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ABSTRACT

This study developed questionnaires designed to measure student centrality and cohesion
in small groups. Student centrality and small group cohesion were defined in terms of
their effect on and relation to other students in a science learning network. Drafts of
the questionnaire items were made, based on such operational definitions, and the
questionnaire instrument composed of 6 items through 4 pilot tests and 5 validation
verification. Application of the questionnaire to 168 students (42 small groups) in the sixth
grade of elementary school showed that the students' centrality value (0~2) reached 0.293 on
average and the small group cohesion value (0~1) 0.319, respectively. Unlike cohesion that
showed normal distribution, the centrality values showed a positively skewed distribution
toward the left. The majority of the students tested turned out to possess centrality of
an ordinary level. This study devised methods of utilizing centrality and cohesion, which
are relationship features of students in a small group in scientific inquiry activities. The
questionnaire that was developed measured small group centrality and cohesion is expected
to apply to school education.

Key words: Social network analysis, elementary student centrality, small group cohesion,
relationship
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Introduction
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Development of Questionnaire for Examining Science Learning Network of Elementary School Students
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Process of Developing the Questionnaire

SS9 35t sk HER T AR =15 7H5}7] 9150 Bruque etal. (2008)S] WIEH T A& T4 7iE o}
78 B! Wasserman & Faust (1994)2] 7 H|o]E] 53] 7152 1125}t Bruque etal= 578 =0l tigh 24}
2 A o] AT 3} 20} 1o} Bato] A A Bol ul F|A mhele] BlAE o] 4L Ed o] Zlo]| JFES 1]X]
= UHELIE ZAleh= AR T-E 76t & Ao A = 258k sk W 15} skt T sHAY
A, 82l SAA, 2T S /ol thish 22F Ao & U1, 7 ol tish E3ke] 2k}
A A5 Poksieltt. S ol thek 22H4 A o) 9f foteh A R 2ok Wt 8- HE7t
MAbby 2910 2 A E HE7) o] ofgt 55]9] g Efd =S A Z
iAo 2 48] 0] ot =] HIAE S ol 114 el =& 55T}

il
o

o|o

ot o
ok rfi

]
e

T
[¢]

4
[
0
Y,
o|N
i)
T
o]
O
=
y
In
ol
=
[@))
i)
i
A
S

Subjects

o] A-tollA] ZNeH A Ets 25 S t = el A = 7H -2 25l 1‘04 o2
A T ok SR ol S HIAE i
QRFA S AAsl o B & Hi =t7F RAFSHILAL Sh= H 420 0 T A12] H]E(Tak, 2007; Tabachnick
& Fidel, 2007y 2125to] O dALe] 45 A5t A 7192 25t Sl HIAEE F 4xfof 24
AY=|om, T uidel 4= 253t 6313 2667 (1171 ol qiet. & A5 flh thd2 255l 69
|77 s 168‘1' o]3]ct.

Table 1. The number of subjects

Division  Round Students Classes Province

Pilot test 1 2 1 Chungbuk
2 58 2 Gyeonggi
3 61 2 Inchoen
4 145 6 Seoul

Main test 168 7 Jeonnam
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Development of Questionnaire for Examining Science Learning Network of Elementary School Students

Reliability and Validity Test of Questionnaire
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Results and Discussions

Operational Definition of Science Learning Network
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Students’ Centrality of Science Learning Network

FA/82 7lRlo] Ad 594, 283, HEE 52 AlolA ZHRle] AHA|she FA1A 91x]e] BolA A

k= 70 olth(Seott, 2012). oH 7HQ10] THE AR} B Q= A= ARRFAQ] WAIY = QAL &

g el WAE 2 g 4 et ofoll wheh Yok Ui 7iQle] FFFEg et S/ (Knoke & Yang,

2008)2 /gl whet Uik 447 7 A& 12 Th(Wasserman & Faust, 1194). Wik S41/82

AUl o Yoz ie g 298 A= A =g ol & UGS e 8€ &5
_;L

of Faele YAk 4 9= HES ool o|ob e F 4] e AukAe) HolS uleko 2 o] el
23} 815 U ESToM U AL T Shgo)] o1 U) T SIS ENE T3} 81 52, We1o] A
24 52 QAN gl AR Holshlr). o5 FAAE Ti sPAo) 31 Ul Th2 S| Tt ok
ofl 2329 =82 A F5H 5 T3} S0l AHUSH AR AHofsloick o] Aol A A2 ThE W
2 714 Gl UiR S AT 918 A Tl Kim & Kwak, 2011) T8} 315 U= Ufell 4 o
£ 8}4Jo] 38 sjo] G vl A o] A% A9 S S0 Holskeik

Brain, Digital, & Learning. 2021 Vol. 11 No. 4 741



o}

=

e s

7‘(:}
H}EFO & Table
Jof ZFAlof| A 214

=

°

_g]

bﬁo

ke
=]

A HIERQ 2] #2251}

ke

3t
107 2]

/\O

]

=]

=
S

A

=
K

213 Wjof| A

I

o=%

|E|
=]

E.

aff L 2] 19

Ul

5

Sk 7h

°

St =22 A

)

ol
=

=

H
A aof| T

=

=

£

+

=

ke

H A=
7Hg o] 2} A] E o] Th(Wasserman & Faust, 1194). -
o0& ¢
Sl U]
ACi|A]

1

o, 208 0.2 5/ ot

=]

He AlFS 2 A o] Q1S 7H5Ado] =ThKwak, 2016). et <

1e]

o

51T

-

=

= UollA] Lol Al 2

I

=

kel

¢

—oz)Og
= =
==

5}

1)
2} 7},

Draft Items and Response Types of Questionnaire

Students’ Cohesion of Science Learning Network

Q1 B} Qlgleiehe The A
2ju} o] QoA g el e

=
ct.of

°

Kim, & Kim

e

)
Rt

2

o]
J) TAQ) 4= 167 0] 1, AlA| ZA)

&

b

b

= ¥A|Q] 4= 30|82

°

A& A7} a—b, b—>c, c—b

9

il

2~ 0l
T AR
ok

T
F

3
0.188=

E

A

]

Contents Validity Verification

478 g2 3 EA

+

__O_l
Hlo

wgict. =] FgolA] 2

2%y

A

=352kl 2

4

(Table 2)°] EFF=

a2

S Z2ko o

JSi=NN=1
=21 T

742

ol sk

o

% 922 wAINZ 7HsAo] 917) Eo|Ch(Wasserman &

A

T

Ly

A= A71H A

=

Faust, 1994; Znidarsi¢, 2012). 291 BA1S &
o

Brain, Digital, & Learning. 2021 Vol. 11 No. 4



Response types
- multiple criterion recognition
- free recall
- fixed choice (5 person)
- rating
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Write names of anyone who you know both the most

about scientific knowledge and good at science.
Write name of anyone who helped you when studying

science.
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Table 3. Result of factor analysis through 2" pilot test

Division Factor 1 Factor 2
S10 In-degree Out-degree

In-degree Q2 0.952 0.180
In-degree Q1 0.892 0.162
In-degree Q3 -0.110 0.794
Out-degree Q1 0.344 0.786
Out-degree Q2 0.497 0.711
Out-degree Q3 0.427 0.669
Total 2.261 2.260
% of variance 37.681 37.659
Cumulative % 37.681 75.340
Number 2 4

3" Pilot Test

23} welgl HlAE A3te vigo 2 Wt Ante] olg a) B3 44stel 253 63 2
3 6139 S R 33 ksl HAES ANt A8 S AHE0) 2918 HuS
KMO(Kaiser-Meyer-Olkin)2} Bartlett 7372 £} 213tk KMO 7 0.7 ©]4FS o] A Asichy wiksh=

M

o] &5 AF5.9] KMO 242 0.808 ©] ATt =t ¥Q1 7Ho] /g A7 sk Bartlett] 378 A7 4k
F(p) 0.05 o5t o] A™sirtal st 2 AR -SHe] 2 7Hd R f-2l50] 000022 AFE
Q1A of] 7%"3& O 2 et

FE9H A X*xﬂ BAko] 84.56%7F AT E| 1L 9101, 0.5 0] 4te] 291 K-
EH%* 3°J°ﬂ Z3l5l= 710 2 kst uf(Kang, 2013) & Lol A 2212 0 2 Aol ]
ol eRle=m %Mé 710 2 VR THTable 4).

[N}
Qé
0
O
mlo
N
NI
ol

OW fllo
S

Table 4. Result of factor analysis through ch pilot test

Division Factor 1 Factor 2
In-degree Out-degree

In-degree Q2 0.928 0.185
In-degree Q1 0.908 0.332
In-degree Q3 0.902 0.353
Out-degree Q1 0.171 0.888
Out-degree Q2 0.349 0.808
Out-degree Q3 0.279 0.797
Total 2.728 2.346
% of variance 45.467 39.096
Cumulative % 45.467 84.563
Number 3 3
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4" Pilot Test
33 hol e Bl AE AnkE uleto 2 WE7} Hehate] o] shAolA tiAk mie] A7)7) 61 0.2 HriE
EE 7] 7]Z(Hair et al,, 1995)0]] H]3| ZFo B & tiA} T O] 37|15 X4 1007 o)Ay oZ Sfsto] mhs]
el E g A Al so} 3tk o] o) AAEIRICk mekA a3} kel Bl EolAbe hdArg S 2R
S AA5tT A ElG T E Af&olstyin) 43 mhl g HIAE = 2S5k 65Hd 67 =, & 1452 tjAro
2 AA|SIIT KMO'E 0875, Bartlett®] -84 747 ghe] 90l4-2-2 00000 241 23 7+ AFzksao] 29l
B8 AlAE)7) o) ekt A o 2 Uebd)
42t o3 HIAE At 3R Ak 0] EolA 20lwAl A % Table 52F 2}, 27l 2912 FE5H A7 A
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oF A= 2 ATtollM 22 o = Aolgt UfdF 4 é# ojF A vl gRleor FdH Zler
UEbst 2 E4 02 A E3o] 29 U4 g A2 = (Cronbach a) S 2HR15H o.M, UIRF 54179 0.883,
<34 09139 HS HERT

Table 5. Result of factor analysis through 4th pilot test

]l

Division Factor 1 Factor 2

In-degree Out-degree
In-degree Q2 0.855 0.309
In-degree Q1 0.825 0.432
In-degree Q3 0.797 0.440
Out-degree Q1 0.402 0.864
Out-degree Q2 0.326 0.862
Out-degree Q3 0.483 0.809
Total 2.550 2.619
% of variance 42.497 43.642
Cumulative % 42.497 86.139
Number 3 3
Final Questionnaire

U8 eld e A7 9 ulls] g AEES B8 ZA ot 256t U W&l s U EQ I 24 S Qs = AR
T Table 67 22k 518 7ho] wpe} St el el A A E, o), =30 weho] o] Fofz] = wAo]
Foll w2t W 290 3533 P 27132 F o= T2 T

Table 6. Items and response types of final questionnaire

Direction  Item No. Items Response
In-degree 1 Write names of anyone who you think having a good - multiple criterion
understanding contents of science textbook. recognition
2 Write names of anyone who you think having a good grasp - free recall
teacher’s explanation in science class. - free choice
3 Write names of anyone who solving science questions well.  rating
Out-degree 4 Write name of anyone who helped you when you trying to
understand science textbook contents.
5 Write name of anyone who helped you understanding core
contents of science class.
6 Write name of anyone who helped you solving science
questions.
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Analysis of Centrality Using Final Questionnaire
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Table 7. Comparing differences of student’s centrality mean between result of 4" pilot test and
main test

Division N Mean SD SE t p
Centrality  Pilot test 145 0.349 0.328 0.027 -1.707 0.089
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Table 8. Comparing differences of small groups cohesion mean between result of 4" pilot test
and main test

Division N Mean SD SE t p
Cohesion Pilot test 36 0.270 0.219 0.036 1.162 0.249
Main test 42 0.320 0.168 0.026
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Fig. 2. Comparing distributions of cohesion values between results of pilot (a) and main test (b)

Conclusion and Suggestions

o] 7= 3P 7F WA TAP} BT s AHRollA] ofuhs AE 2 gol G nlHIchs TS vhe
o2 z5apye] T3} skt Baistol YT HlBAF B
25k AR =75 dsig 02 20

A7 A% 2] 571 8 20| A0 HfSol 852

J

.|

&

)

0.

H

N o

>

i

=

il

>, ol

9 o

E Flt %
>
TR S
£83
= g
o> B
ogz 2
L g 1o
4 mx
é o
R
l‘ll‘ oy
100 ox

71 51, o] 5ol o4y 2 o] 915 BkeF 457 Bo] oLt
A ZE A} 2F2-S 7 Shajo] Ad EA]

= 71

o
=
)R] okoky1 2 ESHAo] A9 ARG A A

lﬁwﬂﬂ—ﬁﬁhg

01N
o>
Hm
LU
x, b
)
)
L_J
)
_\,‘_
|-'>~
— O

‘]}\‘]Oﬂ Oﬂollé-

5782 8+ &4 TAof| A H|E L;l‘O Eﬂ'{- EXS Ho|og AF5zt
0]t ofd e S WAL Y=Lt e %—aow aﬂﬂoka}q o] o1=LoflA] kst Thet B U] E
YA AR =7 AA el thE Aol 2} F=oj|A] dojik= AFEZFL o TLof| tht A =S
TAEZ A Al FollA] oJu]E Zh=t. Zﬂﬂ__i _\,]-ol- &k Y| E Q]9 20| x}olo] w}2 Al 2R
P UER A Ul S4l/d0] =2 eAe] B4 9 o9 vkl HESRA & Fol tigh A+ &5l &1
V| E9] A7} 28} 5ol m]x|= Gl thet oJsh & &Y 4~ & A 0.2 7|tighth.
Tl 20] o] A5 &R mApol|A| ke o)) 9l AbE &R o] olojube AR T} Tk} B EHE-S o)
X MY S0| T8t 8Hs Y| E QT2 S AIeka 78l 4 9l 31 AL 9laf] w-2sfof Sk S AJAVSH
th &#ko] wko WAl B Hlx] HFAlo] AT 1448 Sk8ska Qith Ju AR The] 14 EXJo| 514

Brain, Digital, & Learning. 2021 Vol. 11 No. 4 747



Kim, & Kim

S

>.
[¢]

2o
)
0 ol

EEEUEL REREES
& Sk SR T T
dis| A

o
ot
)8
i)
o
1S
ox,
1S
=2
of
ko
ek
ko
r (o]
ol
fio
=
ir)
et
2
i)
i)
J‘L"

P~
123)
2 ok

-

oL I

o o>

do

ol

o,

. e

—Ll

=2

e

w M

=

m-.~

Sk
2
¥0 oz

oX
o
Ii]
)
ot
ol
Q2
-
ek of
e o
fo o
X

]

My
lo
1o
H1
o
H1
—Ll
_}L
}
X
mk&
-l>
;O
o
=
o o
I

ofN
oz
ox,
=2
4
rok

SEIEERE
ofc}. o] g} Batatof
sfotal i LEEHE

=
QAFoNM = Belzol ok LH T4/l et %*’%*%ﬂ% OP

_&
P~
X,
o

¢

@ o
ok
offt
>
ol
(o]
)
ok
T
el
)
2
o,
o
Jr
ol
HF
=
H1
[
ix)
off
o
d
olf
o,
r_>i
10
el
it
1
i
pacy

o rh: 19
—Ll
o 2
Lo
)
2
FF
i
Hm
k1
A
ot
0
ol
&
Lol
o>
=
rO
ne
ofN
o>
ox
e
P~
i)
¢
1o
op
j12)
ox
o

ﬂgg4q
2 ol 3at o =930 12 e Aol g 2 =gl ¥
AR YT $87Fs ol 202 R

ol

1%

rE

M rfo

2

P~ rlJ
(s
o
it
)
Hu

rr M 12

of I d
o
foh
o
al
3
0

4>
N
o
>
N
o
o[l
1o
M
1z
wa ©
=]
rel
A\

u% n:E
mio
2 0
C of
ol
l:l
o X0
_F,‘_
f&
N HT
l:i:l
X O
ftlo

o
o
(o] ||
o b
;
re
4
2
s
l‘ll‘
S Hr
%,
&

References

Barron, B. (2003). When smart groups fail. Journal of the Learning Sciences, 12, 307-359.

Borgatti, S. P, Everett, M. G., & Freeman, L. C. (2015). Ucinet for Windows: Software for Social Network
Analysis.

Bruque, S., Moyano, J., & Eisenberg, J. (2008). Individual adaptation to IT-induced change: The role of
social networks. Journal of Management Information Systems, 25, 177-206.

Grunspan, D. Z., Wiggins, B. L., & Goodreau, S. M. (2014). Understanding classrooms through social
network analysis: A primer for social network analysis in education research. CBE-Life Sciences
Education, 13, 167-178.

Hanneman, R., & Riddle, M. (2005). Introduction to social network analysis. Retrieved from http://
faculty.ucr.edu/~hanneman/nettext.

Hanri, C., Rosli, M. S., Bunyamin, M. A. H., Ismail, N., & Ibrahim, N. H. (2019). Scientific Argumentation
Practice and Verbal Interaction in Chemistry Classroom Among 10 th Grade Students. Argumentation,
17,19-21.

Hogan, K. (2002). Pitfalls of community-based learning: How power dynamics limit adolescents'
trajectories of growth and participation. Teachers College Record, 104, 586-624.

Hossain, L., Wu, A., & Chung, K. (2006). Actor centrality correlates to project based coordination. In
Proceedings of the 2006 20th Anniversary Conference on Computer Supported Cooperative Work
(pp. 363-372). ACM.

Hsu, P. S., Van Dyke, M., Smith, T. J., & Looi, C. K. (2018). Argue like a scientist with technology: the effect
of within-gender versus cross-gender team argumentation on science knowledge and argumentation
skills among middle-level students. Educational Technology Research and Development, 66, 733-766.

Jiménez-Aleixandre, M. P., & Erduran, S. (2008). Argumentation in science education: An overview.
Jiménez-Aleixandre, M. P., & Erduran, S. (Eds). Argumentation in Science Education (pp. 3-27). Dordre-
cht: Springer.

Kang, H. (2013). A guide on the use of factor analysis in the assessment of construct validity. Journal of
Korean Academy of Nursing, 43, 587-594.

Brain, Digital, & Learning. 2021 Vol. 11 No. 4 748



Development of Questionnaire for Examining Science Learning Network of Elementary School Students

Kim, H. J., & Kwak, K. Y. (2011). The effects of centrality on it usage capability: A perspective of social
networks. Journal of Information Systems, 20, 147-169.

Knoke, D., & Yang, S. (2008). Social Network Analysis. California: Sage.

Kwak, K. Y. (2016). Social Network Analysis. Seoul: Cheongram.

Landini, F., Montinari, N., Pin, P., & Piovesan, M. (2016). Friendship network in the classroom: Parents bias
on peer effects. Journal of Economic Behavior & Organization, 129, 56-73.

Libarkin, J. C., & Kurdziel, J. P. (2006). Ontology and the teaching of earth system science. Journal of
Geoscience Education, 54, 408-413.

Libarkin, J. C., & Schneps, M. H, (2012). Elementary children’s retrodictive reasoning about earth science.
International Electronic Journal of Elementary Education, 5, 47-62.

Lin, N. (2017). Building a network theory of social capital. In N. Lin, K. Cook, & R. S. Burt (Eds), Social
Capital (pp. 3-28). Routledge.

Lumpe, A. T., & Staver, J. R. (1995). Peer collaboration and concept development: Learning about
photosynthesis. Journal of Research in Science Teaching, 32, 71-98.

Moody, J., & White, D. R. (2003). Structural cohesion and embeddedness: A hierarchical concept of social
groups. American Sociological Review, 68, 103-127.

Ryu, S., & Sandoval, W. A. (2012). Improvements to elementary children's epistemic understanding from
sustained argumentation. Science Education, 96, 488-526.

Sampson, V., & Clark, D. (2009). The impact of collaboration on the outcomes of scientific argumentation.
Science Education, 93, 448-484.

Scott, J. (2012). Social Network Analysis: A Handbook. Sage.

Tabachnick, B. G., & Fidell, L. S. (2007). Using Multivariate Statistics(5th edition). Boston, MA: Pearson/Allyn
& Bacon.

Tak, J. (2007). Psychological Testing. Seoul: Hakjisa.

Van Rossem, R., Vermande, M., Volker, B., & Baerveldt, C. (2015). Social capital in the classroom: A study of
in-class social capital and school adjustment. British Journal of Sociology of Education, 36, 669-688.

Vygotsky, L. S. (1978). Mind in Society: The Development of Higher Mental Process. Cambridge, MA:
Harvard University Press.

Wasserman, S., & Faust, K. (1994). Social Network Analysis: Methods and Applications (Vol. 8). Cambridge
university press.

Rod Watson, J., Swain, J. R., & McRobbie, C. (2004). Students' discussions in practical scientific inquiries.
International Journal of Science Education, 26, 25-45.

Weiner, B. (2007). Examining emotional diversity in the classroom: An attribution theorist considers
the moral emotions. In P. A. Schutz, R. Pekrun, & G. D. Phye (Eds), Emotion in education (pp. 75-88).
Academic Press.

Zamudio, C., Anokhin, S., & Kellermanns, F. W. (2014). Network analysis: A concise review and suggestions
for family business research. Journal of Family Business Strategy, 5, 63-71.

Znidarsi¢, A. (2012). Impact of Fixed choice design on blockmodeling outcomes. Advances in Methodology
& Statistics, 9, 139-153.

Authors Information

Youngdae Kim: Gangjin Jung-ang Elementary School, Teacher, First Author
Hakseong Kim: Korea National University of Education, Professor, Corresponding Author

Brain, Digital, & Learning. 2021 Vol. 11 No. 4 749



