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ABSTRACT. The purpose of this study is to investigate the understanding of nature of scientific knowledge and attitudes
toward scientific inquiry of pre-service science teachers experienced open inquiry. The study was conducted in 10 sessions of
open inquiry-based chemistry experiment. The subjects were 40 pre-service science teachers recruited from the experiment
class. They received pre-test, mid-test, post-test on understanding nature of scientific knowledge and attitudes toward scien-
tific inquiry of open inquiry activities. 20 pre-service science teachers among them participated in the interview. The results of
this study are as follows. First, there was a significant difference in pre-service science teachers’ understanding of the nature of the
scientific knowledge (p<.05). In particular, understanding of creativity and sociality parts improved gradually. Second, pre-service
science teachers’ attitude toward scientific inquiry had changed negatively until the middle of the semester, and then changed
positively later. The post-test score was significantly higher than the mid-test score (p<.05).

Key words: Scientific inquiry, Open inquiry, Inquiry-based chemistry lab, Pre-service science teacher
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Figure 1. Flow chart for open inquiry lab.
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Figure 2. Examples of report writing.

Table 1. Test results of ‘Nature of scientific knowledge’

Ist 2nd 3rd F b

M SD M SD M SD
Creativity 3.53 0.55 3.69 0.44 3.91 0.36 11.58 .000*
Amorality 3.68 043 3.90 0.45 3.89 0.60 4.76 012*
Development 4.11 0.37 4.07 0.27 4.18 0.38 1.51 231
Integrity 4.18 0.35 4.17 0.42 424 0.36 0.87 423
Verifiability 3.66 041 3.76 0.43 3.75 0.40 1.37 260
Sociality 3.91 0.25 4.08 0.31 4.10 0.34 7.317 .001*
Total 3.85 0.19 3.95 0.21 4.02 0.28 10.826 .000*
*p<.05
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Table 2. Multiple comparisons of ‘Nature of scientific knowledge’

Test Average difference Standard error p
Ist 2nd -.165 .100 .107
Creativity 3rd -384 .076 .000*
2nd 3rd -219 .056 .000*
st 2nd -218 .077 .008*
Amorality 3rd -207 .081 015%*
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272 23] - ot
AR AT QB Ao n|Ro] & ujj, AA =AFAlQ Table 3. Test results of ‘Attitude toward scientific inquiry’
AU BoR T A0S AsHs g R ohet @ Ist 2nd 3d P
A BEST G BAS MY g dp M SD M SD M SD
o) Z 3o QI 2= Q1T o| a5l H Tt A zhE ) 345 039 338 031 354 037 3305 .042%
*p<.05
™ Hed2 e ¥ ot Elh= A Oflah o & StEM 1 Table 4. Multiple comparisons of Attitude toward scientific inquiry’
2apt YRIsk=R 48E 2| W2l 2eM K= Test Average difference  Standard error p
22 B2 AFS0| o2 |H St 7t Yt E a2 U « 2nd 064 054 243
= 1 JejM ZHEEo|et MZEHe. (P3 1R} 3rd -.089 .065 .184
2nd 3rd -152 .049 .004*
20| MBOIA A7 QR T2 A 0| YS A= UmOF  *p<.05
LBt o7t 02 BT s4MS B 4= oLt 12 o
Zt FEHY 2 () 7HE0|E THEA| 2P} LiE 4 U of FAA R FoulsHA FFE AL (p<.05), 1AHE T}
Tote. O THeh=E SFEoIM b2t Xp7| FEERl oA 22} sgto] WolF Al thA| 33}of| A ot A| = B Ko
Ol ZHY=IO{7kX|2 OfA O A =HA eF LiRtE Zdolct O] Qi EEE A EYE 207 29 5 130 23 3
27| 0] FYS 210 ot nhsbAQl ol 220l =0 o] 12T} 22tof| A BrobF T 7} 33bof| A THA] obRlTh
AS Aolak= A JHUsts WRETE AT 7| H2e o ‘Uz ofd o] dojid QS AS F3l Lotti= A
sh= 71 WiZoil (---) (P3 3%h) = Azdtthebe w3 B9 13k 24, 324 Fato] Z4
7 3.29%,3.00%, 3327 0|31, §ASHA] “UH= o] @ BAo]
PI4SHAE 27 Wlgtol 4] T3} A4l wEoi/ke By the B B 2N 492 sl 3|22 Foleh
of ko] MU A Qb A7) AAlo] BT B A AW Bl A 17}, 23, 3% Hato] 2zt 3297, 3.09%), 332
M A Y WAL BANAG ANE BYSHE § AW Yo ehiek
B o2 AW Aol ek SHMOE, 33 wEko] A AV RO THEE 5L Bl AL A7) 2ke] T
Ashe ATt 9 A Frro] AUD b Aol ek 3F gel] tiE BlE] Xjol S BAT AT, Table 49} 2
ZFshe 202 ekt o] 229} 37} Afolof A BA MO §-oJu]gh HolE MY
THp<.05).
27t btets O3 Zopt QoW S2s| FEHEY S 2217} Ao o] Aol A= AL TR o]l A B
71 Zot. 2refoll Ae Zuut A YolE HX| e H o e TdS FFT odv|staAbe] st Bi=of 3
T Lheate § ChA| SCHETL CHE AR st 42 s yepTh b A THE S 2 o) '
=7t Ol HM AL HHL7HH T St 7L (P14 3R} Y& BT LGS Beto gt vt £ A
o2 Wslstdet? & Aol MY g E5S F
MEE e AAE e IR = 33k Zlo] of S A5 T Aoz Hok Etol it =Tt
yek, AA Betatet o] g E Sy or 35y o Aoz AU, 7] Fiboll= FA AL o
woll ol & 3l TS0l Bt A4S sk LA oA 7] Woll= SR o' MRt A2 5T Zavt 3t
Fo] e & Qlvke AS Bt Jer i 5 S0 MYE ' FEol Aol et e 2
3] 't Al His 7HES AT 5 7R ol 712 A| 5= owRt ol A ARSI A=A, B=7F of g A
de UEoR H9E A == e BT ol Hl=A] Hep FA| A o2 ot ] s A HEs
SHAeH, AIE A5t dES =&k B Akl
A AR s A of whet A 2o] Eebd 4= Qrkar Azt PO S " EeS AET SUIA H=Tt
Al © Ao = YERhTt Aoy sr|doe dAHA R Wi Ao 1
ERstt. 8t7] kol AJRYRt 23} o A= YR '
st B0 CHek Ej =2 s} Zeode He dA 2T A AAR S 2 Ve AAS
MEE F A 52 4T SS9 A3} &9 skl wiol g7t St st 4R,
ek B = HALe] Hatdh EFHAL WS 2AHEA 2 Hop A om A4 dg whe AS ¥ doshe Ao
= Table 33 Avh. W S Ad &5 B & 2 Bt B3 U F o AE = o S R
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Table 5. Interview result of ‘Attitude toward scientific inquiry’
(unit : number)

Importance of Preference in Interest in
scientific inquiry  scientific inquiry  scientific inquiry
Ist 15 11 11

Interview

2nd 16 7 8

3rd 16 14 16
Sl Aok stgom, Bt g s AN APFoRN G
o Wy Fa4e WA H9la Sl Frbskac
3 gstech A Aste MY g Bgel ofy:
sarshcka AYZhsl TeE el it ejwol A 9
& 2 4 oha AZEL, R A BT BES A
e o 7t Gol e wst FHH O kg

[e)
9l Ao Welth ok AR BakAe o] A
A YA g E A8 2T et AT

4

o A3 Ak dateba 2 4 gt
A2 A

2 Aol s AANSA TGl AR HE
At oujapetuAbE o] 2heh 2] 419 2ol gt o]

o,

A% APt 18hd BHAY 409 S ThALo whet %
o] HAjo] 3t o|sek W3} Lol 3t E HALE

2092 thAFo.2 Aol WEhE Astect.
59 9 Avhe e P

> lo
2

fr o > mo Ob fo
_O|L
8
K
I
ofx

8
2

N

= 4

o, e
~
>
)
B{\
2
o
of
:?L
o
Lo
N
fi
[0}
0,
A
yig
z
)
< o
-
i

2 e
oM,
el

o%‘ FP‘L'

oz ok

Ly

AT

go (o

o ™

S o

4 x

30, >

off 1 Lo

o
o

g

qn =

o

1—}]4 o,

!

o,

o

o M
-
fo

of
o
)

_,d
ot
oX

18
rlo
S
ok
=
=

flo oX
<
£

=

rE ol
N

1o

=2 B

Jo

1o

e
oFF
oz,

2

=
=

_ﬁ
1o oot
M 2L ox o
ok
N

I rlo o
i
o,
e
)

pocs

4o go o
T =
N

o L
g
2 gE o
(o
Lo
N

okl
=)

lo
=

x

H ok

e - e = A
O
o

ol _[Im HE ﬂ.[lﬂl

o oox 2 hT
o
=
U,
fo
ot
O
e R ogu ot
o

-1
T
o
Hﬂmlhral
O oY 9
=
- T

o
-
i)
ox,
o

i ook
0%
o

. 2
™
o
=
o
o
o
ol
A

r
-

N
o
fru

x L
o
L
)
>
tor
oX,
of
12
2

oN &
r
L
:?—I_“,
=
o
oflt OIN

il
oft o M
o
N
%
o
+
=)

N
4=
1o
o
© 38
2
Lo
:(,)g
B

o
NL-LJFS‘JJ%&FIFDE
o
~

> Qi

AL T4 A A T e
=]

o

I
=
&‘3 2 1

7o 52 2 4
-
2,

FaHA ol T3t ol o) wask ehdt SIS

pass
R

A gaket e e Bl A4 Bt 4 4le] grEol
A T S AWY 4 AU, o F vhgos 33}
A 419] EAL olshshA | ke s 4 ek

A, A SAS B NS g A S
s} el et Bl 8] kel A Ao L
SOl 8] SuloE 248 FPH O Wk &
% Qlth(p<05). AE 4 23S B ANE o Y
S AW T, Y] FWAA L FLEA T A4
A7) Rk ofn] uha 4l Tt A4S WA maA

oA G B AL o HE
HHl e} bkt B BAI2 7HS A sk g
B WA 5 A2 A

LA, Bt R B4
2R HEE Hel
T HEL A5H 0
ST HTE 5
7] B3} 3R

g r
o WeE 42 FABHE A9 FaAS L3,

I

5l

o
ofs DS'll
o e
BCTC)
>
o
oo
rr ol
SURNY
ix 2
o i
fu}
LRk
o g
T iy
o, 2 _.]Ol'
J gS
T
& _‘%‘ o% fr om = OE
d d =
gﬂiﬁiﬁﬂdﬂﬂmlmmlm
oo BB oo |0

lo K

o
=
K

o O
K

Ir o o=
N
N

Sy
=

i o
|o
o x2
i)
ille
_\}_l‘
N

X
)

A
o
oft
U
2

Hu

rE W

1o o
e > s
U

=2, flo

o poh

o g
i
=2 o
&£ ofr &

o ¥0

ofr
-

ol W AT 4z oft 4
o K cuid o (o
12

PO
O i
0t
2

s Y
-+ 2 o
S ot o
U o 4
N
i

sl

i)

2

o e
[o

ol

o)

by

ot

N
>
o H
[
o 4r & & o o 2 rlo g £

oflt
i)
-
Y
oM,
n G
315
rdon
> o
i)

N
=~

oy i
2
S
iy, A
By
o i
=)

i, rhe
W ok

o

o] &l|s

ol
o
R
=
oF
ofl
af
-+
2
o
i)

1o
o & &
o X2
27
i
o
N B
oL K
ofl! ﬂ-l?L'
o o
4 yo 24
e oy
3
o 2 o
Tz
b 42 11
=
2,
i
Ho u

shof WA AL

iy
)
1
2
NLE ]
lo o
Hl glo
;5 K
et
i)
fo
N
30
o
k1
oX

)
il
i)
=
S~
>
o2
o,
=1
fo
i)
> o
2
o, X
o 2
filo ;'j
of :]E;
ol anl
K
2 =
2 i
_?{_5 [«

O,
i
Jhu
of
Mz
<2
N
folt
et
2
ol ©
ot
i
fo
N
9o
o
rlr
>
>
o
filo
e "

iy
=

e

re

-
2

N

2
e

Lo
oZ

et

flo
o &
I

U Az
= B
~{
=8
o (2
r lali o

=2
=
of
ot
0
-
{m
R,
% r
ok
kI
ol
o
uApY
2
32

ot & g
> o
Hoge N K

ﬁ = Ao e
y L
j}g fr
roh s
oM, 'lO{’ =2

> fr
2 e

N
i~
_l —_
e 2
o %2
45
0>“ ofr
s
R A
» o
Ob F‘-I
et i)
B Rt

(o
250
i)

2 o

otk
ftlo
N
rr
B
il
- 1z
ol

=
o
OB‘_'. m
i)
-
2
2 o
)
o
>
i)
il
2
4 o
o
=2
u)
:(l)_l_;‘
e
-
m 0
i)
fo

»E
)
e
re
-
<
>
=
ol
ofh
of
oy
Lo
ol
i
rlo
>,
juid)
>,
i)Y

Journal of the Korean Chemical Society



NYE HE BT

ofulakskaape] s} 2] 4]

o2 A E7] Holl L g Eso] Aol =
e s Y= ke A o] AR et A 42
A v gt g S Fel 9 E o le
g Ao whet A d g g S AdEisof gk uf
2hA =9, BER, A= AR B, S247] 5 TR '
‘ﬂ“ﬂol FrE NN g S a9 M=l
& Aotek vlaste] ofw el Meh Lrebub=A] SRt
HEOE AMNES e e ACR dddHn

Acknowledgments. Publication cost of this article was

supported by the Korean Chemical Society.

REFERENCES

1. Ministry of Education. Science Curriculum. Notice No.
2015-74, 2015.

2. Kim, B. K.; Kown. J. S. Journal of the Korean Associ-
ation for Research in Science Education 1994, 14, 251.

3. American Association for the Advancement of Science.
Science-a process approach?. Washington, DC: 1990.

4. Anderson, R. D. Journal of Science Teacher Education,
2002, 13, 1.

5. Driver, R.; Newton, P.; Osborne, J. Science education,
2000, 84, 287.

6. Kim, H. K.; Song, J. W. Journal of the Korean Associ-
ation for Research in Science Education, 2003, 23, 254.

7. Han, S. J.; Choi, S. U.; Noh, T. H. Journal of the Korean
Association for Research in Science Education, 2012, 32,
82.

8. Park, G. N.; Kim, Y. S. Journal of Science Education,
2007, 31, 1.

9. Yang, I. H.; Jeong, J. W.; Hur, M.; Kim, S. M. Journal of

the Korean Association for Research in Science Educa-

tion, 2006, 26, 342.

Wellington, J. J. Practical Work in School Science: Which

Way Now?; Routledge: 2002.

Bell, R.; Blair, L. M.; Crawford, N. A.; Lederman, N. G.

Journal of Research in Science Teaching, 2003, 40, 487.

Hofstein, A.; Lunetta, V. Science Education, 2004, 88, 28.

Lee, H. C.; Lee, J. H. Journal of Science Education, 2010,

34, 405.

Richmond, G.; Striley, J. Journal of Research in Science

Teaching, 1996, 33, 839.

Martin-Hansen, L. The Science Teacher, 2002, 69, 34.

Willison, J.; O'Regan, K. Higher Education Research and

Development, 2007, 26, 393.

Zion, M.; Shapira, D.; Slezak, M.; Link, E.; Bashan, N.;

Brumer, M.; Mendelovici, R. Journal of Biological Edu-

cation, 2004, 38, 59.

Hofstein, A.; Lunetta, V. Review of Educational Research,

1982, 52, 201.

Sandoval, W. Science Education, 2005, 89, 634.

10.

11.

12.
13.

14.

15.
16.

17.

18.

19.

2017, Vol. 61, No. 5

1o] /el et

20.
21.
22.
23.
24.
25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

olsfel e} gtofl et e Ha} 275

Schwartz, R. S.; Lederman, N. G;; Crawford, B. A. Science
Education, 2004, 88, 610.

Kim, M. K.; Kim, H. B. Journal of the Korean Association
for Research in Science Education, 2008, 28, 565.

Kim, J. Y.; Kang, S. H. Journal of the Korean Association
for Research in Science Education, 2007, 27, 169.
Martin-Dunlop, C. Research in Science Education, 2013,
43, 873.

Song, Y.; Schwenz, R. Journal of College Science Teaching,
2013, 42, 50.

Jeong, D. H.; Bang, J. A.; Choi, C. 1.; Choe, W. H. Journal
of the Korean Chemical Society, 2006, 50, 385.
Moebius-Clune, B.; Elsevier, 1. H.; Crawford, B. A,
Trautmann, N. M., Schindelbeck, R. R.; van Es, H. M.
Journal of Natural Resources and Life Sciences Educa-
tion, 2011, 40, 102.

Lee, G. H.; Kim, S. J.; Park, J. W. Journal of Gifted/Tal-
ented Education, 2009, 19, 1.

Lim, J. K.; Yang, I. H.; Hong, E. J.; Lim, S. M.; Kim, S. M.
Journal of the Korean Association for Research in Science
Education, 2010, 30, 291.

Berg, A. C.; Bergendahl, C. V.; Lundberg, B. K.; Tibell,
L. A. International Journal of Science Education, 2003,
25, 351.

Chatterjee, S.; Williamson, V. M.; McCann, K.; Peck, L.
M. Journal of Chemical Education, 2009, 86, 1427.

. Windschitl, M. International Journal of Science Educa-

tion, 2001, 23, 17.

Abd-El-Khalick, F.; Lederman, N. G International Journal of
Science Education, 2000, 22, 665.

Akerson, V. L.; Abd-El-Khalick, F.; Lederman, N. G
Journal of Research in Science Teaching, 2000, 37, 295.
Koch, J. Science stories: science methods for elementary
and middle school teachers(4th ed.), Cengage Learning:
2010.

Paeng, A. J.; Paik, S. H. Journal of the Korean Association for
Research in Science Education, 2005, 25, 146.

Jin, S. H.; Jang, S. H. Journal of Korean Elementary Science
Education, 2007, 26, 181.

Cho, S. M.; Baek, J. H. Journal of the Korean Associa-
tion for Research in Science Education, 2015, 35, 573.
Kim, M. S. The meta-analysis of studies by views on nature
of science, Master Dissertation, Graduate School of Edu-
cation Chonnam National University, Gwnagju, Korea,
February, 2008.

Rubba, P. A.; Anderson, H. O. Science Education, 1978,
62, 458.

Lederman, N. G; Abd-El-Khalick, F.; Bell, R. L.; Schwartz,
R. S. Journal of Research in Science Teaching, 2002, 39,
497.

Knorr C. K. Epistemic Cultures: How the Sciences Make
Knowledge; Cambridge University Press: 1999.
Schwartz, R.; Lederman, N. G. International Journal of
Science Education, 2008, 30, 727.

Aikenhead, G S.; Ryan, A. G. Science Education, 1992,



276

44,

45.

46.

47.

48.

49.

50.

51.

28] - Solz}

76, 477.

Lim, J. H.; Kang, S. M.; Kong, Y. T.; Choi, B. S.; Nam,
J. H. Journal of the Korean Association for Research in
Science Education, 2004, 24, 1143.

Fraser, B. J. TOSRA: Test of Science-Related Attitudes,
Ailanby Press: 1981.

Lee, S. H. The Development and Effects of Scientific
Experiments for Advancement of Hypothetical Thinking
Master Dissertation, Ewha Womans University, Seoul, Korea,
February, 200S.

Miles, M. B.; Huberman, A. M. Qualitative Data Analyses: A
Sourcebook of New Methods,; Sage publication: 1984.
Liu, S.; Lederman, N. G. International Journal of Science
Education, 2007, 29, 1281.

Kang, S. H.; Woo, A. J. Inquiry General Chemistry Experi-
ments; Bookshill: 2008.

Lee, H.; Songer, N. B. International Journal of Science
Education, 2003, 25, 923.

Ministry of Education, Science, and Curriculum, Notice

52.

53.

54.

55.

56.

57.
58.

No 2009-41, 2010.

National Science Teachers Association [NSTA]. A high School
Framework for National Science Education Standards: Scope,
Sequence, and Coordination of Secondary School Science;
National Science Teachers Association: 2002.
Lederman, N. G. Journal of Research in Science Teach-
ing, 1992, 29, 331.

Han, Y. H.; Jeun, E. S.; Paik, S. H. Journal of the Korean
Association for Research in Science Education, 2014, 34,
349.

Lederman, N. G. Nature of science: Past, Present and
Future. In Handbook of Research on Science Education;
Abell, S. K., Lederman, N. G. Eds.; 2007.

Choi, J.; Seo, H.-A. Journal of the Korean Association for
Research in Science Education, 2012, 32, 879.
Woolnough, B. E. Physics Education, 2000, 35, 293.
Yoon, H. G; Park, S. J. Journal of the Korean Association
for Research in Science Education, 2000, 20, 137.

Journal of the Korean Chemical Society



