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=
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<E I1-3> Atz o] 7HF (AHEH, 2005
= =
-] P
a4 3P hesies ded WY
SF(r)rrlir(iﬁc Analytical Inferential Synthetical Alternative Divergent é\/l arlrtlebrgﬁi:
y' . Thinking Thinking Thinking Thinking Thinking y. .
Thinking Thinking

7124 AbaL

R

F84 Abx

FG4 A

vlebs AbaL

W AbaL

4744 Ax

I} 2] /A z] 3]
2a4 ze | wanz |VIPRSED aa
AdA 24| Ag an Ay | 08 S 88
e A it B s T B e e B o
A RaRe e | A
o
=214 Al o4 Al
#ole] =94 A ECIEEER
gole] =e A A #ele] o4 A

(1) A Apar

JNA o] Aol A, A4 Alil(recursive thinking)® ‘2H7] A4l = E}
Qo] Abarel] ek AbaE ofw|th(Kurdek, 1977). f5d % AFd= AAA
w A& AbaLFA ol M A 2a} o
=2 Atz HEH0] =2E HtgeR st
21& WAstAA TAZE sidd Wb wHEHow
stttk Wing(2006) A|+14 Ao W24 Aegs ov
ol 2, HolHE I= saas A, el A4 &
A, old ool Al = AbEol Al sty o] o] o]FS H-ofdh= A
duta sten, Zzeade] FaAgI e

o< 2] .0
L

=
9

¢

Q17ke] Go}] 22791

217ko]

Wl

o
o
N
s
oft
ol
uls

R

s
i
ot

EEEEERECERE

CHAH 5, 2014).

o
-
22,

(2) 37 A

Trope®} Liberman(2003)2 ‘F73}2e] 2 (dimension)o| &= AL ~HEH
of FAA FFolAY v FFY AFH Alaro| A FgA R Ao =&



=l o

Fecha

d|

- ¢
T

3% Abal(abstract thinking)

.
44

2014). Smith¢t Trope(2006)+:=

PN
L)

-

o

=y

_ZT!

™

At

A

(3) H

o}

(2004)2] H]

SIE

o
-

SRR I EES

5]

A

iz

H] ¥}4 A} 3l(critical thinking)ell Tt

el

s

jgase]

lo

sl

T ol A

g
%
[
)

A ash

Ao Jate} 1

]
ZS|

Fek(o] 7R, 2008). ]+

o =
o]: o

2010). #

en
-y

(<))
2R

AbILE S

Z
&

3 4 (2004)=

beaoh

S

atol A Al

z

(4) =94 Apar

bl

S

=214 A} 1(logical thinking)@ thaolt} AHASe] Qlmka 7o) o

M

o= Wy Amst

8

X
)

=]

—

o

, 1995).

ﬁo
<)

o] TH(

T
Jo
)
T
i
N

el

T

p—

0
L

)
™

Tor

—

<

= Ahagd
h‘rL

I F=2AE 7HA

B} A (validity) <

1
T

, 2014). =, =24 ApaL

PN
T

,mo

=
=

iz

Aparean

AR THA=

=
1 =

S
=

A A A (soundness)

, 2014).

i
‘mo

TH(

o
o
14
=y

B
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o)

O

A} 3l (algorithmic thinking)© ©] U
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A das HEfll= IR (HFTA & AFE, 2010). A HEE

(20100 FAE SAs7] g AwA Azt daske, A Abaol
Jal e AR Bal AuE =8 mi FEA - w4 st de

3 AFE At e shgdAlet Fa Jid 84

CSTA®} ISTEl A+ Barr$t Harrison, Conery® <+ Z ¥} (Bar, Harrison,
& Conery, 2011)E vtg o= AFE Atz A /gy s8€o2 Ag4F,
, wA Eel, sk, daelsd AR, AEst, AlEdelA,
HEsgl o 971x] o sl K-129 HAFE B 1+ SR Hoz A
AlstAoh(Fr e & g, 2015).

Philip(2010)2 #AFY AlxdS F43, =

of
L
I
oo
lo
w
.
)
fr
-4
Sh
ol
o

] (Guo, P., 2010), CSTA%} ISTEoA AAIs AFYE Alnzde F2 7y &
2 (CSTA & ISTE, 2011b)9} At 2 Aqto] X&) = HAFYH Aty

o
111}

Ao} Fo AEesrE <E M-4>0] AAIUHKim, Y. & Kim, J
2016).
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2009)

Computational Thinkin
o 2R Z2 R W
7, 2009)

OECD/PISA®] A &2 d H7F =&
oj-gsto] HAF = N

(i)
o off
)

ot

o

o

fo do

P
J

AAA Al AS 93 Ao A= | Brennan@k Resnick(2012)0] A A1 3F A AFZ]
A 2 ghF(o]27, 2013) At 58 HUF & o] %

First year student performance in a
test for Computational Thinking(Gouws | computer olympiad®] Talent Search Test
et al, 2013)

_ A% Ay THLLE ALY APt
A dad AFE AR PPS I geges pw AN axy 3
2o & T2 AW, 2014) AF T

%Y And 47e A9 zTodd | BFEY A 424 A4 Su
F4  STEAMaL% =zl | 3e49 2¥oz ¥, =24 Audd
2015) AHGALT) S ol g HAA(TTCT) 2§
1F(200009] AFANNE FRASNGA 5 A7} PISAS] FA HD Y

o et BFe Awstel YA EFE Austdh s A4 B} B

G50l AFE Aot Y FAls ofmM@ DA A=A B 2AZ AN

ro,
Ay
ra
_E
ot
lo,
iy
r O
A\

AEF(2015)¢] ArelM= A A5 Fsho] AAA
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FA R, A S4(2014) 8] Aol 4]

S

ArkE Ak

N

EEEREE

A}

SuE

17h vherstl e

spAuteh 718

ol

H71 o

[

e ZWol 3

AAH A3 5

0
_z_ﬁi
o

==
=

A
A AHComputational

welst Qs fAW, ok E HFY Atw

4 5t

A3 e

=

]

e

= o}
T o

& ol A]

9174

=

B

—~
fite)

uze]
N
ol

B

(

0

Cognition Test) A, B
o} HEgk de A

A

AT Ak ]

ki3

Anee] Paegloz A4

=
=

20

K0

o] A (creativity)' o] 2+

2

3

o4 9]

% 3 gl tHRunco, 2001).

4=
=

|

SEERE

&

1)

o)

TH

-~

o)

X0

o)
_XO

bt 2 g ele 77} o

ki3

ApApe] FrbFolut
oge Aol of

1] o
=

SEER

Holw q1apel AT Hopol ule}

f(ol—

7} A F o] 7] o] th(Barnes, 2002).
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zkol 7F (A S & A A, 2011).
Guilford(1967)= el A4l s¥oz Wil ‘ofojrole] A4 ol
gejglon, FodE 71E Aol dxsts A Atasks @Y b

I

ol AtuE "Hew 3t AlmyAgolgla 3, Torrance(1982)+ 2] 4 <l
Atals ol FojHl AHE € W AEdva AZshs dnkstE G
of HAeoletar Aolstiom, Fold AtnE FASh: dteleclers A,

ZFeld e BAHem Haas] 9, oee B4l 4 algdl g
B ATE Aol AAH GAolAe 7 vt FgaE Foge T
A aRde] dial] <& M-6>°f AR th(A <, 2014).

<E ll-6> FoM mdH A 5o FHeMd 724 29l
oA . S M
Guilford Torrance Gold Feldhusen | sid& 2| (2000)
S Qo (1956) (1974) (1981) (1983) (1991) K-CCTYC
£3A4 O O ) O O O
=34 @) @) o o o o
T34 O O o} O O O
Ay o) o) o) 0
A o O
=24
Aol 2
SERE °

A=A a9l

A2+ A A
e o

_’Ié_



3) A AA =7

<E O-7>& A2 AFE P BoloA FogAdy #AHE =FEA ALE
= Aoy 24 A BT LW AQUREE, 2014), FAY A =T
2 Torrance? #oJA =&AL 93 TTCT(Torrance Tests of Creative
Thinking) AAFA| 7} o] &85 & & SIa=
<E II-7> &N 5F HAL E7 B A7
= HE
vpol AR 2R w&E FF xSt o4 A -
=8) 7AA
g AT (o] S, 2006) TTCT (=) At
LOGOZ 2 oj7k ZGstael Aoy L _
&) 7
H A= o g0l A, 2008) TTCT (=3) A
RS o §8 ey F9e] By, BA2
g 2oy vz &g w A= gE(e|Ws], | TTCT (=3) HA
2009)
254ugAsl 394 A9s A% wa gy = | o OCODH HEA EE
3T o~ 5 = ™ ArAl 7h R K
2oy Fq BPAYR & ol9F, 2010) 917w A K
Z5stA e oA S 93 23] 2oy &) A
A
A A QAR E, 2010) TTCT (=) A4t
EPL# 23 m2d wse oy A% mat 24 | o480 And x5
73 A, 2010) ol A AAY
EPLE o] &3 FoAd 2 us Zzax 7id 9 A
Lo #Ast Af-2uel 2FAYHE FAHOZ(AFF, | TTCT (=3) AAF
2011)
dole 2t s
HolHE &3k AlHEL] o] Welelr] Alztalt H A= dolHed 3
f Aol Bdglon ¥ meAow Agen o Wy ddai ol oy

_‘I7_



2 et 8 BAAdn 2 HE dolH: At oAdRe 9@

4 AR5z AE ). dHolHE &8s owm

IF
2
f
et

AU FHES Foluth BFF 5314 mdY WS 2§t
HERE v dF5E FHAE, 216).

olg wete] 49, o4, WS 5o A do] FRHWA WEHE o] Lol

mgeh wdolEt hFEAL AR delee] Fa4e FYtE ol
YED doiv, dEHoz dolHe Fa4e PaANTE Age dely i

go] ol th(eo] A+, 2015).

20099, Google®] 4] ZA|st# Hal Variane “108d ¥ 7F AA1E 2 <
< data scientist & Folt}"ebal Fan} S, AR 2T AAS St
Ao Ik F v AR AMgHe R FAES ALt o F
A S dgAolet & F Adnt webA A A v Be FAA AR

S FFES B9, BASE dol BAH FE} FAH 2%, 28 o] 48

=
e & AEE APHA 4P} AAHE A /9F A

1) dleoly 33 w59 Ao
o]y Zstolgt= §oj= 2001 d =0l Clevelandoll & a4 5 AR&o] Sl
S ™ (Cleveland, 2001), NCDS(National Consortium for Data Science)i= UY)©]
B #8tE gAd wolEel ek #ehE wF ol & i, AladH £4, 7HA
Ae AFS ol Fokgla AHostar lth(Jagadish, 2015). Cleveland(2001)<]
Aol = Hre At FA8te] Ay de= 449 dAE SHstaL AR
T AEE st ouldA dHoly s AP THolH =
2016).
WEF(World Economic Forum)+ 20124 W2+ 104 7| < 3t4U=
oy 7&g AAsdon gl m A2 AFAA 20120 =0 10th 3

=z

_18_



A7e stu= vdolHE AASATHHA T2, 2012). FH 2o wHEAAR B2 &

o] g HolH = FREI Aol Hojxof & dads AHeAT E

o] WrHo 2= dlolH e A7t oJe AL JTHShi et al, 2014). °]& g H o]
HE 54, B4, Adsh SE Fof F sk dely Hdfoln, ol 73,
AT, A9, AR, ARG 5 I Gy ggolen gos

a2 9 TH(Shi et al, 2014).

A, AFEL, 2o AGEsel e E dold #Hske wolgnie]

e
b
_1

d, A, AdAdrstes wigoz  dolE  FE(structure) % FF
(collection)oll A H-E] 2] (analysis) @ A Z(storage)ol o]+ AA A of
sle] thEv) dlolE 38k Hlo] @ A K SH(bioinformatics), 3 A ¥ 8}F(library
and information science), 7]%7d 9 h(management of technology) & UthFsh
LoFell Al Ak dloly e el Fag 9EES wdstal 2 th(Stanton,

2013).

SYEOk chz 14

[23 11-1] Conway HIO|E{ =}&t #icto|o{ 1Y

giolg Fste] AGoJo] that A= Conway(2010)2] wit}o]of

@4 ok Conways [23 T-1]3 o] Z+ o] wAd Hr

M

%ol ol

o

gl o] &}

_‘|9_



spefojebal AHojstal =, 24 992 e ¥ S A4, A Ve, SAE

ofell thgk #Aolth Al Fe] HA= F&E 7185 (machine learning),
&4 4+ (traditional research), 12]il 1% < < (danger zone)oletil F7}4 <l

Qo= st glrk(o] ¥ &, 2016).

(22 11-2] Hlol& Ttstel st oA

Lok, doly ¥k A, HFHAE, a8 FGFE 5 uYdd st
oF7} A4 (interdisciplinary) A& &3t o] Fo X}t [29¥ -2l ©]
Z2 dloly #gte] A AAe] diste] YERa JT (A & H

dol #}8tell tha] AA7A =7h o] FojA &
£S <E I-8>° AA AT

=
fo
1o,
e
i
re
-
=
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<# 11-8> H|o|E utst e =L - 2 2 AT

AR g wgH FAH 2% A9, FALLE AWRI A L5E A%
ofu] m(FEY, 2012) AAAL A M

T FANE AT BFL LNFORA T FANE
of Egol 5= AANEE Fohya =
g AFaE 3 B0l A& FUoIA wE

EALG ATE !
imﬁﬁ fﬁzﬁo;; A e ols 3 F2e M ATIE @el ool
Tt IR & g sz sus wEARd dR 997k waeu
A7, 2015) o= war - dtg Are] thE APl RS, Fuol A= A

A A7 ool F2 55 sl wal AslodE F2 st
ol gl sa9l

DR E-CEERTER
dolE] Atelizst dlo] WsE olZojulm g oy AL dolge paY

£ HH A (A&, | 7IEd 7S Fxde GolBEA TGRS =B A
2015) A dlolE] AtelAdxE FARl el FEste BAllEE &
ANZ Davt g

[ElAbolQl 2 o] i

Soldlole o] 5l A

£
@ e ey ol ¥

2 2
o

N
34
il
o
pRY
ik
k]
oM.
o2
o
o

¥ rlo
g
o

E&)e} dolgAfo]d 3
I AAL2(HAE & A, ARl o2 AA HAd o
HF4d, 2015) E !

Big Data and Science: | HlH o= Al3] ] BE Rofol A E7lustA F5& wa 37
Myths and Reality W&ol % BEoAM A eS A1 I AL EX3 5
(Jagadish, 2015) A dls] A
AZzPe BAY ol oy AntE AZRE 98 volr}
I Qo Ante Foldle TEH ZXE GAs] Y B
2 AT Ado] A o] FoiXa 3. dHoE Ao~
2utE AZRE Sg d L gA o] BAA v AAH dsts @t Qo Az
ol AfolA -7, & e H]O]EV}O]O*’“ 7t AEAo g adal NE&EHo R X gy
2 ol (A F Y, 2016) A FEd HES BHstan . obd sAsler & AU
o] ‘irxﬂ*ol =457l AR g A9 JteAE
W =S Rolglm B 4 gl AFYEde] thakg Eofpgle]
T AT beA B g =da 2 5 S

dole #etel tha @ANA Eel7} olfolA & - 9o BE ALE
% dolg #e wgol 0@ A7k A8 Fold F gew, AFY And,
o7 BAY ATE Fol A% dolg B wel 1

gL

N
ad

_2’|_
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[29 O-4]ol A H50°] Google TrendsS %

setol el gojol o)

, 2016).
[2¥ TI-3],
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4,

ZE20Y e =29

2oy e 2882 2oz ADDIE 2¥S #8359+ ADDIE &
o] A9 F=njdAd &3t Analysis(3£4)¢} Design(AA) 9] @A 7} &3t
of (A, 2011), ADDIE %3

A madA 234l g8 A4S dlsts AAA, GA” ug

1) ADDIE 2%

ADDIE 282 HA 24& 2951 & ubidze Ui RYPo = ugi

o

Aol #H4E5 aA vA @A, 5 &4, A4, A, A8, Frte v, 4 3
Alell A ofm gk 2 Eo] o Wio R o]fojxof s=AE KolEtH(Booth,
2011).

(Analysis)

Ay

=V |

(Design)!

-ntation)

(Impleme 'I 7t
“ (Evaluation)

[O& 11-5] ADDIE 28e| 242 2 JHE35t

_23_



[}

ADDIE %73

-
.

[2¥ T-5]

Agel o] H

KN
T

Ay

Hg o] FHrhH(Booth, 2011).
2 (Analysis) 9= 9449

-
T

gl
Sl A ofw £

A sl A

A = A

7]
Aol ot

el

=

3}
S

, @A

2+

Z

=
=

las

|
o
i)
o
il
o]
av

el
o]
Nfo

il

il

=
=

i
e

—_
fie)

o

A A (Design) @A #

(2] 21 8,2016).

2o Fx3}

olue 54l

Zh=ahel A,

3

i

o] g A3}

FYRE

)

Mo

d B35

] %

_35k
=

L

44

o] 2 F T A3 2016). 7 (Development) WA= FHol Af

47

AAA EeH(F A 2,2016).

(Implementation) ©A= 71 GA A S H w4-sts Az ot

3|
T«

Foaj A

==

)1\1‘

<

7HEvaluation) @A+

E

Rz

&3 B Tl

B

1= 317 o TH(E 4] & 2016)

S

jas

o
i

X
X

—_
o

ol

B
)

ADDIE

I-9>¢F 2 A4k, 1998).

<3

o] WA=

rEE

i

=K

1-9> ADDIE =&

<i

T

=

‘mo

=
= | @ o
| oo ﬂ
< | % E |
o T .
A I I O Y
b X o1 I
Ttz E

S

o _ﬂ
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o MWO X ‘NE ;QL
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N ny
= =
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e
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EI R - S e R =0
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2) Dick & Carey 23
1970t Swkell AvfE o] A F7HA A, Bk WAES AAWHA AH
o] WA ¥ o] £ Dick & Carey(Dick, W., Carey, L., & Carey, J.)¢ =&

FHAR FRAEA AAE At dHEHQ] AAA, SEAE wedA =Y

1%

=9 dttoltt. o] B L 3 wEA A g AAES A e RARH o
2 7|EHo=m ADDIE 29 9AZS =23 YA A, 2016). [19 O-6]

2 Dick & Carey 23S Y Zola <iE M-10>S ADDIE 2387 Dick

& Carey 58S wludk Aoltp(Fold, 2011).

[22! 11-6] Dick & Carey 282 24 2 Jidst
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A5

1987) <=

2 3 (Rossett,

Rossette] &+ &4

-
s

o1 7ol A

Rossett

B

I

—_

;.OL
olo

N
el

oy

Rossett

(29 IO

-
R

31l 90 om Rossett =3¢ dx}

A AR AA DARR A A

s

5])4

—113F Z2oH(o] A, 2014).

rvie)

X
T

v

Hr

o)
o

—
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o
Tl

X

1

LT Y AA

CREE

[Z2 1I-1] Rossett =& 2| HX}
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Excel

Python
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Amaron Elastic MapReduce (EMRE)
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SPSS
Teradata
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gEplot

Microsoft S0L Server
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Apache Hadoop
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<ABSTRACT>

Data Science Education Program to Improve

Computational Thinking and Creativity

Yongmin Kim

Major of Computer Education, Faculty of Science Education
Graduate School, Jeju National University

Supervised by professor Jonghoon Kim

The purpose of this study is to develop data science education programs
with an aim of enhancing computational thinking and creativity and to
evaluate the overall program.

Since the “AlphaGo Shock” marked the beginning of the fourth wave of
industrial revolution, it has fundamentally altered the way people live and
influenced them in every corner of their lives. Amid the big data deluge
with unmeasurable and explosive growth of digital data, the transformation
1s unlike anything humankind had experienced during the first three
industrial revolutions.

Against this backdrop, it becomes indispensable to enhance computational
thinking and creativity of students with courseware(education software),
which focuses on data collection, analysis and efficient problem solving to
find answers for different questions. With data science education and
“computers,” this will enable talents to cultivate their creativity, allowing

decision making based on collected, analyzed and processed data and critical
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evaluation required to survive 1in the Fourth Industrial Revolution.
Recognizing their necessity, this present study focuses on the development
of data science education programs to advance computational thinking and
creativity of students.

The tools used in this study to develop the education programs include
the ADDIE model and the Dick & Carey model.

In the initial stage of this study, the needs of students were defined and
analyzed with elementary school students, university students and teachers
based on the needs analysis model of Rossette and the outcome of
analyzing advanced research and reviewing the literature on computational
thinking, creativity and data science education.

Then, achievement goals and instructional strategies were established in
the design phase in accordance with the Dick & Carey model.

Based on the outcome of the former stage, instructional media were
selected and developed for four data science education programs in the
development stage, following each phase of the Dick & Carey model. The
programs were “‘Data Science Education Program with Excel for Elementary

” “

Students(personal data),” “Data Science Education Program with Excel for
Elementary Students(open data),” “Data Science Education Program with
App Inventor for Elementary Students,” and “Data Science Education
Program with Scratch for University Students and Future Coding
Instructors.”

Subsequently, the programs developed according to the defined data
science education tools and targets were delivered to elementary students,
university students and future coding instructors five times to validate the
effects of the educational programs.

Lastly, in the evaluation stage, computational thinking and creativity tests

were conducted to measure the skills.

The assessment results revealed that “Data Science Education Program
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with Excel for Elementary Students(personal data),” “Data Science
Education Program with Excel for Elementary Students(open data),” and
“Data Science Education Program with App Inventor for Elementary
Students” were adequate tools to improve computational thinking and
creativity of elementary students. “Data Science Education Program with
Scratch for University Students and Future Coding Instructors,” another
program developed by this study, also contributed to enhancing the skills of
the university students and the instructors.

The implications of this study are summarized as follows:

First, the data science education programs were effective in boosting
computational thinking and creativity. Engaging in problem solving of the
data science education programs centered on direct activities such as
definition of data sets(problem-searching), collection of data, understanding
(Exploratory Data Analysis), generalization of and prediction for phenomena
and “data storytelling” enriched computational thinking and creativity.

In addition, it was confirmed that both personal and open data can be
utilized for data science education.

Furthermore, this study demonstrated the possible practice and use of
educational programming language such as “Scratch” or “App Inventor” as
tools for data science education programs along with Excel, the most
well-known statistical program.

Lastly, the effectiveness of the data science education programs for
elementary students was proved for university students and future coding
instructors; the means of the education can be introduced to any students
regardless of their age.

A future study can further advance the data science education programs
that were originally developed in this present study and enhance validity
and confidence of verification tools to validate computational thinking. This

will lead to systematic analysis of the relationships among the elements
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and contributors to research findings on data science education programs to

improve computational thinking and creativity.

Keywords: Computational thinking, Creativity, Data science education,

ADDIE model, Needs analysis
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