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This study aims to test the efficacy of English-based automated computer scoring models and machine
translation to score Korean college students’ written responses on natural selection concept items. To
this end, I collected 128 pre-service biology teachers’ written responses on four-item instrument (total
512 written responses). The machine translation software (i.e., Google Translate) translated both original
responses and spell-corrected responses. The presence/absence of five scientific ideas and three naive
ideas in both translated responses were judged by the automated computer scoring models (i.e.,
EvoGrader). The computer-scored results (4096 predictions) were compared with expert-scored results.
The results illustrated that no significant differences in both average scores and statistical results using
average scores was found between the computer-scored result and experts-scored result. The Pearson
correlation coefficients of composite scores for each student between computer scoring and experts scoring

assessment were 0.848 for scientific ideas and 0.776 for naive ideas. The inter-rater reliability indices (Cohen kappa)
between computer scoring and experts scoring for linguistically simple concepts (e.g., variation,
competition, and limited resources) were over 0.8. These findings reveal that the English-based automated
computer scoring models and machine translation can be a promising method in scoring Korean college
students’ written responses on natural selection concept items.
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Table 1. Average score of each item by three different scoring methods

Pseudonym Variation Heritability Competition Limited resources Differential survival Need/Goal Use/Disuse Adapt/Acclimation
Snail 50.0 7.0 3.1 492 53.1 258 0.8 9.4
Rose 352 47 23 313 359 46.9 3.1 9.4
Experts - 5 - ouin 19.5 3.1 0.8 352 40.6 48.4 19.5 15.6
scoring
Elm 39.8 78 6.3 102 64.1 313 0.8 6.3
Total 36.1 57 3.1 315 48.4 38.1 6.1 102
Snail 492 1.6 3.1 445 25.8 227 0.8 6.3
Computer
scoring of __ Rose 344 08 1.6 242 14.1 336 1.6 7.0
spelling Penguin 17.2 0.0 0.8 313 19.5 39.8 109 109
corrected Elm 39.8 0.8 4.7 55 39.8 125 1.6 7.0
responses
Total 352 0.8 25 26.4 24.8 272 37 7.8
Snail 50.8 1.6 3.1 43.0 297 21.1 0.8 7.0
Computer  Rose 344 0.8 1.6 242 12.5 336 1.6 7.0
seoring of T in 18.0 0.0 0.8 30.5 20.3 39.1 109 125
original
responses Elm 39.8 0.8 47 55 40.6 117 23 7.0
Total 357 08 25 258 258 26.4 39 8.4
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Table 2. Paired sample t-test between experts’scores and the scores of two different scoring methods

Mean SD t p d
Experts scoring 4.99 2.90
) ) 10.34 0.000 0.53
. o Computer scoring of spelling corrected responses 3.59 2.46
Normative Scientific idea -
Experts scoring 4.99 2.90
) B 9.60 0.000 0.51
Computer scoring of original responses 3.63 2.44
Experts scoring 2.17 1.67
) ] 6.74 0.000 0.42
) o Computer scoring of spelling corrected responses 1.55 1.33
Non-normative naive idea -
Experts scoring 2.17 1.67
) B 6.64 0.000 0.41
Computer scoring of original responses 1.55 1.36
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7HA oE Aoz AR Haeet CINS apete] ARt -
0.415, -0.426, -0.436% R*2] 2}o]= 1%~2% A= T-:0|th-0.009,
-0.018). v)T}elA 7ol Ao} MATEZ Q] xjo] HA] - vl
OF gk R°9] oli= oF 1% u]to|tH0.010, 0.000)
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247}
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Table 3. Pearson correlations between CINS/MATE scores
and experts/computer scores(¥ p<0.01)

Method CINS MATE
0.422%  0.336%

Experts scoring

N ti i i
ormative Computer scoring of spelling corrected

Scientific 0424%  0.251%
. responses
idea
Computer scoring of original responses 0.426%  0.255%
Experts scoring -0.415% -0.257%
Non-norm Computer scoring of spelling corrected
ative naive P g O speling 04261 -0.237%
idea responses

Computer scoring of original responses -0.436% -0.257%

Table 4ofX= Iob4] 7id} vjfels] 7ige] Hame] shazt 2jo]

E Al 7] o2 SRIFS A9 FAIRIIA Atelo] UeRt=A]
gRelsHlct. a3t 37 FAlo R SRlsh ek Jide] ¢ Al
7HA] oh2 Wi o2 313k H4ro] shdzE 2jo) 7} 0.057, 0.052, 0.046
o7 ou] 9li= Apol7} YEfbA] ¢ileh vjakeks 7 o] 9ol
Al 714 B o R JJ 93t A4=9] shdrt 2tel9] Avt=7]:= 0.026,
0.011, 0.011.0.& oF7to] =jo]7} SHelE]it). o] Anf= AR} Y
E /\]-Q_s};q ok1 744 XH@E }g_a O.,_ ]E 6]—\5]7]— X—I/\ ‘6‘]20
< Bl 39 SAARL djAo| e ztol= AL nlmlsith= A

Hola gk

lo

Table 4. ANOVA results of academic years using three
different scoring methods

. Partial Eta
Method F Sig. Sz
Experts scoring 2483  0.064 0.057

Normative Computer scoring of spelling
Scientific corrected responses
idea

2264  0.084 0.052

Computer scoring of original
responses

Experts scoring 1.088  0.357 0.026

Non-norm Computer scoring of spelling
ative naive corrected responses
idea

1.986  0.120 0.046

0449  0.718 0.011

Computer scoring of original
responses

0.449  0.719 0.011

QA Table 1, 2, 3, 49)|4 ARS-3F WIS Oﬁ:[LHPH%cﬂ]A{ = =03}t
Hie} 7o #FE]7} Overestimate ™} Underestimate] & A1<=7} A
off ¥rAiEhE gkl Aol glojAmE ulE 1 Qlofli= W Al
7} AQE=AZ dolst 4= ok A H Q3 Bdo] Bk njA|Fel
oA HiFE7F A Aee] At s B Flo|th Table 59
A BT AR AFE JYHo] AT A4=o] AlkA|(Pearson
correlations)E HoJFCE Pearson correlationso]] Tl 71542 X+
Educational Testing Service2] S-1XE0] &Jsto] ARE-E {2l Cohen
(1968)2] 7Izel wheha] =IskiTh o] 7|Eoll ©fskn Pearson
correlations 2] A|Z=7} 0-0.090| Alo| ¢, 0.10-0.300]H 2L
AF34031-0.500]9 F7F 7], 0.51-1.000] 9 Fckar ik A&7}
A 2ol A A Azt eAlE wsH Zigol
oF 085 4%, HITHsHA] o] 0.77 40 2 ARRA] Wl
ME 27 o)A =& Holal 9tk Liu et al (2016)= 19
Educational Testing ServiceA7} 72st c-rater MLE- AME-5}10] 87}
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Table 5. Pearson correlations between experts’scores and the

scores of two different scoring methods(¥ p<0.01)

Method (1) (2 3 “ (5) (6)
Experts scoring 1.000
Normative . -

Scientific idea Computer scoring of spelling corrected responses 0.848% 1.000

Computer scoring of original responses 0.832% 0.985% 1.000
_ Experts scoring -0.582% -0.465% -0471% 1.000

Nc;lr;-ir\llzn;(lia:allve Computer scoring of spelling corrected responses -0.488% -0.422% -0.433% 0.776% 1.000

Computer scoring of original responses -0.487% -0.419% -0.433% 0.770% 0.983% 1.000
3] HE AT QRS o 5 R Aol RS B T 714 735-9] vl AR ek Aig g vlaeks Ay mEof

ok E3E o] e Ao F AEE
o] dAgitkar e = Sl 428 099 =ESHA] EslA|Rt
aral ] A Ak HSols sl sk glekSato ef
al., 2005; Zhu et al., 2002).

71 n|A|F el WL 7k o] R Overestimate, Correct estimate,
Underestimate @] H]-&-& oIk A3} AR AR eSS Folsk=
Cohen’s kappa©|t}. Table 6= Z} 7N g®H 2 LERS Overestimate,
Correct estimate, Underestimate©] A|A|E|o] Qich £ 7fjdo] &Y
o] Aol AARE EekEo] QA 2ol BTk eso]
ekl of|=35hH 3PH Overestimate©] 11 “1 HF|= Underestimate©]

ok o] 7 Hl&o] vlszd 7% A Batolle I vIAA etk

A Underestimate2] H]8°| ¢

S 7S U 4 Gtk oS Sold pa

& A2/ A2 Differential survival/reproduction)?] 73-$- Overestimate
= 3.7%¢19] =]l Underestimate2] %o = 27.3%0]c}. o]e} 7+
AL 7SS ARl A9 B it 1 ol
P o] SR ZAkg RS olde] AHaolA Ui
AEE B85h7| dizolok ARdarelEoe] 7HIAL Sl AR 0]9]9
golu} TAS AHBaI] AW Eaw A9 BELL Sl -
237} Overestimate7} A5 7ol © Hol yeht
L Ha2013)9] Aot olt ik gle: Aol T2 elol
WIS TolA] U A melelA] AL Elol vle] shyse
grojS 3} At Aols} Uehd] el Aoz olsle sick
Table 701 AIAE Abz= AHHARE DA) o]l #Et FA2]Q1 Cohen
9] kappaga} UA|%= 2] H|go|c}. Kappaghd S1T of 714 g

|

Table 6. Overestimate, correct estimate, and underestimate of computer scoring

Ideas Estimate Correcting spelling Not correcting spelling
Overestimate 3.1 33
Variation Correct estimate 92.8 93.0
Underestimate 4.1 3.7
Overestimate 0.0 0.0
Heritability Correct estimate 95.1 95.1
Underestimate 49 49
Overestimate 0.0 0.0
Normative Scientific idea Competition Correct estimate 99.4 99.4
Underestimate 0.6 0.6
Overestimate 1.6 1.4
Limited resources Correct estimate 91.8 91.6
Underestimate 6.6 7.0
Overestimate 3.7 43
Differential survival/reproduction Correct estimate 68.9 68.8
Underestimate 273 27.0
Overestimate 29 23
Need/Goal Correct estimate 83.2 83.6
Underestimate 13.9 14.1
Overestimate 1.6 1.8
Non-normative naive idea Use/Disuse Correct estimate 94.5 94.3
Underestimate 39 39
Overestimate 2.1 2.5
Adapt/Acclimation Correct estimate 93.4 93.2
Underestimate 4.5 43

394



Scoring Korean Written Responses Using English-Based Automated Computer Scoring Models and Machine Translation

Table 7. Kappa and agreement percentage between experts scoring and computer scoring

Ideas Correcting misspelled words Kappa agreement

(¢} 0.843 0.928

Variation
X 0.847 0.930
(¢} 0.232 0.951

Heritability
X 0.232 0.951
(¢} 0.894 0.994

Normative Scientific idea Competition
X 0.894 0.994
o (¢} 0.801 0.918

Limited resources
X 0.795 0.916
(¢} 0.369 0.689
Differential survival/reproduction

X 0.365 0.688
(¢} 0.623 0.832

Need/Goal
X 0.630 0.836
(¢} 0.413 0.945

Non-normative naive idea Use/Disuse
X 0.403 0.943
(¢} 0.595 0.934

Adapt/Acclimation

X 0.594 0.932

B2 ¥ Landis, Koch(1977)] 7|28 Bl 021-0.40%= 124
(fair), 0.41-0.60+= A moderate), 0.61-0.80+= A3 substantial),
0.81-1.00-2 # 9] £FH3Kalmost perfect) &2 FEEFICE o] 7]&£0 2
Azrsh Blol7id, AAANE, Al A HE2 AL ehHgk 4
=ol, =2/ e oI, 2§ IES PR 5 L Qo tE
MAEE 2 olete] o r FEE o] fFHuES AT
Ha(2013)9] A5 AHEH Hol, A, Al e Al 7id2
Unigram& ARSSE A mdojn, 1 ¢jof] ®ElE2 Unigrami}
Bignm& mE AMGFH AAmdolct Unignm® BAES THga
P A NA AH20] S917E Thel Tholol Z1o] 3 Bigram e AR
47t AgE F dololth olE S04 ‘dogs like cats® It “cats
like dogs’ 2= & ¥4 1528 off & 249 Unigram(dog, like,
cat)2> ZXo1} Bigram(dog_like, like cat)> Th=t} Bigramo] Qg
785 oJu]e] FhEo] Hrf HEskA Eojof sk 790l F7hE ook
gtk ohA] debd ofu|7h B3t Aol gt ARsAo]
Zh A=A o= Aol vlsl, Tt Aol AL b aEoR
Aol H 4= USE HofErh

T WA= obA At Wil et viet o), SHEES] S
£ QA YR x3Eo] Ql=d, W ol eAE stk oAt
= Tol7h 2 Aoy 2 eahS 13 AoR e A%
o] opet SR o] BHA|(o]: ZHolE EXRC|Z %)
@olE 1131 Aot} 273 eAk] 4= 4117 512709] Sl A
Bt 0.80719] A7} EZ3bE o] QIgiet. & ol Bt Tolae
21.44710] 82 100ko]of| A oF 471 Thoj7} extm HTHETE Ha,
Nehm(016) A= #5EE] A HolA 2xke] ake shlsigs),
9o ofe. mFBMISe] SR oL Hke Aol
ofu] gl o] gl Ao R SHelE gt o] ATIAE 95}
F7g0] A ARz on] = ApolE HolFAlE gtk 1o
T Etohal @Ak= e] e AL Aol ale)7] wiiZol ofek
e AR AT 4= Qlofof itk 7MY Sagt A Sl

S W0l AMgs1o] S8 T 4 QS sl B lolck shysel

SHe FHT o Agshe 2ERRldE EelA Eealke dEE
A etk ditke 2= a2 RS ARSI Afe] e BAE
o FEZ EZR IS o8 Hehe A= Wiol digte] 2
& 9kg Aol

ool A7 Bz 1A wmelaith. WA maH oA Bt
Heles oo Fashel, viob sk Azl et Wt Hetei
orchel kel sigsoll 2ole] HAHY AL F 4 UL

(Ha, Nehm, 2016a). & S°1A k4] & 742 leolle
Tk AREZL 2 2 AT A SR al Aol v
A Aom 091 4 gk TeEE AXETH 100%7} HA
Ol Eg3| False Positive2} False Negative] of|&0] 9l 11
sile] sho] W) E 4= itk S3] of Qiolajel 2o] 4
o2 A0 4 Qi AR 87 F0] 37 Hholl =4 o=k
qElE oje} e S50 Aeld =y wrks shikele] Wt
2 3Hgajo} 2 oIk o] Aol AMEt EvoGradero] M 7]
A AT site] Aol B2 Beap] urke kel
AekEiol GATNe) BT BE A WS itk 2 Al
7h o] Ak o sPEe] Jide Wbt o Hi FHE =
A sk Al e ek g el 52 7Hss] flsted
AR o Qlk TERE SREAk] ARl wEue) Aeols EE

ATk SE3 2o PHOR A A FAHIE A5

Xt &L

=
&

lo 2

PR A

sl

»or

kappa7} .90 2fhLE|ojof g Zlo|t}. o]e} T2 e 2o

A=, Ha, Nehm(2016b)= BFe|2] 2k Ay elZo] H2keh
A, ook SE=A] SIT 4 Gl S ARSI o] WSS

AFE L dSolx] A== 2, o] FFE A LDS 7St
ZF e R AR|Sl=A] o} 5] = 71x] Hiolet o] WHHES AR

bel Aele] dlZoq W Hekee] ARE dj2e WAt 44
SIS 4= & Aoltk dIlE S0, nI=sHEEY] S Al
Adapt/Acclimation 7|92 93t A= Q] kappagh-2 0.6830]%.0

0
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L 9.5%2] S22 =g 74|
0.940717] F4F
90% o4 %l

TR SHAPE 473 kappa7t
7o vhHo g walo cdcl_a ok

Fe0E U= Ao, Al TGS Whelid 4= 98l Eg@o}q—. o]
Aol A ZIA S A A 7 e 288wl viE
AR AolM= A o ol st Yo ods] W
MolA L5771 Uehde A 2eld o= Slrk Jes A7
< el gk Atet A, et 7Y S83% alsg o)A
A e oARA asror E8e 4 deAlof tidt =2
elhs] ggEojof & Aotk

v. 28 2 XA

AEF B7he IR Sl Bt Hof Sle shEe] Aidelut
A7 o= Bot Ao 2Rl = Sle HrhHe R Jidetse
e g7l F9%97iE 282 et vk EoF sHERE A
A1e] ol Y7 Fol AHsiAy B =5ohe die st
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UA gk olet 2 ZAHE st AitE Vlse 28
AR olRkE b ¢l Wio] ==L Slrk Folds TR
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Pearson /A A5 SIS A} v}8H4 7id 4= 0.848, H]
ek 7iE = 0.77601%0th dojdom gt Jid o] A¢-
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