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Abstract

Recent advances in attention-based language models have increased interest in
automated essay scoring (AES) for English essays, particularly analytic scoring.
However, prior work has primarily focused on improving score agreement with human
raters, with limited attention to how different model architectures realize analytic
assessment from an educational perspective. Accordingly, this study examines how
architectural differences in attention-based language models influence analytic English
essay scoring by comparing encoder-based (BERT), decoder-based (Qwen), and
encoder—decoder-based (T5) models on the PERSUADE 1.0 dataset, consisting of
essays written by U.S. students in grades 8—12 and rated by two trained raters, with
final scores determined through adjudication by a third rater. The analysis evaluates
agreement with human raters using Quadratic Weighted Kappa (QWK), attention
patterns by classifying attention-weighted tokens into content and function words via
part-of-speech tagging, and scoring efficiency by measuring average inference time
per essay under both CPU and GPU environments. The results show that the encoder—
decoder-based (TS5) model achieves the highest agreement with human raters by
focusing more on content words, reflecting a meaning-focused assessment strategy. In
contrast, other models show lower agreement with less emphasis on content words.
Despite moderate computational costs, the encoder—decoder-based model remains
feasible for educational use. These findings highlight the importance of model
architecture in analytic AES and offer guidance for selecting practical scoring systems.
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s AlEstete] G 5= glof ulSH &R TR 7F At o 2l gk EA A ks SEAke] A a oS By
TA A o2 wpote ¢ 9l om, w85 Bl v =l Al g aho] 214 A Q1 A E THs el ke el A T e ol
A &H 0 2 7Fz 5] o] $htk(Harsch & Martin, 2013; Winke & Lim, 2015). 224, o] 2] g &4 o] H

ol &= :rLs}jl,
shibe] o Alo] 2 HH thdet aAE FUE AAEt AgetA Wrtete A v Aol 23 E
oMol & 7teloF afi= WALl Al v & Fiholn, o] = wALe] w2 A ] Pk A& AstAld
At olol whe} wARe] Fehs Azbsta wrhe] d@AdS drsHy] fg Wt s Al 7wk X}%@r Oﬂ/‘ﬂ"]
3 7H(automated essay scoring, AES) 7] & 7 #o] @ 5ok A =F o] gFth(Misgna et al., 2024). U A A = XA &
H]EO}‘# B2 A mu Aol A WALE A Hat7] A AL 7|69 A = AE3 Vles A TSA0R WS ol
L ks Bk, A WAL A4S AAISHL = A, go] 22271 HIF JA] 7k "]O] el Al
e, %]“8‘?_ 258k F7F A A R AR 0 Z w9lE T d o] At o]y gk Sl wutFo] S w37
wgkl nS-3kA J,L;doﬂ/q I%0F Al Folo| A EEo] & 2E3) o Ao] HIF 7eS AAHoR H/H ShS T
7183k A 3 A A 1S B o] ARbe mdllo] FoldA] wehd ¢ gl 2 ARE AT Dot Atk
71E 245 3} ol Al o] 557]' ATe FE B Jr A& A= H 24 S Fo vk 53] Vaswani 9]
721(2017)°l ]38l ChatGPTS] 3to] ¥ E WX H(transformer) 22 o} 7] 81X 7} A ke o] & Algta} F-A}S)HA|
HrEol Q3 Bio Melzog Fo|& 7]&ols F AT 7]H(attention mechanism)= 83+ t}ksh
Aoy dlo] 253} o Alo] H 7 el A5 a1 E}(Do et al., 2024a; Kumar et al., 2022; Ramesh & Sanampudi, 2022).
ot Adojr e fiifE HAE doH=R g5H AbdetE o] X (pretrained language model, PLM)=,
OpenAl2] ChatGPT, Google«] Gemini, Anthropic2] Claude 5 & #] 483} A 1o =9 (large language models,
LLMs) 9 A] PLM 2] § 520l &3hrt,
o5 ddojrdl g7 HAE oo FHS F oxr 7|yt ¢loj R (encoder-based language model), Bl E
ARES TR AAE tay 71RF o] 2 dll(decoder-based language model), 18] 3L B] A~ E o] 3j| o} A S 7
AA AgeE Slmy-t]=ZY 7|HF o o] 29 (encoder—decoder-based language model)E T2 = lorH, 253}
o Adlo] H7} AFeE o] s R Eo] E}Okd ﬁﬂﬁﬂi—z_ e 2 285 o] $thDong & Zhang, 2016; Lee et al.,
2024; Ramesh & Sanampudi, 2022). L&t} 7]& AFELS Zﬂi EHﬁLE'_ AL A YDS &-g5to] A A H A}
Aot At ARk ddlAlo] s 01]:—6}5 bol 242 & ¥, 4 739 dolmdo] A A= Aol A
ofw gk Y| -4 Q1 2po] 7} A=A wLF A A S Fio) ]’E'L 3hA] Etrhe Sl E AT
E3h AR ARk A AA R Pl HesiAl HEE veA, RS /lmy vk fEy 7Rk
-t 7|kol gt 24 54 of e 9 Al Kt 7|E Rl v 28 RES
F7 ek A o] F2 &85 o] gttt o] el o] qF B 7} A A A ﬂx]_,_’ o] GPUSH 22 a17ke] 14k
A& a8k A57F Bok, =l w713 A4 A ool A= S < ;Lﬁﬂ]r "?—Oﬂol o AlFo=
kgt 1 J% W w5 Aol A &g 7he et Aol Rdlo] FollA dared ¢ Sl WEe 27 5%
"L@"’ﬂ/ﬂ thFet RS AR e A 07 A8k 5] wiete] gt R dlS Mt Loﬂ‘ﬁiouﬂ o] &= AITHA - & A
Holl A Bl & & /‘égé?ﬂﬂlﬂr.
o Mol @7} Wefoll A Abgh F 7kt 01]/‘3101-4 AREARL ou| & WA Fhotst
T #EE Aoy dME dedor Fxsiy dds e 53 A AAHS 74?31‘:}
MPAFE T3] HaE o] o (Cumming et al., 2002; Lumley, 2005,Wolfe, 1997). ¥E-1t o} &}, of| Al o] & 3 7} 3
U]-8-¢](content word)®} 7] %5 o] (function word)E 54 .2 2Jn] A Q1 8 A(meaning-focused assessment)9} 3 2] 4]
9 A~(form-focused assessment)S 5402 A 3|A H7FSTH(Winke & Lim, 2015; Wolfe, 1997). Lo =
ETotaL, 7]E As sk o Alo] BIF AF e AR e F2E A dojRdo] o]y FrF S dvht
FrAFSHA U*}é}%ﬂ, g a B2de] FoF 5 whalo] Wt el oju g S m A=A didk A A A
H] 1l-3-A] o] Z3-38] o] Fo1 2] A e rt.

oo ¥ A= FFPF 7IRE AdojrEle] 724 2po]o FH-afo], Qlair 7Rk, v 7wk, )1 50—t 5
7|8k Ao dlo] jof e Ao] 7 el A Hol= W 7F FAS (1) Abd A AeHe] " dA =, (2) ol Alo] W
W&ot 7] solo] tigh Adoj il Fo| {5 FA, 3) AA wg A J—Eﬂd AN Sebe Al 71 Sl A
dojr o] J7t 54S TFH o2 HESY oju st AXE S AlFat=A] Wl AS HRE ST} o] & Z3
b5 3t e Alo] 7F Bdllo] vk °ﬂ 71E dol, A AR A E‘@'@ H7t 45 vt SAsH
Wbl QA BAEA WS dY 78 Vhe S = e RN, e A o R unl TRkt w7 ol A
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AFEA 1) A A o] o Ao] FrlellA ¢lzmy 7|4k vlz 76k Slar]-t] 3 76k dojrdl e B0
7k PR At bt o A A YA EE HolErh

A A 2) A A Gof el Aol 7kl A Q1sy Yk, vsy Yk, Q1 E-H ST 7Rk Ao A o Ao 9
dlgoieh 7150l & Fxahs Yol A ofw @ Ao) & ol 7l

ATEAY AA DF Y L AT B} ARE DAL o, Q2010 e ) dad D2 1w
4 2ol A o m e Aol 2 wolw], o)z o] o Aol Aol N 8] A FE A5 Ao

O|EX Hi 3

XI5 3} of| M| O] & 7HAutomated Essay Scoring, AES)

253l d Aol F7te ol 7IZE AFE o] & BokR, 7] AFES T2 Aol HubEQl A EE Fhite
A2 hEshs A2 B7F 2ol 71k Sl Page (1966)7F Al QFeE 7] b 5 Al =8 o] §-, 2000 o of] =
st 8 9 A8 As ANF Alago] 7439 27 (Shermis & Burstein, 2013), ©] & Al u% T 7]
Aoyt Random Forest} 22 9JAFAA Ed|(decision tree) 7]HFe] AFH < wAHY 7|HS FTAHOR
A4 7)) =] 21 th(Ramesh & Sanampudi, 2022). ©] % 20121 Kaggleoll 4] 7] %l Automatic Student Assessment Prize (ASAP)
ol Alo]l HelE = "Hed 7wk HZE Aol B7F Aol 2AA R wm]ist= Al7|7F WAL, AES A9
W2 A 8-S 57185 th(Hamner et al., 2012).

o] 34 © 2 Taghipour®} Ng (2016)2 =841 7 "(recurrent neural network, RNN)S &-§-51¢] of Alo] 7} = dl &
7RSS AL, Dong®F Zhang (2016)2 /3352174 W(convolutional neural network, CNN)= 7|HF o 2 o Alo] 7}
2aS 7HHL°}°4 At AR} B FEY] dAEE G e, o|F F AAWE AT stolHE=
TX27HA 87 ¥ A tH(Zhang & Litman, 2020). o] $-ol= dlol¥ 3 FE¢] el feid 7|nke] Fo 35
71 2] vk ol whek(Vaswani et al., 2017), = 52 2 stGE o] ksl oA & 3 5H S Hol+=
At ehE dolRdS Z8oto v, AAl Abglo] dAlo] & olds: WS BAMSES REls A ]0}_’ Al
B7EAEe} frAet 0] H7E A4S Hols REEC] HxlA4 o2 sy o] $ith(Misgna et al., 2024; Wang et al.,
2022; Yang et al., 2020).

%71 999 719k A=3} o Aol Hrt A A=W A4 Gr vhAlL o Alole] AnbAel xS
407 Jrte F Atk AHE AT, ¢ A4 B ARE AAForN 27 THS TG
JE?‘ 319 @45 A REdeHA] E gtk @A17F QlTh o] g gt A o] 2] Holl A AL AFES %*—17‘—1 B 7}l
AFgE THA 3 7 H(multi-trait scoring) T Ol A el o] & FA4 ke = A& ofolgith. 7] Aol M= Hao 7}
H oS RS AAlste] oy 1S sAlol oS8t WAl o] A= Sl (Mathias & Bhattacharyya 2020;
Taghlpour, 2017), ©] % s}i}e] wdo] ofgf Hr} F2lo EAS 152& gt 5ok HE B4 SHE(multi-task
learning) Z & Y A2 ¥4 3} thKumar et al., 2022). o] 3 AL HrE 19l 7F ARE FHo2H gt
BEEAS Fole s, v TS Bup b A o2 el 5 9] %% Ho]Fh

T LLM O] 548 o upel, thH A o Alo] F7bel = LM A4 &&-3tel= A7 S48kl
9] 491(2024) LLMo©] H7} G918 F 1 2 (rubric) & AH5 02 A3 T o] Z ulg o HFE A&
AlQFakol &1, Stahl €] 321(2024)& Ak el Ao | FH S &-fato] H 5 of| S53} 3 S5t ] =
AE ALl 2o = B8t ar, o] g gt W 52 Bdo] A&t A7 A A xke] Ho Ax
T AEE HolA 3ttt IS A aL ik ofo whel A3 ol Allo] v 7 fofol 4
Aol RS that & tlolH = S5 A7) = Walo] 7HE a3l Aok Holl disf v A7)
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A 3shar 91 tH(Chu et al., 2025; Misgna et al., 2024).
ojelgh Jeld 7|8k 22 LLM 7|4k o Alo] 7} A7 35 oA 2psst 7 o] s d7e 4857
A= Aol S A st Aol ek g 2lo] glofof sht}i= #4224 o] FH5 3L 9L (Misgna et al., 2024),
o Ale] F7te] EAE A A B A SR} sh= Al =7 FH T o] Fo] X AL U TH(Chu et al., 2025; Do et al., 2026;
Tang, 2026). °|AH AW 7}5 oAlo] B7t= 2AE L& jgﬂ(assessment with rationale)9} A& &3k
% 7H(assessment using rationale) = =LA & tF WA, A E E 5 7ol A = Do €] 291(2026) 0l A1 A<t vlo}
2ol ol Alo] 7} 7} FHUH = AbgE & A 2bol Al A A A of 7 LLMOll Al & w] o] 918 e tig g~ E
FHo] 27E AT 5 olAS A A Aok A 29 ShE glolE(label)E &&5to] A2 1R TS
¢l o] = dl(Raffel et al., 2020)< Shs5ato] ol Allo] 7} Edllel] 15 W & ol A 5-of $ A 7F 7 2 Fpol] £3He o
AEHES S e o R, A E L83 ke s Chu 9] 391(2025)2 ol Ao e I H7F F R Y&
TAE R AEsk= GPT-3.5 (OpenAl, 2022) 7]¥F ol o] d E(agent)ell Y& ste] ofA]o]7} of = Ao FFE&
Hol=A] 7 R HAE o] 2AE AT F o)A dlAlo] e} A T5 Aojm ol ik WS
AlQakel GPT-3.57F A3 B7F 277F Aol &&H= F2E AFsiith. 212]3L, Tang (2026)> BERT
ol o] 2 9l(Devlin et al., 2019) A€ ! RoBERTa 1] = 2 (Liu et al., 2019)3} & 7} 18 %4 AF BRES ﬁﬂo}oq
B7F 798 Bgo] o Ao]o] 7t dojo] FAHFTE ARE A AH @?OH gk SR &8 5 e
7FeAd S AAIBEATE 18y, Do 9] 291(2026)3 Chu 9] 391(2025)9] W #oH Ao AE LLMO]
A8 =S shal o] 21 thE Ao B E(e: TS Aoj R )o] 8t A KB 52 57} %}E'%‘ AHE &§3to] Friste s
FoEM HAAZ F7HE gt dojrd e A JJrX* < ods] Efura® T dnk =3, Tang (2026)°]
Ak WHH S o Alo] A Aol EAZE QI BE o FolFol o skl AAE o Aol o] WE-S spoteh=
RoBERTa ¢1o] 2@y} QI Foj 5 g 5 ofWl Fito o&) a4 A7t ysk=A dj4s17] of 2% &4 7}
AT FHA o R, 71ES AT ES A4 REE9 A S ] ol Alo] f who] el A wk A e
A Z A AR A7 Ve A ) v alste] Goj 7 Aol A o] arFo] = E A gkt
o] 47, "lol¥ 7]9F A %8k (supervised-fine-tuning)= &3l AFH A AL} H% FARSE o] HIL 9
TEs ﬂié}ﬂb} A 7hegt oAle] H7HE flB) dolRHe] FxE AFA AASAY g5 dEs
E% 1 T AEH o2 F718kal AT (Chu et al., 2025; Do et al., 2024b; Li & Ng, 2025, Tang, 2026). —L2{1}
) A & oo el S 7] A & & (backbone model) & &-8-3}0], T dlo] o A o] = o] 3| 3} 2 3} 2 H-E]
‘H _r7}7<4o qy_e zgo].‘— H]—/\] oﬂ zxqg =3 )1 o) uq T;q] o] E1 E]-O]‘/‘(data mlnmg) 74 o]]/q,]
O‘E}. ofo Wt M= T2 F o] 7]A Adojrdo] AY= FAHTF 71 F+24 zto] 7t
goll ojw gt s WA =A, 2L o]y g o7t A iH@XM B7F FEI oA
| fﬂ St A2 S5 o] Fol XA kT A A wS FAFol| A RpEE) o Alo] It dllo] &g x
rﬂc 2HE 857 A e, e 3 23 S AFE do V1A dojRd 1He
x}°19} 71 xpol7F 37t JJrX* ?ﬁ_t%ﬂ n 2= s iﬂﬁ]x—izi A a7t ek o] & A=
oA g vt o, FoHF 7S &&sh= Al 7HA £33 9 Odﬂﬂﬂ’(c’]:'ﬁ 71%F, Bl 7]
] 71 Hhyo] ¢dof e Ajo] E‘r‘?ﬂ 7}011*1 Hol= {7t S A gt A A o2, Abe A ALeto
A o w Hluel= 3hH, BElo] o Alo] f dojo] F Tt S AL AR Hot
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7|8t A 0] 2 H (Attention-based Language Model)

s

E WA= Vaswani 9] 791(2017)0] AlbeE A Q7 ob71 G4 =, 520171 Bl o] B o] & FiES B2 ohA| Farstd
712 RNNoJuF CNNat &e] =3 3] 2] Ad Aol whe} vlolHoll A dhd e Fnt e s s

7] (Bahdanau etal., 2014)< 7| RFO. 2 #-9 A W & R A shrh= oA Adoj el o] F a3k A3 S vk 3iTh
Edazu o] A A 8490 A7) Fo] ] F(self-attention)S Y ¥ HAEE E(token) W = W3S F, 7t
Edo] g2E Yo v BE B2 #AE AR oR Fastes *274151 AU SOl o714 EZolzt
TS TS H A& o] B9l =, shte] wofrh E s 9lan ol o] A (subword) T 7FE I Sl o] # §
A7) FART T2E Tl EREET = AL :elé ols ol =k el A A1 ] WolA et

G
H
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M2 B IS T FolES A4St oldste 54, & A2l 9 F4(long-range dependency)<
agroz st 4 gl o] HfAA EAL 7t B M2 b2 T3 F 7l X (attention weight)E
gdto e, GAE YoM fuHow ot AR} 4 or d T3 ARE FEsto] A g} o] g
FART 7S ded e TS Hol, Rdo] Y2EE o9 s stal oW Aol %] Aol FEEE=AE
A 5 = 7he A S AlE sty 53] ol Allo] kel o] JHghA ¢l ojw] aj A 3t o] @ E = Bl M+,
TR T Fol B Frt Hdefs PP Ao E sl T8 A2 283 5 I TH(Clark et al., 2019; Yang

et al., 2020; Zhang & Litman, 2020).

Edxxmo] 34 o] %, Y 725 WO R theFet f-3 o] dojrdo] AtE o, o5 I
7IRk, f 5y 7|9k Qa2 7R R 2 SRk WA, 1Y 7|a doj & ql Y
dagsto] WA 191 shgete ol 23S U D
7IRF Rdlo] th A Q1 of| 2, 7 o] &lf, o] v, FF Y Sol M Hold e S B =l
A H2E AAE Al Fxste A7) FIHT F2E T H2ES HAubAgl ofnE a3
gpotsiA| gk, Bl 2 E A U= B2 E o] 3] 5419 3qlol] H A stx o] 9t vhi, vl 5T 7]Hk Ao R e
ESS ZA0E bgF EES A o2 At 2H7] 3] 7] A (autoregressive) T35 7AW, T2 HAE
el &8t FAH SR, ‘What's your name?’ ©] 2h= 84S Y H o} ‘My name’7hA] Tl I 7]RE B
AR 2502 & e ES i E A A8 dEE £8 0 o] WA A E ESS A
‘What’s your name? My name’ T3S 257 7113l o] Ao A F 3t EES U] o] st FoH T 7ol
g8H o)A g Bdo] At} sl HAE L BE B2 U] o] 2] st ox}4 91 W28 A A oF 51 7] wl ol
Uad s &8sk dojmde] A2 A7k Ayt &850 ol vl Aty o2 ) OpenAl (2023)°]
o8 7jakE GPT AlE F 9ol Alibaba Qwen Team (2023)°] 2]l 7HHE Qwen Y10} &S o] 2] &) t] s 7]4k
TZ2E AYsta vt 2y 7|9k RS bAE A SR A= A S BolX|Rh Y HAES F Ao
Haste] A k= dlole= AA o2 Aghe] oS 4 Atk mpA o2, -t =Y 7|8k Ao R E {1y
B REQ ou) A F (representation) FHE AFHANM WA spobdt 5, tmryr} o] & Fxste] Fldl g
=95 sk 25 7Y, 2E NAAE o B Akl A2 9 AE A ALE B sk AT
Al 2~ (sequence-to-sequence, Seq2Seq) W2 2] EElo|t}, Raffel €] 891(2020)0 23l 7fute TS AdJ2A L 2 &
AtAdol A HP & A BE-FA DS PA o7 TFS x4 1At 3y 7|9 Rl 2 Qe g1 E o]3) ¢}
ZY U2E QS 8 I AF sk Edoltt

oY ME TUE TXE A doREAEE FIHT VM-S S8t B 53 o] 24
ztol7h EA gkt 15y 7|9k a2 7] FoyHFE T el
vtotat= ) H 5ok, o] = gl A E o] HukAQl o u] o] gfof] 2] sttt 1Lt
R 7w APgA R A HYE, Y BdE st H £ 2
FARFTE =Y g2E A S st 217 3hxo] 23do] g0l
A8 HAEefo|n] A H EFS F2etH, o] Aol A FHF
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AFGk WA £ Y FE DTt F2 B2E Y Pl ATEt FEF QY s B g 57
RS AGH O AXFHES ST,

=% bl A2 o} ghow],

= A at ol dlo] Brk AT N FNF IHE F2 Y5 TS AW
AT gl Aol B Boh 7 o)A A EE ARAYT Be), A= the 728
olmdlo] o dlo] BtolA o] wrojo] F5 ek, olel e Fo]31% o
QA=A o) e AA A AL S o] Fo] 1A ggkrh, ofe] B AP elze] A, v =] ),
Horlmd Z)u AR DS oo, A A Aehe] A4 A, WGl 9} 7] olol e Fo| 1 F P,
S A % e DAY AL practicality) & FFHA 02 EAT o Fol w4 g
o), Al 44 fridel 7o 0F /i doj o] o] Aol E Ao Brleit A A A
BHAA A2, o @ T2 qlojmelo] Jof 27] Fo} WA AF AHAL] BEL HE S
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=X 0| O] H7t(Analytic Scoring of Essay)

A2 ol Alo] b= StEAke] 227] 58S o] AR dhdkesle T4 3 7Hholistic scoring)$F €, 227]
< TSk ofe] B7F Al tial] 2Hz; ke ohEE v A S onl gt dnbg o g R A Pk
(content), Z= %] (organization), = (grammar), ©] 3] (vocabulary), -1 (syntax), -5~ “d (cohesion) 5 2} o] A} ]
Aeoje F7F FRlell FAst AFE AbEshH, Z2F 12 WAIA QD A 7] (rubric descriptor)ol] el 7}
Hth(Jacobs et al., 1981; Setyowati et al., 2020; Weigle, 2002). 414 o Alo] H7}= stEAte] 27| 84S BT}
Ald kA s 4= vk Aol A w54 o] o 7} Atk F A A G 7E7F el Aol o] A Q1 b ) Q1S w2 A
Abshe bl frel g v, A A b e ake] AR of & Al A 0 2 =ejyjo] 1] =l Sk T A o)
ARH o2 883 5 = ARE A= A4S A d th(Barkaoui, 2010; Weigle, 2002).

Abgh QA 7L A A Al M o] Ve Fa sk A2 Ted] AgE U sk 71 A1 A AApr) ofby g, ol Aol ¢
AAAR onE WA spetst 5 2F Jrb 18 VFo R HAES 54 BiS AU o= A8 7] (selective
rereading)3li= 91414 148 L &3 TH(Freedman & Calfee, 1983; Lumley, 2002). A ajol+o] w2, SHH
NARLFF dAolE ASHYH E7HA sde HT o2 7Bk, 7F 73 Ag 402 As o4
A (linguistic cues)oll ] & 5 ato] k& 2= 73S K91 tHCumming et al., 2002; Wolfe, 1997). B=3F, 52
A 2} ZF A1 2] % (inter-rater reliability) & H.o] &= A A A5 FFH o2 FHE G AAH FQAH 7| F& dHE A
Agatm, FAA o7 EA AR AARTE on] Hdud wAe S FHOE HUbste Ao
X 1 ¥ T (Lumley, 2005; Wolfe, 1997). o] & &k Aol A #4 4 F7b= wedt w3l A 717F o e}, o] F4] skt
7] 3z Aol Ajte B34 WA 0 & o] d 4

A58 o M o] BrF AT 27l = FA Y A5 dSo] T8 Hx L
whegstel thHE7FA o] HAF S e L vk thH g7} 7|9k Ahs
A5TFo A, TAHA A oSl vlef A eI wSgH &8
et al., 2022; Mathias & Bhattacharyya, 2020). ¥ &= o] 2] 3k 241 2] o 4]
TZ2E A FAHT 7Nk dojrdlo] o] of A o] thra g 7)ol A of w g 33
53] Abgt A AR A A B 7F Aol A LR A B A A el 7] oF 7]+ 3
vt Zr 79 Adojr o] FAHF 7|3} WA tfSEE=AE T
Absk A A2 o] B7F A o] FrAME = A gk

g VA i S b=+
o F7F A A
THDo et al., 2024a; Kumar
ol FHete], AE tE
A& Bl EA gk
SA= LI A I Rl
Aojr o] H7p w4 7}

sl
i
o
rd
- 2
rir
M
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N
olf oty
oX o ©
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=
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Al A= ol ellAlo] el A Aoj o] 224 Zpo] 7k Abgt A feke] AL, ol x F, TElaL
A ol oW JFE VA=A E F48] A M2 HE FE2E AW A 7HA RS v e
ARtk FAH oz, Qs 70 Ao el ¢l BERT (Devlin et al., 2019), Tl .t 7]13F ¢10] 22121 Qwen (Qwen
Team, 2023), Z22] 32 Q1 -t] Z 7|4k Ao =1 T5 (Raffel et al., 2020)5 83} 2™, Figure 1> 7} Zdlo
ol o] 7} 74 & HolFrh BERTE 9} 8 Bl2ES Q1AM E 54 on| 4 o= Was o 53k 7125
AU, £ olsf Aol A AHE Bol= i 2y 7|k otk v, Qwen HAH T4 X5
Zigto g BAE WS S SR 2 A7E dojrdz, 29 92 A Fdd 23S F= SA4& Ad
A g 2 TS JISY-HAH 725 S8 8 9AE] oujd JRE AT THH o= AT
Utz g Ju e vt o sgfo 53td &9 9 2ES st Bl

o 1

>
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[ Essay ]

Encoder Layer [ Decoder Layer ] Encoder Layer
[ Linear Layer ] [ Decoder Layer
__Jr___\ PR TN __J'___\ [ —— | S i l ______________
'f_ . oA 'r_ __3___i _Convention: 3, Grammar: 4, ... Cobesion: 3 | |_Comvention: 3, Grammar: 4, ... Cohesion: 3 |
Conventions Grammar Cohesion
Encoder-based (BERT) Decoder-based (Qwen) Encoder-Decoder-based (T5)

FIGURE 1
Architecture Comparison of Language Models for Essay Scoring

dytH o= Qs 7|gk Hell o] Q1= Y Y 2E AR E vt o & X319 Y ¥ B (embedding
vector)= W35l o] AWPS HU} H¢ AET 2 e 4 39 (downstream task)ol] & T}
Aol A= 15T 7F W ks ol Alo] e BE & ZF J 7 el AR wfsg k] s Gl AdE gl o] o(linear
layer) & 483k, 19 7ol s date A& A4 AEsEF AAlElth 2 AT A= T A 7] Bt
Tl ARE SRR QST 7R R e HFH o m oAl U o] g E et vh, vl s 7Rk ) 9l ST -
tay 7[R R fIafE T3 92E WS Fdsts 725 Adn o]d wet o]5 Ed sy 7|yt
Rl ] g7 o AE N AR SY A Al G 7F Rl AFE AP AT ol A FEHE BE
TFolo] AfH AE shte] Ed o 2 L} (o: ‘Conventions: 3, Grammar: 4, Phraseology: 5, Vocabulary: 3, Syntax: 3,
Cohesion: 3°)3te] A4 sttt fZH 7|dk B2 o A|o] & QJ = jtol O AT & Faf 2ul= Q1 o= 44
YAES AAsh= v, QST -t Iy 7|9k Rd2 WA 15T 7} o Mlo] ARE 53 owd WHE A e

T ol g vlsrle) ddstn], mr)e Y AR S vigor Ty e PAE gaEs E
=4 O A0

W AFE v 8~128Md AL &gk ojo] o AlelE &&ate] dojrd Ynk 2 o Ale] HIME
T3 3} tH(Crossley et al., 2022). o2 2 st} FA o &85 of Aol &= Vanderbilt theulo A 3= o] F
3911 0 & /g ¥ o] 9lom, thekgh A3 A A A w4 3 A F= o] A g Mol & FA] o ®E
sttt S5AtES ATFE 719 S ol A AN F 87HA] FA| T shubE A Eske] #4150 Wol oo w A d
oMol & A8kl om, s FA o] A1 4 Q W& dHolH 3 A =7l A 37 = A % U THCrossley et al.,
2022). ol Ale]l Axls fg HI7F FEYLS Aojst, Aojuse), 7 AgsE, F3EA] Foko] diErtsol ol
o] d oot /i A& Fal N AT o] %2 o] o] el Alo] A A 7F 7 o) Abs A AT s
FHES 7Nt ® B FHS vk F, o5 W3 (double-blind) A O 2 7} o Afloje]l thel oAl 7FA] 7} Q1

2ol

=
wAA B7RE stk HE A T 7] Al A Apolvh 14 olulelw Al Hits HE A
3kaL, A Aol 7k 24 o] 4ol W A3 3 7FAke] T Al(adjudication) S E-3) 3ol ate] AFESHITE L ATl A = o] S
A=l F7F Avpet vlwshy] 3 £4 A2 89l 82 MR o] dofRele] & 5(training) 7}

S (validation)dl] &-8-3F3ITE Table 12 oMo 7o) &&H AAA 712 H7p F<lo] gk AF HJHE
A Al 8HCH(Crossley et al., 2022, Crossley et al., 2023). 2 Ao A | ol Alo] AR5 A o] f-= o] ol Alo]
H7tE 93 Adojnd g5S el s tiotE dolEl7F &7 A T Fulell = 1,000 7 0]3<] Gof Aol &
o= FA44 F7F k2ol whet Hao Hr A<lof] sl A7t A AdE TS A s F-Al st ool
olef] digk tigte g dF AmE T4 tid oAdlo|2 Aestgitt. webA, & AF+e] A3E ] EFL &4}
welo 2 ntslelal Mol autE HAFolr] fslA =, 7l EFL 8o A &44 A o] L3tE Jof ol Ao
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HolE1 & FESHE o] BF e TR AT WA o eleh

TABLE 1
Details of Essays and Constructs
Average Average
Number of ~ Number of
Number of e Score
Essavs Words Sentences Construct Description Range
Y (Standard (Standard &
Deviation) Deviation)
The correct use of writing mechanics, including spelling,
Conventions  capitalization, and punctuation, to ensure clarity of
meaning.
The accurate and consistent use of grammatical rules
Grammar .
with few or no errors.
The effective use of natural and varied expressions, such
3,911 - . .
( Phraseology  as idioms and collocations, to convey precise and
Training: :
402.31 nuanced meanings.
3,129/ 20.56 (9.76) £ : -5
. (188.38) The use of a wide and appropriate range of words to
Validation: Vocabulary . . . .. . .
782) convey precise meanings with minimal inaccuracies.
The effective and flexible use of a range of sentence
Syntax structures, including simple, compound, and complex
forms, with minimal errors.
The ability to logically connect ideas across sentences
Cohesion and paragraphs using appropriate linguistic devices such
as references and transitions.
=4 Oy Ao
2 Aol M R4 Qo] male] thak TAH AR Table 2] AASHLE Aojmlo] Ho|ElE B3 54
DS FARES SA5RE AN, AT FHA i Aewon)o] FATE HAL AL R1E
shebv] Ef (parameter)2k 3], AWEA © 2 shebu] B8] 47k S7he RS walo) RAE ) oy 49 5L P
7432 W Qlth(Kaplan et al., 2020; Wei et al., 2022). o] u}g} ¥ Ao 2d 7k vlue] FA4AS FH 3}
a0, Sheblel sk 2 olskA eronl A8 Aol fAE sl dolRde wisel & wang
HEZ BT o] & A A3} FA ol A 24 8] =] shAAIRE, el Al o] 37t el M = stetn| E =¢] F717F

7} 4] ol e A 2 WA ol o)) = ek Ao = ek,

TABLE 2
Details of Language Models
Model Parameter Size Developer URL
BERT-Large-Uncased (BERT) 0.3B Google https://huggingface.co/google-bert/bert-large-uncased
Qwen3-0.6B (Qwen) 0.6B Alibaba https://huggingface.co/Qwen/Qwen3-0.6B
T5-Base (T5) 0.2B Google https://huggingface.co/google-t5/t5-base

Note. Parameter size is reported in billions (B) of parameters.
Olo|BY Bt BE L T YE

AT N BEH B

= Al AP 242 FA3] A FAL 445 L FE BN A= Ak,
wY 7E Y AP By 2 3

=
3t 3] 7 ¥ o] 2~ (Hugging Face, https://huggingface.co/)
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[e]
glol B elg| 5 &gt B E
(Ubuntu 22.04) 374 ol A 43 =]l T}

A= 7§k AojRdiel BERTE SHEAQ g5s S8, 7 A4E AEFste dd AF #olojo
A] ZLELO] E (sigmoid) 5 B9 3} SR A &3t 28 A5710.07) 1.0 Abo) 2 At sk =5 A A Gt o] o
et Ak A A w1 HEa) I ARUGEH) S 7IF2E 0.0-1.0 HAE Brssidlon, 4 R e
A1t Al S X (mean squared error)E AH8-3F3ITE ©] HA M= Bdo] AEst 45 oA 187 53
Aol o] M9 =2 A7 gt shste] Abgt AR deke] A A sk eh v, Qwen ¥} TS o] B2 H 7t AR E
H2E |2 YYste F2E B E, ] A4 Aatst 34 glo] 53 Hre] d¥FE IR S
g8kl olg RS HAE A 7 &% WAS AEsRng, 7 EFe] A FES VRIS R 3=
A2 E 2 (cross-entropy) & =4 $F = A &St Al 7hA] Qo] BLEl B ) Y H o] & S HFol A Al gk
SFTTrainer &5 S A}-8-3}¢f 8455 %1 2 H, 8t%5 E(learning rate) 2} & % 8} ¢+ 11 2] F(optimizer)> SFTTrainer2] 7] &
7 (3551 0.00005, A8 &i]E: AdamW)S 1Ol 2 A 83519tk dojmdl el Fg o Ao]o] $7}
H A A& A8 mgahe], Bdl 8h5-2 5E = w2} 71 F(five-fold cross-validation) ¥4 & &2 =83}t 2t Z =0
e 22 Ho 1500 F(epoch)7HA] ShFEISl o, gt dlo]El o] U&rt AU A ghFate] AA A2
AAMelE AgeA B7FstA Kdh= 4 (overfitting) S WA S| 93 Z7] FS(early stopping) 71H-S
Agsiitt. FAA R, AT £ (validation loss)©] 205 AHow HAeA Fe Y 5 TR
A3kt ol#f gt A& AgtE dHoly A o] Adntsl A TS Ao T Ey] 95k H Ao A
285 A

Ao 2 Aol A AEdS WS s AA s A &8 s E 1

3

5 =
e Ay
= =
== T

2H 5T
AT AN 7HA 7 FRIEE Aol o] Ao o Alo] FE S tA xR A3 9@
U5t 22 &4 B 8tk WA, Adoj o Abek A AL 1] A DA =5 9 7Eek7] 9@l Quadratic
Weighted Kappa (QWK) A& AH&-3I3ITH QWKE A48 52 Ade J7F A7 1] A =g SA s+
AR=Z, Bdo] oS53 Aot Ak A A e ELA] Aot 1L A7]E F vk gkt o2l S o' IS
QWK A 1A & A BAIRES 54 3= Pearson A ol ¥l &) 3 71 2 316] A A A Q1 A X =& Bk oA H
Hkeg s, of| Al o] 7} Aol A Absk AR A} 3 A E = ARSI 2w A Al 2H Y] A s H kel de] &8t
U ow, Qdojrdo] vho] px s sy 918l 72F dojnde] FodF 7S &&aitt R e

EZ d9s FgH doles do] W2 ATt FART AUt =& A9 1007 dolE FE3 &
A ST S, o] 73 A1 S 9]l spaCy ]~ E mlo]yd @ E A2 glo] B F(https:/spacy.io/) & &-8-3}¢]
o o] ) & wrol & Ful 7]k O 2 3EAL B 7 (POS tagging) 3+ % T ©] F- AF$] 1007 wrof ol o] ¥ A} B Z1(POS
tag)S 7] S =2, British Council®] 5+ | 4] £} Nation (2001)2] &5+ A A& #313}o] o] S Table 33 o] W&o 9}
7501 & 75l Th spaCy+= 71421 Q1 8F-AHE RF ob U 2} B 2 5 AKauxiliary verb)2F 7o) 2} tho] o] o] 1] 2] 21 gl Af o]
w2 B 1% AlFSh, -3 2 spaCy 7} Al3-5hi= B 2L Table 30l Al A1 & o] 31T}, o], spaCy+= Yes/No answers S
ZHERAL B ZZ(INTHE F7F3FaL, Ao A(possessive pronouns)$} 7| t ™ Al(relative pronouns)E = o HA}
B ZL(PRON) & -3t TS A3k B 4 o] Al gh=] 2] vk ] -g-o] &} 7|50 o] 72 HAg el A A= Fito] §l7]
w0l spaCy ] B7d A& T &2 F-A8QlTh o] § 7} mdlo] Fxgh Y &of 9 7] 5ol o] vl &5 AbEstal, Bl
kAol & A5l Sl dAufA] #Ak EA(ANOVA) 2 AR 24 (post-hoc analysis)S A ATSFATE 2 7ol A=
ANOVAS} AFS 8498 =3at7]of oA 221 5244 74 (Levene’s test)S A A 5lo] HAako] 544 S 821319 a1,
AFS- A © & = Tukey o] HSD A= 4833l th B8k 5 U gk ol Mlo] & Al 7FA] Ao R & 3 7}sk k-8 vl als}7]
ol H7F Ak 1 594 7Hg o] e A 28 7hedol o] dduj ] ANOVARFS 2= 2El 2t
zkol7F o) FAE 938 S Betaa} oMol & WY & FH(random effect) = E &3 A3 &35 & (linear mixed-
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effects model)S F7F4 o= #g38le] A&t 2 Ao BE FA4 42 SPSS 29.0.2.03 AHE-31
T3 33ict.

npA o 2 Ao R 7o) o Af|o] 7} o] Afo]E Hlalsly] §la] RAME o Aol & 37}0}: 2] N

3t A THS B0k 21 7IHk o Rl AdukA o 2 W dAibo] 7h5 e GPU #H ol A 52 A &

o] A vk A A %6&% ? Ao g o A gt ol <

%!

3]

:L
imﬂ
4 o

rZ 1o e o i

| 4= GPU A4t Al o] -5 9 4] 7F 4 2
UM wS gl A e &8 7Hs S e ste] CPU A4 A S 283 4 9-9F GPU At A& ﬂ%?‘f& s
2 mae) A £EE RE AESI, LD 7 2ol E P F57] A5 ANOVA D AHF A3 HYEFEY 7]
e gl
TABLE 3
Part-of-speech (POS) Categories Used to Define Content and Function Words
Word Type Part-of-speech (POS)
Content Words Nouns (NOUN), Verbs (VERB), Adjectives (ADJ), Adverbs (ADV), Negatives (PART), Exclamation (INTJ),
(POS Tags) Numbers (NUM), Yes/No answers (INTJ), Question words (QUE)
Function Words Auxiliary verbs (AUX), Prepositions (ADP), Conjunctions (CC), Determiners (DET), Pronouns (PRON),
(POS Tags) Possessive pronouns (PRON), Relative Pronouns (PRON)

[

A7 AT Y =0

ZOof O MO 7oA A ZZ I ALE XS Atete| LA =(BFZ A 1)

ATEA 15 A7) A8, E A7s AR vE dojRdo] A= ol Alo] Aok Akt AR HE 7hHe
A X =5 A3 Table 4+ Conventlons Grammar, Phraseology, Vocabulary, Syntax, Cohesion2] o4l 7}#] & 7}
T-Slell sl b Ao] I Absl A A A 21 QWK A& A A gheE A A3}, Ao Bdlof wha} Abgk 2] 4 2pe}e]
AA Lol A F55E 2po] 7} vpERETE AR 0 2 QT -t FE] 7|k Aol E(TS)o] B H7F FRlel A 7H
E& YALEE BYlom, O 5o R fay 7|vk Ao 2 E(Qwen), FHA O R Q15T 7|RE o] B E(BERT)
FOR EE AALEE HATH

TAFeZ, T5 o] o AX == 0.588(F 5%k, Vocabulary)oll A 0.658(F R4k, Grammar) HH =

e O™, 0.417 0.60 AFol9] QWK <=2 ‘Moderate’$t 9] Y X =E K O|:= VocabularyES #|2|3F 2 &
el A 0.613 0.80 AFo] 2] QWK A== ‘Substantial” 3+ 2] A =S B UH(Landis & Koch, 1977). =y
718k Aojrdlel Qwens 0.543(F 57, Vocabulary)oﬂ A 0651(4 o %k, Conventions) H oA RS HolH,
2 E @7} QoA BERTH U= 2 X L5, T5SHU = U2 AX =5 Yelllt) 3 ‘Moderate’ 5& F=9
IR =E HolE Phraseology(0.600), Vocabulary(0.543), “L2]3l Cohesion(0.557)& #|&j3 TE FoloA
‘Substantial’ 3t ==2] A LEE BT} o] HAYE TACOE AAE dojrdo] JIAEE FAl o2 AAH
AojrdH et Abgh AfHALe] Pt AEks o & wdetes A Bo53 s, J13E 9] A7 o] 7t
A AR AL F ASS AAE T ibd, 15y 7] uk 1o 2 El 9] BERTE 0.514(3 42 %k, Cohesion)ol A4
0. 587(-4 ik, Conventions) HelolA UAEE Holw HREH O R ‘Moderate’$t TToll Al Abgr 2| =}ethe
A EE B, T2 A2 v wehgl S v 1 dX = 7Hg soktt o &, Ld—i‘j}ﬂ&é}L Aol dle
S 49}‘—/]:“13 25 &gt Ay, g aurt &8sk Rl v ek gl S ), A RkA o 8 Abek 2 2p o] sk
o] kst dloll= $A7} = A S AL

ol e gt Rl A Y& Abe A qu]'ﬂ g o] o Alo] & A1 A F7F B ol A el st F7F g ) vl stk
Uh-ah ek A8 Aol wEw Abgr R ape] o] ol Alo] 7t Aol = AHQJAAIE EA A RE, ARbA o2
Aol o] HA W-&& 1234 o= ghobgt & g7} e A 7] F 3 AAste] A A g7 & TPt :rLo]‘jﬂ
A4 E A& (Cumming et al., 2002; Freedman & Calfee 1983; Lumley, 2002). 53] 3}1}2] o A|o] 2 5-E &
BH7F RIS ekal|of k= EAT A 7S, =S AHA AR EE Hol &= AFARES TEHORE :ILOJB—é‘
AN 71 A5 JFshe] stk 43S Bl th(Barkaoui, 2010; Lumley, 2005).

=

ﬂl
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olelg 7k 314 & Ts wllo] A olmuish v e ghol o] Foj A WA} o 1 F WAUZ I fASHhRattel
etal, 2020). T5 B8o] QT = WA A7) 3035 Fal ol Alo] ] wrol s 7ko] ejn| 4 7% sholgro A
g e AN Q) V&2 o] a ). o) % Tl @ = A7k FE o Alo] B L v ow, w3k 3ol A
YASE T AN E WA FEan Bed HAE GAE dudos dasje] AE4ow Y A4S
g Pelz QAT olsh Lo PEA 5L A AR A B A b B e FA S neln, ol
vzt Zuk melo] Algk AR A sl 7P e AN EE wel o f A e 5 9l

g0, mn e Quen B8 A A AR Bk 34 vl ask ket 2ok olmy Aw mde
FEHOR 4 YrES 2e e 44 BgolA A s, 28 Avke A4 Edo) ATl Hon o 2 HFS

T 542 AUTHFu et al., 2023; Qorib et al., 2024). °]&= Q1A E-t]ZY 7|dF Zdo] 3} &8 W}
TPA o= ndh= 23 gt o] gk 542 A4 7 A A AR A-ATE A - VS
THOE As Fashe I AR, L A Qwen R AbgE A F HAR 5 A EE A
Ao R AT Uk

2 |o

wpA ek o g2 Q15 T] 7]WF BERT @2 27| Fo 55 &3 ol Allo] W] @oi & 11 o] 4] 37| & fotahe= dlol
Z2HE F 725 A (Devlin et al,, 2019). =5, ol Alo] o] AREAQl W& o] ajoll = 35 Holt}, o] & 7914
AN 71EH A R AAste BUF AgE dekshes 38E FRH o A ol o] HE 54 Al
Aol F7F g T AR SHTE vt 202 & 4 glom, o] & Qlaf 15y 7Rk Kdlo] 9l Tt ST
719k = v 3T 7|9k o) vl sf Absk A Akeke] A et A A o' v YERd o] & AW E ol
Sk, B Ao A= ol Alo] BTl A -t st 7Rk doj R dllo] Abgk 2 xpe] It A S T
ASHAl mALekH, oo whe} Abgh A AL Ak} 7MY 8 A RS Bt S BolErh A o=
Jo] dtd AHH V=S P H 0w A Estal 5= ovshH, Aol A 8- o Allo] 7t 391 M7t
o) AHE AL 312519 w(Crossley et al., 2022) , ¢ 5 0-t] 5H 7]k oloj wdllo] T ¢ Abeh ) H 2}
T dlAle] 7t w8 S dAdeta JoS Holwth &, A A Aot dA ke TEy 7)RE o] R,
13T 7|k Ao dl =0 & Fhaete A HAw, ol 2 doj o] B4 E of & W23 oI M4 Ak
g o] Abgk A Rpe] b A 3 depit frAbgk A o whel Wb A et FEFS whe-S AlAFETH

v

g
to ©

=
)
L
2|

=]
=

N o2

TABLE 4
Comparison OfESSCly Scoring Performance
Model Con Gra Phr Voc Syn Coh Avg.
0.587 0.576 0.568 0.530 0.563 0514 0.556
BERT (Encoder-based) (0.018) (0.029) (0.032) (0.035) (0.018) (0.010) (0.021)
Qwen (Decoder-based) 0.651 0.635 0.600 0.543 0.613 0.557 0.600
(0.028) (0.039) (0.055) (0.056) (0.036) (0.023) (0.032)
0.652 0.658 0.632 0.588 0.646 0.610 0.631

T5 (Encoder-Decoder-based) (0.020) (0.026) (0.016) (0.035) (0.038) (0.023) (0.028)

Note. Scoring traits include: Con: Conventions, Gra: Grammar, Phr: Phraseology, Voc: Vocabulary, Syn: Syntax, Coh: Cohesion, Avg.:
Average. Values in parentheses denote the standard deviation across 5 folds.

ol oMo 7o M AAHEEL| LHEN & 7|50 = S(STFEA 2)

ATEA 25 FAE7] S8l AT 7 Aoj o] ofof ol Ao] 7} Aol A] ol Al o] W /'8 Tol & o u gt
FFom A wASII T EWNAE Y 22 AlE dojRd e QlEH g AES] 7 Ed| T TS
gdets Ao m HAES Fxsin gy Bdo] YlEH BE EFES 5YUt FEoR FEREAE 27
ol d A o2 T E e EF 0 2 Q1% o] 25 A A SR 2 Aol A= BEE TR T A5(0.0-1.005
710 =2 9] 1007 dol & FEste] B4kt 2419 dIAS FHE] fl8l, B2 E A vko] A(tokenizer) 7t
Stte] W& e EZo 2 783 4 9-(d: playing — play, ing), ©| & stte] Woj2 F3tstal, Y ol &
T3t ETEY TR T ATE FAtete] do] @9l FoF HAF= A=At Figure 2+ ZF o]
T T A9 1007] Gojol tig FAHF A& Hdsol AREHE A o Alo](782:A)ell sl Ht ek 2 E
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UERH T} Figure 200141 €218 4= 3)%0],
ol LrebUH, 9] 2k 7071 ©of o] S H-E = A
E o] of Ao] el A eF 507] W] 2] v & &35 H 54
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FIGURE 2
Average Attention Scores across Word Ranks for Different Language Models

B T2, A A ol ool AT Al a2 26E R ol
483 gtk (Hamp-Lyons, 2003; Lumley, 2005; Winke & Lim, 2015). ©] ol tw}2} 1 1o A = 2 dlo] & XL 2781 10074
dol7) Quld @49 FAA Qo] FAHgA o]ust EANS Hol=xE BAstuxl 4} 0]3 A3l A
Avg gk upe} 7o) o Ao] ol A &1 7Rk o ' KB E whol o FAMS B gk 5, o w| A 229 Aol whek A9 10078
Golo] Rol® EA} B2 B8540] Table 3¢ 7] F 02 Ygolsh 7502 RRET. o F o AoHw 7}
B do] oG F e U g0l o} ) 5ol of ] & AE S, BH 7k o] P F57] 918 ANOVASH AP EFR DS
2 g-ot A7}E Table 5, 6, 701 A A8kl Tt

TABLE 5
Results of Analysis of Variance on the Proportion of Content and Function Words by Model

Mean Square

Word T BERT Qwen T5 ® P 5
ord Type B _ _ etween n
(N=782) (N=782) (N=782) Groups)
Content Words .628 .653 .689
. 741 271.670%** .188
(Function Words) (.372) (.347) (.311)

Note. *p < .05, **p <.01, ***p <.001.

Table 59 A A E B}9} 720], ANOVA ¥4 A3} 7+ mdlo] 223 U809} 7509 H|&o|= EAHO R
Fo] 3k x}o] 7} e THp < .001, nz— 188) NEEeRe B4 A3} Table 604 H.aL% = vpe} 7o) o A|o] =
Ao gz xRS W Aol FEe AR 0.002, b %JS 0.001= UEFk o™, o]of uje} 4hE+
Z W73 37 4=(intraclass correlation coefficient, /ICC)= 2F 0.667°] AT}, o] = 7 o] 223k W -8-o] 2} 7] 5] H| &
WHEol A Fo] o Mo] 1k xfole 7]AEE AlALSHH, dAlo]lE qlo] &R EIetE Zlo] BHEEE
ety w6k 2 1 g5 18 S ol Ik Table 67 o] 71 2d 7F |09} 7] 50 o] 3 H| & A
TAHR vJﬁP zpo] 7 gl v o] Bell 5o 7 Afe] n x| = o] EATE Fle vk 1,
B} F-2 F=(small effect, n? <0.2)°)] s Fate], 2} Zdlo] W g-ol9} 7] 5ol & XLZ o}L Aol ZFol=
Ao} 71 FHLE ol A Al FFH L ATA Y THs S AlAMgTE o]l g AuE Ao B Abgd 25 =)o
7} A S v sk EA g ohe- ) 2

WA, Ab AR BE FHF oA M w2 AAEE B T5 BdS Yo s Y 2 v SR
F23831(68.9%), 71501 E 7HE B v ER %io}% FFE1LI%)S B 71 oo 2 Qwen EE (W80
Z v go] HAstal 7)Eo] x
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Hl&o] 7kt A gko] Slx it gk 2l 31 8o ¥ 750 Fx ] & 9] x}o|= Table 79| AFF 4]
Ao A B FAAH S ?l Ao = UESTHp < .001). o] 2]t Axp= Abgh A H A e} Htf %2 FFe
A =& HO]: dojmded 71501 Hl&l] U&ofd g HFsts dIdol Ao ou|git) o= 43
AFNME AAZ FAH *}‘j)f AAATE ofol oAlo]lE EAH R FUESE wf PA A 0 F] FA ofF
AR B ohE ol Alo] 7} o u & g3} o &7 AeEtal 91 %] (Lumley, 2005; Winke & Lim, 2015), Aba2 3 3} ZZ]EﬂO]
F 53] =LA (Setyowati et al., 2020)9F 22 oju] FAlo] HIF Q4o ¢ 2 HFS kAl BalE B Q)

Weigle (2002)°]l w2 3214 g Ao Z o = Agd A - A= a1 sh v Fo] A A FE o A o] 9 Xdﬂ&@.ﬂ
o] ;ﬂ%}é & 13] Al et=A] AFE T4 0 Z kst A Eko] vk Hol A, 2 AT A= Abgh i Aok
FrAeE % Fof dAlol & Hrtete BRYTE 1 AR Aol AA At A A AAHH oS

vﬂwh?%— % A Apg,

TABLE 6
Results of Linear Mixed-Effects Model on the Proportion of Content and Function Words (parentheses) by Model
Fixed Effects Estimate SE t Random Effect Variance Res.ldual icc
Variance

Content: .025
Qwen-BERT . .002 15.685%**
Functional: -.025

Content: .062
T5-BERT . .002 23.119%** Essay 0.002 0.001 0.667
Functional: -.062

Content: .037
T5-Qwen . .002 23.225%*%*
Functional: -.037

Note. *p < .05, ¥*p <.01, ***p <.001.

TABLE 7
Results of Post-hoc Analysis on the Proportion of Content and Function Words by Model

Mean Difference (row — column)

Model 1 2 3
1. BERT -

2. Qwen 025%** -

3.T5 061 *** 037%** -

Note. *p < .05, **p <.01, ***p <.001.

oY, Ngol S A4 o o o] Axet: AoRUASLS At AR A AN HoR B ARYS
Bolu], o] = dlof =l 7|4k eJo] ol o] Hhel A Ul gof FAle] Bt Akl ek ASHE WS ASEA TS
A VR ot} o] el @ sk 913t 31T 7] 4k o} ] 8 H 7} o] 2247] helm rhel A o] 4 e xe) 844

228 A5H 02 NSk A A Y HAL o= AE S BAS T &S welEth e
el 3ol B} A 29 4 DAk, oA Aol TN felsrihe 44 el
97 Aol & ZA HHThI 1) o ek whebA] v o] 34 & ERAE 70 Qo] ] 34
AT AN TAUT AUE 102 AT A FA9E DI el e dEe g4

o

v, #7149 a9le] it ¥4 977 Aa stk

0

=

3%
475

—|>u

CIO{EEE SO oMo 7t Atefl 24: L& H 7SO F2EF

Table 8 £ €101 A2 & A gofod, shiye] sk o o]l el A A Slofio] F23 o

Fo90% e 7Sk AR A Ut Ea, el $3 ol i b 790l Uls) 2 o

ﬂ”ﬂﬂlHMNOMJAﬂ A5t A2 A A A 519 800 o1 ] 4
= go) FAE AY ARAT Bk TS BES] AHF F A5 A7 14 ol WA BaEshar, 24 o] golw
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A3 F7tare] sAle] ols] HE Fold Aoty 7 A-E H2E FJHjE st TS Ao 2 A3 Qwen
dojr e wd ko go|E2 &85 Jejet sdatA B7F A5 88kl Ab A Aot Al A&
0.5 ¢ & AF=319 © Lkl Cohesion: 2.5), BERT ¢1o] R el o H F 2] 0] 7 4= Ab&o] Bl ~E & g 7} o}y &} o] Al| o]
Al WEZE Gd MF golojol os] WIkE M4l HE n#ste] A5 =4 A dA] vhEHEo
LFEFH @ Th( ol : Cohesion: 1.2). Table 89| A] ol Al o] &] & who] 5 7} R dlo] Bof sl o] 35 42 A )& A7)

w2} 39 30%(5770) ol A SH o UER £A5s I(e]: believe), 3H9] 30% Tol= F2 SH 9 WEZ
Fdsty, o2 3Tkl we).
A Zysl A3E FA 5, TS Aol EdS ‘believe’, ‘inactivity’, ¢ 1mportant ‘refresh’, ‘agree’ 52| ol Alo] 2] A

o0l e A, S GEAbsh 2 gl A AOR B FUFE dshe AL nel
5, 6, 7904 FA8 Avhsh AE = A2 G ek o]l @ W5 o Ao]o] FA Wt =4 AR

AHA o7 7)ot QAR Abs G =7} o Alo] A1 A H 7 el A aLe k= o) 1| A v oF A X Shok HhH | fwe,
‘are’, ‘can’, ‘to’, ‘the’, ‘and’, ‘that’ & WA}, B.Z FA}, § 74/\}9}%“) 7ol E oAy ddd = ZaskA “P o n)

kol m) x| = of o] Fof A o= vrof MnbA o & okgl o] Y F & HQITE K3, possiblilities’, exshuased’ ‘ours
bodys’, ‘mind set’ ¥ o] A} B4 @ {rh 23 H}ﬁoioﬂ‘: l\to Fo|Fol @ Eo], on] ddo] Fagh
toj o] @ {5 Hdllo] ¥ aato] el whedetal QLSS S o gk o] 2 g e IR ?‘O] Oﬂjﬂ Abst AH A

%5k B9 QAL AW, B 054 oo 03 WA WAl 4w A4 & Psap
s Eis

sg00, o)z A SHAoIA AL ARAste] fARel /1218 Aoz A 4 sl

S olel O REE AT AL Lelo] ou] F4 W RSN E B DAY 45 550l B
Aol 347 0 E B nela 288 Ak Tel, aren o 28 .joﬂm zde o7 24aA
R 13 ol ol 2o Syl o e A Sk A AAT S slovt 1 AAstel A

A& P sl e TR Fol S AgstA o] Fo & 4 = WH Eol

Qwen AoJEE AA] o] T4 FAHFT AEFS HolARE TS Odoil?—‘.ﬂ__lﬁ] ]OH belleve thlngs’
‘possiblilities’, ‘think’ 5] U3 -golo] 3t Folx= ﬂ?ﬂ ‘EHZ—*.RE L, s, ‘we?, ‘the’, ‘a’9h
7155 ool tigk =g F 9 7]’F7<17} F7Fehe el VERRTE g TS o] = dlo] ‘21‘421:} sk O F E(:
‘possiblilities’, ‘exshuased’, ‘bodys’)oll 3+ FolHF = AR A4 01-93\‘3}. o] 23l 2}o]l= Qwen Ao EE o] A4
A7} T5 A oj 2 dlof] H]3)| Syntax, Grammar, 12| I Conventions2} 7+0] =40y} o] - 7F 14 = HA #H
Lot e FiEs Ak HF A A A Aol vl & QAHE Hol A s Yl o2 A E g i

upx]eto 2 BERT 1ojRE L thE 7 dojrde H]g)] 7|5old FdFete A57F vlad o, 27
Tdolu ou Ao 2 F a3k l-8-ofd EH"SP T T2 Aoz B3 HIFS BT 53], o Alo] 9] FA|
Ay Ado] glar, Friate] ofn) o]g & it ALt W Hx %/‘h g AL, FHAL ol T g o 5] T o]
UL 718t AS 818k 5= qlr} o] ¢ 3k el S BERT doj 2 el o] Gt H7F A7 Ak A A9 =24
Zrolue A3 AdE 7 S AlAFSH)

FeehA, & Abe B2 =Yt 3y 7)Hke] TS5 ddoj R o] ofof oMol & H 78k B A A 52

tsgvto g A E Zdof ns Liﬂﬂ ol Alo] WES Fi3] olslstaL, tl=e 7t 7 91 54 3} ol Al o]
8-S ardoz AZA7= A48S AU SEFo2N YioE FHORE 9ny HARE *d"—*.ﬁi
A stal, 75l E R Tl ‘”/WE Fgote s Fst doS AR ol o= AT
ankl‘%*—*. A BAsh= AL 24, Q1 F -t =Y 7]Hke] Ao m o] Abek Al H zfe] ofn| FA4l A o] a1 FA] A<
F7F Q& 7HE S BARSEAL LSS SR steh velrh, T5 ol Bdo] &8 Ul-go] F4l 9 T«V‘Z
AH = @t SMS dol AA us G &8 shssh AlzZH, A9 74 3] = (formative visual
feedback) 2. = E4E 4= Qlth ol & 5o, ol Alo] Ul Tt T F A5 7|00 2 8 5atel| Al = &}l 9] Zof A
ofm] Aol ;A g7} AEA A H U FIFEHAEA] ABA o2 BolE o, o= S5ahrt

Aol ol vkt F4 FHA 0 PSS o Ro} o} 8 £ 2Yg 222 4 Aeheg i, £,
44 9 F} P AEE Eol TFE gl & FAWFol B A%, AT Bol B 42 BAS] wib}
Bieo] A Qo % AT} ~aw S AT SAFER $E 5 Ak wAe] Y IANE ol
A AR E Tgslel e dasha, A aske AENE P A Rt 288 F . ol
el A% $4 ENE Wol, teeakel A st ol ov) PR A sErhs 494 AUk Al
1 Y4Bt =z 0] A A,
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TABLE 8
Visualization of Model Attention to Content and Function Words

Model-Predicted

Model Attention
Scores
believe Thomas Jefferson is . are always doing get things done
faster and there is possiblilities of starting new things. wait to finish
: i we can finish the same d_‘flL never know happen. l‘alﬁ believe the Cohesion 2.5/5,
inactivity is good only does it give a chance to rest we also can think our Syntax 2.5/5
ideas. We can perfect things we didnt think give a chance to see different Vocabulary 2. 5’/ 5
T5 views own ideas. Maybe taking 2 break refresh memories and remind us Phraseology 2.5/ 5’
important things Woring time can exshuased ours bodys make us think Grammar 2.5/5 ’
little less. fresh mind set make things easier than we thought. Sometimes we Conventions 3. O/’ 5
over thinks arent that big deal and a big part of it comes from not taking time
rest refresh memories. Many people agree just I
do but would also agree taking time fo rest is also getting things done.
is we are always doing we get done
faster and there is of starting mew things. Why should we wait to finish
something can finish the same day, we never know what can happen. [ also believe the Cohesion 2.5/5
inactivity is good only does it give 2 chance to rest but we can think our ’
ideas. We perfect things we think ive 2 chance to see different Syntax 2.075,
- X . - . Vocabulary 2.5/5,
Qwen views of are own ideas. Maybe taking 2 break can refresh are memories and remind us Phraseology 2.5/5
important things are Woring time can exshuased ours bodys us Grammar 3.0/5 ’
little less. With 2 fresh mind set make things easier than we thought. Sometimes Conventions 2. O/’ 5
over that big of a deal and a big part of it comes from not taking the time
rest refresh memories. people agree just I
do but would agree that taking time to rest is also getting things done.
I believe Thomas Jefferson is If we are always doing something we get
faster and there is of things. should we wait to finish
something can finish the same day, we never know what happen. I also the Cohesion 1.2/5
inactivity is good not only does a chance but we also can think our Svntax | 4 5 ’
ideas. We perfect things we think It can give see different yIiax 2470
X . . Vocabulary 4.3/5,
BERT  views of ideas. Maybe a break can refresh are and remind us Phraseology 3.6/5
important things are to us. Woring all the time can exshuased ours and us a Grammar 4.0/5 ’
little less. a fresh mind set make things easier than thought. Sometimes Conventions 1. 1/’ 5
that big of a deal and a big part of it comes from not taking the time
rest refresh memories. people agree just I
do but would also agree that time o rest is also getting

Note. Words in the top 30% of attention weights are shown in bold and underlined, whereas words in the bottom 30% are also shown
in bold and underlined but in gray. (Real Scores: Cohesion 2.5/5, Syntax 2.5/5, Vocabulary 3.0/5, Phraseology 2.5/5, Grammar 2.5/5,
Conventions 3.0/5)

HOf Of MO] E7tof A Ao O MIO] M £ (HF=A 3)

A -EA) 33} B ste] Table 95 ZF dojrdle] CPU M43 GPU &0l A9 olAold A3 £Hxo FHS
A A 8}, Table 90l AJA| € A F}ol wp2H, 157t 7]Hke] BERT 222 CPU 374 ol A 3+ 0.337%, GPU $H7 ol A]
Bt 001422 7P &S A AZHS At o2 1At 3y 7|9ke] TS 222 CPU 374 ol A 0.792%,
GPU 3H4oA 0.181%7F 285 o, tlzy 7]4ke] Qwen BElS CPU S0l A 1.506%, GPU &7 A
07722 7} 21 A7) AIZS BSIth ANOVA 23, CPU % GPU 3+ oA il 7k A4 &9 Aol
TAA o Z o8k A UERTHp < .001, CPUn? = .038, GPUn? = .131). A FEF R &4 A3}, o Ho]& 2
a2 Zgkste] CPUSE GPU 37 EFollA] dlAlo] =2] w4y} 4zt Babe 1889l e uf S A A7t
7}7}0.59070.631 =2 AFE = of B 1F A A &2 W E o] A Fato] dl Al o] 7k &fol el 7] Q18-S A|AFSHH, of Al o] &

B
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Qo) Erhe Egeh slo] B gS WA AT Td Bl 1Y 53k 312 Fol I Table 102 0] 7}
A SEol A AR Fol 3 2po)7h B S AT F71A O 2, Table 119] AFF 4] A3} 3 BE =
Ok BAR R fATE WAL < 000, e, CPUSF GPU 2 nel 3} A1 B
7 <02)0.2 vekh 25 14219 S dholo] A4 R AUAL Ps g A wep o

ﬁl,]_‘— 249 7 A4 &5 ;(}017}574]%0 Fostrgts 1 AdAQ xfol= BluA IA] FE F ¢
SJulshul, 314 A] T2k D asheh olol e clo] el kAl o] A S Aol oY wllis BT
o300l 2104 83, 2k sl A ASEere] 9% A weldhol nek 2 02 ol B Wk sl

At o2 Wl male stetule] 27 FhR4% s Paat @0 7)) 2] ASk7k 59 2| WHKaplan
et al.,, 2020; Wei et al., 2022), S1oj 2 E o] o Hlo] 2| H & == vEv|H & Z]—Xﬂiﬂr}?_ o7 8l Fxo A &
e B 27 g8 it 2l Jlue] BERT R9e A 9AEE 9 vel Ay AOR el
F74H9 A WA 78 @) g 71 whe A 28 Beltk W, Ot S E3HEHE T59% Qwen
Zeo oldx oAo] HAEZEE vmurl #9018 HAS$E SxFo = /@/Ho}‘— T+ZzA EXHoz <l
AR Sk melAAw oAe] Wk AR 9dd SUuc 4TS 2tk H8 Quen oI Ts
ek of Al o] B bl Bl 1 gholl S B el TS R elo] At A HAeh o B8 AR nolthe 1o
F2g qhaie), o] ol Mo Frhst o] oalo] & olshsh Told BEkL FAl] edhE FHelME, Y
A5ok 29 ARE 7 QA Al @ 5 e dmel-vlmy 2% 2ok aY S O mw s Ran
AbeR A Abe] W7 A S Y BabH o= RARES AlAFRIG.

S
Fi wo rt rlo ok pg

= _,
dp dlo

TABLE 9
Results of Analysis of Variance on Essay Scoring Duration by Model (sec)
Computing BERT Qwen T5 Mean Square 7 .
Resource (0.3B) (0.6B) (0.2B) (Between Groups)
CPU 337 1.506 792 272.483 46.422%** .038
GPU .014 772 . 181 123.807 176.757%** 131
Note. *p <.05, ¥*p <.01, ***p <.001. Parameter size is reported in billions (B), as indicated in parentheses.
TABLE 10
Results of Linear Mixed-Effects Model on Essay Scoring Duration by Model (sec)
Computing Fixed Effects  Estimate SE t Random Variance Res.idual icc
Resource Effect Variance
Qwen-BERT 1.171 118 9.918***
CPU Qwen-T5 716 118 6.060%** Essay 0.036 0.025 0.590
T5-BERT 455 118 4.217*%*
Qwen-BERT 757 .042 17.916%**
GPU Qwen-T5 .590 .042 13.961%** Essay 0.041 0.024 0.631
T5-BERT 167 .042 77.027%**
Note. *p <.05, **p <.01, ***p <.001.
TABLE 11
Results of Post-hoc Analysis on Essay Scoring Duration by Model (sec)
Mean Difference (row — column)
Computing Resource Model 1 2 3
BERT (0.3B) -
CPU Qwen (0.6B) 1.171%%* -
T5 (0.2B) A55%x* T16%** -
BERT (0.3B) -
GPU Qwen (0.6B) WAY A -
T5 (0.2B) 167%%* 590%** -

Note. *p < .05, **p < .01, ***p < .001. Parameter size is reported in billions (B), as indicated in parentheses.
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o o ox %
HU 9, o o

o Yo7}, d S5 % 253 7t A 2~E o] A8 (Bachman & Palmer, 1996; Fulcher, 2024)2 /3 3}
84 F o)) gl FgoA v St AAEES AR ) Jldl HIls|oF sk wAbe] o
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il 6304?4 3'149} & %3} = A 7}Fo] th(Lumley, 2005; Setyowati et al., 2020; Winke & Lim, 2015). Z& 1}, W&o 2
7150l [ HlEY BE 3F BAA Zolol et myt A7Vt A S nEEls W, Ao Avs
E"“J AN AR s FAow st goln, o 845 e 744 A57F Bastth A A8

EI

Hell A=, Q1Y 79 Rdo] 7 g A4 S5 Bl o) QlFr-t]ay 7|9 2dll GA] W &7 A
oqsa Vg o] A (ol Alel " CPU 715 0.792%)E FAISHAM L 7 & H7F A S (HAE 0.63)=
A s 1% WA A e Alo] 7het o] H3HA QI o] @ FE = HYolMe, A FF ARt v ES
drsttie §1 8 9 2E olgo &9 ¥ AE A4S wF A AEdhes lar-vay 727 uSH o w o
A Hdeo] & 4 gl &S AlASHL

gdel = Eetar, B Age 2 7 AIE A AA, Al A Aol Shgat As bl &8¢
oﬂ Alo] = m) =k &4 o] 1}/\36& o Alo] &2, U] EFL St5ate] A7) EAS A1 A o0 2 Hidskx| &= L3t} ulela]

AT AE ) 2§ Weto g Ankelsly] 918l s, &5 Sl EFL 3ol A A4 A d o] 3he fﬂ?h
OMIOI delHE 755t o] & 83 $& A7t d st &4, & A5 Al 7 diE A dojnd =
H It o ® Ao, sdg 72 Wl el A7)y AP Sk dlo] B o] Zpolof uhet 37} %VJO]
gt 7S el E““oWL ZAIGATh AA, FolJ T e R R AdS (A 0= AT
A= A o] A °l Aol Zutz Abghe] °17<1 WS A= ghggohal AE8 3710 = s Ao 971 Z a5t

ol ¥ & @ﬁlﬂug?oh, 2 ATE 27 T2 AR S ATtk A, ol 22 S ol A A3 of Al o]
B7F Aol A Aojrdle] A v s do], 2k Bdll ApA o] ek Fo R 5 A o] HIF Ao oju gk FES
A=A E A Aol A el Abg A4 4] F7F ot Blalsto] A3 o m ) o] BEl 7wk 5 7ol v gk
wWHsHH Ay e A S Bkt o] = ol Al o] 7} medl o] g P 494 X 3 &1 5-(Chu et al., 2025; Do et al., 2026;
Tang, 2026)7} ol Ale] U] @ref o} -1 Ago] A4 FA 6 T2 JFH AL, F7F 2l AA o] A A n)
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O LM S8l 20 ATE S AL A9 09 HYA) 20 Fof 2 ool of 113
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