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The Features of Intuitive Thinking Emerged During Problem Solving Activities
About Thermal Phenomena:
When Intuitive Thinking Appears and How it is Related to Logical Thinking
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‘é’; tcigi‘e]egis {ZWMay 2017 The purpose of this study is to investigate the features of elementary students’ intuitive thinking emerged

during problem solving activities as it related to thermal phenomena, focusing on when intuitive thinking

Received in revised form appears and how it is related to logical thinking. For this, we presented a problem related to thermal

12 June 2017

2 ] 2017 phenomena to nine Sth-grade students, and examined how students’ thinking emerged in the activities.
A uI;e 4277 2017 We conducted clinical interviews to investigate the thinking process of students. The results of this study
Kg)(jfvpof s une are as follows. First, students made their own solutions and justified it later during the emergence process

of intuitive thinking. It was also found that students connected concrete materials and abstract concepts
intuitively. They solved the problem by making predictions even when information is insufficient. Second,
it was shown that intuitive thinking can emerge through the intended strategies such as drawing a mental
image, thinking from a different perspective, and integrating methods. These results, which are related
to the students’ intuitive thinking has received little attention and will be the basis for helping students
in the context of discovery of their problem solving activities.
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| M= Shxst ete] 2m7} AT Fa UATUOR o|Fojxi e
ofUitk. We} AQlo] WIsh Klslr} Bera Wl o QI

“Z1ZH(ntuitions) A4AFZ AfO| 22 (essential feature)O|H, 1 2| ko] Az ojoix]7] flsiis, W W ZE the HshAkEolAl
Ol 2OlLt =A}2 HJE|7| 2ol LIEFACTE” (Einstein, quoted in Asta 2o5hs o] 4aubE] oo dhtl(Han, 2010; Hoyningen,
Root-Bernstein & Root-Bernstein, 1999, p. 5) 2006; Popper, 1959; Reichenbach, 1938). &, 7lj¢lo] ¥FASE Zlof tff
3 ThE TSI} Bfate] QlojR AESR HEShe TS AHok

Beh) oRIFEIIS A7) AnRE WAk AMISEL WO wjma meld wdoma] O /IS oIS A ol Zlojth

SR WS P B ofgA] gxjof tial] 19lshk= dolA] Reichenbach (1938)+= o]2{&t Wtollx] sz BEAo] 1}A)S B
B B BAIE slldske Bt olE& stk Greene, W context of discovery)¥} AFs}Fe] WS context of justification)
1999). 53] = A8t o2 Wshs IollAe] ZAsE Wl oz sle] st} vhAo] Wete] 2|7kl AAFE o] 2kesled

gt =72 W& FFs] o, WAL “=2F 2] opd oy o228 AWzIs|AL 1olsle SHEolabH, Auslo] Wkl g

QA AL E5)| AU 71531 (Einstein & Seeling, 1995, p. 226).°31 9} SRS HlEro 2 T 0|2 FrAY Al =S o)n)
7|%3t5iet ofelgt WetellA] oflfrERRIS] BTN o] 20 W $TH(Han, 2010; Hoyningen, 2006). ©]A¥ T}ate] 2wt 2ge
ol ol sh el gk Hctan & 5 QUIE oRlirEel gl wdda el B9 49 e B4 4UE 4 oo
o] YUzt 2 Foto] weHA LS o Foidl AR o (Poincaré, 1908/1914).

= o9 -L‘%"lmﬂ*i WA A = A S S0l fEPPE dek Fstoll A o] wet gste) migto] Fashy, ek 13}
9] g5 Wk of27|wd| A0 U3}, ol &p4le] HelE o Fx] k2 A Aok st 2AK(Schwab, 1962)S wEchy T8t
=3l e He EuA Ao £ 25 HAT AZHY A8 g0 Al E o] F 71x] ek} Alas 20514 thRoj#jof 3t
5 YeH] Hhdo] tiet daksolle Alte] FaskA JTa s At t} o2 Sol, IS IR R SIS BAeld aE B
wEel Bel 5 8etH(Shepard, 1978). AAe] AvutelS = W] wet) o2 s wivo] Blgdt
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3’6‘}7-]] ZL&E}E}— —% I_VE%’G}ES(Polanyl, 1958), sHES
QA EABES olE7] $siMe BAIEE A =24
ofla} Z3HA Atate] disfiME ¢ Al thFold Fart

o M BN X
& OE o N ruki

5]

>
s

P2

(=X

SRolw Bska A7) TSIl st Bzt
H TEe AT weldel ouset 2 Zxsl gn
(Bruner, 1960; Fensham & Marton, 1992; Marton et al., 1994). ©]&
5}- E_'.Xﬂ /K]-i]— .ﬁ‘\_oﬂ }\—] jl]-’é‘]—’é:]—é.oﬂ }\—‘ l:ﬂ-Z] _04 UHE]—-Q- 71‘}_’6‘]—-‘: ‘S‘E.Ol
A% UER7] ASSITAAAS, 1989). ol Sol, Bl s
ol Ahe] eto] ZEE AEA WAL HTS Stewart
& Hafher, 1991), SPIZ9] WAl Zgo] o]Fod 4= Q=S sfof
it F4o] et Hafner & Stewart, 1995). &, AE71=9]
Sl Aol M2 Ab7h Aol S8k SH 24 Clement,
1994), Sk5AE Ang ZAE sfdshs YoM ssd o= A
A AE gato] Wrie] MRS AU 7|5E 2ES sof @
Che Zpolt Bt 22 g aiae] Hetolx HThA Ao 71
3} 3tof| thgh A7k g4 o]FA| AL IthBrock, 2015; Clement,

32

1) 224 Apintitive thinking)o} 2} Pintition) o] §oli= HELAs, Hakig
S ofe] SHE Bopol A T} WAoR AL SjHEol gk Tjshst
BoplAE AP AlleRs BolRehE HHolehs ol #2 AFEE]o]
$kom(q: Poincaré, 1905/1907; Popper, 1959, Tallant, 2013, 2014), 1 2ju]
E tjoksl wpA o2 3§45l cHPoincaré, 1905/1907) ¢|& Eo], Poincaré
(1905/1907)= &2 —’?——’,‘— ZHpure intuition)¥} 7z} 2T sensible
intuition) © & TLE3ITE &4 Aol &3t =a]A] AAS 2 FTo
24 g24e] E52 A g Aol A1tel wg, % AYsh Pherk

oAl &4 X-H:LS TFEZ} olopr]gt M H(a prlOHH %‘é% Zrom(Lee,

2005), TFFARlIAS] et WHEo] o] A sidE 4= %T’/k wh, 77t

Ak AHY Faks W A Ho R g a9 AltSolA HHe =77t

Heh AREES o] 7] @4 dasks o] Aol AlRE A& Ixdst

71 sj=d, o] u] AMHEE Zo] ZZHTIolT) S Hokig opolis

22k} T 2 Apel ofet Sl Wol AMgElul, 1 ol A}

o 254 G3tth olE Sol, 293 AH(physical intuition)©] oJn|Z &

S ARESHE AR Q131(4: Clement, 2008; Larsson & Tibell, 2015),

g A9 AL shbe] S Aeeln Al ArAe ekl

Marton et al., 1994). E3F T 80| £ 831 A1AE% oKl Bruner,

1960; Brock, 2015, Yair & Yair, 2004). 31, #}8tuL- Holo|x= W82

2o 28L T SISO TAAIAoRE A B shRA Ml

7397F Wkt kA AfarE(scientific thinking)2- 2015 2k} w8317 of

A YA & shUE AIAE W (Ministry of Education, 2015), 3HE50]

A SE(skill) o2 o ARICE 3 A Alal(critical thinking)@} =

2]4] Akal(logical thinking/reasoning)= ¥}8t-2oflA SHYE0] ek & &

5 ES o SYoRA B ZEr) 2, ofee ALES RN

wek Aokt elo.2A) Aarde] oulS whn gk 2 4 otk ol

SA E;Qoﬂ ZAS & ARA A= ERjol|A on| Q= weA A

o] AFE & 0}01] X‘-\—]-X" ARALE 7|2 A= @Zof| 4] Poincaré (1905/1907)

7} 153t 7H2F A (sensible intuition)o] ZE-¥3H= AL} oJuj7 B 4

Q1% Aolck olelat WeellH, o B o7t Wash =eke] ofx]7h 9l

Ak, 2 ol ThtSolA] SN AL B ShbRA] KB Al

of gojg ahHal AMEStLA g,
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2008). & =©1, Brock (2015)> A|2H4] ALLE wlj-¢- 31 2]
2204 9] 9FE2]Q] FH(tacit hunch)o]L} =Z(feeling) &2 A ol& &}

=, ol2gt Holur =S Aust she dgollA] gl it
o]3f|(conceptual understanding)E %‘—OEJ 4 Jotat stk Clement
(2008)= 22 AfaLE =24 @S siAshe £7|ri(schema) 2|
Hfeolal 11, TsteigolH Lt 1k Aje] ojaks 1A
319tk B3] 1 53 (analogy) S E3] 9L o|slk= THgolA]
A AfE SHYER shofg Hlf-E(analog) Y} H3EE(target) 9]
Aol tiet il 2 sk, o5 F3f olsiilths =S AlE
ao] A ofalol =S Zrhi skl

SHAINE 712 SIS GRS AP Abav} ksl BT
A A} e Sofl ek ojala) 7)o 248 wolg
ThBrock, 2015; Clement, 2008). ¢]&= A& Alar} EA41E sf4s5H
© ol A7) AREAE verd & ohdel, Al YeREA| Y=
3171 o] 7] wjEo]thRoot-Bernstein & Root-Bernstein, 1999). o]
A AR Azt Jeks 343 ke sk Zlo] ofg7]
ol AS7hA]l 2] Az A E A Y= S0 dish
3 AGEL wx] ool ol Brdtal A Afa) db
= BP0l ek S0l Had Ale] Wl 3AZ
e 020 38 4 ek PSS K $AD

Bk E]h AYSLO. 011‘E] P%LO 7]]-‘7 A3}
ﬂ

H(Fischbein, 1987), 2]t ]
& AghRrks A5 Aste] sHiSel Brk W4 A% Sold

2y 0w gtk ofof i Aol A At &
HEE 4 Qle BA e mA, S0l A SolA A 1
5 e & Aol FESIGICE F AR 6““501 St ke Aot
7] olAE A FAE 4= U= W53 sfdo|ckDriver et al,
1985). o5 Eol, MBS =AAY Ak S41E =Y A9,
SIEIL ofloji& AR AF 59 thefd AR Sl U
o 7de A5t 9t Georgiou & Sharma, 2012; Na, 2014). 0|

A Aate]] tigt 71| ot Akt A2 Ao siAfshd, oAy
S0l AHAoE FAYY B WIS ofd S-S Mol
ZAE]o], sRIS0] I AAl| T3] FlAER= A7|ul(schema)2] v}
o] = Zo|m(Clement, 2008), SH¥So0] & BALL d|A5R= Tlo] 9l
olx UE9] golut =71g 27 H= 71217k 2 4 9lrk(Brock,
2015).

w}aw B AgoAE o wAk) el BAsA BN 25
A RS S S s, S Al 5
) AL WRlEe e e Apst el )
WA, 0]27 =9|E
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Il. ol2X HiZ

A AaLE FOOR BN ole] SHE QoS Edjm i
3 o] ZAIRCHWILd, 1938). 2 Aol Al ole] TS ol
=, T shxo} Fehg AAe SR Hekmgeld o
woe: 2|74 Ajao] BA1S 27 ol 7% §Es sfeick vt

7} olg 28 EAL FAHOR TSN AT Aug

A2 Abaze] A WA E4-2 Tt ¥ (varied experience)©]
I Q3jtl= Ho|tlFischbein, 1987; Marton et al., 1994; Tallant,
2013). Marton ef al. (1994)2 88 9] LAl AR S-S tAto 2
HoHA Ahg WA, Wethd o9 4o 4= dzlEAlol digh
HE-s A T19] At HRlbEE S Ao R “AHY
e st oot ddEs ol 7IxE sk Aol 9l
t}.”(Marton et al., 1994, p. 471)2}aL Aggict ofA] 23, ohoFst
ABE A Ao WES 918 sleto] Hka ajuE 4 olrh
(Fischbein, 1987). ol Teluto] wAS 4G Q7] gl
Q1AL ofg) A1 SlAIsHE AA12} TPl tE AelelaIRE At
= Zlolgtar olopr] 7k AlloA= YERdTHRoot-Bernstein &
Root-Bernstein, 1999). 1At Bruner (1960)+= Tedt Aoz =
AP AfaLzt 2] o2 em, e ARlof gt o<t A
off TRl A4lo] oigt olall 4k o) Hu A} e 4
ekt zck

A ALLE] A 54 A12HA A (image) S &= LERATE
= ZHo|tiClement, 2008; Fischbein, 1987; Tallant, 2013). o{2] Z}st
AEE A0 HeE ofo|tjoju} A YeES Wolu &
2 FHS| of e, mfgHe] o|m|x|o] Feje T1efxiviar drgst
K Chi, Feltovich, & Glaser, 1981, Clement, 2008). <, o3t £A4|
£ sfiEgtel SloAl & F9A) o2 AS vhaol 1R He
E& omA|7} 3laL, o] o] A A AntelE AlgstA Hrb=
o}, sfefo]7} ARt ‘A7l v AR = A2 A
O = et tfapA] ] kA 2 o) Akl sdE ZltkHolton &
Brush, 2001).

2| TA AlLe] A §iA] 54 B33 A H(insufficient data) <
oA =2F FEo| ojge B¢ vehdths HoltkMarton ef al,
1994). Marton et al. (1994)& 2elAHE0] F43t HlolE7}F 9l 45
A Atazp ANGEITRAL skl wekat FEjs A A-ehEollA]
UEhhs gAlo] 288 dhsh= Zolehs A7k =249 247
ol EAlslaL, o] A7 A= 2hg(radium) ] WA= ofo]
FTH(Kroning, 2003/2005). <, HSHAE0] Aol gt siAe &
< dofli= Ap4lo] ZHAAL Q= AR B ope} ZHA AL QlA] ¢k W
O] RIF7HA| AR & sk dpAollA A BA] Afart yepdth
I & = ZcK(Polnayi, 1958). o] ¥7goflAl LRt A2 Abale
T3 AHof] Fo|R]A] 92 FHTIAE Eetshe ZA| 9] Wetof A
Uehd 2oz A thZol] 27iE M2 2|49 ddoleks 54
orEeA "ok

A2 Apare) o) WA £ A=

Z|A419] 1A (knowledge

Mo

connection)©| YEeEPdT= Ho|tiBruner, 1960; Clement, 2008;
Clement, Brown, & Zietsman, 1989; Kushnir et al., 2003). #}5}2]
A} Lol A, FeiRpEo] £ EA S AHos Hs I
o] AT M2 =t A2 A oA side] AnteE 2h= A5
7F A= UK Clement, 2008). oI5 E°l, Bl dEel EAt=
o ekt fAl 7|28 Ts Bj o] Y 2 R S
E3oA 29 A4S dobd 4= Qloks AR Ao =&
02 HokgithKang & Noh, 2014). o]3/% Heio] glo] =
ofEl ERlAol ARFEE AR AR WARS 1T Al 59
ol Tk & %= Qck
N A TR W) B Folxl Al B alS 1)
A9l 7Z)(gut feelings) 0.2 THSICH= Holth(Marton et al., 1994;
Tallant, 2013, 2014). Marton ef al. (1994)9] Aol A A} AR}
Rita Levi-Montalcini(2§ 2] 28+, 1986)= =7]o] 34} U= AL o}
UARE F9lo] Fadt #ERIA|, F4lo] AlE|ojof sh=x]o] thgt
LA 23 "ok Asisich o] A7 BeES A Al
FSlo] AR, ek} BHA] o= Zlo] FIRIRIE AAA] Wt
of whet Ao ZH(i&) o2 s EtiMarton ef al., 1994; Oh,
2008). o]2fgt T2 7k @ 2lo] thgh HA1S Fol o] FoX]7|Hik=
AR SollA] 2| o7 o] Fofx|=t], 53] Clement (2008)+= 3l
T oFe] AAdol whet A ARl Aol WAlE =249 F=rt
ttacha Aisiltt ol S0, 2HEAY A9 FokRt =24 1=
£ 7HAAL Qlo] 1 gicto] AHsHA] ok 97t Al vEhd 4= QA
9k Eehe ek A oF wekARel A ALl =2 vt
Hpgro] o] el = or Y aglS HSsHA wetstA Hek
A Akaze] oAl WA E4 APgl(self-evidence) © 2 0] =
o]t (Clement, 2008; Fensham & Marton, 1992; Medawar, 1969;
Stavy & Tirosh, 1996). ThA| oA, A Alal 1 2A|7F 7|7}
Eo] Argo] = gl Aol =arithe 9njo|th. Clement (2008)=
Zgho] 1 AR FA7E =7 kil AgatHAl, Aol Al
F FAJo] E7RsSHAL ShQirt HISsgt W2tollA] Fischbein (1987)
ol oJal} WhEsA] Aus} Far ZojRl 1A A Alde 3eA &
= 7HAIA ok Awsilch thA] el Ak Ak A
npR} Aprgetel] EEsly| ke A ust EHA] JHap AazolA Ay
SHA AR = Zoletal & 4= ARk
TR, & AollA FE3F A3 AkaLe] EA4L
T EA TR AEs EdlE vEhd, Al e ® L
FEer A Sl =2]F 20| olEE A YEhd, =&
o] Uehd, AAARl = o8 A qelo] wieky, 12jal &F
& rmeEor Aejd o Qlok 28y o2t 6714 54
AL HHE IO = g TR AlRollA] YR
Al 7HA] E491 ‘et A B Ve, Al A
', EER A KA =2)F] 20| ofge 5 UEf
A A2 WHE7] Mo Yehhs S4E=
AL S 913 2o siAE 4= ATk B, A=
vrebd, AAA] o 4] qelo] ek, T12)ar Ak
L [zt = aPgolA ZAIsE el 2ok
He] EA=0] Hlsl Aridom ol
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Table 1. The features of intuitive thinking compared with logical thinking

(5122) A9 A

=214 A

(i) ot Ade

ot ‘om&

Tallant, 2013)

Ef|2 JeRd (Fischbein, 1987; Marton et al., 1994,

7212 w2 YeRd (Clement, 2008; Noh, 2004; Kahneman, 2002)

(i2) A2 Ao &2 YERE (Clement, 2008; Fischbein, 1987; Tallant, 2013)

2lof%] Je|2 3 HY (Clement, 2008; Epstein et al., 1996; Kahneman, 2002)

(3) B5ESE AH So| A =814 FE0| off& %% VEbd (Marton ef al,
1994)

ZFo]A AR Lol|A 2= (Noh, 2004; Salmon, 1967)

(i4) 22 20| YERE (Bruner, 1960; Clement, 2008; Clement, Brown,
& Zietsman, 1989; Kushnir et al., 2003)

N2 d2RtH= (Adh=Hol| W& (Salmon, 1967, Park & Han, 2002)

(i5) HA-A =702 4 QQlo] Tk (Marton ef al.,, 1994; Tallant, 2013,
2014)

2

(Bruner, 1960; Epstein et al., 1996)

(i6) ApEgro 2 == (Clement, 2008; Fensham & Marton, 1992; Medawar,
1969; Stavy & Tirosh, 1996)

Zpg3ko 2 HE| 245} (Salmon, 1967)

£ ATl A AE wdshy] $Rt 7IEe2A, vl
W st S Al 7RIS SR A g 2o R A
oSttt thA] Tall, 2 At M A ARRLE (1) A= 92
& HHEo] WY () AAAR] 2o R A ARelM S acle
sto] (3) Agetell mEshs ARretal 2AH 0= AoJsal, of
A W 7Rt SAES AW AL FESIAL Ak Ve
2 AT =8 A AL ek 2ol wh iRt o] A
sP7] wiiell gele Aols Uizl7le ofgle o= Ao 2 ol
M= Fhehage] oA ARG 4= = 2 Ao HeofE
Hz ) ofulE 22 = QA the oA ol=fdt Ak ARl
SHe e ARaLel tiSAA A E A ji,

m
o

E4& Hot 2 olsfist] flg WY & shve 4
Aol Sl A 43} vlasf He Zoftk o]y
4] 3 Mol = Table 17} o] X3ha] Apue} t=e]2] Abx
slwslEo R pA Ao ojulg % o Wels| ok
boh el Abmete] pgS Bo) M Abne] det
ol EAt s}lck el Akt ol Balof 2
ZEy TS o]2& Ao &(National Institute of Korean
Language, 2008), Z|2H4] ARaLo} =24 ARLE Bl FPS of =2jut
= 54L& oS Zrk

A WA, A Apar) oheket Aelo] Fastohu(il), =24 A
oflX= RS wEn UehA Hokal & 4= {ItK(Clement, 2008;
Noh, 2004; Kahneman, 2002). ol & So], 24| & ujjof W=7
Lol gdare|gof wet ZAE = Zlo] =2 Afare] sttt
9, FAIE Tl Folit Aol oalf #AIE = A A
Atazol] ST & 4= Qlok 5 WA, AR AR Az A e
B Uepdthal Eob, =24 Afls doje FEETL
(Clement, 2008; Epstein et al., 1996; Kahneman, 2002).
ofelrello] Al o 28 ThE olSolA] aldoR HEsl] 9
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2) Table 194 7|48 Aeka) Afane] EAES AR AN 55K 7129
gk ofuje} i Ak w Asio] ok B4 I 2l Fe el
of W 7t EAo] th TS I3k} mere] 2AZ W Sejnat
Slgieh. 2 S (i), ()9 o] A2 Abi(initive thinking) 2] oF<te}
2k BAo] SAE A BY15ha, AR B4l ot g TAR A
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QUAIEE. Al WA, A ARk
BEHTE AR ol =24 22| ofelg A% Uehdriu, k)
St

Salmon, 1967). =22 08 AEZ T&3l7] fleiil= o017l WAl
ojuf AEF QoA =22l BAE TA7FEA S5 SloF & A
olck. whel, MR AZe oizo] tehhr] el Foldl
H 8 ope} =ojx)7] k& HE7A] s F Zlolck u] #iA,
A Ao A o] Lehdehie), =24 A =y
of| wf2ctal & 4= ¢Jri(Salmon, 1967; Park & Han, 2002). <, *=g]|&

ARLE Fl 1 AAE SollA =l whe vehd 422 A3l0]
d 4= glck(Salmon, 1967). WHH, 234 AlE F9F =8 A2
=l =13

=
1S o] 27| AT, W MRS BASIAE otk T
o, Az gido] Ve Haka Al @ 5715Ao] 2ok
ofujgick. thal WA, kA At ARl e Bl agl

o

(Bruner, 1960; Epstein ef al., 1996). 9|& 591, & e
sfiAgtel QlojAl ak9] Qe ERdaL 7} aQle EAsH sidsh=
o] =22 Afare] s, wAlsE 2
2 gddte] ZAE dldsks 22 A3 Abarel| sigdd Aolck
apREte 2 AHA Afar) ApgRko 2 o] mES VEhdh, =24
ARalE Aggko 2R E SRRtk & 4= QItk(Salmon, 1967). A&
=01, ZE o] e 20] T4 Y(epicycle) 2-50] SeHEQ] ofop|Rt
“HAY FAYS dFolar FHshH A FF2IZo|tkCushing,
1998, p. 54y olek= APEeH Y& AWshr| 98l vhEolxl Aolzt
H, AE7E e O ol SollA AikE Fal Wt 349
Al 7HA] H2lE H2; AgsHAl E Aotk
oo} 72 2| A Ak

'{5j
o] UehghZ ofn|sh= A
alsk= A Bl ohutk.
Pekshe 2] AlaLe] 4o e =2)/de]
7kl “7(feeling) > AFd3]
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Figure 3. Connecting concrete materials and
abstract concepts
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Figure 5. The emergence of intuitive thinking from giving a
different perspective and the interaction with logical thinking
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Figure 6. The emergence of intuitive thinking by integrating
the methods and the interaction with logical thinking
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