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Development of a scoring rubric based on Computational

Thinking for evaluating students’

computational

artifacts in programming course

Minja Kim® - Gilsang Yoo'"

ABSTRACT

Hyeoncheol Kim"

Tt

The demands of computer science education for non-majors in higher education is
increasing but relevant evaluation tools for the students’ computational artifacts are lack.
This research aims to develop a scoring rubric to assess student’s computational artifacts
in non-major programming course at Computational Thinking point of view. The rubric
was developed based on ‘CT Practice Design Pattern’ as a framework. The rubric consists

of ‘domain, skills, evaluation, evaluating resources, and scales’.

abstract model’, ‘Design and application of creative artifacts’,

Domains are ‘Design of
and ‘Analysis of the artifacts’.

Experts reviewed the rubric to ensure contents validity. The rubric is resulted in reliable
for consistency. This rubric can be revised and applied to application environment

accordingly.
Keywords : Scoring rubric, Computational Thinking, Computer Science Education for
non-majors, Computational artifacts
T4 3 A nYdign HFE wSgy dapes
Tt o wyoEty Jrost HFE ey dTas
TR A vydign ARds AFEgy w4
=EH 4 2016 119 2801 AArE: 20179 1€ 254, AAEA: 20179 1€ 31
x 0] = EE AAE 20150 @R wSHo @A AT QG wol FgE AT (NRF-201551A5A2A01011911)



2 SHEAFEHWFES ==X H203 M25(2017.3)

=3
Lo
kS
)
p!
e
=
Q
by
4
~
L
o
N
B

& oo
P

Ll

4N o

ull

9
.%

FE Key Stageolr] wj$-A 3o
et g 3] 2014 NA wS Ao A T
ICT A ‘AFe'ox WA, Hed
A Aryets glstni4] dEe %=
Sstals e 7oA vt

LT

-

ol g
_HE o
I

fr =2 e
o
-3

e
-
-
>,_4

o
u
b
s
B
£
N
1>
o
N
=
|o
fu
o
M
X

(
_=

L I R« S | VI < S
i oo Mg L2 B of

2

o
HEOPo
o
> o ol
s "
R
32
i)
oy
)
o2
o
%
2
N
(o

o
o
o
=,

oo 2
=]
QL
£
PN
ofy
oj
P2
)
rT’
=
>
oxl
s
El
Ho
tlo
12
k1

>0

3 THE]

ol A e 20079 N wsIA A ST
oA ‘AR'Z HEES upin Jrist &
S sk 20159 AARAAE 8 s w

9

ofuel, 25, FeaelA: 7 7 A3el %
uaE A BEAow Aurste WA FHa,

ot A Astaeels] dubdEor u

Hatal ITH8I9]L A 5=
FHZ AsuFo HARIAT uws FstE A
3tal Qtd "= 9] Transforming Undergraduate
Education in Science, Technology, Engineering and
Mathematics (TUES)[10]4+ gt=r¢] SW FA4ldg}
AbA[L1]e] v 34 o]t

Auasus Wt PAdE PFY A
2’(Computational Thinking, ©]3} CT)e] <t
[121[13]. CT+ AlaL(thinking)2 ZA5FE 73
AE7teol wAE WA ALY, Al=H s

o
A, IZFE ol AY SOl =S FE ArLL

Egold Jide wET14]. CT+ e9sA A
ogEA g%en, sAviy, ws Z2Iadvit
e Aidlls A JuHISI6]17118][19]
[20][21][22]. Z®lel%= EF3sta CTx  7HR1E]

oFe AL, ThE HepE MAA

ot ®7h AAY Fgol E=go] H7ld A
Azrele] RE7F wlelol sl Ao o

sl x5 o] % o] Fri14].

A aFol A Frapstug g R OA

U

%o HaEsl Prh AAsolob B3] B
b ol A%, W&o BES ol oy
Pkl wAL F Q7 Wik AT B
WEANE CTE Fssas s 24 dye

o7k g ® oot 3% wF FAHo|
A 97] Mol AgHel CTE Z4se AL
Aol BrbssAR, CTetn A74¥s 542
Aelel, 549 FHom CTE Ao Be

e}

oAtk AFA e agsAuiY Bl
=
=

A 2A FAskek AEstz ®al15)21], o

Fa AR 228 dA9le] Yol BRaE Yo

2 74% & A CTE 44 24dA: %
AR AR 928 BAGoEA SYEY CT 4
8 dgHoE FA8 &

s, AEst 7wt el M= AYEo] A 3
oA AEES AAIY. agdsy wHoR e
= NEs AREEH, AdEe B gder &
3o AdEEd dAEY s HHAer 8
A Q= tielARE HkARe] Fatel wheh
B7bA A7 A5-A7] A= A7 A 27
8¢ 2 (Scoring rubrics) ol & s|ZAst7] #13)
Abgshe B elth FRYS A9 k=



HMZA =232

2 W) Sla) wEela Wt shelsetele
& olgate] ojAo], =z
0 AEES F o Audos o

%5 2
A 4 ArH2AN5) sHAe] AE B CTe
5

& g PEAE ARBonA FuIS
Sse CT Aol B8 71550

B Qe A%H #s wazds guow
ANR Zeadd FYelA StEe] AEEe
CT 7Iwto g Hrlst & Ael= AL =

< M

sk 94 BF T CT
H7EA #AelA & ‘CT  Practices
Design Pattern (FA5F® Alx" =3 AA #9)
[26]& 7IWrem ol 9HAl AAAT. B2
abal AlF RS 7 = s fld, Ed et
A EE ASsHAT

o
s s

2. Computation Thinking (CT) 7|4t}

P R L

A7 el o] FAEL <IE 1> ol

71 (concepts),

Q
=

o

=3 (practices),

CT 7Idte = 7] 7igdel FHES ZASIAT
TUl-Qoll A AEkago] WAlE FHY AFE O
Fow &3

=W A= vy 2o HYAR1NS 2§
2E ws A dgil#A, ¥§Y, CT s8<5 H7t
st7] fgk =95 et didldAs Y
$A #FZ A Jrrd ¢ e FRYS, 92
Collaboration Webol&tE= H7F =%, CTe
MIT Media labollA] =T YPAE &F3tH =&3H
CT 8x[28]8 +AEE AHAEXRAE JIEsd

A
_(H

_(::L

(perspectives)®] 37FA] PO Uil
TS wixEYgT AEe 7 HedE 17
A 47 A g2, 2A7] J7F A o2 AgE i

HIAANLE g2 AF[29]0 4 ZT B AL
gy CT7|Hro = grtetr] 18] +

[kl

N}

(T
[
I S
_O‘L

i)
2

=]
fﬁﬂ
o
O:

2 o W o
ol
32
2
e

ot
9

o,
rr
)
il

A FRste A& HHoR CT AR 245 A9
stk @ 6749 LAE WO Feie A
Adta ®7h Free wEy. W@ FRede
AojE CT AF 8425 7%, 2d, 559 3¢
A #AAR TR
<E 1> Fga AFoM CT A MEZ AL
AMEE FHE[7]
24 Tl
Sequence
Loops
) Parallelism
Corélputatlonal Events
oncepts
Conditional
Operators

Variables/Lists
Incremental/Iterative

Computational Testing/Debugging

Practices

Reusing/Remixing

Abstracting/Modularizing

Expressing

Computational

Perspectives Connecting

Questioning

=2 dA+te g3 2T Bort & Brylowl[30]

v aEstal WAF g 5AA wAREo] A

3 wots CT oz #Hrlslr] 9o Fr8S
5 |

E7%2  CS4HS
Science for High School)ztE n5 s AW}
S wHA WA AF 2otk At
52 CSTA & ISTE[19]e1A A Al CT<2 97}

Al 249l Data collection, Data Analysis, Data

(Computer

representation, Problem decomposition,
Abstraction, Algorithm & procedures,
Automation, Simulation, Parallelization®ll

Connection to other fieldsE Ut3dle] CT9 24
g AostAd. 107HA CTLAE 0, 1, 29 3¢
Az o] JrketeE A A

Sherman & Martin [31]2 Z=2% #HS
2 CT %7} 845 A8 dvbd CTe =
e Zzzagyel CT 84+ Gafof 3itty B
3, APk CT 84 67FAe =Euld CT 84 87
Ag FFFATH<E 2>). FHEL 14714 84
2 Eietel Hrlete s ek A

)

el Z =



4 SHEAFEHWFES ==X H203 M25(2017.3)

<¥ 2> Shreman & Martinel ZHI CT 24[31]

Ay CT 84

Naming

2uld CT 84

Screen Interface

Procedural abstraction Events

Variables Component abstraction
Loops Data persistence
Conditionals Data sharing
Lists Public web services

Accelerometer &
orientation sensors

Location awareness

71E AT EAE S8 22 AdeE vet 2
th AA, CT 71 F52 M A59 71 &
A gt AR S ol gHA B2 FE
glo] el wrke A tixAHolrt. nTuS
A FrYLe g% AdHoltt wdeA A
age] gyt 7= 6, FF CT 7| F15
2]

2

=4, 7] A¢E CT &4 FAES
of urAl At A&sArh. HAFAI27] [29]
3} Bort & Brylow[30]2 MIT Media Lab[28]%}
CSTA & ISTE[19]& 7|9te& CT 7w H7}

Fr2Ss JEstdtl. Sherman & Martin[31]-2>

A E=ES WelA Fdvh dEE ATolA
s =dE A dia #@A AW

3. Z7{E(framework):
CT Practices Design Patterns
2]

FoE Es 98 =AES AAsAH =4
£ SRI Education®] PACT (Principled
Assessment of Computational Development)

T2 AEN A  JfEst ‘CT Practices
Pattern (AF® Aty 3 HA HE, o]s}
CTP AA sHd)[26]s A&stadtt. CTP AA
2 B3 B A e, th5
& 5Ao] drh
AA, CTES <3 (practice) HHo = HT}
CTE 70¢l9] ‘Alai(thinking)'o] =r3$HA|71A] &L

“EAstn Alast= WY (ways of being and

Design

A K
Ho
»

doing)"(3p) o2 olaf gt o] ¥ Ao A
Zte 78 AN FrretEE e, FlS 2
23 GRet w§I g o] vk CTP A
Hee s AEES AW AAR TESHA
BA ek, st Bl =y stel BA
S Bt d=s s

=4, CTeF o] B7tstr] ofd& UL H7t
3t=d A A3 Evidence-centered design(ECD)

of A3k stk ECDe 57FA Al

[e)

< Domain analysis, Domain modelling,

Conceptual assessment framework, Assessment
implementation, Assessment delivery©]t}.

A ZFa 2z tdAMoltt. AP Computer
Exploring Computer

Science  Principles}

Science & CS &34, CS uSg T3, 7

Sl
)
o
%
il
)
N
AN
N
el
v
)
o
r>~
HE,
hine)
off 2

2% AT

S, kel HsES ojw AEES Bt
Sw WA, oW Hrh Bl HAARA, B
A | Wk wATA ol UE AT M1
2 Azshar.

CTP AA #e2 4719 CTP A A ez} 270
o] H<¢k(supporting) A7 HHow FAECG. A
N #HES 102719 FKSA(Focal Knowledge,
Skills, Attributes)® T 5ol  JTH<E 3>).
2 ATl e AA e Y 9 (domain),

FKSA'= ‘8472 sttt



HMZA =232

<¥ 3> CTP MA ujf=[26]

L FKSA &
Analyze the effects of 21
developments in computing
Design and implement
creative solutions and 32
CTP artifacts
29 Al =) 89 N .
A7 Design and apply abstractions
27
and models
Analyze their computational 5
work and the work of others
S Communicate thought
Sul.)port processes and results o
-ing
B Collaborate with peers on
AAANE computing activities 12

CTP A4 sde] 745 w9, CT
A B FAASS & 7 ATh
et A, S SARE AAE gtk W
Z Analyze the effect of developments in
computing= A ¥ 9AZ HFHoZ FA
do] 7hed F9e olastA=A AFE L3
t}. Design and implement creative solutions
and artifactss= ofoltjo] #F9 £Al 2 B4
= Ass & 5 A d&std=A otk Design
and apply abstractions and modelsE 34 E 9|
N gl A dursl el st 23t T FAs)
AeFs AMES A=A oAFE et e Y
Analyze their computational work and the

work of otherst= &Ao] #A4le AEEE H7}

18 el

M TdAF, 12 N, A7 FES 37

, wHATE AR WS Fokoll A i

g FrY3 CT 37l #1155 AES. SRI
Educationo A1 713 CTP AA &S H7te]
TER Z2AsAH

EA4, CTP AA "ol Supporting A
& 271k 170 CTP siels A9 3719 #id
= 7Ivtew 12 FrES JhEstdnh 3709 #)
Bl (Design and implement creative solutions
and artifacts, Design and apply abstractions
Analyze their computational
work and the work of others)e <9 (53}
mdel AA, FoJA AEFEe AA 4 A& A
=& EA)oR B Fdd g 23t 2 AA
o] Z{ls stk

370 wEle] a9 FKSA 6470 5 2 ol €l
Fetota AddE 1UHE dAst a9 dF8 s
= ATA Stk dE
implement creative solutions and artifacts W
o] 7EY ZRIOHE MR EAY Hxe &
oz  Hrkske SE(Ability  to

existing programs and solutions in light of a

and models,

59|, Design and

evaluate

new problem and purpose)?l 4§, AEE 7Y
W Al 7]E ZROAS HEEA] ALES o st
F7F g7 wzel HrE Q4 wdsA &

7 dgast Brhak, AR, B0
H5®)E TR0

AA, 13 AW FoEe 399 AR AE
sk 97k FnYe 484L Porhse A
g et HEAE 1) 99 PR 499
444, 2) 9Fasd TH 484N 4 ax
o FLE, 3 Bese 4Fas st H
4 Bom PANAL ARAE 58 HER 7
g wagn 2 FH ha) A=Fuz A
QAsHerh

G, AR SH AEs AEd AdL BF
ol #3F Fode dysgn 484 A5
M Gt AEES AMA JFow B
F Qe Y glFe At
oslsty] 47 g L welE FAE o, 3
WA anel MRS EA'] WEE 47 B
GERE T



6 SEAFHUSEE =X H20A M25(2017.3)

Ao

42 M
M AZAS oz st ZEaygy $£99
ZRAE AbEE Frtel] JhdE FHYS ARES

°of #d= wHdTA WY ZEadgd ¥ 5
dom ofeltels e ZREEY 44
% Swift o= ofeltjols Fdd= 2vAR
TG FYES AT AEER AR FA9
EeAIAE Ateted Aldskalth. 20154l
= e Z2AES JYPste] Hrhddo] 24
i, 20160l How ZeAEg 3
ol T ol

<E 4> 5% 74 2 MBS

20154 \ 20164
« Z2EEY FA: G459 olojrolE

PO vl

TH T | Swift BR: gA okoltel & Swift
doj2 Algale] o Ta
o A= e Aol A o= e Aol 1
HE= (M31)(24) (2)(79)

styEel AEEe 390 Prekdth Sl
oF 158 B9 A fEIAIA tha 4
d3 Ndsts Bob WAl Fue et o
e AARAT. 158 B 54 A4S s
of HelFA 9= A% AR B AY g
3 7bah et
43 A5
Qur FAAETSE A E FRYE AP o
Avhl M43 HrpsheA (g E)e Avbi
q

& BY=Es 54 8 d9e SAs=
Aol gt Aoltt. A3} FAESQ CTPe] 47
H[26le AR FHES AW, FH

% al

)3k Ao 7 Cronbach’s a® Ao}

CTP AA ="

[e)
=
A MAgd =ady we oY AFE

T4 A
39 Brbsta s 99
g ax | A9 GeolA WA st et g
B7h A odwel Bt AE
Bt As H7t 2AZ A8 AR
A7k @A | Wt eAE AR U A5 =AY AT
P FAE mdo AR, oA AEEe
AA 2 AL AEEY A7 HPY 37HA R
TS 2t 999 Foe <& 6> P
<¥ 6> FHEo AA1 Ho|
99 A9
B § g
=213 mdo ¥4 (process) ol A &1 7§
TSR | seioid, e A 9 gl
HA/F2E YEW = AE Y 189S
st el
- - gt = o] o}o A 3 i,o_
%gﬁﬂ?gﬁﬂ B gcomg)utinglgojf%%;‘ﬁlo]h -
2= NEEFFEH Z2ad 52 98y
48 F e st
o st S o] zpAl 9] k& E (computational
A= I o] = all Q= itiona
LE‘;J} A7E | artifacts) & 7120 e Axw Prhe
: F5EA
N

0,
=

qu

rlo

A

=3}

\]

\

K

L

i)

2

]
e,

2
192 -

i ofr ol

-

BN

_0|L

Q ;
2 o= H

(2 N ook
ofr
ol
rr

ol Aot o] FFE AF = 24
°of A=A Aelata, 84 7k, AR TR 3 B
& RE9 AR GUtE = 9@ an). o
Wrress ADSe AldE Fe Wb 5+ gl
(37} AR). B7HE A 3@AE FAH He
ALA-3, 4-6, 7-108)S ATCF7E SA)st

SR
i




2 al

vy

At

rn
o

7> bl

<I

K o~ — .

— ey w — - —~ = oo il e

=® 7T = T - ook BT . iy R o WA Rl Bl v
S| paw HEm | p® F Fow  wELIm IS | owm ol = Moz T ‘o oF o

0 X 1o — o ol 1 0 R <O 160057 = <

O IR e B o B P I R B oo | Hl o ok Mo o

IR e B=  How ¥z T (0 W BN TTT ~ ) 7 =~ o W T

o T x o R Eﬁ@ ma%ﬁﬁ XVE S u%m?gﬂa U & (- mbl mr mﬂ

A BOjod R - 5 = i L 70 %f 7] P M_u

o - i3 = ook o

wlE T o ] - — BT - M| Mo il ol °

© | I m@x B | ©F G Quﬂe uWLIEﬂQn THT | =X M- Wﬂxouw EERL) oy W X WL oR o) b )

_ RO Al TR w RO Zo [0 =g T B =3
< | "= w_ndtﬁ :Mm w_m _m.u_u@ M <4 EMEQ_O ,aﬁﬂo 2 mo%amﬁu & B o TR (I T " | _ %

0 _ | R e — —_

ﬂm% Wy | o ﬂa_. Egﬂ X @B Aemo% ST wand| < |% o R XS <

il ] Gl N N | F e —_ ,ﬂgﬁzwlgﬂ
o~ - —_— —

m,xﬂﬂ o "w N Lw A e & H CER %_ 2 © E = =
A B X X e 10 e i RO . 20 S X NN

P [SEF ok s arords Ko R U O O e N e T e SpE_BS&  F

: b j

— ﬂmﬂm_m @q@am,m TR @_Mm_m EQNM&H}W liﬁv_%owﬁ ‘WEWWW a,u .moMﬂ_. 1_|Mr,_orm%:1 T RK _N_\L Bk 1(W o w . W=

2 o - =1 — ) X o T ,.b]l;., N il S0 T 0 ) 1

R S T I e o ot %wm%wna Mgmwﬁvﬁ % & g 2w Py % @ o
- = 1o Vo 5 (B - XA
i) ] dl z.e
T2 :

o BT s = = o G S
o=d M 7 < @wﬂ For o x ) = CaR=-E R
T gy |30BL TR ePR =2 |w, § e i = ¥ S o o
GV e |Fu IR Ero ow T IS R B i R X X
dum D e W TN e & wr s B o o o BT e B o

4 =m | X° mT Ba® i e g IR B R R e

Jlew Ep |Sx EeR MIT Exds Gy el B % KW R R
T 0y | OF=X R H=m T~ | T had

o L Bl & T "o = m of =

N | =T Mo g e ¥ ui b H
T i < 1o m__3 ol To My eap Jald

B G R ) Weo  TXwm o Hrad < Gl =R
iwmﬂ G %ﬂ mncgﬁv A ﬂ@.%mﬂ o gﬂﬂ ~ %o o3 T OB oM B B o<
TRm | T THC PRy [ e o T ol ol
SO I Dl = I e @iy % EEmep
=) SO - N =" ey oy Mo £ % Ny

1M3| ;e ~ ] o N ] N M J,m ! ofn o= — o B = W

o o N - of ﬁwm < M iod unun ﬂ_ ey @.a X N S A

o OB oo T % el
K X
=W T _ o T
o ar T o
o T ) o = S >

.w-_” o MM - iooF T Jo hE 3l W ) Xog™ o < e NC M o Mﬂ“
A I - R T o TE tx2Res TR 2°
_ B < i = 3 S iod o™ o ~
P T s N 70 % o = dom % Jo I = 7 o M

& M Jlo 22| = M NI 0 ~ o?,ﬁl o e N 10y N _&o ~ Bl

= o o T o T K — %EOLC X o W= el 0|
o ou 1|3 m_ﬁ,% 3 A oAbl ﬂ;l ﬁ,ﬁ_d 7oPLF otbo = ﬁ i E_ﬂw ﬂw - —_ qﬂ o TR
wo | wE o D | P D TOEBRT | e X oo R %o S
BEE 2L %, NF e I VN O o B it W Wk BT A

Wz uﬁh% oE | S o0 7O ol P mo mﬂﬂ G W o= e o
g Y | me w® T T e | w T I
" ,,MM =% nd ﬂ iuﬁe o ﬂﬁag P | BTOF =0 ,Wv TR WS Llﬁ N
o < el el oy g o A gt P 0 e

N | uzr ﬂﬁﬂm H) = A Nr,_mﬂ @.u%7 ..-h____ (! = Mo.u | nﬂ E = ™ ~ o
! w.ArL N — ﬂA_l iyt ” N L7 o o
- — . J 2) yi
pall alo &N ! .
qr o TR J—— o“_o K Hooor o m T RW o
®| AT BEp e PR RE ® = 9 ° 558w #
R L - m PR R W B e
© o TOTRERNY L

7FA}

E|

8

Fact 39 <]

I3



<E 9> MBS W chelEplel E) Rue
28 H4 BE & 43 2
11" |12 |21 |22 |23 |24 |25 |31 |32 |33
2015 |82 |82 |85 |82 |80 |75 |76 |83 | 73 | 61
2016 |75 |80 |78 |79 |76 |76 |70 | 76 | 64 | 52
Aol 107 |02 |07 [ 03 (04 [01 |06 |07 |09 |09
ta | 218|059 | 168 | 1.00 | 1.37 | 03| 1.3 | 1.5 | 176 | 211
df 88 | 106 | 727| 101 | 146 | 158 | 11.6| 737 | 802 | 746
p#t | 006|056 | 013 | 033|019 | 0.76 | 0.09 | 024 | 0.11 | 0.07

FERY JFEE dutdoz HIEAZE 4lF
T2 A3 oH3210331[34]. H7FAIE AlF R
oe] FriAEe 979 o3 (consistency) o2
gty FHES ARGt Hrtetdle W, F
vl glo] Hrketdls wro & JriArr 43
HA @b ¢ Qlojof FrES A& FUivt
olm 7} kil E 4 Qdr[33]

g Cronbach’s A= A 2FaEa

Cronbach’s at® T&9 WHLAALS dolr+=

iR = e s I S B oy

FoR 0-17H%

o rfr o

A #AA =v}H[33]. Cronbach’s ax= FHE )
oA dIAd A5
B

g o] Cronbach’s a@t2 0.74%2 21 gvt

T2 AFET32].

<I¥E 10> &M Z 3} (Cronbach’s a)

raw a | std. a xgg]};% T | IEHEA
A 0.74 0.79 0.55 78 76
2015 0.71 0.83 0.61 78 72
2016 0.84 0.84 0.64 7 9.4

2
Syge ZeAE
o Prise
sttt 1 A%z

A, A AdEEe] AA R AL, HEEl
A7 7P 10708 97 24 FAE R
S Estgith. #E8S CTE 43 (practice) ¥
Aol 2w Hdsta Fasitan dwd 3704
[, T Gl S0 Hfsor & 107}
A g 8 7 % 845 Frshy] AF 9
7h S, AA BTl oW AlnE 2AR 3
& e LEFE G AR, HAe AAdS
Alg st F7F @dA] 57HA = A skl
FRYe] BEEd MRS ATe] A
T AN B RS FHE, A HrE F
Aol AHEE AU CTE +3F

(practice) #HNA HrtsteE =AECTP AA

2d)S 7itew RS Zebs /et 1

2k zqbel dig A&7 AEE dste] BHYEE
gwsttt AN EE F7FAZE (inter- rater) Al
Fre] dAgoz 1Tk Cronbach’'ad Ab
g3to] AAbsATh G 0701 R AT
wetoke A9 gk

w PR wAEA Z2Ray s A
A AZEHAT g2 0 JAHAA Z2AE
P2l AnES CTE 7IRkste] B7hstarat af=
B, 2 Fol v 2 FBES FAst ALE
& devt Ao BrrAE FERYE FE9] o]
g o, A= FFEGE 71E AT+ A
[32][33]& aEste], H7F del Add wss
Agshs Ae Fastt

oA Wl 23EA FA FHE
B7F EFEAY 7bA ¥ ool wgthy =
240 7kx] mgk 7haiA = qkETh olu] oY
THANME A= F7]¢ FHAAH ol A
FHEol A TS WAL YFS Wi
ATH32][34][35]. wFFETEAE 2 FH
go] AbgE A, 1 Gl s & AT W



HIMESA Z2aefy s ol MEZe| HAFEH AlDH 7|8t Hot 222 g
[(2]17A9= Ad& (2016). AX 2y AF = Research Council (2011). Report of a
olo] W& st AF Ay g SWEe &4 workshop  of pedagogical —aspects of
Az B AZAFEHuLSTI =X, Computational Thinking, Washington,
19(3), 1-9. D.C.: The National Academies Press.
[3]13AAM], oY (2014). 9=+ wSHA A [14] Committee  for the  Workshops  on
Hog H Apuwie] XAzt A ZE o Computational Thinking; National
g3 AH IFAFHuUSKEF =FXA, Research Council (2010). Report of a
17(3), 53-62. workshop on the scope and nature of
[ 4] Department for Education (2014). The Computational Thinking. Washington,
national curriculum in England: D.C.: The National Academies Press.
Framework document, Department for [15] Wing, J. (2006). Computational Thinking,
Education. Communications of the ACM, Viewpoint,
[5] A, Az, ot (2010). §=3 i 49(3), 33-35.
o] 1EE ARwWI WEIHA W AT, [16] Wing, J. (2008). Computational Thinking
Bl WS AT, 20(4), 129-151. and thinking about computing,
[6]1 32, oY (2014). BT o]|&q =7 Philosophical transactions of the Royal
3 o ARwSHAY 13 IFAFHRL Society A, 366, 3717-3725.
538t3], 17(6), 59-69. [17]Lee, 1, Martin, F., Denner, J., Coulter,
[7]1AAF, ol2H, Agell, ¥AY, old=, A B., Allan, W., Erickson, J., Malyn-Smith,
dAd, AAd, wjgdo], g, WAy, uE J., & Werner., L. (2010). Computational
F (2015). AR w&HAG At AL AF thinking for youth in practice, ACM
(A58 31 CRC 2015-17). A& 3=u {3} Inroads, 2(1), 33-37.
A7 [18] Barr, V., & Stephenson, C. (2011).
[8]Malan, D. (20179 1€ 59). CSK0. Bringing computational thinking to K-12:
Retrieved from http://cs50.harvard.edu What is involved and what is the role of
[9]9&4A (20143 12¢€ 129). [AlZdsra] the computer science education
o) 2 -3} BN wotpE. . E 22 9] o= Z community?, ACM Inroads, 2(1), 48-54.
<f o1 4 5%, sord R, A [191CSTA & ISTE (2011). Computational
http://news.donga.com Thinking in K-12 education - teacher
[10] National Science Foundation (2017, resources, 2nd edition, CSTA & ISTE.
January 5). Transforming Undergraduate [20] Computing at School Working Group
Education in Science, Technology, (2012). Computer Science: A curriculum
FEngineering and Mathematics. Retrieved for schools, Computing at School.
from http://nst.gov [21] ol <=, WA, AAE, w@%, A7, &
, ARFAMAXEY (2016 AR, HAAY, AT (2014). 2FTF EA
sHbe 2ZE Computational Thinking =4 <& 9% 7|%
A, gk e A et
[22] Denning, P. & Martell, C. (2015). Great
principles of computing, The MIT Press.
(2014). EFAF 2 £49 o
G. (2007). The

[11] v 2} 7 =3} 8-

9119 179). 2 ZEgof

Aol SHAALS. &F. https.//sofiware.kr
L. (2010). Why

should be

(23] 73 Ef Al
AA RAR). A& A AL
A. & Svingby,

[24] Josson,
use of scoring rubrics: Reliability, validity

[12] Qualls, J. & Sherrell,
Computational Thinking
integrated into the curriculum, Journal of

Computing Sciences in Colleges, 25(5),
66-71.

[13] Committee for the Workshops on
Computational Thinking; National and educational consequences, Educational



10 SH=EAFEHWSSHS =2X H203 M25(2017.3)

Research Review, 2X2007), 130-144.
[25]Reddy, Y. & Andrade, H. (2010). A
review of rubric use in higher education,
Assessment &  Evaluation
Education, 35(4), 435-448.
[26] Bienkowski, M., Snow, E. Rutstein, D., &
(2015).
computational

in Higher

Assessment design

thinking
practices In secondary computer science.
A first look (SRI technical report). Menlo
Park, CA: SRI International.

[27] HE A (2014). 2EZ&uSe] a4 A
& g HGrb=at O AL sk W
2 AFE A A, dFF LSS =
T A, 18(4), 541-548.

[28] Brennan, K. & Resnick, M. (2012). New
frameworks for studying and assessing the

thinking,

American

Grover, S.
patterns for

development of computational

Paper presented at annual
Educational Research Association meeting,
Vancouver, BC, Canada.

[29] # & A (2014). Computational Thinking <

g oS A Y AA 3 P F2Y
A FAFHBRAKETI =EF, 18(1),
57-64.

[30] Bort, H. & Brylow, D. (2013).
CS4Impact: Measuring Computationl
Thinking concepts present in CS4HS

participants lesson plans, Proceedings In

SIGCSE 2013 ~March 6-9, Denver,
Colorado, USA.

[31] Sherman, M. & Martin, F. (2015). The
assessment of  mobile computational

thinking, Journal of Computing Sciences in
Colleges, 30X6), 53-59.

[32] Josson, A. & Svingby, G. (2007). The
use of scoring rubrics: Reliability, validity
and educational consequences, Educational
Research Review; 2X2007), 130-144.

[33]Moskal, B. & Leydens, K. (2000).
Scoring rubric development: Validity and
reliability, Practical Assessment, Research
& Education, 7A10), Retrieved September

19, 2016 from http://PARE

online.net/getvn.asp?v=7&n=10.

[34]Reddy, Y. & Andrade, H. (2010). A
review of rubric use in higher education,
Assessment &  Evaluation
Education, 35X4), 435-448.

[3B5]gHA 5, o] 24, olA3], olg= (2006). 3t
T4 T4 FEYS AL FAFL g
F719k St A WA= G, FFAF
Hu&83 =8x%, 94), 1-8.

in Higher



HMEA T2 )

d ol X}
AR

uk
hl

201273 Ay
st AFE LS

Aok HAFHIUS
E-Mail: minjaya@Kkorea.ac.kr

A, o
<

E |
=

rok

Z1
=

12 o ot
2243} 83} (0] 844}

1988
1990 Univ. of Misouri-Rola
=S

(A2¥st A A

al
PN
T

\

Univ. of Florida (AAF74 ¥ ghakal)
al L

et AP os 7 e L)
ot Auds AR

1998
1999™& #)
2014~ 4 A
Aok HAFHUS, 7 ASE
E-Mail: harrykim@Kkorea.ac.kr



