sl
WAL djdsty] gt WekE Algsta Ao 7= ©A
oltt. EU®] PARRISE®|IA] AMERF SSIBLE 20| 3t o7}
F 4= Utk PARRISEo|A = 2Hshe) ghtupgS ZFxsto] 2t
ghofale] gt A, AlEEol, =5 5= A
sfdo) ZosteE SHH(Zafrani & Yarden, 2017). I SEE
LA E O] ALof= sHEE0| Python, Matlab & &85}
o] g Iw-e 9fs}t7| = St} IRRESISTIBLE ZZ2AE|
A sHEe] Uiealsh, A7souA] 5 dAd7le Sl
Bt AAEE AAS7E S Gorghiu et al., 2015). 74
t}9] STEPWISE Z=Z13#ojl4= RiNA(Research-informed
Negotiated Action) ZZAEE 3dl=t], o|= SHAYE9|
A ES Al %7171 8 ot g g8k
A1LE Y= SHh(Benzee, 2017). o|AH AN EL
T}shA gt o} 7)e 3ok AA|, ARRjakehd A
© Fjs),

ENACT H&olA= Table 29 o] 21 A34e] wpAo] vk
Z(Responsive), EZA(Inclusive), A2 (Reflexive), A&
7%t Sustainable) 2Hgo] H=s HHJH o w Jasl=t =
Zo] qlc}. WA ¥E-Z(Responsive) A3S ALS]7} AHst 1}
At 2L 8 7Ex|et 714, T Foll disl FAsHl s
skl tiAsl= A Qu]dtlK(Stilgoe et al, 2013; Von
Schomberg, 2013). T37|&dt ARsjo] WA B4
(complexity)®} E2HJA(uncertainty), X.3$Hambiguity)®l
PeFsh= Aol ofe}, ojzfet EAE olsfelal e Aos
Azt P5s ZENUTCEN WSS olFolUd 4= 9lo]
oF SlKTassone et al., 2018).

EZ A (Inclusive) A3 thgRl osf) TARKRE Uvt A9l
ATE ks ol AHT 4= = A el &
5 ol Y8l ks AS Qulgitt. 2t Aelrle o
oA AlRE4] Zed(public engagement)7h A== 97}
WK Stilgoe et al., 2014). AU Qe A+ =34 3l
Ae AR o2 o] ofdo] diel Al Zhar SjarAA T
of ohekek Aol ool vtdd 4 Q=% s, 7hsshH o

p

Ju tle

11



G B9 AR A9 AlZe oA, TLEjal HEshe A
S7HAE dreE 4 QS wegsfof gt 1ejal Aol
A1) g 9 RS aresto] gold dRlste] Afwet A
= 573l Wk 2ol st Tassone et al., 2018).
o] I WA o ® FET 5 Q= olslEAY 7}?‘]%0] s
P OJREE B& 5 QTHHEEAl YA, 2015).
‘J& 2 (Reflexive) AP Hatolut 7]w-58ke] B4
I} QR AE QX ]O}ﬂ Ao| W, 3y, /\}Qﬂ 2
Tol gsts Al 52 YA (skepticism) &= AJ2s
711% Ojujglt}, ol= 7H?_ | ougt 7pA]9F WS 2L 9}\?:
7holl thigt A47]-Q1 A (self-awareness) ¥tk ofyzt AFE] A 91
THI 9 Fof dsfiAE vjTA O R viehE 4= Qlojof &
o3t Tassone et al., 2018). =, 7|&9] x|4lo|y &
Eoll sl HHA- %ﬂ@gi B7F 9 saske 1go]
0}‘4
o0 2 2]47ks3HSustainable) A ZAAIA AYA
3, ABA a9t Aol 2E & AW A oleA=E
A9 gfeielofl A Hojut ¢ 7Jﬂr AAL] Fof| gk 71
£ 7|Hke R 3 S Foke Ae YvRitHColucci-Gray
et al., 2006; Schumacher, 1973; Smith & Williams, 1999).
20159_01] AWRE vt MAG7FE R, o] wEw
A&7 s dolst “dA MY RE FEA1717] fIsto] ml
Alch7t AR A - AR - 8 59 A dRIsHAU o
71 ABIAZ|A] ofdstaL A2 23t oS o)F= A7, 1
2]al A &7ReEolst “A&7ks /el 71xste] A
ALR]9) QPgt B 9 2ol HAo] S olF = WS
omjgitar 7ieElo] Sk &, A&7Fs/dS nlAtE sl
7BA, AR, Bl dEe FAE o YESE WS
o 4= Qiek ol flel AHshE Wake] A&7ksde ok
=Nl ]

2 T M = [e]
AL QheAlef gt A|&A191 Aol Hast,

mk: > mlo

HU
3
X
ﬁOL
i
o
o
=

Table 3. Major elements of Cycle II

i 23 A
(Reiilxjive) - Al Aush A AR o Zheh 9, B
A8 A 5l EH H Lol gjLsla giAsR=712
=7
(lnjjs;/e) - choket olsiEAIRke] oo WS A3 189 9
A3 o] wtedd 4 =g w=sh=r}
ki é—-%‘ ol AFE A %009 S Bl
(Reflexive) A,
Ay
(sx]fﬂ%:f ) | AR ARl ARk e A9t 43
S| AR
12

(Take action) ©HA|

AL2] 4 T) Y= =53 84 Heke 55, AY9AE
S ¥ 0}1 A&7Fset AR flsl cheeh WHale]
ofol A 433l Tlolck, BUS| PARRISE ZeAEL}
7HL}EH STEPWISE Z2130] Ao wgo] 24 &
H= 53 Y-S 7Hko 2 3 AKSE] Aol wer]ea)
=9 AR Zrofet Aol thgt Az AEH R A7 =] ¢
THE/d47, 2008). Y7 a2 Hal7|wAleo] sfgaer]
e 2 A Aol Zofsls JTE sfof ok
Zpstal A A, 2019). s 2 sPIETY] A5 1
o] gz Zxsh= A itk A& S°1, Scheufele &
Lewenstein(2005) ta=°] vt 53l Hol= Alskd
ol 7|8kl Uer]sat dEE QAHEAE Wele A8
7 ES2 AFstHA, Be]e At X YoM e st
7|z gl Aadhs Bo] Fasttal Aysiitt. o]
A IS SR SR o|eh T2 Tkt A
34 AH W ARE QA F—, 22 Aot Alg)o|
aARE AYE T dart Qivh A AP Beler=
o] AR]A FeItat 159 A3 dief whdd 1E3E A

He 7185 AFE 4 7] wiREolthZA71E-oldF, 2019).
IV. ENACT 2¥9| ns5& gl

B AgolME ol 3A) 2ok tishyel AElY AT Bk
e wsZ2Od JEe] A WA=, 1 7]27F 2 ENACT
w3go] by 9 54 58S el ol TR 4
% ENACT 282 1181743 o A of ThAlS zk 1}8}
714] B3t GBS Zlo] BISIm, Tab|go] Uolrlok &
NI HjeE S sl 2e Al dela o]t of
HE Hiow 1e}/7)4/3sH] Aside] olshe, AlA
AR Bof mrt A7l Tl Ike) Ug BRE o
= o3 A Aerke Fdshe © 2 F2o] Yk

ENACT 232 15l714& e ARIRASSD) 239 fgds
ot AARRO =N 7| AR EAIS AT asol vl
T57140] HAo Hiat QA2 A ofs)S T Zxhehs Ho
A APESHETE QloflA] =213t uiet 7P°l ek ARRlEAIE A
oo SFehe o 28 £ s BANE %
oot B 5 JOUCFEA <, 2013), H3P7l&)
e olsfdlal AL7eRt ke BT o Qe AelrleAt
249] AR)4 Aol Fapshs dlol st 9 5 )

wolth 7] e 157ks 913 Z2IF(HEIRRI,
EnRRICH -5)°l4%= ENACT 2Fo ZFxshs aa50] 4

ol [e]
Fotu -S4

T A23A A6=, 2020
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LoFe rfr

Z3E|o] AT, ENACT g2 ofafje Asalee: 7=
WBlKE WS AR o] o] g A wakEate] o
st K3 4= Sk Rdo] Qlet ofell, ENACT 232
i 22 wSH TOE A AR 7|Hr.

A, ENACT+= 570 w8l SA2 Hdso] 97] mi&
of o] FA W] ARl Aozt T wsoll T Sl= 1
FAREo] ER19] wakEy} AAste] TROMS /i 9 24
o QEE hYele dES T o= JgiEnh EUY
PARRISE ZRAEo|NE w4=3k5o]| ARRE 4= 9)= SSIBL
By Ao RN wALEe| sUst By et AR
£ /fdela axnpHos H8e 4= 9Iglrt. o= PARRISE =
ZAET} 2R B4S EU 4% 7|18 BARY} wAFS]
HE IR B 72 93 3 Wt opue}, AAIEe
2 uAkETE FakEls glofle 37 7]of813t

EA), ENACT ZgoA 7723t TA129] Cycle [ ©A49)]
Cycle = FPFoR dA4E] it} &, Frle A7 1
w/dol| tfsl] FAIstaL o]F Alddel &= IAo] HHEHoR
Sw|ojof Fhe ZFEsial Qlet. gk TA29f TAl4L] Ao
nE SIS EFTOEMN A&7FeE v ABlE
FeE BARCR Fhxshal Qi) ol o3 A tieEo]
FolZl AIFRAIE ddske Aol £ FH o] oz} st
Alege] IS wdH o
A|&71s3t S 4t
SHEE SRS oJuldit}, Mejlgaard et al.(2019)0] 2|23} Bl
B, AR Ak ub] Aoy Mt ssehe 2
oA AAH R S5El= Ao] opct, wheki] ENACT X3
1} o] SAA-PAH O R st 50 IS AAShH=
ol & on|7} Qtkal s,

AR, ENACT R 3l/714/55H BABIA dAolAl
RRIY| 8 A5 BAF R ZFxstaL Qlrk. &, A4t 9L

}_

—= 0

Al Bhg8kaL, THFet oAk el AlE 2kl AEs
of 3t A+ Alefe] IS uhgA T o AJAgho 2
A&7 st AE AgFels Wio R WHeS wegjjof 3t
t}. o] 9lsliA ENACT Xgoll 7|9kt s 2582 wA
ol LG== Aol opet AR Sl S gt
8 Ulof gk AARITE A|9AkE] 7|8, oA, ANIE, EF st
ROk AE7 F BAglo] &858 4= Sl 71FE nis|ok
3t o]F $lalixl= ol s Al st ofet Uvk AlulE9]
Tah7|Eat Aol digt Q1AE 3 WSk dart A
YA, ENACT 2&2 A% Axe 2ol npxdl A=
AABEL Qlek. AHe] Felji= theks 4= k. AL Ted]

=
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a2 ek Adlol] &M AGAEle] Vlofske ARk

Ao o}, A|GARR] FRlolu 2] BARES
& ot AAAIT & TRt FHE 29l AEES
she oIt I oA o3 A dishie Telrlert®
Aol ARel2] gt dish it He 7|9)E 2 2 e of
Yh7H-ol@=, 2019), thefet FAlEe] g0l A
2ol 7198 4= Qe vl AT 4 A " =R 2110
AXE AR ] At 3 A= 2 dok ole E o
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=

et &, AFuate] x4l 7|4 A8t 74 A
QJgt Aas 4351710l %Al ENACT ZFollA Zxstal gl
+ 1-39AE Aael] Boan, daat dE Felr|ee] Y
A B AL FolE E|ZlolE = k. E3F 24 32
S et AS e w(4THA), RRIA Z=31aL gl ol

it
o

N
)
>
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