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An Examination of the Topics and Changes in the Research Papers
Published in the Journal of Korean Elementary Science Education
Using Latent Dirichlet Allocation for the Topic Modeling Analysis
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ABSTRACT

This study examined the topics that have appeared in the “Journal of Korean Elementary Science Education”
over the past 50 years to identify the changes that have occurred in the Korean Society of Elementary Science
Education. Latent Dirichlet allocation topic modeling was applied to 1,065 English abstracts from the first issue
(1983) to 2021, from which 14 main topics were extracted. The meaning of each topic was then analyzed from
its keywords and documents. Subsequently, to elucidate the topic trends, the topics’ increase or decrease every
three years was statistically examined through linear regression analysis. Based on the results, implications for
developing and supporting elementary science education research in the future were discussed.

Key words: Journal of Korean Elementary Science Education, topic modeling, Latent Dirichlet Allocation,
research trends
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Table 1. The collected data in this study
= 2 4, A, A7 dERE fle dd 2 2% A, dF dERE fle oid
A= =% 5Pz AY =E dF=ERAY =E d: =R SHUZ AY =R ATF=EE AY =%
1983 5 0 5 4 1 2003 29 0 29 0 29
1984 7 0 7 0 7 2004 39 0 39 0 39
1985 5 0 5 0 5 2005 62 1 61 0 61
1986 6 0 6 1 5 2006 40 0 40 1 39
1987 5 0 5 1 4 2007 66 0 66 2 64
1988 4 0 4 0 4 2008 39 0 39 0 39
1989 5 0 5 0 5 2009 45 0 45 0 45
1990 5 0 5 0 5 2010 49 0 49 0 49
1991 14 0 14 0 14 2011 53 0 53 1 52
1992 14 5 9 0 9 2012 44 0 44 2 42
1993 13 1 12 0 12 2013 49 0 49 0 49
1994 13 0 13 1 12 2014 61 0 61 0 61
1995 16 0 16 0 16 2015 39 0 39 1 38
1996 24 0 24 0 24 2016 38 0 38 0 38
1997 25 0 25 1 24 2017 34 0 34 0 34
1998 21 0 21 1 20 2018 33 0 33 0 33
1999 20 0 20 0 20 2019 38 0 38 0 38
2000 20 0 20 0 20 2020 37 0 37 0 37
2001 22 0 22 0 22 2021 27 0 27 0 27
2002 22 0 22 0 22
EE T =8 @A, =9 AR 9 20, 588 F Al 1,088 (7)
EE 2 ATER F(FEEE dlE AT A9) 1,081 (16)
AT TR WY =8+ 1,065
Hlo|E EXz| HAEH1. HE F=H F= HIAZH2. M7|E Hst 2
- EZE3IE, 280 ®HHA - A F|RE 308 F=E - 33 FIUE ELES EF
o AEtngdT 20| Y =4 [ HE2t 85t 2= EY)
- U FE 2EXEY « DAZ|EET odHE 24 e
- ESAtEtnsE Y - ET ZE 9y 7/l 3 « 3@ F7|0| GE EEHEQ
20| HA (H: science, el ZEME EUZ EETF l 2 d|Eatol oist a3
elementary) ks H 24
Fig. 1. The process of data analysis
A A B4 e ohedt 2 e B2a 49, PRAe 24, 54, 2]
9 B8 AA, 282 Y, BFg FH 9 o
1) HolEl T NE Bt oid 222 50 93 29 59
LDA B4 3 B2, dole] Al Adel  AA AL Fae.
S BH e FER wdlsla, B4 £5 2 o2 Hgusdy golss $9sAY 4
A FA F2E B SeE del 7R ek AE ARk AA ATER 1065HAA
&g gt B A3ze R Z2aYA AlFete AN T EE oA 27 o] 3o dol= 749
WA E E4slo], EAE Ha v w9z Hus &0 2070E Rl uet FE6ka, 7
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Table 2. Top keywords before and after removing general terms related to science education research

2538 4AT itk gol

2~ 0 [

i 34 4 49 A9e
1-10¢] (&9 science, student, study, elementary, teacher,
Uz w43 school, result, learn, group, education

activity, concept, inquiry, experiment, textbook,
process, curriculum, attitude, experiment, level

dsta e TojEo] alAE g9 on|7} A
A= 15709 &) & st Fdath &
£0], PCK 5= Pedagogical Content Knowledge®} 2
o] o] P = A8 = HFgusAT 59 §
HE SUste], &2 ofnlE 2te dojso] & =Y
g & LS SIth B3 Al(Artificial Intelligent),
AR(Augmented Reality), VR(Virtual Reality)2} 2]
FHZd ZxEa e 719ER EFe AAnt
w2l EAS W on|7t sjAE dol Sl el AT
e =95 Bl Frketinh

BOE ZeATuEATAAN 7P Bol AHEE
dut Lo 55 A AL 718, ‘science’, ‘study’,
‘student’, ‘elementary’ s U§ A5 St S &
o] 23 A%, 7} TA 50l o] &olE FHlL
2 23%)7] 1 %o thOdden ef al, 2021). o]o]
Aol e JAPdFoa Buedd Hetusd+
Uuk 8-0]E53(0Odden ef al., 2021), 2573w
T-of weto] Bt 7%, Hgkato] AHASSI T Table
2% Atu AT duk g0l & AAE] Wt A
g ol g4l 1099l dfdehe 719 =SS vladt
Aot} Heu&AT Uit o5 A Fofl=
A7l Aol 22Ul FRE cactivity’,
‘concept’, ‘inquiry’, ‘experiment’ 52| -o]E°| 4]
A 71922 A=A

2) (AFEH 1) AT FH 5
Hlol8] AA2] Fol LDA 714ke] EFrdsy &
e AAEIGE. BERnddos HAo g &

£ AAsh= o] F8g], £ AollA = “Griffiths
2004, Deveaud 2014, CaoJuan 2009, Arun 2010’%}
2e olf g9 AgE A5E vmsel 7y
e BEY $5 E&dte ot ¥ denE [y
(hyperparameter tuning) 8- AAIBHATHA 95,
2021; W71, 2020). R 223 9] |datuning ¥ 7] 4]
g o] g3tel, 4} 2R AYE A5E A& 2
I} Fig. 29+ 2t

Fig. 2¢} 2o 44| Agte s Jtad Ads
5o, A4 £ 52 Asdd. PAHoE
Griffithes 2004 |5~} Deveaud 2014 A4+ 7}
== A4, Caoluan 2009 A|5~9}F Arun 2010 A&
A2 A0 A4F FAEHE] 71F] BrkAmn
et al., 2010; Cao et al., 2009; Deveaud et al. 2014;
Griffiths & Steyvers, 2004). 47§2] 71F=E& FAl0l
FZ3e $o2A, Fig 2 492 EYE 71 A
gt Bdo] 5 12 A

o]oJA] topicmodels H7|AE ©]83lo], Gibbs
Sampling Wi 0.2 EFwdls] A4S AA89] )
LDA 7|9t EZRdg oA E Ao AAE o
9 % SEH A FAE R e o
olF 7t FAl AHE HEl& &8st EAo
A=l e nES =E3 Fig 30049 2
o, LDA ¥4 dAe 7] doz AgH 7Hd
(hyperparameter)$] @ , B kS Az o2 dlo] E4
EAD)E delwyh 2 BRd] &8 B8 23,
G BN 7t EFo] EAe 85 0 3, a2z
A dol5dl thste] 54 w7t 7 B &4

1.00
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0.50 1
0.251

0.00

metrics:

minimize

®  Griffiths2004

CaoJuan2009

F Y
B Aun2010
+ Deveaud2014

maximize

1.007
0.75
0.504
0.25
0.001—4 T T T ! T

10 11 12 13 14 15 16 17 18
number of topics

Fig. 2. The optional number of topics in LDA
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Fig. 3. Graphical model representation of the LDA model (Blei
et al., 2003)

3 [EMxEZ] dE3} [EZxdo]] ¥, Tgu
7} Aol B HSE 2ESh o7 B
g vl Fgkold, 7 #4115 FAshe Tolso] 7
FAl dal duptge] vFs AR eAE &
E4 07 &3 gholt}h o & Sof, B4 A7} 574
£ dal EF 1(0.02), EF 2(0.4), EF 3(0.08),
£ 4045), EF 50.059] BlF#S zteda 7}
e o], £A Ae HFHe] 7P 2 EY 49 EY
29] FA9} F2 FHETn FHHA €k & &
Mo A B HFgke] e 10] HH, & FA7}
TN oo FAleh #HE 4 gith

olgA AtEd EYY vlFatT @7, LDA v
e 2 EZET #o] =2 4] 20719} &
A EA 20708 A 2T F ATk 29 g4l
o] 207 7+ Egdl| o] &
o2 FAEH, A FA 2070 = A A A
7} B i 5 FEC] 2 TAME

an

ESUSY SEA| A=z FA H W ZFot- UXH 361

o] ol o] P YA FAROE FAG 5
= S, o2 283 B A

Alste] ZF FA7F 2hE oulof tigk sjA e 2AE
A&} FAl] FHAk9] o]
22918 724 B S A
e d3=
2 EYYS A3

9

3) (ATEH 2) Al7]EH s 2o

LDA ¥AHo2 &9 147] B9 AFE] A
7t wheh AR A W $eA] I S5 Lol
s, Z F71el wpet o] EAW v]F Hik
(mean 7) H3}Z2 3] EW(heatmap) .2 A Z}3}5}4]
A A6+ TH(Griffiths & Steyvers, 2004; Kim, 2020).
Efie HHE Mo wigla Jepd gz aA,
ZH FAEd g duEg] WstE Av Ry
&3ttt
0oz, BAXeR fofn|siA Wale 4
5 gefsly] s, AdgH A4S Y
(Griffiths & Steyvers, 2004). A& 3|7 BA A& 3
Ae BR & 772 SYuSE, BAE Ege
H 3 ¥ 3kmean 7)S E2&W5E ARG F
718 715 R R4Y olfie 9EE VTR A

2 ot

o

I
£2)
1ok
2l o
Ho u
10k
Y
™,
10
rE
tol
Ll

(Odden et al., 2021). 25
TAYE Y AFere stgle] P A
Aol 429 Wsls 71Fo2 7], FA], B

ot olEA F=d Filofst A4 B4 ARES 14 7, A2 PR 7]%-3]_919_‘/]_(/‘\4]%:§ =
A Bgse BARE Aok Al LEAAL L ) w azo o5t A 938 12
g FAE g iojo} AN FAES FEH FAE 7FEo g 3 "ol EAAC xjo]= EAgof
Table 3. The data collected and analyzed by 3-year cycle
71 3d 3] A s A T 7] 3d 37 A s A

1 1983-1985 1-13 13 8 2004-2006 281-419 139

2 1986-1988 14-26 13 9 2007-2009 420-567 148

3 1989-1991 27-50 24 10 2010-2012 568-710 143

4 1992-1994 51-83 33 11 2013-2015 711-858 148

5 1995-1997 84-147 64 12 2016-2018 859-963 105

6 1998-2000 148-207 60 13 2019-2021 964-1065 102

7 2001-2003 208-280 73
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Joll uhet AEsA £
7]@_}3;(4

AN

2015; &
AFelME 3dS 7|2 A

71N EE ‘activity(879%] ) 24, th& ¥ 719 =9
Zpol7} 2083} Wt} ThE 7|9 EES

e
2 o 919 719 =5 Te] HlES 2fol7} 1~
Z

@37 £4 s AAGIT 25 aS gaA] 708] zpolel] wF= Aol Blehd, 1-99} 259
73‘% 198330 Ao Wit o] F =& 2021Lﬂ77} 7191 = 7he] 74 2 Holt} o]y e A %
A F 3937 =EEe] E4HNeH, 3dS & TS EoplA o] FoXl AFEL wFd
= F715 AelotH Table 39 2t 5 2%% Bl U sve e AT
A3 BN AE BEUE, 2598t us 3 ‘activity’e]]  ©]o1A] ‘concept(6712])’, ‘inquiry (634
SA| A Al 7tel| met BAKCR folsiAl Hit 3]y, ‘experience(6243]), ‘textbook(5653]) 52| 7|
Bl F3ko] d5dle EZ E(hot topic)} SHEl > B flEE0] We] SASE Ao HuHArh 309
Z}5(cold topic) s =EATE o2 ARES 7 el Y 719 EES AEY, Ao 2F
Hto 2 259etus AFEe st it dis) Ay FAH doj(a: activity, experience, attitude,
=9t doro 2R uS ATE 9T A experiment)”} 7} Borom, petete) AHE o
AHHE =&319T o(l: inquiry, process, skill, observe, model), nl 53}
Zolu wabA A oj(ell: textbook, curriculum)
. 97 = Fol 29, 20 il 94 2 8
H oj(dl: concept, knowledge, cognitive), F 24 &
1. XSRS SHEX|0f SUE AP=R 2t FdE doj(ol: attitude, interest) = 53T
FH Aok 22 MERA s B2, the A
© LDA 7] EZRAE 245 T8 257
I — 2 Bkl felde 97 SASE 24
2edtus greAdA 23t e A5
AR 54 € sfekal] 93, A w <>ﬂ W 2 LDA 7| EMEHE = A3
5l ALl FlolT 2 HAlsled = (2 T3l3)
& 95 71928 LA, Table 4 25340 LDA E2dd $4¢ §a 29 1479 &
2% AeAd 208 APERY GEEFIN goo o vwe wolw ah S|9s 9 g
_ ] 57 & #EE Hole g4l 7|9 = 3 BN
T4 71 EE EAg Ao ]\:} 91 3091l 2 SRy e =
€ £4 A3l Table 59 2t} 147] EZE SolA,
AR a4 N=SS MR we Helel N
FEAE A Eddq Bt Stasts Ue 2 Y
B e L WEe ARHoR gfa g sdE0r, =
ATerse] FRESAN 71 Bl S8 o Al el oo
10578 B3 1470 ekt aeetge] d3o
Table 4. Top keywords in the collected data (KESE)
9 79E MEs | &9 719= MEs | @9 79E HEs
1 activity 879 11 knowledge 486 21 problem 303
2 concept 671 12 achieve 419 22 model 292
3 inquiry 634 13 gift 410 23 assess 282
4 experience 624 14 material 406 24 data 279
5 textbook 565 15 preservice 397 25 positive 273
6 process 538 16 creative 387 26 perception 256
7 curriculum 518 17 skill 381 27 cognitive 249
8 attitude 499 18 observe 374 28 interact 221
9 experiment 496 19 interest 355 29 object 220
10 level 492 20 compare 320 30 control 214
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Table 5. Topics related to the content and methods for science teaching and learning

£39 39 94 A9E

| BeenaE Ag 9 actl.wty, inquiry, mterest,. topic, open, anxiety, positive, state, curiosity, free, interview,
brain-based, play, conclusion, hour

) Beegng 9 getd w== process, Skll.l, f.:XpllaJ.’latIOI‘l, generate, argument, communicate, evidence, feature, interpret,
element, basic, individual, worksheet, step, data

3 B olg) @ Adss conception, misconception, earth science, theory, light, draw, correct, answer, context, rate,
moon, explain, spatial, phenomena, structure

4 2Eae oA 2 BT sx level, observe, cognitive, domain, affect, variable, situation, analogy, stage, degree, predict,

operational, aspect, logic, total

knowledge, creativity, problem solving, STEAM, write, reflect, integrate, design, component,
journal, background, product, brain, reveal, stage

perception, environment, prefer, scientist, male, female, person, gender, technology, word,
behavior, perceive, questionnaire, image, career

field, nature, plant, life, period, thought, physics, animal, ecology, human, condition, history,
collect, live, part

1 53} attitude, experiment, achievement, compare, control, academic, statistic, positive, motive, pre,
post, tradition, meaning, comparison, cooperation

material, interact, data, visual, guide, classify, laboratory, read, function, eye, prepare, collect,
movement, attention, opinion

AS T Hrlet 2%, us3, WA w8l Al ‘process, skill, explanation, generate, argument,
3 EZy GRus EFoth B AFdME 14 communicate, evidence, feature, interpret, element,
Mol EFEol Uit £ 295 EY 199 EY basic, individual, worksheet, step, data’ 5-°] HiLF
10~ 145 o] AAlstSiTh ATt BY 29 #HdE AFES #F, R, AH,
A WA HFEA, B wrdts ye 9w OAtaE I ol FAHQ] & 7 FHe 54
W #dd B9 1-9de AT #Hd E = Hagh Al Z&v &, 2006; ©lE 5,
o] 27, APl gt Eo] 1) FEH 2005a; A &3} Al <7, 2014), F3HA Aot =
91‘:} o] el gFuH, Al Hﬁa@f% STS, SSI %, 78 Y 27 AHdA Y= 54 2
WY 2 FAAR A3 ugdhE ey W o thE 7S 5T AR, 1997, 73
t'defﬂ FEE AT 33 d3lE, 2014)0] Bkt ol AnE HkY
EY 13 o] &2 7|9 =0l “activity, inquiry, slo] B S Asteay 9l 3ek =3olg
interest, topic, open, anxiety, positive, state, curiosity, 1 MAsk.
free, interview, brain-based, play, conclusion, hour’ & EY 394 ‘conception, misconception, earth
of FZH AU 3t #HH AFES MY €4 science, theory, light, draw, correct, answer, context,
T, AHTETE HES o 3 "HF €5Es rate, moon, explain, spatial, phenomena, structure’ £}
AGstANA: HAAYG 5, 2014; 0 L3 F, 2 71 EEe] FEHIIM B AFES 25
2018; “g=lotel HPA, 2010), g Ag el A T du|uAbse] 7 e Ad olsl,
Uehd mAhg S Ee] S|, B1h HE, 5714 SNAAINE S 54, Ndws s 2AMeHA
7 2e Fof FE BT 04%1*(01] E3 5, well: Az 9k, 1997; @AY, 1994; A&
2001; 23} AR, 2010)0] B9k o] 17 Azt gk 2011), 7ol el gFA7F 4
oto], B AT EE A9 % o gn A S A= WE(d: A3 5, 2013; =FA}
A% stk o A, 1996) = o7 e, oye £4
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=g ARtk
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Y 49 #H 719=EL C‘level,
cognitive, domain, affect, variable, situation, analogy,

observe,

stage, degree, predict, operational, aspect, logic, total’
Som TR 59 o BNk 25
QAR 9

FEE BT TS B, 2 23
=
X

Axdn A4,
2000; A 5, 1993) TE %}, 1%, +2 24
oA ek B 529 540 de) thE A7
E(d: Aolg 5, 2012; 33, 2003)°] F=HIA
o ol =2 49 WA 25 QA %
T FEoR =EHAC

EY 50| A= ‘knowledge, creativity, problem solving,
STEAM, write, reflect, integrate, design, component,

1

journal, background, product, brain, reveal, stage’ 9} -2
FAEge] F2Hd B ATERE G5
Bolg A4, BARNE Sgolt ofe] A4 JAL §
34 STEAMS} #8 AFE(: BG4} 0|2 A,
2013; FAEF AT, 2015; € ‘ﬂﬁ—r 5, 2002)°] =Sk
o ol B9 Yo, s 2 BANL o
o= M3l

Y 69 7]9l=dE
prefer, scientist, male, female, person, gender, technology,

‘perception, environment,

word, behavior, perceive, questionnaire, image, career’
So] 2299, BelE A7se B 87, 7%
A 8AFE P B TG el 2
Z 8oy STS % SSI w -+, #HeH4] Z::OO 3 7o)
et AL, B4, 71eE QA 1S Dol <l
22 Hagh A5l B $38, 2016 =2
F 5, 2020; oA, 2010; F733] 9} A1GF, 2014)°]
BITh ol EY 6] WA ‘S %, STS B SSI
WS eka A%t

EY 79X “field, nature, plant, life, period, thought,
physic, animal, ecology, human, condition, history,
collect, live, part' 53 22 7| =E0] F=F ULt
o] Egy} o] & FiO= FAE AL, &
T AAGE AR I AFEC] FEHUOH, o]
5o %M 30% U gtk 2 ¥ %L

A, HE, SR ) A7 AT E

A, 1980 el o] Fojxl AFEel FE Ol%’iﬂr
(cll: 2413, 1983; =12, 1985; AT T, 1985). o] A
2 1980l 150141 102 Ato]el] 3R AF-Eo]

ol

EZ 8S FAIE AY J¥=E  cattitude,
experiment, achieve, compare, control, academic,

statistic, positive, motive, pre, post, tradition, meaning,
comparison, cooperation’ 501, ¥ 83} #glo] =
e er 329 ATEL oY aFdts EFold
Z2I9E N, A gelel PF EE BAE
o] B AR Sol e AN WaE
Mmele @7ge] weithel: Wgus 9,
2021; o|® &9} o]F4, 2016; FHF- 5, 1994; H2
I =AM 2001). o213 BE ATE PAolE 1L
glsto, o] Ege] WA FAturds &5 N
g g3 Attt

£33 9% ‘material, interact, data, visual, guide,
classify, laboratory, read, function, eye, prepare,
collect, movement, attention, opinion’ FHE 7] Y=
EE FAHNIN #4E dFsde dEgedelyt
WFTE oMY oY AT AL E(WALY] wF
335 —;/\1/] /{],§]7<4 /\1-§X1—£_ ﬂ_/"‘t_f_']—g ;(}_‘EL,EE_. =

& 3EAE ) BASAUC: AR T, 2018;
oldl A =, 2005b; YA =, 2010), ]l A
g8y = uFFAEEY] Eﬂg B3 A1E
of FERUTel: o438 % 2003 34 %,

2007). ]o] EZ-S <}3t %ﬂ &ix—}% EUAS
SeAekn s,

gso® BEY 108 B WA= EH7) o
£33 9wk, wAme s o] mEAAY 3
A7 AAHEA, Heta wedhge] Ao Fa
g JFS FE 250 EYor FEHY 7

g AlF W &S AuEd o33 2o

EY 102
instrument, category, consist, construct, NOS, portfolio,
object, standard, criteria’ ¢} 72 7|PEEC] FEF
Ao, #atat wpdts ke tigh A (el Al
A 7, 2005; Y= WA, 1999), A< g
olaut g uig B4 8l A28 =9 9 o}

‘assess, evaluate, item, measure, system,
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Table 6. Topics related to understanding and development of science learning

39 Ay A9

10 weehsg7t 8 53

assess, evaluate, item, measure, system, instrument, category, consist, construct, NOS, portfolio,
object, standard, criteria

1 w3y 9 waA

textbook, curriculum, Korea, nation, revised, Korean, illustrate, object, role, compare, text,

biology, ratio, dimensions, life science

o A experience, difficulty, practice, survey, interview, plan, conduct, utilize, train, implement,
DA A profession, lack, PCK, collect, competency

preservice, model, water, university, belief, efficacy, inservice, expect, heat, temperature, map,

data, reveal, epistemology, focus

¢ift, problem, style, solve, conduct, positive, emotion, influence, questionnaire, electricity, orient,

consist, motive, recognition, sixth

33l SAste AFEl FE ol FAUTK!
5, 2016; ©]1AF} ¥l 2019). o] a
B w 2ol B9 e A4add.

EY 112 ‘textbook, curriculum, Korea, nation,
revised, Korean, illustrate, object, role, compare, text,
biology, ratio, dimensions, life science’$} FHE 7]
AEER A #A-bo] 2 AFEdE =
b e S wE B AW Y
A 5, 2015 WA 5, 2002), e=y} o2 =)
29 w53y % wHAE Bl AFEE: o
AR E, 2007; SFEI A, 2002)0] Bk
ol w&3Y 9 WA e EAROR REd
et

£ 129] AN 7|9 E=ZE ‘experience, difficulty,
practice, survey, interview, plan, conduct, utilize, train,
implement, profession, lack, PCK, collect, competency’
5ol FEHUt #d AFEde wAKEe] #g
= Adste A APshe ooy
ZAVE AWK 587, 2004; 15771 5, 2008;
el A, 2014), wA AEA S0l 2
A, A S 93 wAtu /A
Tl gk A5(el: A 38]A, 2007; 2F-R 2t
2020)°] Bk ol2ld 5SS E3hshe
& 5 WAL A eolgte EFH S A6t

]

& B o D )y o

Mot U i ok plo =z

Rl
i
W ©

1>

(]

0.

52
o

EY 135 A5t 71955 ‘preservice, model,
water, university, belief, efficacy, inservice, expect, heat,
temperature, map, data, reveal, epistemology, focus’ &
o] Hu3lth o] EFoXs wARE©] 7ML Sle
AAA, FoJA 5P AR AFE0] Bte,
TFAA SR wAFEC] T4 FeH4 ol /i

574, wAkee A, Ap1aEsd, 94 5
45 & T Aokl £47, 2011; o2}
, 2000). °]ol] EFHE cmAle] g o),

EY 1404 = B 719 =E2A ‘gift, problem,
style, solve, conduct, positive, emotion, influence,
questionnaire, electricity, orient, consist, motive,
recognition, sixth’ 5°] FZF It} o] EFI} #H
o] ¥4 AFEL dAuF ZRIW 2 &5
MESAL: 255 5, 2016, F43 5, 2015),
A7) SHSe] AAH, BolA 4ol A4S =
AL A ATl ARAE 94391, 2014, A
21k 249, 2016)0] BT ]2l 7| = A
5 X2 F e A olde EYYe A

A1

2. A FHE AlCHY Het 2

Fig. 4¢l A AIE S| E-2 A7
50| Zte HFH Fol5 Aukxe
ot Ao Z2A, wrtdo] NEFE dd AFFAl 7t
2 A)7]e Bl o] Folxthe A

Aol A5 dF A7-FAlel g A7 A7
ool Zloltt. o)A ofef & FsfriA AlZte]

5202, 9% WA ol s o
MaE ERE A ATFAL HH 4 AT
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Fig. 4. Heatmap (Topic 1-9)

S L3tk 2 9% et o A ol Fe wh
W B9 Hal et ATE Eof
£ HolFth Fig 4ol AAE FAES Al7E WA
stE A EW oRzte] FEhe glonh 19801990
ddlol Hg] H2o2 &5 o Bol FaHo

ATEd = BT 1,5, 6,9 So] 9gom, vz

23710 BN HZoR 55 HA 7L/\OH9_

ATEE £ 3,4, 7] A5 ¢ 5 ok
olfg B4 **‘%ﬂﬂ 23to} ?.}7/1] A B

> mlo

A, Table 79l AAJE ble} o] Fol4=F 0.0019]

A3l BAHoZ fofuaiA A dTte
‘B 3FEng olal 2 sy By (A}
dEY A7 9 ns Z2adyo] HuEch E

7405, STS 2 SSI w&)yo] Husl}

‘EF 3(J/].6]-7Hd olg) @ AdE<s )’Jj]. =
FEEA A7 2 wS TRy 20003 o]
Aol ghistA| Ao, Agto] el uhet
SARCE FosH #asisith BEY 39 A,
Z2 ol (eMh Ak eaid, A7, 7id
W3l B oA o o] EAolu FE& RAMeHL
ELo}— ATERA 19903t Zol| Z7}3ake] 1990
ddf FH7kA] A&l ot 20000 o] F=
Zatsinh Aede] dig A= 1970 d il
AlZEE] o], 1980~ 1990 thell = @i, A17id, o
i B UNERSE 3ol tigk B4 ATE S
g1, 20008HE AFZ 2 23 (mental model)
I =02 s o (A AR 0] 5, 2004),
1 o] FHgusAF FAU #HHEo] Y
HAHA HA vl Hednts OE ATFE
of H|Fo] FolE ACR sjAd  AUrketotatzt
F44], 2013).

%fi E«ﬂ 79 F 1

JM

H(}_doﬂ 1983y,
I ”(J—ﬂ%h 1985)’?% 2o

o 2¥E F7] Bt A @4 AAE g7

AFEo] U —Ero]g}u} olg]3t AFLEL o] T
P E A A e S e BaEe s
Zaa A ATE 7 BY 72 FEHYC

™, AlZto] Ego wet A FolE Hth oY
5 }

& EAROR Felnlahl] S/HE ATRE 'R g Zole zEsgtmgd Add g B2
58], S R FANA Faye B 6} oo 24 313 492 A Few 276, of
Table 7. Linear regression analysis results (Topic 1-9)
Topic Regression coefficient P-value Durbin-Watson Hot/Cold

1 HgETEE 4y 9 FHo 0.0004 0.0123" 1.9962

2 FHgErdy @ A =5 -0.0003 0.0824 1.9139

3 g ol 2 Ahdeks -0.0013 1.57¢-08" " 1.8901 Cold

4 Z5EHAYC] oA B v £FE -0.0005 0.0012°* 2.0035

5 A dus B EAHNA g 0.0011 9.03¢-09" " 2.0641 Hot

6 HuE, STS 2 SSI w5 0.0009 2.49¢-05" " 1.9017 Hot

7 AREY A+ 2w TR -0.001 16507 2.0499 Cold

8  Hgusss I e 2 g3 -3.524e-05 0.8812 2.04

9 Y] HeFE 3 nsdEAR 0.0004 0.0322" 2.0325
P'< 005 P <001, p " "<0.001



<UT=E> HA LIS S2D0A 7|t EZREE BMS S5t 55
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AFFASE ol A Hadd olobgt
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422 013)4 A 2dae 5
1

xo]
299 £ 539, $as
ul

5, A 23T AAG AFE0] 2010%"41*6‘1‘
B S7isti=tl, o= STEM, STEAM u& 3 3
of - S ek v FAES Al 9 AT
AE9] wilo] wrdd Zojet & 4 UrhAGT2t
SHAIE, 2012; AAE 5, 2015).

H)<s=8H), B 6ol A= 1990t F3wke] STS
WSy #HE AFEHR A, 200090 Fol=
SSI W, SAwS 2 7atA Aoyl A A7

So] go| Z7}a19E), oleld FolE ‘RE o2

o3t m}ebo] et 7ot FetA AokS 7hE A
Rle] Ao 24 F 200030 o] o] FHatwS
WS Hol FtHDeBoer, 2000). A Z53etn

& g5 EAIY AW 7](2003)= STS 2 ¢+
A #AH FA|Eo] HFuSH s T84

Hlg] @o] AFEHA] gethe TAEE AVIsHA
<, 71 o] Fol| Sh=A], A A Bilo] FolAHA
3}, 71, A7 2" FAEC] 2t S
g2 AFEAAE FHA FARA HAth=
2 A9 23e aFAolth
Lo 2 BY 1094 EY 140 g Aol
o] ¥ ZAIE= Fig 5, Table 82 2T
Fig. 5% Table 8¢] A& A AHEHA, &
A 237 vla] Fol| #Aagt dFdle EY
(252 2 wFAyo] BauHglom, ojs w
A i} gEdTEo] 2 Hades Bl

Table 8. Linear regression analysis results (Topic 10-14)
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Fig. 5. Heatmap (Topic 10-14)

A 298 52020 A7 Az WS ol
AT ol gt FhAae FolT 0.0012] HFolA
o] BAACE g fae oflon, wsd
3 WG A7l whet w3 wmaA o
TEo] T8-S HHEsle I oA Yehd dge
2 B ey, 2003; ooty Fd
2013).

v 2, By 12ug A 9wl ARyt
‘EY 4FARE)E 200038 71Fo R o] A=
Ao} 1 ole2 HA Eﬁ Wol = s

Holow E3] EY 128 F94F 0.0019] HF
A AR fold ~7}—% Bt BEY 1%
Heteglol A 24& T wAbEol A@st
© 8%, PCK&} o] HAetry tiek wAb A&
/‘é ?s(}:/\} tﬂ-o].ﬁ_ E]—Aﬂg].__ _—TLv—ijq 20003t =
TR WAL W& ATVt STt olotd ¥

N,

Topic Regression coefficient P-value Durbin-Watson Hot/Cold
10 aeeEat 2 3% -0.0004 0.069 2.0575
11 25 3wk -0.0006 0.0157" 1.983
12 uF A% 3 wAb AEY 0.001 2.02e-07 " 1.9521 Hot
13 WAk i olf, <14 3 Ald -0.0003 0.1601 1.9648
14 QA 25 0.0005 0.0036" " 2.0097

%

P'< 005 P <001, p " "<0.001
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