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A-SIYP7IAT A27d A4% (2024)

LA &

ol

e

juy

ts Aol et Brtehs 71E d2thl S =7 E shEAke] /Al shsat A= S5 9
FeFo g W7ol mgtiQlo] Ms)sto] weCampbell, 2012), +4% &3 E+= 7
283 H7PHSSA AL et Aok E33 vl sto] 7ie £39] "HetolA= S Ak Al 2

= 7go] ot o & =3uU7]of(Santos & Cai, 2016), S=5AH] 7A41Z Q1 EAIs12 IHolut
M olsl] -2 A TSt ARt =S Al 4= QITHEIA, sl 2020). 1340l
e Aed] ©otel Affoll= Aoty £33 vl w el of I w2 A7kt Xpo] " gskar, e d
W AF=E FAsH7] A gt

of2|gk Mol A Q15452 Wlof wet 2k A 7]&o] Bl WA = =2 A B= FolF
I Uk ARs RS Aol = 2 'ekE Al AYsh sk A54 PUE s A0l 5
Foh= A1, sHHlg, 2020) 2%, AFEE ol-&sto] Fof oAlelE st = Page(1966)
AG7F LA 22 S S itk Abs A2 Q5 A 59 WAl whet 71241 7| A3 RE g, J
< Efiazw 75k it AojEEo7iA] 11 7]&e4 7]8kE E3s) 71l Qirk 1 Ao 49
s 7 ARgol thet et B84 Asie lou, S uwS 53f ks a9E f-oulst
A ST 4= Atk A(Zhu et al,, 2017)01u 57 S419) HEd 9 78, A R
(01734, sHRlZ, 2020) T AFs AR of=] Aol QleuE I ATt A&E Z87t k.

s - oln| ShEA Bt G0 A AA| Z-89] JFo = AEE 1 QlthWilliamson et al.,
2012). 53] 2dojut e} natofl A= B w7} Blwste] Aps A A7t vl wd wol A=Y=
o], A o] WHoA= Page(1966, 1994)9] A5 7122 7HHE PEG(Project Essay Grade)
U o)1= w-5-F7(Educational Testing Service: ETS)9] e-rater(Burstein et al., 1998) 5°] 0]
o] QI7H A Ao g9l HrIRIEA YA o2 SEE I QITHHSS, 2019). 8} watoA = A
Y H2 O & A== ETSY c-raterE ARGE 5ot 2ot Z7F B717} olw| U7 HHAF 9] 41
=g BtHLiu et al., 2014; Liu et al., 2016). =l ZHE 2 Jof, st wat 2hs A A+
7} A= 2 i) 9], 2015; 2314 9, 2021; o]-84), UFe, 2022; 8P4 21, 2021; HHA
A, skl 2020). olek 2] 45t wake] AT Gt As A A ]9 X At Foll Al
A Biel o] 2 9] 3ol A A RS A-E3t SHE A HE = 73S ERlshe e
=0l o)L, oA Hw A HLofjAfof o] 0| X 1 QIthH I-E &, 2024; A A 9],
2024). 234 48 wik= Q25 K-12 w83y 9] 7| Eo|x} YA Q] =02 AR 2 vh
(McConney & Perry, 2010), 58 oA = 25 - &3 sPYF 71 7ol AlF3St #HA=t
PEaiicg

2 A ot i HE = 2] A A e EAlske] A
S AT, O ANERE =9 3 S A1 WF IS EE5HLA 5
e AT 5= Q= ES AHoh] Yol A3 A7 AR Bol2 = SEAE A AT

Ol

o et

:

\r

i
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A2 EAS I AGIAYL, 1 ol o] FolA A7 F23} 7V 77 ojule] Gofl
FHY 0% §oi2 SUstel AHgHsi

£ e ok WA ) THY A5 AY Tl A9 A7 Abvins] I8 A B 28

S-S ARSI 55 & ATE 7Y wete] Jejo] 12 BR/1EL Akt ofof utet 43

r

B, 43t mate] THY Gk A5 A AT ol Holelet ZueE LAY PHLS A
FeN?

AR, 71E A5 B2 FH B A 730 weh 23 Ak ofme
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II. o3 wjF

1. 2IBX]|

oIr

71 XS &MHE 7= et

271 1345 715 A5 AF At Fol oMol E HFE E A At = Page(1966)9] 7+
2] 718k 2bs A AEEE ARE QI = o] Y2ttt 583 A (feature)S FE5t0],
kY] A A 1 bl gt A7) A A4 7k BAE Bl "etel et A4E clSsl=
A9 A A BdE sl AF B Ads-2 B7sk] fIs mold A Eas o)At
7t 71ik(Fleiss & Cohen, 1973)& AR&Sh= HHo] 2778 S-=oly, =3 A5 HHE o]
£ GuHARl BIF 2| ;2 ARG 2] 718 A i ALARE 24 PEG, e-rater 5°] UTHEF
3 9], 2022).

71ASkE2 HolHZRE 7|A7L A 4& AAR G5 AEE WHOE, g HolHE A%
I AT 4= Sl o] nRAEHA] 71 AISks A7 A H o' ARE QI R 3, 2
A AZE 7|8t = 3 7 ASk50] 7hs A A Ahs AR 7= Thedet A o= skl
A7t RFAojA ] 7|&o] H-EH ETSY c-ratere= Bte] =8}, 78 Hd-& & RHoF=A1E &%
HR= At Ahs A Ao R, A7 HHARRFY YA&o] Bt 84%Cl Dot e Bt
(Leacock & Chodorow, 2003; Liu et al., 2014). TSF PISA 2012 2= B4 A7EE(Saarela

N

_orlr‘

iy
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A-SIYP7IAT A27d A4% (2024)

et al., 2016; Peji¢ et al., 2021) thFet 7| Alghs galelES H8-519 W-F{-E B7NA g9
5HY 58S oS5kt Zhai £1(2020)9] 8 A= €Eby g
I} A5 Aol A-g-5to] A maksi HI A ok,
A L5k W o] Ak A HofA HHA 0 ® AR E]
71AgkE FarejEo] A-EE Il Al
A A e HeEld eSS =Y A et oY /IS Al s Bl Bl vhefohA &
)1 9}, A-ZAAY(Artificial Neural Network)e|st Q17H9] X & E‘ﬂo%]-oq ?_—E,’— =o| A5
Aot L2 E LA E AA1E Ed(van Gerven, 2017)°]th. ]I
u

3:2
L
N
)
1o
ML
)
>l£
—Ll
(R
I
=
=
o,
2
3

=4 ‘4 R
A2 22 W 24952 58 "eEE B =YHEA 27149 45 Hd% OIF3UL, ol &
S8 W daLelgol EH A, 59 Z}OMZ% Zlof F2 AMEHE <841 Y(Recurrent

Neural Network)o]t oju]|A| Ao £& =S Ho|= sHAE A" Convolution Neural
Network; CNN) 0] e57F9] 4% G As Aot Held ZE=A F2 G851 9t
59] 25 A EopollA e A 715 S E AT "ok Q14leke A-E(Brown, 2017;
Shaikh et al., 2019; °]A&,, 2023)°] o|Foi 3t
L EHATH 7|8k GPT(Generative Pre-trained Transformer), BERT(Bidirectional
Encoder Representations from Transformers) 52 ¢10] 2 &L o]-&3t A5 A A% o|Fo]
A1 Qltt. ERAEH(transformer)d A X of#ll HA(self-attention) 7] HS 0|83 AT L2 &,
71& &3 GolY FE AFYEY 4% de= We EdothVaswani et al., 2017).
openAlsq o] A4 2d GPT(Radford et al., 2018)4 +2<] AFAojA 2] &l BERT(Devlin et
l., 20197} 25 o] & 7|0 =2 3t} WA GPT= AAoj A2 & Yo ERARZH O] AT E S
7‘4—5 A2 RO HE 2 FojX] TolE3 HIF O 2 T njE} thg @olE &0l B o R
A-55to] £ Aol A= Helok 220, ZHE, 478t 5 of2] YYlA olF &8st sk
D =S Algoh= A7} o]0 x| 2L tHPankiewicz & Baker, 2023; Dai et al., 2023: Carlson
et al., 2023; Rane, 2023; Bernal, 2024). ©]°] ¥I5] BERT+= EHAELHO] QAT E thZF &2 L
2=, J-&FY AF <5 HlolHE ol-&sto] AojrndSE 53t F £ A At AFTE 571
e Aolek<y mdo|t}. 7|24 Q1 BERT B 3R] Fd(fine-tuning)dF & % Sentence-BERT
= AR FALER QUIEZ o E FARE £ AU LSk A9 862 =9 BdE
(Reimers & Gurevych, 2019), °I AM&st] A5 sk o3 A7} o] F0IA| 1L Itk Beseiso
& Alzahrani, 2020; Fernandez et al., 2022; Baral et al., 2023) GPTY BERT 7]8te] ti+&
ojnd AA| Zb5 - Yol AREEIL Ut thti AojEedS At el FidE A 7|12 2
duc 4 AolA 5 w2 5= Hol=H, ths AR gk AT A+-(Latif & Zhai,
20244 AR AL E 243 A7 (Organisciak et al., 2023)0014 391 FJ 9] G1}4Jo] HilE]
At
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2. 28t WAO| JME TOt IS QIS AE i

19

Popham(1997) B7} 7|9 A 842 37} o, A4 A9, A AhS AAlsti=d, A
A A gt AA ol 33 v sk S48 AW (holistic scoring) ¥} ZF2H] AlE-4Q1 H7} &
ol ol Fofgt MY ¢S THCE st 44 AW (analytic scoring) 22 5.
A, SAA A2 shEAEY] EetolA Zigelu EakA olsf, 48H4 JAtas E &, wAIsHE
5= B7lolks FEEZ ARGSIT) o] WHE Aol 22 Alxto] WS, B7FA 7H9] YA =7t
< 4= lth= @3] QltKTaylor, 1998). thH-29] £=8H4 S24719] A7 172 Etol A et
QIXH olsf £EZ AldHsl= o] $HE E=HPowell et al., 2017). X Evens &
Houssart(2004)= 889] E¢tE 3 583 58 580 wet njag, oF 9 5 &, Azl
&, A AA], AFE}F 502 EFoF3 T, Baxter 2/(2005)% SH4J9] 0|5l =of me} 7|5 dAl R
B Q0F Uuts} AT A2 ok BASHI £ A+ 34 RS & © dutdes 17
oto] A of 29t AlHok= o] 2F (binomial) ¥ £ A4t 2200 whet of 2] GA| 2 JEohe T
F(multinomial)9] #4102 Y%A

o|9} ] £4A HHUHL 7|E8 AR HLE ddoto] AT F o]
FTRAE Aok 2 ESHAINE BIEAF 7He] YA =S E T gES 4 A 2]
Ui, by dAf Aol £ 84 5 o7 84E 7|28 4R AT 4= 9l=H], Namkung £
(2020)= AF] A4S ARESH= tFtA] EA0f| skl ek W83t 28} of g, AHE AT At
Holgk= vl 719 7|28 4F Aol vyt 2 Aol A 243 e} o] 428 wako| 1449 &
At Aol A= B ol A HHA 0 2 AREE= 7]E 84 44 YHHETE, Aoy 54
=2 9] A7fo] whE SAE £ 4 f o] F2E ARETHs S50 Sl alxdd, 2hek watof A
£ "etoll 34 Adole] 23t o RE FA R Ilol= W9 AHo] 7MsdtHLee et al,
2023). Z1Eu; 48 w ko] |k A A ol wheh Eo] Hiro] vfs |k okaL, g A x4
= YogE 4 Hdg 3Fgolu Fo|, ALE Yol oF E A7t 47171 = tNoutsara
etal, 2021). &, A 840 e F44 HAHS A8 o, 1A A 342 F-E6k= 104
Qlof| =] A7 ol wet A7 8 AF FESks o] DAt A7 g & A ofdf 55}
of A4 AU HEH QA= AT AT} get] 55 Aol et e Al 02 SRS
Ak 53] "HelolA A= =34 52 384 Q4R ks THES 347 E44 AE
(elements analytic scoring) 2.2, &o] Iof|A] E&{d =2] A7 34 GA o met H4-5 Foist
A B4 A A (step-by-step analytic scoring) 0. & Zyz} LESo] rysial £A4513. o]
T AL th (3 1) Erh

oX
o
r
f

fr 2% o

=2 ZF
£33
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E ) WY Yo 42 M &

A 23
ordol gt Mo SHE tiEoke AHEY
S AHEE  OlEd  HUS SE 22 2HC=Z Mok MY
CEe g9 HAXe =0 Dot O HAZ 42010 H+E R0ioks AEE
ZZ{9] HIEAQI FIt =0l o Fofet ol Tets SHCZ ok AMEY
AN A 24 4 AE Qalt 7Y 248 JIEHCZ AHols AMEY
T gl =2l S5 =AMHRl THE AEoke AHEY

S At B4 AL S AP Bh7 R 289 % 9l o7t Jescovitch
912021)% SHE AB2st T B A% Ak AT0IA o T AEe] g vlasigey,

7 At XH% w3} QI7t A EAele] QA% FAH AUHL 075014 0.87, BHH AL
o] 7k} AGE Hol= E F A BE AR S04 A7 AR AT A8

QollA] £ AAT A5 A A7 dete] Fepel ek edolH et ol He) 5 A8 95
% 29 AGIHE YA O o] Fol 4 et Bete] Fejol et Aol et olu A4 el 5 AT
ABA BB Aglol A% AL TR 2L Yoto] Felol et 45 A ATE W
% 912 ulditt. 7Y 22012 93510l .79 SFAHHE BrHE BT A4 4
of Ass @S B FxA 71 918 St Aol e, e 45 =4 BE 5
chope WA 0.2 wele] ] 9 4SBT 4 LS shof dheki Stk ol 4ot
o] T4 Yok Bt ohje 4, T, 531 B4 5 of ] Fe2 Lehdrk S44o) 9
ok, WebH QA 7148 o] 83 40t Y Tehe A% AU WolE chokt Fefe] Here A

S8 ERte] P g S AT dtoll w2 B4Rt =5 Gk ©ete] FEjof what =] |,

38 % 9Urk(Fife, 2017). L 0] T o]ulA] L 7jlo] Fefe] Hetol

2 FAlo] St P Eet, AFEE AYH Feh &34 "HokE EsHA Bt SR 0]
S, olol & 17 9] As)S A5 A7) 78 Lelol BA Asio] Hhete] Fefol e BRlE

2 % (sentence type), T4 ¥ (mathematical formula type), 1= &(graphic type) 2%

TE51SIE. o]of Blsto] e S0l A Gt SIS E AJH Gt Aol & A starat

et 48 R gAY 1] 3. B8 AA B7F 23] "ok AAE 710 whet &
As] A2 ol A2 ol E=, "RtojlA 9] 7] sidotes 8471 S&Eoto] AEE 4 Qlrh
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Qy=lx—1]-29y=2x—19 Ja=7} s
5 ™ AMole] A2l g PotAL,

m : / a9 ol £ & y=w-1-29 y=2x-19|
W ’ Qamo| nEE Rob| sk £ AE Eela
: - Drs1g O mx>1‘g[m< A
|.o|._o_| %EH —(x-D-2=3x-1 (x-D-2=3x-1
- x =002 olth y = —1 x=40l2oltf y =1

i), )0l M A(0,-1), B(4,1) OICk.
= b wfatd £ @ Afolel Ha\f[ P
AB = A7+ 22 = 2/50|ct. T

o 2vE

o
ro
lo
1]
Ju
Jo
ot

F

Ao
o
[}

=

(O3 1] Ete] HEet & R0 WE M S, EHetel FHo ME 12 AR

WA, 249 gobe el A4 Aol Hekdo] B FHE A4 B oJulaiet. 45} 1
el ofl 4214 A3 M%OE 22 Aok oo & 4 glom, 4014 Goio] HERE A
8, 499 e Sol A9 X8 847k Hck. Yote] A o] Bol A Bgre v 24 g

ok B4 14 392 Fo) IADE WFkelo] 45 A thigo] i, A Fee] gere
291 gk 34 glo] YehEe B4 12 A5 AHEh
ThE0R $419 Yok BP0 g £ 915} 4:4] Bol W] WAL, 1 Byl 45}
O =gHo| 1 YA FEEL Yobe FT AT U023k 49 A4F BFS 1 E
o7} =24 AZAo] AT EIE ol BA|o IR o] SolA| 297} Wkl shgick. Saka] Aol
et %40] @Lﬂu}h oA 2w, 45 74 BlolA: e ko] gl o
SHe Spalo] A9 847} e A9 Hek. Webd S48 ARE olafsh, 2 &
A3 549 FEH, 7S B Zlo] Fasi.

P oS Rl ok i Y B e e wel
ofc}. 45} ko] T4 £ ol 1Y Ei IR b 2971 Sy, 4L o] 83t /15t
shA] HRAL 71249 43} 51 IR FA5H ol m, Ao sjg o] 918 et
o[ 8571 Gt 0|2 AHsteld ey P HAH Wk |SHIHOR FaT EFolut, B
o] 273k B4 Hito] A FAALo] FRsfok gt ook Baiste] Fife(2013) A Bdlo]
L2 e A o o) 9318 BT B2 AW o) L 3 48 <13 S

L ARt ol qg FAPAS gARE th7] §18) chrt
A8 0}§ 4 el AF A 2o ko el BT ko] FRoiol AIT 4 U S
3 o] Fact

N
N

_lﬁ

-

n:E
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B7HAT A27E A% (2024)

53

L A7 9

1. == M J|F UY ¥ =& 4¥
() Search criteria
c Records identified through Before 1960 — 2023
% SCOPUS searching (n=2,501) "mathematics” AND faz;zmated/automatic/computerized"
% AND “scoring/assessment/evaluation/grading”
5 y
Records after duplicates
removed (n=1,953)
Step 1 : Records excluded: not written in English (n=82)
o
< Record d f - .
§ tme/.:;g;r:ctsi::::ncyo;ﬁer Step 2 : Reco:\dos:r eanglr(‘ifee?;:;cur;e;t (tg/f;eg;)not an article
3 duplicates removed (n=118) pap
Step 3 : Records excluded: not related to automated
scoring of constructed-response in mathematics (n=1,585)
Step 1 : Records excluded: full text not available (n=6)
> -
= Full text articles or
.% conference paper d Step 2 : Records excluded: not empirical study (n= 30)
= for eligibility (n= 21)
Step 3 : Records excluded: not related to automated
scoring of constructed-response in mathematics (n= 61)
‘g Studies included in review
Té (n=21)
(28 2] PRISMA X|&o| M2 28 &% Hxt
£ A= =A T 18 ]l SCOPUS(https://scopus.com)llA] =8} k] As HH-Z ot
£ A5 54510, PRISMA A #(Liberati et al., 2009; Page et al., 2021)°] wtzt £3-& A5}
AFCH(E 2] F2). 4 oFe] 2 Aol vl o) 2440z FH17] AlFt THE SCI
A =0l egste] Aol A2l 7F RESIAL, 24 A TS gES] Al 4
%912 SCOPUSE EH9ateict. A, Z4L 913 =8 wfleh 3y 7| =2 Agslalt, =82 4
Mapy] gJat AYERE 45 Wato] A5 FHOZ WgE 5 Y FMolS 2ste] AHEIAL.
ANl 2= 252 9u|sh= ‘automated’, ‘automatic’, ‘computerized 2} A F= 1S £}
£ ‘scoring’, ‘assessment’, ‘evaluation’, ‘grading = %LOP AL, 5 Wit HYstr| Y
‘mathematics'& -%7}3@‘:}. o, 2024“1 o]Fo] THH =it o[ Aol A= ZASHA| 23k
3 23} 157 skaAlell AAE £ & 2,501788 92 4 A g 71 9= =2 AMshe
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Aol A ‘open-ended’, ‘constructed’, ‘descriptive’ 5 TAE g3 T=Ho| e ATE FH
A, 5 A 54874 A &gt 1,95370] ol YEOZ A A A AY A =F Y the
Q17 tod

o8] W @77} ofd AT, AR} 220N 2 A7) 29} Blo] g AT
27k2 183522 AIstick. AU, ASIEIA ke 118712] Aol hef g HA5H TolA
2 % 9908 64 99 11249) &7 UES £A5t0] 45 A7/ obd 304, A5 AL
g BB A ol 618 2712 A9IS 2149 78 3% B4 oz 4

B
o
ol

O:

e

Uee

S
o o
R
o R

2. =B BY 71F

A5 A Q7S B 951 £ A7olHE Zhai 912021)9) 77} AR 7128 241
th. OS2 7 ASHE S o 83 B3 Wke] AF AHNA 7142 17k A Dol FFE v
L AR AR TRYE, BP9 34 99, 3710 94, B9 14, g, 1A% 55
5 6709) 842 AISEE. STEM RofollA] S8ttt 2t} it W3t Bte] 97]0] 58 wike]

N
ok
)
X

G
B QA 71l 7123 3 AT i st Bape] FAAS A 9, A Y, A8
b BRQLTEE) U AR 55 58 7|20 AL, Yol AT BA 7|22 Fstol
B4 B 72090 S5 A ES AL U2, BAA BARE olugu oeg, $44 A
e a4gs BAgoR AEsslel BAasllt Eat, Ba% Q750] A8 S8t 747 wetel
FRol et 293, 43, T9Y0R PR, Bete) Y S0l nteh £24 £ OAY
990z TRt
oLYY] B B FUT 8-S the (E D Felelgint. o] B4 712 45 ko 72
752 ohHE T3 AT Foli ofe] 7122 BA0] UESHe ATSE Yon, o] 49 %
YJuL FRoT TPk o B4 1EL THY o] 45 AW A7E A W 2 gt I
ool wet BRSA She AERA §-83 B2 5 ek
(B 2) #8 X3 iy S79 I ®A
=& 32 HA
=9 f Stek| ==, skalis] 2H Az, 1A
=22 =X FY ot SN, B £, Halet A, A=t Jsd
N ES SHN MYHORY / TEY), 248 EH(RAd / BAR)
MY Ln2E HSH L1lE, 7Aeks, Bald

D M85 XHE (open—ended)  (BIIA]) Accuracy, Precision, F1-score, AUC, RMSE, multi—class kappa

ool SE| & 92 9 2AY AF, 1T R |3, 223M |3
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<I-3

1111 11 11

O O N D RO e A WD Q AN AL
Q7 A7 A AV N N7 AP A N Q37 Q& QL
SOOI O BT

il

1
1
0

N L N > o &
FEFS TS

o)

®
S $°
i

P
(02 3] o= 45t 23} XIS AE Rl 4

2 Hoj| A= SCOPUSOllA AMH 428+ A A3 A+t EA2 29 H St 11 A= (HE
AL} 2} WA ARHARl AAA 23 1A 7| 2H 08 Aok 2 A s £4IS
3]7} Zt}. Singley & Bennett(1998)9] ® 114, Tvarozek 2)(2008)2] AT} -2 472 =Fo]
2000 ti7kA] A 0 & Q19 ot At th -2 2010 o o] o] B = Qlet. Tk 2017499 A
T % 37(Wijesinghe et al., 2017; Wijeweera et al., 2017; Mendis et al., 2017)1—} 202239]
A & 2A(Baral et al., 2022; Rivera-Bergollo et al., 2022)2 AA}9] AF4=7} A 1L H]=3
FA B 5L T tloHE oE A2, 20109 % FHtojlof A5 2 of] T3t A7t EATHE )
o} AAZ 54 744 9] A =5l £5 ™ 20059714 13, 200690014 20100 24,
201195E] 201597k4] 430133, 2016EFH 202097H4)= 6H, 2021'd5¥ 2023 7M1+
A 8HO| A7t A== 5 HA A7 =1L T

AA st&AS AHEH Artificial Intelligence in Education(AIED)© 2#, International
Conference on Educational Data Mining(EDM)°| 2, International Conference on
Learning Analytics & Knowledge(LAK)2} ACM Conference on Learning at Scale(L@S)°l| Z}
182 Ztsto] 157 Sha]o] A-+7F ARl 1=y 247 A79] -2 shaths] 3E At
(proceeding)Fal, YHA] A+ Fo|A| Singley & Bennett(1998), Fife(2013)2] ETS report
series 282 A2t M54 sh& =52 TOJET, INASS, ITC, Computers, AIED 5-2] sk&20] A
2 5H(Yang et al., 2011; Yuhana et al., 2022; Chaowicharat et al., 2023; Nakamoto et al.,
2023: Botelho et al., 2023)° &3]t}
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AL A5t (3 3)V} gk, A A FES vigt
Qb T3t A7} i FEo|2k= Jolth. S A9 iAol | g

At o8 g o= 3 A7 8H U, o] Al
3t A+ 5 ARl o]4K(10 T7t 5+ 5ot \_ﬂ ATk Tvarozek £1(2008)+= 7I1Eet
A5 PAAAEHS 57 A 7FsAS =519, Wijeweera 2](2017),
Mendis 2](2017)+= 158 7] Pl'ﬁ:xﬂfl et @AE Fofsh= AARRE AlRbslSiTh 11 9j9] o

= A} d1E2E 255K A9 As A A7K(Yang et al., 2011; Yuhana et al., 2022;
Asakura et al., 2023) = Y 2ZRE A2 Het HolH=E 49 554 A5 A+
(Nguyen et al., 2012)7} 2151t}

A A A9 o] Hstet IA(213H F 8%H) T 520t 4H21H 5 43)3} Zo] 7124
Q1 ¢ditolut HPY 4] Eo] ;9] Q14 9 A E TR 3ith= Ak Fa 3 E4o|t}. Halel oA 99
o4 Othman 2|(2010):= FAPTH 4] £ B Abs sk FE AA 79 A A% 4
5 B9, Rivera-Bergollo £1(2022)= 21 9754 9] o] & 14 4 “'é}% AHE3EHA
o, Nguyen 2|(2012)= thRE o 3 9] 814 5542 ASS &3l Jek
Aot T AR At 9t AL Eeke] QA ES B4R Yuhana ﬂ(2023)4 A= 4ot A
A QHM A AHS BFA L Q9] FYME A ZA9] ofn|A] "ot R A
(Wijeweera et al., 2017)4 #icto]o] 13 e Q] Tk A -st= A (Wijesinghe et al., 2017)
S 4 99 FHE WS BekE Ak A7 Ao £ Ao BAS =7 oA =
F 574 99 293} A=t 7P;’ﬂ P 1HE|

ohet At /o] H stalg weld 4= QIiE A7t 7H, PAIEA] @2 of2] 4| J Yol EA
Eof & & gl A+t 6”q AN, i 2211 EAFA L2 tige] o8 @t
Hlo|El & AR AF-E EHE 54 B gy A4 YYoE ESHA] P2 Atk E4

o] QItiErickson et al., 2020; Baral et al., 2021; Baral et al., 2022; Botelho et al., 2023).
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A-SIYP7IAT A27d A4% (2024)

2. Xts Y clojEt 2u=E, MY UH A g5

(B 4) sH49| My Het HlolH Jhs0 ME a7l 5

HIOIE] 7H%: ~100 100~1,000 1,000~10,000 10,000~

Epaii 5 8 3 5

Foich. ohet Helo] Sh52 215l AA tloBE ol9A &% Ho|H 2} HIAE HolE & U
FAE=A] HAISE A7 38 Q1= (Kadupitiya et al., 2016; Yuhana et al., 2022; Nakamoto
et al., 2023), €3] Nakamoto 9](2023)% 2,20001 7}2] gete 247+ 1,420749] Sh5 dlolH, 355
9] FZ HlolH, 431719 H|AE Hlo]E & FListe] a3 HF9 IS AR 1A ZHe = A
3ottt 71 Hhol| = AA| E3t tlolEet fARE Hole & EE = ARE-SEAMWRivera-Bergollo et al.,
2022) QIF Ao E A QlAE 7|3 Y 28-S ok= W (Chaowicharat & Dejdumrong,
2023), B AFA 5= AR&sto] A4 tlolel 9] BE5-S Hsl= ¥ (Nakamoto et al., 2023)
= ARkt A= Sl

s A 1ol ARE g EES
o= 3t A A= 7|8k A, 417
g Atk 27] A5 A Ae TFY A F2]o]
71 gjFEolqitt. CAS(Computer Algebra System) 7]¥Ee] PEV(Probablistic Equivalence
Verification) €1.8]& % SCCS(Stepwise Correctness Checking and Scoring) 7| 522 &
ot A =419] ESAS EHIGHAL, m-rater® A 5H= 2A(Singley & Bennett, 1998; Nguyen
et al., 2012; Fife, 2013; Othman & Bakar, 2017)2 92 € 4

o|F 7| AlgkE2 G815t AR Rdo| TYEHA HHE tlolHE R BdS ShEAI7IIL T s
< ZQIok= A7 olFolFth Lan £1(2015)= 4814 o] A7) Hi o= sHY 116759] Jeke &
AHS 718F 3t E v R 4A o] 2|9 LR Bfste] A sz BIA| Eaky 7|Hke] Aol BTy
QAE A 129 5 ARE ARESHYAL, Yuhana 21(2022)= 432 ©Rto A AAERle} AL 2
TNE 7 9 Heohe A ey 7|19 A AtolA HE ZHAE, SVM 2= AR AL E 89t
AAr] Q14] e T g 25K

20200l SoiAe Hedy Ediaxy Hdo| AFAEYE 5 oA ok CNN2=
6,000719] &4 o|u| A& Q1Al5to] Z3x: QIAE 71 5E Aot WS thE Chaowicharat &
Dejdumrong(2023)9] A7 HAE YA tof £02 £ 23,0000 712 SHY HtS Ql4]sto] A
Aol= bi-LSTM 714 §3d S A|91st Asakura 90(2023)9] A7 EA A Z, T+ A+ 2
45 AEZE 0.89 o] =2 Fl-score a4 L3t 55| A4 Aoz HHEI LSTM &2
9] ZjH 45 vlw3t Erickson £1(2020)2] 9= 150,000710] H MY Eet HlolE Q] A+

(]

005[‘
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Mo
ol
]
B

28} 49 gote] A% A Al B AAH

N g EAsH=t, o] 22 HlolEdf tisto] oy RdS A8l A4=(Baral et al.,
2021; Rivera-Bergollo et al., 2022; Botelho et al., 2023; Baral et al., 2022)2 A4 1A o]
FolFtt Eo] A&AQ1 A 71 A NS vlwstr] Y8l AUC, RMSE, t% 24 Cohen's
kappa & ARt A0t A £71 5502 AREE QI

<SHE HEEY> <EMH >
o2y 3 4 QAY

(23 41 A ol m2 ool &

7+ A9 Aps A o] ARGRH A WS ol (19 419k 2ok SAA Ao E Abs
A5 1119 A+ 5 3HO] A-H(Tvarozek et al., 2008; Nguyen et al., 2012; Asakura et al.,
2023)+= 348 Heto] BH |t A=A E ol R o= gRlstgint. 19k g 9] £A4| Eol
g Ao st 8 ddoks oS 2d A-H(Nakamoto et al., 2023)4, tiEF2] ASSISTments
Y ©ohS 0|83t A1E(Erickson et al., 2020; Baral et al., 2021: Baral et al., 2022;
Rivera-Bergollo et al., 2022; Botelho et al., 2023)2 thHiq & 2d-S AREsF)

SHH 10H9] A+7F EAH Ao A AT A9 Huged], 15 849 E44 A4

< AMEEE Ao AR BAE A-RE ARESE A7t 242 5ol olE E01 Singley &
Bennett(1998)2 &4 #39] MY Gt 8-S 9l #A| 24(constraint)E2] $HIE 27t &
Ash=A19] 244 A2 AQFsHAAL, Othman & Bakar(2010)= 3784 &0l #4S @A
o= gRlstH HFA m WS AlFote 7IHS AAISIAT E, Lan 2(2015)= B9 5=4] 474
S wEph DA R 4] Geke] S Hoje RS A5kl S35, A4 A
I EAA PHHS 5 A-83F Chaowicharat & Dejdumrong(2023)2] A+-= o]u]#] Q14]3} 7]
2 A 2 AZ 49 5548 AAsks ZE B7HE o F WS v ks HolA
583 9|7}

o sHg Q] FRtolA @75 Aok Hlof] 28-S W Yang (20119 A+= FAIAJ]1 AHH
WS AR tiAl A8 @ 7ot 9] £+5H4 T8 7Ho] AtA| #4100 B FYF Skt

305



A-SIYP7IAT A27d A4% (2024)

3. 8 Hotel yejer e |
22W @)
CIX|E (18)
U e e ae| =EE® | *4¥09 ‘ 22y ()

(22 5] Zorel Sefe 2 Q0 ©E Rl 4

npR|eto 2 79 9eke] FHet A §3l wet A4S B4R ATE AlEtsto] ‘/}EHH (L
 51et 2ok [ SloflA =3 e oAt s el sidshe A9 7HsE, o] Fol 24
Ue T2 EF0] A Q= Fo digots Y Gt —Ul:% U F3o] BT thFoldl A&
ou|gtt}. ol %5]1 o 4= e AR T2

AR, BAG A4 5 24P B A AT A 8W B A1 Hete @A A gt

1T 5 43 "@etE 80t w3 419 982 855k E30| UE

A=l 23 9] A K(Tvarozek et al., 2008; Asakura et al., 2023)2 A 2]5t 6H O] Jt= L& 51L}9]
HetolA T3 413 A2 5 A5t A sk A3k Nakamoto 21(2023)=
Y9 =417 Gt Eo| E At T "@ekE A S, e AAEE ST HE
o Zro] TP} =AY FekE A AT W, Tvarozek 2J(2008)= E34HH-g0lE< v
0 2 2b5 A AIE ARESte] SHYERIA the T2 AlBche AlAEE /el E3dol w2t
{AE= G| FE7F o E £ £ 247 shue] FHIE sk Aol = s, 4%
o Ay SEERE ol Rt 1y SH7MA & AR ohe G2 E Al 588 A3 Asakura 9

14

(2023)% 7Fbs|upat HseskA get or|R|oflA 249, 419 Eetx Ql4lste] As AT o, &
Alof] Tt T1Rou =A] HekS: AET vl ok WS Al Eskeinh

A, 48 Fete A AEE 23T A= 163(76.2%) 22 1 Ao A ARt B4 E2
et %1“ ote] G Fofl 7HE Bkt o] FollA= =413 FRt AT A7t 89, A9 28
Fo] okE GobE AT A7 8H OB tiF2o] Abs AR A7t A1E HekE e s ok
& 5= AUk A GO Ahs AR AR 49 died] 5548 Ak eSS ol
435 A44(Singley & Bennett, 1998; Nguyen et al., 2012; Othman & Bakar, 2017)7} tHE2Q1

o

t}. o]} 2] Nakamoto 2J(2023)2] A+, ASSISTments2] o[ & ]88t A4-E(Erickson
et al., 2020; Baral et al., 2021; Baral et al., 2022; Rivera-Bergollo et al., 2022; Botelho et
al., 2023)2 7| 2802 = B4 FefAT, AollA 813l AAE ‘T multiply -3 and 2x7, “Yes
Because Y=mx+b"2} Zo] UAd A= HAH 40] oA AH E= e Y goto] Tt 3,
A% AT ZDE A1g3}o] 4513} o], ko] Q47| S 75 sjvio] AL Mo} A4} o)
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;1%}

ok

Soh 7% ) A% A Aol B AA

Mo

ok} AbE A4 @:IL— o0E 03319}-4 g@ o] g3 Fetet gt A7k
. A3t Asakura 2](2023)9] A5t FLsHA o FE HekS As AT
°4:rLi EREYLO L o] 2% }E HE G Goke] Abs A3 o Ao ofy gt Aol A 4t %
H HlolE F 12y SENE 87ote B39 AR Qs 1 YF o R FEIFH AT
754751—5 2 Aol A A ?lleﬂul B gt Abs st A Sl e FEF Sk "ekE
A 145k AR A= @l
A, &4 G992 Al o (4”4)— UAE §39 Gt A AH(18H) Erk 4 Al
5], &2 Gt A Ahs BF 202249 oo SHE =], &2 "ot A A *3 sol=
7122 0= oln|z] Q14 7]4&9] /d5o] Y= HXIth= o] L o]f=E KRl oje} #Este] 29l
AE 7|55 4510 As -] A5 WAsEAW Chaowicharat & Dejdumrong, 2023),
9] AT} & ot o|u| R BEE ARES1= HMA](Asakura et al., 2023), SHEA| AH419] Zo| 3}
3 AP FeHE Aol ARE-Sl= ofelH ol (Nakamoto et al., 2023) 5 €24 B9 Abs A4
35 NS fIsh of = Hijto] ARt S-S gelstainh

_Ilrrl

V. ko] W A=

= =B

1. X& xHE 12| oY

WA B G 45 wake] AF A AT hEE shaviale] B Aol A 7142 A
8% 299 4% 30l ATATE Holtk, 43 UE A2 o] ABAR Fejo] oex) R 1}
93 9out, Shethele] W Az ulshd tha FEHet. ol J1ASH: B IFAS Fope] A
A3} B3} F2 Satale] ME A2 JHE o|Rolrks B4 wH Ao & 5 YA,
Soi% Hool A A5 A A7k B AAAOR BHHT $4 A7 B o]20]47] Sl
A Bh] RO RE go| Zu Wt gk

A7 SO 5 AT ol Y AR oK Uik B, 9t JUAY 4
915 Yot il A1 Hokh. B MESLE Wi 459 59 g At ATA 5
el 52l0] 6 a7 HH, ol Fets I 6 ofler, M2 ek A% A8 471
e BH, P A, A BAE Qo)A olel A7 4E 9ot tholol gl 11

ko

Az, 7]5tet 2oFe] "et Abs AHF At AIFF & o|foiFlt). +eke] TRt J o= 42 &
Asha<s gt 159 22 3, 99 54 A4l0] AtKRane, 2023)= ol & d, o]= Maple
o|t} Mathematica®t Z2 CAS ¥1g|E 7|€9] x40l A7 wiEolztal & 4= JkBlyth &
Labovic, 2004; Olenev et al., 2020).

W] =& T, A i gt oot Aks A2 AlsliAle o8 5H J QoA 7]
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A-SIYP7IAT A27d A4% (2024)

gk 241 B3 AFA Y el 58 A37F B35t (Rane, 2023), BRIOERE 514 8
L7t w2 840 FEoto] Aok S(FQUE 2, 2024) A5 A G5 7S B2 5 U AHO|
o}, AU/} =)ok £28ke] £ wjito] 428 Eopoll A RIFA 52 5 Aol Ao & of AR
O}, Q17 =29 FES = B A 5 HEo] AR 575kl QltHZheng et al., 2021; Trinh et
al., 2024).
SHH, X dojHdS o83t A= A5 7IA
g

d o
OO
ok

= P ZEIE AR Yol B A
S A = ot gD CoT(Chain of
Aoln o] 52 FIAZ
WA 9], 2024). ol A
<= 3 Aol ohet 578 YYolA Abs Q] =Y o|FojoF & Ao|tt

2. X+E xE HolEt EuE, Y U X 85

2 Ao A BARE Ahs A e /89 71AISE okl A ARgshe AR A2 Ho[H=E
gl S5 9 g7prf o] FolF A, A R o ks ygolyt B sk I 7o ARG T|o] 2 7|
F7F A A 02 AAE Zo] BA] ot=H ol= ehaAte] A Eets 4% dteks §4 e Y
4= Qlok. 1y 71 Asksel v "l gollAl S HlolElet AS HlolH Y T dEHE o s Fa% 8
Aot} B Shgofl A S5 H|o|E7F AR EA] Eot A% AR Hd AE Yle = HolF
A Hoi, dE)E g2 Bl A8 EAE 2#: T 4 thHsu et al., 2021; Schneider et al.,
2023). AFs o] HHH 02 AR EHH FO0 29| AHE A Aol IFHL] Hlo[HE HWol &
Hakal, 2 S50 ARESE Hlole Y Fiaeut 82 A Hilskes Ao Easith v Aol
=Y A 2 Y olHR T olF-= A B ohgol 22 14T Y HlolHE Hel 2=
o] ojg7|o], o|2|qt gHA| ] =5 HRbS HASHof gt} o]e} TEste] & ALY £A i A=
E5H tolE gH ZAIS12S gt of 2 = ERIst=T, 55 A48 F AsAs= EE3tHol
g &7}o] &g dlslti(Rivera-Bergollo et al., 2022; Chaowicharat & Dejdumrong, 2023;
Nakamoto et al., 2023).

I3 A1 Helo] Tdof wet Ak Y AtoflA] AMgsh AR Hdlo] ¥gh Mk SRlskeith %
7] 2] 715t S ESEE o] ESHARH |6t QoK dlof| o]27]74A] 9] #igl= A HHle] 4
S AlE S o] FaL Qltk. AHHARI Q1B A5 Hokoll A st A1E4 = A3l g Al
7} olFojR= vk FAl V& = AlSSIA Tk A7t 2R Zlojoh

B

o
o}

e

ol
ol

T3S BARH A5 dFE &k (accuracy)E AH B0 522 AAskL ATt 1
L} 0|5 53] o3 dAtollA By H Y 2 7H9] A5 T3] H|ws | o) e A &
(o)

2lES AREStEEHE ZF Atoll A ARERE o] Bt HalE A Adsol Ael7F A & 7] Wil
ot} WA Abs AH AtollA= A BEo| B7 s ARE AAT o w&H 0= o
olu] Q&= W4lS F3t Wart Qrt. olof g ASSISTments®] HitE Ho[ElE o]&st AFE
(Brickson et al., 2020; Baral et al., 2021; Baral et al., 2022; Rivera-Bergollo et al., 2022;
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s34 B A5 Y Aol BE AAH BY 03

Botelho et al., 2023)2 T35+ Q] A2 A|=gi=g|, Wlx|ul3 glo|g|& AASH H A5 A9 &
g 4% 2|39 AUC, RMSE, T 214 7l0} 58 22 0 2 AMg3ho 2 melo] 4L 7j4S 24
Bl 5kt tigre] shaAt Eetell tie A L2 s il o - —F_‘r ool 719 ste 9]
AE A A-e] Har wAol] Bl F27t AIARE S = Akt D = ok ML glo B 7t Y
dlolEzks oA 71 HlolHE 283 A 2d 7= 3 ﬁ—?ﬂ L3t FofolH, EetollA
MAYE7F EUA] s A 2H diif R golBE EHsh= A9 $24% o A48 & 4 -
& Aol A AlRbet 4 9 oA geofeld, A1 AW 244 QS ol
o] H3t H[ &= o] FofA it FAA A B olE P ez Bt AT H U= TR
Toet A7 o WAL, 244 A A 849 244 AT gA 44 A
Al ool ATt webA oot watke] Ahs A At ot AR WRel 234 o] FofA AL e
a5 At 35 A7k E4 A gRel ARl Aol ozt vheket A el 488 4
U WFLE o]FojA & Hol v Zlojet. I ofuofM & A7/ AARE 24 E2 o= 2
P E ) A S IO =N, SRt sha2 At fEMS Al55hs ANs B7FAILE
< A8k glofl 71918 4= & Aol

o)
r_gz .
3

11
e

H

o

o] u

i}

[¢]

o M & mln
o]

3. 7N Hoto| Hefot 21 Q¥

|
ol
=

wete] P BN BA 2

B4 20 gelsh T eol Beke AU 477 201095 Fubt
A] o013, M7} ole] Behe) Bk At

A== sty lgich A4 &lol= 1" 5 o
ot HE A2 2ol SksA g l s o ALsHA B7FE 4 710l(Ryan & Stief,
2019), o8 FH 2 Gt A Aok A B HAAS Yol Yoot §5] 428 o] +
A3 Eeke w2 Iy} o] «P—OPﬂUr T4 Z7go] 4191 FEI7F E71 = jhet mEbA] ol
ShERtol A ShsAt] o] s g Hets] westeH A w3dol et HEl e FEo] etk Q1A Tt A
= g 4= ofof gt & A7 A4S =EE olE e EA|9A C 2 R Heke] thefet
et As S Ao, shte 3ol tistoi A= "Rt FEE shuh= ARkt A7} thFiol
Ut T2 EE shto] 3ol thote] SsAE AHEAl 1A "ok AT o UEE ok, £
Pt A, 1"y 5 Al FEF et HEl R "ok o Hlof A AT 5 e T4 A
7} o]ojA{oF gt

a4 71 Aol weh &34 Gt Q1AsHL A sk= 9fn = A7 FAL o] Fof A I
< RIS F S5t B E 2Rl 7|6 ok E3ES S8t o] B3kl wet tAE
FHE Db AL ARG = = 1S 7137 S7IRE A2 AW, of 8 WS4 Byt 9 Ho
£ HJofl o ds] 24 Geto] WA A5 E 1 gl Mueller & Oppenheimer, 2014; Gold &
Zesch, 2020; Smolinsky et al., 2020). £0.& 2 43512 B2 7| 55 QIA|5H= Zlo] ufj 9 A-8-7]
olgh= H(Kukreja & Sakshi, 2022)°14 & o, w4 ¢ Foll 2442 ©eto] 71 9 mjuwls
sl E2H =GeF 14 2 Bt 7]&9] Rt Fa5it

‘1
'

o

I

O
mlm gg
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A-SIYP7IAT A27d A4% (2024)

4. go| el

NS WA O =05 St BE Y &34 Gt A AR dAts Ao Y AHs
A E-8-= 1 A4 AL eFolnh &2 Ao £4 7|0l sigstAlE EtoH, HE gt ofn]A]
olAo] HhH 0 g Q¥ o]ulx] E& wdl CLIP(Contrastive Language-Image Pre-training) 7|
%&(Radford et al., 2021) 0|83t Baral 9](2023)9] A=Al AFAH ol& FdsH7| st Al
7} o] R0 A 1 Qlet. 1T A5 71+ ‘?z_”i 5—?—57} o e} el g SIH] '@t Zhs A 3o A
|2 5 A 7Iee 5 NdEE v o R 8 wit Ay AR A EAY] A E =2
T3 "t A fIsl o1& E85foF & 7401‘:}

o, ok W] A5 A ATE SIS AAR Q24 & Aol A Xﬂ 2 =S A
A o) =5 whsit). ot wike] B4 SHRE =EE A1 EolWke A4t 3%—
E A Geto] YA H= EATEEAT 4= Utk wAdA = FE é—)v\—“:: Fojgo=

Hle A R s st 397t 9\1—31] ol= Mol ol ol=2= TS L U3 3 kS

-0,
2

oot

mln > [
S

o]

ji
_[O{l
o,

—

(

o 915451 AoleKSmolinsky et al. 2020). eIt B2 WA S5 80IA BV Hed] L
St 22 Yo] Thgo] 142 71&elof o}u}L S 723k, Ronning(2017)°] 74315 o
S-S Tt obje} wHol thet T Eue Yste, A of Suke AUsH AL Sl e

S 27] st T2 AR hunting for the answer) & SHE= A#{5k= Zlo] & 4= Qlt}. w2hA &b
& Aol A = GrtollA AL AU AL A 52 AAISHL, Eo] o)k o =Hl Al g} B
P45 Folsto] eh5Ate] Sk Al ddfiof gttt vt o] 5 913t A1 1 A 712 A7 A7
2k A9 YA E o|F7] ofEZ F7F RO B = o|of tel w54 Q] =27} A g E|ojof & Aol
2 AT A AR BARE AL oY AR, E4 ti == Foll A ARE 58 et 2k
A% A7 A g2 RIS A= ofu|7t Qlek. A EoA] B3l Hiel o] Aks A o] 3=4
e B/ NAE 1 IS B S0 B E A 9] etu 54 i Wole Aol F
A SR Sk T SHotal A ¥st7| s A5 15 7Hll A As A2 AREShe
A%, Y Tl A= Hetol gk S0 B7F g “4‘:““ & 5ol WA AE A& 5 QlojoF
Aot Hwang & Tu, 2021). ZL&{ut A3 Rdo] 9431 J5o] ZHIE W54 avs HHokA| &

719 A5 A B84 aE EA5HL, SREAHY S iAol AREShe TRt HRkS A 0}5
At B Qo) o|F fIste] Ahs A3 & AtEu EW A, o] HIFCE g = 7iA
9] A|&=7} o] FojAof 5h, o|# gt A= 9] WA RIS FAISH WAl Fgol| o] A &8 A
Aof] et =2l% d a5t

F|2oll= BAE AT A 5= B8 A7 o WA o] Fol A A, As 2 Aol A T Al

B2 7Fs/30] ERIE I Qirt. & A FAIF BT T 2-39 9 = tFEo] P AsA 5=
Z-&sto] QATA5e & 58 7HAolu Hx Hloly A4, AFs A A5 M 59 8HE B
3FAtHWardat et al., 2023; Nakamoto et al., 2023). & AFLo]A= EA351%] QkqtoLt AFgi# o
£ o5 Algok= AT ofn] SR BHE, St WSO Ak o] 2|3t AA’IE Algste] /-85 2l
SAE 71s0] HFE {3 AREE 4= Qlofof & Aol

ro, Ol
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Soh 7% ) A% A Aol B AA

ok
=]
5

Mo

5. g-2f Al

|t rl.n:
re

o

T bt 2 SAYS L k. A, 43t wafe] A5 AU TR AF AT 5
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ABSTRACT

A Systematic Literature Review on Automated Scoring of
Mathematical Constructed Responses

Suhun Kim
Master’s Student, Seoul National University

Minsu Ha
Associate Professor, Seoul National University

Automated scoring is a research field that facilitates constructivist educational
evaluation by applying recently developed artificial intelligence technology to learner
evaluation. As mathematics is an essential subject of the K-12 curriculum, research on
automated scoring of constructed mathematical responses is of great importance.
However, unlike research on automated scoring in other subjects’ responses, studies for
automated scoring of mathematical responses still require further exploration. In this
study, we propose classification criteria for mathematical constructed responses
including response types and input types, identified 21 studies from 15 academic
journals registered in SCOPUS with systematic literature review, and investigated them
in detail. As a result, Research on automated scoring of mathematical constructed
responses has gradually increased in the 2010s, and mainly focusing on algebra and
functions, number and operations at the secondary school level. With the advancement
of artificial intelligence technology, automated scoring models have also evolved from
early rule-based and statistical-based models to machine learning-, deep learning-, and
large language models. Furthermore, early automated scoring studies which focused
solely on single-modal and digital formatted answers are progressing toward automated
scoring of multi-modal and handwritten answers. Based on these findings, We propose a
framework that can classify research based on response types and input data formats.
Finally, we conclude by emphasizing the importance and necessity of research in
automated scoring of constructed mathematical responses, and by providing suggestions

for future research directions.

Key Words: Artificial Intelligence, automated scoring, mathematical constructed response,
descriptive assessment, scoring method, response type
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