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Abstract

Context and relevance. Mathematics academic performance, attitude, and
English learning achievement are essential components of 21st-century edu-
cation, shaping students’ cognitive and problem-solving abilities. Although
existing studies have explored the relationships between these domains, re-
search on their interconnected impact remains limited, highlighting the need
for further investigation. Objective. This study examines the relationship
between English learning academic performance, attitudes towards math-
ematics, and mathematics achievement among Indonesian college students.
Hypothesis. (1) There will be a positive relationship between English learn-
ing achievement and mathematics academic performance among Indonesian
students. (2) There will be a positive relationship between attitude towards
mathematics and mathematics academic performance among Indonesian
students. (3) English learning achievement will mediate the relationship be-
tween attitude towards mathematics and mathematics academic performance
among Indonesian students. Mathods and materials. The participants in-
cluded 381 mathematics students, with an average age of 19,82 years and
SD = 0,55 from four universities in Indonesia. The study employed self-report
measures to assess English learning and mathematics achievement, as
well as an attitudes towards mathematics questionnaire. Structural equation
modeling was applied for data analysis. Results. The study found significant
links between English proficiency, attitudes toward mathematics, and math
performance among Indonesian college students. Higher English skills were
associated with better math achievement, while negative attitudes toward
math and lower socioeconomic status negatively affected performance. Ad-
ditionally, English learning achievement mediated the relationship between
math attitudes and performance. Conclusions. The results revealed that
there were significant associations between these variables, highlighting the
importance of considering multiple factors in understanding academic suc-
cess. These implications underscore the importance of creating inclusive and
supportive learning environments that cater to the diverse needs of students,
ultimately fostering academic success in mathematics.
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Pestome

KoHTeKCT n akTyanbHOCTb. AKagemMmyeckas ycrneBaemMocTb No MatemaTumke,
OTHOLLIEHNE K HEel N [OCTMXEHUS B U3YHEHWUN aHIIMNCKOro s3blka SBMSAIOTCA
Ba)XXKHEMLLMMM KOMMOHeHTaMmn obpasoBaHus XXI Beka, (hopMUpyOLLMMK KOr-
HUTWBHbIE N @aHANUTUYECKNe CNoCOBHOCTU CTyAeHTOB. HeCMOTps Ha TO, 4TO Cy-
LLieCTBYIOLLME UCCNEA0BaHNS U3YHaloT CBA3b MEXAY 3TVMK 061acTAMM, KOM-
NAeKCHOe BO3AENCTBME AaHHbIX (hakTOPOB Noka He[OCTATOYHO M3YYEHO, HYTO
noaYepKmnBaeT Heo6XoAMMOCTb AanbHelLero uccnegosarus. Llenb. [aHHoe
ncecnefoBaHne paccmaTtpuBaeT CBf3b MexXAy akageMu4eckow ycnesaemo-
CTbO B U3YHEHWUM aHITIMNCKOrO A3blKa, OTHOLLEHWEM K MaTemaTuke U [OCTU-
XEeHMsAMW Mo MaTemaTuke cpefmn CTyAeHTOB yHuBepcuTeToB HaoHe3un. M-
note3bl: (1) MNpegnonaraeTcs HaNU4YMe NONOXUTENbHON CBA3M MeXAy [OCTU-
XKEHNSAMWN B U3YHEHUWN aHTTIMNCKOrO A3blKa U akafeMU4eCKon yCrneBaemMoCTbio
no matemaTvke cpeu cTygeHToB ViHgoHe3wu. (2) MNpepnonaraeTcs Hanuyve
NONOXWUTENBHOW CBA3M MeX Ay OTHOLLEHNEM K MaTemMaTuKe 1 akageMn4eckon
yCNeBaeMoCTbi0 MO MaTemaTvke cpeau ctygeHtoB WHpoHeswn. (3) lMpen-
nonaraetcs, YTO OOCTUXKEHUS B U3YYEHUW aHINIMACKOro A3blKa OMocpenytoT
CBfI3b MeXAYy OTHOLLEHNEM K MaTeMaTuKe 1 akafeMU4eCcKon yCneBaemMoCTbio
no mMarematuke cpeu ctyaeHTos MiHgoHeann. Metopabl n matepuansl. B vic-
cnefoBaHuM NpUHANY yyactve 381 CTyaeHT MaTemaTMyecKoro HanpasneHus
13 YyeTbipex yHmBepcuteTos IHOoHe3nn, CpeaHnin BO3pacT KOTOPbIX COCTaBWI
19,82 roga (SD = 0,55). [ns oueHKN OOCTUXEHUIA B U3YHEHUWN aHITIMNCKOrO
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A3blKa M MO0 MaTeMaTuKe NCNosb30BannUCh METOAbl CAMOOTHETA, a TaKkxXe Obin
NPVYMEHEH OMPOCHMWK, OLEHUBAOLLMIA OTHOLLEHME K mMaTemaTtuke. [na aHa-
nu3a [aHHbIX UCMOMb30Banocb MOQENUPOBaHWE CTPYKTYPHbIX YpaBHEHWN.
Pe3ynbratbl. B nccneposaHnmy BbISiBNIEHbl 3HA4NMbIe CBA3N MEXAY YPOBHEM
BIAAEHNS aHIIMNCKUM SI3bIKOM, OTHOLLEHWEM K MaTeMaTuKe U YCNeLHOCTbI0
B MaTemaTtuke cpeau CTyAeHToB yHuBepcuTeToB HAooHe3un. Bonee Bbico-
KW YPOBEHb aHIMMUACKOro A3blka 6bin CBA3AH C Ny4LUMMKW pe3ynbratamu no
MaremaTtuke, TOraa Kak oTpuuarenbHoe OTHOLLeHWe K Matematuke un 6onee
HU3KNA COLManbHO-9KOHOMUYECKUNI CTATYC OKa3biBaM HeraTMBHOE BNUAHNE
Ha ycriesaeMocTb. Kpome TOro, JOCTUXEHUS B U3YHEHUW aHIMMNCKOro A3bl-
Ka BbICTYNanM MeamaTopoM B CBA3W MeX[y OTHOLUEHMEM K Matematuke n
pesynstatamu obyyeHus. BbiBoabl. Pe3ynstartbl nokasanu, YTo CyLLEeCcTBYIOT
3Ha4UTEenNbHbIE CBA3W MEXAY 3TVMU NepeMeHHbIMW, YTO NoAYepKMBaET BaX-
HOCTb yyeTa MHOXecTBa (PakTOpOB Mpv aHanM3e akagemMmn4eckon yCreLuHo-
CcTW. [lJaHHble BbIBOAbI aKLEHTUPYIOT BHUMaHMe Ha HeO6X0AMMOCTU CO3AaHns
VHKJTIO3UBHOW 1 NOJAEp>XUBatoLLei o6pa3oBaTesnibHONM cpefbl, yYMTbIBaKoLLIEN
pa3Hoo6pasHble NOTPEOHOCTU CTYAEHTOB M CNOCOOCTBYIOLLIEN [OCTUMKEHUIO
ycnexos B 06y4eHUn MaTteMaTtuke.

KnroyeBble cioBa: OTHOLLIEHWE K MaTeMaTuke, y4ebHble JOCTUXEHWs Mo Ma-
TEMATUKE, YCEBAEMOCTb MO aHrMACKOMY i3bIKY, CTYAEHTbl YHUBEPCUTETOB

duHaHcupoBaHue. ViccnefosaHue BbINOHEHO NP (hMHAHCOBOW NoAAepXke fenaptameHTa Hayu-
HbIX UCCMefoBaHW N 06LLECTBEHHbIX paboT MocynapcTBEHHOro ncnamckoro yHueepcuteta PageH
WNHTaH JlamnyHr, npoekT Ne 99, 2023 rog.

BnaropapHocTu. ABTOpbI BbipaxatoT 6rnarogapHocTb CereicCkoMy YHUBEPCUTETY 3a BLOXHOBEHWE
K MPOBEAEHUI0 AaHHOro MccrepoBaHus 1 FocyaapcTBEHHOMY MCraMckoMy yHuBepcuTeTy PapeH
WHTaH JlamnyHr 3a mHaHcHpoBaHue nccnepoBanus. VX MHHOBaLWOHHas [eTENbHOCTL B 06nacTu
06pa3oBaHuns 1 NPUBEPXXEHHOCTb akafeMUYECKOMY COBEPLLEHCTBY CTanM MOTMBALMEN Ans HaLlero
nccnefoBanus. COTPYAHMYECTBO U NoAAepXKKa 3TUX YUYPEXAEHUIA Cbirpanin BaXKHy posib B YCMeLL-
HOW peanu3aummn NPoeKTa, U Mbl UCKPEHHE NPU3HATENbHbI 3@ UX BKNAA U MOMOLLb.

[ononHutenbHble AaHHble. Ha6opbl JaHHbIX [OCTYMHbI No appecy: https://doi.org/10.48612/
MSUPE/82va-kzh9-8dnv.

Ansa umtuposaHus: AHrropo, b.C., Coguk, A., CyxepmaH, C., Myxammag, P.P., ®apuga, ®. (2025).
Ponb akagemunyeckoi ycneBaemocTu B MateMaTuke 1 OTHOLLEHWE K MaTemaTuKe: ornocpegytoLas
pOsib y4e6HbIX JOCTUXEHUIA B U3Y4YEHUM aHITIUNCKOro A3blKa. [lcuxonornyeckas Hayka n obpasosa-
Hue, 30(5), 75-90. https://doi.org/10.17759/pse.2025300506

Introduction

The educational process is a fundamental
aspect of academic development (Mallarangan
et al., 2024). Important components, such as
individual behavior and academic achievement,
play a crucial role in shaping future opportuni-
ties for individuals (Arumugam et al., 2021; Rus-
sell et al., 2020). Within the realm of education,
English learning achievement (ELA) and math-
ematics achievement are two key domains that

have garnered significant attention. Proficiency
in English has become increasingly important
in our globalized world, enabling individuals
to communicate effectively and access a wide
range of academic and professional opportuni-
ties. Mathematics, on the other hand, provides
a foundation for logical reasoning (Graafsma
et al., 2023), problem-solving (Supriadi et al.,
2024), creative thinking skills (Suherman &
Vidakovich, 2024), and critical thinking skills
(Hwang et al., 2023) that are essential in various
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fields, including science, technology, engineer-
ing, and finance.

Previous research has explored the individ-
ual relationships between ELA, attitude toward
mathematics (ATM), and mathematics academ-
ic performance (MAP). Several studies have
demonstrated a positive correlation between
ELA and mathematics achievement. For ex-
ample, a study by Stoffelsma & Spooren (2019)
found that a significant positive relationship be-
tween English reading proficiency and academic
achievement in science and mathematics. Stu-
dents with higher English reading proficiency
demonstrated higher academic achievement in
these subjects compared to those with lower
English reading proficiency. This finding sug-
gests that proficiency in the English language,
which is often the medium of instruction in sci-
ence and mathematics courses, plays a crucial
role in students’ academic success. Empiri-
cal studies, such as those by Thompson et al.
(2022) Cuevas (2019) and Beal et al. (2010),
have demonstrated that students with strong
English skills are better equipped to grasp com-
plex scientific and mathematical concepts, lead-
ing to higher achievement. Additionally, English
proficiency was found to significantly predict
math achievement among Latino and Asian im-
migrant students (Barrett et al., 2012). Students
with higher English proficiency demonstrated
better math performance compared to those
with lower proficiency levels.

Moreover, the role of ATM has been exten-
sively studied in relation to mathematics achieve-
ment. Research by Hwang & Son (2021) found a
positive relationship between students’ ATM and
their mathematics achievement. Students who
reported higher levels of interest, enjoyment, and
perceived value of mathematics tended to have
higher academic performance in the subject.
Conversely, students with negative attitudes may
experience difficulties in understanding math-
ematical concepts and lack the motivation to suc-
ceed in the subject (Peteros et al., 2019).

While there is a substantial body of literature
examining the relationships between English learn-
ing achievement, attitude toward mathematics,
and mathematics achievement, limited research
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has explored the interplay between these factors.
Understanding the combined effects and potential
mediating role of attitude toward mathematics in
the relationship between ELA and mathematics
achievement is crucial for a comprehensive under-
standing of students’ academic performance.

Therefore, this study aims to bridge this
research gap by investigating the relationship
between English learning achievement, attitude
toward mathematics, and mathematics achieve-
ment. By examining the mediating role of atti-
tude toward mathematics, we can gain insights
into the mechanisms through which English
learning achievement influences mathematics
achievement. Additionally, exploring any recip-
rocal relationship between attitude toward math-
ematics and English learning achievement can
provide a more comprehensive understanding of
the dynamics between these variables.

The findings of this study will contribute to
the existing body of knowledge on the relation-
ship between English learning achievement,
attitude toward mathematics, and mathematics
achievement. The results can inform educa-
tors and policymakers in developing effective
strategies to promote students’ success in both
English and mathematics. By understanding the
role of attitude toward mathematics as a po-
tential mediator, interventions can be designed
to enhance students’ attitudes and motivation,
thereby positively impacting their mathematics
achievement. Furthermore, the reciprocal rela-
tionship between attitude toward mathematics
and English learning achievement can shed
light on the bidirectional influences between
these variables and inform educational practices
aimed at optimizing.

Literature review

Mathematics academic performance

and attitude towards mathematics

Mathematics achievement in term of math-
ematics academic performance and ATM have
been extensively studied in the field of education,
as they play crucial roles in students’ learning
and performance in mathematics. Previous re-
search has extensively examined the relationship
between mathematics achievement and ATM,
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shedding light on their interplay and significance
in the field of education. Recber et al. (2018) re-
ported that self-efficacy, ATM, and mathematics
achievement were positively correlated, indicat-
ing that students who had higher levels of self-ef-
ficacy and positive attitudes toward mathematics
tended to achieve better in the subject. Similarly,
a study conducted by Kiwanuka et al. (2022)
indicated a bidirectional relationship between
attitude toward mathematics and mathematics
achievement over time. On one hand, positive
attitudes toward mathematics were found to
be a significant predictor of higher mathemat-
ics achievement in the future. Positive attitudes,
encompassing various dimensions, contribute to
students’ motivation, engagement, and success
in the subject (Everingham et al., 2017; Singh
et al., 2002). These findings underscore the im-
portance of promoting positive attitudes toward
mathematics through effective instructional strat-
egies, engaging learning environments, and sup-
portive teacher-student interactions.

MAP and ELA

The relationship between mathematics
achievement and English academic performance
has been the focus of several studies aiming to
understand the interplay between these two do-
mains of learning. Previous research has shown
a significant correlation between mother tongue
proficiency and mathematics achievement (Per-
ez & Alieto, 2018). The researchers observed
that students who had a higher level of profi-
ciency in their mother tongue performed better
in mathematics. This suggests that a strong
foundation in the mother tongue language posi-
tively influences students’ mathematics skills
and academic performance. At the same time,
Trakulphadetkrai et al. (2020) study indicated
that general language ability, specifically oral
language proficiency, played a significant role in
mathematics achievement. Additionally, English
proficiency was found to be a significant pre-
dictor of math achievement among Latino and
Asian students (Barrett et al., 2012). Students
with higher levels of English proficiency demon-
strated better math performance compared to
those with lower proficiency.

ELA as a mediator of relationship

between ATM and MAP

The relationship between attitude towards
mathematics and mathematics achievement
can be influenced by various factors. Previ-
ous research has examined the mediating
role of English academic performance in the
relationship between ATM and mathematics
achievement. Students who held positive ATM
demonstrated higher levels of achievement in
the subject compared to those with negative or
indifferent attitudes (Dan’inna, 2017). Similar-
ly, the study conducted by Rivera & Waxman
(2011) examined the attitudes of resilient and
nonresilient Hispanic English language learn-
ers (ELLs) towards their classroom learning
environment in mathematics. The study found
that resilient ELLs, who exhibited positive ad-
aptation and academic success despite facing
adversity, generally had more positive attitudes
towards their classroom learning environment
in mathematics compared to nonresilient ELLs.
These studies suggest that ELA can medi-
ate the relationship between attitude towards
mathematics and mathematics achievement,
indicating the importance of considering stu-
dents’ language skills and performance in un-
derstanding their overall academic success in
mathematics.

Research aims and hypothesis

The aim of this study is to examine the rela-
tionship between ELA, ATM, and MAP among
Indonesian students. The following hypotheses
are followed:

H1: There will be a positive relationship be-
tween english learning achievement and math-
ematics academic performance among Indone-
sian students.

H2: There will be a positive relationship be-
tween attitude towards mathematics and math-
ematics academic performance among Indone-
sian students.

H3: English learning achievement will
mediate the relationship between attitude
towards mathematics and mathematics aca-
demic performance among Indonesian stu-
dents (Figure 1).

79




Anrropo B.C., Coauk A., CyxepmaH C.,
Myxammapg P.P., ®apupa @. (2025)
Mcuxonoruyeckas Hayka 1 o6pasoBaHve,
30(5), 75-90.

Anggoro B.S., Sodig A., Suherman S,

Muhammad R.R., Farida F. (2025)

Psychological Science and Education,
30(5), 75-90.

Attitude

English
Learning
Achievement

Toward
Mathematics

Fig. 1. The Hypothesis of the role of English academic performance as a mediator relationship
attitude towards mathematics and mathematics academic performance

Material and methods

Participants

This cross-sectional study was conducted at
four universities in Indonesia with 381 mathemat-
ics students (mean age 19,82 years, SD = 0,55).
Participants were randomly selected to reduce bi-
as, with 56,4% female. All students had completed

Summarized of the participants

Mathematics
Academic
Performance

real analysis courses, studying about 2,5 hours
weekly, and had taken a basic English course. De-
mographic details are presented in Table 1.

Instruments

Attitude towards mathematics. The instru-
ment used to measure ATM in this study was

Demographic characteristics Frequency Percent
Gender
Female 215 56,4
Male 166 43,6
Age
19 years 98 25,7
20 years 253 66,4
21 years 30 7,9
Students Place
City 287 75,3
Urban 94 24,7
Mother education
Elementary education 124 32,5
Secondary education 50 13,1
High school education 142 37,3
Higher education 65 17,1
Father education
Elementary education 84 22,0
Secondary education 74 19,4
High school education 185 48,6
Higher education 38 10,0
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developed by Suherman & Vidakovich (2022).
The instrument was expanded to capture a
comprehensive assessment of ATM among
the participants. Consisting of four subscales,
such as Self-Perception of Mathematics (i.e.,
“l can tell if my answers in math make sense”),
Value of Mathematics (i.e., “l feel confident in my
ability to solve mathematics problems”), Enjoy-
ment of Mathematics (i.e., When | have to do
math homework), and Perceived Mathemat-
ics Achievement (i.e., “My friends think that |
am successful at Math”). The total items, was
26 items with each statement requiring par-
ticipants to select from the following response
choices for positive items: 1 = Strongly Dis-
agree, to 5 = Strongly Agree. Conversely, for
negative items, the response choices were re-
versed, with 1 = Strongly Agree, to 5 = Strongly
Disagree. The validity of the four-factor structure
of the original items was assessed using confir-
matory factor analysis (CFA). The results indi-
cated a good model fit (2 = 853,768, df = 291,
p < 0,000), with acceptable fit indices including
CFl = 0,918, TLI = 0,908, RMSEA = 0,062, and
SRMR = 0,056. Reliability and validty values
were also calculated for the four subscales of
the instrument using the Cronbach’s alpha coef-
ficient (Crba) and the composite reliability (w),
ranged between 0,79 and 0,89.

We also conducted a pilot study of the
instrument, which showed factor loadings
ranging from 0,34 to 0,91. Discriminant valid-
ity, assessed using the Heterotrait-Monotrait
(HTMT.,) criterion, ranged from 0,24 to 0,61,
below the recommended threshold of 0,90,
confirming validity (Hair et al., 2010; Henseler
et al., 2015). Cronbach’s alpha values were
0,67 for Self-Perception of Mathematics, 0,71
for Value of Mathematics, 0,71 for Enjoyment
of Mathematics, and 0,86 for Perceived Math-
ematics Achievement. Composite reliability
(rho_c) ranged from 0,65 to 0,87 across scales.
Although AVE values (0,32 to 0,53) were
slightly below the standard cutoff, composite
reliability above 0,60 supports construct validity
(Fornell & Larcker, 1981). Overall, these results
confirm the instrument’s reliability and validity
for further analysis.

In this study, students self-reported their perfor-
mance in English (ELA) and Mathematics (MAP)
courses, including English for Academic Purposes,
Basic English, Introduction to Real Analysis, and
Advanced Real Analysis. Scores were reported
on a 1 to 7 scale and verified against university
records. Official grading categories ranged from
0 to 100 across seven levels (80-100, 73-79,99,
65-72,99, 60-64,99, 55-59,99, 49-54,99, and
0-48,99), serving as benchmarks for academic
achievement in both subjects.

Design and data analysis

The study was conducted in four phases.
In the first phase, researchers developed a
questionnaire to assess psychological and
pedagogical factors influencing students’ learn-
ing. Participants were enrolled in an advanced
Real Analysis course taught entirely in English,
having completed prerequisite courses in basic
English and English for Academic Purposes to
ensure effective engagement with the material
and reliable data collection at semester’s end.

The second phase involved administer-
ing the questionnaire at the conclusion of the
semester to gather data on students’ attitudes
toward mathematics (ATM), English language
ability (ELA), and mathematical academic per-
formance (MAP). This yielded a comprehen-
sive dataset for examining relationships among
these variables.

In the third phase, the questionnaire data
underwent initial analysis. Validity and reliabil-
ity were assessed using SPSS Version 29 and
SmartPLS 4, with Confirmatory Factor Analysis
(CFA) establishing construct validity. Model fit
was evaluated using indices such as the Tucker-
Lewis Index (TLI), Comparative Fit Index (CFl),
and Root Mean Square Error of Approximation
(RMSEA). Internal consistency confirmed the re-
liability of subscales, while descriptive statistics
summarized data distributions.

The final phase focused on testing the hy-
pothesized relationships among ATM, ELA, and
MAP. Descriptive and correlation analyses ex-
plored general trends, and Partial Least Squares
Structural Equation Modeling (PLS-SEM) evalu-
ated the model’'s fit and relationships. The
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R statistical package was also used to analyze
students’ self-reported English and mathematics
performance.

Results

Statistic descriptive

and correlations among variables

The descriptive statistics for the study
variables are shown in Table 2. The mean at-
titude toward mathematics score was 3,94
(SD = 0,30), mathematics achievement aver-
aged 6,07 (SD = 0,79), and English learning
achievement had a mean of 5,37 (SD = 0,58).
Table 3 presents the correlations among these
variables. Data normality was confirmed, with
skewness ranging from -0,23 to —1,24 and kur-
tosis between -0,33 and 1,45. Multicollinearity
was also not a concern, as variance inflation fac-
tor (VIF) values ranged from 1,012 to 1,967, well
below the critical value of 10 (Bell et al., 2004).

Table 3 shows the relationships between
study variables. Value of Mathematics had a

weak positive correlation with Self-Perception of
Mathematics (r = 0,193") and Perceived Math-
ematics Achievement (r = 0,024). Enjoyment
of Mathematics correlated more strongly with
Self-Perception (r = 0,3907) and slightly with
Perceived Achievement (r = 0,106™). Academic
performance in introductory and advanced
Real Analysis courses was strongly correlated
(r=0,7017). Moderate positive correlations were
found between English Academic Purposes
and both advanced Real Analysis performance
(r = 0,295") and English Basic and introduc-
tory Real Analysis performance (r = 0,3097),
linking enjoyment of mathematics with English
academic achievement. Correlations were con-
sidered significant at p < 0,01 and marginally
significant at p < 0,05.

Figure 2 illustrates student performance in
English and Mathematics by gender. In Math-
ematics (MAP1 and MAP2), mean scores are
similar for females (M ~ 85,3-86,1) and males
(M =~ 84,8-85,5), but males show greater score

Table 2
Statistical descriptive of the data and normality data
Variables M SD Skewness Kurtosis
Attitude towards mathematics 3,94 0,30 -0,23 0,68
Mathematics academic performance 6,07 0,79 -0,51 -0,33
English learning achievement 5,37 0,58 -1,24 1,45
Table 3
Statistics, descriptive, and correlations among variables
SPM VOM EOM PMA MAP1 MAP2 ELA1 ELA2
SPM
VOM 0,193"
EOM 0,390" 0,219”
PMA 0,024 0,018 0,106
MAP1 0,098 -0,059 —-0,038 —0,031
MAP2 0,049 —-0,060 -0,024 -0,071 0,701"
ELA1 0,096 0,046 0,011 0,059 0,254" 0,295"
ELA2 0,284~ 0,108 -0,026 -0,044 0,309" 0,209” 0,249"

Note: SPM: Self-Perceptions of Mathematics; VOM: Value of Mathematics; EOM: Enjoyment of Mathematics;
PMA: Perceived Mathematics Achievement; MAP1: Mathematics Academic Performance in Introduction to Real
Analysis course; MAP2: Mathematics Academic Performance in Real Analysis Advance course; ELA1: English
Learning Academic course of English Academic Purposes; ELA2: : English Learning Academic course of English
Basic. **. Correlation is significant at the 0,01 level (2-tailed); *. Correlation is significant at the 0,05 level (2-tailed).
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variability and a bimodal distribution, indicat-
ing distinct performance clusters. In English
assessments (ELA1 and ELA2), females have
slightly higher and more consistent mean scores
(M ~ 87,4-88,0) with lower variability, while
males exhibit a wider score range. Violin and
boxplots confirm that females’ performance is
more uniform compared to males.

SEM performance

In our study, the model was analyzed using
PLS-SEM to test our hypothesis, as illustrated in
Figure 3. Initially, we assessed the model fit of the
hypothesis, and the results indicated a good fit:
Chi-Square = 739,664, df = 28, p < 0,001, RM-
SEA =0,07, CFI=0,98, TLI= 0,98, SRMR = 0,03.
These findings suggest that the proposed model
effectively explains students’ achievement.

Regarding the influence of MAP on ELA,
we found a significant positive association
(8=0,374, p < 0,001). This suggests that higher
levels of measured achievement in mathemat-
ics analysis tasks are associated with increased
ELA among participants. However, the relation-
ship between ATM and MAP was not statistically

TV
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Gender
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Female

Gender

MAP2

ELAZ

significant (B = —0,041, p > 0,05). Thus, there
is no strong evidence to support a direct influ-
ence of measured achievement in mathematics
tasks on analytical thinking measures. Addition-
ally, we examined the influence of ELA on ATM.
The results indicated that the association be-
tween ATM and ELA was statistically significant
(Bp=0,271, p < 0,05).

Moreover, we controlled the variables with
socioeconomic status (SES) variables, includ-
ing the education levels of mothers and fathers.
The results showed that SES had a significantly
positive influence on ATM (B = 0,021, p > 0,05).
While, the SES to MAP was (3 = 0,001, p > 0,05).

Furthermore, the study explored whether the
impact of attitude on mathematics performance
is completely mediated by English performance,
utilizing bootstrapping with 5000 iterations (see
Table 4). The results revealed that the influence
of attitude towards mathematics on mathematics
performance was indirectly mediated by English
performance (B = 0,102, p < 0,001). ATM has a
significant positive effect on ELA (p < 0,05). Addi-
tionally, ELA strongly predicts MAP (p < 0,001).
The indirect effect of ATM on MAP through ELA
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Fig. 2. Pirate plot of English and Mathematics academic performance owing gender
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Fig. 3. Model SEM among variables with control variable

is also significant (p < 0,05), indicating that
English achievement mediates the relationship
between attitude toward mathematics and math-
ematics performance. The effect size for ELA,

ATM, and MAP were d = -0,18, d = -0,09, and
d = 0,79, respectively. These results emphasize
the crucial role of language proficiency in math-
ematics success.

Table 4
Total indirect and direct effect among variables
Path Original Sample mean _St_andard T statistics P
sample (O) (M) deviation (STDEV) | (IO/STDEVI)
ATM -> ELA 0,271 0,250 0,132 2,058 < 0,05
ATM -> MAP —-0,039 0,056 0,091 0,683 > 0,05
ELA -> MAP 0,374 0,373 0,064 5,808 < 0,001
SES -> ATM 0,021 0,005 0,081 0,255 > 0,05
SES -> ELA 0,006 0,004 0,022 0,253 > 0,05
SES -> MAP 0,001 0,001 0,009 0,144 > 0,05
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Path Original Sample mean Standard T statistics P
sample (O) (M) deviation (STDEV) | (IO/STDEVI)
ATM -> ELA -> MAP 0,101 0,095 0,050 2,019 < 0,05
SES -> ATM -> ELA 0,006 0,004 0,022 0,253 > 0,05
SES -> ATM -> MAP —-0,001 0,000 0,007 0,123 > 0,05
SES -> ATM -> ELA -> MAP 0,002 0,001 0,008 0,250 > 0,05
Discussion

In our study, hypothesis testing and model
fit assessment showed that the proposed model
fits the data well, effectively explaining stu-
dents’ achievement. Consistent with Barrett et
al. (2012), we found a significant positive rela-
tionship between MAP and ELA. This suggests
that success in mathematics is linked to better
performance in English, supporting the idea
that achievement in one subject can enhance
performance in another. Additionally, our results
revealed a positive impact of English learning
achievement on mathematics performance,
aligning with Sandilos et al. (2020). This rela-
tionship may be due to language proficiency
enabling better access to educational resources
such as textbooks, online materials, and aca-
demic journals. Students with stronger English
skills can therefore more effectively engage with
mathematical content, improving their under-
standing and problem-solving abilities.

Students with positive attitudes toward math-
ematics generally achieve higher scores, and
higher achievement often fosters more positive
attitudes. However, this study found that anxiety
and lack of confidence can negatively impact
performance by reducing engagement. Mathe-
matics anxiety impairs cognitive processing and
problem-solving, leading to avoidance and lower
achievement. Socioeconomic status (SES) also
negatively affects attitudes and performance, as
students from lower-income backgrounds face
limited resources and increased stress. To ad-
dress these issues, interventions should focus
on reducing math anxiety through growth mind-
set promotion, personalized learning, mindful-
ness, and cognitive reframing. Targeted support
for low-SES students and teacher training to
recognize anxiety are also vital. These findings
align with prior research showing how negative

attitudes and anxiety hinder math performance
(Ashcraft & Kirk, 2001; Nardi & Steward, 2003;
Skagerlund et al., 2019).

Although our study found a negative impact
of attitude on mathematics achievement, the re-
ciprocal relationship observed in Kiwanuka et al.
(2022) suggests that attitude and achievement
can influence each other over time. Additionally,
this finding aligns with another meta-analysis on
the relationship between attitude toward math-
ematics and academic performance, which also
reported a negative correlation (Ma & Kishor,
1997). This suggests that students’ attitudes to-
ward mathematics tend to decline as they grow
older, often becoming negative by high school.
Furthermore, previous research found no signifi-
cant correlation between attitude toward math-
ematics and mathematics achievement (Phong-
uttha et al., 2009). However, negative attitudes
toward mathematics may still contribute to re-
duced motivation and engagement, ultimately
leading to lower performance. Research sug-
gests that addressing negative attitudes early
is essential to prevent students from developing
poor problem-solving skills in the future (Shah et
al., 2023). Since attitudes are crucial, mathemat-
ics educators can implement strategies to shift
negative perceptions and reinforce positive ones
to improve students’ performance (Kiwanuka et
al., 2022). Given that problem-solving skills are
crucial for handling everyday challenges, foster-
ing a positive mindset is vital for academic suc-
cess. Students who maintain a positive attitude
toward mathematics are more likely to excel in
their studies (Papanastasiou, 2000).

This study found that socioeconomic status
(SES) significantly affects students’ attitudes
toward mathematics and their academic perfor-
mance, consistent with prior research showing
that higher SES is linked to more positive at-
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titudes and better outcomes (Papanastasiou,
2002). Students from lower SES backgrounds
often face resource barriers that hinder motiva-
tion and engagement (Jury et al., 2017). Impor-
tantly, the impact of attitudes toward mathemat-
ics on math performance was fully mediated by
ELA, highlighting that attitude influences math
success through English proficiency (Dan’inna,
2017; Trakulphadetkrai et al., 2020). This un-
derscores the need for integrated educational
strategies that improve both language skills
and mathematical understanding to support
students’ academic achievement (Suherman &
Vidakovich, 2024).

Limitations and future research

While this study offers valuable insights,
several limitations should be noted. The sample
was limited to college students from four Indone-
sian universities, which may restrict the general-
izability of the findings. Including more diverse
populations across different educational con-
texts would improve external validity. The study
focused on ATM, ELA, and MAP while control-
ling for socio-economic status, but omitted
factors such as cultural background, language
proficiency, mother tongue, and prior education.
Future research should examine these variables
and their interactions. The cross-sectional de-
sign also limits causal interpretations, highlight-
ing the need for longitudinal studies to track
changes over time. Intellectual and cognitive
development, key to academic success, were
not assessed, potentially overlooking important
influences on learning. Including these mea-
sures and exploring students’ course preferenc-
es could provide deeper insights. Additionally,
teacher practices and classroom environments
may significantly affect attitudes and perfor-
mance, warranting further investigation. The
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