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A Study on Students’ Creativity Thinking, Critical Thinking,
Communication, Collaboration, and Digital Competence by Implementing
Science Fiction STEAM Program
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Professor, Department of Chemistry Education, Chosun University

ABSTRACT

The purpose of this study was to investigate high school students’ competencies of creativity thinking, critical thinking, communication,
collaboration, and digital competence by implementing science fiction STEAM program. Based on the story of ‘Fritz Haber’ and the
‘Garden of Dawn’, a STEAM program was developed according to the ADDIE model. In the analysis stage, the purpose of the teaching-learning
program using novels was set, and learners and learning environments were analyzed. At the design stage, the novels ‘Fritz Harbor’
and ‘Garden of Dawn’ were selected, learning goals were set according to the achievement standards of the curriculum, and learning
contents and learning activities were sequenced and designed. In the development stage, teaching and learning materials were developed
in a module format, implemented to classes, and evaluated. Pre-test and post-tests were conducted to identify the five major competencies
such as creativity thinking, critical thinking, communication, collaboration, digital competence. The collected data was verified by paired
t-test using SPSS. The results of the study showed statistically significant results in creative thinking, critical thinking, and digital competency.
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Communication, Collaboration, and Digital Competence
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Table 11 Student Communication's Competence for
Paired t—test

Table 12 Student Collaboration's Competence for Paired

=

A 2| N Bt r;‘; t-value | p-value
A |41 | 2927 | 0.831

3 —— 0.443 0.660
. ARE |41 | 2902 | 0.848
AR | 42 | 2927 | 0.877

Alg - -1.67 0.103
AR | 42 | 3.024 | 0.879
AR 41 | 2976 | 1.107

B3 — 0.374 0.710
) A |41 | 2951 | 0.999
AR | 42 | 2976 | 1.060

Alg - -1 0.323
AR |42 | 3.049 | 1.117
AR | 41 | 2.967 | 0.905

]I —— -1.43 0.160
; A | 41 | 2976 | 0.851
AR | 42 | 2.878 | 0.899

A - -1.67 0.103
ARE | 42 | 2976 | 0.851
A |41 | 3.049 | 1.048

H]IL —— -0.57 0.570
A A | 41 | 3.073 | 1.058
| A | 42 | 3.073 | 1.009

A - -0.44 0.660
ARE | 42 | 3.098 | 1.044
A |41 | 3.073 | 1.034

3 —— -1.78 0.083
- ARE | 41 | 3.146 | 0.989
AR | 42 | 3.024 | 0.987

A% - -1.95 0.058
AR | 42 | 3.146 | 0.989
A | 41 | 2951 | 0.999

3 —— -143 0.160
6 ARE | 41 | 3.000 | 0.975
AR ] 42 | 2951 | 0.998

Alg - -1 0.323
ARE | 42 | 3.000 | 0.949
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t—test
FES
e L e B\ Bt L_li‘;i— t-value | p-value
AR 41 2.829 0.946
H] 1 ~ -1 0.323

AR | 41 | 2.854 | 0.937

| AR | 42 | 2854 | 0.937
A9 - -0.44 0.660
AR | 42 | 2.878 | 0.927

AFA | 41 | 2951 | 0.973
]I —— -0.44 0.660
AR | 41 | 2976 | 0.879

—

2
AR | 42 | 2902 | 0917
A9 . -1.36 0.183
AR | 42 | 2976 | 0.879
AR 41 | 2902 | 0.944
HI3 —— 1 0.323
5 AR |41 | 2.878 | 0.954
AR | 42 | 2976 | 0.961
A3 - 1.14 0.262
A | 42 | 2.902 | 0.944
AR | 41 | 2.976 | 0.961
H]3 —— — -1 0.323
A AR | 41 | 3.024 | 0.935

| AR | 42 | 3.024 | 0.908
A — -1.43 0.160
AR | 42 | 3122 | 0.899

A | 41 | 2.854 | 0.909
HH —— -1 0.323
AR | 41 | 2.878 | 0.872

| AR 42 | 2805 | 0.843
A ~ -1.14 0.262
AR | 42 | 2.878 | 0.872
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Table 13 Student Digital Competence for Paired t—test

B3 Q| g2 | N | B ;j;“; t-value | p-value
A7 | 41 | 2976 | 0851
H]ﬂ — — —0.44 0660
X AR | 41 | 3.000 | 0.865
Ak | a2 | 2976 | 0ss1
A% n — -1.14 0.262
AR | 42 | 3.049 0.805
AFA | 41 | 3073 | 0.818
H]j?_ — -1.43 0.160
) AR | 41 3.122 0.781
AR | 42 | 3.098 | 0.735
AL ]—_ -0.81 0.421
A | 42 | 3146 | 0.760
A | 41| 3171 | 0913
I:I]_ﬁl_ — _0.57 0570
; A% [ 41| 3195 | 0.872
AR | 42 | 3.146 0.909
AL = -1.36 0.183
A% [ 42 | 3219 | 0.852
AR | 41 | 2.976 0.908
H| 1 = 1.43 0.160
) A | 41 | 2976 | 0.908
v [ 42 | 3049 | 0.893
A | T 372 | 0000
A | 42 | 3537 | 0.674
A | 41 | 3171 | 0.863
H| 1 = -0.81 0.421
- AR | 41 3.244 0.830
Ak | 42 | 3171 | 0.863 ] .
A | T -359 | 0.000
AR | 42 | 3.415 0.631
AR |41 3.049 0.865
i 143 | 0160
’ ARE | 41 | 3.049 0.865
A [ 42 | 3008 | 0831
g | 057 | 0570
AR | 42 | 3.122 0.872
AR |41 3.049 0.893
o 272 | 0.009
i A | a1 | 3244 | 0767
A | 42 | 3073 | 0877
A | —268 | 0011
AR | 42 | 3293 | 0716

V. 28 & AAE

‘Fritz Haber @} ‘A A Agg]o| 7|8kslo] STEAM 3
234 ADDIE 3 AAle] wet Adsta, Z2a3s uE
SAYol|A] 2 gsto] SAPEL] AekS ZARRE Glro] AR Wl A
AbdL oheat 7t}

ADDIE 1= A7l 8484 g &AHS S83h o
48RS TR E”«l B4 dAsta, gt 24, sy 8
B4 55 ANt A SAoA Fritz Haber'$} ‘A
Aore Melsly, WA AH7|2S HAsle] sk Bx
£ Astal, sk gt sy g5 Adste] widstsd
ok QA 3L ARERAl, A 7R WA, A%, 7R
Al B8t 59 VIYEE FES9, g a4l I

AH71Z2S Adsle] ‘Agg] BA 9 e aleka el
T4 A, ‘Hskat dE Aol 3 EEoR AAsk,
Z 5] ZRIOOR et E3 E TR

el A-gata Hrleact.

oA W4 AAE B3l Mol YEH §5] giie] F
= A 9 unse] ddEE EYE Algsha, vt 9
AsA 3 Z2as Jfsi] $do 88 ¢ IS
AAFICY EE 24 7)6F STEAM Z2 19 18t wils
xghste] mE WA HE Thseh, oy My Ak
o] gEjHolyt HE|Ho] 7ksslct.

wheha] 23w} oRoksh AHS 289 waElsy TR
o} FAlH ek Fof| gk A7t A&E|ojof & Aot

2 7|8 STEAM Z2TIS st $2¢jof 283t A
TEH, ek $AH o8 [ougt ajo|7} vehtA] oF
QA AT A Aoy Al HjEA Akl CAE

RS 574]31& %4 [3F Zfo|7} QloiTt. BFA|E, 2JAkA

2 Fe oA AFAUT EAHog gou|3t oS

AR B AUS ARHOR Uulun, Sy A
wo] gl AES A7 Xjo] AL, ofE 8212 o)

= 3

2 g5 AgalAL, 2e A Bio] S7ksks o) el

B Ak ek Ee ARE A4S SAsAY, Hol

el Relt A% shasiets Aol Solg A, A
AER)S HEIe B 5 vlwA AL o] 53

S Hol 3tk FAlo] AZEe] Zeads BEsh=

tAe o= S7HE A 2RI 4 9l8l

24 7]49F STEAM Z2 I3 SISz AAA A8kt
B2 tloket THolA ujEE o R Etisle] gejxom
Adsl, SrEd W GiaEd BYS B9 Ao
Edhe 3u Ui AU sioe A5, ol 84 =
F5© Ble] % A2l olefeln
, uleAElo] TRt B8k FAle) Al % o ¢ Q= 73]
7} = Aoldk,

2 719 STEAM Z2731e F5shaox] Aoy A
2F, Al 2RO, soleEE, oy I ffEh
SR B8 M5 Aolr. Ed of 3}
93t 449] §E AE § A= BSR4

712 AR 28T 5 & AR VdiRith

:
U 1)
Fl[‘

OIﬂ !

—.~\~J

¢

24
i1had

A

L

9]

J
filo

O
o o

& B 207 i
A4 o 4=

fisd -

WERO} St
= ATLI(NRF-2017S1A5A2A01026746)

AL AT A26d AT, 2023



4 7]k STEAM 219 283} 34 ol o

>~

[, WA AL OraE, @Y, HAE o

ki

o2t

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

=3
JL§-(2012). S of A ofEer) ReUnSHE
T, 6(2), 69-90.
HEH2020). ASIY 7|5k R A 9 eldst
A FHEkE SO
49(2019). SHE5EF &%
wyt WS TR 7Y S
Creative Leader: Education & Learning, 9(5), 109-129.
Al €(2013). 255kl WAL 255 Fehasof et ¢l
Al 4. stseT, 1605), 9-17.
A7149%2012). STEAM WISE, oA
HA8(2019). AHE A &Rk AR e 18R ojop] 3.
BRIC. (2022.11.12). https://www.ibric.org/myboard/read.php?
Board=news&id =308004 &ksr=1&Find Text=2}A-&
HFAS 9](2012). STEAM W59] 114 @40t 944 913t
7 59 7M. SRERISAu S L 12(4), 533-557.

[ 91 85(2015). 25 STEAM 1y =203 Aok &
y = 18(6), 3-10.

ot 9(2017). FEYE o4l 7HA] S

ERgS} o w1, 30(3), 363-395.

13- ](2019). vlAthE fIer HetusEEe] =8 et
%), st=2ufstinests|X| 39(3), 465-478.
0]4=(2019). 42} AN Al AoV AL fIeh uhEd
obg 1z SIS Ao, 19(3), 947-966.
ofa}- o[2}(2017). theh¥8 S Xk HAKK-CCCAL] 7H
3 wAnEHE 11(1), 97-127.
o[@E 9)(2020). o]FA thEAEe] ARElA
ENACT 239] 7idat w52 $He]. Zeuge 23(6), 3-16.
o|aY(2011). S WS{(STEAM) AlS $J3t wl=g]
STEM a5 112 S fSIEo| 288 Abe: Shafslofac
Z3=(2021). v 2 njef S| A 5ok Aetulso|
wak} 314, Wt RET 25(1), 61-78.
Anggraini, P. A. D. & Putra, D. B. S.(2020). Developing
learning video with addie model on science class for 4th

a9

o 1
El
10

:

a9
==

ST A

g

1]

r

A ofy

W5

217k sloke. )5t

Taa wos

grade elementary school students. Proceedings of the Znd
International Conference on Technology and Educational
Science (ICTES 2020). (2022, Nov 21) file:///C:/Users/chosun/
Downloads/125955279.pdf

Asunda, P.(2012). Standards for technological literacy and
STEM education delivery through career and technical
education programs. Journal of Technology Education, 23(2),
44

Brake, M. & Thornton, R.(2003). Science fictions in the
classroom. Physics Education, 38(1), 31-34.

Breiner, J. et al.(2012). What is STEM? A discussion

Journal of Engineering Education Research, 26(1), 2023

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

about conceptions of STEM in education and partnerships.
School Science and Mathematics, 112(1), 1-56.

Brophy, S. et al.(2008). Advancing engineering education
in P-12 classrooms. Jowrnal of Engineering FEducation,
97(3), 369-387.

Bybee, R. W.(2010). Advancing STEM education: A 2020
vision. Technology and Engineering Teacher, 70, 30-35.
Campbell, M. E.(1999). Oh, now I get itl. Journal of
Engineering Fducation, 88(4), 381-383.

Cunnihgham, J.(2014). Use science fiction to teach STEM,
inspire (2022, Nov 15). Education World.
https://www.educationworld.com/a_curr/science-fiction-ste

innovation.

m-engagement-technology.shtml

Dick, K. J., & Stimpson, B.(1999). A course in technology
and society for engineering students. Journal of Engineering
Education, 83(1), 113-117.

Gooday, C. et al.(2008). Does science education need the
history of science?. ISIS, 99(2), 322-330.

Hadzigeorgiou, Y.(2005).
science education. 7eaching Education, 16, 23-32.

Romantic  understanding and
Hadzigeorgiou, Y.(2016). Imaginative science education: The
central role of imagination in science education. Springer
Nature

Hadzigeorgiou, Y. & Forions, N.(2007). Imaginative thinking
and learning of science. The Scinece Education Review,
6(1), 15-23.

Kurt, S.(2018). Addie model: Instructional design. Frameworks
& Theories, December.

National Research Council of the National Academies of
Sciences, Engineering, and Medicine(2012). A Framework
for K-12 science education: Practices, crosscutting concepts,
and core 1deas. Washington, DC: The National Academies
Press. (2022, Nov 15). https://doi.org/10.17226/13165.

P21-Battelle for Kids. https://www.battelleforkids.org/
networks/p21
Roehrig, G. H. et al.(2012). Is adding the E enough?

Investigating the impact of K-12 standards on the
implementation of STEM integration. School Science and
Mathematics, 112(1), 31-44.

Sanders, M. E.(2009). Integrative STEM education for
PK-12 education. Paper presented at the Triangle Coalition
Conference, Washington, DC.

Sanders, M. E. & Wells, J. G.(2007). New ‘Integrative
STEM Education’ program: Courses & degree options. (2022,
Nov 16). http://www.soe.vt.edu/istemed;/.

Segall, A.(2002). Science fiction in engineering instruction:

35



1z
I

36.

37.

38.

39.

36

To boldly go where no educator has gone before.
Proceedings of the 2002 American Society for Engineering
Education Annual Conference & Exposition.

Stutler, S. L.(2011). From the twilight zone to avatar:
Science fiction engages the intellect, touches the emotions,
and fuels the imagination of gifted learners. Gifted Child
Today, 34(2), 45-49.

Wickman, P. 0.(2004). The practical epistemologies of
the classroom: A study of laboratory work. Science
Education, 25(1), 1-20.

Wickman, P.(2006). Aesthetic experience in science
education learning and meaning—-making as situated talk
and action. Routledge.

Wickman, P. & Ostman, L.(2002). Learning as discourse
change: A sociocultural mechanism. Science Education,

86(5), 601-623.

40. Williams, P.(2011). STEM education: Process with caution.

Design and Technology Education, 16(1), 26-35.

41. Wilson, R.(1973). Bridging the gap between technology and

the humanities. Engineering Education, 63(5), 349-351.

42. Zollman, A.(2012). Learning for STEM literacy: STEM

literacy for learning. School Science and Mathematics,
112(1), 1-56.

HF&IZE (Park, HyunJu)

1995: University of Wisconsin-Madison, Zfatil&st HiAL
sixf: Zpchstn sfstmen 1

ZHAEOL STEAM, SSI, 881

E-mail: hjapark@chosun.ac.kr

o

StugdT A26d A1, 2023





