Journal of the Korean Association for Science Education, 39(2), 249~261, 2019

fskxiel 2| shiZ&

o
o

TEHOIM EHUE Bfst T

ES|IM, ZbMZ

S et

Scientific Empathy Discovered in Scientists’ Problem-Solving Process

Heesun Yang, Seong-Joo Kang’
Korea National University of Education

ARTICLE INFO ABSTRACT

Article history:

Received 16 February 2019
Received in revised form
25 February 2019

14 March 2019

Accepted 25 March 2019

Keywords:

Scientific empathy, Problem
Solving Process, Case study of
scientists’ problem-solving,
Explore empathy elements

The purpose of this study is to extract empathy factor in scientists’ problem-solving process and to examine
how the empathy factor influences scientists’ problem-solving situation. In this study, we selected six
common persons among the scientists mentioned by creativity researchers. And through their
autobiographies and biographies, we extracted elements of empathy from their case of problem-solving
and categorized them. We analyzed cases from 12 books and 50 papers using Davis’ empathy scale
as an analysis framework and extracted common factors. As a result, the scientific empathy elements
were extracted from a total of 182 cases, and 33 common elements were found. The validity of this
case was verified through the content validity test of the science education specialist group. As a result,
the I-CVI average was .86 and the S-CVI average was .90. For the empathy elements that scientists
used in problem-solving cases, in cognitive empathy, three elements (empathy through other disciplines,
empathy from the perspective of the research object, accommodating others’ opinions) were extracted

in terms of perspective-taking, and three elements (imagination thought experiment based on observation,
thought experiment, feeling like part of object) in fantasy. And in affective empathy, three elements
(influenced by fellow researchers’ motivation, touching from the subject, excitement studying more) were
extracted in terms of empathic concern and two elements (heartache for others’ failure in their research,
sensitivity to problems) in personal depression. This could not be said to be a perfect match for Davis’
empathy, but it would be possible to define the scientific empathy elements based on these common
elements found in the scientists’ cases.
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4 A @ 4E F7ho|thEisenberg & Miller, 1987). 3+ #F0]AQ]
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YA = 78 AR,
2014) o]xaf= Wi wHlRk Ao]
JJr?Z A sfAae] gk ¢4 5& o Qlota] At Fofear
Sk = qlek efjushd, etollAl= B #ofoll Hlsl A sidel thgt
Za4o] Mo QAT glom, BA| Wit g4 2 1 92
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£ et gel et Ae] Gejo] Basle] Helata Folo] Fa
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Sl (e.g., Roth, 2007), 2| B AR Q7M1= ZF=s6tal
QItHDriver et al., 1994; Jimenez-Aleixandre ef al., 2000; Lemke,
1995; Newton & Wells, 1999; NRC, 1996, 2011; Zembal-Saul et
al, 2002). SR AB7HHe) Tt KoM BHYe] AAAlolt 7))
o a9k 22 XA o] that A7} Zol YA A%EUH
Aol ulstod, ekl Aol sHIEe] Afeld St QX Holn]
A o] thek AT ofx] Tl BhgEA Ralsict. of
off oka] §7E sk 11 Sol Uehbs B2 tislel 47
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A S B ST Ao 88 AT Aol
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7} oAz wje] Bkt e olollA] SR 2] SIE
CHTurner, 2009). 2%, TspE0] 5] SjATgolA QA% =@
o} A Z0) o 29 Sl AT} AL Holof siol, o] &
Afole] S =5 o] tigh aho] Had Zlojoh

= = od

O!

250

TR olejh SHolAE vhe: -84 Tt B4 ad 7)Alzk
a4 glck ol FANEel et Aol thste] shas
7] ol ok glovt QA Bt HAA Fadoleks A o
£ 849} Baow ZAschs Ho rﬂoﬁxﬂ: o7l A7} Leht

31 QJtiDavis, 1980; Hoffman, 1984). QI1x|& FZF o] djslo]
Howe(2012)%= £f9le] QJapoll ) AHaRe: vleks 1, APsHL, ARt
= A0@ Ao tfgt 2t 9l4lol o $HL Fi 2lxzel 4
o] 3pgolekar siairk olof Wlsjo] HAIH kS ERRle] ng 4
Bhs FABEHE A1Bao] disimulation) Tgo] H o] Pojsir
31 tH(Shamay-Tsoory ef al., 2009). =, 579] QR4 ZHolL; &
A2 20 0%, FEHeR B} B Aol dielol wr 2]
Aa7] glstel AH ot B BT UL &
ek 9ol Qe THEe) A shdTgel TekEe) Al
= 32y Afel 2 A} Siisll QAR 3 R sloh
317] wie], ojgfgt St AjolE Hol= F AlagS ddsE
= 84 ash Gz S| E4S WgE 4= glojoR & Alo|
ok A=, dAFels FAE B7|A| =AY Sl etAEe] &
Al sid Aol A vzl =A Z-8d Aotk
whebA Zefojtal Qe HealEe 24 siEAElE 24
st 59| RS FE3IAL ol 245 sl A8
WS ke A2 et w9l SHoflA v Fa%t on|7t ol&
Aotk ol & A= HshAkEe] #Al siE Il S AA
Zolu] HAHQ1 MO ZA| oE A & 5}'7 A=Al st} 4
Sl stk ol glsjol ofglel 2o ATEAE AHaI
1 Bekarse) 2] 812 Bell A Batel QA AAH aavt
FAHOE ol ARLZ et
2. 3% Al ZollM oluet B 247} 9lon] o) Fls)
= 319 2o ojujg ASe] gl
3. 35 PSS FUALSE AR Fasel T of
wgk MEE SHOR bl
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I A7

Thebsol 24 AT ATshe Wil Talxie] et
Alal IS A7)l AR BWEs= HE(Observations of Ongoing
Discovery), &kl AH&g EAsk= IAR  7]<&(Historical
Accounts) i, FAIE 21 stollA AFE AR AollA A
AT T = A4l ol9(Laboratory Studies), 7}3k&ke] dr
A 4L A% me2 e ub So| 9lrkKlahr & Simon,
1999). o] ¢Itoll= AR 7l WS of8ste] et wsahof
A Apole] M W on] Sk Tekat 63} BT oS ZA
AL, 259 A 2 olA Uehd o] tsf dobidaiat

B ool M thee] ZA0 2Aste] ol TskAE Agets
o R, 9 ATkE @ w2l Exsjol gtk B, B,
sjst, TS, Agiste] ok ARk A, 174)7] 27]



Table 1. The Criteria for selecting scientists
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gul. 3o i i
=0k FEAHEFA7) g&&i (;(?]1]3])1’ (1C9(§;) (11(;2;) Man5132§i)Busse ?2481333
Z8d|o] (G. Galilei):1564-1642 v v v
%F/]i}: A& (J. Kepler):1572-1630 4 v
A7}
o}9l<+EQI(A Einstein): 1879-1955 v v v
- 2lLolxof|(A. Lavoisier): 1743-1794 v v
A;;iﬁ t}9)(C. Darwin): 1809-1882 v v v
Sk(J. Watson): 1928- v v v
Table 2. Interpersonal Reactivity Index (Davis, 1980)
34 519 84 -8
ST WA #s}7] (Perspective-taking: PT) A 4 e WS FeiEEe A
/4733}7] (Fantasy: FN), SR A SoA =e AdelEe B
AAH 27 342 ¥4 (Bmpathic concern: EC) A} AgFAQl S8 =)l B3 Bl s WS 2= A
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oz o] AAE sk R L) Eelstn) 2| Laske]
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Haha, shelat TSl Al eiolxlol(A. Lavoisier), THAC.
Darwin), Sk(J. Watson)S A143+sich

2, g 24

o|% 69 WIAte] BA) 2 APl Bl 84T B4
Slstol 2t BSALES] AT A7) W A5 o] FOT HAE
S AR oAl 159 A shdabgol Seld 4 (S 4
Atk TR 2 TELASA Mo 2wt o] SlElo] gl
A5 67, 7} PEHB] A B Ay M 67 T2l S
W Aol IR, O B, e B4 R
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3. 2 if ol 2ieixiEe] 37 IS RAREP | et E71E
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U SRS Bafsl] Sfe 27k et 2k 4L B
247} U] Slaaa)
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7kA 9] TS ou|shH(Basadur, 1994), H41E2] L7+ Davis9]
chiAel BURES Bgstel 2 aiebol 4] s 4] ot
o] EA48laLA} s3Itk Davis= S4s2 ol tsto] 532491 o]
22 A5 T(Davis, 1980), 0 S ThH AfolA F5d =
= &0l thgsiAl E-83to =i Slskar QlK(Park, 2004). o]

X ¥

S Aol THAAE THSIL o]F 4, 35510 7 At
sl 2, 3714 ARIE AAISHE WAleR Assiolnh B B e
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AT U SESISICL 8 RSl B8] Frase
Holt- QIS ST FEE B S9lasER 2 He

dl

Sof IS T Helele) 22 Tk EAAAY 200
det BERe] tiet g Helsha BAST: EEL B Al

Ae RIS 2AE ul, deHEd A siEdEE
Basadur(1994)2] o]2& AR gAE o] A2 Aestgt

Basadur(1994)+= CPSol 20| A3t} Zoj%] &4 sfdS Q%
A 318, S AXSS AA Y] 282 F 7] diFE Aol 9
Aoz 2Hgsh= oz Foshal o5 A W, ofotof *ﬁ*é,
A, A dAR Wit A EAGA A= A9, ofol
tojAl/do] s fal Hekal, ofojrjo] e o)X= ofelr|of
A B AL A A= AR} ofoltfo] ke el 3
xof glom, npx|uf A ThHAl A= ofelt]o] F7Ie} ool ¢
Rk Sigich of Bl 312 AgE AR WSS AR
o WARE B7FasR AR thet PelehTable 3)
23| 51 Aol 2AeiRiSe| 7ol chet LHBEIRHY 13
SR B4 slarelelAe] B7kadke] digt YeEgE 4
Z2 Slsh, shg AR 1910k Bt g wpakaby 290 W A
4 30lom PHE AR/l W9e AFSt WE ek
I-CVI(item-level content validity index)2} S-CVI(scale-level content
validity index) 0.2 AFE39ich WEEIGE A= AR} ZdtoA|
7} gapo] S FANEE Anhh 2 wadsha ] AET
TG W HES TOIA 47 Aole] AAHER LAsH-
HPoltH(Lynn, 1986). 7k B3-S ul$- A sir@d)y, A Asiri(3
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Table 3. Empathy factors related to problem-solving steps

394 24 A e
A g9l T
- e SRR W FIPT), AN
24w ARl A ANGS, ololelo] Y T
ofolclo] 44 Aol Ot NS, ofoltlol 44 elAd a4 4 17 I(PT), AN
A% 43 Aol Ot AAEE, ofoldlol W A a4 2 717 I(PT), AN
; e . QH a4 W FAPT), N
@ U SR AASS, ORI BT S as F14 AEC), 7118 Z5(PD)

Table 4. An example of a professional questionnaire for the validation of the content validity of empathic cases in the

problem solving situation of scientists (Lynn, 1986)
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uk3ie ofal alo] lold Aol LelLt Iefolshets)
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(Da1w1n E-E 1838, p. 71, p. 118; Ruse 2010, p. 2999]|4] #|21-L)

A2 HE

Ay, AR ek, s A Srek14) ) 43 Likert
A2 PGrlsto] W-8EF = X]4(Content Validity Index [CVI))E
ATk 391 olife] HEAIE thom Ass 49, LOVIE 78

oA}, S-CVI= 900]4to] Aaat Aoz HrkLynn, 1986). 121
ghgee] 4% Al Aol diat Brkase] efkao] Tt %7}
7 FE Aol AXE FASAU F7ER 84| diste] AS
F715)erk ok AR} ko] AEshEA AXE Aot Bak
oF /g Arial AT, ofof thet o AS AXE & Ze ol
Skl olef e WS WHESto] WsIAES] SAkE A sl
248 FEs9

1 Ay, F 153719 AlE(AEH L 2170, A1, oRIrER]
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B AR 90 Aol B 319104 ojele] o)
E Yuig A= A= B4 didolA AlLfsigiet shAek 22
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o 7t FAAH7E &3t 33e] St 11 Ao 7|9 =g st
olE U8EER Sl Itk 11 5 WA Ffsh]el sidshe e
X7} Table 42} Zth

TehA Aol oIt Hetus e WeEEE HE A
I} I-CVI B2 .86, S-CVI Ht .90 gho] Fl= k. shAt o]
S LCVIZL 78 m]Rte] Algof] thefAl= T19f ulssgt aQlo e F5%
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1. ZeiRiS0| B sizol Ligfts 2%e4

akarse) 24 ad Aol WAsh Tk Bk FolA
2% Qelo@ et 7+ e tsjo] 2 Ul Bk Zlo] Ut
o ot AREe] tslel Davise] FUHES TR QXA 37
a0l AAAH g7hasE BRI AXshE olde} Zri(Table 5)

=
=

7t W #Hsp)

B Hsbl9 o2 Aol Ao Baol gEg Apurow
el H e A3 WathDavis, 1980). ZZA7F 2aTAke] Q1%
oAl TR A TS RES She Q1A HeFoRA] BAE A%
Hog et & 4 9l ol4AQl Feroleka wak 4 gk oo
HapEo] BAE 2sty] Slstel AHale] WS Asteka 45t
L oL o2 S Hop Fald A shag BEe Syt
A, Shthe] ol BAIZ vlehht A9, xjato s e
AR Se 51 BEE Uehgeh

=
—

JNJ

11

D) THE ShE Hops B9 34

B0 BAS WASAG BAS dshe el ok
alo] YL BESHE A97h Uitk AH4le] AT Hof ojgje]

2 o7 BHS B8] A0 AT FAE Sshs o

oI AjAlo] Fgt AelilEiae Awsly) $istel Take the
soko] ATebd TEHATH 1). Zellolo] A9 AN B
AL glstel, 71445 A% wRor 15 gaow 7],
A%, ofet 5o tislel EEStEA AAle] ATEA 1 S
3k Al7ickSong, 2007). 3 AZel S8te] AAEA ola)E B
3 ejeby Aol 45te] AfEe $-83 AUA Puoleks
M AgoR BAIS SaskickKim, 1997). eHolxlole] 4
o= i 7155 ekl SRS ALS kel Red 4
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; Bre] s ol THE Alete] TS Eslel AAle]
AS s A e BEhe oA, ThE Alkgo) A
Zolu} QAkE ALY mhe] EASH: QXA Fawt Az
(Blair, 2005; Smith, 2006).

(ol 1) ct2lol oE &E =ok

ujn

=&t 3%

Ho
AT

- dato] Bofe ¥ glojalo] A A BHS mEn, A5 ol 24l
Aol & BAHE] wolo| BZ] mE AMLE Sl o] 4| AA|S
Sfgshet golunl ol E & Alrks AZke Jtk...Hhe Ho]
Zio] Fdde]ol wpet obrd o] E glo] Wiet AHdE . 53]
2ESQ] AE] Pl A BES Y, dldt ARSARY YajAlet 2H
3= AL, thdo] X EAE B8 4K Darwin, 1887).

2) AFre] WA w4

At S Foto] 3 AT HetRe oRlqrER]
o) Hfseajolet, 1 of 20 Uieh 2 AriolEe] 27 el
5171 fieto] ohekek Ak AES ARSI ofuf A5 85|
HHo] zpilo] 1 At FAIES] BolA AHZtsl= Zo|tHRoot-
Bernstein & Root-Bernstein, 2007). A1 tjAata} SUA] E =7o]
ohd, 7590 BHo|A] AT oz ABRS HlgtH L Zlolt) o]
S ol oLl A SR 19k el
785 Aol st ol tisiA Bege] et ol sk

AEA1S] AN EAE vk Hal sl AES BARBHEA 1
FollA WHAEE mope] Aeje] Yol 50| ol Helsl

£ go| tajgriDarwin, 1887). o|2|gk EEE ARSI B

= 5% Ao o, WsiakEe] Al 4 di e 919
%OP At e =As Ao R ofsfst = A e
o 2AIE siEgh AelckKim, 2015).

=il

(off 2) ofelsrElRlel AT Haol BHuM S&

- i A @] ofep ook A St (.t 5
o] Bk} ARFE: FloiAA WHECH A TAR, B, %5, U]
o] Aol ol B 3119 Yol Ll H =Ag 4
She BEg Al Zlohaich EfwEo] 231 EHO| RS Sl
Fol B7ES Bl BE g Re BYT How aemu} ey

o] Alu|22e- QleS Zhgaly] ujRo] oz} EgmzIe) Ho] HeF
Q1A TH Traite Elememtaire de Cucher, 1793: as cited in Lee, 2014). o] FoiFl7] HEolch o)A B} Aj7ke] 431 Mo Fs do)
B ool g olfelol Ang B0 BAS sl 801 ARAS Byshecitscon 2009
Table 5. Empathy element of Scientist extracted through critical incident technique analysis
EAAE Zdeo] A= OFQIFFELQl  2HfolA| o o =
Davis®] 2794 st QA
o2 S RokE B9 3 v v v v
W Fsh] Aol WA 4 v v
ohe Aol oA 4+ v v
W 2AY MY v
k& A1 v v v
3}7]
A el digt f71A14 =4 v
B2 A7 oo me ukg v
A Bl Aol et s v
o Agtelal 42 SR v v v v
ol 714 ERIO] At Aafol et SHT 1 v v
Aol gk Rz v v v v v
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3) o2 AR o 8

S Aghehs thE WA SR BRI oAS 8ok SHo
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7F o5 UA FEIYs SRlsklE St 2=)(Crick) 221
ojduto] &l o] Hirks FARE(L 2ok o A
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Table 6. The active and passive empathy elements extracted from the problem-solving situation of scientists
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Table 7. The personal and interpersonal empathy elements extracted from the problem-solving situation of scientists
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