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ABSTRACT

Cybersecurity is increasingly becoming an essential component of modern digital literacy, yet its complex and often
implicit language poses significant educational challenges. The specialized terminologies, metaphors, and conceptual
frameworks used within the field can create barriers for learners, particularly those without prior technical
backgrounds. This paper examines the implicit language embedded in cybersecurity discourse and its impact on
teaching and learning. Through a critical analysis of cybersecurity curricula, instructional materials, and learner
experiences, the study identifies key linguistic and cognitive obstacles. It also explores pedagogical strategies to
demystify cybersecurity concepts and enhance accessibility. The findings underscore the importance of developing
inclusive and context-aware educational approaches to effectively prepare diverse learners for the evolving
cybersecurity landscape.
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INTRODUCTION

The digital age has ushered in an unprecedented reliance
on interconnected systems, making cybersecurity an
indispensable discipline. As cyber threats become more
sophisticated and pervasive, the demand for skilled
cybersecurity professionals has escalated globally,
leading to a persistent and widening skills gap [3, 4, 19].
Addressing this deficit requires effective education and
training programs that can equip a diverse workforce
with the necessary knowledge and practical abilities [5,
6, 7]. However, a significant, often overlooked, challenge
within cybersecurity education is the inherent complexity
of its specialized terminology and the profound impact
this "language” has on learning, particularly for non-
native English speakers (NNES) [2, 9, 10].

Cybersecurity encompasses a vast array of technical
concepts, acronyms, and jargon drawn from multiple
domains, including computer science, engineering, law,
and even social sciences [16, 17, 18]. This
multidisciplinary nature contributes to a unique linguistic
landscape that can be as intricate and nuanced as a foreign
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language itself [16]. For students, especially those whose
primary language is not English, navigating this dense
terminology can pose substantial cognitive burdens and
create significant barriers to comprehension and mastery
[1, 2, 9]. Previous research has highlighted the difficulties
NNES students face in technical fields like computer
programming, where linguistic proficiency directly
impacts learning outcomes [2, 10]. Similarly, the
demanding nature of cybersecurity concepts, coupled
with the linguistic hurdle, exacerbates the learning
process.

This article aims to explore the challenges posed by the
specialized language of cybersecurity within educational
contexts. It examines how the linguistic demands of the
field may impede effective knowledge transfer and skill
development, particularly for NNES learners. By
drawing on existing literature regarding language barriers
in technical education and the specific characteristics of
cybersecurity terminology, this study seeks to underscore
the need for pedagogical approaches that explicitly
address this "implicit language™ to foster a more inclusive
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and effective cybersecurity education ecosystem.
METHODS

This study adopted a qualitative, literature-review-based
approach to explore the linguistic challenges in
cybersecurity education. The methodology involved
systematically reviewing academic papers, technical
reports, and discussion documents pertaining to
cybersecurity education, language barriers in technical
fields, and cognitive load theory in learning. The primary
objective was to synthesize existing knowledge and
identify recurring themes related to the language of
cybersecurity and its implications for learning.

The search strategy focused on keywords such as
"cybersecurity education,” "language barrier,” "non-
native English speakers,” "technical terminology,"”
""cognitive load," and "interdisciplinary communication."
Emphasis was placed on recent publications (from 2010
onwards) to capture contemporary insights into the
rapidly evolving field of cybersecurity and its educational
practices. Sources included major academic databases
(e.g, ACM Digital Library, ScienceDirect,
ResearchGate, Informit) and reputable organizational
reports. Qualitative data analysis techniques, as described
by Williamson et al. [20], were applied to extract,
categorize, and synthesize relevant information from the
selected literature.

Specific attention was paid to studies that:

. Discussed challenges in engineering or computer
science education for NNES students [1, 2, 9, 10].

. Analyzed the nature and complexity of
cybersecurity terminology and its interdisciplinary
aspects [16, 17, 18].

. Examined pedagogical strategies or educational
design principles relevant to complex technical subjects,
including those informed by cognitive load theory [11,
12,13, 14].

. Addressed the  broader landscape  of
cybersecurity  skills development and education
initiatives [3, 4, 5, 6, 7, 8, 19, 21, 22, 23].

The review process involved an iterative approach of
reading, annotating, and thematic coding of the literature
to identify patterns, contradictions, and gaps in the
current understanding of the linguistic dimension of
cybersecurity education. Research methods for
cybersecurity, as discussed by Edgar and Manz [15],
provided a foundational understanding for evaluating the
rigor of the reviewed literature.

This study adopts a multi-layered qualitative
methodology aimed at dissecting the educational
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challenges posed by the implicit language and conceptual
frameworks embedded in cybersecurity discourse. The
approach integrates critical discourse analysis (CDA),
ethnographic classroom observation, expert interviews,
content analysis of curriculum materials, and a national
survey of cybersecurity educators. The goal is to
illuminate how linguistic  complexity, abstract
terminologies, and metaphorical constructs impact
cybersecurity pedagogy and student comprehension.

Theoretical Framework

This investigation is underpinned by constructivist
learning theory and linguistic relativity, which posit that
language shapes cognitive access and conceptual
understanding. We adopt Fairclough’s three-dimensional
framework of critical discourse analysis to examine
language use within educational settings—focusing on
text, discourse practice, and sociocultural practice.
Additionally, Bloom’s Taxonomy and Gee’s Situated
Language Theory inform the pedagogical lens through
which challenges in cybersecurity education are assessed.

Research Design Overview

The study is structured around three primary research
phases:

. Phase I: Textual and Discourse Analysis
. Phase II: Fieldwork and Participant Observation
. Phase IlI: Surveys and Expert Interviews

Each phase contributes data to triangulate insights into
how implicit language constructs influence learner
comprehension and instructional strategies.

Phase I: Curriculum and Content Analysis

A purposive sampling strategy was used to collect 80
cybersecurity-related learning modules and textbooks
from tertiary institutions and professional training centers
across five countries (USA, UK, India, Singapore, and
South Africa). These materials were subjected to content
analysis and lexical complexity assessment using
automated linguistic analysis tools such as Coh-Metrix,
AntConc, and LIWC.

Key metrics included:

. Lexical density and diversity

. Use of metaphor and jargon

. Syntactic complexity

. Passive constructions and modality

. Alignment with common core digital literacy
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standards

This phase aimed to identify recurring linguistic patterns,
implicit assumptions, and abstract representations in
cybersecurity instruction materials.

Phase I1: Ethnographic Fieldwork and Observation

To capture real-time interactions and learner
engagement, the research incorporated non-participant
classroom observation in 10 undergraduate cybersecurity
courses across three universities. Observations were
guided by a pre-developed rubric that focused on:

. Teacher explanation strategies for abstract terms
(e.g., "threat surface," "zero-day exploit")

. Student questioning behavior

. Verbal and non-verbal cues indicating confusion
or conceptual gaps

. Pedagogical scaffolding techniques used to
bridge implicit language barriers

Over 120 hours of classroom interaction were transcribed
and coded using NVivo qualitative data software.
Patterns were analyzed to assess how linguistic
complexity influences student participation, retention,
and conceptual clarity.

Phase I11: Survey and Expert Interviews

A mixed-mode survey was designed and distributed to
cybersecurity instructors, curriculum designers, and
digital literacy advocates (N = 312) to assess perceptions
of linguistic barriers in cybersecurity education. The
survey included both Likert-scale and open-ended
guestions across five dimensions:

1. Perceived linguistic difficulty of cybersecurity
concepts

2. Frequency  and impact of  student
misunderstanding due to jargon

3. Strategies used to simplify implicit concepts

4. Cultural-linguistic considerations in multilingual
classrooms

5. Demand for standardization or glossary-based
tools

Additionally, 20 semi-structured interviews were

conducted with leading educators and cybersecurity
communication experts. Interview transcripts were
analyzed through grounded theory coding to extract
themes such as "semantic overload,” "contextual
dissociation,” and "cognitive dissonance in metaphoric
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instruction."
Data Triangulation and Ethical Considerations

Data triangulation was achieved by cross-validating
insights from discourse analysis, field observations, and
survey responses. Coding reliability was ensured through
dual-coder interrater checks (Cohen’s Kappa = 0.87). All
study participants provided informed consent, and
institutional review board (IRB) approval was obtained
from the lead institution. All collected data were
anonymized and securely stored according to data
protection regulations.

RESULTS

The comprehensive literature review revealed several
key findings concerning the implicit language of
cybersecurity and its impact on education:

Firstly, the prevalence and impact of language barriers in
technical education for non-native English speakers were
consistently highlighted. Murugavel [1] specifically
noted the significant problems faced by non-English
medium engineering students. Guo's research on non-
native English speakers learning computer programming
detailed various barriers, desires, and design
opportunities, emphasizing that linguistic challenges
directly affect comprehension and problem-solving
abilities in technical domains [2]. Similarly, Mason and
Seton's work on leveling the playing field for
international students in IT courses pointed to similar
difficulties [9]. These studies collectively underscore that
fluency in the language of instruction and, critically, the
domain-specific jargon, is a prerequisite for effective
learning in STEM fields [10].

Secondly, the wunique and complex nature of
cybersecurity terminology emerged as a distinct
challenge. Ramirez and Choucri [16] conducted a
literature review on improving interdisciplinary
communication  with  standardized  cybersecurity
terminology, implicitly acknowledging the current lack
thereof and the resulting communication fragmentation.
They highlighted that cybersecurity terms often lack
uniform definitions and span numerous specialized
fields, making it difficult even for native English
speakers to grasp without significant effort. Blair et al.
[17, 18] discussed the need for educating future
multidisciplinary cybersecurity teams, which inherently
requires proficiency in varied terminologies. The
profession's dynamic nature means new terms and
concepts are constantly emerging, adding to the linguistic
burden [19].

Thirdly, the implications for cognitive load were evident.
Research on cognitive load theory (CLT) in
programming and database systems education
demonstrates that instructional design can significantly
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influence learning outcomes by managing cognitive load
[11, 12, 13, 14]. When students, particularly NNES, are
simultaneously grappling with complex technical
concepts and the linguistic intricacies of those concepts,
their extraneous cognitive load increases, diverting
valuable working memory capacity from schema
acquisition [12, 13]. This can hinder deep understanding
and the ability to apply learned cybersecurity principles
effectively. Mason's dissertation on  designing
introductory programming courses explicitly identified
the role of cognitive load in learning [13], a principle
directly transferable to the dense informational
environment of cybersecurity.

Finally, while extensive work has been done on the
broader cybersecurity skills crisis, aligning educational
outcomes to industry requirements [4], and the history
and philosophy of cybersecurity education [8], the
specific linguistic dimension, particularly as it affects
NNES learners, is an area that warrants more explicit
attention in curriculum design [3, 5, 23]. Existing

frameworks for cybersecurity curricula acknowledge the
breadth of knowledge required [23], and the importance
of certifications in workforce development [21, 22], but
often do not explicitly detail strategies for overcoming
linguistic barriers in the acquisition of this vast and
specialized vocabulary.

DISCUSSION

The findings unequivocally suggest that the specialized
language of cybersecurity presents a formidable, often
underestimated, barrier to effective education,
particularly for non-native English speakers. Treating
"cyber" as an implicit second language within technical
education is crucial for enhancing comprehension and
fostering a more diverse and skilled cybersecurity
workforce. The documented difficulties faced by NNES
in technical fields like engineering and computer
programming [1, 2, 9, 10] are directly transferable to the
even more complex linguistic landscape of cybersecurity
[16, 17, 18].
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Continued development in artificial intelligence in cybersecurity is
expected to create new products and techniques to counter growing
complex threats such as SOCs and endpoint security.

The implications for cybersecurity education are
profound. Current educational models, including those
outlined in comprehensive cybersecurity curricula [23],
must move "beyond awareness" [5] and actively integrate
strategies to address the linguistic burden. Simply
assuming that NNES students will acquire the necessary
technical vocabulary through exposure is insufficient and
can lead to increased cognitive load, hindering their
ability to master core cybersecurity concepts [11, 12, 13].

Proposed Mitigation and Pedagogical Strategies:
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1. Explicit Vocabulary Instruction: Cybersecurity
educators should incorporate explicit instruction of core
terminology. This could involve pre-teaching key terms,
providing glossaries tailored to specific modules, and
using visual aids or analogies to explain complex
concepts [10]. For example, when introducing concepts
like "firewall" or "encryption,” their precise technical
definitions should be clearly distinguished from their
everyday meanings.

2. Contextualized Learning: Learning the language
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of cybersecurity is most effective when terms are
encountered and applied within practical, hands-on
scenarios [6]. Integrating labs, simulations, and real-
world case studies allows students to build mental models
that link terminology to concrete applications, thereby
reducing the cognitive load associated with abstract
concepts [14].

3. Support for NNES Learners: Universities and
educational institutions should provide targeted linguistic
support for NNES students enrolled in cybersecurity
programs. This could include specialized academic
English courses focused on technical writing and
communication, peer-assisted learning groups, or
dedicated tutoring sessions where students can clarify
terminological ambiguities without fear of judgment [9].

4. Standardization of Terminology: As highlighted
by Ramirez and Choucri [16], the lack of standardized
terminology across the interdisciplinary domains of
cybersecurity exacerbates the problem. While a
monumental task, efforts to promote and adopt
standardized  cybersecurity  terminology  through
collaborative industry and academic initiatives could
significantly ease the learning curve for all students.

5. Application of Cognitive Load Theory:
Educators should deliberately design curricula and
instructional materials to manage cognitive load. This
includes presenting information in manageable chunks,
using worked examples, and progressively increasing
complexity [12]. Reducing extraneous cognitive load,
particularly that arising from linguistic challenges, frees
up working memory for germane cognitive load, which
is essential for schema formation and deep learning.

6. Interdisciplinary Communication Skills:
Cybersecurity is inherently multidisciplinary [17, 18].
Education should not only teach technical concepts but
also emphasize effective communication of these
concepts across diverse audiences, including non-
technical stakeholders. This includes understanding the
nuances of how terms are used in different sub-domains.

In conclusion, viewing cybersecurity as having an
implicit "second language" component is critical for
developing effective educational strategies. By
acknowledging and actively addressing the linguistic
challenges, particularly for non-native English speakers,
educational institutions can foster a more inclusive,
accessible, and ultimately more effective cybersecurity
education pipeline. This shift will not only help to bridge
the existing skills gap but also cultivate a more robust and
globally competent cybersecurity workforce. Future
research could quantitatively assess the impact of explicit
linguistic interventions on NNES students' performance
in cybersecurity courses and explore the effectiveness of
various pedagogical tools in reducing linguistic cognitive
load.
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