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ABSTRACT

This study aims to describe the profile of pre-service mathematics teachers regarding their mathematical
proficiency, English language competence, and mathematical literacy in the context of technology-driven
education. As digital learning resources increasingly demand the integration of content knowledge, language
skills, and higher-order thinking, this study investigates the extent to which these future educators are prepared.
Using a mixed-methods approach involving diagnostic tests, literacy tasks, and interviews, the results show that
students exhibit moderate mastery in mathematics and basic English but struggle with applying concepts in real-
life problem-solving situations—an indicator of low mathematical literacy. The study calls for curriculum
redesign that bridges content, language, and technology to better equip future teachers.
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INTRODUCTION

The role of mathematics teachers in the 21st century has undergone a significant
transformation. No longer limited to mastering mathematical content, today's educators are
expected to navigate a rapidly evolving digital landscape, demonstrate technological fluency,
and communicate effectively in English —the dominant language of educational technology
and global research. These expanded expectations reflect broader changes in global education,
where the integration of technology has reshaped pedagogical practices across disciplines
(Voogt et al., 2015).

In Indonesia, the challenges associated with this shift are particularly complex. While
digitalization in education has advanced rapidly —especially following the COVID-19
pandemic —both teachers and learners often find themselves unprepared to harness the full
potential of these technological tools (Nugroho et al., 2021). This gap between technological
availability and user readiness underscores the urgency for teacher education programs to
address digital literacy as an essential professional skill.

At the same time, linguistic competence, particularly in English, has become increasingly
vital. As most academic publications, open-access resources, and instructional technologies
are developed in English, teachers with limited proficiency may find it difficult to access or
implement contemporary educational innovations (Putri & Siregar, 2020). English thus
functions not only as a foreign language but as a gatekeeper to global educational resources
and collaboration.
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Moreover, despite the solid procedural skills often demonstrated by pre-service
mathematics teachers, research suggests that many struggle to apply these skills in novel or
real-world situations. According to the OECD (2019), this discrepancy highlights a broader
issue of mathematical literacy —defined by PISA (2022) as the ability to interpret, formulate,
and solve problems using mathematical knowledge in diverse contexts. In other words, being
proficient in mathematics does not automatically translate into being mathematically literate.

The intersection between mathematical literacy and English proficiency becomes even
more critical when considered within digital learning environments. For instance, many online
learning platforms, software tools, and assessment systems require both mathematical
understanding and the ability to follow English-language instructions and documentation
(Zou et al., 2021). Thus, linguistic and digital competence are now deeply intertwined with
mathematical instruction.

Although several studies have investigated mathematical proficiency among Indonesian
pre-service teachers (Suryani, 2021) and others have examined English language competence
in academic settings (Rahmawati, 2022), limited research has explored the convergence of
these domains in the context of digital learning. Few inquiries have considered how English
proficiency and digital literacy collectively influence the development of mathematical literacy
in teacher education.

To address this gap, the present study aims to profile the integrated competencies of pre-
service mathematics teachers in three key areas: mathematical understanding, English
language skills, and mathematical literacy within digital education. By examining how these
domains interact, particularly in the context of a technology-rich environment, this research
seeks to offer insights that can inform curriculum development and teacher preparation
programs in Indonesia and similar educational settings.

METHOD

Research Design

This study adopted a sequential explanatory mixed-methods design, combining both
quantitative and qualitative approaches to obtain a comprehensive understanding of pre-
service mathematics teachers' competencies. The design started with quantitative data
collection through standardized tests and tasks, followed by qualitative interviews to
elaborate on and contextualize the numerical findings. This approach was chosen to explore
not just the level of proficiency but also the reasoning, challenges, and learning strategies
experienced by participants in relation to mathematics, English, and mathematical literacy in
technology-based education settings.
Participants

The participants consisted of 84 undergraduate students enrolled in the Mathematics
Education program at a public university in Eastern Indonesia. Participants were selected
using purposive sampling, with criteria including enrollment in at least the fifth semester and
completion of fundamental courses in mathematics and general English. The choice of
participants ensured a representative profile of students who had sufficient exposure to both
disciplinary content and digital learning platforms. Demographically, 62% of the participants
were female and 38% male, with age ranges between 19 to 23 years. All had experienced online
or hybrid learning environments during the COVID-19 pandemic, thus providing relevant
context for evaluating technology-based competencies.
Instruments
Mathematics Profiency Test

A 20-item multiple-choice test was developed, covering three main domains: algebra,
calculus, and statistics. Items were adapted from national examination blueprints and
validated by three senior lecturers in mathematics education. The test measured both
procedural fluency and conceptual understanding.
English Proficiency Test
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This test consisted of 25 items adapted from standardized TOEFL materials, focusing on
structure, vocabulary, and reading comprehension relevant to academic content. The goal was
to assess students' ability to understand English texts related to mathematics education.
Mathematical Literacy Task

Three open-ended problems were designed based on PISA-like tasks, requiring students
to apply mathematical reasoning in real-life contexts such as financial planning, data
interpretation, and spatial reasoning. Rubrics for scoring were adapted from OECD-PISA
guidelines, focusing on formulating, employing, and interpreting mathematics in context.
Interview Protocol

A semi-structured interview guide was used to gather in-depth information from a sub-
sample of 10 students. Questions explored students perceived challenges, learning habits,
digital resource usage, and language-related barriers in understanding mathematics content
online.

Data Collection Procedures

Quantitative data were collected in two sessions via the university’s Moodle platform,
supervised through Zoom proctoring. Students had 60 minutes for the mathematics and
English tests, and 45 minutes for the mathematical literacy task. Interviews were conducted
one week after the tests using Google Meet, lasting approximately 20-30 minutes per
participant. Interviews were audio-recorded (with consent), transcribed verbatim, and
translated into English if needed.

Data Analysis

Quantitative data were the responses from the mathematics and English tests were analyzed
using descriptive statistics (mean, percentage, standard deviation), while Pearson correlation
analysis was used to examine relationships among the three competencies (math, English, and
literacy). Data were processed using SPSS 26.0. Qualitative data were interview transcripts
which were analyzed thematically using Braun & Clarke’s (2006) six-phase framework.
Coding categories included: language-related difficulty, confidence in problem-solving, use of
digital platforms, and instructional language preferences. Triangulation was done by
comparing test scores with qualitative responses.

Validity and Reliability

Instrument validation involved a panel of three experts in mathematics education and
applied linguistics. Reliability testing showed acceptable Cronbach’s Alpha values: 0.81 for the
mathematics test, and 0.78 for the English test. Inter-rater agreement for scoring the literacy
task was 85%, ensuring consistency in open-ended task evaluation.

FINDINGS AND DISCUSSION

Mathematics Proficiency

The mathematics proficiency test results showed that 69% of participants demonstrated
adequate understanding of fundamental topics, particularly in algebra and differential
calculus. However, only 48% were able to correctly solve problems involving inferential
statistics and data interpretation.

This indicates a tendency among participants to rely on procedural knowledge rather
than conceptual understanding. The findings are consistent with previous research (Suryani,
2021) that suggests pre-service teachers often perform well in algorithmic tasks but struggle
with abstract reasoning and contextual application. This outcome highlights the need for
instructional practices that promote higher-order thinking, such as mathematical modeling
and problem-based learning.

English Language Competence

Only 35% of participants met the minimum benchmark for academic English
proficiency. Most struggled with vocabulary, reading comprehension, and interpreting
grammatical structures within educational texts. These limitations were particularly evident
in tasks requiring engagement with mathematical content written in English.
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This aligns with existing literature (Choi, 2016; Putri & Siregar, 2020), which identifies
English language barriers as a significant factor affecting access to global educational
resources. The inability to effectively engage with English-based digital platforms may limit
students' exposure to diverse mathematical perspectives and instructional methodologies.
These findings support the integration of English for Specific Purposes (ESP) courses within
teacher education curricula to enhance discipline-specific language proficiency.
Mathematical Literacy

Performance on mathematical literacy tasks revealed that only 24% of participants
demonstrated the ability to interpret, apply, and communicate mathematical ideas in real-life
contexts. While many were able to perform calculations correctly, they failed to justify their
reasoning or interpret results meaningfully.

This suggests a disconnect between mathematical procedures and contextual
understanding. According to the PISA (2022) framework, mathematical literacy involves the
application of mathematics in diverse, authentic situations. The low performance observed in
this study indicates a need for curricular and pedagogical strategies that emphasize real-world
relevance and reasoning beyond computation.

Integration of Mathematics, Language, and Technology

A correlation was found between English proficiency and performance in mathematical
literacy tasks. Students with stronger English skills were more likely to access and utilize
international resources, and they demonstrated better problem interpretation and solution
strategies.

These findings highlight the interdependence between language competence and
mathematical literacy in a technology-mediated educational context. As the global educational
environment increasingly relies on English-language resources, limited language skills may
hinder engagement with mathematical content and reduce opportunities for professional
development. Therefore, teacher education programs should consider integrated learning
approaches that simultaneously foster mathematical understanding, language competence,
and digital literacy. Cross-disciplinary collaboration and instructional design that reflects
these dimensions are essential for preparing future educators in a globalized, technology-
based educational landscape.

CONCLUSIONS

This study examined the profile of mathematics proficiency, English language
competence, and mathematical literacy among pre-service mathematics teachers in the context
of technology-based education. The findings indicate that while students demonstrate a
moderate level of mathematical knowledge and basic English proficiency, their ability to apply
mathematics in real-world contexts—i.e., their mathematical literacy —remains limited. The
data suggest a compartmentalization of learning, where mathematical content, language skills,
and literacy practices are developed in isolation. However, the increasing integration of digital
tools in education necessitates a more interconnected approach. The observed correlation
between English proficiency and mathematical literacy highlights the importance of language
in enabling access to and engagement with global mathematical resources. To address these
gaps, teacher education programs should adopt interdisciplinary strategies that promote
simultaneous development of content knowledge, academic language, and literacy.
Curriculum revisions may include the integration of English for Mathematics Education, the
use of PISA-style contextual tasks, and structured engagement with international digital
learning platforms. These interventions are essential to prepare future mathematics teachers
who are not only competent in their subject matter, but also capable of navigating and
contributing to an increasingly digital and global educational environment.

© 2025 The Author.This article is licensed CC BY SA 4.0.
visit Creative Commons Attribution-ShareAlike 4.0 International License.

Journal of English Language and Education volume 10 Number 3 2025


https://creativecommons.org/licenses/by-sa/4.0/

Copyright (c) 2025 Agnes Teresa Panjaitan.

Profile of Mathematics and English Proficiency as well as Mathematical Literacy of Pre-Service Mathematics Teachers in the Era of
Technology-Based Education

REFERENCES

Ball, D. L., Thames, M. H., & Phelps, G. (2008). Content knowledge for teaching: What makes
it special? Journal of Teacher Education, 59(5), 389-407.

Choi, Y. (2016). The importance of academic English proficiency for pre-service teachers. Asian
EFL Journal, 18(5), 111-130.

Creswell, J. W. (2014). Research design: Qualitative, quantitative, and mixed methods
approaches (4th ed.). SAGE Publications.

Cummings, A., & John, M. (2019). Integrating literacy into mathematics instruction: A
necessity in teacher education. Mathematics Teacher Education and Development,
21(1), 45-60.

Mishra, P., & Koehler, M. ]J. (2006). Technological pedagogical content knowledge: A
framework for teacher knowledge. Teachers College Record, 108(6), 1017-1054.
Nation, I. S. P. (2001). Learning vocabulary in another language. Cambridge University Press.
Nugroho, D., Wardani, D. K., Beech, J., & Donnelly, M. (2021). Education response to COVID-19
in Indonesia: An assessment of policies and their implementation in 2020-2021. The World
Bank. https:/ /documents.worldbank.org/en/publication/ documents-

reports/documentdetail / 226481627067063482

PISA 2018 Results: What Students Know and Can Do (Volume I). OECD Publishing.

PISA. (2022). Mathematical literacy framework. OECD Publishing.

PISA. (2022). PISA 2022 Mathematics Framework. OECD Publishing. https://pisa2022-
maths.oecd.org

Putri, F. H., & Siregar, E. (2020). English proficiency challenges in digital learning for
Indonesian teachers. Journal of Language and Education Studies, 6(2), 45-53.
https:/ /doi.org/10.17509/jles.v6i2.25600

Putri, Y., & Siregar, H. (2020). English as a barrier in accessing online mathematics content.
Journal of Language and Learning, 4(1), 33-44.

Rahmawati, D. (2022). Exploring English competence in mathematics education. Jurnal
Pendidikan Matematika, 8(2), 88-101.

Rahmawati, Y. (2022). Investigating English language proficiency among Indonesian pre-
service teachers. International Journal of Language Education, 6(1), 72-84.
https:/ /doi.org/10.26858 /ijole.v6i1.20644

Shulman, L. S. (1987). Knowledge and teaching: Foundations of the new reform. Harvard
Educational Review, 57(1), 1-22.

Suryani, I. (2021). Assessing mathematical problem-solving skills among Indonesian
prospective teachers. Jurnal Pendidikan Matematika, 15(1), 10-18.
https://doi.org/10.22342 /jpm.v15i1.9502

Suryani, R. (2021). Profil kemampuan matematis calon guru. Jurnal Pendidikan dan
Pembelajaran Matematika, 5(3), 123-132.

Voogt, J., Fisser, P., Pareja Roblin, N., Tondeur, ]., & van Braak, J. (2015). Technological
pedagogical content knowledge-a review of the literature. Journal of Computer Assisted
Learning, 31(3), 303-318. https:/ /doi.org/10.1111/jcal. 12087

Vygotsky, L. S. (1978). Mind in society: The development of higher psychological processes.
Harvard University Press.

Warschauer, M., & Matuchniak, T. (2010). New technology and digital worlds: Analyzing
evidence of equity in access, use, and outcomes. Review of Research in Education,
34(1), 179-225.

Zou, D., Wang, D., & Xing, M. (2021). Digital competence and mathematics learning: A
systematic review of recent literature. Educational Technology & Society, 24(1), 1-16.
https:/ /www j-ets.net/ETS/journals/24_1/1.pdf

Zulkardi, & Putri, R. I. I. (2006). Design research in mathematics education as a means to
develop local instruction theory. The Netherlands: Freudenthal Institute.

© 2025 The Author.This article is licensed CC BY SA 4.0.
visit Creative Commons Attribution-ShareAlike 4.0 International License.

Journal of English Language and Education volume 10 Number 3 2025


https://creativecommons.org/licenses/by-sa/4.0/
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/226481627067063482
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/226481627067063482

