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1.4. 8§19 A

(1) <38 ¥ 33 (Descriptive assessment)

AARoZ =9dF &od Aed 132 o= AE o] A &
el dial SHAZE id 8ok A, AMAe ud, Eo] RS st
T wdS gyt AEFHQA £ ol A Foy, dntygo
9y e dAFERTOE 23, =Edo v e B ] BA ¢
TS AT =S 9, 2007). =8 T3 22 JPA $ES
Agtal= SHol Qlar, =el4 S227]7F ofd A A A A #A
A Az Zolet Yo, AZAAS dAdste €S 9wt o,
2019). ¥ =TdAeE 9 22 HAHS Z2E £FE AP @R
AbEshaL, AbE A B3 WU 3 FPow dAgn

(2) A% A A (Automated scoring)

AFH 7les AHEste 9 Hrhsta AAstE A9Es g
(Dikli, 2006). w53} Lokl A= stAe] F=8) AiEol disf, A3 3
= g AR vewE Sxow HAFYH JdudEss Féll Brhst=
A o] th(Foltz, 2016). Hv= A2 oAM= Aol A3k o H
2~Ed tial] AzF AR A AA F Oa‘l"% EE dAE Assteta

s

A s AT wokz AT 5 ATHHE

(3) A 3F Al(Generative Artificial Intelligence)

T HolHEZRE MEZE =g A= AFAT A"
olml gttt HlAE ol x| Fof F= T thFe JH O HolHE HelYd
Zles T S REE bgYd Fofe] €851 Tk OpenAle) A
Nekek ChatGPT, Googleol Al 703t Gemini, Microsoftoll 4 7iik3h
Bing, Meta°llA 73t LLaMA, NAVERe|A 7|23t stolH{E 2w &
o] Aot & AT = ChatGPTE ol &3t e g2EE F435H%
t}.

o

O



S
(K
il
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N

Yol

S Wit <ol mwel 4847 49E 2q
E

oy

(Prompt Engineering)

o=
oX,
ot
o>
—_
i
)

I

A5 A4 98 HAES ZETE(Pompyetn Bk oW LEZ
£7b wete] gl WasH dAvt EdHE 5 o AALSE 44
Ale] 4ol AABAT: o YA AHY A LFF Aol HHo 2
e MHEE At ZELES Ausat AL LEZE AA
ojgoleti @tk ¥ AFolq tETor AT WYY AlE o] gkl
A4 AR PET oF THZE THT W HiE B wpgel A
EEZE UAQ Aol o] FolAt)

(5) 2= ©] Z(Graph Theory)
Sy AFYH o aYE FRE A Eokolth Y ==
(Node)®} ==58 dZAst= HA(Edge)oz 1A EHY st FAE

mdeste] Aatr] ¢a LeHh AFH FeHE doly Tx, &
=

(6) o]¥ 28 = (Knowledge Graph)
I E o] FEo A F e EElE HFe=E FAdE s e 3

GEhlE 558 §99 adzelvh U AF W)
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2.1. A<3d E3(Descriptive Assessment)
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7HTeacher Observation),

E

i

2 A ¥ (Selected-Response)

g Jl+o
7},

22!

FEZ

3

R

<
T

E

Ry

(Constructed-Response)

3

&

A

T
T

tH(McMillan, 2014). Laverty

Eis

3}

o

] 2 (Self-Assessment) &

2-1D).

-
It

(I
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[ 2-1] 293 #3374

Constructed Response Criteria

1. Question gives an event, observation, or
phenomenon for the student to explain or make a
prediction about.

2. Question gives a representation or asks student to
construct a representation.

3. Question asks student to explain or make a
prediction about the event, observation, or
phenomenon.

4. Question asks student to provide the reasoning
that links the representation to their explanation or

d =39 7]+=(Laverty, 2016)

Selected Response Criteria

1. Question gives an event, observation, or

phenomenon for the student to explain or make a

| prediction about.

2. Question gives a representation or asks student

| to select a representation.

3. Question asks student to select an explanation
for or prediction about the event, observation, or

| phenomenon.

4. Question asks student to select the reasoning
that links the representation to their explanation or

prediction. | prediction.

A9y £33 Aoy, J19Y, 948 23S £Fsk=d], Aol A
A, 284 54 Ut FAAY £ SEAE gdE AFH vE
ofof ef= TR AFAOE AR FYPE F ATt AA. L&
st #> 94 876t 49 dH NS s 9 FH 22 refre
ot (Brief-constructed response)©] Utk 4. 7FeF3 wotw ol Bxs)
o FAA] ZEd dE a8 AEES Afste g 3ot
(Performance tasks)”} AR, Aoy A &3l

=y ow w©ets AAdsts =+% H7HEssay tests
T ALY 9He T8 dEder =Asy EEd

questioning)°] At Yo FH = St AT,

y =
7155kl stgAtel 5A4E ViEste WMo, XEZEY S SeAvt
2aw gy e VIEstaL Frhehs Wi eIt McMillan Shsy 9]
3 (Target)E 57FA(Knowledge & Simple Understanding, Deep

Understanding & Reasoning, Skills, Products, Affect)® AA3sta &
of web A Hr e AREsioF v FAEAET. 7 537}‘:’”?3‘4
0 57hA ) g Baotel AFAL 164 H 5714 5744 wAlz
ststo] A Al A T([3%2-2])

_12_



[ 2-2] H7F 94 531 A ¢ =(McMillan, 2014)
Assessment Methods
QT
» O o)
© = | m
Targets 0 g §_ % Eé 2| S| = 7
B2glu|eF &38| 88
B o= [} — | 2| 24
o= o s 0| &h<
o = o
0 o3
Knowledge & Simple Understanding 5 4 3 41 3 3
Deep Understanding & Reasoning 2 5 4 4 | 2 3
Skills 1 3 5 2|5 3
Products 1 1 5 2 4 4
Affect 1 2 4 4 | 4 3
WA &% (Benjamin Bloom)& 19560 & H3xE AAAO=E
BRetn 4osy] 9 ASEFZEFAAS AUt WS 5o
Zxg Wee o, wgAYH P PAe 2AG) A8 AAA
9 (Cognitive  Domain)el T8-S 59 A2 (Knowledge), ©°]3

(Comprehension), -8 (Application), 4] (Analysis), % & (Synthesis), ¥
7F(Evaluation)®] oAl 7FA] @A E A dtH(Bloom, 1956). ATk o] &

gk A A Al ZtE = A Gl A= Al A Gl i A

7F dAa, EEe uS HE3x EFAAY EAEE Adste 719
(Remembermg) o] 3] (Comprehending), 2 2 (Applying), WS
(Analyzing), ¥ 7HEvaluating), #<HCreating) &2 +4H AuSExH

FAA7E 57 H(Krathwohl, 2002)([L#3-113).

3)&#: BLOOM’'S TAXONOMY. UNIVERSITY of FLORIDA. 2024.05.23.

https://citt.ufl.edu/resources/the-learning—process/designing —the—learning—expe

rience/blooms-taxonomy/

_13_



BLOOM'S TAXONOMY - COGNITIVE DOMAIN (2001)

A
% J A CREATING
9 E.‘q 4 . Use information to create something new
o v r &
& £ 4 b
Tz i - _EVALUATING __
9 o 4 . Examine information and make judgments
IF
ANALYZING
Take apart the known and identify relationships
A ..
o g Use information in a new (but similar) situation
o 3
QL UNDERSTANDING
5 =z Grasp meaning of instructional materials
2 Z
QX
—_— Recall specific facts
[29 2-1] Bloom®] AW &5 F 3 7F3E(AA4 F9)
McMillane AW SHFEFAA L ‘ols’s Tk olaf’ok ‘4 FH
o' MEEHE F g Fe FEA Y @A AAe] 5L A
A 1 5 A F=d J7F Ao #dAE (2" 2-2]3 o] A
A (29220 E @ FFe W7t fFel @ K AA FFE
FAAAY, £ o2 Wb 52 e delx g g AX FE A
g e+ A AL & dee ¢ 5 A
— 14 —
s 4] 2 ) 8



Knowledge

Simple Understanding Deep Understanding

i
&

e

Cognitive Level/Levels of Learning Outcome

Level 1: Remembering Level 2: Comprehending | Level 4: Analyzing
« Recall ¢ Interpret + Organize
 Recognize *  Exemplify » Distinguish
« Name ¢ Classify ¢ QOutline
e Describe « Compare e Transform
« Explain ¢+ Diagnose
e Infer * Deconstruct
Level 3: Applying Level 5: Evaluating
« Solve * Critique
« Apply * Assess
«  Modify ¢ Defend
« Demonstrate * Justify
« Employ * Appraise
« Calculate « Measure
* Generate Level 6: Creating
« Plan
+ Generate
+ Produce
+ Design
+ Construct
* Compose
Supply Type Supply Type Supply Type
« Completion « Completion * Essay-Restrictive
« Short-Answer « Short-Answer  Essay-Extended
Selection Type Selection Type Selection Type
« Binary Choice « Binary Choice e Multiple-Choice
« Multiple-Choice « Multiple-Choice * Interpretive ltems
¢ Matching Type Performance Tasks
+ Written
» Work Sample
+ Simulation
* Project
[Z2% 2-2] 719, o8 &3 B7F 3¢ @A (McMillan, 2014)

212. A<3 F719 qdrg =9 284

A %38 ¥ 7HDescriptive assessment)v A=3d T3S &8st 7}
A7t SEAY FASAY A& Aol & B e s
2g FAstE, o] &olv AAHow =9dF ot wkA AM=d
w3l A9 ABAA w3 Eiol EFEHA @] wEel, oA ERFe
BA4 487 BAS WEE st 1 24 A "Havt gtk A%

_15_
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Fs 2dAoR FAdsA HrbstEE A v g9 Afre fd AH
& 38 Mz of g} (Thissen, 1993), F +&9 Fd& &9 g+
EREFAA T 4501, oldl, A&, +A) 999 AN LT F
Fo 2 =4 JHssltds B (Kastner, 201D % ok AAZ ¥ )
cls wEA AT 7 do] wsPAFelAE wH A AEy s

5
of =& 7] tH(Bleske-Rechek., 2007).

4
SAw AeEd Fare stae] FoHel ofoltolel AlilE X s}
o

, T Aol HAR s AT
st SAIE o] EAS TS, 2019). vHA AMed AUE A &
o] ‘=3 H7HEssay tests) T AlgtE == (Essay-Restrictive)
o2 5T 4 Auid, [29 2-2] wt At AFH olI'E 3
7hst7)oll Ageitt. A=d Hrkes &9 54 w4 E #FS o A
Alsl Ao s = Ao S5k Jid ol A xidke] &xpF ol A A
Hrgse] ARE QA 2 Fo] ARESS A W 7 ek A
He TG S €852 E AtasE FXATIH, gas At
5 B e ddsied 2850 g Wstel a3 (eilgE, 2019)
ol x| 2jeo] gl o] E Hol FAo] FA A M A&, A e
2% T89S 4" Fol(urEd, 2019) HHA-Fo) A B A Aoy 1
LA EAY, EAMAY, oA sE Y e 9% wSo| sHeett
(BFaled, 2019; =F&<l, 2022). %3 ws A5AH(Lane, 2004; Shepard,

2000)2} At ¥ #F<=(National Research Council, 2012)2 ¥}3+4
Argo]l HetusoA F8IEE A TS, FAF £, A9 dd
2 Y HbE f8 Aed b E4 ot (L, 2014). F7FA o
2 SFAES A9y HrlEog Nedy HU7HE d4ls] +4]8HL(Snow,
1993), 54 ¥ wA=ER H7td A vE FF Hrbd AHS
zk= Aol Eol9lg WS 4 Qlth(Lissitz, 2012).
=, A9 Hrke A s dNAN FasA AL EE AdUd £
o]
=

)
s = B2z}

] LR Z T |

o] 574

AN
ot
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2.2. A5 A A (Automated Scoring)

A R s I e s I

Jjo
el

ojn

Er 744

4 BERE A AtH(=23], 2016). o] <t

(Essay)’e] Aoz ‘A

(el Al

g

~
file)
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OllI01 RHSHH
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=

O SES
o

(=)
jum

47|

N
W7t Ot &HA AFEl(feature)dl] 2715104
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FE =W 29 =S FAAES AASH. BEe A AMHPLALAE
g & 7] wed, A7 2715FH A7 A AEdES e
Aol F8 FHAoltt WhH T]Edfof 3 a4t SH WA Eo] Aghy o
U AMeEd TS AY 845 AT 7 A, A=y Hole A
AeE THOE Fv 549 Zo|tt. & ATl Hire #E, 3
e 53 2ol 54 Aol e g el g A2 = o]
Foe Hrkslr] A AN Aed 23 dE oE Aol o] ¢ gt
T2 dodHAgNA A EH(essay) wFH FRESI UE& 7IRE &3
(Content-Based response), @93 3 (Short answer), NW3&d 3
(Open-Ended Qustion), A+3 3 (Descriptive item) & 2% Ut}3sHA

M=o}, SciEntsBanK, Beetle, Texas2011, ASAP-SAS F& A
TR HolH AEE vtg o R ©eks AsAAer] A A7 K9
3 glth(Haller, 2022). W& 7]wte] AZa14 ko= AE7HaA}) 7}

Aeg wekde]l  FAM S RtRoeR QA= FHxE 7N A

_
il
=

(reference-based approach)(Alfonseca, 2004; Nielsen., 2008; Meurers,
2011; Sukkarieh., 2011; Horbach., 2013; Pado, 2015)3} <1zF x§% =}7}
Adg  AygE olgstd EEESE  FHI}= &H 7N A
(response-based  approach)(Mohleretal.,, 2011; Dzikovska, 2013;
Ramachandranetal.,, 2015; Zesch., 2015; Zhu., 2016)7} < tH(Madnani,,
2017). AZE AHAZE A dHolH7F sttt S 7k A 1y
o] g%7l = o (Sakaguchi, 2015), Aus AH 7|FS Nt o
o

B4, AF Ao Fe delHE SR HashE Lo @A

i

2.2.2. A3 Al(Generative Artificial Inteligence)

A}3) o] theFsk Hofo A QAFAF(ADE &&3 A+ FHEH= T}
£, A3 Al(Generative Artificial Intelligence) 7]%9 73S t}oF

S Aok HAHE ETE AMGH I itk WS RLoplHE g

Wolut W& B Aess BAHNM EFRAY ATE AgEE

¢
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kel i @ds] AFEI JUTHE AT 9, 2020). Gonzaleze AlE
7 &8 & v Fobrt ugolgtar web, FH & (Tutoring), %7}
(Assessment), 7|EHHo|H #8], ETuS 5)2 2 WHS AASIAT
53] 7t FHolA Al= 79l 25 e 2 3= (Dai, 2023)3 $H
I, A4 HrtR FgFAe AFHE ddcte =72 AMEE S eSS
AF 3 (Gonzalez. 2021; Jeon, 2023). =4 =438 H7E A Fd =
Pe v dyH = TAEE AHY AlE £ AFAH VENEs

g3 efAste = Al=TF o] Fol X oL At

ChatGPTZ ¥+ U5 92E=Z AL gh5d A Al= U
g Aol 2 dl(Large Language Mode)Z &2 #edo] Az = A 7]
sol Holurh AMEAZE AYS 8 s H8 AAdske ]
ZEIZE(Prompt)etal stoh, AAAE Al ZEIZEES
of Wiy =& AINES whEkele= sty ERF ) o|H. o T FIZEVL
Wefo] ol st AAI7E 2FH = 5 F AAEFE AAE A
Aol HAsHBR ALEAE A4l el RElo o] T
AxE adste] THEIEES Judtels o] g, o
E  fAA(Prompt Design) E& IZFIE  dX4o]
Engineering)o]gtal 3tt}. F fol&= ALExIo] HHo] ulg} AF-Hoz
oF7kol Aozt o, s A o ©
1 FdFEHY, TFRIXE X
T E 2w tist X FHo] AlekE a1 Y (Ekin, 2023; Bsharat, 2024).
o T M '2nEd AL Weirk Ak At AlE
(Chain-Of-Thought)' o] t}. Weits tddojrdo] oA =L Aluy}g-S
ZFEZEC O]Eﬂﬁﬂ—zrb A7kl Ats S E8ste] 1 ATE T
Ads HREIATHWei, 2023)([2 =3D. ol AsAH FHAdA =

=<
T I O D)

I

L 2
2 d
o,
o
(0]
e
re
-4
k
i)
(i3
of
rN
o2
i
9
(Kl
i
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Standard Prompting

Fa Model Input N

Q: Roger has 5 tennis balls. He buys 2 more cans of

tennis balls. Each can has 3 tennis balls. How many
tennis balls does he have now?

A: The answer is 11.

Q: The cafeteria had 23 apples. If they used 20 to
make lunch and bought 6 more, how many apples
do they have?

-

‘Model Output
A: The answer is 27. x

[72¥ 2-3] Chain-of-thought PromptE &

~(odalinput )

—\°

a

Chain-of-Thought Prompting

Q: Roger has 5 tennis balls. He buys 2 more cans of
tennis balls. Each can has 3 tennis balls. How many
tennis balls does he have now?

A: Roger started with 5 balls. 2 cans of 3 tennis balls
each is 6 tennis balls. 5 + 6 = 11. The answer is 11.

Q: The cafeteria had 23 apples. If they used 20 to
make lunch and bought 6 more, how many apples

do they have?

J

n ey h : They
boughtﬁ more apples, so they hava 3+6=9.The
| answeris 9. o

)

FE A 45 P

of| Al (Wei, 2023)

223 ATAH A7 vF 2 FAA

As A ok A 271l dole AeE Ha TaxEE HUbeE
A VIHer AHE v ol VIAE SEAA EFskE Wl
Sl weE A et ATl B or Ao Aed £3

p

P 2A A AdS

regression) == A XE WEH WAl (Support Vector Machine)¥} 72
AN AEAAA = Z|A7E DA
gt AdeAAT 7IRke] " d(deep learning) WHOE U=
FojHol A ApE A
Grader(PEG)Z Al 2FE A tH(Ajay, 1973). +=2 &

A o]

| ] aled

(Haller, 2022).

L
=

o] o] Alo](essay)E =X 3st= 7

3l7] 913k i3k A G- (Automated Essay Scoring)”}
7Rkl Pearson, IntelliMetricE 74
Rudner’} #|¢t3t BETSY (Bayesian Essay Test
WA g 29 AMaEd 'k o

, Intelligent Essay Assessor(IEA)E

k3l Vantage Labs,

==

ATt 1 =

Scoring System)-s ©|

44

(machine learning) ¥,

Gol o Aole] A

2rs] AP A=l

&l

Agste] ZA2E 3] 9] (Logistic

PN
T

196613 Al 2¥ Project Es
A7 =0l

L‘E’:l
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Ad  EdEE ETS(Educational  Testing  Service)”} 7R3k
E-rater(Electronic Essay Rater)®} C-rater’} thx %ot} 71 5 C-rater
S 9Ed 9@ds AAste EEE SHAY ©Heks Ao ARE F
3l =ste FHE vkt A" A9 grE A E ddstEE
AAEel wHEe oldf AxE HIIE F dv ZE 1 oltH(Leacock
,2003;Sukkarieh, 2009). ©]2]3F C-rater= 7|72 NAEP(National
Assessment of Educational Progress) <=8t3} &4 =2 A]&, 2lt]ofr}
T 118hd o] =3 AlPelA AFEH7IE k. o]fld e thd F&
o @ty kS Hrketr] o1 AW VA S MRS Alks A
(Nielsen, 2008)4 5 7]AIsts 7|k Asalde 8oz =g
wel  woj7tek(bag  of words)S WI® O R SVM(Support Vector
Machine)& ©| 83| 8t%¢ SIDE =dS& Aletsl AW (Nehm, 2012), IBM
o] A AZEd 7] SPSSE o] &3te] He BAEE FAE 9
Al golE AWEtE A (Weston, 2013), 2efelo g ALg 7153k 3
2o digk §8= SH AMH AFHE o] &3l gFAZl Ed EvoGrader
S Altel= AF-(Moharreri., 2014), 145 ¥ ©@o] n-gram= ©| &3] WH
sty ©@ehs oe] ZA Y 39 Bdld SFA|A olE AFste] v
2H 7S 83 A (Heilman, 2013), @] dWd 7]&S B3]
af Ad FEI do] dMdS Adste WHoE o] stgs AR
A (Roy, 2016), B2=E FA, A3 fA%, &4 9v] FAE, o
8% 59 AAS dYFY~ES Extreme Gradient BoostingS A& 4l
53 A+ (Lukas, 2019), MOOCelA ey HAE AHdS 98
Word2Vecs o] &&l duds doj=o] 7tex& ti-idf= AAkste] @

ok

of\ ot o

QI¥Yg2ER B7F3 A3 (Kumer, 2019), stA¥ mdo] do] g% F=
ZIRko 2 dlolE wholy ki, SHAHHYL T FAF @ehe Fol I
=S AFshs WHS AR A (Suzen, 2020) 5o Atk AF4A
WS &8sk Jded 7)ol B yEhd s Wi AEE
RS FUH UESA HAS o] &3ttt B2 =52 o|Fozl ¢y
5, YT, 28958 83t =4 Jhee wEsE FE vAY #
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o
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(m
=
[
e
A
—
B
=)
%
o
=
8
)
ey

] =]
T7F 23] A E it Word2Vece, Doc2Vecd} #& Rd e tiitE =
HAgE S5d dordE QR 7ot 7hsA 7 2 dolE Fold
71% 9ok "HeEds &83 A+ CNNY LSTMS Z23AA @9y
s A -] Ades vastE AT (Riordan, 2017), A2 F&3 LSTM
SFa A2ste] Rdo Aee US A2 A+ (Saha, 2018), A&
Adold A (o] F, T o] F)& EFste wolE dug st

= H o
LSTMS gHAIA HFH 33 #oF Aed &3S AHs AT
(Prabhudesai, 2019), ¥d¥o]E gojz WMA3te] BERT =Yg o] &3
A= &553 A (Lun, 2020), @Sz 9Eo]  Jud gk
Word2Vecs 7|¥to® @9 dudS & g@ete A s 3
7}t B9 Sent2vecs A¢Hst= A (Gomma, 2020), 213 A oJsk zf
A3 Word2Veclo. 2 s ©@o]& BERTO FHFAIA Aso=z AH
sl wdS Aekst A (Beseiso, 2020), AFS} &4 w@ebs olud &)
o WME A7t HALU HEE LSTMS ssAl7 9ud FARE
T3 5 A HE5E vkgkels MalSTMS Aleksts 4 (Tulu, 2021)

=o] 9t}

g SdTE FxusAAGridea FEs sy Zzad
AT7F MaE A vk AR (2008 574 KB dAES £ &
9 FEoz AMAT + v IntelliMetric ZES A, YAAME F
ot 28 7tede =AY =2382016)= w4 W dole TorEE
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FAFS AL BAE F, A ARARE GEA7 oY BFE
o B Fitel BY £F A9Y IS AN F dE
9o AGHLh ol B FEAA o FW g AW ASAY 2
2R, @30 Gerg ARYT AN Aol N YA A

Ak AolA U ATl fFelvi FAe G G4 were Ad

.

o] Ay HAAHLE AR F o= n-gram AEE A Logistic

Regression, Nearest Centroid, AdaBoost, kNN, Random Forest, SGD<}

A BREdE AE BAE gAY e 288 1 ¥ e
o

=
PREDS 2gste] urh AHA Be BRAVE HS54E T
X

(Document-Term Matrix)< ©]-83] 38 oA M=d] ¢S A
AR ATE 22 A% AF7HA ST - Ao A Ths
Ae FraEr] 9 dd 2Y2E SFARIHR 2 EF EIS 5

A= wEe Ag T

ME A7A FRAMNE AFALA F AF7h B o] FoiA
ot W 2019)0] FEF A A-=%d Taro] 80| 2ol

=
i, FR g oAlel(227]) B AR, 2021; F319, 2021; ©]

a9l &
2, 2022)e1 B Aa7F AHA v =delA 2HE BEaL 3
= WE 7l A A AT At S mAlYd e 283 A7 dAE
of @t ZHAE T H dEE A9 ZA FARES S AA
3= LSA WA S zljtsts (845, 2005), 71H=S Egste] =
E, =% A2 5 AAstel 24 uF-(Decision Tree), Maximum

Entropy, Support Vector Machineg ©]&3] 7]A gy EF71o 283k
A3 AR, 2013), AAAdE Jid EEol FAES] Heks AAHs ] £
& sharo] gebs VAR WMd H EvoGraders 5AlA A A H
Ve AS Hrtsle AR, 2016), 3170 et A&Ed Hrb &gl
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A A s AAF A =9 A RS ALE dAste] F
T oREQ Ad xHUzEe FEAR AN, 2019), T Hetl
A HEEH o R yehtes golg HAgolm HdAste] olF Jutom ]
A gt AAe AA ALE Fopst ACH“ Alestes 4o A3
A= SAAL AP A (3Rl 2023)7F vk A H o2 = ol A
Helde 283 A e =2, 2 AdEs z%—}ﬂ 5t S50
sHE e Med 7 d3E A ATRNN)Ol Stz A5
Al 2B TNke] T2 olyy StAlEel ¥ Od Ee

t}. ‘%‘ﬂ]fﬂ ) H]O]EV} ol da” 7] o] rdstil EdAE e}
% wdo]l ¢L st Al9] &Y Hokol Ao

Language Processing) 7|<©¢] W|¢F¥ o5 wutkalt) o] &
2 x5y E YA S Al(Generative Artificial Inteligence)”} 533l A
48 Alx= d=e] H2E HolH & ghF3h Abd gad Rd=E RS
shro] BAgS AXA EAY #lM Z2A(Fine tuning)S S3l Ad =+
2 8= ¢ Adr} ol ¥ o] R (Large Language Model) 2]
Abdol Al H HA FAsHS atgoRr = A, olnA A, S

e 5w Fokd oksiAl E&stEe A del AFH
(Kuchemann, 2023), AF& A4 A+ =gk @ds] M= Qloy oy A
olrdle QEret ofMg xd 9 Wy Fad 94E Adste] HUt
2 yERS 93 AFEst E4= AFEE & Adu(Ee e, 2023)

g do] =gl w3k gdeld RYPoln=E Heds 83 d7E &
T Aoy B E=folA AxE e Zast B HolEHE 83HA
v As & FHoeE AT o AAY AlE S8 AsAFeE A
A Rt A8 AlE E83] W& 7N AsAEEs g A
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M= ChatGPTE ©]-&3t
Awskel ARAns v
1

of AFH T Rop AWy AF A
! [l

x AFRE 3+ A7 (Pinto, 2023), SHAl <
of Zdo] gl AMAL FF9o o] Al Het 1 FAEE T3 A=Ed

oFS ChatGPTZ A A3t A7 (Schneider, 2023), ChatGPTS] 27}A]
Aol el vhFe Eok(e s, =8 Aedhe Aed w@ebs AR
7=, dAlE FostE dAk st v dA7E e AZAE ks 27
|2 vrel 2 4%S 7 A (Chang, 2024), GPT-45 283
A AR7IEs AAPstES ZEZEES vy Aed 3 AsAA

A5S H7sk o+ (Jiang, 2024) S°] 3

5

A Tl e S SAAG YA E IFA T AL A
7 Az £ 4 28 vl gFA(F S 2023)' 94 ChatGPTS S 33
7F &g et digk AFE Jasd T %3 wdE vlEoew Huk A
oA MY V|es T8t AHE =Esta Aol Ui wAbe] 14
S AT @9 stwe] F=aHt AMEse AT FARS FE9 87
o] ¥t My T3S Azsta, WA e A VS A8 AY

ChatGPT7}F A3 A4 7]£& "E° ChatGPT7F gAE2 S9-S5 A
Aete s .

ME AFAZE ChatGPTE &8st H7b7 5, oAl §@ehs s
of MAAE AM-=&d Frt A34E Hrre dFAY, 2023), FHH
o2 Medg Frtol AFES AL oty u, F FA g A
I H7t 715 ChatGPT= B7He A+ (Edd, 2023), 33 ‘&E34
EA Eokol MEY FAE ChatGPTE o] &3le] st d=me A
Asle] 1 ggs A AF(HEH, 2024) Tol

o}
H

o~
=
e
=

ol meld g wEow MaAdTE AEF Qo] e
AR uee [® 2509 2
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[3 2-5] A4 7led W& 7|9k AsAd A8 A
e H ey
T A o] | ZEadd A FEHHE
Leacock(2003)
Sukkarieh(200 C-rater oA g, ov fFAFE H7b
9)
Wz A5S S 7R/
_ SCIENTS A A T_r
Nielsen(2008) 2 d(SVM, Tree, boosting,
BANK _
ensemble) 3 7}
n-gram WE3I}E E3t
Heilman(2013) ETS . .. )
logistic regression
Nehm(2012) SIDE SVM
o] o] Modeler
Weston(2013) Text SPSS "l ~E 124
Analytics
Roy(2016) logistic regression
AN EY A~ E, Extreme
Lucas(2018) ) .
Gradient Boosting
Kumar(2019) AutoSAS Word2Vec, AP XY ~E
Hd2E vlojld & F3t T 5
iRl - °
ay Suzen(2020) to] 2= |ul Ze] e
Moharreri(201
4) SFarol EvoGrader Naive Bayes, SVM
314(2016) |
—% o
LSAE o] &3k ©ote] FARSI
A 45(2005) A
TAE 54
A9 e, WrE 2d A4S
3 4 7H(2013) ¥ ,’ t °
s A4 Ui, SVM
7I¥E =3 oFE F3
123 (2016) I o o
=7 5y g5
Sl o] A" A=) EA
& 114=(2019) WA 1 oo wWE WAYZYAE
wd g
o et SAe =
3FH147(2023) SAAI Ao E 7oz 3t
H| 2| &= 8h<5
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A -to] PH S o] &3 W
u}3£ 9] (2023) 1 °! - ]_° )
U 2E, 3HAEY S5
LSTM¥ CNN<S Asgtsh
Riordan(2017) ) "
A 2d
Ad FZ3 LSTMS AgHs
Saha(2018) i b
W
Prabhudesai(2 o] g 2 AojH 2AS
019) Zlgro g2 LSTM &<
o3 Word2vecs 73 @9 =
Gomma(2020) 8l Ans2vec ) 3
Au g = shey
AA35E 2 A 3 Word2vec & &2
9 | Beseiso(2020) g o= BERTZ
9 g%
el gy F wEE AYS
Tulu(2021) MaLSTM | °
7lgro g2 LSTM &<
o]
Lun(2020) o3 o] BERTX 2 Fine-tuning
3
tojd ol AE Hoisg)
a4 7(2020) | &Fo) o
=3 A 4 " (RNN) 8ty
Lee(2022) O = g Es
S 2] A (2023) St HA AL (CNN) o2 5
1) 4 9-(2024) | $H=ro] EdAxw o7 EHH S 5
Pinto(2023) 3 M AR AEAH
Schneider(202 | =¥ o
T} o o Al 3
3) ’ 05101 1:1?1'2_1.'4 ‘ITA]'O ‘107]'
A= ARk DA 5 21S
A Chang(2024) of P —
& Jiang(2024) go] | ChatGPT | Zz5=eZ W3 A543
AL w2 5 (2023) NANE AQ D AEA
H7V71#, dAEet A @
30 -
37 1(2023) 3} =t o] 2% 2}
6] 71(2023) ol o o o
o F7F 2 =
71 % E1(2024) el s 27

Waey vlute] BREDS spdt ABAH Jee AU A
S e}

R =
Aol ofFolxe wW A Ay sfHe] &oleta AEshy £F EEE
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7] wZoll AREAE #8 Wk Fgrolth, b obule} ChatGPTeF 2
S BAE AZF Alwsts ve=we =9 AFsho A wAbel SHAjo] o gt
w7 x] 2 o] glo] UAwnksl®E sk wERsa(ERlg, 2023) ¥ =wlel A
ol QIZt A|AHAI AFd= 2 Tttt EARE A7]"E v (Dai,
2023, F 5 2023, 49, 2023). tHy dof RE(LLM)> AATo = v
2 AR ThsetA Ry, I7ERE e Y B x1de] Aol EAE A
2 AT A3, 2023)7F 7] wEel] fHds] & & gla
A AAAIE G o] EA8) oF gk (Schneider, 2023).

rir o

wepd, MaEd ABAH 715 BFE 4D FE29 gL dolgE
Baz ok WA, HeY AFAY /&S Be delHs Aaw &
o, A% ARE el olhe el @A, A4 AIE ol 8% A
FAH 1% AR Yol YA %3 THEZE Y| whE WE
gol ade Aol @A Ak olF FB&Y] A% ABAY /&S W
3, B 9, $9A, doly ol FolwA gx thd Fokd 4§
g 4 Qe weHolm Awsty mdolofol slu, AWANRE AHEAL
Al noFsue ASE F JE B FRE 4B
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2.3. 23 o] & (Graph Theory)

gz o]B e 8 2 < (Leonhard Euler)”} 173610 W33l o]
2o s MAE =il A wE =E(node), A EE AA Alol
o] AAZ AystE HA(edge), ==X =22 JtE HAE9 HEel
A Z(path) & FAACH[ZY 2-4]). 3, AFE 743}, AE8F Fofo A
thFst BEAS g px2 mdgsie] 2ty Y deE <l
J UENS, a2 45 ZE, doly Tx, duels, dolE Mol
YEYA 33t Sof] ggy=d, 24 YEYA BA FHA 28 240
Ay 5o AFEHV|E g B =R e 1 F o]i 17 Z(bipartite
Graph)& ©]-& 3t}

el e2
ed ed

(19 2-4] =E=(v1"v6)e HA(el”eh) o=
o] Fo] 7 1 = (Sanfilippo, 2006)
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(Bipartite graph)
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[2% 2-5] o] ez} AH A H ] o Al(Giamphy, 2023)

932 ZHZE o] &7 AEAHH

o
=
Hetah @z gere o
3

1
gk e %4 Zﬁﬂ °lF VIEoE H7h JEUS ATds
(Naude, 2010;Vujosevic-Janicic, 2013)7} 2t} stAwF H4E o=
o] stAY 2L Ves HE Z=E TS o ?
A 7F FEsith Kaur(2017)S A 4d @ers EAF gla1s 323
olg Higer adzZE TG g o
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AHE  AyEs o]gde RrRUES  FHE SS9 HE HE
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EE AEste] HA o ZHZEE Fol Yl F3es

ZF X E(Automated prompts)et 17to] AAgE Wb wel Rdlo] H
Ao AnE LY EE FLdleE % ZE3ZE(Manual prompts)7t Q)
tH(Wang, 2021). W& 7|¥F A543 Brlrise] Heang F5 =
FIEES AF23TE Liu(2023)= GPT4$} #& thddojmde] zedof A
AEA FFE A zuddaEs AJBH(™ 3-4]). 8okstH #A
%% (Task Introduction), ¥7} 7] (Evaluation Criteria), %7} &7

(Evaluation Steps)® A +=d, A oA, AFE IS JH 5
A4E 2 ol 283kt

4 Input Context )
4 ‘ N
Task Introduction \ Article: Paul Merson has restarted his row with
Andros Townsend after the Tottenham midfielder
You will be given one summary written for a news was brought on with only seven minutes remaining
article. Your task is to rate the summary on one } \in his team 's 0-0 draw with Burnley on ++-:- )
metric =+***
. 4 Input Target )
Summary: Paul merson was brought on with only
e - — N seven minutes remaining in his team 's 0-0 draw
Evaluation Criteria \with burnley -+~ )
Coherence (1-5) - the collective quality of all Evaluation Form (scores ONLY):
sentences. We align this dimension with the DUC /
@Jahty question of structure and coherence «++*+ - Coherence:
Auto ‘
CoT W
" Evaluation Steps N p ~
1. Read the news article carefully and identify the 0.6

them in a clear and logical order.
3. Assign a score for coherence on a scale of 1 to
10, where 1 is the lowest and 5 is the highest based

\in the Evaluation Criteria. /

main topic and key points.

2. Read the summary and compare it to the news 04

article. Check if the summary covers the main topic G-Eval 02

and key points of the news article, and if it presents ‘
‘@ 0

(29 3-4] Aol A F4 H7F 2493 G-Eval?l 712 (Liu, 2023)

2 %7 @A

iz
2l dlE! :
of Thought)E HFo3th 18 t5 FAAA H7F 7 (rubric)S A
shal, @ebs g AH7IEANE A gote dAE ALsta Y=
H dAE JHEIA AFeE AT, oA o]9e] Hets BT QW
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73 "E2E dolHoA onde HARE FEFhe 7| H92E
atold ol Al AME-E = WY F eyl TF-IDF+= A0 &d3 8ol
Mg vgor O F248 SHsE Wolt 54 oyt 4
off 5&s+= HAEE YeEH+= Term Frequency(TF)+= E5# ®HX~E (
W F ol o] tis) 548 do] g s&ske slaolnt

TF(t d) =d W ¢t =4 3l5/d W T @]9

ol
o
i
i
o,
=
r

IDF(tD) = log(D/t5 X% 3=

91t o] geld TRt IDFE # 3k
Axtera, BiE el A wolo] FaEE thehin

TF-IDF(t, d, D) = TF(t, d) x IDF(tD)

919} o] Ael¥ TFe} IDFE

%’3}04 ojo] TtEAE T 2ol

AAkstal, Bl 2E oA dojo] FoxE YEHIY
gdor g2 E dolg AAYE 98] Konlpy packageE A Xste] Okt
A& EA471E ARESEY. FElA FAVE S 4 St S Heks
o] H3toz o]Fojx PFHA FA-To] & H(Document-Term
Matrix; DTM)S2. 2 A% 5, FHH g AE AS 828 o] HA
At [% 3-6]2 HZE @J 87l A& &l FEAE A, AEA

A Agek A MSE, A8, QWKe] 37k H7}
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[¥ 3-6] BIZE Ao A4, A5Ad A4

SE FEsAE AE A5 A8 A
1 2.0 0.70
2 3.0 3.00
3 2.0 3.00
4 3.0 1.16
Mean Squear Erorr(MSE) 2.48
A 8+ (Accuracy) 0.32
Quadratic Weighted Kappa(QWK) 0.19

[ 3-712 TF-IDFE o]&sf staAlzl oM Asaqxd dagol

ol Z AMdE A9 207 We(do)E FE3 Aot Tkl

Agkel 4% AFAF A5 WAL 9Pl Ax, REE AFAF
Al Ol o, &0 FFe Uitk FE A3 A 249 WA,
SF AUA, W] AUA, HE AR B% #BAd wojrt gk o)
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[ 3-7] TF-IDFE °]&3 T8 o] A9 207
€9 | do] For | #9 | wol ZAE
1 sl -32.92 11 N4 -14.89
2 u 28.39 12 IS 1354
3 s -25.89 13 =24 12.99
4 o A 24.50 14 aA 12.00
5 ol 3 24.32 15 Fo] -11.73
6 (2] 22.38 16 5 11.69
7 gt -21.22 17 v3) -11.45
8 H 2= -20.38 18 B 11.32
9 Atol 15.60 19 q 10.72
10 S 15.48 20 B 10.72
A5 B/ W9l TF-IDFE 83 morot sheel Zad ol
B7l FRelx efol MSE#¥ & wol7h ehgelx ehskrh wehA
TF-IDF W2 2 A7ellAd 532 sta gl Holy o el
de Wk wd T B9d frwoR my] ojyrn Basgd.
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Fooloh mebd pEE e zels s

i 2he Arshs BAE & Y] Aol WEEA]
SAdstaL, ol e o5 #ele] watsith. wEkd 4 §ofo He
ok Gojok A Fojok TUJ e FAIE E e =2 AA
ool AEE AAstal, A S0l ot BYE FAR =27t
Hher A2 e W o AYE 24 T F U =, g5
Aol SHE AFE A9E V2o dEHar ZYdte] = §3E)
= M AAE FE23 FH, £F= BA4stel AA Atole] HAE o]
e adn ol wEeR 453 Fx 9oty A ©@eke] o=
At E SAsE AEAie] e d Aoldt ddstdith o & fE
M @3¢ H2ES A a9z wdsta, ol 29E 5o, FAL 54
o2 o]Foxl 4T (Triplet) & F=aloF ot AA9 Aeq4d A+
o] 4= Komoran, ZZAvH(Kkma), ¥4+ (Hannanum), khaiiis Ak-83}o]

[>

Eo FHAS BEHIPHA A, 2021). AW AFA Shrw gid o

d (Pretrained Large Language Model)9] 5% % 7|9 123tz

dolE ol st= Aol Ay sl W, 1 HIAd
X

H
1cto] = triple

td

2 g o 2 @
b o
o &

E3 Hojurh F, o] ez A WA == F
A1 o] Fo](subject), =4 (object)®t F+ WA == ko]l = triple
A9l FAHverb)E FE38T
Opfer(2012)2 71 &3 NEdA] AA. A4 71 (Core concept)d
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[19 3-18] €& AE 4] (a) oI ¥/ €5 FE (b) s &7 €%
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&, Y%, fl-score, QWKgte] & A follA 8 Ad3E HAH
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Score Score
0 1.000 | 0.833 | 0.909 0.444 | 0.800 | 0.571
1 0.815 | 1.000 | 0.898 0.833 | 0.741 | 0.784
2 0.941 0.930 | 0.909 | 0.920 0.961 | 0.511 0.393 | 0.767 | 0.520 0.660
3 1.000 | 0.953 | 0.976 0.650 | 0.210 | 0.317
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Graph ChatGPT4o
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Score Score
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3 0.803 | 0.953 | 0.835 0.875 1 0.273 | 0.416
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Abstract

Automated Scoring of

Descriptive Assessment Using

Graph Theory

JinWoo Kim
Department of Science Education(Physics Education)
The Graduate School

Seoul National University

Creating questions that are appropriate to the goals of educational
assessment, such as checking the achievement of educational goals,
measuring learners’ cognitive abilities, improving the learning process,
and providing feedback, is a major area of interest in educational
research. Among them, evaluation using descriptive assessment 1is
very important because it provides a more detailed view of the
response characteristics and problem-solving process, which can
effectively check the level of learners’ understanding and provide
customized feedback to learners. Nevertheless, the main reasons for
the predominant use of selective assessment in the field are the effort
and cost of the grading process and the reliability of the assessment

results.
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Automated scoring research 1is actively underway to solve the
problem of scoring descriptive assessments with computer technology.
Automated scoring research, which started with statistical-based
technology that checks the occurrence of correct keywords, can be
divided into two main types: machine learning technology that
extracts features and learns classification models, and deep learning
technology that learns models based on artificial neural networks that
do not use features. Recently, there has been an active research
effort to utilize generative Al (Generative Artificial Intelligence),
which can be used immediately without training, for automated
scoring. However, previous studies require a large amount of
high—quality data to ensure model accuracy and have difficulties in
extracting valid qualities. In addition, the built models can only be
applied to the training assessment, resulting in poor generalization
ability. Additionally, machine learning models struggle to extract valid
qualities, and deep learning models have difficulty interpreting scoring
results. Studies utilizing generative Al are also limited by the high
level and variation of responses, making it difficult to secure
reliability. Therefore, it is necessary to study a model that does not
require a large amount of data with high reliability and wvalidity, is
easy to extract qualities and interpret scoring results, and can return
results and feedback immediately.

In this study, this paper proposes an automatic scoring model using
graph theory that meets the above goals. It utilizes generative Al
with excellent natural language processing capabilities to extract the
triplets of text answers, and then transforms the bipartite graph into
an adjacency matrix to quantify the similarity of the graph to the
reference answer. In this process, similar words and nouns that are

characteristic of the text are identified using generative Al and
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reflected as correct answer factors to improve the accuracy of the
model. In addition, the relationship between the extracted triplet
clauses 1s expressed as a causal graph, and the logical relationship
between clauses can be visualized as a graph. Based on the similarity
of the two graphs, the similarity of the reference answer and the
student answer is expressed as a continuous score, and based on
this, the automatic grading score is returned according to the grading
criteria. We categorized the scoring criteria into two types. Scoring
criterion 1 is the scoring method of the model proposed in this study,
which 1s scored by matching the reference answer, and scoring
criterion 2 1s the scoring method of whether the answer is
scientifically valid including the reference answer.

To evaluate the performance of the graph model proposed in this
study, ChatGPT4o was set as a control group, and 137 data from
first-year students at a science high school in Seoul were
automatically scored on the role and principle of generators. We
evaluated the performance with five indicators, including accuracy
compared to manual grading, and found that the graph model, which
showed an accuracy of .934 and .763 for grading criteria 1 and 2,
respectively, outperformed ChatGPT4o, which showed an accuracy of
b511 and 431 for grading criteria 1 and 2, respectively. It can be seen
that the Graph model performs very well on criterion 1, which is
scoring by similarity to the reference answer, but performs poorly on
criterion 2, which i1s scoring by scientifically valid answers. To
compensate for this, we added a cautionary word to the user’s score,
which was then factored into the final score.

Graph models can quantify the understanding of concepts related to
a question as a continuous number through graph similarity, even

among students with the same score, enabling concept checks and
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personalized feedback, and evaluate and provide feedback on whether
students have written answers with scientifically valid logical
expressions through the presence of logical relationships.

In this study, we propose a model for automatic scoring of
content-based descriptive assessment using graph theory and suggest
educational applications. This model is composed of three parts.
Answers are quantified as continuous score, and the scoring factors
are clear, making it easy for users to interpret the scoring results.
Second. Teachers can recognize the concepts that need to be
supplemented or the relationship between concepts and immediately
reflect them in the feedback. Third. It is significant in that it does
not require a learning process and does not require a large amount of
high—quality data for learning, so it can be used from the classroom
level to large—scale exams. However, it 1S necessary to elaborate the
graph model by developing a method for identifying incorrect answer
elements contained in correct answers and adopting them as
deduction factors, and further research to broaden the scoring

possibilities of similar answers through various reference answers.

keywords : Graph theory, Automated scoring , Descriptive
Assessment, Causal relationships, Generative Artificial
Intelligence
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