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The purpose of this study is to investigate the history of and recent trends in science education research
on emotion and explore the direction of future development. A comprehensive review of literature was
conducted, and the results were organized according to research questions. Science education research
on emotion began in the state of confusion because a number of concepts coexisted and overlapped
in the concept of affect. More systematic approaches were then used when science-related attitudes were
divided into the two categories of scientific attitudes and attitudes toward science. The research continued
to study on positive and negative emotions relevant to science learning. However, the complex relationship
between cognition and emotion and the limitation of the dichotomy dealing with emotions as external
factors influencing student learning were revealed. By contrast, the recent research on epistemic emotions
were based on the new perspective that scientific practices are accompanied with emotions and that
cognition and emotion are integrated into the practices, influencing each other. Therefore, research should
be carried out in ways that can help science educators understand a variety of emotions emerging in
learning science through scientific practices and respond appropriately to even negative emotions of
students.

1. M2 4719 ME Bx 5 3HAZE AAI5FE L (Ministry of Education,
1997), 217%19] 2009 71 ek wSgoll A= “th Al /el

Sere] 2015 AN Tl weIge V)R] mgapgie iR SRl BUIME AL wAIE AR os st HES
ga] Ao o Y(affective domain)Q] EFEZ 714 WA AAJSE Zo] 7180h7 Rkl She FARE W8] HEES A 3HAR AARE Bf
Exolt}, LA R N2 WA AL “xpe] A} AR CHMinistry of Education, Science and Technology, 2012). ©]2{gk

X 30

tsle] B7)AlT Su|= 7}7\] I .. BBHA 20RS 7] 2Tk (Ministry s e u, 2015 71 wSagola] HojA g mas 7P
of Education, 2015, p. 4= 2 18t 7ho] Zakzlo] i AA|Et A AAIRE 242 & He} Fof shuietal & 4= Qlok o]2fgk Hskrt
Bo|| ofefe} 7 AE Z3E 7}9} apol|A] Aold BRe 7za)k A2 7k syl oigt s A 7F whE HEkE] ] ol AR
AHp. 4). =Isk7]= offAINL fefuet sHEe] =& 8t 3] *HEOH
ula) Tk &}om Z7)= vlEo] Yk EA19Je 7181gh Ao|

7t 21 BAO| CHEH BUIAD} EOIS 2D, SRS MBro= sZst kAl vlRo] Wk 5 Qlrk
2= Ei=S 7IEC, T3} wlS FAOA oA G iR WAo] Al7|uttt o]z}
O ket si5o| SHEt 20| 89S QAMsiol B ks sH= Y= AL 9)Fto] AHoo|w npRkzlR| otk HEZQl o2, 1990 )
7B, 2HE 200030} 0271744 vlste] Bt mg AL o e

e A Tl BAeI e HE st wS 7|&(National Science Education Standards [NSES],
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u)=29] A28 18k WS- 7]5(Next Generation Science Standards
[NGSS], NGSS Lead States, 2013)0 4= 73} m-9.0] B2 Wra
HolokA] gkl glov], ATpHoR Hola BRg AZoRE A
b2 Q2L 9lck NGSSE SH5o) st 4:3jollA] ZFlstiL ojof
3 AL A 71 Ao Rersla ), 27 Tst U FEE
Al (science and engineering practices), uni}2] dHA ofojr]o]
(disciplinary core ideas), =3} 7}|\d(crosscutting concepts)©|t}. I,
o) Al 71 APE Pk Fo Qo= sHyse] mRe) A
WA, ] Baja o, Skl e ARe) B8 Sof oll
2 sjof shka SshAE ela] elo] dsiiie e 9|
o}, B2 ek S|4 NGSS7 B3k molH Held gele] 5
Q4% el Slekin 57 ofick ofuFsiul NGSSe] R
BRSO AuHy, sHYo] Su|(interest), 57|(motivation), &k}
At 5AL9] 217] AA|A(self-identity)o] F235}H o]jat A o))
faEo] SO ZRof|w Jeke mitkal Mwsial Q17 whzoltt
(NGSS Leads States, 2013). 10| E5}1 sHiE0] Haka] 4
ol Zrefshe 59t oA aa5s ofBA 7HEAoF Sh=Aof Tl
Ae AR o= ekl QA Gtk o] 23t 7igoll NGSS&= 7424
ol WA= ofd Fagt Aute Aofshal Qlrk= HjThe W)=
Hc}(Fortus, 2014).

ol

olo} o] T3t WG AT BelE BASolH HolH Jole
TR ope Alm thEA Tt w8 Aol Aeld el

srah 8] Zo] St AANo] de B o o gl
o] 1960-1970%05) 9] SHE 54 TSR] melElo] SIS
QA4 Z0S sk e YA ATRe] o =A T3}
T el =(science related attitude) 177} -2 Wk31(Schibeci,
1984), 2000\t EofAl= =8 W8t w& SheA|ofA] Y] PAE
UE= A7) $718kaL QItiAlsop & Watts, 2003; Fortus, 2014).
53] 2000t So] It 1S AFAES sHEC| 7l AATL
st SRolol A BB 22, ol Alel 28 QIAH St
ofujel, shgel wal aE, Holol 2 Zwolx 2 e v
QL& Hrslr| AlZSIItHe.g., Alsop, 2005; Fortus, 2014). o
PSS 2718 Holze s 1A ) o} ool Tl 2
Hofslil(e.g., King et al., 2015), s} THA|o 755 5
4 EA5 AuE =74 Az Ao FulE Hol7|= gt
(Kim & Kim, 2013). o]e} #HAs}o] Alsop(2005)-2 124 SHofvk
245 B0l = AA] oA o]FojR|= SHIE] et e
Al =2 olsis}7] oA, wheha] 1} A Weo X shiEo] o1t
=t le ekt AAES 28T et vk Aldski:

OmO_{

lei M >
o
u

A} Besto] ofwA) sHSo] Fake ARG 2 AT
£ <141 A A(epistemic emotion)2] ZHollA L=
=olual QJtie.g., Jaber & Hammer, 2016a, 2016b). L=, Yoo &
Oh (016)%= sk AHe] Usiel g 74 THollA 5ol

1) 7 Al(emotion) 2] 7§ 2= AEulrh thekshARt, 4l2fet d-tolxl= A7t
FH 27, A P A AT AE-E Bl U %19 vR(ell: d=
), A B7E AAE Sl A HEe] HEh) Fo= FE Bt
Hdolek= ulol thert F-oJstar Ak Frijda, 1988). E, 8} 1S FofojlA]
= AA7E 2714, EAR, TR 22 ARt o2} &), 57, Hi,
A7)-f5 7 (self-efficacy) 52 oF9-2& T2l ou|& AREEI it
(Fortus, 2014).
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& L71eA] Wil Yoo & Ohef Sl
=9 T3 Yol ik FulE wole #4884l
of A M7} mg 4 Lea wxisH
ASR ok Qlrk thA] T, S50l
et RlollM =7l A GA7E ol Beat ¢s gl
250 Aol WAjElo] o= El(substance)d 4= S-S YABH
Aotk

ojA™ Al gt Al ol EHIL Gl AReIA
e} wgofat= sHYe] HE ofFA viefiolof s AN e
oA o]FotA ok Sh=Alf digt BkaziQl ol WEEA] Has)c.
TRl Ersar el M= Atk diE Hst g Ay e

[¢]

sof 1 Rke AR Gt obF] o] FofR|A] Fsigitt 53, -2

Ut et g abgel A sk gh HOA Gele] BEE 598

£ A% Lebt HARRE Bot mg Fopl A @A77t of R
A Sayelo] =] BT At olck Rk 2 3} 1 el
FAloll Qliz NGSSellA] Zzsks Tsbs Ao] ghdols Q144
HAE o @A ofsfsla shAshe 24| A Bt glc. ol
w2 ol B DS Bl Hak mE Hofol A4
7 Raylo] 2 oS Amny, Hie] g Bg YAlsle] oo
2o] WAl Wake ARks) Wk g,
B Ao eag s A7 BAL e 2tk
A, TR mEolA] A AT ofme BEOR ofojflrl
£, 2000d5] o] o)l ek melq HA el SA
Aake wolelrk
A, T} TEA] QIAE BA2] FRAE Fotolm, 2t ofd
A AT sk

Il o g

2 A0 AL e wKoflA Aol TRE Ao AARE A
Ha GA Ao 2t ks Bk WA Weks mAfshe )
Ak olERl Ao FAE DAdsl] sl & AtolM= F oAl
A1) IS AFCE A WA DA =, Bt ws 2ope] = AT
SRRt gete]x], 2eetus)et =4 AW SheA]
(Journal of Research in Science Teaching, Science Education,
International Journal of Science Education)oj|A] ‘affective domain,
affect, emotion’S Ao} 2 Sho] Lol 28 Ea) 75t WSl
A A7t B A o]Fo|A A AR 1™ F, i ==
S04 L FRo® AR HE =Ees w90l F4 WA(Kim,
2016) 0= A& ISt} Uzt of2|3t o R =72 s}
SARE A, W}k wgof|x] A At A Ao o ke s
Zegeo] gehile & o Ileh A A= Eete], 23]
1950-60dtHolli= 94 Y el ofg] B 7idse] S 4
oA A A7} olFolA| Zio] 1970\ dthe] o]=2f et
Ell =(science-related attitudes)”} 1}&H4 €| = (scientific attitudes)2}
Tfs}o] thgt el =(attitudes towards science)?] T2 L o] thEo]
Fes GA =9Ik E, 2000 tholli= 28t =gollA] SHAgEo] 7]
 AA Ao 23S v A7t FEsE] ARFEEIAL, 20109

(A=A |

Eu)
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FURTEE B3k A Beistel QA YA S g
7h ZRASRSS Tk S gk o ErfE A A F4
A Al 7R HFetel, AT 2
HE A3 ALE AetishH o)
St
5 =8 o] = WA dAA= Aol B et i I
5%7&*1 1950-1960 o] o]Fo1%l o2 FH| A7 4
o|2} Bl=o] 1970-1980 )] ae} B B Aol His)

;_8} ok Al WA DA e} 1 Zofe) ﬂ%ZlOﬂ =
gt opuEk Ief wgo Ao A el Y= = 3
Al ARelel Zofe] HA olge HE wue 771] %“—‘10}01 Js}
W5 A A57E ol o] 24 7ol o FoiF=A] TRetsad
. o]E &8l 20001 o] HA A7} 7MEE 5 ‘th e
= Ao, AN A4S A A A ‘I‘?L-@r 2 A
A= ekl IRk A AR AljE el FlIAIE ILELO
ok Yl A gl 20103 FRE 0] % JFW A3 Adsto]
ot Q1412 YA A7 FREJUEAIE ofsistaL Q141A A
A7t = TS doro W Wefoleke WAollA st
Ao 2 oAl A TAloAE o Z2 S W eR
coshaA FA At B A9 WS AHESRL & =i
AARE0] FEo= =oloto] kol guhs At Aol A
s} skt

ool ofold Eolde & Aol ARt Al 7HA Ao
whel WA et oA FA AT HAHE T AR B B
HE GATe] Al7|E Ueo] 7|4tk 11 The, 1] 2o o] ol
2 AA dTro] EAT} AEtEe Bl AEon Amr Ty olAlA
Mol Bk AT B Tk Azt BRAA o] 22 AR

}:I_ELJQ

Z}-

1|

|

o:

I, 2pst @80l E7| BA A7
1. AelH 9o gt 7HEo = AMe| YA ofz] 717| 7HFES| &Y

I3t WKl FA= 275 SHE QIR AEr|Eoh
o2 F99] 3 Rle=A thRofFe) wheha] Ht wgo)A =
7] A ATe oA Fool Tt A} FUSE Ao w wpolet
o= Uk F8t agofa] AojA Fool tieh Pl HlaAl e AR
E] o] itk A& Eof, I o] 1930 dtof] Noll(1933, 1935) skl
o] 8t wsg B3l H5H Hi=E V2 A Fa4e ddstd
A Teh] Bi=E S 5 Qe =S 7H“‘”}°1 Alerst7 1= 53l
th. SHA|RE Maria et al(2003)0] wh=w, 38} w5 FofofA] 24
Gl gt 2222 =o)of At 7&@3% e 1950@1’41011 st
5 AARSo] QIAIA Gt Aol dool WAE HHsk=
e 2] AlAsEA e o 4 ‘ilﬁk AAZ 1950\ =4t
E] 73} 4= 01]*1 Sre T84S dgskar wst wate] oigh ot
£9] SuE S4sk= Aol el =23t A7h s ekl
Mallinsion & van Dragt, 1952; Webb, 1951).

z;d—7] A o] Oﬂoﬂoﬂ gt At= O]EH]— SR =A] ﬂ%}ﬂ—?ﬁ
Afzo] wet of2] 7HA] =8 et wsabgEo] AEEwA oS
AFE ATk ol SHW, ke uie= SIS Bk 71E(oy), &

¥ooN o,

%

El

o

oZ

E=(excitement), X|Z &Z(intellectual power)d} o] 1}sIR|50]
e} BRES Sl Eot Lyl AXNE AdEH o Dart ook 24

o] u|=F}shA8F 2 3](American Association for the Advancement of
Science, AAAS)ZHE| A|7]=]itHSears & Kessen, 1964). Gardner
(1975)+= o3t Uo| oA Bi= T8t w804 QXA Selo] wight
& 37K AL HRaA) o 5t w8 o) Bxo] ol 2ol
Flogo] matElolof Ak AZRA WiRE Aolaka aj4lsioc

o} WLl HelH gele] FaMelw BT BAKel AT
7h ekt Sl A1 dolls Ol affecy] 7o) wagkeet
7P AIE Hiset e 4O Q4SS oD 24 4 9lon

=

T AIE oBA AFE 5 Rl iz ot old A
ZQ3 71go® B8 4 9tk Gardner, 1975). E3], HoJ4 ol¢]
2940 tist 7t FAEwHA 9} T A3E Sesls
AFAEO] &4 SABYAN, AAbETtch FofH 4oL olslist
T ATFRe WAle] TepA ol 7h) i) B4 Ak dhser
A= Qi) 3t o2, Johnson(1962) AH o] 1960 ATl T3t w-5

O] o] oA o072 AcF Q= AR 712 o ATkl shHA
TEHA Aok whed] st A4S g =M 3= Zlo] ok
2far oPdsielek T1of W=, WEHA 40k 74 (curiosity), 7
*J(open-mindedness), T2} 5)j4] 9] A& (accuracy) S0 T3t X
Aof| 7uksfof sk Z17(feelings) ) 7] values) = WA 5] ¥l
Fe}. ojwj Johnsono] EARE o2 7HA] QIS B ol A9)A]
‘I“I‘Oﬂ E3rkar ezl ZAEol8lk &, Bimie(1978)= 2ok Tk

F oA aaE Ad ARl ofsiAl fafRl= F5A A 7ol

2)A B3k HojA B0 Balg 2 olrks HojA] 748} 1.8
Holx ogele] Fa4S Frsllrt 1 o} wgo| 2o}
2isfo] elal ele] @ 7] Heldefnition) S-S VoG],
27} wpelpt oA o] Rl ofmofli= ZH(appreciations),
S|, g%, Ald(beliefs), ZH(adjustments), A2 ek} HEF
(emotional sets and biases)¥} -2 AER EHE= Q147 EAo|
5 Z3HEITE - Bimiew o]0 ZLX[A] @Al w8} wsAE0|
asfol oA gaofli= A7 7Hd(self-concept) 2t 7HA|H7HA| =
e ]

ole} 20| ol Qeloln hoof & Hlejd TS| A

e r& r°"

2]

ofjet Lyt vjS: Buslsh chastthiL] o)5g s BEE
FABH dol= ofelgo] waA| seick BT Pl W5
o} e ol2el S tek Hat B Fol, o,

ol ko AolF] QAEL Y=o BT Ll Adko] Egls)
AT HEZ QL |2, Klopfer(1976):= st nSofl x| o)a] o]
T-ZE Krathwohl ef al.(1964)2] -9 2F HEWo| 7]250] A|A]
slgik. o] T2 Ao)x 5] diAfo] Bl 34 (phenomenon)}
spySo] Fasok sk YoIA F(behavionyolehs F 741 2jele.
2 o]Fo|A Qlrt. oju} @/foll= A HIA ] AFdS(events in the

&7 inquiry) 7} 453,

natural world), E-=(activities), Z}3Kscience),
Y50l £RZLE= Thp(receiving), WH3Hresponding), 7}X]SH(valuing),

2) -u-“:'v_ﬂ HO}:O“/d X*«Wzi affect)ﬂ]—‘; %—01‘* O%Xﬂo] UH_,_ 1’4—01-‘6]— ?_0]‘: o
23k g o ole=|aL glrt. YR w8580l A(Education Research
Institute, Seoul National University, 1995)01]/&15 Aol i, AA, Zu,
A, 9]7], 71X 2 ol A 52 xIel= Al EAJo g st
Qlied], o7)oll= A7} Bkl :rLo]og w3t ).
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ZA)gorganization), 21Z3H(characterization by a value complex)7}
olct o] BRSPS fof 2- o] 519)

250 thste] sH¥E0] 01“371] %%OP%ﬂE sl HH Frk
e, Tstoleks B Srie sixjstel sholekd sk
Sol AN BALE L7 4 Qlofof e, olef L o]y B
Rl WAlo] AU AlRHle =ooks A & w=itollA ARx|ske et
L, olgdt Hs Fol FAlol AoE] golo] dAtellA tEld

Sl AHEt ohet bt chErlsigAE & o 4 9

ot meolA] Holn el el 2a7]e)] AN ol 2
Mde] &4 2 oy st P—Oﬂﬂl H7o] o] S]ich
=0}, Shrigley et al.(1988)2 13} 15 AAtoflA] AFEal Q=
H Jelo] 519 QLSS H, Ald, 7HIT, Asopinion) LHs
S A, 7 7o) g AR Q177 ololA gk AXsis)
T}, IE, Koballa(1988)= Ao|# ool Ujo] giw, A, 747, %
9] (behavior intention), 35 52| 7fjdo] BT slo] A €Ayt
AckaL A AskSiek o]FA ol 7] AdEol EA =] gl B3t
S 7L AlGEE e AFARES ek W "o S|
Stk ol wAlel shiSo] W o Tsto] e Fulel TS
wolx] orow] Tskrt 45t ko) s1e] AFE E Vol A
2 Hkd3t Aolgkal & 4~ QJti(Department of Education, 1994;
Ormerod & Duckworth, 1975). Z, 73} WS4 Bl o7 SHIS
o] s Pl et olAlw Bstol st Fule} o] op
HE ope} Q1x]A ool|e T At Sl Aol AAlE
vjgto 2 st ZAo]tiKoballa, 1983).

ShAlal, Fraser(1977)9] 2|Zle]l k2wl T} el e @A) e
2 o, o] ot e, Hsto) BAom PR 4 Qoo B
SaL 7} H=0) fgo] FHE AL askA Agojwl A AREAL 9
ATkl gtk E, Simpson et al.(1995)2 2% I iy, 7[A |,
(0, ), B, 5710} B FAEE ok gofekn s, 7}
7o) 915 B 51919 ofe] 7H) PSS ERkhL Qlcka A
stk o7, el At weleh 71, 214l (cognition), 3
Zolgl= A 7HA] AYoE Vs 4 Qth= Aot} o) AES
sk et ms Holold oA Qo) epel 2471 ofd 7}

7] AgSo] EAE P o8le Ala, sHo] wHe 9l
A B 1ol Qo|iekaL B 4= 9lck o] tieret Aol A
27]9] AT 4FHE elH Jele] o) TS TfatAl e s}
‘st tiet B2 s HHA & B AAIR MRE 25
b

%
N ¥

oﬁém
r lo mu rfo &

1

Q

~

d

0

J

2. T} T Bl AT RS Efzol 2o chet efze] 74

gt el e 237 AtollA] Jd el EA AR st ws
AFAEA ofE 2 2eHsk3Ae ool thall Peterson & Carlson
(1979) s} m-SoflA] AJol2] ool TIE Ate = Aefel Slck
(chaotic) 31 3}% 2™, Osborne et al.(2003)-2 A o]4 J A1} A
Aol elalA) glof o] Hofe] A7l FETL P bedevilled
Sl EESIE Shch olefet £ Agke Tt B Hrg
To}2| efeet apslol el s TEshAA Shaely] Alashls
d], Osborne et al.-& o]of 7|93t SHE 9] 31}2 Gardner(1975)

106

£ #3 3Utk Gardnero]] wh=H, ‘2ol EHE’L H3hE ool gl
7ok & AbaLe} fso] WS ke Aow, A, AR
(honesty), 2 5 4 Uck vy,

ol gt et Bkl o 4, AsbSol e s, et
O Ab2lA] AQlo thgt et Fak o] wdt oA titol| thek
He HNA w82 ojufsit

oI B S A Garner 19757} AR 400 e
a3t eee} wisto] gt BEs Tl 7} Wl i
£ cloeb 5] 9ok ol 5o, Koballa(1988y= 3H et
= 3}5}0] 4-A4(science attributes)o]@}al BASHHA o] v]TA A}
19} PRIElo] glon] TS| AL TS YAl YESolzt
T AoJ5Rck E, Gauld & Hukins(1980)= T}8+4 €jz7} jstal
w2712 (science mindedness), I3+A  Alal <&I(the habit of
scientific thinking), 7}8}e] Al (the spirit of science) 5 TSt o]=
o Beighn SR, Tet 18 AolA SjRtET gl Tk
Bl=0] AES Al 7HA] s ARESISIt) o] & A WA= ofolr]
ofe} Auof yRE dHHA o R H=mA, T4, A, TelA 89,
A<(humility), R¥FA$]F2](antiauthoritarianism), %-2]4(creativity)
So] &gk, B4 1EE ofoltojel RE Brleke At veiw
Hlms mekshd, Ak (obieetivity), 424 534 o] E ujgh
A ApaerT Hels st ole] Sk hxjst A WAk Tt
40400 Pl B Stk A0, el A7 ol FHoi

I ol QI WAV EARIthE B RISk
5 % 9k olo} 20| T3 e ofolciole} guE dfal TSt
o] &/d& Wk ARA S 18t Ea-S sl A|A
oF % W WA 2o WEAY ZWE FAo] Zxsn ek
(Cohen, 1971; Gauld & Hukins, 1980). &2 0|33} gle+= &k
Fo}s SPISE walol 2 A)30] Hn o)2 FakelA sk 2ol
33} 1875 golei Ao| gt 3t 1§ ool 2
=o] itk ARl A&, u]=r9] Project 206194 = HeFH o=
2 Sl AlRlo] Zh5=ojof MsAQl Zix| Tt Bl s vho] S
(habits of mind)o]2h= o] ofefj AshHA olofl= T7|4, =&
ofo]t]ofo] thalt A, ARe| 4zt F]2)F2(informed skepticism)
7b P Arget vl ITHAAAS, 1990).

o|oh= gl Hste] tigt Biie SHEEC] “Hfst Shsgof
oP, Al 9, A Ak 58 S o R Wlehe i
/33 (Gardner, 1975, p. 2)& on|shH, Bt TediAl= “Tfetol o
3t dubAo]|al x]&AQl FAA T HEAZA 7”(Koballa &

Crawley, 1985y Z|Hsitt 2 nj3to] gt Bzl o174 - =]

_l

i_.

f‘i

Znlo] Aftjalo.z Jaul Tob HEeR: 9o, A4 Suiat
stk W plo] glow, wig wehuak ofulet et 4], T

WAL Tk, Tpste] b, Telell A Al B, Tt AL

& R tidoll thek gAA RES7HA] oke-== Al o)zt
31 & 4= QIti(Gardner, 1975; Koballa, 1988; Koballa & Crawley,
1985; Laforgia, 1988). £3] 3HIE2] wstof tgt gl=t FA A Q]
Ak AR A 5 SHok ) el ke el
W3} poflA] Fu|9F EARS LA S AR R
or=x] a7 ueed Fart %E](Laforgia 1983).

opdat =2 st il Ei=0) HEoh= s el 7L Sl
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IAA, GAA, P5A SO T JEE Kt AAZ O WA
7l ©l 3dstglen, 53] ystof| thel ejee} westo] & =wof
Al HE FsAom AuH Rt she G4 A= A5t HEo] oo

A=l 71o78150e} AAI= wstol thgh ej=r) 2fehA e} 4
Hl o]z st gt Bi=E SA517] I3t =qso] ofsl Ay
1 31(e]): The Test of Science-Related Attitudes [TOSRA],3) Fraser,
1978), o]& vig-C= Tsto] gt sHYE0] Bt tE HIQlE 719
WAE FNske A7) o RSl S8 o]t H3e Y
=9 Hstof| gt Bjiert T150] 2t 42 Fod, Zpste]| ek Thalat
2, et she A3 S WAskA s o] Qlvke B TSt
B ATAEY W] W Zolet & 4 9k

TRy A Gl ATES TSl gk shiSe] et e
wiRISo) 7l AukE s Qo] Q1) sleke AL B3
sl Qlch ol& E9, Gardner(1975), Schibeci(1984), Osborne et

( 003)-> 22} Zpste] et SHAYES] Bt the HelE Ato]9]

=S AR TS 2451 Hste] tieh Bi=et QIx]AQl #idl
}OH AL WA ofshH, Axjof ¥QlEe] A& 5YAor
7] Sittal agsigicy o yoprt SS9 gl tieh a
Tgolut = Ax|9) Axprt wlH|SHEE 2, wfetof| tigt B9}
2 58 P wlSo) WsHe o] YBEA) ok Ao® U
epyte}. oA, Schibeci & Riley(1986)= T}5}e] tigt e =7} 5+
2= RS ATk SRAIN, ojek e Fisenhardi(1977)
ok AF =7t FE o) wstel diet Bj=rt S A e ® vl
TSI E, Ato & Wilkinson(1983)2 /g0l oj/dof Hlsf u}e}
of oist g7t o FAA o2k 31 A9, Hadden & Johnstone
(1982)> 1243t g2t SA7F glekar ‘?l‘iﬁ}oc‘ﬁ} ool WA
291719k 2stol| Tt Bt 7He] At BAE et AH(Bottomley &
Ormerod, 1977; Fraser & Fisher, 1983), 64{]7&4,0] ST 290
S| Fstol tigh efieof| miAl= kel Rt AH(Burr, 1977;
Friend & Caife, 1983), 71352 ALS)4A1 A 2| ¢)e} 2Fst B gxof
W3t A-4(Fleming & Malone, 1983; Fraser, 1980) 5] X9k, A=
FFEE AArE HiEst sl

gelslo] opd, A3t wgolA AolA JAe] Agt=RE AR
AA Qe NS S e AA st B Bl AR o]olF
i, et W ot Am e R HEEEA o]0 A Aot
2 olojRl= Edi7h mEAE oL & 4= qlok 53], st thek Y
=9 B9} thE WS A WAV YAl Stk o At
52 1 WAL i BRska osAolehs Ae dAlsl =tk
(Koballa & Crawley, 1985; Schibeci, 1984). of|7Ad)], 1}stof tjjst st
AY9] B =9} 1o SRkl Fsolle thetRt ARl Hae) sAgo
A S83 & AlEe] tRE WA c R J3E nE 4= itk
A ofE s wsto] FashH AHilo] Fofsh= droletal
SHAA T W8t =Qlofli= D48 FofshA] &5 4= AtH(Fortus, 2104;
Koballa & Crawley, 1985). o]2]gt BT} o5Adof tigh BAle

o]% 8} w5 FofollA] A A7} M E 7] AlRFehHA A2
Agtel A71E migdstA = dch

|

o rL

< ofi —
Ol

_u—ra

4

o

3) TOSRAL: % 77)e] e Ao} glid, o] % 67} WF
ehee] Bt Zolck

7t 3sjo] et

IV. 23} W30l A Aol £t HgHY

spse] Tislo] oiet BlES] RS Tok WGolA] FaT ol
o] ELYYTHAAAS, 1993; NRC, 1996). HxJut SHY5e] efwe} 7}
Fai] A7, wisto] ot Zo) 5ol AV QYA Sleke A
3h5o0] ANEA T3 REAES 1ERbe] Aqvh AUk Ag
S QLakA HgiaL, et sie] Al St T WEsol
o] Alreklc) ARge] YN o] FBakA H Eagh

78t 5] Sk shgel et elel Hofshs Bel, )3 4]
of uj whith Lol AT 5] Tt 4l Fol, Tt k)
4awd] % AEHe 93 0)F Ao wgb) yRolr
(Schibeci, 1984). S A% o8] 245k 2480} serle
o 3] oligol slo] QIFe] 11Ho] =2l FolRlAk 2000%ic]of
So] ot 18 FRANAE eIk AFEIsh wg3olA] wea
2 QA olEgS BAA R Wolzo]7] AZletHAl el wSofA
AA A7 7EEE T & 4= qlck

3t alsofa] A Aol FakE v thaEAl]l ol me 7
A A o]Z(basic emotion theory), 7}x] ZA| ©]Z(control-value
theory), 412] AlS]8Ksociology of emotion) 0=, A4 A o]=
S 5 % otk WA 713 A
O]22 9l7lo]| 7| EAX O R Lyl= 17~} A X(primary emotion)+= 7]
(happiness), <Z(sadness), Ttf3(fear), E-1=(anger)©]|™,4) 22} A

L 12} AAQ) 2o g2 wrEojzctal 48 Turner, 2009). ©]

olo] m=H 13} A= s T e R RS 27
o] B o eht= vhd, 22} A X(secondary emotion)= A
3ol ozt oL} wigto] i3k F7EE AR whEeixith &, A
H x%o] Aﬂﬂ;ﬂ u]-o Q] e ol;(]u]- o] X]Zi?_ ooz o]oH KB
2 e Qlrkal B ZAofoh 7|2 A o2l HRE & Ao
of|2+= King et al(2015)2] A7} glom, A= &9 74
g 78S Eeh] fIet Al Aoy Ad Ess Atttk

T WA, 742 SA o] 2okl SRRk Al Abilo] =8staL
= AP Lt 714 01:11 2 ApAle] dupt IALE FA
fal 28 4 QleA] g 7 7HA g o 2 AR Hrar
I3HCH(Pekrun, 2006). EPEW o] o] 22 A2} 71x|} FAlol F3F

|X= sk5Ake] QA& BN cognitive appraisal)S QA3
7HA] SA| ol&ol| 7|Hksto] 423 Atoli= Kim & Kim(2013)9]
e} sks A4 AF7E e, o] AFtelMe E2sshiEol W8t
IS ol =7l s B4 TRE HAslth

Al A, Al Abslst o] 17ke] HA7E B4 Ald, WU,
TS SRR e AR FEA WA B/dE kL =Rt
(Turner, 2009). ©] ©]&¢] 3}¢] ®lFoll= of2] o]&o] AR 25t

S Bopoa= FE2 AAA o A] o]Z(emotional energy theory)
I} A o] o]=(interactional ritual theory)S WolEo]3l Qjck &=
o2 BT I=H = AlSA AS RS B LA 0] XS o),

ol5 B3l FEAY A4t Y TN wirkm Mgk ol

off

) ruhl_t

DS&

L
L

0

mlo mﬂ of
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ofs ol-m N'

)

J

4) ol whebAs b g(surprise) T H07k(disgust) S BlFte] 6749 HHE
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107



Bele Qv axel Sl AR FAH ANH ouAE
o7k e B43 Milne & Otieno(2007)2] e} 7442 o2
o Q8| L Bol7l7 B AeolaE maje} o] 34
B91Z ek A oS A% A U2 4 e S
3} Ritchie et al.(2011)8] A7} Utk

o] B, A A o2 AME AAle] Al o] gk el
- el BEAES Bo) ks BHE AR, o olze
o et wosk Algjsk Alslalg|sl @ AR s SolA] ZQ38)
A T FoiR| 1L Qlo, #}sh we- Holof| A= Zembylas(2004)7} ©]
o E% HEoR Q7S 4l uh glrk 9] A ek Sl
Ao} s k0] ABlA At B9 FAA AAH olw
FAEo] A ke 9l

shop 3% ool B4 G} B0E E O AVIEE, 4
SH Hofe] A oj2S WolSel 2z} tiHol, S o[B8 57
st shafslior sR=xlo] tlel ol Aol Folr} ololziths We
£ % 9lrk oA st BSolA HAE 2t Seslehe
o] RS FA d7te] gz 47 0134% SR AHA 3
Sith(Jaber, 2014; Tomas et al., 2016). &2 OFR7IR]| HAE 4553

11

Sjel clsloks o3] ofehiol 3 AT St oIae Helsh
£ ASE A JNE AHoR ssks Rt e

3 s g7} o] RolAink olejak A 1ERE SHAle] 1)

NS 9B BA, E TR AN 5L Ba B ATl
Jordan & Henderson, 1995; King et al., 2015), 5217} A 35) 9=
oL} g3lE £ AAE siAls] W A4l Ritchie ef al., 2011;
Tomas et al., 2016)7} o]FolH = S FafA= & & 4= qlck

20001 th o] % 33t wgoflA] A At il SOt wAke]
SR AXNE A7) BAZ Q] AME A 4= Q= Ak
o] Hololz| & HA5l AZ3= B4 =3 o|#3t Ak
220109 FHbe] o]=8 SHgEo] ste) | 3 T 5
Aol Fofshs 5ot =7l ookt Aol tigt k= Al olof
A3 9l olo] & QAT The % e AN H Tt
2 Hopoll T WHET Y= A4 Ao EHE
247 Ao] Bk AR Lro] % ) A4a] Al 7 oje oz
of Tpst wgolA] HA A7) ARES eletna) T,

IE‘

2. 3784 HMol| gt AT

oM et o, ok T8 Mol SE A Aol B
9] s Weke FRoN: SHIES) NS o8] FHA ¥
O2 5 4 glvlel B Holslck oleft Pole shge
FAA AXE XEH o2 AYT uf| vfsho| Tl Su| E3F SFAE

3 3jat Sgilel Folh 3205 Ankejow sk stel At
ol Zojehs Weo] Wikge] gtk B 4 irkHeddy &
Sinatra, 2013; King et al., 2015; Turner, 2007). AAZ dF ALEL
SIS0 |} TEF 2ojofo] AIAQ] ol T3} B A,
sto] wet FAA A7) AdE Tt AL A WAL S
k5] Qlti(Ainley & Ainley, 2011a; Falk & Adelman, 2003;
Nieswandt, 2007).

5} SedollA] SHYEe] FHE YAE Folr] ot A 1

of?‘r’, i

108

Aol wet FA 4742 2 o= ok AA, SPEe] Ha Tl
1 ZulE Hol= AU 52 E=Yste] 384 FAE FXlsk=
Zo]tLuce & Hsi, 2015). 13} 4:2¢0]] HYE2) J—V\‘/\]-E x.q% 3
thE4¢] AFE L Ainley & Ainley(2011b)7} 9tk 1=
SPEol Al 9lof she HullE FAIR Hull Sofl 5o g& 5}27}

= ] UL = |
o] 7152 Ak} Wolmelin], Uzslo] o) FEAo] A, B
WS HE o o] ol BEE=A] Fof Bk hEL The]

spiEo) 571403t IS olo] W 4 9leirhl Wit I, Pearce
et al 2020y SHAYE0] EA8I= A7} E(zenga block)E 01851
Ho| Aks Ho| I JEe 7tad o S0l Julet e
E7A HRATAL shQAek w8 oA Alde B8k A Al
ARl o] 4= Qlek dfukshd Al Kol WAlE B aaE
2] J_Jrzﬂ- Bl ZQIBHH FAR el AXE gukek
—Ev—o THVolet ef al., 2019) A2 Chen et al.(2020)
TollA 7H= A9, A, rA7E B8 1 2

A o8 el 4L e | £ 2 ek S
A, st oA A Aol AY gk, 22 Es(hands-on
activity)y2 21851 2-§shH SPYSOlAN 342 FAE olFe]
¥ 4= Qlti(Bennett & Hogarth, 2009; King ef al., 2015). 3t o=,
King ef al. & 3& B750] 477} H& Wo] Boprhes: st A1

[rt
4

rlo m
ro r&l %0

93}

B Lo

§]-‘1—
ol 4=

N
d

AFE B3 SSe] Holm et FRES LA Sk i, Kol
e AR B guo] a0 9ol FVO: 1 A

Feog

ARES o zn Bekgat SAGL olZo] Yglom, o] <l
shopel o SpEe) Fel7t 4E 4 olckn welsch

A, AFAEE SHEE0] AIE A5z 435}
Aoz 739U | SAL, A3, ARA 59 &
A7} 203, ol 9lsl) 2t 4ol et Fult ot
WStCH(Pekrun et al., 2002). o]2]gt FFo] ArE-L 7)) sk
(academic emotion) = A% 7 A|(achievement emotion) ©]
9 £ glck 53] 2 5ol Hat kel spiSe] 7]
AXE e A(Kim & Kim, 2013), =41 13} 1}4o]
@4\—% IIH tﬂ—/\ﬂEo] 1—7]]‘— JX%Z—] 2] }\~]oﬂ §_]— ?i:[L(BellOCChl
Ritchie, 2015), 7|3 H3}e} & A}3]-1}sk4] A (socio-scientific
issue) & Th 7he ] ShEol AWskE A3 A Bt T
(Morris, 2014) 50| £< $88%]11 Itk E, Gong & Bergey(2020)2]
AR 1180 sEo] W= FARA] A3 A7 =2 2] &
SR 59 HelE APAREE AFHOR YelrlE sk

iR, GAA ouA] o] E(Turner, 2009)0]ut Ao oJ] o]&
(Collins, 2004)0]] W& F31 9] Hojas 7he] Hele Hafaho
20 244 ANE WA A7) olek oI 5o, Milne &
Otieno(2007)= SHIS0] FAZF o7 3jAe 4= 9l ¢1oj&] - v
of] aALgo] Felol MAte} SPIE Alolel AL A7 WA

slost I8 344 4t SYE 43I Ak ofEo

ok Agsiaich &E, kA <183 g2, Ritchie ef al.(2013)2
4] ok WA H9y l So A= wAkel sHAgo] thelE Fall 54
ol eJu]e] efeje Fmgon] 12 <ls) wAle] BolrlE S5l
poz e 4 sich el Sick
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L o) 2SR glekn & 4 ik et ol
3 ATEL FA HAE B Aolu] A AL 134 e

o] tloFsl AL AYejsha, ALE-234 el A= E(Turner,
lselo} 2 Ao Helshs
27} glek

”H st B5oA sHElA FgAQ1 BAE sk FAE
15l= Aolth o] Eof, Holstermann et al.(2009)] w2 A%
S AFollA Feghs =21 sHE0] I o]F FARE Tk ¢l
A 2] B, wetell diet ), ezt Ak WolAA| ik
3tk IE, Ritchie ef al(2016)2 S3HA8S O 2 o AE %ol A
St wAE 2l o)A oju||E AT uf SHYE0] FeE =
7|HA {51'4\@1]/\1 o 4= Qlefar skl webA ofeh e FAlE
of J&?l 22yt o= wARe] Zhdet =007} Fastar, ofn|
Zé Aol el AEstAl thee Lot dtk= AL

S0} 2ol SppSe] Lol SolL} Helg W
2ol et @7} Slck of Bt ok 44 ofel 7|
=, 3t ﬁ% k5 Wi8o] AUAA EHsAY of e ul A
S e uA] Rk B3k 4 52 maicka it
(Pekrun ef al, 2002). wteba] SHSolA AISHE B9 SEs
Hsp 2l 2R seaffolding) S 58] Betolut 284S
= JJPJP et ook HHE 2te| dt=A King er al(2017)2
She} qloflA shgo] IAIE AdeA o aiskA] Sl 2hd
=7 o], SHY-sHY 9 WARSHY 7F Al RRE-S | HAJz]o]
& ol & slsih stk
A, shSo] Tk shgola] RgHel YHE AT
59 M 28E FAU S 3 Folof Skl sk A
So] aEigick A 2L Ajlo] Lk 7L AEHoR 8
44 5 31% YA U JPFE R B 2
= = AVAE 25 S Gross,
1988; Pekrun, 2006). 9| E©], Tomas et al.(2016)2] AFoA=
X?‘SLAHE@] /\111:} o h=4 A]—ﬂ-jﬂ-‘?ﬂ—]‘] zﬂx%g 1‘5:1’-/&_1'45}% %ﬂ— 3} ‘511-}\§o]

ﬂ W”‘
[STye)

3
t=J

o

o
> o

E=)
5
X

iy -’,\— 3}31% | *ﬁﬂoh‘l 0111} I, Arghode et al. (2013)2 E/\V}
= Holo gy S0 A9 Alg]A, dHld] BAIS
shetsiei 1”1”}71] Ejglom, B HAE 1Al st 900
AT oz o3l E =& 4 Qrtal ®askar Qlch

A, sl Fg 2Rl AME S0l A BAE =oI7] ¢

o ulg BESH Aol Bt AT} AT §0IS Be Atk
U PSS AL S §ot dlstd AR e S 5l

244 Nl Tt} oF He AL WelES B, Tste] 4174
(seriousness) 2 AIMA|7]= ©] 7]oJ8t &= Qthal FAsHcHRitchie et
al., 2011; Roth ef al., 2011). AA|Z Lamminpid & Vesterinen(2018)
& o 40] Bfatal e 4:3loli] TAe) SHIS0] A2 §riE
/\}‘8—3}%/\1 ]- _4.7(4 %g]-/‘\__,_]zﬂ Z]E?S]— }\mol-ﬁo x;ﬂrﬂ— A 0104_,1
FH 0| A} ARG o]To] T HolE Swslgrta Hskeick
%, FT ol - Zgofl 3 A7t o]FolF=t, Lee &
Kang(2018)& 55k 745t 7] shiSol) §o18 AMgahs 4
2 o) 215t Zocie] et o, 3451 A9 2je) 28 S0l
AIE d& 5 USS A skt

opihat 20| 25t TGl SHIS] BHH A Fo]] Siet
QA 3k Bt ol LA 4 ol ol 7P MEES HEn
IRk, RAHI AAE A} 2 iAoz w3 glehs ol
A Agtoletar g 4= itk FAA A= Ak el i) Uil
= Ao Qo] e AdAd e Aol wo] webk= 1-8
1A 2-85}7|% e Tumner, 2009) A2 Sol, s4¥0] T3t A
Fol 0] Ftolo] herlE Felgd A gk EAYSl] B2
A EThd oA ok @712 ol2fdt A atesie] thE Aol
A T3 eAA YA ATe] ARl el & o Awnsz
gtk

4. %M a7 Mt

ofu] 71e3k A} 72o], 2000} o] Fof Syl 2
B4 el 78 SEE Spgsl BAE T4, BHA Ao

Uhpo] Z1He lojglek. olelet o HuHl TR XS T}
9 B TP Aol E3E 94 ofsfszurt 4:gjolut Al
of Qg i oy aglo@ thRm gl HelA Alvke] ik

313 2= 9tk tha] W, AAE 01x|Z¢] 1et ke éﬁé}ﬂb‘r
Hhefels aolos i o2 fukslAL Aok & Ak

o

oItk Zlofek FHAEE AR T2 A4S A shSol fm
loJah Tk} 2=0J0] FHAF FARQ AA oAl AsE7]e ofH)
m ﬁﬂoﬂ 2 A7 WL AT Qlxe} AL He Tﬂlﬂﬂ
oA gfom, el FlolE RAHl FolE chopat PAvt By
s ¢l iH ShsS el zithal wetar QlcK(Barrett, 2017;
Immordino-Yang & Damasio, 2007). o5& 1&{gt off, shAjo] AME
ol MO R el S RAHNT oA HAE 22
Mo Aok & Ao B o] s tha A2l
g 3 Bast ok

H90] o] 3t m A TS vl SHISE
A=9] AT 7Ho| vrelw Takg] Aldo| Zojst I Q) Qloka
A5}l QUETHNGSS Lead States, 2013). 19 2Fskx}o] G= QIR
Aol =20 Amut ol g}, tlofal R0 FA ], HAZ %
b BT NEAY 98] Qi BARE Ao g Sof, thale
ohst & - A= *“ﬂlOﬂ sl 27 1de =7 A d5E Al
0}01 X@%— sl ZIAT Apale] ol 2o FR Aol B
e 2a TR UA) 20800 AA HekEs FUlol theo]
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Oh & Han

of SITHL 22l QITGruber, 1974). FAFSe] A7) Q15 774o]
ik, Teka A7) Fofshs PSS BEslo} Bk ol
& 50| BRsks A AAE HEEA] AlASKL 54 ARk
2731 Azko] Beal AelA A dEs) 2 Bt gk
23519 sHEe] AT 4 Q= o7 7HA S, A AN
s AHo] A1) ERER Folehs ToIA] ofg A Tejat
AASE olsist meHoE AT AL Fasictn & 4
Sk

ole} Helsto] 2ol T} 1% HOPAE YA} Lok Bxtel
Al 8] UL A= FHEEo] itk A9 &5 EEAL Qlo) IS
501, Sinatra et al.(2014)& T8Le- Y&, S, Hol=Hut ofy
2F 1, He, Tl EgeHE Qo] okt A7t SRk Ao
2}l 5191 2, Davidson ef al.(2020)2 2 712 2]+= 18t wAl2bd
T} o 3ol ofed 7 A, A BAE el ke g
T50] Lol ANA S5 4 ofsld Wast ek Al
o £ s0] et 4] Fols 9le) IR 1A 9IS 15
she <ol Wast, o] gebi 2gHel BAe] Hert s
L B335 Qg ZA= Alds|jof sl7]= 8k AolckBellocchi et
al,, 2014). 12U 2ekA] AAE SR A3 EE ok o=
NS ks 223 AAY o R Ui uek gale] Aga
2ol mje} shSo) Ly et AE o9/ slskL ofE
Sx 02 thesjof B4 THIs Last ik E8) shyo] st

2

Bl

el AN ER AR sl 7158 ABE 4 glone
2 mRHoR 89 AUoleky ST M N 4
ojof gtl(Schutz & Pekrun, 2007).

efsto] Wohd, et oAl SHEEC] =7l o2 7] 5
2, 584 A dstoll 22 U] e Alolw, e} s 1
ol AALHA FHEEAL FF =R = Aolet o]t e B
B ohe AollAle ek mwsoA oA 49 A 7t 22
FFOoRA HekA At Q1A)A Aol thef aratsl Harzt g

oo

30

1. T Aol QA Mol 32%

o] 20 Tot L8 EASOALE SIS S5l T
& Al S 7325t (European Commission, 2015; National
Research Council, 2015; NGSS Leads State, 2013; Song et al., 2019),
spgo] Aao® Heka Ak AL W7k $sHE TS 7
ah% RS AR O W} A4, Sl BES 2 e 5
WSk QckMiller et al., 2018). 18|11 8IS0 BLE ZI8)sh=
ok Hofshs TRkl A9l AR, B LS 85
7], B Agel el), ARs B sjsl), St
A TS ALBEL|, 43S T, AR RE e B2l B
ofsh7], HRE sk SAAFE/|S ARSI YENGSS Lead
States, 2013). 1] ol2fat Wska] Ao] Tk 5] 4aai <
To] /e Rtk Aol 21 2ol FRtE= A, S A
AAT A WAstaL okl & 4= SQlk

QLAY AARE A AAe] B T, 712 At Al X4

=

-
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7ro} B, 71 AT A2 A4 710) W 58 AshuA

=
7le 71, wehe AT, 2R, Eieeh g2 wiet v

Davidson et al., 2020). £3| 20104 1
AHOA 0 QIAA A At B T, = s, ek ARt
e Tyt Aol Q141K AL gtal glew, olelet 141 A
7} shele] AR BOlE FaF oJae dka el oot
(Davidson et al., 2020; Jaber & Hammer, 2016b). AM: o|Z 2] A
A= TAe] A offtoll YAsHA TlE] Qe AF BA(E=
5 ANE FE tF7] izl sHEe] Lrls )1A1E A
ek ZH 31 ASA QL oJshE Hsr |7} o] FWol SiH o5
|, SHgE0] TA|9] s ool whet sk A1 Ak
S, AFRD T AR AR A, 2ol 250 gl
AolA] Bhs 7o) o] 71| WigtollA =2 4= Q= ThekRt
A1 FAE olsffshz ol AR el Uleh shx|uk wfeka] Al
= ZdEshe S A A of FERt ofuet sHYES] THA|
3 el FFe PRl oY 7] aase] FESkL jlen,
58} Fofo] ATtof|A= Q1414 A7 kAR 57, Ald, AEF

2 ARGt sk ole ] 8% A9

Mo

31 QICHMuis et al., 2018). wekA] Sh5Ato] 5522l
AfshA 2)4] g TRl Tk AFefA= o WiaE Q141A
TS Sl B3t F A7t B gk Al

~

o9} 51e] Brun & Krunzle(2008)-2- 713} B 3pAolA] Q14]
2 A1) Ak S7IK|E aoksto] Argatgith A, 1414 A=
o] A 4 s 5718 Fofgitt oAXd, e 3714
Mz AEE olaislr] ffal] Ald eotes 5715 Fofsl= Sl
o] 3k o 4= Sk EA, QAA AAE v oRE 2L FRI}
71& Ro| vig dupt §-83HE wedt 4= Qo ol =0, 3
o] 2L FRE HPHA EALS A WAIthH 1 ARE T
ol folgt Ao & AYZFsh= H] Ego] Hoh A, 1A% FAij=
A}419] olZolut A AAIE Al FAsHEE A X8| ® g} gt
oF spAo] zpalo] s Wl A AA ] sl A4S L7Ith,
ool BkES A|7lsteete Bldet olf-E S0l HES 4= QU
A, 1A FAs o Al oto|tjolE sk Hlolls =
o] Fr}. de|=, o] ofo|tjol=RE =7 4= Q= EHE A
= &2 71 ofolr]oje] ot Feld vhaks EX1I5h7 % git) npx]
9 oA, QIAA A= ARl EeE A A7l HE 4
5 o =tk oI5 50, o] ofe] 7Ix] FAE F3l AHle ofelr]
g 53] BrIet ¥ WSS BT, 183 TSR g3
TRP|E wddhes dl 22 A7 E & Stk St R st
A M= Tpshd Ao Af=lo] Aol 2E A3, B71,
Helshz b Fagt 93hs gkl & 4= ltiHookway, 2002).
ot o) QIA1A M= et W Tel slsAke] |t 2o
AAAHA -SRI Aolw, 2t S0 MEL 2} w& 7Y 55
I BlEo] AAEY] TS W] ARSIt o] 1eh skl

choet QA AAE T U HNF QXA B elizel

rd



A Review of the History of and Recent Trends on Emotion Research in Science Education

20102 1wl Fe WA Holut AA} Heka] o] Lo
2 yElo] Qlehe Bt He A7k ATRTHe Hold Fus) 1
ofof gk,

N

QA 3 AT0 2T S W U

Tpeh a5 gofoll A= 2010 FHE o) HE fI3h A9
Aol QaA] AA7E oA 18] Qar laA] Axek weha] A
o] ofgA MZE FA3 kAol Ht 77} skt 54 o]Fo]
Ak a2l o] AFEL SHYE0| A= 141% A7} 250
Fofshe B o] FH dse AT
FAHA] Te} w5 Fopo A e Q14
H) O == WA AR T A7 A
FOR o]FoAL il = 4

A WA HofrkEo] ofmdt Q1A HAE LAl Heka Ad
2 AFsH=A]o W3 Aotk thEZA Q] o=, Jaber & Hammer
(2016b)y= 58kl 481 S50l A3t H HolA A= oo
Hols Az W o S28E ddst] "ol v ASshaL
AT59] Aol Hizo] 9SS WA Folks A(imitation)& =
AEHOR Nk X ;. & 25YEE

sixjol GARE QA NS AHe 4 glom, ol Q1A

32 on,

|

=
Z] O
80

= HojFdrk
Aol Pt AT 41K
et 2ol 27 % 71

d
il

X
o

32 o

=

b

~
i
S
o
i
0
_O|L
52

TFA3) 7= Ao|t) T, Davidson ef al.(2020)2 2% wAZ}F sk
AN F TP of| Frofdh= B¢ S, ol
R Thokeh QIMA AME rdA AY S5 38 Ut
ol HHo R HARE|E SHyith wfollA e Ztof
A = Q1A AA] izt A s ok
an & Kim(2018)2 #}o12] well 5140 apof A WiAd 42l
| EA%, F93, AMgL ofst WA, Evtaee, A3, Al
SRS AHA ANE LA HusA, sl
FRISEEEREREL ST TERE T

WA WA W BE wl vk gl
QU A eie] F w R shySo] Tjst
QU HAIS o] Sl TR s}

m
T
ru
o ©

s = O =

=
N
o rlo

Sl
En ]I)’
>
[
)
JE Y

% o
S
=Y T
M 2rlo

2

]

T L 1 T < O o [ I
N o ()
Lo,
>

off
=
O
_E\l L
o o
=2
o
-
J
N

=
&

2

>~
0%
K5
>
o,
ool
ol
ok
rir

ol
A g

1
Hox o B
£
2
i
i
2
&
=
1}
ISy
~
=
L
s
N
i
J 0
o=
i
o
—“FL
SL
s
>

[¢]
ThgollA] ARSI Rl QI4E HAES TAME Wreks
. Yoo & OhQ016)1= ZESPIEo] A Wslo] Tt RFS
b ok 2ol L7l QA PH2] FRE WRe
o] Zola FAHel PAE W ARk Bt

Gck. oleldt ATES W QA PA7t B shgel WS
) =

10 1=

A

Lo
ox
it

2 2 44 ¥ d
ox,
ol

H
2 3 BAsk GiekLewis, 2008). SHAEL on] 7% @)
Y Zlsoluh T B A4S Bshe ol el imskuA

==
e

<l
o
reom

kA AFo] FA|AQ1 ¥HeA] ofsfiE|aL 2-gE|ojof
L QJtkManz et al., 2020; Oh, 2020). £ A7} FAo) w3t ¥
WS ALY JALE Ao BN FFA o' AIRtElaIA}; Sk
oF BAo] A B, & A7 ook AHn 2 4
Aol WA ERF o|2fRh FA|AQ1 Azt WS Zro] gl
= ek 1= sgEe] shA AFof olsle Fet Wi
ANAA Aol FFeF 2150 FS HolstaL, et AgAe
o] A gYeloll= oA FFE mIAIH, TS BlEAR
FlaiAlE wAR ofH =go] FajhA| FAAer A4dd
Utk LRt ARe] Aibe ejuviet Bl wsabgol A FasHA
AL = YA 999 B35 G5k Hlole 7o 4 &
ik ofu e}, 1eha] AHo] Holshs sMIEY s SXIAF7

& /Neshks Hol= 712Aolal 187t HHE AT

L N
e K ose o koo
w ot rfr mk e X Lo ok

_E
o
ot

o

f
)
fo
N

Ho
i
=
>
E

(o3

AR 2 AelAs T mgoH A d7vh St ow
o) olfold ghex B TES o Auluglc 1 Aw, 24
710l A Q7= o)A e ol ofef 74 o] EAE Aefel
A Zurstel Tabd et wetel oieh Bmst LEHRA 5 o
AAA WRE 25 e, olF et skt e 34
A 9 A PRl e ATE A AT vl A peie
Q1412 Ao Tk AT ololA e & 4 ek S Hjol
dat SIS B gfo] T 3 By AHEL ATA2 B}
3% 2ol olojx|] grerke Ao N Qliel FA Aeole] B
3 Pl A Ejglom, AAE QX RS WX 2rAel
2ol =y HFstel 18 ST A e Aol Agol
LS ST 4 Uik ool 1lsh A A7} o] Fol A3 G

A8 A A 2t AT TP A AL FakE D Qlxjeh
2 9P Fagon Syl drks e BHS AT
o oF 4+ Qlgitk ot 2o o ATE wigoE PHek

=

FotA] 23S 2L 359 7138 kS = Qs =% et
Qlck o= HkahA Aol =2 4= 9l AAZE FAFR] A
ohlet BAHAR] A7 = 3= AR FESRAL SIS0
Ak 242 M7 E o8 wSH oz of-3stal 2E3t
alafiof 3 ofek A Woke vt o, Bzt ot
=

=

_1



Oh & Han

LT oy sSo] 2Esn ol WRSE mA(responsive
teaching) S 23] & =7} Qo Hke-A w4He shEo] 714
T Qe A4 ofje} 150] AAZE AR Tjofsla ol
A78] W alol 418 WA o R ofZolrke TAlY) ofBe %
3 Robertson et al., 2015). 2| Jaber et al(2018)-2 1}&HA] Ao
A e SIS o] Alak ofuje} JATIAE $AHOR g
a1l o2 HpEo 2 1E0] 1EkA AHS AAFAOE o] 2= 9l
Q1412 F4Hepistemic empathy)©] ThRT FElS SR v Qlrk
spAjuk o) el Tt 8, HopollA] stES] ThskA Ao o)
¥t B0 AA7E ol @A Ak, olo] el Ak ojz
R oR Ylgat 4 gheAlo] Tak g vEe Holrh. uj}
A Aol eiel SIS sk 3 2] i AL 4
238z o] e}t WSS QfsliM= ofofl HE A5t ZEs) o]
Fold Fart qlok 53] ojgfgt Aol @49 A5et Ao
AL E3 A4 AE7} Aastu skl Bek e} 7t
BG ATAGE] AAS Se Helol Wepoleln & 4 ock

2209
£ de] 2L W mgolH PA A7 IS Huny
ol B BAstel WA WS BAsH Aolglt o]

EY
Slste] Tl BRSO thal TATT 1 WES AT HAle| e}
A, 2 A, S 24P P A ofe 71 A
ool Zistol Haba ewet Hato] ek st s
ww % o AAA) HuE 25 Hola, o) T} skl eiEl
S A W 5 A Bk AR olofd $heS o 4= 9l
ok, SR Qleh A4 Afolofie Bt BAL qlom, AAS wa}
el T8 ARz alAgl aglomet s ol X

Lof| Aol e BIT 4= AU ofek= 2| 9144
Al T 1 ket Aol A e eas At
/ﬂi 0316‘1‘»—— Z"Itﬂ—olﬂ Eg—gcﬂ ]:P— }\Hi J,]_;(q_‘%_ Zﬂ:g_gb—l

=°] 5%

Aol whebA Tekd e B WEhe Bl
sl tlaket NS ofasti HAH AAIE LS
_L]

3| t1slr] ¢Jst gy WRdHe =olaldick

ZAe ;

o

oA 9, W= A, AAA ZA, ek dA

References

Ainley, M., & Ainley, J. (2011a). A cultural perspective on the structure
of student interest in science. International Journal of Science
Education, 33(1), 51-71.

Ainley, M., & Ainley, J. (2011b). Student engagement with science in early
adolescence: The contribution of enjoyment to students’ continuing
interest in learning about science. Contemporary Educational
Psychology, 36, 4-12.

Alsop, S. (2005). Beyond cartesian dualism: Encountering affect in the
teaching and learning of science. NY: Springer.

Alsop, S., & Watts, M. (2003). Science education and affect. International
Journal of Science Education, 25(9), 1043-1047.

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

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

112

Arango-Muiioz, S. (2014). The nature of epistemic feelings. Philosophical
Psychology, 27(2), 193-211.

Arghode, V., Yalvac, B., & Liew, J. (2013). Teacher empathy and science
education: A collective case study. Eurasia Journal of Mathematics,
Science & Technology Education, 9(2), 89-99.

Ato, T., & Wilkinson, W. J. (1983). Factors related to secondary school
students’ attitudes to science in Benue state of Nigeria. Research in
Science & Technological Education, 1(2), 209-220.

Barrett, L. F. (2017). How emotions are made: The secret life the brain.
New York, NY: Houghton-Mifflin-Harcourt.

Bellocchi, A., & Ritchie, S. M. (2015). “I was proud of myself that I didn’t
give up and I did it”: Experiences of pride and triumph in learning
science. Science Education, 99(4), 638-688.

Bellocchi, A., Ritchie, S. M., Tobin, K., King, D., Sandhu, M., & Henderson,
S. (2014). Emotional climate and high quality learning experiences
in science teacher education. Journal of Research in Science Teaching,
51(10), 1301-1325.

Bennett, J., & Hogarth, S. (2009). Would you want to talk to a scientist
at a party? High school students’ attitudes to school science and to
science. International Journal of Science Education, 31(14), 1975-1998.

Birnie, H. H. (1978). Identifying affective goals in science education, The
Science Teacher, 45(9), 29-33.

Bottomley, J., & Ormerod, M. B. (1977). Middle school science activities
and their association with liking for science. Education in Science,
74, 23.

Brun, G., & Kuenzle, D. (2008). Introduction: A new role for emotions in
epistemology? In G. Brun, U. Doguoglu, & Kuenzle, D. (Eds.),
Epistemology and emotions (pp. 1-31). London, UK: Routledge.

Burr, C. J. (1977) Attitudes of students in an individualised chemistry course.
Australian Science Teachers’ Journal, 23, 94-99.

Chen, S., Husnaini, S. J., & Chen, J.-J. (2020). Effects of games on students’
emotions of learning science and achievement in chemistry.
International Journal of Science Education, 42(13), 2224-2245.

Cohen, D. (1971). Can scientific attitudes be evaluated? Research in Science
Education, 1, 135-143.

Collins, R. (2004). Interaction ritual chains. Princeton, NJ: Princeton
University Press.

Cooley, C. H. (1902). Human nature and the social order. New York, NY:
Shocken.

Davidson, S. G., Jaber, L. Z., & Southerland, S. A. (2020). Emotions in
the doing of science: Exploring epistemic affect in elementary teachers’
science research experiences. Science Education, 104(6), 1008-1040.

Department for Education (1994). Science and maths: a consultation paper
on the supply and demand of newly qualified young people. London,
UK: Department for Education.

Education Research Institute, Seoul National University (1995). Education
vocabulary [11S-8F2-0JAFA]. Seoul: Haoodongseol[5}5-%5-4].
Eisenhardt, W. B. (1977). A search for the predominant causal sequence
in the interrelationship of interest in academic subjects and academic
achievement: A cross-lagged panel correlation study. Dissertation
Abstracts International Section A: Humanities and Social Sciences,

37(7-A), 4225-4226.

European Commission (2015). Science Education for Responsible
Citizenship. Retrieved from http:/ec.europa.eu/research/swafs/pdf/pub
science_education/KI-NA-26-893-EN-N.pdf.

Falk, J. H., & Adelman, L. M. (2003). Investigating the impact of prior
knowledge and interest on aquarium visitor learning. Journal of
Research in Science Teaching, 40(2), 163-176.

Fleming, M. L., & Malone, M. R. (1983). The relationship of student
characteristics and student performance in science as viewed by
meta-analysis research. Journal of Research in Science Teaching, 20(5),
481-495.

Fortus, D. (2014). Attending to affect. Journal of Research in Science
Teaching, 51(7), 821-835.

Fraser, B. J. (1977). Selection and validation of attitude scales for curriculum
evaluation. Science Education, 61(3), 317-329.

Fraser. B. J. (1978). Development of a test of science related attitudes.
Science Education, 62, 509-515.

Fraser, B. (1980). Science teacher characteristics and attitudinal outcomes.
School Science and Mathematics, 80(4), 300-308.

Fraser, B. J., & Fisher, D. L. (1983). Development and validation of short
forms of some instruments measuring student perceptions of actual
and preferred classroom learning environment. Science Education,
67(1), 115-131.

Friend, H., & Caife, J. (1983) Effect of increased laboratory times on selected
students’ attitudes toward science. Paper presented at the annual
meeting of the National Association for Research in Science Teaching,
Dallas, Texas.



A Review of the History of and Recent Trends on Emotion Research in Science Education

Frijda, N. H. (1988). The laws of emotion. American Psychologist, 43(5),
349-358.

Gardner, P. L. (1975). Attitudes to science: A review. Studies in Science
Education, 2(1), 1-41.

Gauld, C. F., & Hukins, A. A. (1980). Scientific attitudes: A review. Studies
in Science Education, 7(1), 129-161.

Gong, X., & Bergey, B. W. (2020). The dimensions and functions of
students’ achievement emotions in Chinese chemistry classrooms.
International Journal of Science Education, 42(5), 835-856.

Gross, J. J. (1998). The emerging field of emotion regulation: An integrative
review. Review of General Psychology, 2(3), 271-299.

Gruber, H. E. (1974). Darwin on man: A psychological study of scientific
creativity. Chicago, IL: University of Chicago Press.

Hadden, R. A., & Johnstone, A. H. (1982). Primary school pupils’ attitudes
to science: The years of formation. European Journal of Science
Education, 4(4), 397-407.

Han, M. H., & Kim, H. B. (2018). An introverted elementary students’
construction of epistemic affect during modeling participation patterns.
Journal of the Korean Association for Science Education, 38(2),
171-186.

Heddy, B., & Sinatra, G. (2013). Transforming misconceptions: Using
transformative experience to promote positive affect and conceptual
change in students learning about biological evolution. Science
Education, 97(5), 723-744.

Her, M. A., Oh, P. S., & Han, M. H. (2019). Exploring the epistemic
emotions of elementary-school students and the cognitive appraisal
factors leading their emotions in the process of scientific knowledge
exploration. Journal of the Korean Elementary Science Education,
38(4), 496-509.

Holstermann, N., Grube, D., & Bogeholz, S. (2009). The influence of
emotion on students’ performance in dissection exercises. Journal of
Biological Education, 43(4), 164-168.

Hookway, C. (2002). Emotions and epistemic evaluations. In P. Carruthers,
M. Siegal, & P. Carruthers, M. Siegal, & S. Stich, (Eds.), The cognitive
basis of science (pp. 251-262). Cambridge, UK: Cambridge University
Press.

Immordino-Yang, M. H., & Damasio, A. (2007). We feel, therefore we learn:
The relevance of affective and social neuroscience to education. Mind,
Brain, and Education, 1(1), 3-10.

Jaber, L. Z. (2014). Affective dynamics of students’ disciplinary engagement
in science (doctoral dissertation). Tufts University, MA.

Jaber, L. Z., & Hammer, D. (2016a). Engaging in science: A feeling for
the discipline. Journal of the Learning Sciences, 25(2), 156-202.

Jaber, L. Z., & Hammer, D. (2016b). Learning to feel like a scientist. Science
Education, 100(2), 189-220.

Jaber, L. Z., Southerland, S., & Dake, F. (2018). Cultivating epistemic
empathy in preservice teacher education. Teaching and Teacher
Education, 72, 13-23.

Johnson, P. G. (1962). The goals of science education. Theory into Practice,
1(5), 239-244.

Jordan, B., & Henderson, A. (1995). Interaction analysis: Foundations and
practice. The Journal of the Learning Sciences, 4(1), 39-103.

Kim, D. H., & Kim, H. N. (2013). Analysis of science academic emotion
of elementary students. Journal of the Korean Association for Science
Education, 33(2), 444-465.

Kim, Y. C. (2016). Qualitative research methodology 1. (3rd ed.). Paju:
Academy Press.

King, D., Ritchie, S., Sandhu, M., & Henderson, S. (2015). Emotionally
intense science activities. International Journal of Science Education,
37(12), 1886-1914.

King, D., Ritchie, S. M., Sandhu, M., Henderson, S., Boland, B. (2017).
Temporality of emotion: Antecedent and successive variants of
frustration when learning chemistry. Science Education, 101(4),
639-672.

Klopfer. L. E. (1976). A structure for the affective domain in relation to
science education. Science Education, 60, 299-312.

Koballa, T. R. Jr. (1988). Attitude and related concepts in science education.
Science Education, 72(2), 115-126.

Koballa, T. R. Jr., & Crawley, F. E. (1985). The influence of attitude on
science teaching and learning. School Science and Mathematics, 85(3),
222-232.

Krathwohl, D. R., Bloom, B. S., & Masia, B. S. (1964). Taxonomy of
educational objectives, Handbook II: Affective domain. New York,
NY: David McKay.

Laforgia, J. (1988). The affective domain related to science education and
its evaluation. Science Education, 72(4), 407-421.

Lamminpisd, J., & Vesterinen, V.-M. (2018). The use of humour during a
collaborative inquiry. International Journal of Science Education,

40(14), 1718-1735.

Lee, J., & Kang, H. (2018). An analysis of types of scientific humors made
by scientifically-gifted elementary school students and their
perceptions of the making scientific humor. Journal of the Korean
Elementary Science Education, 37(3), 267-284.

Lewis, M. (2008). Self-conscious emotions: Embarrassment, pride, shame,
and guilt. In M. Lewis, J. M. Haviland-Jones, & L. Feldman Barrett
(Eds.), Handbook of emotions (pp. 742.756). New York, NY: The
Guilford Press.

Luce, M. R., & Hsi, S. (2015). Science-relevant curiosity expression and
interest in science: An exploratory study. Science Education, 99(1),
70-97.

Manz, E., Lehrer, R., and Schauble, L. (2020). Rethinking the classroom
science investigation. Journal of Research in Science Teaching, 57(7),
1148-1174.

Maria, F., dos Santos, T, & Mortimer, E. F. (2003). How emotions shape
the relationship between a chemistry teacher and her high school
students. International Journal of Science Education, 25(9), 1095-1110.

Mallinson, G. G., & van Dragt, H. (1952). Stability of high-school students’
interests in science and in mathematics. The School Review, 60(6),
362-367.

Miller, E., Manz, E., Russ, R., Stroupe, D., & Berland, L. (2018). Addressing
the epistemic elephant in the room: Epistemic agency and the next
generation science standards. Journal of Research in Science Teaching,
55(7), 1053-1075.

Milne, C., & Otieno, T. (2007). Understanding engagement: Science
demonstrations and emotional energy. Science Education, 91(4),

523-553.

Ministry of Education (1997). Science curriculum. Seoul: Ministry of
Education.

Ministry of Education (2015). Science curriculum. Sejong: Ministry of
Education.

Ministry of Education and Human Resources Development (2012). Science
curriculum. Seoul: Ministry of Education, Science and Technology.

Morris, H. (2014). Socioscientific issues and multidisciplinarity in school
science textbooks. International Journal of Science Education, 36(7),
1137-1158.

Muis, K. R., Chevrier, M., & Singh, C. A. (2018). The role of epistemic
emotions in personal epistemology and self-regulated learning.
Educational Psychologist, 53(3), 165-184.

National Research Council (1996). National Science Education Standards.
Washington, DC: National Academy Press.

National Research Council (2015). Science Teachers’ Learning. Washington,
DC: National Academics Press.

NGSS Lead States (2013). The Next Generation Science Standards: For
states, by states. Washington, DC: National Academies Press.
Nieswandt, M. (2007). Student affect and conceptual understanding in
learning chemistry. Journal of Research in Science Teaching, 44(7),

908-937.

Noll, V. H. (1933). The habit of scientific thinking. Teachers College Record,
35, 1-9.

Noll, V. H. (1935). Measuring the scientific attitude. Journal of Abnormal
and Social Psychology, 30, 145-154.

Oh, P. S. (2020). A critical review of the skill-based approach to scientific
inquiry. Journal of the Korean Association for Science Education,
40(2), 141-150.

Ormerod, M. B., & Duckworth, D. (1975). Pupils’ attitudes to science.
Slough, UK: National Foundation for Educational Research.
Osborne, J., Simon, S., & Collins, S. (2003). Attitudes towards science: A
review of the literature and its implications. International Journal of

Science Education, 25(9), 1049-1079.

Pearce, E., Stewart, M., Malkoc, U., Ivy, R., & Weinburgh, M. (2020).
Utilizing a dynamic model of food chains to enhance English learners’
science knowledge and language construction. International Journal of
Science and Mathematics Education, 18, 887-901.

Pekrun, R. (2006). The control-value theory of achievement emotions:
Assumptions, corollaries, and implications for education research and
practice. Educational Psychology Review, 18, 315-341.

Pekrun, R., Goetz, T., Titz, W., & Perry, R. P. (2002). Academic emotions
in students’ self- regulated learning and achievement: A program of
qualitative and quantitative research. Educational Psychologist, 37(2),
91-105.

Peterson, R. W., & Carlson, G. R. (1979). A summary of research in science
education-1977. Science Education, 63, 429-550.

Ritchie, S., Hudson, P., Bellocchi, A., Henderson, S., King, D., & Tobin,
K. (2016). Evolution of self-reporting methods for identifying discrete
emotions in science classrooms. Cultural Studies of Science Education,
11(3), 577-593.

113



Oh & Han

Ritchie, S. M., Tobin, K., Hudson, P., Roth, W.-M., & Mergard, V. (2011).
Reproducing successful rituals in bad times: Exploring emotional
interactions of a new science teacher. 95(4), 745-765.

Ritchie, S. M., Tobin, K., Sandhu, M., Sandhu, S., Henderson, S., & Roth,
W.-M. (2013). Emotional arousal of beginning physics teachers during
extended experimental investigations. Journal of Research in Science
Teaching, 50(2), 137-161.

Robertson, A. D., Scherr, R. E., & Hammer, D. (2015). Responsive teaching
in science and mathematics. New York, NY: Routledge.

Roth, W.-M., Ritchie, S. M., Hudson, P., & Mergard, V. (2011). A study
of laughter in science lessons. Journal of Research in Science Teaching,
43(5), 437-458.

Schibeci, R. A. (1984). Attitudes to science: An update. Studies in Science
Education, 11(1), 26-59.

Schibeci, R. A. & Riley, J. P. (1986) Influence of student background on
science attitudes and achievement. Journal of Research in Science
Teaching, 23(3), 177-187.

Schutz, P. A., & Pekrun, R. (Eds). (2007). Emotion in education. Amsterdam,
The Netherlands: Academic Press.

Sears, P. B., & Kessen, W. (1964). Statement of purposes and objectives
of science education in school. Journal of Research in Science
Teaching, 2(1), 3-6.

Shrigley, R. L., Koballa, T. R., & Simpson, R. D. (1988). Defining attitude
for science educators. Journal of Research in Science Teaching, 25(8),
659-678.

Simpson, R. D., Koballa, T. R., Oliver, J. S., & Crawley, F. E. (1995).
Research on the affective dimensions of science learning. In D. Gabel
(Ed.), Handbook of research on science teaching and learning (pp.
211-234). New York, NY: Macmillan.

Sinatra, G. M., Broughton, S. H., & Lombardi, D. (2014). Emotions in
science education. In Pekrun R., & Linnenbrink-Garcia, L. (Eds.),
International handbook of emotions in education (pp. 415-436). New
York, NY: Routledge.

Song, J., Kang, S., Kwak, Y., Kim, D., Kim, S., Na, J., Do, J., Min, B.,

114

Park, S., Bae, S., Son, Y., Son, J.,, Oh, P, Lee, J., Lee, H., Lim,
H., Jung, D., Jung, J., Kim, J., & Jung, Y. (2019). Contents and features
of ‘Korean science education standards (KSES)’ for the next
generation. Journal of the Korean Association for Science Education,
39(3), 465-478.

Tomas, L., Rigano, D., Ritchie, S. M. (2016). Students’ regulation of their
emotions in a science classroom. Journal of Research in Science
Teaching, 53(2), 234-260.

Turner, J. H. (2007). Human emotions: A sociological theory. New York,
NY: Routledge.

Turner, J. H. (2009). The sociology of emotions: Basic theoretical arguments.
Emotion Review, 1(4), 340-354.

Volet, S., Seghezzi, C., & Ritchie, S. (2019). Positive emotions in student-led
collaborative science activities: Relating types and sources of emotions
to engagement in learning. Studies in Higher Education, 44(10), 1734~
1746.

Webb, S. C. (1951). A generalized scale for measuring interest in science
subjects. Educational and Psychological Measurement, 11(3), 456-469.

Yoo, Y., & Oh, P. S. (2016). Effects of modeling-based science inquiry
instruction on elementary students’ learning in the unit of seasonal
changes. Journal of the Korean Elementary Science Education, 35(2),
265-276.

Zembylas, M. (2004). Young children’s emotional practices while engaged
in long-term science investigation. Journal of Research in Science
Teaching, 41(7), 693-719.



