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In this study, we explored the possibility of automating the process of analyzing elements of scientific
argument in the context of a Korean classroom. To gather training data, we collected 990 sentences
from science education journals that illustrate the results of coding elements of argumentation according
to Toulmin’s argumentation structure framework. We extracted 483 sentences as a test data set from
the transcription of students’ discourse in scientific argumentation activities. The words and morphemes
of each argument were analyzed using the Python ‘KoNLPy’ package and the ‘Kkma’ module for Korean
Natural Language Processing. After constructing the ‘argument—morpheme:class’ matrix for 1,473
sentences, five machine learning techniques were applied to generate predictive models relating each
sentences to the element of argument with which it corresponded. The accuracy of the predictive models
was investigated by comparing them with the results of pre-coding by researchers and confirming the
degree of agreement. The predictive model generated by the k-nearest neighbor algorithm (KNN)
demonstrated the highest degree of agreement [54.04% (x = 0.22)] when machine learning was performed
with the consideration of morpheme of each sentence. The predictive model generated by the KNN
exhibited higher agreement [55.07% (x = 0.24)] when the coding results of the previous sentence were
added to the prediction process. In addition, the results indicated importance of considering context of
discourse by reflecting the codes of previous sentences to the analysis. The results have significance
in that, it showed the possibility of automating the analysis of students’ argumentation activities in Korean
language by applying machine learning.

. M2 & EY = B2 %‘&‘3}% tiefo] AtollA] 71 o=
olFojAH = BFofA Q] w4 ko] glof Wrlgo] 7of, &

AEAQ] T} WL T} AP o] x|Zdle] & ZmHo] dof= ks oA 3Rt Zéig Edj= uepAfel sPS A st

QI ot AlA| Tska} ZEA 7} RAL FAER= Q1A 2o] 7)E) = 8k E4(learning analytics)ol] ™Al #d-& =U3}](Pardo,

weo] EhE|ofof stk o] &Aooz A7|EWA(Duschl,  2014) SHYSC] WSS B W YRR she AT} ofFoiR]a

2008; Lederman, 1992; MOE, 2015) T}8A} 3EA2] 2]4] 14 114 QltHe.g. McAlister et al., 2014; Scheuer et al., 2012; Rosé et al.,
o] WA o] w=m Eo| Eold Wast o] YrkDriver,  2008). AT Rosé er al. (2009) 5] W2 vl S

Newton, & Osborne, 2000; Jiménez-Aleixandre & Erduran, 2008). Foll I Akl AAte] I Abeld] UAEE o] gt W
olgt Wl WslA}So| R4 2R Aslela HEshe ny e BARIRAL SR Qlste] ARE wi el o wstke] 9l
o] =1y &} §]—L J,]__]- _,—JV_MV] Q]_A J,]_zqoﬂ 5010}7] 1‘]5]' /\]E— M;H A].g];@l __/dg Hes—} z]_;q_ q.o].—s} UV] E{‘J 7] He = 2 /\‘]_-‘.EE
o] ¢)9ithe.g. Berland & Hammer, 2012; Lee, Yun, & Kim, 2015; HE| ™ 4l(Support Vector Machine, SVM)®] 7Z-g-of] 1 Y| &=7} 7
Simon, Erduran, & Osborne, 2006). o]uf] AR} ATLASL TloFst A E2S HAselth McAlister er al. (2014)& 57 Ao et
27 B A SRS = TS 2| Ysta FAls)| 93] SIS ek Fof 712 23 HolEE e sto] 54 =R x2S
A o] e W LxE BASH ulE uleko g 15k J) PAIBH= Gol5 Zohlal, o] HiEge R =l F25 Uil

Y, 01X £z =S LASH= A}3|A 1A S9] o] Zdo|A 2738 51T 3HH Sionti ef al. (2011) 1A A Q] ‘nE

Hy v 11

BA5tHe.g. Erduran, Simon, & Osborne, 2004; Larrain, Freire, 2| sltransactive discourse)’ & A& o= EASIAL 257 {15t
& Howe, 2014; Lee, Yun, & Kim, 2015). 5 AR & skGict oldt AqtE Lud WS 3
=1 Skzof|A] PIE0] TLAJSE O] LA QA4S BEAEle 1Y % 3hel Q3RS Al sh5ll QlolA(Heo et al., 2017; Park

* WAIAA} : B3 7] (hghong@snu.ac.kr)
http://dx.doi.org/10.14697/jkase.2018.38.2.219

219



Lee, Ha, Hong & Kim

rr

& Shin, 2017; Shin, Ha, & Lee, 2017) HAl Hd& &85 4= 9
7Fe/dE HojErh

Zledog WAl g AFAETY 8?—?4 HOoFZ A|(Domingos,
2015), 9] dloje] 2 glo]g mloliduke] TRl Atk slof| A theft
Fej2 HlolElE 71AIOlAl SsAIA ZRIaHo} dalelE 5o B

A& As o' Adstes o o2t |22 dlolE o Bt %
S k= flof] ARE 4= 9lth(Lantz, 2013; Lim, 2015; Zhang, 2017).
ol W4l ido] washky Bl AGEHA, QFAls0] ofv|
7 SREARE 913 Zilail(tutor) 7} 3L, SHEES] gk Al
s, 7Aoo AAIARI el5E Aokt ARSE 5= Q=
o8 WSl B3 o RE= SAYE0] 214017 a5 oERS
Zes F5iL, FAA B7EE BolshA o, shgaete] M gl
BALSE Aol goidE & TS & o= TdiEa qltk
(Luckin et al., 2016). lxid], WAl 2)dS Fafl SIS 2} =
%%a fﬂokh 71€r°l 01%312% TRk
Eﬂ ~

I

ﬂil

¢

e Sorele A - golald Aol
ShAlgE Sl A nle} e AT ATES Fhel Tt g
ujelol) 2utz 2831} ofsfallolz Felt ik WA Al 2
g Eojo] 9B ABom BASH Q50| Fr Qulel4
ool Agy] whitolck. wehy 7% Anld A7 AnE Sl

T} 8 vielof WIJEk 7%, 7| of, By, S184t] 94 Fol
Ayo|ot gto] & o]F o] X+= H3KJung, & Seo, 1998; Lee, 2002)=
25k 2ol Floiek T AnkE W ZRsol Stk gt
Eﬂl"i—‘:—J AF7E L2VoA o] Foi7l =1 S5 o =R E HolH
£ 2=35197]0, ol &4 WilE AYPEE= ook 11 EAXo)

el ang, 2003) 54 2114 oJ5ol A 19l 58 Ak o]

of Hgal7lol= BAE ATk ol sHSe] Melo] WelE
AEOE QAL BAStEE AESE qglon oft i
ool 50} ¢lof W& wWeiolA] o] FojHoml(eg. Ok, 2004; Lee,
Lee, & Lee, 2010) 38t m4:5H5 THAloll 4 Wafel Ajetols Helsh
QA s Wk 7o) glek e AR Selx] st =
Fpo] BA PES DAY ATE T2 =W BF AR 02
2y ZA37] S ol RolAkom(eg. Lee, Maeng, & Kim,
2008; Maeng, Park, & Kim, 2013), 71 B4 9 IS 2535518 =
AL @A) 719 olRoiA|A] eistck gl BlAl B B ¢1gH
58 wEA woA olg fATRAL ATAS A Ty
of Y3t F3H4 =oU(Heo et al., 2017) Q1EAS Ei= QAFA%
WA Walo] 2231 SYPEQ] Q1AL FARSE 94Park & Shin,
2017; Shin, Ha, & Lee, 2017), 18]l 1525 9 HAl 2 AHIE
&5l HiRof] WS I94(Kim & Park, 2017; Lee, Nam, & Shin,
2017) A7} ol R oL, HoleE Ssta AH WAl ede
Saste] S0 B HRS SN 5 RS Sk A o
A FAAS B wpt A gick Al et S WA

o mQlahs AR ] ZollA, =8l BES
= et a Wl of2|3t Hlam= A7 A-AR]] mes Al

R e

T.

220

3 4= Q7] SlaAs oleh TS Ao} o]t AaEolol Havt
QIet.

ofo] £ oA ulAl Bide Ba) Seutete] W} mAA
oIl £ 25 Gl o] 9 948 AFoR 29
2I9) A RS BRI sk WA
DA o], B4 el 24 BlolEE TE5]
Sfaf 71 Eael419] Toulmin®] Sof ufe} =3 74 948 7Y

Aug skt ofo] it 71 A st shgick 1)
Al

51 A A Bl ke T3 B ARE Ahlo] A
2 53 We L 7hgsti, vhjuto R A4 AHgakele] gl ol
e EEE A eule] 24 9 sge] 484713 1 Aut

25l
O o

= = ]
A7) Tt wlmet v duht L ANEE B 4 NS

7] $J8l =H(argument)
A, ol 732 ofuet
. & =HY 7_%%— #£A4517] 918l Toulmin
(1958)0] ke = 25 s

A0l E2A S8 Qlrt Toulmind =& d6k= 245
2 FAKclaim), XA warrant), A}&(data), H7H(backing), whak
(rebuttal), 3Hof(qualifier)S E}Ict LA F o2 AR, HA 3
Ao tem TEolA] ThE AR HEA|7]elT SR Aotk eln
A Y 2 o] HERRE Sshy| $13t Evjolw, HAke
Am7} s oA SRS A] Holpal, Bk HAto] of g
ek Sty sHol= =R dHske 20 AXTIe R
—?—%“‘ﬂ ot ghilo] Hw=E vepub, vhake ko] AR ] o=
Ao ST Toulmin®] 1 7% 52 1 4§40 ol o

ot o oI 20 el glooi, o 43t 2k wopol weh
Be A750] Toulming] =1l T2 52 Bg3le] spYEo] T4

A
=] IRE BASIAL Qltie.g. Han ef al., 2012; Lee, Yun, &
Kim, 2015).

alAg 5t o] o] Sol2] Ao s, Toulmin(1958)
o] o] T} 4:9Joi|A] ool SIS =l B RS}
A gron] spale] ol BE AaolA] of Fho] ko] 7 74
f0] Bgal=n) 2451 ojgiehs Ho| ®iE|ojgkelJiméner-
Aleixandre, Rodriguez, & Duschl, 2000; Sampson & Clark, 2008).
ofo]l B Aol =1 Bl o|5toldl S YaS netow
Toulmin®] £-& HEHSt = 1L2E A5t e.g. Han ef al.,
2012; Lee, Lee, & Kim, 2015). T3t 3449] Wi} T dhago] 2RAJ5)
o] =vie] T4 9 F ofi Ao HYFHA} mE A9}
wok A& B4 BAeIA ofd] A aSol 24 39S AR o
Y Aaks A2 grsini AR 2y i} e 9o gl
2 £33l BHS Fo) BAo) RS Srska Qo

[oF



Exploratory Research on Automating the Analysis of Scientific Argumentation Using Machine Learning

2. gh2of 2jeiof izl

e} wAlofA o]FofR|= SHEES] = FES A5 Sl
= A 2 oA =2 U3 "9AER §7]31 o5 FHTH
ZE oA ARESE o ARt AtRAER HEkeh= 2
H} 84 914)(Speech Recognition) & 0|5 HAEZ H3lSH= 2}
A(Speech To Text, STT)S Al 2|id ZFofo] 2 4 74| F
She]ARE 7] o] == gu]loA] o] folA o7l =
ojF EAlok= Hl Qlo] 11 1ol Ades] AlghA o]tk Choi, & Kim,
2017). 1HE2 A7 oA AARF A3 HAkES 2H 8]
oF Sl= Aol

g WSS AHSFE7F A5 SlsiAle X ks ASrEE
Helsh 2 9l= dejz Walsle xolo] X e)(Natural Language
Processing, NLP)7} @8t 2 32 HAES BA4s17] 93t 2}
¢o] Aol 8 =SS FEIl6e] Folw #7|A] E3t thef
SHA| 7=} HagEa ok I il AR SA AkS flet
Zzan AofQl RojA AR 7hs3E ‘KoNLP® 7] %|(Jeon, 2016)
9 AR AFA T2 doje] UFR] Pythonol| Al ARE- 7Fs3h
‘KoNLPy” 3}j7|%|(Park, & Cho, 2014)7} Ql=tl, o17]4= & At
A ARG SRS =2 A E AL gtk KoNLPy«= 7]&o] thefgt
Z27Y o2 o] ¢lE hps(Hannanum), 2 370iKkma),
Komoran, MeCab, Twitter 5-2] g4 BEA71E Y5 ZEZ E3SH
W opet gk HE Ue Al 9 ohiehils 53] o9 WeA] 59 Hiol
E], 12]3L KAIST W52 Bz Al DaxE o&al A AP
= ARSROREN Fho] AHdo] APE QI THAR] 7e= Al
afj7]2|o]ck(Park, & Cho, 2014). of|it), QJeI3t Bl AEofA &
BASIAY, FEiAE SA4181L FARE H 7 (tagging)SHAM, 2]
FeE 2k 2Hgo] vlaa] far wiE 2w ¢10]Ql Python
WollAl ofojd 4 Qs o] Qlrk o3 Ao s
T 8 = 7IAEe] S E wel wSeHA Wi
o5 &8st At wate] MYl NS =4(Go, 2016)5HA:
2015 7§ wsIHgo gk A& s EA5k= 5(Yu, & Back,
2016)2] A7} olSolx|7] = sk

o7|A T A FAS0| B4R sk di et Bt dols
= AHdo] A2 7| x]2] Wi Aol 5531350l F-ofsteiof gt
(e.g. Yu, & Baek, 2016). o] Holut 7| X} sle]ete GEA1e]
T Eofoll &oh= e 8olE T ]E o97] dhzolth o
f], KoNLPy 9| #mmm} H50] APE F155l=t] S84 Al e X
O] A% F 1,294719] WaA| mtd F oF 10271 A=} A st
Qitto] Gl AR HRET 9k T2 Hofo] vslo] vk 23}
oFe] B gojgrr n|Fo] Hof, st wilof| o] = e

o

ol
_rF

BLHIII‘UF

2l
Ell

B
%

Hr} AgtslA| £4517] flsiA= 2ot B9 goleS FH
HES] R AR F7bsfoF & Havt 5S4 4 3

M, A Ndsk= IAolA ot FEA( s TS &
APdEsto] 71 0 & BASE A1 of Tt 7] E3 e A%
o F 4= lrk A EAlA B4 Ao &7 Edsk= Rl
(Term Frequency, TF)E A= W A8l 415004 wo] AN
SIIE HPo] Lo o= ©es] Bl dojollx] wol ARGE7] T
o B 2450 EAS UEhiAl: Seiths v W)=
Lee, Kim, & Jung, 2016). o]of] Z2fjo] Atolla= 54 21o] w9
o] TFgkell alie ¢lo] &7t Edst= A4 Hl=9] <J4x(Inverse
Document Frequency, IDF)E F3}|& TF-IDFZFS &85} Qi) o
Ad), oJd Qo] ©919] TFgko] =7 Yeptheeke 1 Qo] @izt
AY| m= FAE0A vehdthd IDFZke] 24 =22 TF-IDF gfo]
Golx|A| =, A og 11 FaAo] Wtk Yu|= olafd 4
Utk WHF TFgko] =0 WA IDFZE E3E =T, o= i o] w9
7} E7% EAOIATE Wol Ed3Th= Qujo|BE A9 EAS
ojsfisl=tl] 583t &S & Aor 7|t 4= it} )74 IDFgL
< ARz W2 ofg] ZEA7L QIAIRE dRbR o R = B ¢of
ko7t &85 FA9] Yl (Document Frequency, DF)ZEe] &4=o]|
2IF Fok= 97 Wk

i

=73, oA 55 ofe ARE EFSHAU,
TR AdEsAY, e FAsHAY, slehe & thdRt
B2 ARG WAl g dRbA o s SR(ER) HlolHE Fol
HelS 551l 7]Eol| FofA A A9k HIAE glojEo Tl
HEel7p duput 2 o] R H=AE Bk AR o]Folxith o]
o sk ol A} & ArgshA| Foke T2 fhunderfitting) o] A
OofUbA I QF EJA|TE, Sk HlolE vt @1l sjElE xaste] thE
WeE 7o) PAS AR §oshe TS overftting)o] Qofi
Ak vIZeH] fdtt olggh WAl 2 YaE]|E- sy HlolHE
B2 Ajo] F=0i7l HIAE tlofejof| that dl&gkE ARESh] f1%t
o= md(predictive model)} & T=3l= A% Sh57](supervised
learner)@} 7|& XY(descriptive model)E =35H= A& 57
(unsupervised learner) 2 JLEFICE 18t =10 &5 AYsh= A
st Hlolels ZHkoz AE mHlo] ElAE lolelr} oy 5
2 A2 olZels AOINR B ATolE A SH7|E 2 A
ST BAE BRI 26 4 gl vl B 7pase] Ao}
EAS A ey thed) golvezi¢ et al., 2014; Lantz, 2013)
(Table 1).

N

Table 1. A Summary of the Properties of Some Machine Learning Classifiers (Ivezi¢ ef al., 2014; Lantz, 2013)
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Table 2. Analytic framework of argument structure
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Figure 1. Result of Morpheme Analysis and Tagging
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Table 4. Descriptive Statistics of Morphemes

A | PA AR A AL ofn A o)  HT 32 o9 BAM 55 AA
z= 1,047 427 20 154 34 78 195 21 26 9 56 10 2,077
_ 6,040 3,682 294 1049 240 3,883 5,022 673 83 2,240 105 28 23,339
v (25.88%) (15.78%) (126%)  (45%) (1.03%) (16.64%) (21.52%) (2.88%) (0.36%) (9.6%) (045%) (0.12%) (100%)
Table 5. Morphemes Used to Machine Learning
A FHA Al FAF (Kkma Bj71)  WI=(TF) TF-IDF | FA} PEja Al FAF (Kkma Bj72)  WIX=(TF)  TF-IDF
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Aol A o]2 A} (nnb) 169 560.25 = #EE AA o] (etd) 356 873.30
CX) o]7] A} (np) 103 438.55 v Y AA ofn] (etd) 297 814.73
5 o]= WA} (nnb) 105 418.47 2 B2 A7 oju] (ecs) 262 698.64
o] 34 A} (vep) 366 817.29 o 5 A2 o] (ece) 222 673.26
&} ZAb (vw) 259 726.09 A Bz AZ olu| (ecs) 186 616.61
o 3l ZAb (vw) 219 666.41 ol 2 AR Aofdt ofu] (ept) 184 599.43
(;7HL) oF Bz PLA} (vxa) 140 49344 | (1470 AR Aofdt ofu] (ept) 194 596.23
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< 2HZA ZA} (jko) 295 811.18
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9 HPA 24} (jke) 224 701.62
ZA} 2 HZAL (jx) 233 679.71
(147h) = 2217 2} (jko) 140 503.13
of| A BALA ZA} (jkm) 124 475.92 ;
o BALA ZA} (jkm) 123 466.98
2 BHALA ZA} (jkm) 118 461.36
= HZA} (%) 116 460.51
Q HZA} (%) 118 456.54
T TE2 24} (k) 114 440.76
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A B C D E F G H | J K L M N (0] P Q R S

1 Oljks Oiljkm Ztjks Bhxsv Ctefn Eetd Olvep Letd Sjko Ejx Bhvv 9ljkg Xlecs 2jx dece Qv Zinnb Hlees

2 1 3.175808 2.334717 1.962299 0 0 0 0 2743182 0 2524542 0 6.264449 0 0 0 6.113872 3.032689 0
3 2 1.587904 0 1.962299 0 0 0 0 0 0 0 0 0 0 2917211 0 3.056936 0 0
4 3 3.175808 4.669434 7.849197 0 0 2453079 2239139 0 0 5.049083 5.606885 6.264449 0 2917211 0 0 0 0
5 4 1.587904 0 1.962299 0 0 0 0 0 2749755 0 0 0 2666561 0 0 0 0 0
6 5/ 1.587904 0 0 0 0 0 0 0 0 5.049083 0 0 2.666561 0 0 0 0 0
7 6 0 0 0 0 0 0 4.478279 0 0 0 0 3.132224 0 0 0 0 0 0
8 7 0 2334717 1.962299 0 0 0 0 2743182 2749755 2524542 5.606885 3.132224 0 0 3.032689 0 0 0
9 8 1.587904 2.334717 0 0 0 0 0 2743182 0 2.524542 0 3132224 2.666561 0 3.032689 0 0 0
10 9 4763711 0 o] 0 0 2453079 0 0 0 2524542 0 9.396673 2.666561 0 o] 0 0 0
1 10 1.587904 0 3.924599 0 0 0 0 5.486364 0 5.049083 0 3132224 2.666561 0 0 0 0 0
12 11 1.587904 0 0 0 0 0 0 2743182 0 0 0 0 0 0 0 0 0 0
13 12 0 0 1.962299 0 0 0 2239139 0 0 0 0 0 0 0 0 0 0 0
14 13 0 0 0 2.319971 0 0 2239139 0 0 0 0 0 0 0 0 0 0 0
15 14 1.587904 0 1.962299 0 0 2453079 0 0 0 0 0 0 0 0 0 0 3.032689 0
16 15 1.587904 0 0 2319971 0 0 0 2743182 0 0 0 0 0 0 0 0 0 3.315088
17 16 0 0 0 0 0 0 0 0 0 2.524542 2.803443 0 0 0 3.032689 0 0 0
18 17 1.587904 0 1.962299 0 0 0 0 2743182 0 2524542 0 0 0 0 o] 0 0 0
19 18 0 0 0 0 1.877083 0 0 0 0 0 2.803443 0 0 2917211 3.032689 0 0 0
20 19 1.587904 0 0 0 0 2453079 0 0 0 0 0 0 0 0 0 0 0 0

Figure 2. Argument—Morpheme:Class Matrix
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Table 6. Comparison of Machine Learning Models -
Considering Each Sentence Respectively
KNN NBC DTL ANN SVM
A= 54.04% 52.59%  50.93% 45.13% 53.62%
Kappa (k) 022 0.27 0.24 0.22 0.32
FH Lt =
20, kernal =
AR = - A= >
7]& 270 k 41 7}—;(] T 4 _g_‘:]] Lo = “Splined()t”
10x1

Table 7. Comparison of Machine Learning Models -
Considering Real Code of Previous Sentence

KNN NBC DTL ANN SVM
A= 55.07% 53.62% 50.93% 47.20% 54.87%
Kappa (x) 024 0.3 0.24 0.25 0.34
Y &= £
= 20+5 kernal =
A = - A 4= = ’
7]& 270 k 41 7}— ] T 4 ’8‘1:1] Lo _),\_ “splinedot”
= 10x1

Table 8. Comparison of Machine Learning Models -
Considering Predicted Code of Previous Sentence

KNN NBC DTL ANN SVM
A= 54.66% 52.17%  50.93% 44.54% 52.38%
Kappa (x) 0.23 0.27 0.24 0.23 0.30
FH e =
20+5 kernal =
A = - A 2= = ’
7]& 270 k 41 7]— ] T 4 ’8‘1:1] L= = “splinedot”
10x1
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Table 9. Confusion Matrix of ANN - Considering Each
Sentence Respectively

o= NULL il A& g3t =7
NULL 135 11 12 17 18
npat 0 0 0 0 0
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e 34 3 5 11 15
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% NULL W Am  gus g
NULL 148 9 13 22 20
what 2 0 0 2 0
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