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1. AAA A3 (Computational Thinking)
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Denning (2003)
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AFFE ol A A FHSto] e #BAS 7
APl g =)zt AFEHSAT] wEolth 1930d o] Kurt Godel(Godel,
Kleene & Rosser, 1934), Alonzo Church(Church, 1936), Alan Turing(Turing,
1936) ol o1&k Agkel gk {2 AFEH A Zoke] Bddd B2 9F=
7135k A #382} Johnson_Lairde “Al4be $2lE2 stola |2 = ojoF 3

ot 9t BAEL o= AR FFYS Hu HAY 5 AXS 39

9 "ot e ol Hw

o

ok 2o Aol &Zth Conery(2010a, 2010b)E “Alitelgr HAS) AL
Aska FrHow gold WAL w4 Bde guat B4 A
o glo] BasA Ao slofo} sul, BAZ Ads= A 7 v
At S FAAA Gojz mAE ook Ak Aottt o] Hejo A
FAE A AAG 284 (solution)sl] E FAA Felsh AE GAow
Bsguolof sy WAL dtel V5 ARe Awe /E AFow wde
N% Ae 2HL oulgth old @ 19 ol Fole Adeld & & 9l
om RO Axele & + QA U AFF BHE Fid soldk
AN QAN e vl He] BAS AFE AL Zad 7]
Avstel BAR AFHUTH TRTA Hol A Lolih AL (thought)Z 74k

O]lll;—

Fﬂ\i

e S

fo
e

rr

olgbi ¥ F YEAY EE CRE AN AmQATEE IES WA B S
9 Roleh & A WA @ oAt A A hE IS

7Fs A (computability) o] tH3t EAE2] EF7F 7Fssixich &

T SR A QlyEe] AAE EE Al teiA AL
ATt BE AL ofyuy FxAor & Aoy & dud B2 TAES

datal ol& At F vk A olth Denning(2007, 2010)> Al4He] R 9]
= e 8, 3 Ao HE oy A ARE A3t A3,
B4 AT A8 fs A E Egstojor st S Th o] e o] f=
T AFFE #Ere] 2kl e (natural science) WS A EFSI T

AP A 201D Aol = ol A Eo] 2 YA APl s Ao

StAY. I+ “AlLEe Ao 7Iwkstal 9l AlAFE P (computational model) 2]

4) Z2a93 7Ae] aAE

Qurdow rmusols sEsele #AR 474 4 vk
) |olA Dojups Abmel Ay mE A



FAA Aos= A Ao n ekl shdlth & A= olE FAHL
= Aoleto], Axtoldt “AHolrt EHI e WHo FH(E= A °oE
&tof
AHd(mapping)sh= g Aol dHi=e ©A0"E o)t Ao

L)

Ed(input representation)S =% 33X d(output representation) o =

Aske o] Ve Q= Amee] Belx AeojH: Az Ry,
AEEe AFY Azge] fd FoE FHAND, AN A" & 9
oAWEY PP} 7 Ael mge Gk webA of| Akl o
&3] olslstel™ 7ol kst Qi A4 mdle] sl LupEsl shopef @
eyl
A Qs ANe A4
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F971A% G3el ool =elstxel Fed(Alan M. Turing)e] %44
o wekg A4k 7)70thDavis, 1958). shtel vl theel T4 R

NEES FASE FEE o Lo, by, -, b
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(28 T-1] 2+3 A4S 93 574 9

(2) 3] 7] A (FSM: Finite State Machine)

B 71 Al =

¥

wAO

oF

Eis

Al Al

geie) A5t 5

I M= o

3} 3]

ol

&
TR

, 2011).

L
0

4

1

;.OL

el 7] A 2}

ofgf of o]l FAE™ M=, I, O, f, g so)etil YEFHTHE

71, 2008).
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5 0] & 4=(transition function) f S X I - S

%2 3k=(output function) ¢ S X I - O

Z71748 so
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o E So] FaAHIA M=, I O, f, g so)”t S={so s1}, I={a, b}, O={0,
[yolebar & wf ofefo] Eeo o T4 £ S X >S9 ¢S x I - O tjgh
o)z ofee} 2

<E O-1> F3e 71 A Aeole] o

f g
S I a b a b
So So S1 0 1
$1 S1 S1 1 0

fso, al=so, f{so, b}=s1, f{s1, a}=s1, fs1, b}=s;
giso, a}=0, g{so, b}=1, g{s1, a}=1, g{s1, b}=0

o FRSEZIAN 3t Aol ofeel 2

(29 m-2] Fejdol =3k

(3) 3t @ EneEl(FSA: Finite State Automata)

TG E QEVERE 3 7]E27F 0% 1§ shuela, dA 7 A A

1

e

rr

=

HE A FIEHVIAE 2T S o= & FHE dold u =¥
713 E5F7F 0e® SdH AU 12 SdH v oueti(H Y
2011). 33 QERtEl= ol o] FAEHEM M=, I O, f, s ATt
e (] =, E-9 %1, 2008).
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Fol gt fSXI—»S

f
S I a b
So S1 Sa
S1 S1 S3
So Sa Sa
Ss S1 Ss

)
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=
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Evlete] e Aol =R ofele 1y 2ot

[1¥] [-3] fred el S Evtere] dejdol e

3) AR Aol AHole 1A 29l
(1) AXA Ayare] Ao
AL AbaLE Wlng(2006)°ﬂ o3 e 1 o]l AHYFol AT )

Wing (2006, 2008) “AltbA Atae= AFEe 4 Jhds 7ter EAE
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ot A7
Mathematical thinking

(27 TI-4] ALEA AbaLel 65 Abs

Denning (2009, 2010)2 “AA4 Abaies A2 1950, 1960t Newell, Perlis,
Simanel] 9]3] A58 <54 Ali(algorithmic thinking) = 2299 7y
of Aol A= AR Ataret EElethal st B gAES Wingdl Al
AAAbare]l gk Ageolrk AAl QIZEY] ojw ek Atal TS Woke ZIA
gk FAAQ A7 g H83S AustATHINRC, 2010, 2011).

AREA Abarel gk Ao E el 7] fle ALHA AbaLel theh = - 9]o]
d ATE <E O-3>3 o] At

,13,



<3E I-3> ALEA Ao #E Sd) - 9

)
(1
'
-

A7
(FBAE)

e

- &

Wing
(2006,
2008)

Computational thinking

Computational thinking 1is taking an approach to solving
problems, designing systems and understanding human behaviour
that draws on concepts fundamental to computing.

(A Abale AFE e 712 JE 3 deed 7|hkste] EAE @l
Asta, A2="S dASL, A3 BESFA S olsist At sk A

= eltt)

CSTA
Standards
Task
Force
(2011)

CSTA K-12 Computer Science Standards (revised 2011)

Computational thinking is an approach to solving problems in a
way that can be implemented with a computer.
(AA AlnE HrHE 2838 7 F v HHeE FAE

a8 Y= @,e el

NRC
(2010)

Report of a workshop on the scope and nature of computational
thinking

-

m ol

gRE @ shahEel A UEowe) A A
2 uYdn gk 1 F 9N FEE v gels o

(p.11~12).

e Peter Lee - Computational thinking is fundamentally about

expanding human mental capabilities through abstract tools that

3|
<

1}

9]
o}

iz
o g

help mangage complexity and allow for automation of tasks.
AA Azet 2EAom, 49 AFHE WAy HHE @
98 B 34 STES B A0 JUA 589 3ot
e Bill Wulf - Computational thinking focuses on processes and
abstract phenomena that enable processes.

ORI A ARE Abeshl s S Ay Aeld 24
& wE)

e Sussman - Computational thinking has an underlying lingustic
structure.

(ARFA Abare dofdhs] -z 7|9k Zka gt}

e Wing and Sussman - Computational thinking could be seen as
a bridge between science and engineering.

ARA Aze Aot 33 Aole G A weld F k)

NRC
(2011)

Report of a workshop on the pedagogical aspects of
computational thinking

el

AN Abarell ik o)t A HA 9
A AL ALA Abare] O wSEH #AFE O =9t
o] Fo] At} (p.6~7)

e Peter Henderson - Computational thinking as generalized

problem solving with constraints.
(Alekg 7 duste BA sjazAe] ALY Aba

,14,



A2 Computational Thinking 53 &3S 93t 28 2289 w4 35 29
21A1715 Aot B Abgo] ziFojof 3 7|22l Alal 59
o= 741T51 kel 7] E g deo mE A4 E, A=y A
AN | A, a @ oleE sk 244 A weel ol
(2009) ° ANAE S Age =44 MES st 7437 g F45
sE% 44 ANds AEsatr] Y8 A3 AFE =FE A9
stal ARg3t7] A%k 8E 2Est
A7t AL 167 T 18, =4 164).
FED A= A A AR Andd qa A ng
HE3
(2008) 7{39] ng(2006)«] ’]\%‘ ?_‘%'6\:]'.
Al & AR AL 71Rke] A4 a5 S A S5 S T2
AEHY :
als 2 = o]&-%}
(2009) 4 2] Wing(2006)2] A ¢ 5
B7F AAANE 1578 &7
A & TPLZ} VPLS 83t 28 22 7ei wso] AlbA Alargdl] wix|= 3
A2 5
Ao o] 27 (2 o Joj& <183k
37k o] 27(2009)9] HNAE FA - Bgslo ALE F.
Al & AFE A wSE AL A FEFEEFY Ve 8h 1F
P EL AXNA Aras, F2 9u2e= A4 A2 "(computational system)
(2011) 29 < 83 e o= Adslr] Al F53oF & Aol H
° TolH, W& oguRe= AYS odEte FA(ded YHs 29
A AL At Ee % HE Thesh Aot
E R Al = AR E & ALA At 7 HEUS
(2011) Aol Wing(2006)9] Aol <183k
4 Algorithmic brick based tangible robot and hybrid programming
- environments for enhancing computational thinking
A ALA Alaie 21417 SHA] RS AlgEo] ARSI A E FH
?201; 4ol A 7)=(skilDEM, AFE At 71E gy dgel e A @)
° A, A= AA, QI AFe oldE xesty HFE e gt
FAS Bdste A4 =49 A E £3Eh
7t =84 Alag HAHGALT)
1} 2] 012 A = Computational Thinking &3 3} frolmolete] A EA
(2012) Aol Wing(2006)2] A& <143
o] A2 R A At 70k FAS AT FEAE A4S Qg 2y da A
2013 | Ao Wing(2006)9] AE <1&3.
Voupabetgl =, Y AALES) =g, Y Sl =R EE ShEge ME w¥

e A7k AAA Abe] olE Wing(2006)9) Heltlw AHgsta )

,15,



RAA R AL
STh 2 Aol A Bk AAA ALY d S v 2k
AAEA
HA oz ZAdstr] f& F5oF & Al oy BlETolw, ¥ ou®
A olsllshe AR (AP A, 2011), “AAAANAYTH AAEAAS
gepete] AAHow = AZF ARSlOl ol EAjshs thFe A & At
S AAF d 8 AH(computational agent)E& o] -&3dte] WASFAY A FA FF5H7]
sl F5eoF & QIxbe] At A BETE on| gt

(2) AxkA Abarel 4 a9l

ARILE o] FaL

o

AbaE Fo ou g = “AAb Al 2~ (computational system)S -8 3]

ol

=)
=

rr

<E T-4> AbA Aba @ Aol e 74 2l #4

Walden
et al.
(2013)

Den Werner
-ning et al.

(2010) (2012)

Wing
(2006)

Sk

(2011)
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(2011)

Selby
(2012)
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4 A, w=eld Al FeH AnE new F47

A, AFA b, FaeEA Abaekel BAE (29 D613 2ol AAs

v

A

ARLA Amel

o 3ol
Su#]E3 Atz (Algorithmic Thinking) S g
AL

Al AMAA At (Recursive Thinking) A :'?;4 Qj} 7
A
]
A} =73 Ala (Logical Thinking) ZolA Ata (Creative thinking)
alL -

Asd A" wed 2" ooy owad | 49
= AbaL A} Aba AbaL Aar AbaL AbaL
Al
) B %A A (Critical Thinking) Ao 05
l — FJAH =43l FAA Aba (Abstract Thinking) HZ A5 =43 —

% AArE ¢1A]E (computational cognition)
DA ARAL BIEA ARAL =R AbaL AR AbaL dare]EA AbaL
¥ AR ZolA (computational creativity): 2% AlaL

[2¥ T-6] A4 Abare] W9k Al

[ O-6loA AREA Abae]l 4 a<1zte] dASH HEo] Fel4 Atw
(Feld)eke] Al taiA vep AL vk o= E ATlA AAEA ALL
£ EtE e B3ES Yedl A sk AlRoly, el Ao AAskarzt
Elasy

@O ¥]#A A}ar(Critical thinking)

v A Abare] gk AdE shel faEd AE wlg ohdsth(o] A,
2008). Hl A Atarel AT A FolA A 20049 HAA AuEe d
T Aot 1 FEF BT QA4S Wi JoHAE, 2010). Hl#HA Abale o)

u 2 ‘v A o] A Alal(critico-creative thinking)'#tal ¥t A WA o] &
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A, 2004).

jgace]

7]:110
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@ =74 A}ai(Logical thinking)
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7, 1995; Gopnik & Sobel, 2000).
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@ A * AFaL(Recursive thinking)

AAF3te] AN, AAA At ‘7] Al EE ERRle] Abare] #g
Abta' s onl skt (Kurdek, 1977, Landry & Lyons-Ruth, 1980; Oppenheimer,
1978). d& AW ‘U= otwE AZtsteE drbE AZsiob el 2e Abavt A
AA Abaer & = Ao

e AFA= “AAA Atarg ko] gobr] wf AbEeteE HxA A
Ao A Al FFEke] QIZke] AVFAA =g Aol JEREo] =g E RS
& oto] o] wtEojAa S WASHA ZAZE A" wjrbA] WA
o8 AbarshE Aok A et

Wing(2006)2 A4 ApaLgk =
olH =, Ho|HE == dMst= A, stue] £AY & - dis st A
AW ofel Al = AbEOlAl St o] e o] FS Folsts Zlo] L ot H
Actal AT Z2 e A3 ge&AdNS Hulste Ao ofye 1A%
I e e AvA S Alagl AAR AT A Abae sl
olyy gt A7t AAA ALY HAE Aot AR, ASFE A5l A 9
ANAA Abarel Agejekar & = A

olg]gt Aol 5ol omg FJoNA ] AAH AlLE oun|stE, Wt o R A
AA Abaes =g A Ak, SR}A AMLE 7IRbe R dthe Fol= WIko] gl
oo WA A= Wing(2006)9] BolAH ‘shue] AbEoluh Abgol Al st
L} o] o] o] F& Fof’sh= dHlol Ak tiehA Abart & asie

ATl A A Abaek dare]lEA AbLE 9 (2004)0] A gk 770 ¢
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I, 2010; Jenkins, 2002). Futschek(2006)2 <&
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# A} a1 (Algorithmic thinking)
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REEEE

22 mgd Alae
22 g4 Aade] Juw seq AAH Ansk deju] wie] o Se
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<ABSTRACT>

Programming Education Program based on PPS

to Improve Computational Thinking Ability

ByeongSul Kim

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

Supervised by professor JongHoon Kim

This study aimed to develop the programming education program based on PPS
and verify whether it can improve learners’ computational thinking ability.
Paper-and-pencil Programming Strategy(PPS) is a modeling strategy of representing
an idea logically by diagrams, sentences, codes, flowcharts, tables or any other
meaningful representation that can be created using paper and pencil.

The purpose of this study is verifying whether the developed programming
education program based on PPS can improve learners’ computational thinking
ability.

For this purpose, this study conducted following as below sequences.

First, 6 fundamental factors of computational thinking — Abstract thinking, Critical
thinking, Logical thinking, Creative thinking, Recursive thinking, Algorithmic thinking
— were extracted from the relative researches. In this study, the diagram about the
relation of computational thinking and creativity, and the relationship of
computational thinking's factors was proposed. This analysis could be the base for
developing the education program and questions in assessment tool.

In the process of developing the education program, first, models of instruction

- 137 -



were considered. In this education program, the sequence of the instruction is
'Analysis the computation model’, 'Make computation’, 'Find and analysis Problem,
and find idea’, 'Find solution’, and 'Find acceptance’, which was developed by
modifying and supplementing the Creative Problem Solving (CPS) model. In the
process of developing learning contents, 10 core concepts of computer science
focusing programming — Sequence, Condition/Branch, Iteration, Concurrency,
Variable, Random, Algorithm, Object, Function, Recursive — were extracted. And
then, based on these developed instruction model and learning contents, the
programming education program was developed for utilizing PPS activity actively in
the step of solution design of problem-solving.

For the assessment of learners’ computational thinking ability, it needed to be
divided two parts - computational creativity and computational cognition. For the
assessment of computational creativity, Torrance’s TTCT test was used. For the
assessment of computational cognition(abstract thinking, critical thinking, logical
thinking, recursive thinking and algorithimic thinking), a new test of computational
cognition ability is needed to develop in this study. Its parallel-form assessment tool
(A and B type) was developed in order of making questions, verifying validity,
discrimination, difficulty and reliability, modifying question, and verifying
parallel-form reliability. The developed assessment tool has high correlation with A
and B type, and existing Group Assessment of Logical Thinking (GALT). The
learners’ computational thinking ability was measured using this assessment tool in
this study.

The results of this study were summarized as follows:

First, the programming educational program affect learners’ computational
cognition ability positively.

Second, the programming educational program affect learners’ computational
creativity positively.

This study could have positive contribution to computer science education as

follows:
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First, the programming education using PPS activity has the possibility of
improving learners’ computational cognition ability and computational creativity. It's
not only a method of unplugged learning as a prerequisite learning. It proposes that
we need to focus on the solution design more in problem-solving of programming.
And, PPS activity could be used actively in various problem-solving activities.

Second, the result of this study could be a evidence for the diagram about the
relation of computational thinking and its factors.

Third, the developed assessment tool of computational thinking could be the
reproductive product for the further relative researches.

This study has some limitations.

First, the comparative group was designed without any treatment. It means that
the result of this study could not verify the only educational effect of PPS activity
In programming.

Second, TTCT (Verbal) could not measure the 'Elaboration’ of creativity.

In addition, it need to verify the result again to establish the conclusion of this
study.

First, the assessment of computational thinking ability need more experts group’s
validity. And it need to be applied to a large testers group.

Second, the experiment group has 17 participants. It's sufficient for the
comparison experiment research, but not sufficient for the correlate research. For
finding the relation of computational thinkgin and creativity, it need to be applied to

a large participants group.

Keyword: PPS, Paper-and-pencil Programming Strategy, Computational thinking,

Computational cognition ability, Computational creativity, Programming

- 139 -



T

141
142
143
144
145
146
147
147
148
191
211

<HE 1> 2a3YH A3

<HEZ 9> Adg R AAY

<3 % LT P PP PPN

<HE 3> 239 A

il

<HE 5> AR
<HE 6> A7

9]

<HEF 7> AREA AbaLe] o]

T T H] DL ceeveeeeneesaneessnnesitsnte sttt

=
<)

<H2 8> AFEH

<1-?,§ o> JT_ZH

<HF 10> ANA A (A

<F-E 11> AvbA Abars (A2

- 140 -



<HE 1> 23YA 2THE

0 [ball

O 0 w0 HESE g1° (== o

AR ) =+ e
can drag in player: [ O
HO =

0O (°)= =i

- 141 -




<HE 9> AAY

Eal

a4

E

- 142 -

=HHA= a
WA SRS FIND 0H0IE Aot

" 37

™

sy




<EE 3> ~F8x AIHE

m
=)
=
on
o
=1
8

= SFOA

Ax EES] 271

9]

- 143 -



VAN
e
B[l
A
V
m
o,
A
>
e
2

Z7] JH
« | A|A|B|A|B|B]| «
A
wd A9 Hojzoll= 3714 71=(A, B, *(HlolH §lg))7F 294K AT &
g oY Aol Be AlARS TiEst L ot
FHAY et oz AL of AR A Z2 dupylo] L4 o

9 w= 73 S uhmolof dch sAlY, Wx) Au} cractd dxjel AL
715 P= wBHyofo} et

- slE7t ol AoflA 7S +5 Tt AlAE A9 AE2 HEA doth
FRHAS sE AAEY ERE 72 +7F lon YdXoz o]Fst

oAES =0 JHl 19 2t 7]z50] 2F Aof i st loka 71 E of o
+ JE 283 v ojAof stoH(_+ sld Y YA]E YERHD.
el 1: * AABABB *
JEj 2: * SSP PSS *
22 del2 JE 32 JH 4= viojMop & Zolt}.
el 3: * ABBBAAB *
AJEj 4: * PSS SSSP*

- 144 -



<F= 5> AbA -

AR AL e 7 SEEE (A4
T . - T v )
L : 62
o e P;’)SG V g.gg .38; 1.615 109

A 1L>1(>)SG 0 igz iZZ 880 381
AFA LOGO 509 986 |

e } il(’)SGO :;é 1;1 090 928
T pps 547 4y % 557

LOGO 353  .604
W RlE A A}X_d il(’)SG - i;g :ggg —301 764
H PPS 365 584 O3 568

L 1.65 552
e AHA PI?SGO 1.75 .522 864 389
i IEI?SG ? 12 222 .000 1.000
I I
B AN
=3 o IEI?SG ’ 532 Zgg 1045 298
AL II;I?SGO ;23 fég e P

LOGO 1685 1.890
O ppg 1805 1508 0 439
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N = 55, df = 108



A & s
AP - AR M SD
LOGO HE -.073 466 —1.158
H] & -291 1.227 ~1.758
1 Q15 Al —.055 848 —477
38 -.073 690 —.782
& ~.255 775 —2.436
e —.200 650 —2.283"
A —.945 1.671 —4.195"*
PPS HE —.182 641 —2.104*
H] &) —.364 1.060 —2.543"
1 Q15 Al —.091 752 —.896
& 018 561 240
&3 ~-273 781 —2.591*
z -.127 546 ~1.728
A ~1.018 2.415 ~3.127*

p < .05 (two-tailed), “p < .01 (two-tailed), " p < .001 (two-tailed), N = 55, df = 54.
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<HE 7> A2 Abae] oldw W

AR Apare] ol s &= ]

ol
o LOGO PPS
N Bt (AR Bt (AA)
AP A 1.655 (.732) 1.582 (.469)
AL R 2.673 (.783) 3.300 (.785) —4.195"

“p < .01 (two-tailed), df = 108.

AFE et F0E W

o LOGO PPS t
Hat (HA) Hat (HAD)

A 7 3.182 (.709) 3.191 (.778) —.064

AR 3.655 (.576) 3.955 (.618) 2.632"

p < .05 (two-tailed), df = 108.
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