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Abstract

The aim of this study was to explore scientific
thinking beyond the literature of scientific
thinking and to study its enhancement in preschool
children. Scientific thinking is a kind of thinking
related to cognitive psychology and it often occurs
in people's mind rather than being a phenomenon
in the environment. Given the significant impact
of preschool period on children's thinking
development and  subsequent  academic
achievement, it is important to consider teaching
scientific thinking in preschool education. Based
on investigating available resources, the
educational package for the improvement of
scientific thinking was designed. The method for
teaching thinking was planned in the form of semi-
experimental study and single subject intervention
sessions. Accordingly, as a pilot study, a sample
including 4 subjects (2 girls and 2 boys) was
selected through convenience sampling and
trained in scientific thinking during eight sessions.
Children were actively involved in the learning
process and their response to each training session
was evaluated individually. The results of this
study indicated that teaching the scientific
thinking can help learners to resolve the issues
through scientific thinking. It is suggested that in
order to validate the designed package of scientific
thinking education, its effectiveness on other
cognitive skills of preschool children be examined.
Keywords: Scientific Thinking, Problem solving,
Preschool Child

O‘)‘Q"‘. ‘Q‘)ﬁl ‘Ol)e(}' oKl ey P,l.c 9 J»L‘“L‘Jola) sl 40)5wa 9 (sw u“"‘:‘f’db) aj)f )L:,f.jh 2J9§.wa - XVonY)

s el ol olStils
Email: ehejazi@ut.ac.ir

Received: 19 Jun 2019 Accepted: 1 Sep 2019

M TENERRW)
g5l el
o B g0

S

9 Oladl g I (ole SE (qwyp gl gl Sl San
SSE g ool g Gld i 365 )3 B e )2
Slody Sipl sloas el g 039 (3L (wlidlyy b lasye
Sy )ﬁj‘;b" 4 dgr b amd o &) a8l ged jd il bas )
Slocaibye 5 (5395 S Chpdin 3 liwnd | G (g
Sl 53 ole & ool b cal (65950 (o s
Blie (o 4l g 255 )8 drgidy00 Sland sy (b0l
Bigel gy b (Ab ole S8 )] (Bjgel diaey 9290
Adhie Clule B ptbojlans (lpl JSS 4 SE
Syo 9 0 5yate adlls ol o)l ansle 05y (3390]15
L5 pbul WAS-AY luass Jlo jd oled e (Sliwsd i
¥V 5 550 YA) (52905l AD Jols 5850 93 oyl (gylol lasi g
Jobd (sleiges e latio g2 Ca ol (o 2 92 (3
B4 OBl o yiwd )3 Sygody (ju Vg 53 V) (S3g05] ¥
2 KBS 15 el i bigel Coddule cutin by
9 35 x5k sl Jlb Cogen G5 ()
838 Syt (Bi5e] ey (lime & s (U1 gly
Elds 4 3l oLt adllas ] b5 .CES )5 Ly 390
2 U wles KaS B8, @ Wlg e ode SE bjgel
ol Jo ele S5 00 b ) Bluo 50k s Jobo
Objoel 00 (Pl sty (i el Coa 050 oty
Os8 (BLb bilee plo p ol iS5l (ole SE
255 )8 oy 390 Sl S

S O35S Al J> (ol Si 155 o5l

08 ol g oKy ( nF (ol (5

IS et el b olKutls _sbjaal e 0,8 Sl
sy pole g (lidly) eaSitily oyglie o (i (elidily 09,5 okl

ANV 2 gy dy AR VARG | PR


mailto:email:%20Khodayar@ut.ac.ir

e Db 1 Gl i 355 43 cale S& W5 Yy
doddo
25y o6 48 )55 5 Jeb B3k (ilay 9 Ubjgel 3 ceslio s s sl gl sloplls
o9y Wilgy Bl el (350el Jpol 51 (alT 4 5l i iyl (o pday ] 295 sl i axsly
5 sy sloala ol (YT NLS) 15,5 )5 5 a8 3551 (5,550 anl, 5 1) (bjgel coslio
ol Glinl 5l (S (WAL ((Slo) it (6550k g oty ) o) g3l 85 5 S5 ol 5500
o905 G 4o 3 5 Yl (lasin] )b atels )3 ale (S5 (287 4y S sl () ool (slaplles
) 535 5 ool pSesinm 58 Sl 3] (i sale 5 293 033 ool (goluais) i 5
S iy 3 (VeI dSG,00ls g ol (Bl eso)liag)) WS o 3ol jgmo il amsly 4y 399 (gl
liwly )> Wedan S5l gg o Jold 5 cunl S (gorgcina b blis ofly cpl & cudS Wb ¢ pole
il 03,8 jasuie (Shg iz b |) (ole S5 X9y Fcugn (Y1 (08) ol )5 23 (l38)
3 g Jwlad zudgl ped B 1D L § ol dliis b «S25S (gl At g (59lSuS Bl ¢ ol P50
(ole S sl 03503 oo 1y ] (ogrde J25 5 (Jolee 5 s dlall) Sl e el «uled
9558 50 el bz )3 ooy S &Sl sl (el oS cunl (Bl by, b las e )SE5 I o5
lge 3 &S Cuwl ole S5 259, L hasye (LS o )loe 5l (S g At o amd oo £ 381 (g3
oo lyr ot b i Gl5555 el (slobasme 3 3, Cunmdl s (55 cilie Ll U
35365 8 a2 ginyge (Shuwd i (Bisel bume 3 gpse cul 4 sl p3Y g Ligd oo drlge St
(VN Guy)

(ol b o dnog o Gl L lid g 0093 3 G395 Sl Al & 3503 428 5o
ol Gl G536 e 0 (ele S )] Can bjgel st 2k Jlisay pol imgl,
2l ol plgies & (ol (Sleadpin (39 ) (el B A1S cw)p ed elil (per
DS (0 )18 429390 dudS dgmt Sld iy G395 3 )

O sloie)s 5 ale S
winlio Jolis 45" ol o 48 )5 €Sy gD ol 4 dio0 s 5 Silatanw dolipy S jl o pale a5 Liio
o Cunl (g las atnj nl ) ol Sl las J1 (S (Ve Ve ) Sl (6540 g (o 0 e 8

. scientific thinking
. Host

. oheric

. inquiry

. analysis

. inference

. argument

~N NN RN~



ry w233 Jlo ) o 5lowd ( idgi — ode (B U gy (63,55 sl idgh aollad

OBl 23 )3 (Sl b g Wl g oo g)drgy bt barlpd b 55987 &S loj bl pl 2 el 03>
d2gi b ashl )3 i1y 0 g0 IS 9 pole SleMbl (g L3I Jlotigh jo5 4 (g 139500 3]
aled 3 5 03) (S AmD (225 Mled g 5yl SlMbI g bl g bawglie I Jols gw)p &
P eoypoS alas i gy (VWY ¢ Jigols g L) 258 0 ploxil 95 90uiS g o slotel JB LY o)1)
sty il 1y ol 1) 533 48 ] & g5 e S L by oS el tiabin S ) e ele
N9y dl osllae bl 5145 Lo (s 980 (A ale S35l (o9 g (ole S 0gMey
OrgS B @ drg Ly bl (med 2 (Vo) e (298] 398 (ale S 4 ymie Cunl (S (ol S5
o o3I Bl el dinjls ole (S5 4 S )giue

Lol fanl cldas 3y90 5 Sllas o954 155l @11 ((VABA) o3l g jalail &5 ds o wlie ole Sa
oUlg opl 38l o 13l 4 Jleag U B 80l 50 wiled,S a8l)] (6 )90 Sliles 390 y3 LT a8 lis ]
Kb )3 5 S e Ay & £, sl 0ad )] Slidos ogaddy (lillas bwgs dx )l 1 595 sl
33 368 (Voo cipopou) 395 o0 oadlie Sliwd i 365 13 (1,500 5 395 390 > 2T 4yl
g Cawl ()1 Cusnly | glate sl (2 lawgd oid &51)] 3)lg0 g o drgie S & U Y o o
ool e 53 55 g cubgn pbogmgl &l S dslie ;K00Sa b ) lge ) Al las]
(Vore Jlogm 5 (295) Bgdioe jo Skl )l

€58 (gl aald> plgie cob gl 0 4 an T L amd o &) ele i )0 o ganl b 4l
4 &b1S Jos laonl g (Auldd slgize 5 (o) Jold (5395 (sl bl cunl Cglate 90 oo g)lae
Q255 sl le ddd oS sl ditan (V0o T) ord ol 3 maenal 9 SE SO le S polate
90 42 9 35 oo pll (bl B9y 4 el g il (lagSgcS 5y 5l AT el (S0l (ol
Sygods &S |y do ol (&5 5l odlatel b auds o3 clyls 3,8 (WAL ¢ Slas,) 35l o 8395 p3 i
5 S L g W Tl - plil gy o p ) QI1SE g auslis LS sl oad 4y cole
b olla Yl g 5000 )54 Jlot g (o) 0 e |) oo (o e g il ) (Bras 4ty
S (50 3919 158 L 213 929 S sl las (Bly ) dledge gikae (xS g pSoe bl (Slie
oS ole S 53 Lol (Vo0 o Jes Sy Vo0V 25983 ) 39800 itie ol (6548 S eciled 2
ol e o) 5 5 S5 (VAT igols g lowis) cnl (ool 5 iyl Vool 5,18 | basspo
ol psle 3 (03b5 Copin g 358 o0 Cgure (255 pole )3 odlatulyyge gy (alil JY el &5
oyl Yl o ale (S5 5 ol Yl 45 3955 o skn (VYAD 515) ] g ol 5] o3l
oy las Colo Cgzylen 53 Ilpd jonds SVl g S (lalejl 5 (ol clld Jolye Jolis 5 ol
P ) 58 ol S D9y 00 4 Saled pln 3 S5k 5 Gl S sl laby Glysar 5 ol

1. science philosophy for children
2. deductive-abductive



e Db 1 Gl i 355 43 cale S& W5 Y¥

ool oSy a3 ( wlid 5l eolitul b wieS o \Simgy 4l )0 s ain Lol 3,3 5,8 ale
o15) 51 1 GlS355 3 S8 Ly ad) el 13 5515 () 43,5 sy e line & il
(Y30 i lg Y- AY NS
gl gy nl 2l (el S8 )] Can odjgal ey S (LB 2 SV dam ol 53515
&S yob o i daus |y (Bl b )lpe g AiST @y 1y (65300 Jlanl b 5,5 &l (glogud 4y
Ll BB oS cosl alacloo 4 (alitod (Bj5e] mao Blanl | (S S oo gl (V20) o 5 o
QUi 393 (gwyp 3 (V10 ¢yl g plale « Sl i pudsh anly JUil S5 e 4 (g3 5 SLBL
(oo leitly p e Ghioel Sl ey (omges G dely )3 35S 38 sy (sl Ul oS 00l
pRon U ai)h bl ol oy clallas cCawl odui ol paass (il (o alde it Lol by o )|
b gy ot s 151 = i s 45 5,5 plol alastin; s shilee 0 1 3505 b
Spdiso 485 5 ) otmgly ciyllog o EAUSES b Yl o (L5 il ez b S e
Uil Jlocl 48 g ) b 5 canl (sSeasb 515365 sl ] 3392 Lyl 48 LTl luws )b 8o 31 g
5 o5 adlllae e cpl 5> S Jlo Sy 2950 plonl sl g b 5 Sl ol g9y (LB
O3S &S il Cuonl gadse pl Hlaiste (gl .l 8355 (sl sl pualy 5y50 43 (VAAY) uulid
gt Alsd youdi 9 355 slasladyaly 5 sate Lol ()5 @ly o 1S o S8 WisSe Gialesl o)
& Sloj S (alolid opioniz dige) o 3 |y iliSee o glajiie (B8 S0L & 08,00 La]
Ao ol j eslitul b o caun (SVC) Mlayite (s3nl) S8 4 jls o)l s92g iz slapite
S B K39 3B jdin 5Sy5 g Al Ve 398 Ao cnl )3 03,5 (uyp Wbl g0ty | njusie
3yl J S oS dlod oo o)Ll 35 (Vo0 V) (oo (VAN 0085 (2) 2598 g |y b pusie (6321,
iy o ko 155 15 &y SLislofl pbrl )3 53,15 3,18 (5154 5365 b liglol plosl 3 Lo e
g | ot 500l 55 3513 35 sl ey i 5 OIS355 S 3030 L5 ) gl U
Wl glo e jpi Ll ) b 20,8 (b (dalo]l (V+10) (iglayg 5 555 SIS 105 g gy
O Sojoal 5 el o ol sy 5355 (o Jod S (5o 3 9 L5 Uit i
b Sgdie (s3] 99 chlies jeito Jlaz b ptalojl (2l (tlle 1550 Gl 29 0o (2] RSS2
S 503,5 bo iyots il i o b Silef 859 1 o Lo 55 i 1 3 e
2 Je0 g cusld 293 glas Jlo 0=F g Jlo F-0 48358 5 Sloe ;5 ailes o 1l 1) b puxiio (00 punl
5 oaalie 5 ke cyat Alols
b ole S5 3y9m 1o liione 5y dlan | sl 005 plo] ol 1S5 sladin] 3 5,90 >  Sllllas
J975 5 635 JSb 3,90 10 1y b (gjlwerle] (gjluolS eSS ((giloalins Jolis (s polie (585 55 )

1. Strategic Variables Control



Yo w233 Jlo ) o 5lowd ( idgi — ode (B U gy (63,55 sl idgh aollad

Pl G585Sk )3 (Y VF cpplmly 5 o) (M) S5 g (Vo0 cpylouly) M (S5 ¢ cogpe ,Si5
oS> ol Jugws sl (aj0l )3 ale 1&gl 0,8 o 551 £9:590 ol 1 s (S g 2ol
o 02l (Ui ulis (pede )5 W18 55 (KBS Con > S D9 oo (2ye 9 0 SO (SN
s yiaS SNl g a3l SleMbl syvgcons & oS inlej] ploul sly JUo VY b1+ llyng &S
Vo oblgrgs el MBS 1y Sliwns i 8368 .(VA95 ool NAAY (15l g (3 «p0dS) 059l oo cwday
oo 355 Al o 1 V-V (30 505) 413 0 plol (st 4058 (pgs |y 295 Sliglojl 4 o VY b
(VY ol 5 (i) dled sl Gialejl sl (s B 2,8 e (ale SEsj2 o5l & 4028
(Nl £Y) Gl Jol Jlo b (Sld iy ga 5| 05395 &5 aimd oo (L3 3 1503 (sehaile Cliios
(S ygoar (YD cyayens g g jl B 4 VN0 & oIS g g ya5) Al o 5] Jlgus syl iS5
G daled ol con > ey e LS dedy OYlsw Zib g Ml o &S 4l Lasds o b
Hlo3)S" 635050l jgae Cilisee Sl )5 L 1) dinej cnl )3 G398 Ul (V41F) Jlale 5 IS (S
Do dales bl 5 T Sy Solis 8368 5 ,See

sk g Cowl 0390 S Hlans ¢ Sliwsd o olyed )0 ele S& Joow sliwly 0 Job cilalllas dluss
Olojon ysboas dilie N> (g g Cunl 039y (ale )5 A0 Sy (2] 41 39000 o0 L] (gl o)
ol 0045 sl

S Al el Ghomi g ale JSE (Byme d d9a0e 00 ploxil laiaghy yiin oS> Bk ]
il Bod 5l ale S5 b5 oS (Spgeo > il i (Byme cuslio Shjgel 0550 5 Wit ale
2 Sediny (Bi9el SO BByt (i85 4 do g b sl pdp el Sld iy 0)93 31 (LB, 9
&S Gl (bl &S5 cpl & angi o Juasd olyd )0 (sdm slacubge 5 Ao > 4805 ,SaT b i
3y oy 21y hsgnsobisel Pl oS Al fus pole bjgel (sline 4 o ¢ale S5 g0l
(¥ )

oS sl (o8 0)93 cnl &5 35S goae il sl 1y ole JSB 30l > Sl iy > wre
g9 ool B)) dine; Sy (Slacusdge i)l 5 (5395 (slasriailys g (B0l bl Lail b Gloye L
il b 3 5550 5 (il g 2 2T L & Lae cpiy (V) ) tles o3lel |y S
4 S line b (23 )3 Lise (3l 5 355 bl 04550k 395 S5 5 5 Sae b aYld IS5 &y il
35S O ygo Wlads g OleMbl vl lagye g d0ome (piilejlw «oleMbl )y nld b ) aleMb)
d9bse Bimo LS o (S5 ol 3 4 2lod o)y gl 5 (6Bl b ele SE g )3 4T (e
o9 9 S glisly > (Bj9el 13 G355 4 a3 LB ols ©ygps ol (WWAY (ome)
255 o> 5 (2SS 18 4 a2 b o0 KB Jajeel 0 g 150 Lol o VL il Loy

1. Jirout, J., & Klahr, D.



e Db 1 Gl i 355 43 cale S& W5 \id
g alS gy ly pi¥ Ml b ansy ojlal ol 4 9 5,138 plysl Soe8 sl oblg 4y L9,y cpl > Wb
SwigSog akai )3 higel 0 oy LB el cpn (YN0 colid) wil ashy Gl corgcans
Okl B eloial (2l dtuar (il e las 5l (S plyiedr (59 2580 ok (VAAY)
ol g YN opmngy) By dag 0)8 Jlad i 4 s a8 ToleMbl 55y g toily een (Sl
Gaog by el (S35 il o byl oyejs) Gloys he 1 Sog8 ole manlie calis 45 59 5l
b S B 3yS 0 @yge () (DR e Bob ) coles cul g (VoOY ((Saiting g (prlon
(VY cpg)) WS S5 e 1) 995 Ggelym (S 9 (sloinl Lo oS S

Ui el g slanl STl 5,500y 0 35 ped Loyl a5 g adllas ) s 4atiS das ] 4 angi b
L35S & ale S5 higel 3390 (Y10) (g 5 05 ol il o bl 1 PRI L 5 oy
ss e 5 o5 )8 s |y oS a5 > el S5 gl sloailhe cildges Bpee (Sliwd sy
e (Byme 1y ale S8 w08 ) (ol 00l

99
Fgjs (sIy] g 5 iged (5 lo] drols
J oalizul Sgolinl dllae sl (025 3,505, 2 (e (Pl adlllan oy g5 ) pSl LimoR )
ol oalisl aslllae (IYAF ¢ yogn) sl oy b aige <y o)y ML 5 aodls ggbs axigs e
Mol B b asdS )0 &S cuwl (lau il (slaodls g idghy aslllas y> odlaiwldyge gl (claodly jl oalaswl
Y oy Siasl & s sliol Jols 5 Siloss azalIS LS g s g5915,5 s g0 dnllas Chan by cglize
Loll &5 (gmd )] Limgsy csloodly jl canlllan ol 53 ol X comdy] imgly ccboodly o4 Sjd csloosl
L g polay daaidy Jold a5 Cuwl oids odlitw! ow)y sl 5 Cunl idgh (sbacdan (gly odliiul 3)50
(Y0 ity S g (guiley) Gl (pogad g (oges sloglojl Lausgs 01 (59155 sl

b (5990515 & pp0h 90l Al cutin LB > oalejl sl S SE Sbjel (b,
dualr o &y s BT 28Ty 5 Wgd g0 1500 4SOk Ald 50 Jleb gt IS g, ol )3 b

. Piaget, j.

. information processing

. scaffolding

. Zone of Proximal Development
. documentary study

. personal document

. official documents

. phisical data

. archived research data

O 00 3O L &AW —



Yy w233 Jlo ) o 5lowd ( idgi — ode (B U gy (63,55 sl idgh aollad

931 Jlo -5 (058" Jold [tmgy cnl ()lel qolr 25 0 8 2ol 0590 (938 g0ty (ol
S5 F Jols iged csimo3 el 3 35 (litd e 3 Bly WAV (oasss Jlo 3 Sliwad i 55 50
Wged 90y Sl Wiy .0 ool Miedan (6 pSdiged g, jl dges Sl s g (jun ¥ g yi30Y)
9 38)S )13 Giwggy K9y Ol 3 Y ghue (Slwd i e 4 dslye I Gy & 39 g0 nl
wly Jo 550 o aeld 13 8568 s atwlgd Slawd i e ol Vb j o] an g e
Sl s aule )l p e U ad wwls Sl 5o (Yohus JlAS (Byme Siagh
Sl (slyieo sy oz (ligel G0 g sl (e Al g LS (5 S0 Siimgfy b ol
dabicols) 8 b b atlss gl il Jg 50,8 )15 98 sl ol el g ole S5 g0l
S S5 JS555 ale S5 il Sl > LIS 515 sl oS
sl ptmggy 5 plosl (este (gl ) 2 ool S5 Bj00] Sl (Big0] g, g lgimo s g
ly @lalie ol Gbjaal 5 ole S5 (Slyien 3,90 53 5 31005 0Ll ol S5 (b yma & Laljll o plox
15 ol ol 005 yme el ,SE igel g (slodlitl b5 5 ygte dtuw Lol Lblb3ges 7 lae
Sliggss )3 dgein, (wlel g (5590 Gluds Xg) g lgize a5 390 lne (] p s w0ld zjhae diws
S Coanb g BLbl Lo )3 35290 malie 38" ) oslitul Jolis 3)lge ol alax jl 090 (Sl
ol 4 a8 S )lie 6 p53b )3 bjgel Sl g (gjldpbimls 5l onlil ¢ jbjgel (slad g Blads
by Wle JUb haggy bulpd sbml A e S8 (355 3 S g Sy Jou g (o85S e
Co Cuo b (3)5 walyd g duolie caled Sl bS5 SVl 3 )8 (Jalod g o e Soduw 9SS
5 dole 3 )3l g olilas wle calislys gbadply 5,8 15U 4 o lil wblpiiy 5 Slusg @)
9 399) Blosd zylae (LS (Bigel 5 (silede sl dlox 51 &S lasil g (gilupmcs | odlizl
YoV g g 5y VN copuiiinn S g g copad VooV (goyanj Voo F (@S 5 J Vo0 il
Nl Sy g Oplod VoV pungy VOV NRC VY (ip 5 ,SGp o5 (o Vo)) SYE
(99 9 y3w B 309 VoV alyy 5 (6350309 «alasd prEemd D (pags VY (b
(ol ol Jhmgdy Chbilpiii g Bdgein) 4 i b «oles 3 (Vo) all 5 Jgly ¥ +N (ygu ¥+ IA
Ol el o @l Al e S35 g (050 o Slle Jold Slule (lgie (V410) (39w 9 25
bylyds ) cunl (Ko a5 sl (83457 Blibl laors g Canb dy90 0 Slislejl #)b Jold wlolgisiy
50,8 ;S8 Slinlojl 5)g0 )3 Lb ;858 bl osis anlge o] b o 7 oo Y lgw S5 4 04054,
5590] 4ol y (gl y3 sl ansly SVl 393 gunl (¢lp g dules ol lislejl 3)50 43 1) g3 s
o dVN8) cugw 9 38 clayial Gimgly SVl (S ) pSle Glagh > oad (2l
Gb oy OVl 00,8 d8lal 55 i Ol e (ol olaiwl (Sl Ko 3 b (g jloculin
S o Wlgy 8355 b ad ()b 455 (g9) 3 pgea a5 Lol e lls B 3 (408 4 las
S & hjgel hg) Sl Cle aled (654 g 03900 SVl 5 48 2)b wjgely |



e Db 1 Gl i 355 43 cale S& W5 YA

Obe 23 il 9 dbml 5 (hjgel sLad b 8358l bl (o)l gl ik g (255 okl
D! 5 odlisl U tloj] plogl o556 (gusy Joldh ol Sl 5 ol el S35 5 ,Siingy

o 45 39 Sygo oy |2l gy Bisd e ol el Uag) 93 o ulpd (e B o liyle]]
O 2 48T o8 plezl STl 2,809, 5> (SudsSg 4k sl (8258 sl 5 il 25k I
4 eshigel aude pm > clisle b 5l Simgy o)y S& e slaanlp 55 IS5 o ol
wslg 5395 51 S o SaS (S e laadlie Bl (ele SE )l g oSS > S8
SleMbl b U sl (6K y 00 gyl s dy50 50 5 2l o3V CleMbl S ongcuns &5 D9 0
leMbl wisbe (b )3 5038 ol (les (i SKdmghy LS (il pan0)8 g S 4 g9pd o ey
b 5 03500 dunlio ol S SleMbl b 1) osds g las byl yis 838" asldl )0 wled oo JuoST 1) 8048
ol 3 9 BLS oo Vil g con ar ]y (5398 ot Sidimngy (uled )3 Higdi s 9)dg) (s gl
Coe 9 gl puod p ogde T ad 03y Cusjd (095 4 (pimen AIS (0 95905 o L 3)90
LS s 3 b 59y 2 35 1y 295 slaatiS b Lo po JISCE ]y > T alen 5 (el v

cin ol s b oolizal olgme olyy 5 okd ol cluls o bkl olsixe olsy s Cga
ole S8 L wadlgo blo)l 5 cpgai )b g ainbo (Bo) 4 Gojel 0ged 3)90 3 laasito 5l 4
Bl cupd 9 48 (g p SVl Cdlad 5 Ol b (Jlo F B0 i )3 (sole S5 ot (00
CVI asli 5 Jlaasin uyp gl Ser /A Loy odd sl Jde 5 badilge 15 Lawsae 3Ll
ol oas 031y LS ) Jgas pd

S jg0l aoliyy (glgime 51y CVI o g ¥1gu 3,90 40 (ylamasio o - Jga
ols

CVI o Jlosl Sl pod g lanastio oS Y g
o ¥ ¥ Y

b -IA ¥ A A FoY S leaiie b gye ol 4o Uy ond zylae ¥l ¢ bl
Sash oo ale
b ) Y ¥ ¥ FoOF el S o sl i do By ol g ylas Y3 g bapylils
it cowlio Jlo & 5Dy 5
b ) ¥ ¥ A FOY Ols s b ord zyhae oad gyl V5w g baglioh ksl
Saapd g0 Lausnds Sy B
2l VoYY Y Y el gl e U (s b 5 anle) Gy 4 sl o
Sl o

ol osd &5l Jlo 0=F 8565 a0 ole S5 55g0] lads JS (clgime 4o ¥ Jgi> 4



¥4 w233 Jlo ) o 5lowd ( idgi — ode (B U gy (63,55 sl idgh aollad

ols S (5900 Clds glgime aoYs -T Jod>

Al £90590 >
Ol 1y slslojome (o)l 5 )5l sl Jd
o] el gl g obad i o365 il pod
O3 Sl hgee (higal 5 (ope il pow
OB3s8 s Jl bl 595l 9 oo il ol
9o hj 9ebd g Slog)h el oo
O35 oleyd ool 5 Gl jlony S5 plials il
Ol o S jpole (bl )
ardhy 550 4 G395 BMe (I3 el e

Trbae SVl S a4 3uLs Lol 25,05 5950 T b 8368 a8 canl (gloyejgy basl s 4 bgaye L ylild
5 LS 5l (£S5 g 05y 0955 ol I lisly (slgime oMS ooy bl o dlgo o] L oss
s 9 Slad i SIS ) Cudge oo Jolge il pae b Slo Slg oo oS cusl SVl (g
glds (5 g g0 jl Cudlye g (pased Culling lalpd 9o jolate Y b b lgieds o Cunl (Jalge
2 ohigel Glagbyy (wp S Sbul JlS (gll > cul (See &S Ll g ouped g yeb o

ol 8268 L alasly 13 ogyld e (gl yloyd Dyg0 0 Sy S Ol SE g Sliws i

ipad lpiods gl duals deo i

isel el

o ol 1 32y (o0l sloJS 5 50 S eipe ol 23 208 ks 93 e 4 e(55y5lS
Slgice (5) S 4573,8 1S5 5)5LiS 103,85 A g ket SrsS (o (il (B3 2 45738 o
oS cpl Sl g casliS L33 by ojmme gy |y )] ol 9 CB L ogyls S wdy 5,0 b ans sl
S 393 (305 4 093 (o 3l Ay (LUl py WS 4y 5 E5) 5 gl 4 |y o WS el | gl 5]
&S ololosoman (gl Laid a5 sy aoeis pl 4 gl blosds 5y g 00pisS 05 o yd plos a5 W3 93,8
Sl (B aad lis > by (ol oS ol slpaidy lj)sliS” plad 4y g o L5y Wby cely sl
Sl Scwl 0ald ploul ciwyd Lislejl bl aiiS eolatwl ol (slwlojorze (59)l>

90 Al
ol yley SOy wls a8 5) Luds Sluwd o pde g S B byled pled SOy Sliws o

&S A5 drgie Jdo | dw ) ol S5y 1y bayless ples g 5,8 as 1y 393 S8 il asly Ly gesge
Sy 4555l s ol 3015 plosl o 1y g3 IS W)l g 3,87 i o LisT el g s Jliigs 854S



e Db 1 Glud i (D95 )3 el S5 W5 ¥

Jooly s g ol 8368 wliliel 31 a8 ol slpiiay ()l ppe plod &y g 03 plowil iwyd L):.,glo)'i oS
o Sl 0391 Canwnyd Sliwnd i e Lol Ll s o] S5y 1 lalgs O, pouss

Py du>
S g LS Sl @M 4 dagi b Sy 45 ey ol (058 4 dals oo Sl iy S5 ap0
Slyme b pmd (s 5 () glouSe ) odlisal )l b 53 1) Gajael s, S it 55 50 s
o 9 48 o letel |y (S5 (sl el oalisl iny 3l g (atye St (00 aid 50 &S g0l
il oy iled jae GLLE 5l 4eSs a8 Wlad (S ol s 505 &S WS e dalin e S
ey a3 Gliaye 2 9 2 hjgel (68 4 o0 4l cslio gy S eyl B9y 45 0,5 o0
Uyo Sl 03gr Canwnyd (2yo Lol LI oS oslisnl (S5 slo pwSe ;I Ladd ojgel (¢l a8 amd o
Lasl
Jlo B0 yuu 939 553 95 Jolds 568 o b oS auds a3 iuloj] olal s wdlllae oyl )
O3 125 092 00 bl oy 4y Gtalesl Lo iy 5 250 dngie 1) 1550 0y 5 5yl S 35
s ) s 5 (Y 9 V) y50 Cands o]y dn pilie L3 > iy Aiusd ed 18348 Lol 03359 00 Sy 50
Calye Ll 3590 0 (lole gum 4 (1) pug g 128l 0Ll 33 51 (o )luaSS el ol 2929 g0,
odlatwl pas g sy by (5 o)y ainlie 5 Siidg (JeST SledMbl jl ax bl o )Ll LS )
1 Vo) a8 ol alos 1 asly ansly uis clbbinu 5 ol wily G368 Gl plos gl gyl
51 oalizl &S ol g Cowl 0l el —calie SB g 495 el =l 5l cudlye Ll 5yoliS dg0 o
WL 0gee b g Wjgun )0 daud sl Cuwl (S (30wl (gly gyl

e 292 048 plosl (uoyday Gialesl (i laiay 5 65 dxgie S35 ez yo ) pgd il gdges
il cshiol dgups g 490 S5y bloyl pae o liwls pl )0 g 0 g ljliiel g L3 Jrdigs 8048
3550 g (V) poan 9 (V) 535 (sl ol S5y 51 (o ylasl oaliwl copl 5gmg b s 03,55 slool yLiulys |,
ly s ol 855 was SleMbl 5 ainlo jl a0l Sl 1) Gilises S5 5l odlitul ¢ 29
Sy S opl b g U)K Cdy 9 2SS W LialSS pbsl (gl Wb 838" aS cpl dlor 51035 by
pbol 1y (55,8 Jo IS sl p3Y Lol tgudy 5 Judigd 39 oo el 3l STy bl Siid b W jylgss
2550 el (0503l b iy

5395 a8 39y ol HLaY il g ond ploul o yddy inlejl 45 05,8 Lo 368 pgmr liwld jo
s S s ol g8 093 Liolesl ol Gl (V) 35 o S o LLS 5l 3gSs oS wilass )3 sl



A w233 Jlo ) o 5lowd ( idgi — ode (B U gy (63,55 sl idgh aollad

Ero9e ol 0yl dinlis g Ky} bawgs (oSS GleMB! jlans 25,0 3b il oo 35y b 538
2o 45 By o5 & 295 ety Al LolST Mol (g oy Al (sl ol p3Y oS
o 23905 Gl ozmed XS el By (p sl plyisa ]y () o pgd (g ploiel Sl B Ll
b oty 9 ©las )y aiils g cdls 329 j B9y 93 cnl jra (650 by, I eslial ISl
sinlof] gy S lgiees 1y (K55 KIS 3l oaliil b (bl 5 ible il pizpen 5 18 2,18 a5le
S ol

9y 45 (1YR0) it S 5 Ooguile ST 4y szl b 2joel Sl g lgme o)liel
sl o5 g Ololual G wllaidais Lol Iy (&S Stingly o Lo ps WS (0 (Byao |) (6o
$heS 255 SloyS (g g lil) (nl 3 WS (o0 prgal 095 (SIS 0 9 Sy pBAS Sy
5200, gy ygd (hjgel Slude ) gyt 3zl b Ul e (b 53 5 j9y0 4 & 092 9590 0
ity cozme Bl el 0nd ) Lyl L) 55 ol (Son &5 0Bk 039y LB ol 4 gs9e ol 1l
Cdpin b ogMeds Xty g0 4o 4 g ol Blad Altue Slisbe 9 jgel Al3 by Lol sy
D8 bl liwls b dpalas 50 g 00ld ylis yiiSTy b ybuols 50 o a3l 5)lg0 51 503 jiud jlows el
o 525 1y Slialosl )3 0ud gylae (gloailo g 03, (2l 4 g9, et pbey Jolpe 3 «csolitl S
390y b olboss] wous siS (gl dmily (LT > 3MS S Ay 4 da b Cpismed Xdp
il L ol wn b bl 3yse 53 9 dgr okiis byl &y elo,lal Md a8 S 7 e o &l byl
Sl g BelSS plrsl 1> (355 (lye GHIS G 2 sale S8 hjge] Slude plail Jlamy (yeicman
Pl (b )3 S8 5 €83 5 (pgme 415l 939 dunllie 5 (535 > (535 s Ogmen (3)l9e Julis &S
Sl 6y 0l iy IS

(5 325 4o g Sy
“ele B alp Ghjsel ol (i wael cunday @l g oud bl ey ol
OB358 IVl g o g glitul waled g ey awlie g Jdovgt 25 (595 5 (65 2 g
999 e 3 258 4 ) (s

SbglS S &y a5 355 021> 90l 095 4 sl Il ele SSE 5 00d S5 Jolpe 4y a2 g L
SleMbl S g2 gcume U jgely b 5355 5010 (Al slagliny )bl aw & bae iy a3l
)5 Vg 153 1y (395 Cunmlie el lod (6 ) Sduw y c0d )b e 3590 55 9 3L p3Y
halpd do (slaia pod (Ll )b 53 b Sl (al b dx pjline (1553 05 iy bl a5 el dlee |l
LBy wlgiien (ope LT pow il )3 cmiomen S35, (5t Slitel 5065 oS sl 4xtls 3929 )
5 lst csbey 93 cnl s o0 292 Swe LT &Sl g Sl jiag pIS 20y gt gy Sy ) ool
S8 oalisl B39l (sl 35 (6,505 slads,



e Db 1 Gl i 355 43 cale S& W5 Y

2ol ssmge Cledbl a8 Lo (3 iipled Jelooigy 125 B sy 590l L 568 epgo als o 0
3 cadlye sl p3Y Lulpd Blis 5 Lologome (g9l o 5l oolitel alar 5l 095 0 g5k laglialy )3 &8
Sl blie > (ape )8 0955 9 (58,5 sl ol Laulyd blde )3 l90d SOy e Joly (S
Silodns B 5555 5355 (3 Lulpd cnl ) uled (e 5 00y )8 dunlie 3)50 cawlio 5,509,
3lge byt sl e s> by g sl 005 48,5 a3 53 3)lge plat ba ylily 53 Vlais] &S 39 0 byt
dloya 3,ly Simgly SoS b 365 Aol 5 kbl gllae doeits 4 sy @lo Ginlej] )3 0ad gskas
SrS e opl aype SeS L wilen Ll 8368 cls po ] )3 (gl o 000l Kplisiwd 45 Lo o pomw
oS Bl alsyo 5590l (sbily pd Sl 039 gummo b ylls jd oSkl oy, LT a8 ansl azils |,
Y5 03y g oad ansle dly Lagl b (8 goly 2)90 ) Camalie (e ] Yzl 5 coxy
ainlo o Jg) s )3 1S 89Sy o a6l 51 bt ol g 358 b5 51 B b g slozel L5
Cool 015 oal b (5 Ay (gl baulpd Loz 5)5LaS 395 loj ) Ylainl 48 39 0 (o 90 (ol
OS> pled sl &8 il bS5l il 039 aude (U3 ool sl 915 el o ST Sty (B 03, &5
oo @ljliol il 3L b lgss <5, By 5145 355 o 2 ybae ooy ol e pgd bl 3 o Lo
by il (al ) Gloar g e il aily 15 556 angy 10 bayless Ky ST g S o5yt
D9y 3 18 gpd cpdy Ngd e SVl g on 1553 epgu Ll )3 (piomen 3ged alitl il
2 e Bk I al 5 gedge cnl g 2,50 3k (b 055 D9 (Sea b g odlatul 5 (SlgS pad
pMel gly g by 3939 50 gy 90 opl s (6,00 sla ey I edlatwl Sl &S W o a8 S Lo
285 o B s 2050 1k 38 3)l90 o el Sy v

OV ) b dulio )3 (5395 425 4 3905 lgis iz b od pLl (sl o) 9 @S (e 52
Syl Lislolize) oS Culen lsiody Slgi o 45 A5 o 4o g3 90 ABlad | tawd 4 Laid LI
o 5 ) )15 ©)loe WS o il o i o ol gt (58,5 o0l 5> YLeSy5 0jll 4
odlaiwl Malgd 5 asylai | 0gs S > A ik glad > el Gliody Lol (YT cpungy VN0
S eYb a )y cov |y aaled 5 6985 (Sinlen @Jlb GBX,530 a5 cal ol ) bl @olds a8 o
DS Gy 5 ol nl i e pll (o0 dislgs slajbme bl 1 g J85Ls g o) WlalST 8
2 (b Bascdl ) Jlis j0) Jd (Ba,50L olasa 1) Jwd s (8568 (ylupe Cul p3Y ¢ ole
b and e ojlel ol 4 (opd i aimd talefl 5 Uil sl ggtie slocuo® ol & 5 55,650 s
P35l 3 V0o oygudis) 8500 (5)S8 5y Sz 53 (B3l g pine sale S0 dmgi g s Sl 4,
5 215 plynl Sos8 sl ablgs 4 29y cul o Wl dgs (le> 5 (AEAST B 4 g b oye S
D159 9 g (Jordh) 8L 4l ple 3800 g Cannb S (glp 1y Y Ml U dmsy olal ol &
(Y)F



\al w233 Jlo ) o 5lowd ( idgi — ode (B U gy (63,55 sl idgh aollad

Ol 5l S355 (ole manlie cBld o5 ol (L5 (SwigSg sob L wlyen hagd cnl slaadly
5 430 ¢y Ay oy dibaie )3 (e Jlb SoS b g elarl (S5 el )3 gl oy Sl
(salo> i85 Capol oV (S 5 o VWY ) 3980 YL o 4 S8 )] g
s 1S 1y ole (S5 gl dialyd )3 e csjlosSes g

Job 93 b blas (a8 505,55k 4 Wlgi oo ol 1S5 bjonl slacadled o8 3l ol adllan )
i ole sloogd Sl (S (bigel osed ol S o ele Sypor ]y sy G (g S0k sl B
o2 a2l b b blpd dlie won A8 ) (8 15 ) ()98 ©ygods SleMbl (6)K54l8" alex
b llllas g pols adllas Sl Jols golis amd e 51,8 ST 350 |y Jlodigr 326 g Salgd o)y 5yl
Al ais S 1y bosssy 390 ) odd &) Clonus s g wlad s bl i ppB 5345 48" aad o oyl
Col p3Y a8l S Sy JolS S8 ) Laany])8 05,06 oleisay B0,53L o4 a8 j9a8 L5 (e
NRC) 295 plol (p0 S 5 ale salsd 4y a5 b cuslio (Bj50] el Sl Bras S0 S
(Y)Y

sy syl ptelesl o 355 (63,8 (Slacgles (¥+1T) Wgesd adllas loaidly (olul 1 ppien
4 ole SE hjgel st (S3S3 3)90 0 |y oty (38 laglds 25 0 g ylae i dla>
(2l 0Sles 0,8 cabdind Lol gadge dw 2 Hlo e |y (60,8 clacgld aad o &) 55sS
BUd g phbllasl g )5 aldls gyl Jolid (ol 3Shos . LA S oUlE 5 L 2Ulys
ool 5 Gl (09)5) My Jia Jlgdd Slead e (355 > GBS sl bl feul
S o S (i by (ogel (slnaine; plos 3 oy sty o) Shas b 5068 (YA
M glaple b oS onl ol b S Sl (3650k ) cenl (Sae & a2l 3)Skes cla Sy
geyd) Aidl adly (Gmd (53l (295 b amd e )3 (darlpd )3 1) (258 g IS jete 5 d2lge bt
il 5 oloil 93 58 oz 4 oB3lg 5 (L5 st (bl 0 Slas 4l aud ool s (VY
L Slllle clia glaallan )3 (V47 (yglnyg 5 )3 «BLS 0309) 39800 bgrpe So9S 00 )3 Salgdd
i Dgisle) linlej] )3 531y 5 53 coblgs (adlS cimd 8 Lo &8 3l i 55,5 S5
SVl ol Gl lls Slos b (2Lad Ul g dliwwe J> 5135 J S darly 5 (V0¥ gl g 5 siedS
A8 b ele SE ) Sbj Sl pUly Coedl (VO g 5 328 (39w o) 2yl dally (e
Sy cpl 9se (Voo ¥ puidl 5 (puiSe 09%n) 9800 pasedie (355 (395 > by
6258 slacglas dyg0 > Slalllas (yiild diely 4 as g b )l il (6,800 0 olad g sl b;
5 il Golate yi U perd I Wilgs o pamass il @ baye (b dleld ax )3 .l a8)S e
I3l gieds (oS (slastiailys disg o cpl b s s 5] 55 3 Kl 01158 cyuasd Jilge oluolis
Coodl Bl (olid)5 (gl )3 (59195 5 S jud e pwlidunj i3l aloa I il aiely )3 (b))
(Vo VA c0aglnyg 9 550 «B1iS 230y9) sl



e Db 1 Gl i 355 43 cale S& W5 ¥¥

(700 e 5 ) ol Blan 5358 o 0955 5 (sladi) 53 sle 555 (a8 51 S,
Gl lna by Jobi 5 5 (15355 il 13 85 ol ign J seh (ool 5 653k S oS
WS oo b i ) (S BLiST 39y 00 5118 Jits (JLEST (50 5l (SuisSag Jho Bly 3 amd g
oly it & S5 15 a3 o ] i 5 guessh 5355 0y (g5 ke & 25 b e o] 2 5
Ol 4y 3l g W WS ple adS (3 35S U amd e il gy cpl (VTAY (S y) Wb Cowd
Sl 58 5 bl o 3l Cun b Linled 5365 adgl slmosy] (ST o> 00 i) o3lall 353 (slmody]
0ol & 2905 gilae (e (VA g SIo) w8 o Iy (50t Gas ilieay 5 Wgdpo L]
ol Bl b 035 sy 3 355 (sl ) 5 505 e b (6, S gty ol S
D55 o5 58y il Nl B 3 sl ol b ele 65 ) g shjoel iy oo
g 2l 4l Jlgw )b wiilgs oo L9 ( Bluo (135 Jo by g 003 b liwly Sogliste bl 555
g gy IVl g 5S> ailh 39 5, V05 Ly S 05 4 €255 | e
led KaS 80587 LS Ay g YL S0 dbul 4 Wilg o

pin 5 Blih e 5 Lo 395 5yl digad e lnCagions  ploil 3 aalan 3
Gosbio sl gl plmil @90 53 o ol erasd ulpls 9 2lge ale Si5 jgal sl &1l
O 3 &S ale KB A8 4 a2 L ogde sleidy g dals oSl gsiie (gl (sladiged L
23 QB pdn 5 Cal Coponl Pl alins fo (3050k dlox J GBS (ke S > (398
2350 3 il 3,50 ol ala il Lo gy 5 4o o5 ale S gl o s JSie
Sl o ly lanlie sl e | ale S5 5l 03 o e Uiy 5 Olsm iy
S aslio Jbigel 0958 ()b I izmen o> JB )y 590 1y baome 13 odls (gyglaer 5 (30
o352 gl S Slaye (R HB 5 & 55| 5 ol 5L i g 0350 e sl el
Shb b ey e 8ly ldd S il adl pwpied casle Jes (b SUST @ 255 i jgel
ol S 4y S it CSLS LB o ]y olSel il ] & 994 alsoj ol 53 (550l At S
sl bl 65 e (bige]

&bo

(illS Lo pils a3 a5 45 (oS A0S0, 1 gl g (VYAD) . e pmaiions S g i T epguils
ode 1R g cmmne mpe g (B Lo jhexe (gl (LIS o o g X g Lo o Juxow] (B4,

1. collaborative



fo w233 Jlo ) o 5lowd ( idgi — ode (B U gy (63,55 sl idgh aollad

5 S b Cuind calbie dlol 4y dagi sliwly 3 18368 (gly ddudd s doly oy (AYAR) p ¢ Slas,
-Y\_‘”\ r(’)’ .t_(.)})/

L)J)BT u:;sl; :OI)Q(’»' oleo iy )/}w .(\Y'A‘l) . ‘ufh»

@278 pole 3 3 olisel il 5 Slos IS e 2,805, 1 (sitee )8 56 gy (ITRY) g e
MW N i igel clo gysly dolilas . Lol p)las (oIS

NVY D L piaw CeaSs oS 9 Oy e GL’.’.;::M:I Ol.:.o Sl lio .(\Y'M)) . ‘@L:

o 15 05 o 85 gy Aas (clainly (VWWAY) .6 .z« yosn

References
Bell, P., Tzou, C., Bricker, L., & Baines, A. D. (2012). Learning in diversities of structures

of social practice: Accounting for how, why, and where people learn science. Human
Development. 55(5-6), 269-284.

Bradford, A. (2017). Deductive reasoning vs. inductive reasoning. Live Science

Chaijaroen, S. (2005). The Learner's Conceptual Thinking Learning with Learning
Innovation to Encourage Human Thinking. Khon Kaen: Faculty of Education, Khon
Kaen University.

Chen, Z., & Klahr, D. (1999). All Other Things Being Equal: Acquisition and Transfer of
the Control of Variables Strategy. Child Development. 70(5), 1098-1120.

Das, M. K. (2014). Elements for development of scientific thinking. Journal of Research
& Method in Education. 4(5), 28-32.

Dejonckheere, P. J., De Wit, N., Van de Keere, K., & Vervaet, S. (2016). Exploring the
classroom: Teaching science in early childhood. European Journal of Educational
Research. 5(3), 149-164

Diamond, A. (2013). Executive Functions. Annual Review of Psychology. 64, 135-168.

Duckworth, E. (1987). The Having of Wonderful Ideas’ and Other Essays on Teaching and
Learning.Kaen. Faculty of Education, Khon Kaen University.

Dunbar, K. N., & Klahr, D. (2012). Scientific thinking and reasoning. In K. J. Holyoak &
R. Morrison (Eds.), Oxford handbook of thinking and reasoning. 701-718. New York:
Oxford Press.

Edelsbrunner, P. A., Schalk, L., Schumacher, R., & Stern, E. (2015). Pathways of
Conceptual Change: Investigating the Influence of Experimentation Skills on
Conceptual Knowledge Development in Early Science Education. Presented at the 37th
Cognitive Science Society.

Feyfant, A. (2015). La résolution de problémes de mathématiques au primaire.
Dossier de veille de I’IFE, 105. 1-20.



e Db 1 Gl i 355 43 cale S& W5 \rd

Gallagher, M. L. (2011). Using thinking maps to facilitate research writing in upper level
undergraduates classes. Journal of Family and Consumer Sciences Education. 29(2),
53-56.

Garon, N., Bryson, S. E., & Smith, I. M. (2008). Executive Functions in Preschoolers: A
Review Using an Integrative Framework. Psychological Bulleti. 134(1), 31-60.

Hapgood, S., Magnusson, S. J., & Palincsar, A. S. (2004). Teacher, Text, and Experience:
A Case of Young Children's Scientific Inquiry. The Journal of the Learning Sciences.
13(4), 455-505.

Hmlin, M., &Wisneski, D. (2012). Supporting the Scientific Thinking and Inquiry of
Toddlers and Preschoolers Through Play. Journal of Young Children. 67(3), 82-88.

https://www.coursehero.com/file/12286527/grp-ass-research-inductive-and-deductive-
reasoning/

https://www.livescience.com/21569-deduction-vs-induction.html

Inhelder, B., & Piaget, J. (1958). The growth of logical thinking from childhood to
adolescence. New York, NY: Basic Books.

Jirout, J., & Zimmerman, C. (2015). Development of science process skills in the early
childhood years. In K. C. Trundle, & M. Sackes (Eds.). Research in early childhood
science education Netherlands.

Klahr, D., Fay, A. L., & Dunbar, K. (1993). Heuristics for Scientific Experimentation: A
Developmental Study. Cognitive Psychology. 25(1), 111-146.

Kuhn, D. & Pearsall, S. (2000). Developmental Origins of Scientific Thinking. Journal of
Cognition and Development. 1(1), 113-129.

Kuhn, D. (2010). What is Scientific Thinking and How Does it Develop? In U. Goswami
(Ed.), Handbook of Childhood Cognitive Development.

Kuhn, D. (2015). Thinking together and alone. Educational Researcher. 44(1), 46-53.

Kuhn, D., & Phelps, E. (1982). The Development of Problem-solving Strategies. In H.
Reese (Ed.), Advances in Child Development and Behavior (Vol. 17, pp. 1-44). New
York, NY: Academic Press.

Ledrapier, C. (2007). Le role de I’action dans 1’éducation scientifique a 1I’école maternelle—
Cas de I’approche des phénomeénes physiques. These de doctorat en sciences de
I’Education, Ecole Normale Supérieure de Cachan.

Ledrapier, C. (2010). Les enjeux d 'une Education Scientifique des I’ecole maternelle. actes
du congrés de I’Actualité de la recherche en éducation et en formation (AREF),
Université de Geneve.

Lehrer, R., & Schauble, L. (2012). Seeding evolutionary thinking by engaging children in
modeling its foundations. Science Education. 96(4), 701-724.

Li, J., & Klahr, D. (2006). The psychology of scientific thinking: Implications for science
teaching and learning. Teaching science in the 21st century, 307-329.


https://www.coursehero.com/file/12286527/grp-ass-research-inductive-and-deductive-reasoning/
https://www.coursehero.com/file/12286527/grp-ass-research-inductive-and-deductive-reasoning/
https://www.livescience.com/21569-deduction-vs-induction.html

rv w233 Jlo ) o 5lowd ( idgi — ode (B U gy (63,55 sl idgh aollad

Liben, L, S., & Muller, U. (2015). Handbook of Child Psychology and Developmental
Science. 22(7), 671-714.

Limpan, M. (2003). Thinking in Education, Cambridge university press.
Lliben, L. S., Kastens, K. A., & Christensen, A. E. (2011). Spatial foundations of science
education: The illustrative case of instruction on introductory geological concepts.
Cognition and Instruction. 29(1), 45-87.

Lombardi, D., Janelle M. B, Elliot, S. B., Shondricka, B. (2018). Scaffolding Scientific
Thinking: Students’ Evaluations and Judgments during Earth Science Knowledge
Construction. Contemporary Educational Psychology. 54, 184-198.

Mayer, D., Sodian, B., Koerber, S., & Schwippert, K. (2014). Scientific Reasoning in
Elementary School Children: Assessment and relation with Cognitive Abilities.
Learning and Instruction. 29, 43-55.

National Research Council. (2012). A framework for K-12 Science Education: Practices,
Crosscutting Concepts, and Core Ideas. Washington, DC: National Academies Press.

Ngss Lead States. (2013). Next Generation Scince Standards: For states, by states.
Washington, DC: National Academies Press.

Osterhaus, C., Koerber, S., & Sodian, B. (2015). Children’s Understanding of Experimental
Contrast and Experimental Control: an Inventory for Primary School. Frontline
Learning Research. 3(4), 56-94.

Paul, R., & Elder, L. (2019). The Thinker's Guide to Scientific Thinking: Based on Critical
Thinking Concepts and Principles. Rowman & Littlefield.

Petchtone, P., & Chaijaroen, S. (2014). The validation of web-based learning environments
model to enhance cognitive skills and critical thinking for undergraduate students.
Journal of Social and Behavioral Sciences. 46, 5900-5904.

Piekny, J., & Maehler, C. (2013). «Scientific Reasoning in Early and Middle
Childhood:The  Development of Domain-general  Evidence  Evaluation,

Experimentation, and Hypothesis Generation Skills. British Journal of Developmental
Psychology. 31(2), 153-179.

Piekny, J., Grube, D., & Maehler, C. (2014). The development of experimentation and
evidence evaluation skills at preschool age. International Journal of Science Education.
36(2), 334-354.

Robson, S. (2012). Developing Thinking & Understanding in Young Children. New York,
NY: Taylor & Francis.

Schuble, L. (1996). The developm,ent of scientific reasoning in knowledge-rich
contexts. Developmental Psychology. 32(1), 102-119.

Thitima, G., & Sumalee, C. (2012). Scientific thinking of the learners learning with the
knowledge construction model enhancing scientific thinking. Procedia-Social and
Behavioral Sciences. 46, 3771-3775.

Tosun, C. (2019). Scientific process skills test development within the topic “Matter and
its Nature” and the predictive effect of different variables on 7th and 8th grade students’


https://www-sciencedirect-com.ezp3.semantak.com/science/article/pii/S0361476X18300328#!
https://www-sciencedirect-com.ezp3.semantak.com/science/article/pii/S0361476X18300328#!

e Db 1 Gl i 355 43 cale S& W5 A

scientific process skill levels. Chemistry Education Research and Practice. 20(1), 160-
174.

Van der Graaf, J., Segers, E., & Verhoeven, L. (2015). Scientific Reasoning abilities
Inkindergarten: Dynamic Assessment of the Control of Variables Strategy. Instructional
Science. 43(3), 381-400.

Van der Graaf, J., Segers, E., & Verhoeven, L. (2016). Scientific Reasoning in
Kindergarten: Cognitive Factors in Experimentation and Evidence Evaluation. Learning
and Individual Differences. 49, 190-200.

Van der Graaf, J., Segers, E., & Verhoeven, L. (2018). Individual differences in the
development of scientific thinking in kindergarten. Learning and instruction, Learning
and Instruction Psychology. 56, 1-19.

Vygotsky, L. S. (1987). Thinking and Speech. In R.W. Rieber & A.S. Carton (Eds.), the
Collected Works of L.S.Vygotsky, Volume 1: Problems of General Psychology.339—
285. New York: Plenum Press. (Original Work Published 1934).

Wagensveld, B., Segers, E., Kleemans, T., & Verhoeven, L. (2014). Child predictors of
learning to control variables via instruction or self-discovery. Instructional Science.

43(3), 1-15.

Wassertheil, S. (2015) importance of inductive reasoning. University of Zimbabwe.

Wilson, R. (2002). Promoting the Development of Scientific Thinking. Early Childhood
News.

Wood, E., & Attfield, J. (2005). Play, Learning and the Early Childhood Curriculum.
London: Paul Chapman.

Zimmerman, C. (2007). The Development of Scientific Thinking Skills in Elementary and
Middle School. Developmental Revie. 27(2), 172-223.



