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Development and Effect of Differentiated Open Inquiry Guide Materials
for Elementary Students
Applying a Brain-based Evolutionary Approach

Yim, La-Mi - Lim, Chae-Seongf

ABSTRACT

Since open inquiry of science was formally introduced at the 2007 Revised Science Curriculum Course, the
purpose and effect of it has been positively evaluated, and it is underlined continuously until the revised science
education course in 2015. However, through many previous studies, there is still a lack of awareness of open
inquiry of both students and teachers in the field, and it was revealed they are continually appealing confusion
and difficulties. Therefore, in this research, we analyzed the causes that make it difficult to execute open inquiry,
and developed differentiated open inquiry guide materials that can contribute to the realization of teachers and
students. They were developed by the brain-based evolutionary approach to provide students with authentic science.
The brain-based evolutionary approach is reflecting the evolutionary attributes and the brain functions associated
activities of scientists. It was revealed that, in the same way as the pilot test results, the usefulness of the
differentiated guide materials were very high, and there was a statistically significant difference in the science
attitude. It was found that the application of the brain-based evolutionary approach had positively influenced the
stage of determining the inquiry themes, and self-confidence that could be able to do as a scientist. Analysis of
top and sub group types on the basis of inquiry ability showed that both groups are improved at science attitude
by the differentiated guide materials. There was a positive effect on change in the self-perception of scientific
creativity. We were able to see a positive change in the post survey for open inquiry-efficacy. The developed
differentiated open inquiry guide materials contributed to the improvement of open inquiry-efficacy for both the
teacher and student.

Key words: brain-based evolutionary approach, open inquiry, differentiated guide materials, science attitude,
inquiry ability, authentic science
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Table 1. Student’s open inquiry reports and activity process analysis results
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Table 2. Configuration and content of differentiated open inquiry guide materials for elementary students applying a brain-based
evolutionary approach
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Fig. 1. An example of differentiated open inquiry guide materials.
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bl gk <14 A 1 32 0.40 22 12438 0.000
Ad 2 3.0 0.37 24
H] 1 25 0.34 24

ol 3t &n Ad 3.0 0.46 22 6.250" 0.003
A¥ 2 2.8 048 24
vl 2.7 0.33 24

A B A9 1 29 047 22 1.209 0.305
Ad 2 28 0.58 24
] 3 26 0.73 24

B P A8 1 33 0.53 22 7.907™ 0.001
Ad 2 28 0.56 24

™ p<0.01, "™ p<0.001.
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Fig. 2. 5th graders’ science attitude and inquiry ability pre-post-average score comparison.
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Table 4. Results of 6th graders’ science attitude post-test
Ei A Bt FFH3} Atdl 4 F P
H 3 3.1 0.41 45
Felol thgh Q14 | 29 0.40 40 3.864" 0.023
A4 2 32 0.45 47
H 26 0.66 45
3o gk Zn) A48 1 26 0.59 40 0.468 0.627
A3 2 27 0.68 47
H] 1 29 0.52 45
A Y Ad 1 29 0.76 40 0.974 0.380
¥ 2 3.0 0.55 47
H 3 3.0 0.57 45
wek Az A3 1 27 0.53 40 3.122" 0.047
A3 2 3.1 0.68 47
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Fig. 3. Average score comparison of 5~6th grade pre-post test about scientist.
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upz|eto 2 AfEe] F83 54 o skt Table 5. Results of 5 and 6th grade basic inquiry ability pre-
ol sl et BZn| goA= vy Aut post test
HAgle] AHET APAAE whel FAHCR S s zEiea cshd o =
2]‘,/]_ A ] 5—|1_ ]—‘—U?Oﬁ 6’!\_ ] ?‘
Folg T7kE Holed, o8 SO AT 2 E B T gma0n vy w008 v
A 7E el Fv] el AL ¥ FE AR 63 8.0
Ao A8T 9 Aol HG 29 Pl wu  ax o4 o6
Bee] 0@ Bl 9L vIA L GaEol 3 o ” =
sl ol 29 HER M 5 9ES wAb) PR 9 28
FUE HUE 5 gt 48 BAE 74 2 A
A& ox
A grisel W AdsE FUUEe Agede - =
oF Brke ATelvI AT e, 20045 92 A A & &
o] & uj, =39 A48T chAeE g8 2} AR 7.0 8.7
FYTE 2949 e LAY ey HE2 AF &3 72
Wole & Aelt A &7 9
2. AIRET 23 AME - AlE AEERISE o4 aiddd e 23 SAES o gl
H3} ObAL geam o f407 S, A9 A9 B
XA AANIA 5, 631 A BT leterpise FEE iARTE BE o]deR avpHeH, <t
7o) BAAC Aoz Ueh} aguzgrye  WARE 80 Selth oS Fll £ <
ANSRR L, ede Z sehde ik gepde v UIAERS BIF ASkS] BE pae] Sl
ok 23014 oA Jo veht, 7 shde)  =ECl W T SR, 59 ST pg=el
AR AEE FRGoR sof FHFRae 4a  F EIE IS A<,
Stk 71 A, 5, 63hd mE AR va) g TER A9 ””H Flael SAH 2
AR JEAAE v, 49 1, 4g oo 9] T4 AEET el ey e
wlal EAA 02 §93 Hols} i) e A ﬂﬂ"] OV SEG E2 Ao A
ae Qe BAlglo] Bt g e by B AET AA AET APk E
Wjs) AL} EAACR ROl BT, 258 o aor/F el SUF el gle) nelg. 5,
g75d0] e A9 AHYTFE oo olel
6.0105(p<0.05)]. °]& AFET7 HedTse F7eEel B2 AT AHETE oA
- _ W A 1, AGET AAl o) l;:_g_u% AA 2}
A el w}ﬂo}% ACl=ga dad, 2014) TGRS TR T T
~ ’ Qe Al 7= T EZollths Aolt) o= A}
He A, 712eTeY o gk i TE = Eordt= A
OEI—_—]—'- §J/‘7]. ﬂT—O zﬂ-xg.‘:_o] q :L;g A o /\1 Z}
= ACeldda o1y ﬁh 2010)3 2] & Aol A Tor; e v e ,
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=1 =rle PEedal 7 Ey
A4S WYTHE(1, 258)=44.9235(p<0.001)]. 52“38 o 7;” °L7ﬂ > Y HEH016)°]
7P, duksl 6shde s AdA, WMol EA), o AT Ao} A3t
HEstoll A 58] frefstl =3t o2 Eaf A N e s
b 9se gy, 59 puuTsye 3 AWET RS AR -Aw ARgg
2RA 4TS VAGE AL & 5 ok gw, B S
Table 591415} o] BIRTHAT B /12YT  ARRT BF Fo AR 9T G4 A
Selol e sohd A 29} 63hd LE FRelN 7197k 3 A7IAZ bR s wasgc B
Bitel A g ¥ 5 sigien, ol B Aol 24 | A 5 e AR ) 4
=g AzH0lw AAHS F&APs Dot Table 72+ 2o] AT AL Al el
Table 637} Zo] A&yt 29] 519l thet 8t HEE A & A ALFol 38 ARETE
GHIRTEY AMAE BT 636 1F) AT B Bel A4Sl Foge] Wakd PES AN
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Table 6. Comparison of post surveys according to students’ inquiry ability level

H7eE 031)

s o].(égui)

Agntk 2 4 BEFT A Adut 2 & REQ 5
BH(331) BH(939) BH(189) FTH(69)
AR 84257 BE) 32 32 35 33
S hiIAE 8402571 BE) 2.6 27
dizts @ol FE(UHAE 27 &) 139 (39.4%) 10 (55.6%)
#3t o] Fold 28 2.6 32 2.8
AT Av itk 3.1 29 35 3.1
e I ska Al 2.5 24 2.7 2.5
AFE AFET oS H(5FEE) 2.0 2.1 20 22
AA AFET AYrtsd 23 27 3.0 25
AT AR 3.0 2.9 32 29
AT old B3 0.7 1.0 0.6 0.6

Table 7. Comparison of self-perception on scientific creativity
between pre-post-separation and post-integration
(n=84)

ALl g el 714} AR w2 A

A% A (%) AFE(%)
vl =olA k)
=olATh46)
) E=TH22.6) ETH29.8)
w3} glrhés) wel(77.4) wl(70.2)
Srol A Tho)

 olgirky)

7¥s e Al ﬂo}ﬂ oygrtn st 1
A A7l A= £ 2 ARRUEs gzu
2 AAgE 235 ‘j“’a}ﬂi sttt

Table 87} o] 5, 631d BT AFEF AA] &
AR A el o] Erhal 148HE vl &

°of oL, s F 1 2 Fo2 Joirh
aeu ehdd e helle Abolzt AdSled, 59
Ao v wwka} Ak 27} Zuleta At 12
3l gaglor, 63 d& vjanty At 1o] 5
7heta A 2& Zagch

A 2 A A mE Aol g B

o} gl 97l B418l7] $1a) Table 95} o] £

AnE vmARn. 7 ANAIL DA B = el ugd. sHceold), Aateld), o
H]go| 58hd 13%, 63hd 8%E el WElE SHEHEE U R), A3 adR)e s 4
BE A9 AS 2] SolAthn GRS Wl @ 2n A% BB Ak s BAE
RES WS} S EolETE Wtk MR el SekRgelon, dee Sl B4
BE A, @ A0l st U Yol SR 2nmE A0FAYol Seka 4, ARET
Aoz urh F449 GUE And okt 44 SelE el wohn Azshe Aoz Jehd,
Table 8. Comparison of self-perception on scientific creativity by groups (n=199)
58hd 63

e Mgk Addub o A9 HH%) Hlagk A A2 WE%)

e Fol Mm(h)  4(174)  8(364)  6250) 261 8178)  5(132)  16340) 223

sl WlEeh)  1982.6)  14(63.6)  18(750) 739 3822)  33(868)  31(660) 777

e A9 WMEe  7304) 5227 10417 319 11244)  10263) 12055 254

sl WIE(h)  16(69.6)  17(773)  14(583)  68.1 (756)  28(737)  35(745) 746
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Table 9. Comparison of change types of self-perception on scientific creativity
A71A 2t 3ol
3 — % g — 3t 3t — 3} s
W) 501.7) 2 87) 14(60.9) 2 87)
ii;i A% 00 ) 3(13.6) 14(63.7) 5(227)
A4 2 7(29.2) 2 8.3) 11(45.8) 4(16.7)
H] 3 7(15.5) 4( 89) 30(66.7) 4 8.9)
i;}of) A 1 10(26.3) 3(79) 23(60.5) 2 5.3)

A 2 5(10.6) 9(19.2) 26(55.3) 7(14.9)
el sShdelAE AR 27 6shdolAE AR RRT o AV Begele] Waa Ajele)
w 1o] ShCEold) Hl gl A4 3, Aekdel  5AE BA) A3 Table 9] 3 - 4, 4
W b A o2 o) hhARE BT o HYol ATere sehd oy 19, oo 39T
Ague] vmael W AR A7AE A & ggew At ZRAL AR 919 2
stell A Z37h ke S & ATk =g Fod HAARAel gk ] HHS R/
5,650 BE AgET A% Fo Ade] By o, Aoe gAS gush) 96 289 Aﬂ‘ﬂ
ool vtka Q14shs Hl&o] Erha s = AA =9 ¥ WFslelgith Table 109142t
vl g HTh % u) o4 =9ty sahd Rt} 68hd ol 2ol AbZARE THe WFE, AREHANE 5749
U 2225 Hepgolde] v Aow st HFRE ot 5344 A4S A 24 w2t 103
U510k ol 2GBTS Sde ARRE  UHSR AN §84 BHE 25 2
% sjebaol A 2] 7 uq:qm o E2isla 24 Ab 2ol 104 TR oR HUkek Ao HHoR
Hez wskd AE % & ook S o9 4HEE 7 el 534 B4 §

Sgo oBe A4 HATY AFE o 84 44E ol SRl A4S AAR
71 kol A Bael el digh Ab7] 12 FIE Table 119014 Hzo], 5344 S W
At ATASCA (DN DPIORU-E 75 32 3 Bk 48 FE e i)
Age Bl AN AH ARE vlwaATh A A AR ASE 544 A4S WFE o

Table 10. Categorization of students’ responses in pre- and post-test
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AR sl BAACR folgk zto]r
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ol et = Rl

o
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R=l |
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T
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93k 271491 A7} B e

vlR] RO 2 Table 1494 AF71A)ZF 7}pse] A
I AA Feeld AaE vludlet, BA L
50% g =o] stAEo] Yzt dAZE EdAeke A
S 2 et g7tel glold aeetel 24719
7HE Tt ARG 7E7} vtk AH(Chang er al., 2012)
o AT FElA AR 24 7—274 ==
St WA AR o] A, oA
AET el A w4 Bokeke A%
e AT, 2014)9F LA R 59, 2
ool Eopivta AZgoy dAze

3+(28.1%)7F 1 wkhe] Z3521.1%) ‘“L%E‘r

Table 11. Comparison of scientific creativity test scores between formula scoring and teacher scoring

q B EFAA A4 t p
AR el A4 232 17.43
114 —3.792 0.0001
AL AR A 26.1 14.62
p<0.001
Table 12. Comparison of scientific creativity test scores between pre- and post-test
B EFAA Ak t P
AR 274 14.97 57
0.913 0.341
AL 24.8 14.27 57
Table 13. Comparison of scientific creativity test scores among groups
K=, it b AR F P
H] 2k 26.9 14.18 18
AHd At | 24.0 13.81 16 0.795 0457
43t 2 30.1 1639 23
] g 255 1430 18
A EELIS 203 13.09 16 1.141 0327
At 2 272 14.92 23
Table 14. Levels of self-perceived and actual scientific creativity
Y7 4
222 ot Azshv 2228 yrobytta Azt 2R AEE e
AAE ol AA= Eold AA7Y LA
581 (%) 5(26.3) 4(21.1) 10(52.7)
631 (%) 11(28.9) 8(21.1) 19(50.0)
A 16(28.1) 12QL1) 29(50.8)
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Table 15. Reasons about self-perceived level of scientific creativity
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A Ak SAS AR B Bk BAG ol vl Ha AT AL D o
Qe Fob & gtk A7 =73, A ol Gl ~7}o}rr1 FE A

AR 13 RN A e va B9 e st aan, R s
o A% B4 Mt FRFAI AT $F o] o ol ACE vehdeh el AT

S, WAREE B of HAE AmSI7E old stae AR AAR d¥she Ade #EAL
Tk %ﬁ'ﬂ'ﬁ’i‘ﬂr ol Ak} A BT HFA| 2 e SS9 o] froll dsixe FHE davt
A7 S 71 350 s tks o)A AT Az} aok Avgld, AZd, Aol gl dEd &
U &E}(%VH"?% A3, 2011; AR 5, 2010). o7t i}, of gk, AAde] gk AT 4 o]
ofof vl ARt 1M = gAY 14%, é—:l?ﬂlﬂ 29| FHed, o= Aviu 2eds X wa, s
e g9 10%Rte] SFFAR s g St I oHva =AY JAHe] A RS 6%1 %
Ao R Wol F&E hA g7} AHFRTelM & A 2o Fiol teiA = o AAE ke A
TFAR] GAADER 9FE vizdn & @ Fast ok ole wAE WEeR & AR
T Utk EFFAY gﬂ‘: H 2Rk WAL M= A71E Yeo= /ﬂ #Ht AA o Fr 7} B
Ué)Mi, A 5 MFEga @t St Sl A #H3}F AFEHF A E A & Fe
St g fr57t ZH’T T A dFE v ol Ax= AR edhde AwbA oz H{ot
29 9 4 99tk Zroll B3 A HAT £ oy, A
hfAtE 9] fr8/d ol taiAl ShiAts & A%t S &5 7hsAgl disiMe 5, 631 BF 3%
A & HlaRkE 44 YAE HollM Hit 3.05 Aoz Hlwyk Agut |, AWt 29] SHE FF
AEZ Egol @ A 2 $Eatla, hizs AAZ AFETE T 7Fede] =okxith
B AT AP 12 Bt 329, AW 2% 336 At 204 A AfrETE £ W F
HAE2 Zgo] Hdvta sto] hAEI} F43) FE9 MAEE BT Aegivia T3 23S Al
3, AN 22 A4E g8 f8490] EoAe A oJata AupEE MeL 499(81.7%), FATFEL 9
S 4§ U 2 iAse F84 F(15%) 0.2 Uty AE3l v go] Ags] =
e HaEk 3.02, AHE 12 288 = & ket At A9 ol frol tlaixe g W
o] ik 717t dQla, AAE S5 chiAs Tl grobA 7} 157 (30.6%) 2.2 7 ek, o}
7} F94E A 204 = V| BT WA w1 SO Al FA S Aol AR W =T}
ol de 2 Aer £l A EsE o &3 9B(18.4%) 0.2 Bokth FHFEs e o=

] 7
AolQIThT Helgith el BAACR felaA & eeln olalzt & A 7h 484w 02 7}
2 B Bs. oo B u S8 iRl v
o}

= A3KTable 16), DA & w2 FIHolalm & 4 o). thuk, wed) W
AMez ROSAE aen, sl 2% 48 27 FobiER)st ot} SFeln FohGRet

Table 16. Post-survey results for identifying affective area changes related to open inquiry

] it Ak | gt 2

7S 4 A= sehd 63 sehd 63hd sehd 63hd

(247) (4478) (387) (267) 21%) (39%)

AT A= F7t 2.83 2.86 3.32 2.73 338 3.10
AL oM E oA S(HEE) 2.17 2.32 2.00 2.58 229 2.00
o] o Foby 2.50 25 32 2.38 3.19 2.82
AT A F7L 3.00 275 3.29 2.69 3.05 3.03
FF AFET 8 571 242 2.43 2.92 2.12 2.76 2.51
GF A9 7M5A 27} 229 218 271 223 2.86 241
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