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ABSTRACT
This study examined student—- and school-level background and ICT factors that affected PISA 2015
Collaborative Problem Solving (CPS) for Korean students (4863 students from 142 high schools). A two-level hi-
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erarchical linear model (IILM) was analyzed from the basic model (model 1) with no predictors to the final model

(model 5) with all predictors.

Results showed that first, gender, socioeconomic/cultural backgrounds, cooperation level positively predicted CPS

scores while perceived unfairness of teacher negatively predicted the outcome. Second, the more frequently ICT

was used for out—of-school learning purposes, the less frequently ICT was used for entertainment purposes, and

the less frequently ICT was used in schools, the higher CPS scores were. Considering ICT autonomy and social

interaction variables measured for the first time in PISA 2015, students who were more interested in ICT and

more autonomous in using ICT devices achieved higher CPS scores. On the other hand, the more students con-—

sidered ICT important as social interaction, the less they gained CPS scores. Third, in terms of school-level char—

acteristics, the smaller the students behavior detrimental to learning, the higher the teachers perceived positive

working environment, and the fewer the number of computers available per student, the higher CPS scores were.

To facilitate computer—based collaborative problem-solving competence, it is important for students to have in—

terest and autonomy in using ICT. In addition, the guidelines of ICT use and SW curriculum need to be estab-

lished in order to increase the effectiveness of using ICT device in school.

Keywords : Collaborative Problem Solving, Computer—based assessment, ICT factors, PISA 2015, Multi-level

models
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<Table 3> Description of student- and school-level variables

i W Wy ook
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E dispositions: Enjoy cooperation
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Sk A 3
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USESCH  Use of ICT at school in general
ICT INTICT Students’ ICT Interest
Students’ perceived autonomy
AUTICT related to ICT use
Students’ ICT as a topic in
social interaction
First time of ICT (Digital
device, computer, internet) use
Student behaviour hindering
learning
School ownership (private
s independent : 1, private
7 SCHLTYPE govemment-dependent : 2,
public : 3
teachers’satisfaction with the
current job environment
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<Table 4> Descriptive statistics of study variables

NAME N MEAN SD MINIMUM MAXIMUM

1 2 3 4 5 6 7 8 9 10 1 12

Independent variable-LEVEL-1 DESCRIPTIVE STATISTICS

1
2 e 1
GENDER 4364 049 05 0 1 S T
ESCS 4864 -0.21 0.68 -4.08 191 4 -2 -010 1
COOPERATE 4864 -0.02 092 -3.33 2.29 5 | A8 12w 41
unfairteacher 4864 831 3.1 2.00 24.00 T 0&‘3* “70719 ﬁ* ﬁ L
HOMESCH 4864 035 097 269 360 B -
ENTUSE 4864 -0.43 0.8 -3.71 4.84 9 e 1obee 000 OlTerr e e 1
USESCH 4864 097 091 -167 363 0 - o e e e —
INTICT 4864 037 09 296 264 - — —
AUTICT 484 038 09 250 210 . i 1
SOIAICT 4864 -047 0.95 -2.14 2.43 u S — 13k 11300k b 180w Aok (B3 —I5Teke T08kE
FIRST_ICT 4864 2.29 0.72 1.00 4.00 15 oot — 15 (R s 109 2o — 0Bk — 142w Tl
Independent variable-LEVEL-2 DESCRIPTIVE STATISTICS ? s ﬁ: i 187‘ g’*‘* ’gg ’ﬁﬁ*‘ Zi*‘
STUBEHA 142 *‘0._29 1.21 -2.39 3.07 M T — P W— T
SCHLTYPE 142 254 07 1.00 3.00 o o T T
SATJOB.M 142 -048 0.3 -1.27 0.36 D b Do 1 104 A% 191w~k - 143w Tlwie
RATCMP1 142 0.39 0.44 0.01 218 21 0eer 2 136wer 15700 (Qleex 80 180wk —(R3iewr — 150w Tohinx
#p < (B, =p <01, #=p <001
RATCMPZ 142 i 0.98 0.07 0.56 1.00 LCENDIT, 2505, SCO0PIATE Fofarteacis, STOVESL
Dependent variable DESCRIPTIVE STATISTICS GENTUSE, 7USESCH, 8INTICT, SAUTICT, 10SOIAICT 1LFIRST ICT, 12PVICLS, 13PVICLPS, 14PVACLES,
PVICLPS 4864 54063 8261 29814 11.33 15PVACLPS, 16PVECLPS, 17PVECLPS, 18PVICLPS, 19PVSCLPS, 20PVICLPS, 21:PVIOCLPS
PVaCLPS 4364 541'59 84'46 242'70 99'47 F: CPS #1374k 10709 Amgwisee] A9 5 A%t A3
PV3CLPS 4864 540.71 81.74 225.80 84.26
PVACLPS 4864 53884 8191 249.13 93.711 Bhal QoA ClEul- 98 EA o] [CT 7]7] A%
PVECLPS 4864 541.32 8329 238.70 94.10 = N . " o
PV6CLPS 4364 53062 %387 23625 93776 (ENTUSE)<= itk CPS Aeh 54 Fake malth
PV7CLPS 4864 540.19 83.95 218.58 3.89
PVBCLPS 4864 539.86 83.32 243.73 91.57 4.3 CHEEA Z7}
PVOCLPS 4864 54166 8297 195.29 30.35
PVIOCLPS 4864 543.63 83.02 244.77 1.31

4.2 4HHA =4

CPSel Amdelel AddA 4 Axs o
<Table 5>¢} ztth.

CPS #3 fofulst AADA de ®Fe A
(GENDER),  AF3| B AEs A M A (ESCS),  FeA+
(COOPERATE), &l o)A g% 52 ICT 717] A&
W= (HOMESCH), ICT 717lel tigk &w(INTICT),
ICT 717] A&l gk A& (AUTICT) ] Utk

e g A AA ] JE W Aol X4 ul
Alol &g sH(unfairteacher), Sl Ujoll Aol ¥, o]w]
o, IA & 98 ICT AHERIE(USESCH), AHsl 4

8 <Table 6>}

<Table 6> Unstandardized coefficients of predictors for CPS
in Model 1 to Model 5

231 232 23 R34 25
Fixed Effect Coefficient Coefficient Coefficient Coefficient Coefficient
B (SD) (SD) (SD) (SD) (SD)

student level-1
CPS grand 540.24#+*  540.36%*+  540.52#%x  54A027+#x  540.35%x*

mean B G2 ©2.8) ©51) (236)
] Wdoern  10.00%ex 1786w+ 18 14wws
GENDER, Bl 353) (356) (352) (342)
ESCS 1175  O17enn 020w 790w
B2 2.04) (2.06) 205) (206)
COOPERAT 760w 60Ls 506w 560w
E 83 (149) (147) (147) (151)
unfairteacher ~2.63%%% ~2.13%x ~2.09%x ~2.10%*

B4 (0.56) (0.56) (0.56) (0.58)
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g 232 233 234 235
HOMESCH 5993 5,87k 5.8k
B85 (1.58) (1.58) (1.60)
ENTUSE 4415 4.25% 4.05%
86 (1.99) (1.98) (2.01)
USESCH ~12.73%%x  ~13.16%%x  ~11.86%%x*
B7 (1.47) (1.47) (1.62)
INTICT 943 9.2k 9.10sxx
B3 (1.72) (1.72) (1.79)
AUTICT 16.62%% 1649k 16.97sx
B9 (1.71) (1.70) (1.78)
SOIAICT 11945 ~11.78%x%  ~12.04sk%
,B10 (1.57) (1.57) (1.71)
FIRST_ICT 871wk —BBQkwx  ~834wkx
B11 (1.89) (1.83) (1.98)
school level-2
STUBEHA, ~10.22%%%  ~6.69%k%
¥01 (1.83) (1.67
SCHLTYPE, -5.18 -4.38
¥02 (3.15) (2.85)
SATJOB_M, 27 8l 17.03%
%03 (7.91) (7.01)
RATCMP], 29,280k
¥04 (5.29)
RATCMPZ, -26.91
%05 (27.15)

Variance Component
level-1, r 5395.24 517352 4794.64 4793.04 4534.55
level-2, u0 1556.54 1059.62 739.42 474.71 346.73
A 6951.78 6233.14 5534.06 5267.75 4881.28
#p <05, *xxp <01 , #exp <001
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<Table 7> Random effect of variables in Model 5

X2
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SD  Variance

18.62
9.95
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Random Effect

<0.001
>0.500
0.25

346.73

INTRCPTI, u0

70.84

87.15

99.03
50.37

GENDER, ul

ATH13].
PISA 2015°]

A 4]
A)

ESCS, u2
COOPERATE,
u3

v 7} =3 ICT 717] AR&ol

3
o

i3

2 AREE ICT Aol ei=el o
3

=

|

A w3 ICTol

b2

=

3

7.00 75.57 >0.500

2.65

W ICT

SNSu A'hoznk @

M

N

0.03
>0.500
0.02

2.63 105.08

15.80
46.44

unfairteacher, u4 1.62

B

FEAg (ol

3

3%

]

A}

=
=

75.95

HOMESCH, u5 3.98
ENTUSE, u6

106.62

6.81

N Hode wow
Moo < W
— OE
a%%@_%
oAy X Bl
<0 = ~
ooE ko X
mmm]ﬂﬁx
;‘w_ﬂi@ﬁoo“e
o up
GO S i
o%ﬁaTﬂ@.._
X W
aﬁﬂmﬁezt
o HE N
]ux,m.ﬂ
= NGRS
u.ﬂaanrﬂ
s N R
T AF =N
= K-
O.#._mﬂDEo‘MI
o o
~ 2T o
AR
o R
~ o R iy
O Moo H T
o
ool
A
2R3 8 &
BIR|IL|IE|R
60357%
El® eS|
B|8|L(B|28|3
<
~| o0 | o=~ |5S
—
O |
El I
il PR B0 P ol Y
it isisticin
AEEEHE
= Amm

He gLl A o] ICT AHEHI=7}

S

o %7}

JE

S A
5}

A,

| FolA B

3|

o

] O
T

ok

ol

Hi

mu 2

ioo

1

o

o] 7}zl ICTel df

JE

S A
5}

)
3l

o] PISA 2015 ¥4

JE

SFA
of

A S

A8 A2 (CPS)el 7 x]+=

=

ol

(

5 gotry] 93| 7]

B

o 17

+sic

S

Ik

A1t M w4 ghatef] ICT 7]7]7F o

[ex
il

(2017)

AF7h =

HH

®r

u]t

o)
"

rvzel

Mo

T
T

T

Pl 25014 Qrke Ae B

S

=
o

ofp



FE2uSse =X 223 Hiz

468

N

—_—
e}

oA

3]

| =9t} 7)1E AT

8% = 3

ok
2}

- -
-

4

L
i

27}

of Ael e

jrvze]

Aol ICT AolA dEs}

o)

WEE P ee Arn

3)
, 1

A

l

=

s

A3

|

7 E24% CPS A4 wohAr o

o= Helt)

s

A, PISA 2015014 A&A =34, ICT &80l &

=
=

W (INTICT, AUTICT, SOIAICT)E <]

d oJngle
=

=]
S

Ko

ol 7}
i

Holtt, ICT &850

L
L

A& o5 YolH kTt

3}

i
ol
)

i
o

of

w9l

=
R

PISA A-+21[51[61[81[111[191[22][27]1l1 A T}

=
o

| ol Foi o} shul, WAL} A

0

7} 7

|y
a

of B3 A

& v

AHE

ol

Aol Mok 1 A7} o Foix)

a2 JTH7I171[20]. 53] PISA 20159 4]

N

o

e ED

51,

CICT 7)7]9) o
5]

o

A=

ol o

=1
T

o},

Za

7

oA S G o) §
57} Ae5s CPS A7 Bolih T

o] o
=

ICT &

SaE
1=

’

715] 3

U

A

oA

1

3L
IF

s

=
[¢)

]_
A5 2](2017) Aol A =

7

oF

&S] 2~
Sl g

o}

|

A}at e (computational

A 7

Aol e mk gitHi6l

Ath=

ZF(self-efficacy) %

w3 ICT 71719 o

thinking), SWilsol| A z7] &

7
+od

S

iolo

ol

FHRAE X

=
=

Aol

Z] 0]
b B

e

o thgk ¥ el A

ol o

A, Z7

3|
F

sl 71719l o

ICT®] 7HA (F-&

(INTICT)

Aol F¢olA ICT

= 3}
9

9 A

al

fveel

i

=2
=1

4

g5 5o ¥

u glek.

A48

oM =

e AT

ARl
S 9k oA e AFEL ICT A)AA7E Qe &

ohe

ok

23
s

wol A

20473)

F

A(

543

p
o

],

o
do
feol

o ohje, ol %

1

o

Nfo

Q

B A=t

=

28 A7

3L

359

sl s adlow vehu

S} A
o}

4r

A A A3 uksh P},

A

L
L

1 9l

5]

ot SW wgHAe e AP v

of

SR EEE

B

PISA 2012)vHF& oty

S A
oF

o %9g

A ol AAH oz dobr ghr)

HelA ool glek,

Al a2

=
RN

s

pu

A& A = (el

291, ICT 291, stugF w7 29, ICT 291& 2

i]o

o
{4

—~
o



HEE Jlgo] BT 2R HFE olSete

I

-

G yrel flvh wekA olelgh Q1A defe] A
SABALY, 4F ol wet Jos
A EAAE 159 56 JFE vAE= wF
fre]ds AsE davt vk

=4, a7k apo] & yEhdlE Wl sl A4
(residual analysis)& €3l CPS A3 FFo] &2 gl
o] 545 #A4F davk vk FAHSE T
Dol &rbssk AFEH/IHY F)7F BE S

A JF& Frbvlnke o st

o] Wastth & spalolut st A3

e
=2
B
4B
2
ro,
o2
o
o

gngoy.i|

il

[1] Brewer, S., & Klein, J. D. (2006). Type of positive
interdependence and affiliation motive in an
asynchronous. collaborative learning environment.
Educational Technology Research and
Development, 54(4), 331-354.

[2] Changwoo Nam & Suyeong Shin (2014). The
Effects of Students’ ICT-related Variables on Their
Attitude toward ICT Use and Problem-solving
Abilities. Journal of Educational Evaluation, 27(5),
1265-1286.

[3] Educational Testing Service (2017). PISA 2015 re-

leased field trial cognitive items. Retrieved July

20, 2018, from  http://www.oecd.org/pi~
sa/test/PISA2015-Released-FT-Cognitive-Items.
pdf

[4] Graham, J., & Barter, K. (1999). Collaboration: A
social work practice method. Families in Society:
The Journal of Contemporary Social Services, 80(1),
6-13.

[5] Gyun Heo (2013). Multi-level Analysis on the Using
ICT Ability and Using Computers for Learning
through PISA 2009 Data. The Journal of Korean
Association of Computer Education, 16(1), 51-61.

[6] Haemee Rim & Hyekyung Jung (2017). Comparative
Analysis of Influential Factors on Computer-Based
Mathematics Assessment between Korea and
Singapore. Journal of Educational Research in
Mathematics, 27(2), 157-170.

[7] Hyeongyong Park, Sunghun Ahn, Chong min Kim
& Hyunjung Lim (2017). Analysis of Influencing

Elementary  School  Students’
Computational Thinking and SW Education
Attitudes using 3-Level Multilevel Models. The
Journal of Korean Association of Computer
Education, 20(6), 83-94.

[8] Hyesook Kim (2014). Effects of ICT on Academic
Performance: PISA 2012 Korean Data. Korea
Education and Research Information Service, RM
2014-9.

[9] Hyesook Kim, Hansung Kim, Jinsook Kim & Anna
Shin (2017). Education Information Level and

OECD PISA 2015. Korea
Education and Research Information Service, RM
2017-4.

[10] Hyesook Kim, Hansung Kim, Jinsook Kim & Anna
Shin(2017), Trend Analysis of ICT Accessibility
and Utilization Levels of Korean Students based
on OECD PISA Data. Journal of Information
Policy(NIA), 24(4), 17-43.

[11] Hyo Jin Lim & Jungsoo Kim (2016). A Relationship
among Problem-Solving, Motivational Strategy,
and Cognitive Strategy: Focused on PISA 2012

Factors  of

Implications in Korea :



470 FEWSS3|=FX| M22H M4z

Results. The Journal of Thinking Development,
12(1), 21-42.

[12] Hyo Jin Lim & Hyekyung Jung (2016). Students’
Reading Engagement in Print and Digital Reading
Achievement: Using a Multilevel Structural
Equation Modeling. The Journal of Curriculum and
FEvaluation, 17(2), 123-151.

[13] Hyo Jin Lim & Hyekyung Jung (2016). The effects
of student-level and school-level characteristics
on digital reading: International comparitive evi-
dence using PISA 2009. Paper presented at the
annual meeting of American Educational Research
Association.

[14] Ingu Kang (2003). A Structural Comparison of
Cooperative Learning and Collaborative Learning.
Korean Education Inquiry, 18, 183-197.

[15] Jaok Ku, Sungsook Kim, Haemee Rim, Hyeyoung
Park & Jung-A Han (2015). Programme for
International Student Assessment(PISA 2015)
Main Survey Technical Report. Korea Institute
for Curriculum and Evaluation, RRE 2015-6-2.

[16] Jaok Ku, Seongmin Cho, Soyeon Lee, Hye-young
Park & Namwook Ku (2017). OECD Programme
for International Students Assessment @ An
In-Depth Analysis of PISA 2015 Results. Korea
Institute for Curriculum and Evaluation, RRE
2017-9.

[17] Jeongbeom Song (2018). A Study on the Variables
Impacting Learning Continuation Intention in
Students Participating in SW-Education. Journal
of The Korean Association of Information
Education, 22(1), 91-102.

[18] Jimin Cho & Hyekyung Jung (2013). Population
inferences and variance estimation based on PISA
sampling designs. Journal of Educational
FEvaluation, 26(4), 875-896.

[19] Jungho Yang (2012). Effects of High School ICT
Activities on Students’ Digital Literacy in Korea.
Educational technology international, 28(2),

347-369.

[20] Kapsu Kim (2014). Measuring and Applying the
Self-efficacy in  Computer Programming
Education. Journal of The Korean Association of
Information Education, 18(1), 111-120.

[21] Kyungsung Kim (1993). A Study on the Use of
Multi-Level Data Analysis in Education Research.
Student Life Research, 19, 95-120.

[22] Minsun Yoo (2014). The Impact of Confidence and
Attitude for ICT on Student’s Academic
Performance: Based on PISA 2009 Results.
Department of Education Graduate School,
Chungbuk National University.

[23] OECD (2017). PISA 2015 Results (Volume V):
Collaborative Problem Solving. OECD Publishing,
Paris. Retrieved July 20, 2018, from http://dx.do-
1.org/10.1787/9789264285521 ~en

[24] OECD (2017). PISA 2015 Technical Report.
Retrieved July 20, 2018, from
http://www.oecd.org/pisa/data/2015-tech-
nical-report/

[25] Raudenbush, S., Bryk, A., Cheong, Y. F., Congdon,
R. T., & Toit, M. (2011). HLMY7: Hierarchical linear
modeling. Lincoinwood : SSI, Inc.

[26] Sangjin Kang (2016). Multilevel Models. Seoul:
Hak Ji Sa.

[27] Youngho Lee, Dukhoi Koo & Hyo Jin Lim (2017).
Effects of Student— and School-level ICT-related
Factors on Computer—-based Problem Solving:
Focusing on Korea and Japan. Journal of The
Korean Association of Information Education,
21(4), 425-435.

[28] Youngho Lee (2018). A Study on Development of
Collaborative Problem Solving Prediction System
Based on Deep Learning: Focusing on ICT Factors.
Journal of The Korean Association of Information
Education, 22(1), 151-158.

[29] Yunmi Lee & Jungmoon Yoo (2003). Effect of
Gender Grouping on Cooperative Learning in
Middle School Science. Journal of Korean Earth
Science Society, 24(3), 141-149.



& Rp2a~ 74
Y 5
1996 A-=thstal Shat
1999 A&t A}

2010 W] = University of Southern

\ J California BFA}

2010-2012 arefchdtul a3t}
AT g

2012-2016 A&

g

=M EH gFE o S5ts

o & g
2004 A& asofstal ShAL
2005-& A A&l
2006 A& 5o gt

a4l ZjTrEm%

FJ m
J:{o
2
M
=

Tl Eok SWuls, AR G4, ul
S| o] H, ﬂlqoﬁ 2 H 2l A|
e-mail : Isy20133@gmail.com



