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A A o2 k= A Fe AAEY Aol HIrHAlzubi et al
W-EFopo A Tl W& Hlo|EE o]-83t oS K o] Ago] &S| o]Fojz| 1L
Att(Baker & Inventado, 2014; Romero & Ventura, 2020). £5] B2 dA4-50] 2%
A Zmol| 7|ASEE Agcte] By d5Es =oletel B2 IS ZHAST
Baker®} Inventado (2014)= WS04 9] Hlolg mlo|d o] ALyt 7 W5
o}, o] =22 A& By, 72 I, I mold, 181 BYS E8e HHoE Ui
ojA w-gEofo| A2l HiolH ufold o M-S ottt 374, %Ter gy, %Eii
B & Ot 7IAIsks ¥ BgE0] wsARE EFotl g5
RNN(Recurrent Neural Network)2 dHFA Q1 9l-gAl17wdo] do
vHslA] ghe Axt e, A HAHE Fdsto] nHE "ﬂ—i‘—i}ﬁk O“H/‘]@-"J b
EMel, ]7‘“]144 SHAE (ALY AHEE A4S 719 FHIE Mz 4] S0l
mjrich BAIEThE Agste] Aol SYLHE ARt shx]gt, RNN2O| 74 47
SIES ”E}— AFA Q] oFHo] EARIt). o]l AAG HlolE7t dojdas REo 4
Bt A%} sl =L, 7R E 7BAIE o R A= AD0 0ol 7HA 1=
717F &4 Sh5o] 78] o]FofR| 2] A EHi= ﬁﬂ’%}o]‘:}.
ol& sidaty] Y&l = LSTM(Long Short-Term Memory)-> ‘71 ©7] 7]} 0]
2t ou|= A[7tol| whet §iske ARE 7|5kl 61
= AMAE A=E AHPstr] 9% 7] RNN9| #g dargj&0 =4
Hasl =2 olAlEk) [STM-S RNNO| AR &4] 1}
o JHE A€oz 7|ostal AMAlste] 71 HlojeRte HRES] Fa%t
HES o Qlrh oA Hofl, Fe 9& Q1A
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& 522 9T AdAE dE Tl 2T

ol#|gt LSTM2 shte] 2432 Foll ¢ HolHolA Fatt JHE Hotfle 9
S ek 2y shte] 2952 U 22 Qs Bt HlolHE Alshlole o
3] FAZE AL, o€ Hetshr] el Deep~LSTMeO] AIRF=|Itt. Deep-LSTM2
o2 4SS TR ot SHO =N AR ASH 545 4w 5 ol 51
ot thEAQl ZtmE motdt 4= Qlrh Deep-LSTMOA = §F Z9] &&o] thg S¢
o] "ot AE 50l, 4TS ol A WA 24 BHE Aldstd, A WA 3o =
Hol 7 HA o A=kl =, & A o ==l Al WA 5o A=ghol Ao
ol IH= MA vAY 2o FHEe] AT dSUS =St So] dojAE,
A AAIE dlolH | viAdY BAE | & ZAE 5 e, o5 LAE fefnist
A &L 5 .
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oA & ZE3c B Q7= Deep-LSTMo] £ekata ol g3t o] g2 Aol Bif
244, A7) ¥4 53, 424 52 EHE Hwﬁju} 2 Oﬂ%L— Deep—LSTMOI o]}
ze

I &4 39

1. HRRSEHIT =2 Lig

B Ao M= 8T HA T (Daegu Educational Longitudinal Study, DELS)<]]
H 328 SR YR B42 3 AT 27 ARz A8 2 Bee a7
e gERSERAT 2017-2024 W dolelol] TeE SASolc). o Fi-sEeh
AT 7 Ao SISl A4, el 54, 71 i, ot 97 W okl AR
5 ol 184 AL AV1H0R FAsle] SAe] sl A B84 FFE A
Ao BAsp] i) 758 S0 Aol o) B dpdlH 2ee SAHE B4
L SPAT A7) 42 FUG HE Al a4 QA ToK, A st
£ A AAE AUsHA 4AtEst=dl A9t 2 #3e & 4 Qo 2 de i
AN -5 e nsAFH] Holg &8 5de AA AT ArE ARSI
M, e 742 AR AAE oEet HolHE tdeR FRE AT (HAEGA
w57 v uSAY, 2024).

<E 1> HRESEHIT0| X9 g
e L) ik

ZAp 2H ;Hi MBS0 GH0| O[X|s nE8X & 24 9 M 23 J|XX=2

ZAEA X4 B, 11 AT 3 HES EQE oF FI| = R

AT mE 2017 & DIE(2017' A THA| Zstm 18H )

= gL AlHS
SM )b 20174E(1X) ~ 20241F(8%N S eMd= A

Cilo|E
EAF 9 OIX|M ME|Z(28l) Ala|d EM JPY &1, stn Mg = [f%ragui? E{0]
&
XRAF CHAM OHA CH X|4 LH 9F 3,0000f | SHA g sfjct st == Aol
M3E FY SNNE Ha #8 shet 2+ 43 Hlm
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o Heia 54, 199, 8 2} 3
=o] g F92 2AE SR,

2 ATolE B 42o A4S shashy] 98 JME AEe] Bag Az 37
¥ A% AFE A0} BuE SRS 24 hgos TPttt 94 FAEE 44
7h AL TSR Abge] BEHQ A A% HFE AR FREA e A
ds Addslct. BY s Bl 35 0i2aE el vfstel A% Wee
uE Fgsi9t

2 AT A7 AeFHARANA 4H SRS 501 I8 Deep-LSTM 714E

g HPS 8okt 24 gele oM Ao, A" AAEL 4 A toll |
3 A BSE FAHeR 89, o5 SR te AR DY 43 = 44
ok, 4F 7EReln 42 t=2~8 A9 BEgke E85HE, oS didol
F(E=2~DfRt &4l 7]ofste s npadz #2|sH
% o=, ta A A AH

o 5, o ] o A
o

FAAE e e ARk 24 AR 43 e g AR
A 2pol, 7HEks WskEo] Afolz ALt

T A &

SHATE olF 7 A 18] PSP rRE v Al F, Woks, 7SS S
o A7] A=A AT A5 AASHA ¢4l shks Il Wrstaltt. A4
o2, Y gAINE A4 Ao S oS ofl ntad M XE A5t B
F Xot A Rl dEdezH Hgo] A AAE dhte] FH= ShEdles 5h3
o Fgte] 25 mpAa s TSR B85k, dAlz ¥

- A
W Bk st e SAele FAEE vl A7) AR, olel A9 A
A%, M9 55 20F EAGHS W D B4, 29T A7Htime, time’ )o] EFHEITH
o2 ol AL SPYEY] HAg A% T S Q) 7k 2ol BAle] EAskaA}
Shch ek 7F A i Wl AZE 0% Hlt, 14k 2] okl 208 £
SR W4 FolH AZBo| e 2o Hr) 30718 Adstigon] 4] Wet ARcr
B2, A9, A9 QokEAS EPW QA 9 AU A 160702 Agstct
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2e QJele)q 57 00 Ak, 74 Wl el B
uhASE G AAstel g st B ARE Al el etk o2 A
Hog WEHAY LA A% WY A 2] BEE 4 Uws AAs

(T8 12 o3t o 43 & 12, o5 &3 72E /93 o= yeid Zloloh

AAIE Y43 X 3 o223 M X

LSTM 213G

v

[ HZ ™73} (Layer Normalization) ]

[ 2t AZAZE Dense (96, ReLU) ]

v

[ Dropout (0.1) ]

v

[ 2HAZAZE Dense (64, ReLU) ]

v

[ Dropout (0.1) ]
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3Rl ] z-AHS4 BXE H8olo] 5o AFSSlTE A Tl oEAE g o
=2 gkt F] RMSE(Root Mean Squared Error, B+t Al 22H et MAE(Mean
Absolute Error, B+ At 2xhHE ]’EO]- drt, &= 2 E = Zlo] 2822 o2y} =}
39 Uehfol, RMSEE 2 ool o wiziab) whgstel Iekal oje] Gge g
Hhgsty, MAEE RE Qo] FUgt 71‘37413 Fofste] Hatd S HoE.

2 A9 NAERERE T/ AAE 58S oh5T §, ol& v R A A9 =

[e]
ko3
Act. ARtE WAIsk] 18] Dropoutt _71:7]%— = A5t T, £AFSE Huber
loss, &%= Adam ¢1E]&S ARESHITH

Ame oMY ID @92 F3) -E—%%PO% o5 A HAE F9ks 80:20 HIEE
gotant. et At UielA= 10%5 A5 Aoz Edote] 27)15=9} ofolujn}
etafE gAo] Z-8stglon, HIAE HE2 F A5 B7lolv ARgstalth. 59 o4
o] ofg] A TEA7E BT Y Tholl FEE= AS WA 9o oM &) £
2-8-5F3ITt.

8 stolmutgtrlels LSTM 7I5F AIAIE oIS AA+(Reimers & Gurevych
2017)0llA dutd o g S8u= HAE Fxste] 29 @] 4= 48, Dense 5 +4 96
—64, Dropout H|& 0.1, Hjx] =7] 256, ¥t& Sl4= 5002 A5t o e W
ol 10%E A5 Au2 Fgdto] 27§89 7|Eow &Eollon, ol s =Y
9] yASke HHx|5tith

k52 5709] B2 A ER HHE 8cte] Aol Bt HEdS ¥ Ealshl
oh 59 & A9 A4 HRel VST d5S xS o, &4 HAE AR 4
Z 0.2, A2 W9l 0.5, A3 7IEE 3.022 Hojslo] /& T o3 715A1E A%5)
o
A

M JjEoRE AEH AYRE AAIEREL At e 2y & WA
HARFS QG ol B AT B thyol 4% AX AAE 725 Fez
#7451 454 44rgol7] thRolth ARIMA AY B3 BAdow w4
(N=1)9] 7] AALe mdealr] g5t B, B A7A o o] Fe e 1
22 F BAshs Paoks Rashd ettt OEAARYe AR g 4o
o FYolng WE HwE Sush Qkh, W, WANY RBS N 2 AR
AHe 72 29 Fos PAH0E B, TE Wt A7 BEHOR AgH
o & hEA Wilolet HolAl Wl J|F0E etk Bkt

FARIRGS B2E AGS BE AY 29 TS0, 24 BES 94 28
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At HAE Aol A Deep-LSTMY} 7M. o5 52 Hlawstylth
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7| 53 o), 7HEETY olF oF9l A A EY AR S4 floflA] vhEo]
12} 2| Fol7] ot} 7 dAts Be AF ST B A AEE nyol &
taote s AAo =, 7HEE 5o At 4eE Ho eHg3or &5k
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A71AM vz A toll M) AR Hekde UEM, 2 Beld=09] s =
HHAH ot v AEE(-D SAHE 79 43 a0l o' 2 979 9
Aol AF 7IEEE oulgith, o7 9] e Mt AL Sl Aol Ao A
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Q2 A Rl A aglo] HotHog A-8sl= AlAE Hlolgolth & dtoA
S 2% 29 Deep~LSTM2 519 AZAZA @Al

Q1 sy 9] oty wid} AF AFS AlTHe=
=

S
£ oluat ek

2 Ao Al AT BAC] theste] B4 Ang AN B4 o 19}
ool A7 H&mo] MAgAT 7] RS BeA 248 9le) a7Hs o
@ 272 AEDT oS 95 FAHFEEN Deep-LSTME HlTste] ofE 724
S70] 7H5E S EaAURE BAA R IRlRit, thgor A+ 74 28 <+
d F8E 74 A A¥S B0l 7HEE Sl 7lolshks S AEE et ot
Auro g A 74 32 dSH 7SR A7Vt 7)E AR ARE SAG o]Folx o]F
35 st dis] =494 d9eEs AUsAE AT wrloA A5

(B D+ 2 419 240 &85 HF 78 529 dxd FxE Hojgrh 2 o
T P uSETHL(DELS) ) 2017¢ 71 HlolEE Hlgro 2 stE], A JK&Ek At
=& Sloll 243 HL( -1, t=2)0] d&d Ax 2z 2pas} dHEojol sl BA 1
W] E4g efele] AAAQ LA F7h 202095 HR stk 2021 9] i
%7} 4004802 FEI AL 20219 A ek 25hd SHA oF 1,0008S ke 2
AN F7k B4 Q1gio] 397 elolelg Shaglel ke BA el meEiol] R
ofe}, £ @ v oF 2,000 3,000 TFRO| EE 75 SASIL o], A
4 foe stEsle] 38E And EhE 251 9

<H 2> YEH AXINME MA0| J|SEH
. . EIAEME SEACEL SEEDEs SEEEEs

S A Be  mEEN  aga A9

2018 2,769 0 870 549 676 1008

2019 2,685 0 895 63.1 703 1041

2020 2,275 0 937 72.1 710 1104

2021 4,004 0 796 438 649 902

2022 3,901 0 836 593 635 971

2023 3,903 0 866 535 694 967

2024 3,912 0 885 63.6 697 1035
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WEIPGH7IAT A298 A2E (2026)

o g AHe Be AIRA S71ehe P B 2Ry Wekel A7 AlA
of me} zelE HolH, o]F Aler 4R 4

olofl Hls [11 219 LEH IH2 45 WHolke
Bhdlith 27] Aol e 77t ] #he Hol 4% St S SHdS A4
SH, o1F 7HEEE 0= 7R fdasto] $HF AlRoflA
+ 451 %ol o8] 71k Sleole =5k, ]

AstAse ofulttt. o2fdt Axte Ao SHiY S olsist] ffsl WHelaE of
Ut 7S 20 £40] Eatks HojEn

lo
rE 1P
:k_?_h‘
AN
AN
g
H-[
lo
o,
el
o
filjo
v

Rl

<E3> BYLOS Y5

- RMSE RMSE MAE MAE Hi=
q = =7 m HA
e I wa mmwn me mmmy ge PIEEST
EMEEDY (M) O AIF JlBE 878 - 893 - - 183%
Ctg AIY 5= 54.8 254 424 20.5 5 1,836
CI=SotM| Deep-LSTM CHS AI™E 8% == 46.7 17.8 36.4 14.4 5 3,176

oS A A
3y

BA

A 3,176%0] 24 el ZIH A W JH 7= 52 oY a4 3vid
A= AEr} B SHEEofof slER, © 1l
% W7 oz S ol2fRt HE 749 Aole TRk A Mgk A

RO APE 8710 HIREE Aor, AR 74 HE Adide Eol.
FOR, & A 7HEE d5od AEA0 FAYFREZLS RMSE 87.8, MAE
69.302 LpERE W, b5 THA] Deep-LSTM 2g-& RMSE 54.8, MAE 42.42 A
Hog 959t o 452 Btk Deep-LSTM B3 thg AlH AF=et dSo)A
= A e Holgord Ui o 729 784S ERIT 5 Al
RMSESH MAE 3t 2tole] 7]= @2F 2329] efjofl thgt JRE Algeiet. duts]
©=2 RMSEZF MAERT Z7iut 30, = gre] Aot S5 Qi a4 o5 037}
EAES ofnlettt. 2 A7ellA= Deep-LSTMe] RMSE(54.8)2F MAE(42.4) Aol

EN
l
filo
%
rlr
9
0%,
o
w
[@))
ol
d
o,
N
s
Ht 1o Lok
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7S B8 45 I Al ErEet

1242, 2734 mee] RMSE-MAE #0](18.5) 5t} 2o} 6= oxje] B} A4
om FUFS ANET EE A BY oA HIE 99 A A=o] AH dEzke]
BEe AHEsto], A=W 884 WEALS 9E5IT Deep-1STME] 4 o =4
& wregsrt,

RQ2-A: Aerror distribution (LGM error - LSTM error)

75-

50~

Count

25-

0- [
| ' '
50 100

50 0
Aerror (positive => LSTM better)

[32 3] 2o X} BX S|AET™M

[1%] 312 239 93} Bx S|AEIHS HojZrh A 02 Deep-LSTMO] 0
Hrp Q@ B&o] 293 9], o Deep-LSTMo] AAAAR G| Hs| £ A5
Ut A2 AR SRAIRE [1] 3]o|lA Hzo] &4te] 31 OKr; 22 g
A EAS2 HolF oz A Deep-LSTMo] HAVIFEZ A Blsh 491l = A
2 ofya, Ao g Aot &k Yee HolEth

<E 4> J1Z 3 A9l 2t

A= St OX WS W@ OX WS EEWAI  Deep-LSTMO| O
oastsiz

1 433 248 27.3 0.794

2 501 249 29.7 0.772

3 499 26.6 31.6 0.772

4 403 29.0 313 0.782
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WEIPGH7IAT A298 A2E (2026)

(E He= B 429014 Deep-LSTME] @2} H3}e] Btghe BT Fe] g U
B2 HolEry 59| ok ARZATE 29 AREH7IA] @af Heke] Hal> 24.8
oA 29.0 FFLE [AHA st B4 AR Hdol w97 2 s =
AR, TERE ZF ARER]o A @aF Hekr} F] ghS 7HE gl 0.77~0.79= UEh,
Deep~LSTMo| tiF+ © At A5 Algds Sl 4 AUSiH.

Thr 0 2= Deep~LSTMO] A5 2tol7t ofwgt @dlof o5 AP ==AE &7] £19
=¥ F 2% (Permutation Importance) +42 AAISIth YHAHSE AH =, 84
sk, ARl 7ML, AP, A7) wEt JH Fo8 o] ZF WaE el o=
FA9] Al §F o, o2 AR A TEEEE IS "o RMSE S7HEE AHE
SFA

RQ2-B: Permutation importance (ARMSE; patched incl. MaskOnly + robust stats)

LongTerm -
Velocity =
Score -
Lagged -
Acceleration -

LongTerm_MaskOnly -

Feature block

Score_MaskOnly -

Lagged_MaskOnly -

Velocity_MaskOnly -

Acceleration_MaskOnly -

10 15 20
ARMSE (higher => more important)

o
3

[OF 4] H&E OF0f AML| #4 F9E 2 Znt

(2% 41 o] el w2 Avke Ak B4 A3 7] 92 AR Long Term)
FAPS w) RMSE Z7hefo] 1 2 trehton], 1 thgoR Meke, A4 57
A= Fa7} Selselet o|2e 7] wek Arst Rojn) e ) 259 Aol
7V olAick ojulz, A7) Wet JRot o] BRI 7V FAFE HelEe
Ak @ B @A Al A4 R ArEon ARl Jdwg Rer

> o

A
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A NSE A st

<E 5> &k O X0 AOMQ| Ha K|HA| RMSE HelZt Hji

29l ARMSE H# ARMSE EZTAL  ARMSE S92t IQR AlE 2
W 55 EY 234 24.6 15.8 9.00 5
A% HelH 10.6 7.65 8.34 1.54 5
a3 =& 8.71 7.79 5.12 4.49 5
AKXt B 3.70 2.84 3.49 2.03 5
A3 Jtsx 3.07 1.85 2.26 1.94 5
W N EQ-EZ miEnt 2.79 4,01 1.22 3.62 5
g3 +E-45 mE 0.42 0.21 0.34 0.24 5
AXp Hip-ZH= T 0.20 0.55 0.10 0.47 5
A H-EE T 0.15 0.12 0.15 0.18 5
ItEE-AE IR 0.10 0.08 0.05 0.10 5
! 1. RMSE = Root Mean Squared Error(8¢ A& 22b); IQR = Interquartile Range(*HE$HE ¢, Q3 — Q)
ARMSE = &= & RMSE — 7]& RMSE.; E— e AxEe o] AF25E dF Aol S ou|eith
2. 'AZ e AL o W4 AS npAd fdut dste], AZ AR A 9] VoL E gEoR =A% 4
Jtolct, Yz M=(7] F4 B4, A% WiskF S)E & Ady 25 vkaa QS ) dsto] HA 7)o
=5 2% Aol
(B 5oAe 71z A ZF |49 2= gjenks dso=2 229 wjdst
W FQEE Slshs B AXNslnt 1 A 4] weh JHe| i 254
HolA= oJr] Q= RMSE 577 e vid, H4= §sls, 7ELoAle] 2EA]=
A& Aol A9] AL ulA|7] ekglet. ol AZ AE AL 4F] ST oS
83 Aol Bk, 371491 Azt Wet &ojl4 TxoE AZ R w45 A
H7F ou] Ql= AH= &89 & 32 AARITH E3t B4 2713k e HEAd 4
FS Ao el Sda 716 Q9kS AASE Ay}, 7] W JHeF HIkeo] 9
T e dEEA fAHCEN £F F/ES] FAAS 2RI & AT
7h B oAl Ao RS 273 E) 08 W Shgste] o] Wid WA
& 7 Basigeh. AE S 2713 A%0] whe sk ATl 83 WEg 245
7] glol BY RS W Sk 945 oujgit, W54 AEEE BREA
IQR(Interquartile Range, AHZIH Q] A3ARE G2 AlTARE$14=2] #lo])S Halse]
=, IQRS SH4o] J&2 iAot S 50% Helel B £S5 Yetfs s
A|®o|tt,
g2t HA(Ablation) 4L Bl w2 o FHolA gld T asEo]
AR o5 o] BLAANE AFA ol 4 AR ARE AAGoR A
AZO 24 Deep-LSTME] Aol ol® gRlo] I3k 7F=AE AAH R Hojzrt
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<H 6> HF| AH0|| [}2 Deep-LSTM B BH0| 0f|= M5 H|

oYy Yy RMSE H# RMSE BEZ=WAI MAELWHF MAE E&WXl HiE sls ML HE >
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NS BET A M5 A Eeh

W, ohe A4 oY BIsheS B4R O R WA 4 S
ﬂ g o}l Deep-LSTMO] 5 7155 A FAH0E folla
ok, FAHOE, % SR of% Sy WaRS folek dSse

% rE
PN
& @
fijlo
o[-m [UIO

Agge B
B, ol ZM4E AW} 7120] AF SEolt WskeR AWEA g F7H RS
Zobotal &S oulditt. &, 7SR U A3 ey A7 Aol ofyet, o
A A AT &7t oA WSl XS Wdste ARRA J15EE
51 it
<H 7> O|&E 83 Stk EHENLE 24 ZHut
oy Hi eS| EZQX} i pat
e 27.70 1.12 2480 < .001
0% 1 gF 2ZE (BERD -7.45 1.23 -6.04 < .001
9 £ (HEED -20.40 1.30 -15.70 < .001
e 27.70 0.76 36.30 < .001
a8t 2 gF 2ZE (BERD -3.34 0.87 -385 < .001
° AE AT (EE) 21.80 152 1430 < 007
O|lEEl A% JpRE (BEEI) 56.50 1.31 4320 < .007
23 He By 1o)4 22 FH(-20400 Hold 4 £w o] FAL7L o5 7}
£ 25 EQet BY 204 oFo] 7H(+21.80)22 Ko7t JAE = Aot} ol= A
A1 A g, oS 7St A ZH o= 7|E HeA S &4
o] Q| Bt 27} Relgo] 7t wige] ngt Ao Ead Ane s 4
AH(Tzelgov & Henik, 1991). ¥4 7+ BABAAS(VIPS S 23, 4% 52
1.27, A% £5 270, A28 AF 7R 2592 2% 10 "]gto|git} ol BE oA
o] thEBAel oft BT F40] oleh, oF TSIt A S ES jEo
o]4d HEE Hss B 7|5 SRS AALICh
V. =9 4 AA
£ AT A7) BREUARE Beste] 4 MEEE 4% P2 Bk AR Y
sfstal, 1 B Aotz sttt olE flall Deep—LSTM 7|8t A|AIE 23S
Hgslo] A5 A Jgrdntel ofs e vlusti, 1 s Aot WSk 124
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A BT ot 43 AH45st 4% 8% B ARA AU ool
oA, PAE S Hol AL B/} AR Adel o] Zloleta

2 skl

HA A WA A4 A BEste], 24 23 Deep-LSTM 22 54 AFR
Foll Bl et AeAZEoAN 7HEE S e 2 98 BE3ld g &0,
B7h BiolM wEE AF 7SR BEEAE of 87714013, ol VEer &
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= e}
b GARRE £50] @212 Hlrh HFA Deep-LSTM ] RMSE(54.8)% ¢F 0.62 SD 4
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ABSTRACT

Validating the Concept of Achievement Acceleration Using

Machine Learning

Jeongmin Ji
Associate Research Fellow, Korea Institute for Curriculum and Evaluation

This study seeks to validate the concept of achievement acceleration as an indicator
for capturing students’ learning growth with greater precision. Conventional
growth—referenced assessment has primarily focused on changes in achievement
level, and thus has been limited in its capacity to adequately reflect subtle shifts in
the direction or dynamic properties of student growth. Achievement acceleration is
a higher—order indicator characterized by nonlinear and long—term dependent
structures, and its valid measurement requires specialized models capable of
capturing these properties.

As a measurement tool suited to these characteristics, this study applies a
Deep—LSTM-based time—series model that simultaneously accounts for nonlinearity,
long—term dependency, and structured missingness patterns. Vertically scaled
achievement scores from the Daegu Education Longitudinal Study (DELS), covering
the years 2017 through 2024, were used as the analytic data.

The results confirm that the Deep~LSTM model is equipped with a predictive
structure consistent with the conceptual definition of achievement acceleration.
Long—term cumulative growth context information was also found to contribute
substantively to acceleration prediction. Furthermore, in the criterion—related validity
analysis, the achievement acceleration indicator generated by the Deep—LSTM
provided additional explanatory power for subsequent rates of achievement change,
even after controlling for prior achievement level and rate of change. This indicates
that achievement acceleration converges with existing indicators while remaining
distinct as an independent construct. Alongside these quantitative findings, multiple
illustrative cases demonstrate that achievement acceleration can be interpreted within

the framework of growth—referenced assessment and utilized as educationally
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meaningful evaluative information.

Taken together, this study suggests that an acceleration—based indicator—one that
reflects the fine—grained structural changes in growth trajectories—can function as
meaningful evaluative information in long—term educational longitudinal data,

extending beyond achievement level or simple growth magnitude.

Key Words: Growth-referenced assessment, Achievement acceleration, Machine learning, Daegu
FEducation Longitudinal Study (DELS), Validation

220




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


