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ABSTRACT

Examining the changes in students who have undergone integrated education and providing
appropriate follow-up measures is crucial for enhancing educational effectiveness. This
exploratory study aims to analyze the impact of perceptions of MESA/STEM education
on science motivation among students in the United States and Korea, based on ethnic
differences, and to derive relevant implications. Data from 202 students who received MESA/
STEM education in the U.S. and Korea were utilized for the study. Rather than comparing the
two countries, the study focused on examining the effects based on ethnic differences using
regression analysis and a one-level multilevel model analysis, and comparing the results to
derive implications.

The study found the following results: First, there was a significant correlation between the
two test scores, and regression analysis confirmed that perceptions of MESA/STEM education
significantly influenced science motivation. Second, comparing the regression equations
based on ethnicity revealed that the intercept and slope varied by ethnicity. This led to the
design and implementation of a one-level multilevel model analysis. Significant results
were found in the random effects of the intercept, and the fixed effects of the independent
variables showed that perceptions of MESA/STEM education accounted for approximately
33% of the total variance in science motivation among ethnic groups.

Given the increasing number of multicultural students not only in the U.S. but also in Korea,
various ethnicities are becoming educational targets. The findings of this study can provide
discussion points for estimating the educational effects on various student groups and for
the formulation and implementation of policies that reflect these effects.

Key words: Perceptions of MESA/STEM, Science Motivation, Ethnicity, Regression Analysis,
Multilevel Model Analysis
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Introduction
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Method

Process of study
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Analysis Analysis
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Fig. 1. Process of study
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Table 1. Information of Participants

Ethnicity Number(n) Percent(%)
White 45 22.1
African American 8 39
American Indian 2 1.0
Hispanic or Latino 59 289
Asian 80 39.2
Other 10 49
A 204 100.0
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Fig. 2. Number of participants by ethnicity
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Instruments
perceptions of MESA/STEM(Campbell et al., 2012)

o] &of| A AR&-3F MESA/STEM ©f| tigt S 52] Q141 Yotk 7] 915t =4 2= Campbell etal.(2012)
oj|A] AR&3F MESA/STEMO]| &of et S E2] Q1A AF -5 =7 5fo] E-8-5F31T<Table 2>. Campbell et
al(2012)°41:= MESA/STEM 85, Al @, 524 5ol tisto] 1228322 F/dE ZARE AFESHiTh o] A
T A= 9 DA E %510 ‘MESA/STEM programs help me understand science concepts and skills I learn in
school.’, ‘MESA/STEM programs help me to understand math concepts and skills I learn in school. @} Z2-0] 2}8} 45},
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2ajo) 57 2l HEe a9l o) vleo 2 SAE AL BB 1450 AES A By
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Science Motivation Questionnaire(Glynn, 2009; Lee et al., 2019)
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Table 2. ltems of perceptions of MESA/STEM

Item Content

1 MESA/STEM programs help me understand science concepts and skills I learn in school.

2 MESA/STEM programs help me to understand math concepts and skills I learn in school.

3 MESA/STEM programs help me to understand engineering concepts and their application.

4 MESA/STEM programs made me think about becoming an scientist.

5 MESA/STEM programs made me think about becoming a mathematician.

6 MESA/STEM programs made me think about becoming an engineer.

7 MESA/STEM competitions help me understand the importance of science.

8 MESA competitions help me understand the importance of mathematics.

9 MESA competitions help me understand the importance of engineering.

10 I have learned a lot about science through the MESA competitions.

11 I have learned a lot about Math through the MESA competitions.

12 I'have learned a lot about Engineering through the MESA competitions.

13 Science is important to me because I will use it in my career.

14 Math is important to me because I will use it in my career.

15 Engineering is important to me because I will use it in my career.

16 It is difficult doing MESA activities without knowing some science, mathematics, or engineering.
17 As aresult of my MESA activities, [ am better able to use design processes to help solve problems.
18 As aresult of my MESA activities, [ am more aware that there are many careers involving science, mathematics, or engineering.
19 Interacting in a group with other students in MESA activities helps me to learn more about science.
20 ‘When we learn science, it is important to find connections between other disciplines.

Table 3. Items of Science Motivation

Item Content

Factor Intrinsic motivation

22 I find learning the science interesting.

1 [ enjoy learning the science.

25 The science I learn has practical value for me.

23 The science I leam is relevant to my life.

16 The science I learn is more important to me than the grade I receive.
2 The science I learn relates to my personal goals.

27 I like science that challenges me.

30 Understanding the science gives me a sense of accomplishment.
19 1 think about how I will use the science I learn.

11 1 think about how the science I learn will be helpful to me.
Factor Self-efficacy and assessment anxiety

4 I am nervous about how I will do on the science tests.

13 I worry about failing the science tests.

6 I become anxious when it is time to take a science test.

28 I am confident I will do well on the science tests.

14 I'am concerned that the other students are better in science.

29 I believe I can earn a grade of ©’A” in the science course.

18 I hate taking the science tests.

24 I believe I can master the knowledge and skills in the science course.
21 I'am confident I will do well on the science labs and projects.
Factor Self-determination

8 I put enough effort into learning the science

26 1 prepare well for the science tests and labs

9 [ use strategies that ensure I learn the science well

5 IfTam having trouble learning the science, I try to figure out why
Factor Career motivation

17 1 think about how learning the science can help my career

10 I think about how learning the science can help me get a good job
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Analysis method
o] A= v|=T} Sk S-S U2 1ol Wk MESA/STEMO tigt ?14]o] &} 7] m]x|=
FFoIN S P40 BRIVEE ATSsl7] Sl &4 dtoltt. o] & &<lst| flsto] AA, |t
s=ro] S8 5o ol el S &-8-5to] MESA/STEM ©f] thh Q14)o] 1}&} 57]of f-o]u]et S u] x| =
A 7] 9l5to] 3] 2412 A s
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A 4 Itk 7Hdol tigt E 2 A2 5 29 &
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iRt AP & =SS

Results

Correlation between perceptions of MESA/STEM and science motivation
MESA/STEMO]| tfjgh Q1A 2} 38} &7] Afo] 9] 8] fA S AAIsH ] A, &= A Atol o] At A 7]
9]5}0] Pearson A EAFTA S 4G AAEHATE 25} 57] A Ro] 749 A Batol] chsh Akt 37 51
2137+ MESA/STEMO]| that Q14 of] thgh 43 ShA| 241519 0.1 1 Z¥}= <Table 4>, <Table 5>2+ 24Tt
20475 0] 3= MESA/STEM®]| thgt Q1412 3 (FE 2P 79.91(11.16)°] 3 21, et 571 9] nﬂ%(;;
THAHE 117.90(18.78)°t}. F A2 A Q] At 2A1& AA| S A1} Pearson 21 A7 54302 1
= 050014 ol miet kS LrERsicE

r\:

Table 4. Result of Mean & S.D. (n=204)

erceptions of Science Intrinsic . Career Grade

IS/IES?;/STEM Motivation motivation selifciiEy RIS Emiie motivation motivation
Mean 7991 117.90 40.58 34.15 16.06 8.08 20.60
SD. 11.16 1878 8.59 645 2.78 1.93 325
Table 5. Result: Correlation analysis
1) 2) 3) 4) 5) 6) 7)

1) 1
2) 543" 1
3) 47117 885" 1
4) 387" 848" 575" 1
5) 5207 843" 666" 666" 1
6) 4377 723" 637" 487" 6647 1
7 3807 785" 5417 687" 6897 493" 1
“p<.01

1) perceptions of MESA/STEM  2) Science Motivation 3 Intrinsic motivation
4) Self-efficacy ~ 5) Self-determination ~ 6) Career motivation 7) Grade motivation
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perceptions of MESA/STEM on science motivation: Regression analysis.
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Table 6. Result: Regression analysis
Unstandardized Coefficient Standardized

Independent Variable B SE Coefficient t p
(Const.) 4491 8.02 5.60 .000
perceptions of MESA/STEM 913 .099 .543 9.19 .000

R’(adj. R*) = .54(.30)

200.00 ethnicity
white
O African American
American Indian
% Hispanic or Latino
150.00 o & ) o00Q L Asian
o 0°°8 % 3B

R2 ME(L)=0205

100.00
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Total_P

Fig. 3. Graph of regression analysis
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Analysis of different regression graphs on ethnicity
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11, MESA/STEMO]| Tt Q1 4] o] 31}&} 570 0] 2 l FF= EE2TAZ £ 4 Yok 2y 2= ) AR
T E AmEH 8ol s|AmyY, FY21 5 o2 )15 S Hlo|El7 FYSHA g Zo] ofdS AmE
4= Jlth &, Q15ol w2t MESA/STEMe]| Tt Q14 o] 1ke} F-7]of v]x]= FaFo] Eejd 4= Qlt} 7Hd & A
A 4= lom, o] 7Hdo] AR -9, & Aol A= ot H ol mhet ofE Ao 2 wS 9l ¢ ?Lﬂ

~0PNr
i

ﬂ.l

Brain, Digital, & Learning. 2025 Vol. 15 No. 1 100



Exploratory Study on the Relationship Between Middle School Students' Perceptions of STEM and Science Motivation by Ethnicity: A Multilevel Model
Analysis
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P

| obe S a7 e

It
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i
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i =L ok

OHH 2

200.00 ethnicity

° white

O African American
American Indian
¥=-0.48+1.56"X O Hispanic or Latino

150.00 o ° 4 <] o® o8 O Asian
o R0 =

) y—saw oea'x\ O Other
& white
"~ African American
o (s} American Indian
, 8 “~~Hispanic or Latino
© T Asian
T Other
white: R? 445 =0.413
African American: R? 113 = 0.855
American Indian: R? 442 =1
50.00 . Hispanic or Latino: R? 43 =0155

Asian: R2 418 =0212
y=0.04+1.42* Cther: R? 445 = 0.549

sMQ

100.00

4000 60.00 80.00 100.00

Total_P

Fig. 4. Graph of multilevel model analysis

Table 7. Result: Constant, B and R’ by ethnicity

ethnicity Const. B R’
White 34.74 1.07 41
African American 3297 1.1 .86
American Indian 0.04 142 1

Hispanic or Latino 5997 0.68 .16
Asian 59.09 0.74 21
Other 0.19 1.56 55
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o=l =@ @ Mo| A7) St 2L} HEo] 283} uRQ] Eoko] ofAolQl 5o] AL Huy} 7)27] L Ak

oA M2 THE Zho] EZ S 212 818 4 AT

1-level multilevel model analysis: Verification of random effect of intercept

MESA/STEMOI| thigh Q14131} 2} 57] Abo] o] Ted/dolut 1 a ks Al & wle =717+ S ol wh
2 29 2AHEOE IS8 3 ZA4o] osite A2 19F S EF T4 = &0 5= AAlskith
o 2Jof MA| Ame] FHants HHshs 7|22 gl tisto] EA41S AAISIA O, 11 Z¥H= <Table 8>,
<Table 9>2+ 2T},
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Table 8. Result: Estimate value of fixed effects

95CL
Estimate value SIEA df t P
lower upper
(Const.) 11935 2.69 320 4428 000 111.08 127.63
Table 9. Result: Estimate value of covariance parameter
95C1.
Estimate value SE. Wald Z p
lower upper
residual 348,05 4038 897 000 27825 43536
Const [id=cthnicity] variance 19.24 247 1.85 039 195 189.76

1595 OSRA o] I aut FAHA| S Ao EE, Q15 33} 57]9) A o] 119352h= 22 2
olEt}. T18al o] Byo] EAMIES Elet B, et 5719] T wAk2 3480501, o] T )1Fo] 7]<ls)

= =
= FE(CCR2 9242 HE w}xlt& oF 520t} Wb 14:E e R yolA dHo] 2 aits &
s, MESA/STEM 252 2 8P 5 S8M89] 35} 5715 Adgshe d Slol 15 545 aefshe A°]
%_g_%]-_g oF A o]q_

1-level multilevel model analysis: independent variable fixed effect analysis

npz|ako 2 142 S QIQ1 ‘MESA/STEMO]| that Q141 TRl ko) b2 1}s} 57| 9] ZRAko] Juput
AT =X S BA519] 0™ 11 A= <Table 10>, < Table 11>2}F 24T

Table 10. Result: Estimate value of fixed effects: Independent variable

95C.L
Estimate value SEE. df t p
lower upper
(Const.) 5207 9.03 152.52 5.76 000 34227 69.932
perceptions of MESA/STEM 847 109 161.89 7.76 000 63 1.06
Table 11. Result: Estimate value of covariance parameter: Independent variable
95Cl,
Estimate value SE. Wald Z p
lower upper
residual 247.16 24.80 9.96 000 203.02 300.89
Const[id=ethnicity] variance 411 8.11 507 612 086 196.58

FF S EFEA0A SHcle] 1 ants Fdae dut dme] 24 3, & J1FE w5k 57 A4
O] A et 52072 UEFSH O W ¢ 42 576 2= F-2l4=F 050014 F2ju|gt Ao = yrEbT) e d
Ho —”r*dfv*— ASoI S wiet v wolS wf, ZExpel 74 o] B ZhAsh A0 & et E5
_4 2 <Table 9>0|A] 19242 LFEFH O L, <Table 1150014 4.112 2F 78.6%7F 744 A

& S18 = Slel, ol MESASTEMS! e 212401 42 57104 3 #4345 2t Aol 1915k
%ﬁ76%§Q%a—a_zifwm+m&m04ﬂo o) 2l Ebol v ekl o 52%elA
L6%E FOE91SS BT 4 Uk 121 1009 4o 37 U3t 5719] & B4 3 Wk 2 2Ato] 3

of wfet o} 1) 9ot o]

Ay 2 YT L S48 ek 2 At o] A9
2L 14F TR RYRAII 15T AL BUE 4 Uck

A3 Hlgo] wol
Tl 47 Hlo]e]
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Discussions

o o“%’—Leeetal(2019)01lfﬂ 433 MESA/STEM 1-8-2 Hh2 0|27} Gkt 514
B3 o] T4 ATLZ MESA/STEM &l thgt 914]o] 38} 57]of o)) 4
A, Aol Folsh it IS 2 Lol TR BMS AAIgo 24 foju|st 22
20| A WS FAet=t] 2|7t Qick

Q172 Sfto] 1]} S04 MESASTEM T8-S & 342 thAo 2 MESASTEM 280 ciet
V4t 245} 57101 chsfo] A OB, 5 A 7 TR, B 24 2 9150 R 14 TSR
243 Al A7) Auteha ol 9 AR Held gL oheat 2k

9] STEM 83} B9 ofe] A7olHE 54 3 YHQAFHS AR P8l et 25 A3 2

W52 gato]| thst Ao] " QA2 A 7|5kl ATHAschbacher et al., 2014; Cadaret et al., 2017; Dou & Cian,
2021; Perez-Felkner et al., 2012). B] =]l A= w-8of|A A2 Htho] thst w82 Az} o] Sof|A] 2 -st
W0 AlF2 of2] Aot A Hetat waabol| A e HAIE o] Al E /S AAISHIATHKIm et al.,
2023; NYSED, 2017). MESA/STEM 1-8-2 E5f| &S 4= A3 o} w54 2] A1Z, L;&% WAL Z]ThA]
502 Qlsto] 49)H A Thmarginalized demographic groups)©l|] 45+ SHYE2 T o5t &S AlgHh=

74271 B3 %] 31 Rtk Dou & Cian, 2021; Guiberson, 2009; Guerra and Rezende 2017).

=] 2tk BedE A -2 STEM/STEAM T §3kulS oA oja5e] e T2 A4
o} BHd 5of Y E]of Q1 , o] 59 QIF/RIE 59 HH S E-E3t A= 79| o] Fo| A A] LAUTHKim &
Lim, 2023; Jeon et al.,, 2023; Lee et al., 2019; Lee et al., 2022). TH0] 7-20f| & 2000 tff ZHF oF 150 A o]
thElel=Rl AFARSo] 22 SA0lA = 2 1757 o] E| o, uijd 19+ 7 o /4] Z7tst= SeAlolth
(MOE, 2022; KNSO, 2022).

o] A70) ATE vl Fuje] Q7S MakE 1= wFo] ol 2olx)7] SIhA IF M chop
K2 Wde 27149 18t 77} e Weao) A7|Eh ek ohje} eyt A EMIE ] B4
U D AP e g ARG

i
Ulo
_I_4
L

ot o}7} MESA/STEMOl| &
Ao =gk ZAS 75?}9} o xfo| o] QLA S b B okth MESA/STEM W&of thgh 9143} a}s} &

.9_

Fepys el g mIEe] B2 WIoge Aubt F5Y

o

ﬂ—g Jae = e et o] Ao A= Leeetal (2019)
A

7] Atol 9] 1t HAIE A TollA RISl mhe B A S =E T A S T2 BAR 4
ot 2] ZF IFE 2 thefdt 9740 =2 Eglom, duo] Al avtet SQle) i avks HSH 2
I}golufgh 25 ERlst 4= Uit & Q1Fol w2 MESA/STEM 1-50f] thdt 914 o] 2t} 57]of b]x]= ¢
PolM = 19E S EARF S T3l Aol Foldt A 24 2y 75 3L 450l Bosite= A &
=2 4 A3 om, o2 Foll de] A2 ] 28 275 e 7ol ke Atk 2 Al 2ol

ChBickel, 2007; Hox & Van de Schoot, 2017; Raudenbush, & Bryk, 2002).

T2{u} o] At ml=a fh S-S T2 = Hlol8 & AskL FAIshE A ollA] o2t o]
AT E251RA, 24 ol o] ikt 57 Wil 7 TR AR RS Aska Bske do] g7t 3
A}, £t QIF T 2ol o] ot -F-ofm|eh A7t 5-25] Bii A A] 982 2oke] 1to]7]of fHAA ol =
AAIE sHAL A7 - = Ak whebA bl =t OEi IS 7H 5 U5 MESA/STEM/STEAM Z2 12318 &
J

QI3 Aat 24 2 Q15 I 30| Ajolof k2 At HAle] S So| Yo} 25 Aol olaist
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HBto] HelE g g Ao 9lct

S22 ofujet )l AL = MESA/STEM/STEAM 2 130] 8Py 5] 4} ool L} 7] % 40kS 34
sl 98510, 0|2 S sy Se) oleke sheeh 1 3.2 A)7]5h 1 31k Cohen & Kelly, 2020; Jamaludin
etal., 2021; MacDonald et al., 2021; McGunagle & Zizka, 2020; Struck Jannini et al., 2024).

Conclusions & Impications

o] = =2y A4S S5 STEM/STEAM/ MESA WS- Hhe ZHIE] E}% o
STEMO]| thet Q1412 2t} 57]0] BAlE Aokt o] Aujel EQ|RHE £E3 A2
o}

A, Aol ol FEYES th 22 MESA/STEM &0l tfgh Q1A T 18 57] Ato] o 43t &
AollA] = AR 7 dhe 54302 fojuldt Adato] Qls 1o ® RAE|QlT) O8] al 317 B ok
MESA/STEM -50f tigt Q14]o] 15} 575 o5 —P—E & RoJulstAl ARstaL QI3om, MESA/
STEM -0 thgt Q1412 w6t =7] Z4=9] oF 30%(adj. R’ = 30)2 AW5H= 71 0 2 LHERTE =] 2] oj A
MESA/STEM al&o] thgh Q141 3} 78} 5715 AT B A8 A7} o] F0] 2] 7] gfof, o] Aol Zof|A]
&5 Arg o] FE3HA|of| tigt siiAo] Y= etk ot 25 2b7) a5t st 571U e 57
£ A E M) Ate] Ao A= Mo R’ = 372 BA1E| ] O H(Sotiriou & Bogner, 2020) 05 ETHZ & uj,
MESA/STEM i-50f| tijgh Q14 2 5H4J 5.0 Jﬁ 5718 25 AYste Zlog B4 9l

EA, Aol] Fofdt FEMEE| AFol whe 317 DS Aui A, 1ol wheh dw a7 & 77t o
2 aefz g Hojqleh 5, 28t 57179l 3] 1ol wheh o2 A Ueht ] wiEoll MESA/STEM i
Sof thgh A3} 15} F719] BAIE T o, R EAS AAF P 2] k= A g ElE 4= 9l
ATh(Hox & Van de Schoot, 2017). 12| 1 3] 7} EA o] Lpeht drgefat vl wato] 7k Q15 Mk Atuj s

[¢)

130
o thgut 2

m

mmo

F
T, WiQIof|A] 41%, SR10N|A] 86%, BLR10MA] 21% 5 150l wel MESA/STEM 150l Tt Q14 o] 18} &
71& Aot Rkl ZHol7t Sl A &R1g 4= Uit é SR EohE 24 oide] thedRt o
w2 £42 W9 A7t Basiths A AAE 4= J OB R o] Ao 14E TR 2
%4:174]6}1%‘—7}14% A2 AAskI

AR, 14E HSEA RS Aot AHe] RAgats 35 41, 5719 & #4H2 378.070|H, ©]

% AFol 71010}— F20] 15612 4.1%2 YEgth J2j3 Ao R4 a1t AP = §ol4 05014 p
= 0392 2| n|5HA| =E =} wEhA et 718 £ o aabd o= drsh] flste] /lEoleke Aee
VSRR A S AAsh= o] BiEsittal AlA g 4= AT (Hox & Van de Schoot, 2017; Kim, 2023). 1
gal 142 5 HRlo) 1Y FaE ASe 23, A Aol 24X = 15610014 10482 F 33%7F 45t
ATk =, MESA/STEM 50f] gt Q14jo] 38t 57]9] & 24t 5 ek 7 2foof 7]Qlsh= F-229] °F 33%
S Ayehs Ao siAE 4 k. o, o] B G 41%00A 1.6%E ZAstled], AgsiA] £
© A Ul 24 A 224t HIEo] A 9) ol Q1A g2 2o & Ko} o] Adtof|A] ARt MESA/STEM
kol theh QA 38t F7] Afol o] Al 19E U R wA o] 7R frofm|et 2o = s At 4
AthBang etal., 2018; Lee et al., 2023).
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whebA] of Aol A oot FAA o] Ahs g o 2, 25 5= STEMISTEAMS 9| S
Aol A S-Sl L}E}Ur% WA g w52 g TAGHL ol S HIF R WaA u|=HlE A
71 o, sh A shd Z2 =R FHEShE HloA Yolrt IS/RISA W= A e e

7kl om, thE QIE3 F1=of| thgh 21 d et A Ro] 9hA| o] Foi A /4 &= A|7| | th(Cruz et al, 2021; Dou &
Cian, 2021). 18] 1 G0} = SMYEZ 5 E| MESA/STEM i-5of| thgh 143t 15} 5-7] Ato] o] i
oM =71 3 22 St et 52 AvlE 4 =S A9t 57101] V&= PIAf= TR ket A
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