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A classification analysis of students from multicultural families based
on their mathematics achievement over time
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Abstract

Recently, the number of multicultural families has significantly increased in Korea, and this trend creates a need
to understand how successfully students from multicultural families achieve their mathematics learning. To
understand and predict the changes in mathematics learning achievement of these students over time, we
conducted in this study a latent growth mixture model analysis. The study findings show that the majority (92%)
of the students from multicultural families experience a decrease in their mathematics achievement over time as
their grade level goes up. It was found, in particular, that female students are likely to have lower initial
achievements and rapid decline over time more than male students and that the decline over time was more
severe for female students than their male counterparts. The findings of this study convey several implications on
the how to support the students from multicultural families. First, the result of this study was different from the
outcomes of previous studies that presented the income of the household and the education level of the students
parents as major factors that determine the academic achievement of the students from multicultural families.
Furthermore, the study indicates the need for more research to identify variables related to the mathematical
achievements of the students from multicultural families and the need to use these research findings to develop
public support plans for the students from multicultural families.
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[Table 1] Demographic Characteristics of the Research

Subject
Partition Frequency (%)
Student Male 6H(B.90)
Gender Female 673(51.10)
9A 98(7.44)
104 1,166(83.53)
114 46(3.49)
12A) 6(0.46)
Student age 1341 1(08)
144 -
154 -
1641 -
17A4 -
Foreign Father 45(342)
parents Mother 1,272(96.58)
Korea 45(3.42)
China a 92(6.99)
China b 241(18.30)
Vietnam 34(2.58)
Philippines 335(25.44)
Japan 452(34.32)
Taiwan 5(.38)
Mother's Mongolia 5(.38)
country of Thailand 51(3.87)
ongin Cambodia 3(.23)
Uzbek 8(61)
Russia 11(.84)
Indonesia 7(53)
Kazakhstan 4(.30)
Malaysia 2(.15)
Kyrgyzstan 3(.23)
Other 19(1.44)
Korea 1) 1,207(96.48)
China a 3(.24)
Vietnam 2(.16)
Philippines 4(.32)
Father's Japan 17(1.36)
country of Taiwan 3(.24)
orgin Bangladesh 1(.08)
Pakistan 5(.40)
India 1(.08)
Indonesia 1(.08)
Other 7(.56)
) SPUCL A, ATAS FF, oluy 1§ 47,
obiA WE 5F Y 9T HNQ B2
S9N 4Ue WA o
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(within effect)& #41317] st 72+ ZAASE T2
o] AAYFEY S AT

Ao R oldke] &S FAs] g W
FIML(Full Information Maximum Likelihood)&
gom BAM zzade Mplus 80 ARSI

=

al

ul
[

oz A 7

: L

/gzég_ 1:!6‘:]4 x%z‘sl—g_%
TLI=.985, CFI=.990, SRMR 017§_ Ueht 1 7IEEs
RF wEseth FHEEREE g<dy] fJste xEs)
BE AFE Ay A 826014 FHd 945= 5ol % B2
T Wt Jdek Cronbach's agt G4 ZE HF 94
A Toldo s vER B e A YA = C’“] 7]
& St Ak FAAQ Ads theTable 2]9F

x*=371. 419*** df=120,

_Q
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[Table 2] The Validity and Reliability of the Variable -
Language Ability
Observe | Non-st stand
Latent andardi | SE. | ardze | o |
variable zed B d B
speaking -
skills | 1000 864
Language ‘?ﬁﬁﬁg 1107 | 029 826
Proficiency — dil;g 916
in 2011 <kills 1.102 027 | 879
listening -
skills 997 024 861
speaking _
skills 1.000 919
Language ‘Zrlllt]llzg 1.057* | 024 824
Pr_oﬁciency reading — 937
in 2012 <Kills 1.068 020 | 901
listening s
skills 1.001 018 | 922
speaking -
<kills 1.000 914
Language | ‘g€ | L0467 | 021 | 872
Prpficiency reading 947 911
in 2013 Kills 1.074 019 | 924
listening s
<kills 1.002 018 | 913
speaking -
skills | 1000 89
Language ‘?ﬁltﬁr;g 10627 | 024 | 843
Pr_oﬁciency reading 941
in 2014 okills 1.072 020 | 926
listening s
<kills 1.004 018 | 924
speaking _
skills 1.000 917
Language ‘Zﬁgﬂg 1.080" | .021 338
Pr_oﬁcien_cy reading » B8
in 2015 <Kills 1.082 017 | 94
listening s
<lills 1.022 016 | 945
“* p<.001
a=Cronbach’s a, total a=total Cronbach’s a
V. a4 23
L 78 HAE9 7] AN 23
D) 50 FEsggAE
Fauclon AW FURARAE W A
2011 34610]x 20120+ 32812 743 F 2013

F A & & Qrh FAH g B [Table
313 2t
[Table 3] Descriptive Statistics Outcomes of the
Dependent Variable-Mathematics Achievement
Mathemnatics | 011 | 2012 | 2013 | 2014 | 2015
mean 3461 | 3281 | 3327 | 2833 | 2869
Standard 3001 | 1030 | 1008 | 1043 | 1115
Minimum value 1 1 1 1 1
Maximum 5 | 5| 5 | s 5
oiamber of 11317 | 1317 | 1317 | 1317 | 1317
2 SR AW, APAT FF, oWy LY 57
oA W& 4F D 9 FAQ Bm
thest Aade] s Rs 58] 918 =
PO A TS FF ovy 1% &F of
WA W& FF 2 s 29 B 5 ARt
[Table 4] Descriptive Statistics Outcomes of the Independent
Variables
Partition In 2011
mean 2416
Standard Deviation 743
H?usehold Minimum value 1
mcome
Maximum value 5
Number of effective cases 1,317
mean 3942
Father Standard Deviation 1.119
education Minimum value 1
level Maximum value 8
Number of effective cases 1,251
mean 4544
Mother Standard Deviation 969
education Minimum value 1
level Maximum value 8
Number of effective cases 1,317




A WIoR oA [Table 1]ol AAlFRLoH, o714+
AFAE FE, oY mE FE, bl g FEUS
[Table dlel AT £& 7725 5%, oy i
& 2F, oblA mE FE A A7 9E wse

7HRE A, 2011 ARE A ARg-stsTh

FANMACE WAF dol5Ee A} 9FH Welo
A 20119 3596, 20129 3629, 2013¥ 3658, 20144
373602 Z7kete FAE nYon N5HdE AZ
Aadte FUE UehiE sgou Augoz 00l
9 old wlad FAG ARE melw ek FAH
Ul§-£ [Table 59} 2.

[Table 5] Descriptive Statistics Outcomes of the Control
Variable-Language Ability

Language ability | 2011 | 2012 | 2013 | 2014 | 2015

mean 3596 | 3629 | 3668 | 3736 | 3702
Standard -
Deviation 526 | 499 | 490 | 442 | 40
Minimum value 1 15 1 1 1
Maximum value 4 4 4 4 1

Number of
effective cases 1,317 | 1317 | 1,317 | 1,317 | 1,317

2. TS AF R dAAT A Bd Y 23

T = dg AAASS BRet]l A 9
AT A 2Ee FAskd ¢+ AgHs 2y
o Z71A= 3477, WshES - 1645 YERL O, 273
3 Wigkgo] ko] BAHCE fFoSHA vERt 274
I wskee] A7t Eehs Aer T  Sirk
a8y M3zt 2o H3nE CFI=8%, TLI=.8%,

A
RMSEA=.118, SRMR=.0782.2 UEel} Autxg oz T4
3](Hong, 2000)7} #|etsk 7]=(TLI 9 ©]4d, CFI 9 ©]
J, RMSEA 08 W¥h& w3k Rk weha o

HE s} AFEF 199

TLI=850, RMSEA=141, SRMR=062% u}elsitt 23
3Hre] 4% CFIgke] 093 23 715#S wEae
W, TLI= 2.3]8 sketebel o, RMSEA YA A5ste
I ERE wEeA ¢ gloh webA ohEsoby g

Ae UAF AT} A FAAIYAEE DA
s RYonE 23 B9l BY 94 AYAA 2§82

ot
o

golstiet. NEwWs vyl 23 ¢ mEo RAeA
o] [Table 6]l Z71x¢k Wske ] 29w A
A E o] 9

[Table 6] Outcomes of the Single-Layer Latent Growth
Model Estimation

initial status change Rate second term
Model mean Variance mean Variance mean | Variance
(SE) (SE) (SE) (SE) (SE) (SE)
CIﬁnsare 34T P 164 0 ) )
ang (026) (036) (008) (004)
model
Goodness ¥=192.908%** " @£10, CFI=.896, TLI=.306, RMSEA=.118,
of fit SRMR=078
Quadratic
function 3.466™ 4917 -0.138" 061 -005 008"
change 020 (056) (024) (05) | (06| (002
model
G(;“fd'f‘;ss P=163648"* d£6, CFI=910, TLI=850, RMSEA=.141, SRMR=062
* p<01, ™ p<001
APzt B33 23 & By AxARE T34
o Hee uY gEs Fade FeAAEE A
FHoz WAL 24 grHeE Wk Aol of
e, mebs oF dAE A A 52 A 3 ol
A (heterogeneity)®] =41 7Fsdol dish AAte] Ha
Ao] girka etk

3. AT o A4

AT 5 AAdr] fstel Fx2U LCGA
Latent Class Growth Analysis)®} #Z#A GMM-CV
Growth Mixture Model with Class-Varying variances)
AARPoR HAG 7 o] F BPS Hlusto 27
S 2L A3 AREE HAReT

WA, F271 LCGAE AHEY, 445 Ag: A
Akl Al AIC, BIC, SSA-BIC#e] 2A15ou 3745 HL}
YA Yebg oy, LMRT p-valueZb f24F 0.0590 A4
oA @2 AoR yeht 2y HEoA A st
o oeoR 243 AFE vuds o, 3A4FY

(
(

ol
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[Table 8] Outcomes of the Unconditional GMM-CV (Growth

Zo] ¢ AHgd|Ro|}, Entropy A4S il S wji= Mixture Model with class-varying variances)
2A%(737)0] 3AS(694) Tt o A4 Ao Eh Partition Class 2 | Class 3 Class 4
A HaoA 2413 3457 98 ddsle A AIC 17612.142 | 17616995 | 1761857
Inform
o] #Jo] ottt Al W&E [Table 717 2tk ation BIC 17680830 | 177206657 | 17748156
thgoz Fz7 GMM-CVE A% 34123} 474%9) index SSA-BIC 17642240 | 17657127 | 17668742
LMRT p-valueZ} #2455 0.0594 284 k& Ao Entropy 30 P4 601
2 Ueht 2y Mg A A9 S}Ojﬁ‘r upglA 24155 LMRT p-value <05 >05 >05
Rk AT 2] A o) d
J—E:] ] EH S ] E]— :szﬂ S lH [Table 8]*} EE}' Log likelihood Q791071 _S7RRAR S7R12%9
mpAgo g RExA GMM-CVY 243 x4
_ Number of free 15 20 %
LCGAY 2A5S nlwd u Fx71 GMM-CVolA %) parameter
A 2A12¢] AIC, BIC, SSA-BICZHo] %27 1CGA Cass1 | 119902 ”93/(?1'0 1280.7%)
oA AE 2459 AIC, BIC, SSA-BICHHT Sk, Class 2 8% | 116@8%) | 621472%)
27 LCGAAA TAd 2741%0] o Agshs R} Class 3 202%) | 56843.1%)
w3 Entropy A% 94 F2A  LCGAGIA 2 2 932;45 0L0%)
A% ghol 8R2& Yehd F271 GMM-CVY 2741%9
Enfropy & 737 2t F2 a5t oA AAE FEA GMM-CVE 24% waol
)31 Ke)
wE & dveldel wg A Rl MOV gg a5 g, 2 20w dske B B e
o =9 a3y 5 Hhi N _ . .
A ISR MEER I A U Mwithin e e g9t w1479 2RSSR
effect 01]}‘1 T"i‘}\\l"?: ) ‘I% E“+ random effecti Zx—] ]’ 57]%1\_0] %‘%:ﬂoﬂ 9,)]\.9.‘11 O]_T_,);Oﬂ Z]v)_‘,\—;ﬂ_g_i Q_g_‘l\__a.]_%
R Gl ;4 =R F At T gy gegan. 29 e Aven 2714 34%,
A% HHES Ty [Table 7], 22130 [Table 81 25 wge 112 egon, 059 g 2% $A%0
21l 1.0 o
[Table 7] Outcomes of the Unconditional LCGA (Latent 2 Foaiginh. B 271A9 Wakae] 24to] oy
Class Growth Analysis) gte] o529 JIRIAL FRJAEHA 145 AdH vt
B 3 Aad BF 119M o2 R%E AAE L AR 2
Partition Class 2 Class 3 Class 4 Aol mao 2EBANAE 277k A9 9o
o AIC 18086547 | 17814490 | 1776643 o o]Td A&Aow Zrle= FEE Jehgich =
aton. | D S0 TR0 L R A g g9l 2714 4068, Weke 1662 vhebyk
ndex SSA-BIC | 1810663 | 17840605 | 1779857 om o|Zo] 7 BT EANOT o5l wa 27
/ 737 6% 5% ) . .
il\t/;:? > [Table 9] Estimated Means and Variances for the initial
p-value <001 <001 >06 status and change Rate of Mathematics Achievement for
Log likelihood | 908274 | %0425 | 8867217 the Two Classes (or Layers)
Number of initial status change Rate
10 13 16
n(%) free parameter Partition n | % mean Variance mean Variance
Class 1 T91(599%) | 270(205%) | 277(21.9%) (SE) (SE) (SE) (SE)
Class 2 529(40.1%) | 633(52.1%) | 384(29.1%) Clash Medan it | ob o) | 3426w | Sleee | Lies | 034e
- 5% tatus-reduced “1 w033 030 | (010) (004)
Class 3 362(274%) | 356(27.0%) !
Class 4 303(23.0%) .| Higher initial A0 | 358k | 166w 006
s 5 glas “Zf:; ;“;r:a 88 g | o | s (00

sk pl 01, #x p<001
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[Table 10] Comparison of the two potential classes
about mothers’ countries of origin

Mothe's Class 1 Class 2
country of Number of Number of Total
origin samples(%) samples(%)

Korea 41 (91.11%) 4 (8.89%) 45
China a 82 (89.13%) 10 (10.87%) 92
China b 214 (83.80%) 27 (11.20%) 241
Vietnam 30 (88.24%) 4 (11.76%) 34
Philippines 315 (94.03%) 20 (5.97%) 335
Japan 406 (89.82%60 46 (10.18%) 452
Taiwan 4 (80.00%) 1 (20.00%) 5
Mongolia 5 (100.00%) 0 (0.00%) 5
Thailand 51 (100.009) 0 (0.00%) 51
Cambodia 3 (100.00%) 0 (0.00%) 3
Uzbek 6 (75.00%) 2 (25.00%) 8
Russia 11 (100.00%) 0 (0.00%) 11
Indonesia 5(71.43%) 2 (2857%) 7
Kazakhstan 4 (75.00%) 1 (25.00%) 5
Malaysia 2 (100.00%) 0 (0.00%) 2
Kyrgyzstan 3 (100.00%) 0 (0.00%) 3
Other 18 (94.74%) 1 (5.26%) 19

total 1,199 (91.04%) 118 (8.96%) 1,317

China a = Han Chinese and other ethnic groups

China b = Korean Chinese

e F4 kel WE A A AolE BAH

A3} x2=22.251, df=16, p=135 &2 Elon EA40
2 o8 Aolsk LehbA gtk % ofply 24 37
o B FHYYAEY Aol EAA Sthn 8
A g 49k FAAQ] W82 [Table 1012 2k
BheoR okl B4 Fbl e GA AZE Fol

2 BAT A% =384, df=10, p=952 &F e
o EAAoz §ola zo|7l e ekttt 2 ol
ZA Ite] mE S H T o] dA A

=
R
s wedn 4 @ g FAMY gL

[Table 11] Comparison of the two potential classes about
fathers” countries of origin

Father’s Class 1 Class 2
country of Number of Number of Total
origin samples(%) samples(%)
Korea 1) 1,097 (90.89%) 110 (9.11%) 1,207
China a 3 (100.00%) 0 (0.00%) 3
Vietnam 2 (100.00%) 0 (0.00%) 2
Philippines 3 (75.00%) 1 (25.00%) 4
Japan 15 (88.24%) 2 (11.76%) 17
Taiwan 3 (100.00%) 0 (0.00%) 3
Bangladesh 1 (100.00%) 0 (0.00%) 1
Pakistan 4 (75.00%) 1 (25.00%) 5
India 1 (100.00%) 0 (0.00%) 1
Indonesia 1 (100.00%) 0 (0.00%) 1
Other 7 (100.00%) 0 (0.00%) 7

China a=Han and other ethnic groups

5. 784 7+ Z3K(between effect) 4 A3}

A, RS FE, FRY WSFE I FA R
BowRle] FEAARE, 5 A AF T o= &
7HA Aol AEdE SES FAN] A3 2A2E 3
FaA s st WA e e BAARE A
ﬂii‘ﬁ, ‘é%‘i% Zﬂﬁ]%"ﬂ %9]?3 FES AL YA

o] s

fol8 G
LR }mc} -5t | SE=147. Telu 7hFAS &
Fo Iy 57 H 4ol 9Be vAD A3
APAE £ @ BSl T 2A30) 258 48
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e oaum L% Fee ‘H?ﬂ%ﬂl Fol 4%
)

o] & 9 27}“ “41 D}Tﬁr o] 271l
g2 1.3589(0dds Ratio) Z7etch wh7bA R ofbH
A wE FE A AAAZ FoT 9T nA 2
Ao (B=275x, SE=093), ofHA & FFo] 3
9 7k W vl el 24 Aa4E
1.31681(Odds Ratio) Z7Fstch 23y wS4TS

ﬂ.]O
Lok

— M{N' el
—U do = rlo L o

B=059, SE=037), o9y u&

SE=029) 281

SE=026)2 %713
depdth ER 9% 249 PR W
[e)

® 2% fIF 9B A

opA g

o] E#3F B=000, S.E.=.000).

[Table 13] Factors that predict mathematics

achievement of

the students in Class 1 (or Layer 1)
et WF FEowRlos HYS wo] FAAZ IEIond gzﬁ
stan
g JFE vIAL YA FUTHB=377, SE=564). Path ardiz | SF | ed
ed B
A9 U8 the [Table 1215 21} g
Gender ~9%0°
- ) . (1=male, - 053 | -.180
[Table 12] Logistic Regression Analysis on the Between 2=female)
Effect Household R 059 037 | 060
- - income level . ’ ’ '
Independent variable B SE. Odds Ratio Nother R 1mtlalofstatus s | oo | o
Gender o 07 50 education level mathematics | . .
(1-rmele, 2-fenzle) ' ' ' qather | | achievement o |5 | o
Household income level 258F 147 1.29% educa IOT] eve
oy S = 35" 109 138 Forelgr}
= parents - 000 | 000 | 041
oA W& T 275 093 1.316 (1=father, ' ' '
o% =A 2w 2=mother)
_ _ 317 b4 1438 Gender
Q=oho, 2-ef5lv) ender | wr | o | 1w
A -5.726 1.347 005 2=female)
Log likelihood=-309. 9'36 Pseudo =071 Household .
T op<l, ™ p<OL, ™ p<00l income level | 028 oz 18
Mother _,| change Rate | _g9 | o9 | - 052
. education level in math
6. WA W Z3Hwithin effect) 34 23} Father _, | achievement o5 | oos | oz
AFENE 2710-228 b9 Fopegyy oot v o
_ e Foreign
_‘;—‘—_Oﬂ Oé 63:% U]Z]t »9-?_]_ parents N 000 000 010
VA B itin effect #451] Sal 2 741 \Lfather,
ZHE A R8s EAEY A4 14FY = Language Mathematics | oo+
. . Proficiency in | — | Achievement | % 041 | 115
Ao 2=123303 df=4, CFI=.935, TLI:.%L 2011 in 2011
nE Aste x| Language Mathematics
RMSEA=026, SRMR= 029 °1%.2.H ! H‘ ) 1% Proficiency in | — | Achievement 173 030 | 087
7b 2 71 WStk B4 AT A ekl 2012 in 2012
AL %77k H()Aol oJ&Ss uxi 9 H|EF Language Mathematics -
7 Tatel F)A9) FFs mAa “iﬁﬂr( 13 Proficiency in | — | Achievement | 1% | 0% | 100
8 Be-260wr SE:O53). % g4 oEs g2 v 2013 in 2013
z Ao sl AT %7|7k0] ¢ Language Mathematics
oA thEsh Aade FasdA gkl H Proficiency in | — | Achievement | 068 | 031 | 029
e Zlo R 3 *4?2% F olrh 2014 in 2014
v A E 3 ST 273 00 Language Mathematics
= Fras sed i Ikl el Proficiency in | — | Achievement 079 043 | 040
3 JFS A = Aoz yehtoen(wiFs} 2015 in 2015

x p< 0B, #xx p<l.001
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[Table 1317 2t}
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2% By AT *=66.234, df=4, CFI=1.000,
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= A7 2 7SS St 24 A R R
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Fo2 AEMEF3 B=024, SE=046), 745
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[Table 14] Factors that predict mathematics achievement of

the students in Class 2 (or Layer 2)

Non Stan
Path standar | g, | dard
B B
Gender
(1=male, - -.091 164 | -.064
2=female)
Household B B
income level | 004 114 ~004
Mother
education — | initial status of 108 082 169
level mathematics
Father achievement
education — -02 070 | -.047
level
Foreign
parents =
(1=father, 3% | M 107
2=mother)
Gender
(1=male, - 024 046 | 076
2=female)
Household -
income level | 015 032|069
Mother
education — | change Rate in -037 0231 -.259
level math
Father achievement
education - 011 020 089
level
Foreign
parents _ 05 _
(1=father, - 056 1241 -069
2=mother)
Language Mathematics
Proficiency | —| Achievement 203 A21 (1 .098
in 2011 in 2011
Language Mathematics
Proficiency | —| Achievement .166 039 094
in 2012 in 2012
Language Mathematics
Proficiency | —| Achievement 099 064 | 073
in 2013 in 2013
Language Mathematics
Proficiency | —| Achievement 059 059 025
in 2014 in 2014
Language Mathematics
Proficiency | —| Achievement 038 079 036
in 2015 in 2015

# p<.09, #ix p<l001
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