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Development of a Model of Brain—based Evolutionary Scientific
Teaching for Learning

Lim, Chae-Seong*

Seoul National University of Education

Abstract: To derive brain-based evolutionary educationa principles, this study examined the studies on the
structural and functiona characteristics of human brain, the biological evolution occurring between- and within-
organism, and the evolutionary attributes embedded in science itsalf and individual scientist's scientific activities. On
the basis of the core characteristics of human brain and the framework of universal Darwinism or universal
selectionism consisted of generation-test-retention (g-t-r) processes, a Mode of Brain-based Evolutionary Scientific
Teaching for Learning (BEST-L) was developed. The model consists of three components, three steps, and
assessment part. The three components are the affective (A), behaviora (B), and cognitive (C) components. Each
component conssts of three steps of Diversifying — Emulating (Executing, Estimating, Evaluating) — Furthering
(ABC-DEF). Themodd is‘brain-based’ in the aspect of consecutive incorporation of the affective component which
is basaed on limbic system of human brain associated with emotions, the behavioral component which is associated
with the occipital lobes performing visual processing, temporal lobes performing functions of language generation
and understanding, and parietal 1obes, which receive and process sensory information and execute motor activities of
the body, and the cognitive component which is based on the prefronta 1obesinvolved in thinking, planning, judging,
and problem solving. On the other hand, the modédl is ‘evolutionary’ in the aspect of proceeding according to the
processes of the diversifying step to generate variants in each component, the emulating step to test and select useful
or valuable things among the variants, and the furthering step to extend or apply the selected things. For three
components of ABC, to reflect the importance of emotiona factors as a starting point in scientific activity aswell as
the dominant role of limbic system relative to cortex of brain, the model emphasizes the DARWIN (Driving
Affective Realm for Whole Intellectual Network) approach.

Key words: brain-based evolutionary approach, science teaching and learning model, affective domain, behavioral
domain, cognitive domain, universal selectionism
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ol ZhA oA dojut= By ;8'7]
Ofst=d], %3} o] &2 == H=34
gEa, o5 o] 29 44 t]f“ AL,
2 Qs FHA AN dojut= H

AAE Heldh, 28y g5 o

ok -
(e
ot
fillo
off
Jo

i 1o
rH ot
Hfﬂ

oZ,

(B O 2 N [0 N oX rlo flo ox
o U RISk
[
o%
o
flo
o o

o
i
filo
A

‘orll‘
\
o
ot
o
=2
>
1o

(g 2
= (£
T )

3.4
AN e 2

f

¢

r i

E%‘%mg
oZ

e
w3}
o2 wy|uct o gol kst ozt
T 4 44 Ak 47 Ayl
AUl o HAUES 2ol 3
§ st 4T o wae
1719 S AT B2
s N 24 44 28 53

FAscH(Petrinovich, 1997). B3

|V —=2"1—
7]— i A ?’V\”%‘EQ% ZFH}OP
=94 ot} &, HE ol
75 EHAESHE tl 7] 7J]](D&u"wm machine) 2
= ‘;Aﬂ(Calvm, 1987; Plotkin 1994), o]&{gt &
W52 FOEE 7ML Qe R S
o] ZJAl(instruction)el| 347} oty AE
(selection)o o8 dojtrta A7 4 Ut
(Schaverien & Cosgrove, 1999, 2000).
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HEE e R S
23 4L Bt Tk BES Afelo] EAISHE A
2 AT AE WSk Ao] ohet AElE - 2
ah4] 7 &)X Bt chart AU ofe 74
A0 o] gdtel Ao A HEsHE LS T

Aol g er He 74 oA & 1,
o}k 2ot HHAte] pehA st thE X3 FE
eF mpb7x| = A el2] 3 o|tk(Plotkin, 1994).

o|AH, Ardd ol ofgt 23t o] 22 = FY
= 2dsto] AR ST RE 22 9 AR
oF, wsAlEeh, e e S 2ol kst
(evolutionary psychology)®| FE|2 Hegle] oy
3}9] Eofo]| who o3k w)zl HMu} o]_L]E]_ olAX ]h
71, W, o, AR}, hA 2, Falefst Abslst
Ao} Faulof ol27|7HA] HeFet sk dYlr &

HPAE A QekBlute, 2002; Buss, 2007 Geary,

2002, 2007; Wilson, 2007). Cziko (1995« A4l
d S24Y, weAY dejeRy i oo (A
g1329]) o]2(universal Darwinian(selectionist)
theory)& Al¢ts}elct.
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P B RS I e B I A B R
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HE F7t faam %
R FAA, 2 )
Yokl 2= %‘% Algsta ok, =2kt
sigto] Ze]A AAE 3
O] 2 WSS HIESte] QITMALE ofaffstar st
ol 83 A2 A 2 OIE}(Buss 2007).
7RO w7) 5ol el AR R RS W
kg Aol &8st ot °GH‘L7} B I REeE
2 wo| o|Folx Y (Fsgt, 1991; HEF, 1998;
467 2000; AAG, 2000; WiAE, 1999; AFE,
2006; YA, 1992, 1997, 2005; A1, 1999;
Caine & Caine, 1994; Jensen, 2000; Sousa,
2001; Sylwester, 1995, 2000), ¢ollA 7+ks] AA]
ok vke} o] QI7ko] w7} ZIsE|o] 2 YL B,
& Woll A ojifi= 213k 1ol gt mshA o+t
7F mi- gol o] ghZollwE Etskal, QI7t ¥
7159 X3y EA4T A48 delE BEUE feks |
WAoo R 7hEH 4= Q= WS Alegt At §le

A7goltt.
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OI At o BH AFEA, ALY, FEA, AAH
Aat PAE W] 2 - 7], AEANA L AT
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5. MEE 2 wel wapsky At 245t

TR ek AN,

HASL7 o Figk Hreo] ARV} ojn] SA
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AFSE 8-S H QltK(Striedter, 2005).
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Panksepp, 1998; Sylwester, 1995, 2000). &,
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1] (cerebral cortex), -2 o] (cerebrum)ztil
L ohn, T Y HollA AE7] gzl Al
45 (mew mammalian brain)gtal 3l7]% dic},
A ZE vekRt 2 R A, aaf ARL 7]
FE, o, 2AE 5 7= Asd 5=
tH(Sylwester, 1995, 2000).

ATEE ApAlo] A7t Aol wet o3t Vs ES
7128 AE7 52 T8 Bt H7olu tikH
AAR SHFHSHFHAIF downshift)Al7] A AL
1715 HEE i dE AR (A Ao
upshift)A]71th(Caine & Caine, 1994), o] 7}s}
WG Aol A Y] FAkA A - QIRF
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1. MIchzZ ARzl 24 7Hz{IZH| 2ojLl= FieiX by

Darwin(1859)> [F2] 7]€dlolM =3 ol 57}
A ol 255 Al¢retttMayr, 1982). () AlAl= &
AotA Aol A] ¢kal, A&AQ1 st o 4=
ot} (2) 2 A&

oft}. (5) Askz ApeAele] ofs) dojue}, 19 4l

5
o] o]&E BHAEF= HA
kA sk Ay 5o Qlg)
= &t ey, Atk FetolA, 544 W
o7} g Ao A E L, UFof o] HolAlE F
AR} Aex|o] B4 A7} A4 7Hs 7] 71A] APt
= AYAA7F 55 i Dawkins, 1976).
R AE F3} I50] A= B 3 Afolo
EAet= =k A4S A & 4+ ey,
Waddington(1977)2 AJ=o] 27424 w3l ojg
&4 st=rtets 224 AES A7 e,
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Plotkin(1994)& o] 2&of tjgt To] E3-415} )
A (uncertain futures problem)E 3 ZdsH= 8
oAl &obal B wske] 23 9 {H A gyt
AE g-t-r F24H(genetic developmental g—t—
r heuristic)olgt= Wi7HAl, & 12} Fe|AES 59l
TR B IS 7 Feli AT AEolA FEE A
& AABEITE o7]00lA, glgeneration)=
EdRolet A MxE FAske B¢t dMAY =1
A fejef o] theFt wiAY ST ofue}, /34
&(epigenesis) 9| thet A=l ofsl Hol7} YA E
= YAl tltest)= AAA E2 DEwE o] &
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Sh= WOl A ”ﬂﬂ‘%z‘aoﬂ
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ol 1Rk Fr1Eo A= ﬁﬂo A HEEAQ] £4
0] =] JE= ¢tk T1Eu 1 7= dlSTks
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B9k oyt A WA e dofd o= =712 WA,
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AE o AL, yFel o] el oAl &= o)y
§‘_]_— d} %o] E—] o]:/ﬂ-}:,,].‘:_ﬂ—‘? 01’%1]4 AH/H_L]— E]—O]:/H oﬂ
g Wogtel EA4= v deso EUE
Jerne(1955)2] FA|FA o2& Burnet(1957)0] 7H
Aot 248 o]Z(clonal selection theory)l.2
Zh v E

Jerne(1955), Burnet(1957), Talmage(1959)¢] <1
7} 917] o] Hell= Pauling(1940)0] A|AgH SEH
o] 2§ o] Z(template theory of acquired immunity)
o] A thFAdel tigh B A o]Zo|qltt, o] o]22
HE A AR B2, A A Al YA

FIe] JoAEE %6 , SA7E < FEjel digt
HEE ol AP FAYY A7 FdES A B
gio tieh FFo2 ARG FHS A
Jerne(1955) ol2fet £9 ©]29] o2 7HA] ZAH
= OHﬁOVI sl o] AAAE ol 2o 7Rkt A
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A QEE Atk Ao geftt A EA
& sl ol ARt A ST
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Burnet(1957)2 Jerne?] AeiF2] o]22 43t
SE AY o]2oA A EA7F obd dubH(H A
3z)7h ol ot Age] T2 WHolE 2= 11
A5 843} & ks Aol e MEEA

+ B-{u+e} B N ZE FiL

AHE AEZE Fole AT st T-Hu+ 250
&t Burneto|y Talmage= ‘Ho]9] 4|4l
HAYSE AAISHA = BATE, Yo Tonegawa
et al. (1974) A= A2 FA7INE 2EAR 0]
(genetic—based hypermutation)o] 2J3f Loje2
WA, o] 2 AY o]22 HekAor &
g o2 F stuhEA Al AlZE F<tell ZHAI A
g—t—r Fe|2Ee] osf dojih= Al XaHH
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2HH, Alztoll dojuv= =9 Hek(RIsh Aled
A, A A A3} gk Aol A dojuk= s
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sto] ghds] A=Al lok(Bowler, 1996; Gould,
1977: Hall, 1992, 1999),
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(1859)¢] [%2] 7]9¥(On the Origin of Species)]¥
Hebb(1949)9] [359] Z2(The Organization of
Behavior)l& 7} 943 Sl= F A4l LO}
™, 2t A4 8] dH4l ofolr]ol= ATl dojub= A
SHA A AW Hol A ok XshA 1ol
et MolAE A¥sts 2edA A7 S
(hypercyclic autocatalysis)2A] EHZTh= Hebb-
Darwin &ale}&oletl z”ﬁh’% =, ofd e
Aol L kg9 S 2 AHg-sh= z]'ﬂ*”ﬁ’“ %4
o FARReE o] 20 BAE Fe A 22
Z2o2H SAS 7L ok AR Al A
A O 7 sl WA o7 BEAlskL, A2 417
N22E2 Adsts HAoE Sddolditt, AldAas
@*]‘iﬂi\—ﬂ SAHA IS AvAl = Ao R |
o A= 7S H=ol, o]t AE-9| 4thE, &
Hebb®] 2l 93t ¥-53Hconjoint firing= =

AE ol Fict. 1 A2 RelA|Se] ek
A7 BESo] A5H oz XA wjdL 25kA Heh
ot EFo| x|&F o7 quo} Ao LA

o= ﬂo@} = e A:’_ H}i o] 3 Hebb—

/) el ol

SRS
4, i, 52 el 3 o

3

jg
>
e
>,
N
Iz

Al, EdRol, A8l Thefoltt, Adams(1998)7F A
¢ret olejgt Al A ohlE 9 (synaptic Darwinism)
+ Edelman(1987)°] AQFet &, & A" &9lE
ARG O R Bl HoH| o e g7} A &EH 0w
AREA] o= Ede SEAor HEAT olg2

FAHOE Yo g 7|53 dojuh=
3H4 Ay o 2 Arggitt,

¢

[e:
O

2) OH

(2) AZEQ 0N =H

213} 2l 4 £ (evolutionary epistemology;
Campbell, 1974)3 A7 Tetof|A 4173 A8 gt
Astyl o]25(Adams, 1998; Dehaene et al.,
1987: Edelman, 1987) A" k<5 o] 20ll4 zl3te] ¢
EL gt AEs} Hel o]Rojx L gt 4l
A3k} Hopol Ak o] o]250] WA A4S W%
o] AlEdo]Ad %OFUJ% %—-i Hrol5 o 2| Al = %?9&
ot ot A oo
ol % %0}031 A *éZ(Beer, 2000: Harvey et
al., 1997, 2005; Nolfi & Floreano, 2000; Pfeifer
& Scheier, 1999)-& 82| HERo] A k5ol o
o A= daeES ke o B AAYE 7t
AL Qe AlAFSHTE,

MESFA A of /\1 Lo 3_74
S A At A4 iAo A
Al7E Ao R g 55 & 7i F/W—
AL}, oA AJ7to] ZufshH A ATE =02 (gt
2B BE0 H WolA Agstgivhs o 4
FAo] A7) 4L th(Plotkin, 1994). °©]+= §
H7F HolAlES Ak 7ol wet IS
g 5 Qe 58S AA A= ot
(Gazzaniga, 1992).

kol et ol2|ek W2 ARt AAEE o] Fof
A WA Wol A Fo] 523t 54 5 skl 264
Pe= & AR geol, XM o Zst Avet
w27 Wslekal olSE7Rs g B oA Q1Y) A
ok Ao Ane 7Sl 01“‘*711 Hﬁi 4524 3
= WA= ARt ARt Hole} 7|3l

FPN m
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ox

o= &

o) g2 Adeo] o]Fold 4= Q= %—‘vjjﬂ' EQE

A &-3tth= S A F 45 cHEdelman, 1992).
J8BE2 X5d §ol "ol A& A4S

sk X -ghsgol ek AgEo)y Ais e

o X542l i 247 5o e AT 4




A}, Z22aL, o' FollA Aol Ak Hststal th
H, I Fole H7F A ST fdEE 2
HcHPlotkin, 1994).

Langs(1996a, b)= 4leliA] ol %13} o2&
o] S Al=shHA, RS AYshs vk A
Ao sl ZIskgt oF A5 7|o]etal F7%itt, o]
2t A 5ol Ao Ae A48 dEE vl
A st Y59 A4 S AW AZEelA
o] 7|59 FH Rt A&7Fs dollA 2t

Langs(1996a)+ & A5 S3ote], FJHA
HAZA G E= Agto] el whet thelF] 2ish
Hejol A=A et #ut ofyeh Q1A B
E2AY NHeE Fa% ZuSelA o] delEH U
el Ao Agetn Hgathn 24w A
Al ArAe gAzAel Mt o] ¥l
So)a] AARE Ao HHoz §Ho] o
of 718 R AR Mesh Huzold
T2 de S wet 7]ERit Hol oA AlAE
< FHAC 2= SHHo] o] AlAFY] A3 X|A|SH
= AXFYA FHE UEs AAE BolAT A5
Aoz AeFo] Fejo whet 283ttt

SHH Sweller(2003, 2004, 2006)= A1z AW
Ag AlA®l(natural information processing
system)®] = 71| o= At Eof o5k xiste} Q)
7Ho) QIAT2E HlI - ZASIL, 1= A=A
W8} 9 elzre] Q) e AlH HuAe] A2
& Adn 2AS0) BEL AW o ALEE 4
85 2SR B, AR o 9xHe 4
£ Aste] $AH A4 5T W, o AAHEL
AAA HHEA Y A 2ge] FAof Ze lrkal A¢
He 57HA F84¢ 9, & () A=Y 44
(genome) @} ?17+H] 471719l (long—term memory),
) A=t WA o Tte 2 RE Y gk, (3)
AR FAR|A F¢irole} ofo|r]o]o] FAFe|A
A - HAE, () B4 AHEE Hefshs 44 A~
A 2 AHEE A2 o] 28719, (6) 4
A ARE Hefshs 444 AlL"ET A7) 4879
(long—term working memory)2 55A15F] 2}<l
o] gk ZstoflA] ARg-E= BgSo] QI <l
A Al2of A dojube ST vl AR A
233t

Swellerol| 2|5, 2kl 8ol o3t X 3k= F315]

-
AN
)

A& Ee et SAYE Y] AAba 2o HRE9] W
o], &3t Hol9] FEAS HSs= IS et
ok AZEY] A FE GA] I F BEES X5
= 271719 e Wit AR Agaet 771
of 242 Wsks 4oyl At 28719 Zatst
Aok FRA7E F9 et EAES EAshke
A} ARl 47171912 AE Y, Aed s 2
= A9 IAH EFES ARtk fAgEet &
717199 501 e Aie 47 st AlLd
AR A A28 9 P52 it

o AuHL
T2 BT RAHo] JEste] gt o] F AL
go] o3t ARE AT tholli=, i mukAel A

1o
Jo
fop
ox
o
o
olN
e
o
fo
B~
ﬂJll‘l
1o
+
N

3} ZZ(combinatorial explosion) @4Fo] YR
o dPER e45S FARE xedioF S,
of 7tol] AT 4= Ql= 23] = AlREE 4

ek M2 JEE tE uf 28799 &l
A Agte s EohE 23H olf+= o]H gt Al
o] 71719 Z47+e] Wsks AA siEthe Aol
FAQ A=A 7leE unk dof A4 X3}
Hooz FAA Aolla FA914 Wbzt wol o

U 1 7RA O] AE 7hsAd o] vl RobA) 7] wfi
of A AellA dojuh= AEAS HMsksE At
(Sweller, 2003; 2004).

Sweller(2003)+= °l&gt FAMIES EH=E
O QIAF27} QI7He) thE e AN & 7
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Al Haff, sk A2 X HAYSANA A=
2134 B0t} ol UREA ofu]o] Xstof| A A¥
= Afolof] 28t XIEHA Aol QI7He] k| Lol A
A-gsh= A FLth= oujo|ty, Campbell(1974)
L A7t (inter—organism)3 A W (intra—
organism)l| o] Folx|= %1344 S wF 25}
= ARl T A0 8 W o] - A et (blind
—variation—selective retention; BVSR) o]z}
= g9 dEE #4353 Lewontin(1970)9]
Al 714 dejE 2 7] YA == Hol 7= ot
A9k, Campbello] AQFeE AA| A & o|F=
Al 712 B4 8452 Lewontin®] Adt FASICH
o5 HolE E=st= mIAYSE(Lewontin®] ¢t
gt 2 Wo)), gyt A9 3 (Lewontino] A<k
ok A4 Awet a9 fAe 23, AdE W
O|A| & HESHAY AuA|7|= WA Fol),

A o] HAlS As3tete At £2-2 A3 2E
o] 159 Yol EAst= A4 YUk AsH e
2 Y, a28BE A= WA L F5L
2714 i A E HeE2 0|59 HolA dojut
< stEfold] ¥ Bk oyl 7]s, & AZEH 0]
A US| o] AgH, F g BF WO
— HAEQ} AY — 254 HA — A5 — A2g
HolA|9] =Y — o] I o) HhE MAS wEr

o] HelE thaat Zo] ek A2} Alokx
=2 2Hgsto] AAl a9 (mental Darwinism)9]
A4 dej&& AE3th(Langs, 1996b).

1 AEAe] A A" O mA L Tt b= T2 &
HOAE EHE A4 os A= AH
Z2U SASS 7HAL itk SHIA Bl AT
o] oft} ol5 FHE=T AAAHolt
oA AR S Folf Aol whet o] H|
E A7]& Fetoll A8 =9 7] wf ol dE3iet,

2. 71& BHolAlE Atolo| 83 HES Slg 7

RS

re

2

(DA (e =T Nt

o2

o] ot}
3. 874 AAEel o3 A8t AE Zuelq 4
W Al b 4Bl Bel S MAS ¢
237 sh AEjo] dojutt, WHlsA 48
w o] YelE ofelel, v A)2Ae) w414 23t
of Alejz} o] A1) A7) 245E F3) el
£ ARe 23] uEll BS B3 84
Aol st Aojzlel Y WS op|she @

A FFHEHKauffman, 1995).
4, ko) =g A HAelE Ho A 5ol o]zigh
R84 Ato]E HHEgiTt,

Alg7HAl et W, 53] shg= shaAke] 7HA
£ S3A7IE AEY A4 Wale

H(Edelman, 1992)% 59 A=94 SA=
(Schaverien & Cosgrove, 1992, 2000)& Ed|&2
2 AAks QY] oA dofus ShsE

o 7HA9F 875 EHE Fv], 71, A4 GYGlA
chrE WolAE A - HAEde] §48 AL A
o - SRSk ek - 54 H goleln el

V. mtetel Tzt

pehA) WS dubA) gt FE = ofse uf w8}

UZFY] k| Atooll= X3 &4 SHol|A]
224 AR Sl EARIY &, 28tEA Y
AHAl A WA A R8E7E dojuA| stef st 24A]
7 AsfeHA sk wAlo® weke Azke 4 ot
(Hull, 1988).
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A= v e Fxgh= o]
= Hli’é}m] ol 2SS 9
SHA B=3H
il 3%‘3}3’— o 4 o
(Grobstein, 2005; Hull, 1988).

Q17| = Zste] ARl Aol eke] o]
7|E stR R o] A= 24 FAMES 7HA AL
o} o /\;qq]/ﬂ 12Fsk H}g} 7%0] lc]L 3AL Hx

oe‘r‘jl

dojupal, Fojreow dojun Fz F @iﬂi
dojtt},

woHe 7|8 WAL 2 RE 2L s AR 0] Lo
Al FEEE AT o] A A|oFof| Wh-g-sto] st
Sithe LA ofnofAf XLQH o oz IHE
3$-7} Bh(Csanyi, 1989; Cziko, 1995;
Gabora, 1996; Hofbauer & Sigmund, 1988;
Lumsden & Wilson, 1981; Plotkin, 1994), &1
do] 7] AR} Bl eyt akEe Aol
oPUe}, 2A9) the aolE AHEE 4 ek B
T 52](Cziko, 1995, 2000; Dawkins, 1999)2] <
oz rpelrol Bald A5 dig 45Hy 2y
(Cavalli-Sforza & Feldman, 1981; Schuster &
Sigmund, 1983)% AAF 2d(Gabora, 1995;
Spector & Luke, 1996)2] i 5 theFet o] 4
&=of it

Campbell(1997)2 53] st F9jof gk A43]4]
QUA20] gHojo] e BAL N7 TS ulEs
of A8l 4 2 AA7} AAek BRI 2 BVSR &

B9l Alstola gk A8 et Ak Qo)
g}ixyzk S ALB|Ae] A 4R B A LA
oM ALSlH Tl Eadh oahg Sthm e,
Blute(2002)2} Hull(1988)2 wtstoAo] 314 7
3}, S cloret el E 2704 Tkl 2512 A
Ao gt

rir

l
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DSRte] ets St JHolel QK|
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e
50| 75k A

A oA oA A4 s BAE o

=718 by afst nashy 2

o 7zt 999
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A Ae g o=w & AiEnt, Campbell(1960,
1974)2 ¥petat 718F G99 Aoj4 *Pﬂoﬂ/ﬂ =
Holob Aela uhx] o] Absk3lal, Popper
(1968) sto] 2|4 o] 22] A& —4°H ZlEﬁh”h—
T B 2ol Basalla(1988)2} Vincenti
(1990)7P 71 AA = AT adso] ofsf 7
shetthal =45kt
Qroll A 7k wke} o] Campbell(1974)2 %13}
£ =S =3A71A] ¢, Aeje dYor 4
AFH, = ' E = %]'76]0] 710t 2|4 of| iz
EA(vicarious representation)®ttil FAFSlCH
agER Q7R A A, AoA dEA ARLE A
= 1 37 849 v|uwsto] AlgYAFe Ao
2 AS5T & AUtk B olgA AT ALE 9

= AlE =79t vlaste] 45

F

1o} A #AF
of whe} 2skeict,
skl A& gl A, BVSRIF 7§91 elo) 21
shs divlele dark sl ZAclel deEsal= <
7Fo] 71 AT the I8 dANSH| AL35)
o2y AEetks Y-S HsitkKelly, 1970). %4
ek A olalist= gl o] F+¢lo] &Y o] UAY
o Aoz gywd I 9l ux|E shsAo] &
o, 197 & Afole ditdom SAEAY o
E Fer tiAH &, Felo] Zaksh= 1 of| A
Campbell(1974)2] BVSR 3’—} doll W2 A3zt
Aedo] 01011/].1::; Pro
011;]_
AR FA| o2 S 53l
H,

o dojdti= WA
3, 4 HAE2 F50] =u7bsdfof ditt=
|, & A"E 4= glofof gtk gnmjoflA 2419
zc}% thlAolekar B 1l(Popper, 1963), o]® 25}
52 T Uo7t 1ekE EgollA ZrejAdo] -
9@_} Aee sle g AolA Al e YA ng =
SfA dojdriar gt Campbell, 1960, 1965,
1987, 1990; Lorenz, 1971; Simonton, 1998,
1999a, 1999b). Q7S WHolel A8 Fof M=
ofo|tjo] & A, & A Y AFLE thefet Ao R
SAMOIAZAL, T8 HolAlE FolA 7MY AT
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sk, Gopnik Meltzoff(1997)L 7HQ1 Aol A
}opapo] wpekA gat ofo] 9] QIX| A g W 1

92 23 SHA AAH R TR} 0|59
712 Q] A2 otol= AlAIY} TE AR Ale] A
go] T3t o] 25S HE, HAE, "I |= H4%
Fofatab= Aol ofol= that, 9], thE AREo]
AZ¥ekal =7)= WAl digt o]25E 7HAAL §laL
Aeo L83 ofol= HE =22 EAT o
Z;L A Ao A IR} ARGk A F
21544 JM"’ A&t

o

e

] Z}*JQJ AAsEE A
= 7HHﬂ J%WM Slow Adast 4= gy, vt
, oFel7t ddojel 2]A1E & %ﬂﬂ%‘ﬁ 701€] Q1A]
S ARgsflof gt GOp ik, Meltzoff(1997)2
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2
7PX]3’— AUtk 3) 0}019} 45”4'%
= Sl A Sltk, o2t dvkA] S Al
°l ofuzt, dY-5F2| 0|23} Piaget? olE=
Z%EQ UFe SHo| tE & 355 o|2E59 Edfoltt
(Erneling, 2005). 3-s52x}= 2703te} Ajo] =
= UAH QA pRbE = WA Sol=k L 7R
t}, Plagete= otol7} vl & 419 TolA HekE of
=24 AR oyl AMIA AE wol AA =
ARk, B= AR o ofol7} ARl HEAkA Y Foket
ZA4Le %]— St .lﬂ‘G:]Q— _L]JHO]F',]—_‘:_ ‘E:T%_']_S H]—/Kl oz

A7) AN FANNGR FAR, dene, g

Zelo] 4 ofoloh Ael] Afavt AFo tharkn

—

=3 Gopmk, Meltzoff(1997)% opate] 184
o5 ofo]o] Q1AM PE WE ol THI HAE
= Jibaleh 2,

Gopnik, Melzoff(1997)+= #sh& &5} ofo]g]
28 ushA, Sfotel s A FYOR
N TeERpe] g ol A ol Q1x A WElSS
Holw e Aol dher 4 Aoletn shel
o}, ©]52 Popper(1963)7F gk 2|49 F 7}A]
ofu, 2 94 Fe 424 olulzAe) Ak o)
olekiL o k2, oJ4l9] Abe) B ukSalT Eahe
Ay, 2 oju]2 A8 AAolEh § o, B
xﬂ’ 2ol WA Ygog JLEFX= oPol—x]U]— T}
4 95519 523 200 olese 43, AL
717k 7 Tyl Held $5o), ofole)

Jﬂbﬁ‘é?_ ol AT - 714 - HstE MY
A YAt FAseE E3F Afele] olx|Hdo]
A B3} gARRT B A4 3 744 ool
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AFTh Geary(2002)= HztuS4l2sHevolutionary
educational psychology)& QI7tellAl Z3t=o] A
Al w&Agst wasHEsH vbsEDst 5 us
A4 (folk knowledge), 52| - #Ql HFat Al A}
39| &)= 61-/\_,] A2 sl Hokz A ols)
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u] - 4 ZE7] — Doing; 3l%7] — Understanding;
olafal7]) My o|RolA w7k Tet maeh
% X% (Model of Brain—based Science Teaching
and Learning)o] Al v} QIeh(AA/, 2005). o] &
FoA AR HA0] BAES Hetus 8 Bt
9] PAS Hkgste] ABC(Affective Component —
Behavioral Component — Cognitive Component)=
HAsto] (1 2)9F o] yeRd &= Q.
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A, 2005)

TYE QMY A R 15 vhehiet 9] Rz A

Ao o) Als 3t wrek 412 Lhebi Hlolx, Fof okl

EFe ] Lol 913t thlAeiAS Uehieh @), B, O 2t

Ho)A, AFAAA), A Geint wHakA Baag | 59
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ey

o
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o rlo

ST > T
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o] ¢AtollA Adste] AQtshs HE> AF7HA|
0zt AFEAA oA o) ZsHAH YA
u), WA A S W g} Bl T
23} 283 AATsHauthentic science), < 23}
A7F ek sk d pRbEE "E, 7, A4 o
Sugo] F8 HixE g9 FoA, W54, dAA
P AANZIAL, &S FYollA 7]Hske] AL
SHA| At L

et G AL G B3

S| Za aist masts 280 e 1001

ol2o Ao HiHA Z3} o] 2o T4 24Ql Hol-
Ae]-g}A] (variation—selection—retention) ¥4
Eojz sholA ek Hekdow sj2xy) giFt
Aoz 7Rk Aska] w8t wasks HE(Model
of Brain—based Evolutionary Scientific
Teaching for the Learning) ©|2ki 3} T,

o] Hgg =Aglete] YehlfH (d 3Hf £,
37 ABCel= Al 7HA] 242} DEF (Diversifying; T
3} — Executing, Emulating, Estimating, Evaluating;
Ay - il - 324 - 7} - A¥ — Furthering; 28 -
Fhehe Al 7 AR o] Foix|= ABC-DEF2t
B7F FEo R o] R0, o] RFP oA Frhs HiE
240} Ao AA o]FojAof 517] wizol Tl
ki

o] mHL ek o] A, AR szol Al el

gl 7 w23 " E BEdie ttths SHoA
7|9 0]aL, o]e} FAo] A Apelet ZHAH] ol A

oluts Alaeha ek I = WolM dojue
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1002 wiiy

H7]9F 215HA
(Brain—based Evolutionary Approach)

] 7]¥HBrain—based) 23+ (Evolutionary)
FCo EAo A= ol - -
oA A A T;\jr_w’:‘f%—';é%_ﬂ’ ﬁgo];%%}% A7 WA
T}t = Hsretr)s }8FA| 4] N=E /st HeA|, ¥ / 2kt
YA aax(A) | F5H 8B | AdXH 220 thFEHD) — Al - HlaL - AE(E) — 24 - 28(F)

28! 4 74 A2k g2y 22

Zojdo|a FeH o7 Fjdste o L3k 15hA < DARWIN (Driving Affective Realm for Whole
2FS 712E o FAo] QlkaL AAEof Q1o 4 Intellectual Network) - olekaL 2| A7t

AAQl Hxe geke 712 Jig olFf(0), B 58 The o2 X3H SHoA o] HEo) 7k 9 4E
(B), gu] - 7]4(A), STSS] A= AA= o] Utk Jot= Al DADER)E it 2 AR b= ool
(ERAAHAGE 2007). FAA(A), H&4 - 7154 A kR rekst AE 2389 WES ek,
(B), JAH(C) L4e Htate] v} gt Atet w TheFel @Yol 8= B thso] 32 B A
FekgollA FastAT olegh WAl Hi AAE 0] Al Hol-Ae-utx] TAE 13}
o} W7} X3} - Wl oA, SHE QLA 9% s ol vhdshs e RN Fu) - S|, '
O] AW7} W2 o] A2|x= ArbAQl ek, ¥} 75, AL 7k GYollA] theFet HolAlE Ay/4dst
SR A AREolu @Atel Hisl Er] - S714E i, o] FollA Ajket AS Agsto], oo A% &
7HA AL et ©t 715 AREste] 1tk ol &= YEE E&5k9Tt o] dejolA i ©A F
Sk Gkl 28 4] 52 1 i A—-B—C SRl AElo] 3t £45 #AX o2 e 3
O] LA R AT Hart oot 53], ofd el of 87} ek, o] d-tofla= Ago] dojub= 4o wh
ot AR E drolZolal Aejdt o o AA L} 4l 2k AAE-7HAI AEah AE o] &/dof whet v o %

Aol A7FujaR Qs A SHo] JIAA S -0 2] Heolet= & WAZ e (Y 5 ¢
ot o WA 2Hgstar o etk avks vehRR( Zo] =ASlslqth, Abd Aeo A e g - 7] -
A4, 283 2004; Goleman, 1995; LeDoux, 2|4] AElo] o]27|7}A] thokal oJolo] AMelofA] 2
1994), e} wpshgoAle o]$9] B & JF Z=A O] of Rt Fr=o] Apol7h QIS W B gl 4

= UAe A GARA SAA 2 et vl -2 A BAHOR g-t-roleke TUT Y7t A8,
71ME FEA7IE A9E 8a(A)7) of¢- R8It o] AtollA AjFshs P = HEE o]27 ABC-
ojojAf o]t Fulet B4 e v R W, 54, DEF 3142 &3l /= ik,

7HaA%, dlolE 24 5 Rl A8 H9971sS o] Zrgof vehd Aeo] it WSS HiFE
gl AMgshe B4 84(B), 1 2ot tdd koA oju] mAFomE A7l M= FH], 7],
ChRt QulE gAY 719, ofsl, 28, 24, % A4 GAoA o] FojAl Agel His) Hd 28
7h A% 5 O Y 9ulE FA(Anderson & 7F SlEh A, AR O = A AREolur @Al
Krathwohl, 200D)3l= &&2 &3 Aol #d=  ®iF Fvl 999 thFdel g3 a4 =3, =7
7HE Bl digt A5 onlE sk sk ol 3 38 A st 59 sk Roprb AL, 7 &
A2 84(C)7F AAEA sk Aol viAsie, o] o oputtt ALt A W 7] % AE AA =
FollAE AL A4 752 2= &-857] Hls) EQAeh A AofA et Al FHlE B

oY WA Goie FEAAE US BRI A 2 AR, T, sfebd, AT Bom



A
CHARE | A
(ulo =) (o)) (o= \ (©l=a)
A AdE | g A || 22 A R A B0l A4 A
st <) 7t A sirte) st
28 5 28 HgFeo)y o9 #2753
A, Sgioke] B 15 E B 48F AL A & Uohh o HWsAL dayel e Aolen
stol 1 sofo] AN QYL UL Wk o] AJohel AL AEste] A8 - o], 1 e
e AEA SREAY o AlRE S T 2E e A7HE AES B T ok ol (k4
o] thg Aol A= Ego] Mg 5 AUek Z 8 AW, e, WA, o2 St 0|5 ket 2]
REC Ful V)%, A4 Aol A9 chopat £ o o3, Ag, B4, Bk 32 Deld A3 e
Sul - 37, Eazk sk s FollA A4l AEd 4= Aok
FEIAG RSt WaEs e Aug 4+ 31 oA AA| kst WS Aol o P9 2t 8
i, ot TR 7s xR, SERET S Aof gAER A AT ¢ 3t 2E
3} 7 7)1 550 Szoq Aol by AL B A o2 AN GE DI} 2}, 7 aset B0l o

1
vJ7]5h 21344 B} M 0HHABC-DEF) B9 3249 3849 78 18
2x T

p A Aol @] il Abalo] FulE ZHAAL QAW dofial AE ASS TRt SHAA A
Zyoto] BLAE AIASHA L, (Hhefeh)

A g SO ANG ASE dobie AL 2zte] oA dnut of B, 9 fESIAL 7}X
ZAfstel wlLekan, 1 8 e7ict 71 912 Aeleka Vol e Hepstle, (v - )
(A

F o dopl7] fieh et isto] sholl A Aleiet Su] 4] W82 7414 2 AlASHA L,

b SOl HEE F0) 2A g2 dobiy] SR WHE@E, 34, £7, A8 513 cheRt o4
Rzksto] B A AstA L, (EFeksh

Sl Wiol AL S oS, o 83 A I 2 el @le g )

BB sobl Auae mololt 54 uelslo] ulasha, AV S8 1A Sl Ag Adshie

o g1oh el e 1] ol o

o g AESi A7l ouiSo] duht olgl of S-8bAL 1A 1A ARt 1 8L 7t
: (]2 A1)

A = s S AABAL L., (A - A=




1004 wiiy

o}, o] walolA AASHE TS AA| B 3
304 53, Agais Sao] daol wel ol @
AR HEot A2e FHE kAL ofn]
5 A% 445 B & otk ABC 2 849 D
WAL THs 3 ThrR A5 ARk 51
4 AN o) Fasic, B AT $3
BUA, TR Fo Hlde] 42k] S FAska
ulastel] 7b A e A *d‘i*o}ﬂl 518, £3] C &

Aol AlAshE UGl digt 283t ee Fgs)
|

2o Q1AE 9o AT B, T, o
o 448 7P ] el ol 3 7}t Aol
shlmch 8 22 ok AeskA & 2at ol

F dA A= i LH%% 7Fset gk FA|Igtske] o
& TAR YZ5HA oA A gt} =&, ol 1
Ao 8 shgo|L} Acko 2 Wayel 2 011:} nEo
2 AP Aol BEa sk 2 Q1S Hrt
ZHAAL Sl B, 71, AR IRAS E85t]
ZHd(emergent property)©] 37| & Hg7}
ATHUAN, 1997).

%3 ABC ZF @49} DEF 7} @A o A= A}, &
A AN B Eg shgo] B WY ZEZDQ
73, A 5 uefet B2 W SolA fEstAY
AL A& Adesto] BrHE AAlsfof gt

o]t IHEL Campbell(1974)0] ZH3}QI4| 20
A 228k tf 2] W= Wo|(vicarious blind variation)
2 Aeld wpz|ef 2R SHoA dA|giT),
oofet odd Pes A AlesiEi A A
Aest= At Zo] Bl-go] gol 2 %ALY 994

o] ¥ HIRET= wE| HoflA thafgt ofolr]of
£ sk 747 P—J 7HAE F48HAY Blaste] 7}
g5t dEo A4l o4 1
“Jo]HLangs, 1996b). Campbell& #2|2 Alx &
A2, 7148 AR, A AEE AL A%
(thought trial)®] #2424 W& Ho| - A&l 115
< HHor B A Sy IS B oS
ol= Arggitt, o] A-tollA A|¢tsl= H7|HE %1514
T}t mesels maEo olwst IS ek w
94 x%_,}z% zsﬂ%zq’ 01;(]7(4 Odg 7 7%0]];&1 r,}ookﬂ_.
HIL - 324 — 2} - A8ohe g oR FA|SRE A
oth, Campbell®] ¥4} o] 2F 9| 3 71A] Fa3t
Apol= st wskgolA ol W, A4 5=

Fepsl= Ipgo] W2 o] ofyet oA olgk= o]

o] 3L FHAjo # g} st A| A" AT
Aol A AA| 248 dAE
T+ Adstr|ol= 1&4 Folu &E I &
o]

PN
T
S =
=
&

#leo] ol 9 4 GOBE AAZ o] A
33 AANZAL, AR ARelE Aol Hiety

ShH, 2007‘51 WY etusatdo A 2 =yE
AR 9] Ao AgstH antA Y Aol
A7 2 EH] A vy, A g 5t
HolA 62k4]9] 18]/ 02 AA|Sl= AHT, S 7|
Qlo] M= gtulgat shdo] AA o] mgof AjE A
Alpete) £A4S Fws] st 3% A w4
aff o7t A g, s AR4l 0”7" vpete] gt AdH
& Alee Ent O}‘/]a} IR BEU 2 WAL 4=
A ALk 7hsd Aot olFA & uf, g shd 9| 6
ZpA] BERo HAIH O 7 wo| BEslua  A5EHL
o ¥ @& A& widstAY A+ et JJ—OJ_'—V*QJ
AeE S7H713 11 5 94 £, dlE &9 4/5
Ars L shjo] ZEFHoF 6]"1)5\'0]"1‘__‘ yaeow
TS, 44 EFH(1/5 AX)S AeET 4 OE
FA 3 o] AdYsh= Hhoke mAlE F g ) 9l =
EIR=E = Zzl olgh= ou]9] oY = currlculum
[curre(@]th + culum@)JoNA, F4F 2t W&
e B Yol T‘Eﬂoi o]4=3}+= ‘Science
Curriculum’ ¥ M4 72l 793} AlA| 75 A
solu AES F43 ‘/}0}7}71] 3= My Science
Careerculum’ &2 o] ¥} g5’ 02 Uiro]
Yot HokS A|lEE F Q7 9} o]E3 HAle &
0] SIS AR SHoA HFA o R A kst
= QAR A = B 712 7F wrhar & 4 Qi



1. 42

2 TN AT SN Ak v
s} AR Zuolxe] ¥ e w9 71
2o, 12| HEPE S S o] SurElE ad

of WS Fa BE §oIS AR, A2}

)

dAe 2Yste] chal ool AL Y= B
HejFolo] o3k 218} o] 29 814 a4l ¥ol-Al

4

-] 9L B2 shyolA Bshe ARaters
ol1 gtHog 7122)7] 93t W7|HF X34 w}st

WpShE BE(ABC-DEF) 7Hsteitt,
of myel 24 B4 & WL chewt Ytk

A, o E‘%JWFHE Aol Qe A), THoteT
S@E 9o B), BHAQAE F9; Oolet
4 sse EA, 0, 7%, A4
o] 2} it o] 4lel-shA|o] AFg5H= theFskD),
Wl - AE(E), B AgEeles Al BAR 4

o] ATelAE WoIN Ay BY YT 2E3}
7] glated, 1zt wjo] T4 - 715 H 54, A7k
AN A Lofihs BB sk, Hujel A o]

= Asbe 31y, 3t AR} A Trsbaje) st
5ol YA Askd 40 Bt ATBE 2Hs)
At} ol@7) so] w2 QIzk He] Z2p EAI} A
AR S Wy aAR S B TR 5

o dEzols wrje, 7| Asy st as
s wES s, o] mye Al 71H adel
A 74 S W Bk ol2ojxlt, Al A1K] ast
Ao, WA, I aoln, 7 A4S P
A G chefsh — i - Ale — 2 4 8(ABC-
DEF; Affective, Behavioral, Cognitive components
— Diversifying —Emulating, Estimating, Evaluating
— Furthering steps)©|t}. o] o] Aol& g4
(A= A7t HollA e WEste dEHAA] =
O Fa Aol AT WA T siRte] o
57)47 BRETh, BEA Q2B A7 ARE A
ok $4, ool 4ol ofal - 43} B
59, 42eE ARE Aejshe 42eEd
R e
20 AL, AE, e, EAs A B Zd‘:
Foll EHE w0 2FZ o]t SHofA
] 7]9Hbrain—based) |t} o] gL A 7HA] ZF
= FHste Al dACIA, ket @AD)= &
ANA TRt HolAE AAdste o], 71
L} &/l BlFo] H|aL - HElstes TA|(E)w o
5 & F&3tAY 7 Sl As A5sto] st
< o, 4 - A8 TA(F)= AEE As FA
POz SASHAY A&k DAl o] 2
2 o]ygt =4 ‘HsHA (evolutionary) ©]tt.
ABC A| 8409 EHgH Teka Szof| A 7HAA Q2lo]
SHHOR 2= F8A4T oA ARl 7)5a
= Alude] vis) S Wshs diEHAA
SAIgE gk vhdste] DARWIN (Driving Affective
Realm for Whole Intellectual Network) -2 7%
a3t o] mYe ki WYoN ches Bet Aot
shio] S4o) e} toket Weot pEoR §EA

WA A=E 4 o

% o] AToIN AXSHE BRo 18E ST o
We £g8 74 ke YA 28 A =
Hyth,

02

5

Ho

o

57 (1991), Fx|9) 7)5Ealol| whE woAer
oy g Ada o“wwioﬂ n)x)s e Ae

P upAR}) =B

s

of

o

J



1006 iy

TERIHAE (2007), Foka B4, thata

HAFABIA,
A8F (1998). H2UENAN AL of
WA Bekd 22 L Bephd tﬂau S48 el

=717 St ostw 853 R] | 18(3), 427442,

A&7 (2000). o5 SF9 Huf #A40 7] %3
£ 23 o mRo] AT B3 sisole] 48,
At ekl HAse] e,

AAD (2000). =75 ol 7|x3t 2528t
Jﬂ”* 7ol et At Athshar ofekd HhAL
=

GRS

o Rl

:L_ﬁo

(1999) Tetuso M Feeks delel 7

Pasm o] A, ALTEiL st ui)

rl—r o
r-10|, i mE [-oh HU

L B
(A

s (2006) AEs 71 A A YeERY=
Y ) A4 Y e 93t A7 AE w
fa, e AlEaashel A, 34(2), 232245,

AAY (1992). LT AlRbel| T QAA]7]5-2] st
o oAT w5t shYo] Tiety FA1L $IF @
g Ak ALt vhalele] =

AAA (1997). BEH52) EHH yeata 7]z of
ojlfo]-FH-HE BY I=AENSTIE A, 25(2),

ot &
N

A2 (2005). H 7Isoll 7123 Wt wlapshs:
Y 75t shal wste] g ojA - AAIA - A g
o A T Y. 2, 24(1), 86-101.

O‘iH/\é 283} (2004), 255t 3o x]ﬂﬁ]—
A4 AdEier w3t sk Aol tigt 71919 #A. T
AELS3EE] A 32(2), 173-180.

2 (1999). Ax|shs 2ol 25349
Aojg Aodu) A H e, 1etA] BjE 9 5984
of mAl= &¥f Aok ook HASHY] =1,

Adams, P. (1998). Hebb and Darwin. Journal
of Theoretical Biology, 195, 419-438.

Anderson, L. W., & Krathwohl, D. R. (2001,
Eds.). A taxonomy for learning and assessing :

O

A revision of Bloom' s taxonomy of educational
objectives, Allyn & Bacon,

Armony, J. L., & LeDoux, J. E. (2000). How
danger is encoded: Toward a systems, cellular,
and computational understanding of

cognitive—emotional interactions in fear. In M.

S. Gazzaniga (2nd ed.). The new cognitive
neuroscience, A Bradford Book. Cambridge,
The MIT Press. pp. 1067-1079.

Basalla, G. (1988).
technology. Cambridge: Cambridge University

The evolution of

Press.

Beer, R. D. (2000). Dynamical approaches to
cognitive science. Trends in Cognitive
Sciences, 4(3), 91-99.

Blute, M. (2002). The evolutionary ecology
of science. Journal of Memetics, 7(1), 21pp.
http://jom—-emit.cfpm.org/2003/vol7/
blute m.html.

Bowler, P. J, (1996). Life s splendid drama:
Evolutionary biology and the reconstruction of
life’ s ancestry. Chicago, The University of
Chicago Press. pp. 1860—1940.

Burnet, F. M. (1957). A modification of
Jernes theory of antibody production using the
concept of clonal selection. Australian Journal
of Science, 20, 67—69.

Buss, D. (2007, 3rd Ed.). Evolutionary
psychology: The new science of the mind.
Allyn & Bacon. [(fud, HAE, olF# &7
(2005, 2%). mh59] 719 AstA] st yien|t o] ]

Caine, R. N., & Caine, G. (1994). Making
connections: Teaching and the human brain.
Addison—Wesley.

Calvin, W. H. (1987). The brain as a Darwin
machine, Nature, 330, 33—43.

Campbell, D. T. (1960). Blind variation and
selective retention in creative thought as in
other knowledge processes. Psychological
Review, 67, 380—400.

Campbell, D. T. (1965). Variation and
selective retention in socio—cultural evolution.
in H, R. Barringer, G. I. Blanksten and R. W.
Mack(Ed.). Social change in developing areas:
A reinterpretation of evolutionary theory.
Cambridge, MA, Schenkman.

Campbell, D. T. (1974). Evolutionary
epistemology. In P. A. Schilpp (Ed.) The



philosophy of Karl Popper. (413-463). LaSalle,
IL: Open Court.

Campbell, D. T. (1987). Evolutionary
epistemology. in G. Radnitzky and W, W.
Bartley III (Ed.). Evolutionary epistomology:
rationality and the sociology of knowledge.
LaSalle, IL, Open Court.

Campbell, D. T. (1990). Epistemological
roles for selection theory. In N. Rescher (Ed.)
Evolution, cognition, and realism. Lanham,
MD: University Press, pp. 1-19.

Campbell, D. T. 1997). From evolutionary
epistemology via selection theory to a
sociology of scientific validitiy. Evolution and
Cognition, 3, 5—38.

Cavalli-Sforza, L. L., & Feldman, M. W,
(1981). Cultural transmission and evolution: A
quantitative approach. Princeton, Princeton
University Press.

Csanyi, V. (1989). Evolutionary systems and
society: A general theory of life, mind and
culture. Durham, NC, Duke University Press.

Cziko, G. (1995) Without miracles:
Universal selection theory and the second
Darwinian revolution. Cambridge,
Massachusetts and London, England: A
Bradford Book, The MIT Press.

Cziko, G. (2000). The things we do: Using
the lessons of Bernard and Darwin to
understand the what, how, and why of our
behavior. MIT Press. London. pp. 177-198,

Damasio, A. (1994). Descartes’ error:
Emotion, reason, and the human brain. New
York: A Grosset/putnam Book.

Darwin, C. (1859). The origin of species by
means of natural selection, or the preservation
of favored races in the struggle for life.
Champaign: Project Gutenberg.

Dawkins, R. (1976) The Selfish Gene.
Oxford University Press

Dawkins, R. (1999). The extended
phenotype. Oxford, Oxford University Press.

(S99 &4, (2004). T8d £3F. &F=oHAt]

Dehaene, S., Changeux, J. P., & Nadal J. P.
(1987). Neural networks that learn temporal
sequences by selection. Proceedings of
National Academy of Sciences USA, 84, 2727-
2731,

Dobzhansky, T. (1951). Genetics and the
origin of species. Columbia University Press.

Edelman, G. M. (1981). Group selection as
the basis for higher brain function. In F. O.
Schmitt, F. G. Worden, G. Adelman, and S. G.
Dennis (Ed.), The organization of the cerebral
cortex. Cambridge, Mass., USA: MIT Press,
1981.pp. 535—563.

Edelman, G. M. (1987). Neural Darwinism:
The theory of neural group selection. Basic
Books, NY.

Edelman, G. M. (1992). Brilliant air,
brilliant fire: On the matter of the mind.
London: Penguin.

Edelman, G. M. (1993) Neural Darwinism:
selection and reentrant signaling in higher
brain function. Neuron, 10, 115-125.

Erneling, C. E. (2005). Is cognitive
development equivalent to scientific
development? In C. E., Erneling, and D. M.,
Johnson, The mind as a scientific object:
Between brain and culture. Oxford University
Press.

Gabora, L. (1995). Meme and variations: A
computer model of cultural evolution. in L.
Nadel and D. Stein (Ed.). Lectures in complex
systems. Boston, MA, Addison—Wesley. pp.
471-486.

Gabora, L. (1996). A day in the life of a
meme. Philosophica, 57, 901 =938,

Gardner, H. (1983). Frames of minds: The
theory of multiple intelligences. New York:
Basic Books. [°]73] ¢ (1993). "9 &, &+
AL

Gardner, H. (1999). Intelligence reframed :
Multiple intelligence for the 21st century. Basic



1008 iy

Books. [#8% &7 (2001). A% A7t Ae9]
M= olsll. A DAL

Gazzaniga, M. S. (1985), The social brain:
Discovering the networks of the mind.
Gazzaniga Basic Books, New York.

Gazzaniga, M. S. (1992) Nature' s mind: The
biological roots of thinking, emotions,
sexuality, language and intelligence. London:
Penguin Books.

Gazzaniga, M. S. (1992) Nature' s mind: The
biological roots of thinking, emotions,
sexuality, language and intelligence. London:
Penguin Books.

Gazzaniga, M. S., Ivry, R. B., & Mangun, G.
R. (1998). Cognitive neuroscience: The biology
of the mind. New York: W, W. Horton & Co.

Geary, D. C. (2002). Principles of
evolutionary educational psychology. Learning
and Individual Differences, 12, 317-345.

Geary, D. C. (2007). Educating the evolved
mind: Conceptual foundations for an
evolutionary educational psychology, In J. S.
Carlson and J. R. Levin (Eds.), Educating the
evolved mind: Conceptual foundations for an
psychology.
Information Age Publishing. pp. 1-99.

evolutionary educational

Goleman, D. (1995). Emotional intelligence.
New York: Bantam Books. [&FEl& %7 (1997).
WA &, sh). w2 ot ]

Gopnik, A., & Meltzoff, A, N, (1997). Words,
thoughts, and theories. Cambridge, MA: MIT
Press.

Gould, S. J. (1977). Ontogeny and
phylogeny. Cambridge, The Belknap Press of
Harvard University Press.

Gould, S. J. (1983). The hardening of the
modern synthesis. In M. Grene (Ed.),
Dimensions of Darwinism — Themes and
counterthemes in twentieth—century
evolutionary theory. USA! Cambridge
University Press. pp. 71-93.

Grobstein, P. (2005). Revisiting science in

culture: Science as story telling an story
revising. Journal of Research Practice 1(1),
Article M1. Retrieved 1 November 2007 from
http://jrp.icaap.org/index.php
/jrp/article/view/9/18,

Hall, B. K. (1992).
developmental biology. London, Chapman &
Hall.

Harvey, 1., Di Paolo, E., Wood R., Quinn,
M., & Tuci E. (2005). Evolutionary robotics: A
new scientific tool for studying cognition.
Artificial Life, 11(1), 79-98.

Harvey, 1., Husbands, P., Cliff D.,
Thompson, A., Jakobi, N. (1997). Evolutionary
robotics: The Sussex approach. Robotics and
Autonomous Systems, 20, 205—224.

Hebb, D. (1949). The organization of
behavior. New York: Wiley.

Hofbauer, J., & Sigmund, K. (1988). The
theory of evolution and dynamical systems.

Evolutionary

3

Cambridge, Cambridge University Press.

Hull, D. L. (1988). Science as a process: An
evolutionary account of the social and
conceptual development of science. The
University of Chicago Press, Chicago. [3Hd7]
a4 (2008). FFe=A o] 3} 1, 2.0 ¥} Ao
it 2let24] A9, HAAL]

Hutterlocher, P. R. (1990). Morphometric
study of human cerebral cortex development.
Neuropsychologia, 28, 517-527.

Jensen, E. (2nd ed. 2000). Brain—based
learning. Turning Point Publishing.

Jerne, N. K. (1955). The natural-selection
theory of antibody formation. Proceedings of
the National Academy of Sciences of the
United States of America, 41, 849-857.

Kauffman, S. (1995). At home in the
universe. New York: Oxford University Press.

Kelly, G. A. (1977). The psychology of the
unknown. In D. Bannister (Ed.), New
perspectives in personal construct theory.
London: Academic Press. pp. 1-19.



Langs, R. (1996a). The evolution of the
With an
Darwinism,

emotion—processing mind:
introduction to mental
International University Press.

Langs, R. (1996b). Mental Darwinism and
the evolution of the emotion—processing mind.
American Journal of Psychotheraphy, 50(1),
103-123.

LeDoux, J. E. (1994). Emotion, memory, and
brain, Scientific American, 270(6), 50-57.

LeDoux, J. E. (1996). The emotional brain:
The mysterious underpinnings of emotional
life, New York: Simon & Schuster.

LeDoux, J. E. (2000). Emotion circuits in
the brain, Annual Review of Neuroscience, 23,
155-184.

Lefton, L. A., & Brannon, L. (2006, 9th
Ed.). Psychology. Allyn & Bacon.

Lewontin, R. C. (1970). The units of
selection. Annual Review of Ecology and
Systematics, 1, 1-18,

Lorenz, K. (1971) Studies in animal and
human behavior. Cambridge, MA, Harvard
University Press.

Lumsden, C., & Wilson, E. (1981). Genes,
mind, and culture: The coevolutionary process.
Cambridge, MA, Harvard University Press.

MacLean, P. D. (1978). A mind of three
minds: Educating the triune brain. In J. Chall
& A. Mirsky (Eds.) Education and the brain.
Chicago: University of Chicago Press.

MacLean, P. D. (1990). The triune brain in
evolution, New York: Plenum Press.

Mayr, BE. (1982). The growth of biological
thought: Diversity, evolution and inheritance.
Harvard University Press, Cambridge

Nolfi, S., & Floreano, D.
Evolutionary robotics: The
intelligence, and technology of self—organizing
machines. Cambridge, MA: MIT Press/Bradford
Books.

Panksepp, J. (1998). Affective neuroscience:

(2000).
biology,

’

sl Zs it masts 250 4z 1009

The foundations of human and animal
emotions. New York, Oxford: Oxford
University Press.

Pauling, L. (1940). A theory of the structure
and process of formation of antibodies.
Journal of the American Chemical Society, 62,
2643-2657.

Petrinovich, L. (1997). Human evolution,
reproduction, and morality. Springer.

Pfeifer, R., & Scheier, C. (1999).
Understanding intelligence. Cambridge, MA:
MIT Press.

Plotkin, H. (1994). Darwin machines and
the nature of knowledge. Harvard University

’

Press. Cambridge.

Popper, K. R. (1963). Conjectures and
refutations: The growth of scientific
knowledge. London: Routledge and Kegan
Paul, [o]3HF &4, (2001). +51 =8t 1, 2. 9
AL

Popper, K. R. (1968). The logic of scientific
discovery. New York: Harper and Row.

Quartz, S. R., & Sejnowski, T. J. (1997). The
neural basis of cognitive development: A
constructivist manifesto. Behavioral and Brain
Sciences, 20, 537-596.

Schaverien, L., & Cosgrove, M. (1999). A
biological basis for generative learning in
technology—and—science Part I: A theory of
learning. International Journal of Science
Education, 21(12), 1223-1235.

Schaverien, L., & Cosgrove, M. (2000). A
biological basis for generative learning in
technology—and—science Part II: Implications
for technology—and-science education.
International Journal of Science Education,
22(1), 13-35.

Schuster, P., & Sigmund, K. (1983).
Replicator dynamics. Journal of Theoretical
Biology, 100, 533—538.

Simonton, D. K. (1998). Donald Campbell s
model of the creative process: Creativity as



1010 sty

blind variation and selective retention. Journal
of Creative Behavior, 32, 153—-158,

Simonton, D. K. (1999a). Creativity as blind
variation and selective retention: Is the
creative process Darwinian?, Psychological
Inquiry, 10, 309-328,

Simonton, D, K, (1999b). Origins of genius:
Darwinian perspectives on creativity. New
York, NY, Oxford University Press.

Sousa, D A. (2001, 2nd ed.). How the brain
learns. Thousand Oaks, CA: Corwin Press. pp.
245-274.,

Spector, L., & Luke, S. (1996). Culture
enhances the evolvability of cognition. in G.
Cottrell (Ed.). Proceedings of the Eighteenth
Annual Conference of the Cognitive Science
Society. Mahwah, NJ, Lawrence Erlbaum
Associates. pp. 672-677.

Striedter, G. F. (2005). Principles of brain
evolution. Sinauer Associates.

Sweller, J. (2003). Evolution of human
cognitive architecture. In B. Ross (Ed.), The
psychology of learning and motivation, Vol.
43. San Diego, CA: Academic Press. pp. 215—
266.

Sweller, J. (2004). Instructional design
consequences of an analogy between evolution
by natural selection and human cognitive
architecture. Instructional Science, 32, 9-31.

Sweller, J. (2006). Natural information
processing systems. Evolutionary Psychology,

4, 434-458,

Sylwester, R. (1995). A celebration of
neurons: An educator s guide to the human
brain. Alexandria, VA: Association for
Supervision and Curriculum Development.

Sylwester, R. (2000). A biological brain in a
cultural classroom: Applying biological
research to classroom management. Thousand
Oaks, CA: Corwin Press.

Talmage, D. W. (1959). David W. Talmage,
Immunological specificity: Unique
combinations of selected natural globulins
provide an alternative to the classical concept.
Science, 129, 1643-1648,

Tonegawa, S., Steinberg, C., Dube, S., &
Bernardini, A, (1974). Evidence for somatic
generation of antibody diversity. Proceedings
of the National Academy of Sciences (PNAS),
71, 4027-4031.

Vincenti, W. G. (1990) What engineers know
and how they know it: Analytical studies from
aeronautical history. Baltimore: Johns Hopkins
University Press.

Waddington, C. H. (1977). (published
posthumously). Tools for thought. London:
Jonathan Cape Ltd

Wilson, D. S. (2007). Evolution for
everyone: How Darwin’ s theory can change
the way we think about our lives. Delta.



