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Semantic Network Analysis of Science Gifted Middle School Students'
Understanding of Fact, Hypothesis, Theory, Law, and Scientificness

Lee, Jun—Ki* - Ha, Minsu'
Chonbuk National University - 'The Ohio State University

Abstract: The importance of teaching the nature of science (NOS) has been emphasized in the science
curriculum, especially in the science curriculum for science-gifted students. Nevertheless, few studies concerning the
structure and formation of students' mental model on NOS have been carried out. This study aimed to explore
science-gifted students' understanding of ‘fact’, ‘hypothesis’, ‘theory’, ‘law’, and ‘scientificness’ by utilizing
semantic network analysis. One hundred ten science-gifted middle school students who were selected by a national
university participated in this study. We collected students' written responses of five items and analyzed them by the
semantic network analysis(SNA) method. As a result, the core ideas of students' understanding of ‘fact” were proof
and reality, of ‘hypothesis’ were tentativeness and uncertainty, of ‘theory’ was proven hypothesis by
experimentation, of ‘law’ were absoluteness and authority, and of ‘scientificness’ were factual evidence, verifiability,
accurate and logical theoretical framework. The result of integrated semantic network illustrated that the viewpoint of
science-gifted students were similar to absolutism and logical positivism (empiricism). Methodologically, this study
showed that the semantic network analysis method was an useful tool for visualization of students' mental model of
scientific conceptions including NOS.

Key words: nature of science, semantic network analysis(SNA), science gifted students, mental model
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785 Cd-2 S5AY] AR ollA s 7Hd e ¢l
Aof| tfgt B2 (broker) 22 £4]7](gate—keeper)
9] q&k3 57 = Aolths¢, 2008). S8t v}
o FAES Aol Higt SEollA= AF, AA|, F
o|Z29] ulj7ff FAIAo] 3 oJAO R =A| UERTE o]
= Aol o] A AZEEE of o]0 FFA] 1N
JEE& F718 08 o]Fo] Witk= oujolm Q14|19 3
ojgh= &olt}, 53] o] F AN 9 HF9+= i T4
5 olde o w2 kS Ktk &, A=
petof A o] AR dAfofof Ao ARAat ofn]7} thE
M AES S Fojxl A AR Hedhe AoR
Azl & 4= ek A2 "ol AlolA e 53
ARA] BE olgte Z2W(MAS S 2009)904] 8
3k o]3jel W & 27w AAAE A4 T} uj

2) 7Hd (hypothesis)

ot HstgAlEL] wetx| o] gt S5 5 7
A o tigt W82 F2AQ] HollA= A2A ¥
HNAE FAMHE 4). A 2RSS Av
Hid Wk 0.15, Bt 92 & S414 19.83, B+t
7 F414 1.01, S48 0.0145 Uetde o
o] EHAAE & 4= Ak 2).

S5t AstdAlEL 7Hde] gt S
dolzol THT Aol YEYLY P24
A A o) ESIEOlN Ang slet 2ol e

—_

& |m

A >
>~
o
HO rif

#
o]0l AlAslaL Sl W] Aot v 7IE

PR A G F THS o it A e W2 H
olm], o]59] ¢lo] YEYAE F2H o7 &4ty
A Z3 FFAS &l & 4= Qe
SO ofFo] REE AHEW Aol Fogt
t A e A 463)S 7S wol 1]
Ay (373]), A (353]) 5] o & HIWs] o
o, A9 207 ol 55 5 7P AA ASE
ey (83])o]ehs Tole YR ARE-SHA|
off thalf Awsta . ol et AN E
o] 7ol disll FA] AFIolAe oy el
A, B 5 To] 807 & o }EtoA]
A ERE T olghe HERA| Al 2|5E] THQIA o]
I EFAETF 28 224 U(Jeong & Kwon, 2006)
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=1
Faka BargAEe] W o det dPEAN SHHE olo] HES dHHE FHY
o] | HE | AAHE S o7 FAA o Bl HAR =41 7l 44
z9 | 2 20.84 1.62 24 12 10,47 1.87
AR | 23 13.14 3.82 2 1 15.18 2.20
2 18 9.73 3.61 S 10 9.36 1.67
ol | 16 22.30 3.61 Azt 9 8.65 0.92
et | 15 15.94 2.91 = 9 9.24 1.16
Ay 14 12.03 175 Zg] 9 8.54 0.26
Ad | 14 92.31 5.58 A} 9 5.14 0.43
3 | 13 10,01 2.40 A% 7 7.47 0.84
M| 12 20.56 1.31 w2 7 12.78 2.7
A 12 15.63 2.61 A3} 7 7.13 0.83
*AAHE FHAEL NrmDegree(EF3HE 2= SA4A4) & Uel S
7l S-S nBetweenness(EE3HE w7l FAAAAS) 4 UENSS
L, H
= Uy A N
LA SIS
| S IR A
— SN
VA
N W=
SLATAL Iy
biSes Ve ==
o A
N A T
v"/“\ AT
2 4 FohL HIAGAES] FA Nl cheF $8 5 THE ol cheF o] Y=
& 18] QlAlElaL gtk AL ou|git) ol= x e Aoz dtEcHFlew, 1985; Parker, 1989;
shAsAl 9 AstuSsiaEo] Agst vh Q= 7HA Walker, 1988; Jeong & Kwon, 2006).
o] A A (hypothesis—as—tentative explanation) e B ool YEQ T ZAHEAN Ante AL
< AAsk= A & 4 AUth(Hempel, 1966; Reese, sHA Uebgetl, SAdwolA AuEd AY A

1980; Jeong & Kwon, 2006). oF&& 714, ‘A
g o Bg-2 7ol iRk 7Y dRbA 21AlQl T e
249 7Hd(hypothesis—as—assumption)¥} €3]
staf, o, E o FEOR Hol S oz
714 (hypothesis—as—prediction)®= UF AR5}l

T AR, A7 o) 2, ARl AR, THge] ARAE
ZAA 90 oo & v|nA 7}ak Ad3FEe YAlsta
e, oke] A, AMY, o], Frgo] il T4
A

ot O 0T

2 olFor sgo] 7Ha| dis) 2 uf o
HEeS A= da8sfFe $a% d4dae] 935 9
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TSN S
AS = Z

"2 \‘h :
G IS e T

3L Qe &, St wekdAlEe] 7ol dish A (Rhodes & Schaible, 1989; Homer & Rubba,
7 of A | 7Hele A=3] 7N 1979; Campbell, 1953)°ll4 @eo] Hi & Ao & 3}
QA1 Argolet= QlAlE 2 9l o7 oty StPAEONA A Al o] 244 SHY A =rt B
o, A, AR 5% 9 =2 ol% F @ slrhal o AR = Ftoltt,
© HIE S04 2419] g FR( 2011)°171
L oapxar 7HA =3 o=z 7k= 3) ©]Z(theory)
o17] Hohs = HFEA oo St et AE9] Bt Ao tiek S7 5 ol
2 Uoprtofst= usdt MuA 9] XA {0 of7] £ o gk W82 L2 "ol A= 224 =2
e AR = o}, olgt Fd Ayt A5 FATHTE 5). A BANRES AT

"2
Folu FelYRE] T of tgt A 538 Holo] HiEgh HEFE F414

ool | Wz | dFF= 34 w7 F44 go] | HE | AFAF= 244 | uiA 34

A9 46 32.18 0.46 oA} 17 19.37 0.53

At 37 29.47 2.01 ok 14 18.73 0.47

AR 35 92.60 2.24 A 12 19.26 1.20

47} 31 21.67 1.45 234 | 12 15.81 0.92

o2 | 2 21.52 2.24 A 12 15.83 0.22

24l 25 24.41 1.45 L= 11 16.58 0.47

= | 24 16.93 1.13 st 10 20.07 0.83

3 22 18.02 2.02 = 10 10.78 0.12

Agd | 20 23.35 0.86 ] 9 12.68 0.58

718 18 20.53 0.62 e |8 16.85 0.36
*AAAE F41492 NrmDegree(#E3H A4 E F41494) 442 YeEPHAS
#* 7] 41492 ‘nBetweenness(EFE3FE W7 SR S UErS

S N .
N N\ V’ =
PSS
T2 s/
e S CdlavSs .
NSt VR S AW

= Wi-‘:"“_‘“i-‘;.":\:—_\\ =
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832 oz 501

Hi WE 015, Hdt 92 A= 44 28.12, Bt
7 FAA 1.2 ,%— EP l# 175 Y= Ao
HEYAYNS &+ 3

des 33l LﬂE%ﬂ % g3 25 AuHH
(Dmemy = 0.15), °]E9] ol y

Yot R] 2et P ﬁ—h o O‘E} ChA] 2
oH T2 SH| AR %E}Eﬂ o] it St
et AEo BHA|A] o T o] & of gt Q1A
e RE HoR A7) & 4 Stk o= oW i
of Aol qlo] 2o YEAA F24 A4
S7h AR & AdE e Srlgtth

Tl & Y E Ay o] sl ArgsiHA
S (333)= 7Y Wol 1ear HE (323), ‘At
A (29@ Y wor HIWs] dgdlen A+ @8
3))ehe ol AREE QI HIE 8 ofuz YEQA
%—*UW 4 date fARHA Uebgedl, S44dE
oA Aurw FH, A, AM, Zsh 7hd, A
A4, vpgo] ‘H@XJE F44 30 ol e r A%t 4%
22 YA 9o obgd] A, AR, 13} A4l
o] w7l FAA 9 ooz A Eo] o]Ro] tiF &
At o b2 EES AR dddllTe 8% dF
g g s ok &, ot et g RS0l
o] 2o tisff Az wf AF el s FHH 7Hdolzt
+ AA%Y AE4 FH(Ryan & Aikenhead,
1992: Meyling, 1997)2 AYiL 9o 2=3] 7H<l

c

¢

3
Folu et

4) 3 (law)

ot A= 2shA| 4] o] f
of gt &2 Ux 0.14, Hot A2
26.01, Wi7) 414 1,33, %@@ﬂ# 0.225 YErY
= ol MEYAE FAsHAHGE 4, 11 6).

23tm Fsrd S0 Hof tst Lo AleE
010150] q./ﬁs]— 0%01 Lﬂ %3__4 q.zx% Exlo |
% (Daw = 0.14)F &3l oretdt 4= Qlot, ;o] digh
o] YEHAE ot HeA| 450 gk Y EY A%}
TR 2 92 =320 Wi o] Uyt o] & vt

FOo g dtof Frolgt Fetul wetg A =9] vpekA| A

of

ER=R=

-

Qe F WA of et AAHEE o] YEA T
27 ZHlo) 4 & o) W Ao A2 & 4 g
goz ojgle) WMES Amuw ATl Hold
ZohL BSANSE ol (293) 71 Wol 17
T Zwy (283), AT (273) 59| 0 WM of
FRor, A9l 207) wol BE F 44 A AHH
A0 A (G3)o]eHs Tolw AR AHgRA
4ol o] eyt glck. of 79k g FoL 3
SRS S PAoR ATE URo] FE7](2010)9

ATONE FAAES W2l s AgsiuA
9, B, B olzhe TolE Th gol Ake
Wk B3 ST ol o] ATet AX e

o] o] &' o] o3t &4 Sl Told] M= dFYE FHY
go] | Bl= | AZA= FAHA ik I e o] | Rle | A= FAAY | uil S48
=8 33 38.81 0.47 W& 11 17.89 0.46
A 32 37.10 2.04 =g 1 17.69 0.73
AR 29 34.18 2.40 Akt 10 26.93 0.47
s} 25 41.10 2.71 g 10 26.03 0.99
! 21 34.61 1.41 Ry 10 22.95 0.87
Azt 21 36.23 1.79 = 9 14.63 0.53
a8 21 22.50 1.27 = 9 27.06 1.06
2% | i 24.99 1.48 ek |8 26.74 0.65
A4 14 43.44 2.31 Hhgr 8 32.84 0.59
32 13 16.79 1.10 A+t 8 19.85 1.33
A= F41492 NrmDegree(EE3HH A2 E AP 4 Uetdiols
# o7} A4S nBetweenness(FEZEFE %-Al}d 22y 7k LERYQlS:
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.1, Hat w7l S48 1.92, s34 0.17S UE
A HEYIAYS G S UckE S5, 29 7).
Zoh yetgAlgoe] Fols weha ol Ao o

7R gigt 7S ol FAAE Ao YEYIE
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o} & HEYIL 24 SHA A EZte] dZAH
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S gagyEel B ol A olol e AFHEA FIHE ole] v ABE FH
dol | WE | AZAEFAA | WA | gl | ME | dddEzad | o
=8 30 26.61 0.64 s 9 7.90 0.58
7V 27 22.52 2.75 Lk 7 7.60 0.35
A 21 18.13 6.86 Ayzk 7 11.40 1.85
¥ 19 12.28 4.33 oA 7 5.26 1.78
=g 18 18.42 0.04 e 6 6.14 113
vy 15 10.23 1.73 upe ) 7.02 1.31
Ag 15 11,99 1.54 A ) 7.31 1.00
ol & 13 21.05 5.54 14 ) 6.73 0.01
A A 1 6.43 0.40 Us ) 4.39 0.35
=+ 10 6.73 0.21 A ) 4.09 0.40

J T A9 2 UES

o7 F41/44-2 nBetweenness(EE3HE w7 SAGAG) S YEMISS

W] AlE ofujfdoz 71gh = glom YES 9 MEHAE AL Q= B skt FA 1L}

A YellA Bt A4S Ad 2EE5o +43 THE =E5 PR B 4= Q0B8R o8 V&
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HE Aol S2EHE 4o, E4, 7o o

»]'1—;:— 5%2]{/\1’ 5@}3? ‘)\13]@_” &ﬁa%?’ 6—%——;;?7’
TR, A, dlE, ol o] E st Y
o] F2HE FAsIAoH, A, o] 2ol A
= A, F, WE, A7 E s 599
Aol Se2EE FAsHAL, A, W2 disiA=
WLOHE FA, S, o] "R e
o, upxate 2 mEhA 2l
W, 2A4, Y
T, A, AA, T ol HHAQ o] FRa

gel o &= Sivh(Ld 9).

s —10’, )
S 2EE o]FA

HE HolFi las 8

55 ¢ UEHYA 2z AHEy HY
T8 & T HergAEol Hehx| A} et
ol Aolzk= YulE AAFl| qlo] FA| A4S}
AR HEE AS o ¢ ITHH 8). &,
A S 2 olge] ek E44 SHel o
71 oojd AS AZstE e Al AA THA e
A% % (mental model) 8] F41=0] & a3k
o] F

Aolth, Tk B¢ WEYAS A
CwEAE olE AR WA
Hup AR THe A E o9l ke A
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YA} mel-AERo A A et =, 9
5o ALY UolA AL & ATAY] ERfoli
of PAglel Ao T EAFHE EARol,
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oft}, <lo] WES A T2 ofu] AAYS Fo) 7
A5 P50 FARFL o] Qo AATE
oFg B o] A ANES AT £ 5
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Foha Wt AE] HEEA A, 44, o2,
2)7} 3rsbAQ) Rof g oJulE of @A Al
LA obiy] ¢jste] olo] W= BAME B
5 218} ) mgpe, o ¢l

i)

o
fr
1o
ox
e
H
ol
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Zofl it A4 FA= Sl A
o A ARoerAY MEE EEsk dles &
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2 QA0 525 FAskaL 3l ojie Hekx|4
o 8BS ol AT EARTE AFH T =
B9 S LA, o2 FA| 7Pl A A" 2
spke] A53] Q1A ST A olgte TR
S YrEhlar 213t

A, e el Aol 34 Aot
S dAshs Aol HEHATE Ju] 9A w7l o]
EE & 4 AT ol WAS Tk 9 44
DAGAZ o7]31 Q&L oulsie] o] we A
e Bl $HE ol ojghs THORE 4E03)
the e R & 4 Qe

CHAA, ohAefe R Qo] oft et et
e ofd @l dief Febzfoletar of7l= F8
3 272 U AME de 4 glojokstal,
7hRsst, kst =2l ol 2AAE Frlsfor
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olol HEYT BMHS S5 F5im UBIATSO AK, 71, 0I2, HEln} aH5HH0l 240| ojjof thEt 214 x4 837

o 2g3te] o] YEYAE Tt ol F3l A, 7P AT BEHA, o]22 Ado o
FATHE] Fshx|4] 9 FshEl Ag o 9fn| SHE 7Hdolghe B, WA doida AdE A
2 Aztel=r] 259 Fsis A Bkt 1 2 Aote doE, ekl AL AAEA, FY 7
I Ao Zofgt 11078 9] Fotul et =2 A o5 Aestar =g &Rl o|l2AA T M S8
FoF oI eE|-AFFol el WS FAsta gt Qe Ao Fha 9ol FIES A B
A= AL & 4 Ak o= A FAF ) 27t T}, AAFo] Foidt Fetu TEPAES HrjFolz
7P -] gl bt S5 3e) vl s 0|1 =] -AZFoHel IetS P45t = A
B o Azt Anel wekdEc weba grozo) ke & o 4 glolth o] Ao 8 o] EYNA &
FA G lolAE T AlstE 4219 Astelssol AL sl52te] Hol7] ok B4 8-S ofd w4
U S 2 Adatel g 2dxE 52 Aol by o2 Qlaste] AFRE FAEIL SleA AlZE
it A= WEES EE5h= AR AT A ataL, sk A7) B R4 F3HE AR S T
Eol Az 25 247 g s Ags] Urked Eoled H-88 Ao 7Ed
QLo A Sgah= 72 EHItE 22 Q4o E2l
Fste] B ZHS ﬂ% Fotslo] 2710 B3 W &1 29
3 = Fazt oot ESt o] AollA ZEH o] U
EYA %ﬁ@% Q%ZM Ho|7] of= B4 W8S BEF, GRS, AFE o]R7], o]dAl, WAs
ol wha o & lAste] NPT RE FAstAL YA (2011). 2Hs} x| 4o At H7t AL, SHAA
A1Zks} 8t f-‘z% FAAZHQ] B R A FehA Al A7), Zn, dAFH2006). HrAAE] 7}
P& FEotet 7120 HHE Bot ol AL g 5ol EAe) digh 14, sepastasets] x|, 26(6),
A & = Ak e dpeke) B4 9 Febds 743-752.
T ARk} 7)et wat d4= G S HE A4 v 7183t (2011). ALS] AAY B4 A, grgdAL
EgAe] JHFA, /M Ao, dutotel A< v AAo], AY4 (2006). B71= Bet WAFSS]
EYAA o] o HEYA TS} E4 | xﬂﬁlioﬂ 1‘41& QA I g e A} AR
$ i* 210 w2 A Af1e] Q14 HES A ¥ 83| A]| 34(4), 497-507.
5o T 02 Yol QA rt et %‘XM A7, A5S, 1@, WA (2008).
Z5AEY] ﬂtﬂﬂ HA ol gt HAIA w4 mt
= Q9 B zE348l0S 27(3), 261-272
U1, $28 (2010). Fste] EAdofl st Ak
et gabgola] Fste] B2 wgo] FAlo 9 EE Zget Ao ATy 2N 25uEtug,
gon E3 g ugoae] 24 oS I 29(3), 292-306.
ohar 3 = otk o Btk w5 ot wefs], 7199, A, AR (2002). ek
sho] EAof| gt /g7t o B A A= o] =A] BA o djgt 255 A, e=tuetn 85t
o] A= WA ot} o] AFoA= o] HEYA A, 22(4), 882-891.
HANS ol S wsrdAel A, 7HY, o], Y o] 37, AR, 94, A (2010).
$2] aeja akekEl A oujo] gt o] 59 Q14 st e 9@ AERIA Fskgo] YEYT &
S BAshE A HEZ Sk A7 54 29AS A deEdlzes=EA, 1006), 427-435
el NLE AAA A D SHES o] YE gkeo] £357] (2010). I3t YAE Atz o
3 FARS Bl 248t AT HexEe] % YAA Fpste] 2y ma o] gt ghalstuS:
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