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Abstract

Technical English proficiency plays a critical role in shaping how students comprehend, interpret, and apply
mathematical concepts across academic and professional contexts. While mathematics is often perceived as a universal
language built on symbols and numbers, linguistic proficiency—particularly in technical English—significantly
influences learners’ abilities to extract meaning from mathematical discourse. This study explores the extent to which
technical English proficiency contributes to conceptual understanding in mathematics, focusing on terminology
comprehension, problem interpretation, symbolic language decoding, and multi-step reasoning. Drawing on
interdisciplinary insights from mathematics education, cognitive linguistics, and English for Specific Purposes (ESP),
the article identifies language as a mediating cognitive tool that supports or impedes conceptual processing. Using a
mixed-methods approach, the study analyzes the relationship between English proficiency and conceptual understanding
among undergraduate engineering and science students. Findings indicate that students with stronger technical English
skills demonstrate higher accuracy in conceptual reasoning, improved retention of abstract ideas, and stronger
performance in modeling and application tasks. The article concludes with pedagogical implications for curriculum
planners, teachers, and policymakers, advocating for integrated language-and-mathematics instruction and explicit
vocabulary scaffolding.
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1. Introduction

Mathematics and language, though often treated as independent domains, are deeply interconnected in the learning
process. Over the past four decades, researchers in mathematics education and applied linguistics have argued that
proficiency in the language of instruction, especially in technical English, fundamentally shapes students’ ability to
understand, process, and apply mathematical concepts. Technical English refers to the specialized vocabulary,
grammatical structures, representational conventions, and discourse patterns used in scientific, technological, and
mathematical contexts. It includes precise terminology, symbolic descriptions, stepwise reasoning language, and
definitional clarity that enable learners to navigate complex ideas.

Across higher education systems—particularly in engineering, computer science, mathematics, and physical sciences—
technical English functions as the medium through which new concepts are introduced, theories are articulated, and
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problem-solving procedures are communicated. The cognitive load associated with unfamiliar vocabulary, ambiguous
phrasing, complex sentence structures, or symbol-rich explanations can hinder conceptual understanding even among
mathematically capable learners. This phenomenon is especially visible in multilingual contexts, where students must
simultaneously decode linguistic and conceptual information.

Despite the intuitive connection between language proficiency and mathematical performance, the depth of this
relationship has often been underestimated. Traditional mathematics pedagogy frequently assumes that mathematical
ideas are context-free and language-free. However, recent scholarship challenges this assumption, suggesting that
mathematical thinking is mediated by linguistic structures, including verb forms (e.g., “simplify,”
“integrate”), prepositions (“between,”
semantics of symbolic expressions.

prove,”
consequently”), and the
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under,” “within”), connectors (“therefore,” “hence,

The purpose of this study is to examine how technical English proficiency influences the comprehension, interpretation,
and application of mathematical concepts at the undergraduate level. The investigation addresses a gap in
interdisciplinary literature by synthesizing linguistic, cognitive, and pedagogical perspectives and by empirically
analyzing the extent to which English proficiency predicts conceptual reasoning. Through a structured analysis of
previous research and a mixed-methods empirical approach, the study seeks to highlight the language demands
embedded in mathematical learning.

Ultimately, this research contributes to a growing awareness that mathematics education must incorporate language
scaffolding, explicit terminology instruction, and linguistic clarity to support learners. It argues that enhancing technical
English proficiency can significantly improve mathematical comprehension, reduce cognitive barriers, and strengthen
academic success in STEM fields.

2. Literature Review

2.1 Language as a Cognitive Tool in Mathematics

Scholars in cognitive psychology and mathematics education have emphasized that language is not merely a
communication medium but a cognitive instrument that shapes how individuals perceive, categorize, and reason about
mathematical structures (Vygotsky, 1986; Sfard, 2008). Language assists learners in constructing internal
representations of abstract ideas. For example, the transition from operational thinking (“doing mathematics™) to
structural thinking (“understanding mathematical objects”) requires conceptual reorganization expressed through
language (Sfard, 1991).

Research indicates that mathematical cognition relies heavily on language-based processes such as:

. conceptual labeling (Bruner, 1990),

. verbal articulation of generalized patterns (Fischer, 2013),

. grammar-linked logical thinking (Halliday, 2004), and

. linguistic encoding of symbolic relationships (Pimm, 1987).

These cognitive processes suggest that without adequate technical language proficiency, learners may struggle to
internalize and mentally manipulate mathematical concepts.
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2.2 Technical English and Academic Vocabulary in Mathematics

Technical English includes domain-specific vocabulary essential for understanding mathematical discourse (Flowerdew
& Peacock, 2001). Studies on English for Specific Purposes (ESP) show that mastery of subject-specific terminology
strongly influences reading comprehension and problem-solving performance (Hutchinson & Waters, 1987). Academic
vocabulary in mathematics involves:

. precise nouns (derivative, coefficient, gradient),

. relational verbs (evaluate, differentiate, factorize),

. logical connectors (therefore, consequently), and

o symbolic descriptors (let x be..., subject to..., given that...).

Learners lacking familiarity with these linguistic elements often misinterpret mathematical instructions (Abedi & Lord,
2001) or fail to identify the procedural steps implied by technical verbs (Cuevas, 1984).

2.3 Language Load in Word Problems

Word problems represent the intersection of linguistic comprehension and mathematical reasoning. Extensive research
shows that language complexity—rather than mathematical difficulty—is often the primary cause of student errors
(Cummins et al., 1988; Abedi, 2006).

Key linguistic barriers include:

o syntactic complexity,

o nominalization,

o ambiguous prepositions,

. polysemous terms (“table,” “sum,” “root,” “line”), and
. culturally specific contexts.

Students with limited technical English proficiency tend to misinterpret problem conditions, misidentify variables, or
misapply operations (Bernardo, 1999).

2.4 Symbolic Language, Notation, and Semantic Interpretation
Many mathematics educators argue that symbolic expressions constitute a parallel language system requiring translation
into natural language (Duval, 2006). Technical English proficiency supports this translation process by enabling

students to interpret the semantic meanings behind symbols and algebraic structures.

For instance:

. f(x) increases requires understanding of both symbolic notation and the linguistic concept of
monotonicity.
. Solve for x requires awareness that the problem expects isolating a variable.

Students with weaker technical English often struggle to describe mathematical relationships even when they can
perform computations (MacGregor & Price, 1999).
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2.5 Multilingual Classrooms and English-Medium STEM Education

In multilingual contexts such as India, Malaysia, South Africa, Nigeria, and the UAE, English serves as the medium of
instruction for mathematics at higher levels. However, many students enter English-medium STEM programs with
limited technical vocabulary, grammatical control, or reading speed (Kirkpatrick, 2011). This mismatch creates a
linguistic bottleneck that affects mathematics learning (Setati & Adler, 2000).

Studies show that multilingual learners often engage in code-switching to support comprehension (Moschkovich, 2002).
While this can facilitate meaning-making, lack of proficiency in the language of instruction may lead to misconceptions,
incomplete conceptualization, or inability to follow formal mathematical proofs (Adler, 2001).

2.6 Cognitive Load and Mathematical Processing

Cognitive load theory (Sweller, 1994) posits that extraneous linguistic complexity increases processing burden, reducing
working memory capacity available for mathematical reasoning. Technical English proficiency reduces extraneous load
by enabling faster decoding of instructions and problem statements.

2.7 Empirical Studies on Technical English and Mathematics Learning

Several empirical studies have investigated the impact of language proficiency on mathematical comprehension. For
instance, Abedi (2004) found that English Language Learners (ELLs) in the United States performed significantly lower
on word problems compared to non-ELL peers, despite similar computational skills. Similarly, Setati (2005) reported
that multilingual South African learners often rely on home language to interpret mathematical problems, indicating that
technical English proficiency directly affects conceptual clarity.

Research by Moschkovich (2010) highlights that students’ ability to verbalize reasoning in English correlates with better
problem-solving outcomes, even when symbolic manipulations are intact. English proficiency not only influences
reading comprehension but also mathematical reasoning, logical argumentation, and the ability to follow multi-step
procedures.

2.8 Technical English in STEM Curricula

Engineering and science curricula frequently assume baseline proficiency in technical English. In practice, however,
students often encounter gaps in understanding due to unfamiliar terminology or complex syntactic structures.
Hutchinson and Waters (1987) argue that ESP courses should include domain-specific vocabulary, formulaic
expressions, and academic discourse patterns to bridge this gap. Without explicit scaffolding, students struggle to
connect symbolic representations with conceptual understanding.

2.9 Conceptual Understanding vs Procedural Knowledge

Mathematics learning involves both procedural knowledge (how to perform operations) and conceptual
understanding (why operations work). Research indicates that technical English proficiency is more critical for
developing conceptual understanding than for procedural skills (Rittle-Johnson & Alibali, 1999). For example,
understanding the concept of a derivative requires grasping both the symbolic notation and the linguistic explanation of
change rates over time.
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2.10 Challenges in Multilingual and Non-Native Contexts

Learners in non-native English-speaking contexts face unique challenges. These include:

o Misinterpretation of technical vocabulary

o Difficulty in parsing complex sentence structures

. Limited access to high-quality STEM reading materials in their first language

o Increased cognitive load due to simultaneous processing of language and mathematical concepts

Studies show that targeted interventions in technical English can improve students’ ability to interpret problem
statements, construct mathematical models, and communicate solutions effectively (Abedi & Lord, 2001; Setati &
Adler, 2000).

3. Research Objectives

The present study aims to investigate the role of technical English proficiency in understanding mathematical concepts.
The specific objectives are:

1. To examine the relationship between technical English proficiency and conceptual understanding in

mathematics.

2. To identify the linguistic barriers that hinder mathematical comprehension among undergraduate STEM

students.

3. To assess how technical English proficiency influences problem-solving accuracy and reasoning ability.

4, To propose pedagogical strategies for integrating language and mathematics instruction.

5. To provide insights for curriculum planners and policymakers on improving STEM learning outcomes.
4. Methodology

4.1 Research Design

This study employs a mixed-methods design combining quantitative assessment and qualitative analysis. The approach
allows triangulation of data to understand both the measurable impact of technical English proficiency and the nuanced
ways it shapes conceptual understanding.

4.2 Population and Sample

The target population includes undergraduate students enrolled in engineering, mathematics, and physical sciences
programs at English-medium universities. A sample of 300 students was selected using stratified random sampling to
ensure representation across disciplines and academic years.
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4.3 Research Instruments

1. Technical English Proficiency Test (TEPT):
o Measures vocabulary, comprehension of technical terms, reading of mathematical texts, and
ability to interpret formal instructions.

2. Mathematical Conceptual Understanding Test (MCUT):
o Assesses understanding of key mathematical concepts, including algebra, calculus, probability,
and geometry.
o Includes word problems, symbolic translation exercises, and conceptual explanation tasks.

3. Semi-Structured Interviews:
o Conducted with 30 students to explore challenges in understanding mathematical concepts due
to language barriers.
o Interview questions focus on problem interpretation, symbol-to-language translation, and

reasoning strategies.

4.4 Data Collection Procedure

o Students first completed the TEPT to assess baseline technical English proficiency.

. Subsequently, they took the MCUT under supervised conditions.

o Selected students were interviewed to provide qualitative insights into their thought processes.
. Data were sorted out for analysis.

4.5 Data Analysis

1. Quantitative Analysis:
o Pearson correlation analysis to measure the relationship between TEPT scores and MCUT
performance.
o Multiple regression analysis to identify the predictive value of English proficiency on
conceptual understanding.

2. Qualitative Analysis:
o Thematic analysis of interview transcripts to identify recurring linguistic barriers, strategies,
and misconceptions.
o Coding categories include vocabulary difficulties, misinterpretation of word problems,
symbolic language issues, and cognitive load challenges.

4.6 Ethical Considerations

o Participation was voluntary with informed consent.
. Anonymity and confidentiality were strictly maintained.
. Institutional ethical clearance was obtained prior to data collection.
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5. Findings

5.1 Quantitative Results

The statistical analysis revealed a strong positive correlation between technical English proficiency and conceptual
understanding in mathematics. Key results include:

1. Correlation Analysis:
o Pearson correlation coefficient between TEPT scores and MCUT scores: r = 0.72, p < 0.001,
indicating a significant positive relationship.
o Students with higher English proficiency consistently performed better on word problems,
multi-step reasoning tasks, and symbolic translation exercises.

2. Regression Analysis:
o Multiple regression showed that technical English proficiency accounted for approximately
52% of the variance in conceptual understanding scores.
o Other factors (prior mathematics knowledge, study hours, and cognitive ability) contributed
smaller portions, highlighting the dominant role of language proficiency.

5.2 Qualitative Findings
Thematic analysis of interview transcripts revealed several recurring challenges and patterns:

1. Vocabulary Gaps:
o Students frequently misinterpreted terms like factorize, evaluate, transform, derivative, and
integral when English definitions were unclear.

2. Sentence Complexity:
o Complex instructions containing nested clauses, passive voice, or formal connectors (e.g.,
“Given that... prove that...”) created comprehension barriers.

3. Symbol-to-Language Translation Difficulties:
o Students struggled to verbalize the meaning of algebraic and calculus expressions in English,
which impeded conceptual reasoning.

4, Cognitive Load:
o Limited technical English proficiency increased cognitive load, reducing working memory
availability for problem-solving.

5. Adaptive Strategies:
o Some students relied on code-switching, drawing diagrams, or breaking down instructions into
simpler steps, demonstrating compensatory mechanisms.

6. Discussion

The findings support the hypothesis that technical English proficiency is a critical mediator of mathematical
understanding. Several key insights emerge:

1. Vocabulary and Conceptual Clarity:
o Understanding domain-specific terms enhances the ability to internalize concepts. For example,
precise comprehension of gradient or derivative enables accurate problem formulation and
interpretation.

© 2025, IJSREM | https://ijsrem.com DOI: 10.55041/IJSREM54620 | Page 7


https://ijsrem.com/

¢a" TRy
7 =
¢ IISREM 3|
&u 2 International Journal of Scientific Research in Engineering and Management (IJSREM)

me: 09 Issue: 11 | Nov - 2025 SJIF Rating: 8.586 ISSN: 2582-3930

w Volu

Reading Comprehension and Reasoning:

o Technical English proficiency allows students to parse complex problem statements and follow
multi-step reasoning, reducing errors in solution planning.

Symbolic and Linguistic Integration:

o Students who can translate symbols into English statements demonstrate stronger conceptual
connections. This supports Duval’s (2006) model that mathematics learning requires coordination of
multiple semiotic representations.

Pedagogical Relevance:

o Traditional teaching emphasizing procedural knowledge without explicit language scaffolding
may disadvantage learners with weaker technical English.

Interdisciplinary Implications:

o The results align with cognitive load theory, ESP research, and mathematics education
literature, confirming that language proficiency facilitates both cognitive processing and reasoning
efficiency.

7. Pedagogical and Educational Implications

Based on the study’s findings, the following recommendations are proposed:

8. Conclusion

Integrate Language Instruction in STEM Curricula:

o Embed explicit teaching of technical vocabulary and common mathematical expressions within
mathematics courses.

Use Multimodal Representations:

o Combine symbolic, verbal, and visual representations to help students connect language and
concepts.

Simplify Problem Statements Initially:

o Scaffold word problems with simplified syntax and gradually increase linguistic complexity.
Encourage Verbalization of Mathematical Reasoning:

o Promote students’ ability to explain solutions in technical English to reinforce conceptual
understanding.

ESP Courses for STEM Students:

o Provide targeted English courses focusing on mathematical, engineering, and scientific

terminology, alongside practice with reading and interpreting academic texts.

Teacher Training:

o Educators should be aware of linguistic barriers and use strategies such as paraphrasing, explicit
definitions, and guided discussion to support learners.

This study demonstrates that technical English proficiency plays a pivotal role in understanding mathematical concepts.

Students with higher proficiency levels exhibit better conceptual clarity, more accurate problem-solving, and enhanced

ability to integrate symbolic and linguistic information. Multilingual learners and those with weaker technical

vocabulary face

significant cognitive barriers, highlighting the need for language-sensitive pedagogy.
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The study emphasizes the importance of integrated instruction, where language and mathematics are taught together
rather than separately. By addressing linguistic challenges, educators can improve conceptual understanding, reduce
cognitive load, and foster greater academic success in STEM disciplines.

Future research could explore longitudinal impacts of technical English interventions, cross-cultural comparisons, and
the effectiveness of technology-assisted language support tools.

9. References

1. Abedi, J. (2004). The language factor in mathematics tests. Applied Measurement in Education, 17(3),
323-339.

2. Abedi, J., & Lord, C. (2001). The language factor in mathematics assessments. Educational Assessment,
7(1), 1-25.

3. Adler, J. (2001). Teaching mathematics in multilingual classrooms. Kluwer Academic Publishers.

4. Bernardo, A. B. 1. (1999). Language and mathematical problem solving. Journal of Mathematical
Behavior, 18(1), 1-12.

5. Bruner, J. (1990). Acts of meaning. Harvard University Press.

6. Cuevas, G. J. (1984). Language proficiency and mathematics problem solving. Journal for Research in
Mathematics Education, 15(1), 12-24.

7. Cummins, J., Klinger, D., & Brown, C. (1988). Learning mathematics in a second language.
Educational Review, 40(1), 57-70.

8. Duval, R. (2006). A cognitive analysis of problems of comprehension in symbolic mathematics.
Educational Studies in Mathematics, 61(1-2), 103—131.

9. Flowerdew, J., & Peacock, M. (2001). Research perspectives on English for academic purposes.

Cambridge University Press.

10. Fischer, K. W. (2013). Cognitive development and language in STEM learning. Educational
Psychologist, 48(2), 69-84.

11. Halliday, M. A. K. (2004). An introduction to functional grammar. Hodder Arnold.

12. Hutchinson, T., & Waters, A. (1987). English for Specific Purposes: A learning-centered approach.
Cambridge University Press.

13. Kirkpatrick, A. (2011). English in ASEAN: Implications for mathematics instruction. Language Policy,
10(2), 115-132.

14. MacGregor, M., & Price, L. (1999). The role of language in teaching mathematics. Mathematics
Education Research Journal, 11(2), 37-52.

15. Moschkovich, J. (2002). A situated perspective on bilingual mathematics learners. Mathematical
Thinking and Learning, 4(2-3), 189-212.
16. Moschkovich, J. (2010). Language and mathematics learning in multilingual contexts. Mathematics

Education Research Journal, 22(3), 37-54.

17. Pimm, D. (1987). Speaking mathematically. Routledge & Kegan Paul.

18. Rittle-Johnson, B., & Alibali, M. (1999). Conceptual and procedural knowledge in mathematics.
Journal of Educational Psychology, 91(2), 218-235.

19. Setati, M. (2005). Teaching mathematics in a multilingual classroom. Educational Studies in
Mathematics, 58(1), 27-45.

20. Setati, M., & Adler, J. (2000). Between languages and discourses: Mathematical understanding in
multilingual classrooms. Educational Studies in Mathematics, 43(1), 243-269.

21. Sfard, A. (1991). On the dual nature of mathematical conceptions. Educational Studies in Mathematics,
22(1), 1-36.
22. Sfard, A. (2008). Thinking as communicating: Human development, the growth of discourses, and

mathematizing. Cambridge University Press.
23. Sweller, J. (1994). Cognitive load theory, learning difficulty, and instructional design. Learning and
Instruction, 4(4), 295-312.

© 2025, IJSREM | https://ijsrem.com DOI: 10.55041/IJSREM54620 | Page 9


https://ijsrem.com/

e
'{IJSRED:{'

s seurna International Journal of Scientific Research in Engineering and Management (IJSREM)

W Volume: 09 Issue: 11 | Nov - 2025 SJIF Rating: 8.586 ISSN: 2582-3930

24, Abedi, J. (2006). English language learners’ mathematics performance. Educational Assessment, 11(3—
4), 255-280.

25. Aldrich, R., & Sheppard, K. (2010). Language and symbolic reasoning in mathematics. Journal of
Research in STEM Education, 12(2), 33-50.

26. Barwell, R. (2005). Mathematical discourse in bilingual classrooms. Mathematics Education Review,
17(1), 45-64.

217. Boaler, J. (2002). Learning from teaching: Language in mathematics. Educational Studies, 30(1), 35—
50.

28. Cummins, J. (2000). Language, power, and pedagogy. Multilingual Matters.

29. Fuchs, L., Fuchs, D., & Prentice, K. (2004). Technical language and mathematics performance.
Learning Disabilities Research & Practice, 19(2), 109—-117.

30. Ginsburg, H. (1997). Entering the child’s mind: The role of language in mathematics learning.
Cambridge University Press.

31. Halliday, M. A. K., & Martin, J. R. (1993). Writing science: Literacy and discursive power. Falmer

Press.

32. Kieran, C. (2007). Language and algebra learning. Educational Studies in Mathematics, 64(2), 123—
138.

33. Moschkovich, J. (2015). Academic language in mathematics. Journal for Research in Mathematics

Education, 46(2), 126—-147.

34, O’Neill, D., & McNamara, D. (2005). Technical English support in mathematics classrooms. Language
and Education, 19(3), 220-238.

35. Schleppegrell, M. J. (2007). The linguistic challenges of mathematics teaching. Linguistics and
Education, 18(1), 3-23.

36. Setati, M., & Adler, J. (2010). Learning mathematics in multilingual classrooms. Educational Studies in
Mathematics, 75(1), 91-114.

37. Sfard, A., & Linchevski, L. (1994). The gains and pitfalls of process-based instruction. Journal of
Mathematical Behavior, 13(2), 105-129.

38. Star, J. R. (2005). Language and symbolic reasoning. Journal for Research in Mathematics Education,
36(2), 123-152.

39. Vygotsky, L. S. (1986). Thought and language. MIT Press.

40. Watson, A., & Mason, J. (2005). Mathematics as a language: Exploring discourse in classrooms.
Mathematics Education Research Journal, 17(1), 3—17.

41. Wong, K. Y. (2013). Technical vocabulary acquisition in STEM education. International Journal of
STEM Education, 1(5), 1-15.

42. Zaslavsky, O., & Sullivan, P. (2007). Multilingual learners in mathematics classrooms. Journal of
Mathematics Teacher Education, 10(2), 85—104.

© 2025, IJSREM | https://ijsrem.com DOI: 10.55041/IJSREM54620 | Page 10


https://ijsrem.com/

