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(3£ 2. & AFdA e Abulge] He  Aste HgoltHJung &  Mickrama, 2007). 754

Fﬂzorﬂi

g

2 93], oh), AEUAS), WE S5 ATt A% md=el A%4 M¥RUYHLM; Hierarchical
e ol Moo ol A Linear Modeling)¥¢] & #o]de A% &3 2ddy
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[Table 3] Standard of model fit

CE
Age 7= zkls
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22 ghol 4om Hers
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- 0.0570.08| 0.05¢]s}
RVSEA) DHOL | qae s 22| 01018
T @ae)
0801 | 09014 ¥
LU gpg | gaw | 09T | ogmu
(F87Fs) |(A@e)| 7

« w44 2014
x* Browne & Cudeck, 1993; MacCallum et al., 1996
w0x Gefen & Straub, 2000; =741, 2014
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[Table 4] Mean, standard deviation, skewness, kurtosis of measurement variables
=% ks XA} = A=
TEFAAE A5 13 339.16 53.036 0.25 -0.044
e ) TErFAHE A5 23 355.96 50.611 0.294 0.003
_ o TErFAHE A7 33 359.28 53.221 0.128 0.088
R ICRIE FE A AL A4 47} 356.33 57.292 0.025 0.391
TS 1 =L . . . .
TrAHE A5 53 359.3 58.658 0.154 -0.305
e A 7F 23 2.77 2.209 0.848 -0.121
T Abal ol A1z 33} 3.12 2.279 0.653 -0.434
o] A1 7k A AT 43 4.32 2.46 0.061 -1.131
o A ZF 53 4.74 2.477 -0.133 -1.149
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[Table 5] Correlation analysis result between measurement variables
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=4 3 FAHEAT 23 AbLg AR
R 24 | 34 | 4 [ 5% | 2% | 3% | 4% | 5%
24 | 1
38} 32} | 0.607+* 1
FAHAE=HG | 47 | 0539+ | 0.563%x* 1
52 | 0.463#* | 0.499%* | 0.673%%* 1
s 271 | 0.215%* | 0.127** | 0.136%* | 0.104+* 1
A;—jl—'% 32} | 0.242+%% | 0.244%* | 0.237** | 0.175%* | 0.374%* 1
6] A 7} 47F | 0.226%% | 0.227+* | 0.316%% | 0.249+%* | 0.248%* | 0.383*x 1
52 | 0.244# | 0.232%% | 0.311%* | 0.303#* | 0.204#* | 0.300%* | 0.489: 1

0.01 FE(FE)NAM 9], »=FBAF=

0.05 FE(FEH) A <]

[£ 6] 8| el $3F NHET HEot 231 ALLS HoAIZ] (3 4ERY 29 NiT

[Table 6] Growth model fit of all students’ mathematics vertical scale scores and participation time in private

mathematics education

73 2 DF | RMSEA CFI TLI

T 3] 97357 13 0.216 0.614 0.703

25 13 Aewsl 505.262 10 0.177 0.801 0.801

FAH LS 27} WA 8w g 163.34 6 0.129 0.937 0.895

257 Baghs 98.851 6 0.099+ 0.963 0.938

o g} 1141.843 8 03 0 0.125

oAb 12 A3 s 81.375 5 0.098+ 0.921 0.906

it!_oq}\]zl_ 1l O 1o . . " . .
27} WK &gl 66.732 1 0.204 0.932 0.594
wxx=<(0,05, *x=<0.08, *=<0.1

2 U9 v =X @2 Fo® YERtH(E 5). W FRAFTE AeQd CFI9 TLI= 22 0963, 09382
g B Ao RE WAL 7He] AdASFT V) 2 AFgro} HAAI(AHEE) ARz ol HmE
o] HE 0%tz et ey AT e 4 F AFe ATt M 2L 255 BEES A
Aoz wekssrh Auge AFude F4SAL. 7% FAAES
o Azmdz ddd 25F BRUs A4ude x
2. AA Aol U@ AREY Sotasl Foae 458 s 499 vd AgE
724 9ol FoL 15 JlEoR Raadr. o
[£ 61& AA o) 5ok SAHmAse 29t A4 @4 23 A R 4REdel 1958 2%
g ol kel W 22 (unconditional), 12+ ¥, Sal 4shd(1A)FH FEu 1shd (A 7HAH, 27EE

27} MAFAse WANERY 9 25 BRYS 4 B 1SIWHIE Fea 28GR o)
Auge] g w8 AFES v golth £3 5 5% Aug Bzl o FAYIRG FolA
AHE G 255 2T 4RI 2 4 13 dgusle md Agnt (29 Fto] 81.375% Y]
Fus y2e grol Wl M BY Fold b v @ wdel 23 MARNG BYE6ERRT o sk
A vgken, RMSEAE 0092 BEESsFEe AHdtw  Aw SEAE 00982 BHE¢Fo Agx S84
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[Table 7] Growth model estimates for all students’ mathematics vertical scale scores and participation time in

private mathematics education

A # (Intercept) 7] 7] (Slope) 22} (Quadratic)
e FA4A 24 FA X 22 FA 3 22k
(Ezed) | (EReAD | @Eed | @zed | @EeD | @red)
o md s | 3402a% | 92347 | 18809%x | 192032 | -4366%x | 158.308%
T T A=
(1.255) (189.328) (1.991) (318.755) (0.559) (22.36)
8k AlaLS 2.689: 2.236%* 0.697: 0.432x
Fhro] A1 F (0.052) (0.179) (0.025) (0.043)
xx=<(.01, *=<0.05,
% A4l CFI®}F TLI= 742 0921, 0.906= A4Sk 380 7
&) AFRER o HFrda Fs9h 370 -
[E 71 A4 49 £3 FAARRR} 25 A g - PRI L
W% FoiAgel U 4Ruge] 230 el A 8 = 43
T [ PPN > P & P s S 5]
otk [E 7N wis vk o] 3 f4Angse ¥ T 2
257 BEEF ARG dg Asse v 4 ¢ PN T T
330 = =
A 15259 d¥(Intercept)©] 34024, 7]471(Slope) ——FE A HOMZ | !
£ 18809, 27HQuadratic) ] A% Fe -43660.% L} “TEm B = B
g} 8 FAHEASFY 25Fe RIS AR
A (28 1] AA S 28 SAMEES 2o AL
e z?zh;ﬂ 4;%“34(1P H:‘:Ei _T"-?Lﬂ 13hd4 }iﬁw = EHoiA|7ho| AXtDH
L oz} HIME AAAA TS =% om , .
: 2X}‘ ]‘; ° :Zﬂ ° O_L °O]‘T °Hfi UE]’_TﬁTL 1 [Fig. 1] Growth model of total student mathematics
%5@ e S 28hAGA A= FHEE 280l arical scale score and participation time in private
FAEA. " Fgaw 18d(dA)e] #hel F8AL mathematics education
28PAGAH A R § A7 H7) el REgka
AR 2% AW Fe JEnA oggrh 9 2% 1]l B bhe} o] 423 £AHE FEE
FAREA TS Aae] Bite] B frowd Ao zxgew 45hdiE xSetw 63hdztx FUleicist
2 ougton) Bk AR V)&V fou2d Ao Fatw (ShA7AE AZ "olx: o Usgtow
2 ue AiQl ko) A7k = Ao® YEgTh % Fetw 15haRE Feta 28hdziA s WE) gl A

5
N
1o,
i3
=)

= Intercept)©] 2.689, 71&7]
(Slope)i= 0.697= vkt 58 AluS FofAjzke] B
< AFE > l
Q1 7k} Aol7t e Ao& vehgth (19 1] A
A gAYl izt 45t 2 Z
A7t FHA 5 F45to

Ho Lok
1o
=
rot
pads
o
fr
i
1o

3. 78 FAHEAF U AF £F 2dF
(GMM; Growth Mixture Modeling)
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[Table 8] A goodness-of-fit indicator of a group-by—-group growth mixture model for a mathematical vertical scale score

A% 3 29 (Growth mixture model)—(

A T8

A= A 1 21§ 2 1% 3 1% 4 3% 5 1%
AIC 65957.137 65892.674 65842.316 65820.054 65821.232
BIC 66026.86 65983.85 65954.945 65954.136 65976.767
SABIC 65985.561 65929.844 65888.233 65874.717 65884.64
Entropy 0.880 0.791 0.659 0.825
LRT p value 0.697 0.0086% 0.6022 0.4451
12%F 15199 (96.3%) 13897 (88.1%) 551 (3.5%) 144 (9.1%)
271 581 (3.7%) 1501 (9.5%) 49973 (31.6%) 281 (1.8%)
EFE(%) 31% 381 (2.4%) 9518 (60.3%) 5%(0.3%)
4715 7278 (4.6%) 381 (2.4%)
5714 13627 (86.4%)
AIC=Akaike, BIC=Bayesian, SABIC=Sample Size Adjusted BIC (n*=(n+2)/24),
LRT=Lo-Mendell-Rubin test
x=p<0.05
71 Y 4 & EEH(GMM; Growth Mixture [ 8l B kel 2ol 71 F2 HAAE
modeling)& X] o+ Aoty x5en 53hdARE T & AR sl AIC, BIC, SABICY #& A3

S 28 Bo] Lol Wel 48 A
A%l F0A WaldEe] §A1E SAER ] 9
A Y REAGMMYE AR A3t 1

5 2 g83 /ﬂ

66050
66000 e —
65950
65900
65850
65800

65750

—e—AIC —+—BIC -SABIC

65700

THAS 78 SHAS 2 THAS 3 BHAS a7 BHAS A

[ 2] &MAS 5= S7to w2 HEX|52l g}
[Fig. 2] Changes in information index as the number of
potential classes increases

3) https://stats.idre.ucla.edu/mplus/dae/latent-class—analysis/
(2020 549 5¢)

=
AT N9 AFoE v WixE 21FS Yol
45 AIC, BIC, SABICS] Fte] A vghoH, 57)¢]
IFoR Ui we &% FUlkehe 3o Ugith(
g 2D & 409 2 e o 7HAe B2 25
2 UsErE A3 As ¢ F Ak 79 A84Es
WA= Entropyat2 2719 522 Ui Fo] 0.8=
M 2L Aoz ygort LRT(Lo-Mendell-Rubin
test)2] ZHS p value ko] 0697= 7]5o] H+= 0.06H
o =4 UrS’Jr A% o= Ysitt o] kel 371
d% Entropyate] 0.791% 271¢] 1
2 YA vgkon} AIC, BIC,
2 e ARt A4 ugn
LRT9 p value gkol 0008602 wtAUel 23 Ae
sttt g, 4 £ RS B3 U Y aF
T 3FS 24%(38H)E AL Fo Huom sk
B ES «1 Aerolgtx 17t P59 =3
Taof gk HE
T Aol = Fdk Bl x8 A1A
%

[ 9k 24 8 H40
=

=
dFlo®
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[Table 9] Latent growth model estimates for each group’s mathematical vertical scale score

¥ (Intercept) 7171 (Slope) 27} (Quadratic)
L NS Sl 3 = B =
(EEeAD) | (EELA) | (EEA) | (EELAD) | (FELA) | (EE2A)
1% 346,053 7.818%x -091
13893 (88.1%) | (1.993) (2.096) (0.69)
2% 4204875 | 1057.035++ | -59.893+x | 346714 13789 14.032
1504(95%) | (5.782) (209.562) (7.199) (268.027) (2.698) (19.885)
3% 385,512 53.313x ~28416%+
387(24%) | (14.118) (19.176) (5.93)
#x=<0.01, *=<0.05
ARG FA4A Adeltt. 10w Aese 3 (29 3] 4% €& 2dg(GMM)S &AM v
T AR} 71E717F o @ Aew ugten, 20 3 aFel diE w8 FAHE Aes AR
SF3 30§ A BEe RE ARSel el Fe) adze el Aol 15 8 F4HEY
g Aow Ustth Aese] B4k At feojn g o] wists AuRy divee S ¥ 10F
Aoz ueh 79l kel Aot e e & g e (13899, 81%)2> Fe sl 5ehdNE FEhu 28hd7t
o, 71&719F 22k Ao g frelushA o Ao A AFHor Frshs Ao ygron, 275(150%,
2 vk A e Aol gl AL & & Atk 95%) 2T 5ehdRE Foa 13hdzAE ke
Mplus AHgstel 44 £3 B9e Adshd R4 sebh 2ok 19k Fohu 28 A%
R a5 AAe BE AAAsEd Wd At 2 vheks Ao® dEsith 3735389, 24%)9 e
A FUA A7) Wl RE TF ASE 2R SR 25 (I Sl
of uigh fake] FEHo® UgtthWickrama et al, 1 HEe shdshs Aoz yehygrh 53, 3159
2016) SRS Fo 19T S 29Nl ot
FAREAS wol gshe om Ege.
[ 1012 158 Atalgido] Aghel ek A%
I 2o 2 AgEs e st 17§ Ang
s S FoNzke 22 MAgRs BYo) 2 767 14
il i — AFusEguc A UgAT RMSEAS) am
G z: = ) 0219% W Atz vttty oo vhe] 144 Y
S [ESUE— 23 y20] 1045292 27 WAPRAHT} 7 L}
290 _Eﬁz:::?f;::] SA R RMSEA®] Fho] 0.0932.2 K (mediocre fit)
AR vhgha CFIsh TLIZF 217} 0882, 09122 %
= e o e £ AES AAUAZL) AYER 49 4T A
(08 3] 25Y =3 sAHHpol e AMLE astgr). 218 13 Agustzdel (2o 18712
28 e = o e RMSEA«] gel 022 o F2(lode )
Agz ys A% dusisis w8 12§ 13 A
Gusln el y?o] 5187= vhgkom, RMSEAS] ghol
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[Table 10] Model fit of latent growth model for private education participation time by group

w3 e DF | RMSEA CFI TLI

s 5} 1071.007 8 0.307 0 0.027
13893 <8H8 1%) 12 A gst 104.529 6 0.093x 0.882 0.912
27 WA w3t 67.7 1 0.219 0.919 0511

271% 2 5} 60.534 8 0.209 0.531 0.648
15073 (9.5%) 12 At 1.871 5 Ot 1 1.034
318 i 5} 34.983 8 0.298 0 0.085
388 (2.4%) 1% A¥gast 5.187 5 0.031 55 0.992 0.99

#xx=<0.00, **=<0.08, *=<0.1

00312 ®$ Z2(clode fit) A== gl CFI
TLIZ} Z2F 0992, 0992 & A3e=a e HE A
g3ttt 325 EF 13 Agusndge] HE M-

[E 11 288 Aug gelAze] ba 4487
2§ F4Aolth 1083 29F AFEe Bty ¥
HE RE foe Aoz s A 2kl Felst o)
L oom Uetow 37ge ASEe] WREW &
JElg Aom Ugn B4 RE fojuaA ge
Aoz sk A9l 7kl o} gl Ao vgink
[E 1] 8% ALS HojAlzlol tfet aAxaE ey
x5

[Table 11] Estimated value of the growth model for
participation time in private education by group

w

T

= / ——1715 (1389'F, 88.1%)

—=—271E (1509, 9.5%)
——31E (38%Y, 2.4%)

28 ALERHOIAIZ
=

\

&g B B1 B2

“d 3 (Intercept) 71%-7](Slope)
1 2 =A43 | Ba | 24z | 2
T |EEe | (@R | @RS | (EEL
AH) A1) 1) 1)
1%?92 2.569%* | 1.753+* | 0.73*%* | 0.327+x%
fs1on | (0050 | (016 | 002) | (000
[}
0500 | (0:195) | 0766) | 0078 | (0.139)
33;;5 3541 | 1.222 | 0.651*= | 0.586
[}
aop | 0330 | (1177 | ©174) | (0.312)

<y o o o o

#x=<0.01, *=<0.05

Y

o

(O3 4] 28Y F3 AfnSs ZHo{A|Ztol| Cf
MEDS Jej=

[Fig. 4] growth model graph for participation time in
private mathematics education by group

98 S8 FARERFSE F3 ALE Fel AT
FEILA dvieel e TS 1059 oA
o 250 53N E Fohm 2shdnA ek 4
ER%eh ok Ams el Azl A&How 7}
= Ao® Yeyton 2179 qEL 2585
ARy z5ha 6aAAE S8 FAHEASY
sf AlmsAlzke] FAbSAT 1 Rl2E 59 FA Y
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[Table 12] Model suitability of the multivariate latent growth model for the influence of the participation time of
private mathematics education by group

2y I1F 2 DF RMSEA CFI TLI

. Vg e 1 188.857 17 0.085% 0.956 0.928
o FAH AT o

A0S Zho] A 7he] od &k 2 13.648 18 Qs 1 1.017

18.452 17 0.0475x 0.976 0.961

wak=<(0,05, *%=<0.08, *=<0.1

[ 18] O8Y 3 ALS FHOoA|ZH Agol st A2AT ZTFHA|
[Table 13] Estimation of the path coefficient parameter for the influence of the participation time of private
mathematics education by group

o 4= ) i‘é—i ;:1)# ;gr g gjj}T v

7o FAAE A9 — AR oAz 49 16.396(1.943) | 0.494(0.044) 0

T FAHE 71E7] <« At FofAz 49 1.346(4.438) 0.085(0.107) | 0.411
1725 |8 FAHE 7187 «— ARuS AT 7187 13.369(4.438) | 0.351(0.146) | 0.003+
o FAAE 27} — AR oAzt 49 -0.651(0.533) | —0.016(0.087) | 0.222

o FAHE 23} — ARE AT 7187 -0.775(1.468) | -0.053(0.101) | 0.597

F3 FAHE 49 «— AtuE Az dd 2.399(1.76) - 0.173

L | AR 17— Aug Fol Azt 7147 0.836(9.703) - 0.927
T A 28— Aas @elAw A 0.7(0.355) - 0,049
o FAAE 27} — ARE AL 7187 2.553(3.86) - 0.508

T FAAHE 49 — AR Az A 23.153(16.645) - 0.164

T FHHE V&7« A FojAzt dd ~2.406(11.517) - 0.835
3% |8 FAAE 7127 <« Atus FolARE 7]&7] 23.841(9.95) - 0.017x
7o FAHE 24} — AR oAzt 49 -1.107(2.885) - 0.701
T FAHE 24} — ARE FAAITE 7187 -7.819(3.148) - 0.013+

#=<0.05

EHE7L stgEta 8 Alug A TS AEHO gyAmygel nd Agwolt 1aEL 2o ;e
2 S7kete Zo® yEsth 3359 MES 25 1888572 Ukl RMSEAY 7 00859 HE A3
shal 5hARE Fotu 17 = 9 FAHEH  S(mediocre fit)® Wb F80] 7Fsd AR pgo
7 sttt ok At PR AHHOR W CFI$ TLIE 2H7F 0956, 09282 £& A3tw, 4
S7FehE Ao R et AHAFHZ Ut 20§ 1 g 136482
[# 12]= 3 #AHEd7] W 8 AS gy RMSEAY e 002 me =& A% (clode

HoARrel Y& otiy] flsiA AR iR R gy gglom CRIS TLIE 247 1, 10172 2& A

o
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(2% 5] OFYE 5 ARS FofA|zZtel Jekof oieh iz A TR

[Fig. 5] Multivariate latent growth model on the influence of participation time in private mathematics education by group

132&(1 group)

ez gl 3aF9 x*e g 184522 ugta
RMSEA®] z+& 004702 mf$ £& A %(clode fit)
2 ugten CFIgt TLIE 7Z7} 0976, 09612 &
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[Table 14] Multivariate latent growth model for the Influence of private mathematics education participation time by group

4 A (Intercept) 7] 7] (Slope) 22}(Quadratic)
kA F743 Ak F74 3 Ak F743 Ak
(oA | (BE=LA) | (B8R | (B | E=xeA) | (EFE2AD)
171+% 304.119%*x 1139.217% -5.835 300.192 1.424 50.554
1389 (88.1%) (5.147) (165.071) (4.155) (187.407) (1.313) (14.146)
2715 429,392 1559.144 —-82.084 % 4319.481 %% 15.382+% 261.675%x*
150 (9.5%) (6.645) (603.217) (14.403) (914.918) (5.228) (73.637)
31% 308.51 *x* 1532.025% 61.823 3178.451 -26.113* 306.861*
38™ (2.4%) (59.921) (1321.119) (43.272) (1659.25) (11.078) (129.127)

#x=<0.01, *=<0.05

3 Aoz g 3aFS A 23 Alge Hat
Skl ol felnl@ Aoz bk 19l bl Aol
7t dE AoZ ysith
450
28 HoiAzel B
430 s RoAne 38
ALl IR SE NuE HOAT §F
4 390
'3': 370
g— 350
;ﬂt 330 _—
<k 310  —
290
270
250
=5 e a1 B2

(0% 6] 28Y o AlnS FoiAlzhe| Jgkol of et

CHAZE A EZ2Y Jei=

[Fig. 6] Multivariate latent growth model graph on the
influence of participation time in private mathematics

education by group
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A Longitudinal Study on the Effect of Participation in Private Education on
Mathematics Achievement
: For Elementary and Junior High School Students
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The demand for private education in Korea is steadily increasing every year, and the participation
rate of private education is increasing as the grade goes down. In order to empirically verify the
effectiveness of private education, it is necessary to analyze through longitudinal data that has been
mainly investigated over a long period of time. This study investigated the longitudinal changes in
mathematics academic achievement and participation time in mathematics private education using
longitudinal data from 2013 (4th grade in elementary school) to 2017 (2nd grade in middle school) of
the Seoul Education Longitudinal Study. The students were divided into groups in which mathematics
academic achievement changed similarly as the grade went up, and the effect of mathematics academic
achievement was examined according to the change of participation time in private mathematics
education for each group. As a result of the study, it was found that the participation time of private
math education of all students continuously increased from the Sth grade of elementary school to the
2nd grade of middle school, and the participation time of private math education by group was
different. In addition, the effect of private tutoring by group was different according to the group.
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