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Learning Learning Learning to program is a challenging task, particularly for novice students with
limited exposure to computing and the English language, which underpins most programming
languages. This study investigates the specific difficulties faced by beginner programmers at the
College of Technical Sciences — Sebha, where courses are taught in Arabic but programming syntax
and error messages remain English-based. Using a mixed-methods approach, data were collected
through a structured questionnaire administered to 59 students—most of whom were first-time
programming learners. Quantitative results were supported by qualitative insights from open-ended
responses. Over half of the participants (54%) identified interpreting English-language error
messages as their most significant challenge. Additional issues included understanding loops, object-
oriented programming, and designing structured code. Students emphasized the need for clearer
explanations, more tutorial time, and improved language support. These findings suggest that
programming instruction in non-English-speaking contexts should integrate bilingual strategies and
scaffolded learning. Future work should explore targeted interventions to better support novice
learners.
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1 INTRODUCTION

Computer programming is predominantly rooted in the English
language. Major programming languages such as Java were
developed by and for expert engineers in English-speaking contexts,
not for novices or non-native speakers (Bonar & Soloway, 1983).
This presents a steep learning curve for beginners, particularly those
unfamiliar with English. In introductory programming courses,
students are expected to quickly grasp the syntax of a language,
understand logical structures, debug errors, and internalize core
concepts such as loops, arrays, and memory management. Yet,
studies continue to report persistent struggles among novice
programmers (Pillay, 2003; Tan et al., 2014; Hu et al., 2012).
Research by Shuhidan et al. (2009) and Hu et al. (2012) linked these
difficulties to high dropout and failure rates in computing disciplines.
Programming is not only cognitively demanding—it also functions
like a second language, particularly for learners with limited English
proficiency (Black, 2006). Winslow (1996) noted that while many
beginners can understand syntax and semantics in isolation, they
often struggle to integrate them into coherent, functional programs.
Stefik and Siebert (2013) identified syntax as a major barrier, and
Soloway (1986) argued that effective programming education
requires explicit instruction in problem-solving strategies, not just
language mechanics. Rongfang (2011) added that weak pedagogical
approaches further contribute to graduates' poor practical coding
skills. In Arabic-speaking contexts such as Libya, the gap between
instruction and language is even more pronounced.

While programming courses are often taught in Arabic, the
languages themselves remain in English, forcing students to learn in
a hybrid linguistic environment that can confuse and hinder
comprehension.

This study investigates the specific challenges faced by novice
programming students in Arabic-speaking environments, focusing on
how language barriers impact learning. Using a questionnaire-based
approach, the research examines the relationship between English
proficiency and students’ ability to understand and apply
programming concepts. It is hypothesized that lower English
proficiency significantly contributes to learning difficulties. The goal
is to provide evidence that can guide more inclusive, linguistically
aware teaching strategies in non-English-speaking contexts.

2 LITERATURE REVIEW
Background

Computer programming is widely recognized as a critical skill in the
digital age, yet learning to program remains a complex cognitive
process—particularly for novice students in non-English-speaking
contexts such as Sebha, Libya. Most programming languages,
including Python, Java, and C++, are grounded in English syntax and
terminology, having originated in English-speaking environments
and designed by expert engineers (Bonar & Soloway, 1983). For
learners whose first language is not English, this introduces an added
layer of difficulty, compounding the inherent challenge of mastering
abstract programming concepts.Novice programmers typically
encounter several overlapping difficulties: understanding syntax and
semantics, applying logical reasoning, and interpreting compiler
errors (Pillay, 2003; Winslow, 1996). Cognitive overload is
especially common in introductory courses, where students must
simultaneously learn multiple complex concepts—such as loops,
recursion, memory allocation, and object-oriented design (Tan et al.,
2014; Milne & Rowe, 2002). These barriers have been consistently
linked to high failure and dropout rates in computer science
programs worldwide (Hu et al., 2012; Shuhidan et al., 2009). Such
challenges are further amplified in regions where English is not the
medium of instruction. In Libya, for instance, programming courses
are taught in Arabic, while the programming languages themselves
and their documentation remain in English. This linguistic mismatch
poses substantial comprehension obstacles—particularly when
students struggle to decode error messages, understand keywords, or
follow technical explanations (Black, 2006; Saad, 2021). Studies
conducted in Arabic-speaking countries (e.g., Nnass et al., 2022;
Alaofi, 2025) have shown that low English proficiency significantly
affects both academic performance and learner confidence in
programming courses. In response to these issues, researchers have

increasingly called for pedagogical reforms that include bilingual
teaching methods, visual learning tools, scaffolding strategies, and
Al-assisted tutoring systems (Aboushala & Amarif, 2024; Kim et al.,
2021; Villegas Molina et al., 2024). However, there remains a lack of
empirical research specifically addressing the unique challenges
faced by Arabic-speaking learners in contexts like Sebha, where
language, pedagogy, and infrastructure converge to shape the
programming learning experience.

Challenges in Programming Learning

Learning programming is widely acknowledged as a cognitively
demanding process that presents multiple challenges to novice
students, especially those in non-English-speaking environments like
Sebha, Libya. Foundational programming concepts, including
syntax, semantics, and logic, pose significant hurdles (Nnass et al.,
2022). Numerous studies document how these difficulties arise from
a combination of conceptual misunderstandings, cognitive overload,
and language barriers (Nnass et al., 2022; Alaofi, 2025). Villegas
Molina et al. (2024) highlight that non-native English speakers often
face intersecting challenges, making programming more complex to
master. Consequently, effective programming instruction must
explicitly address these language-related obstacles (Bensaifia &
Graia, 2024).

Syntax and Logical Reasoning

One primary challenge for beginners is mastering the syntax and
semantics of programming languages. While many students can
memorize basic syntax, applying it correctly within program logic is
substantially harder (Winslow, 1996). Lehtinen et al. (2021) found
that students frequently struggle to articulate the logic behind their
own code, demonstrating gaps in understanding beyond mere syntax.
Syntax-related errors often lead to confusing compiler messages that
can frustrate learners who lack a clear mental model of program
execution (Stefik & Siebert, 2013). Persistent misconceptions—such
as misunderstandings of loop iteration, variable storage, or function
behavior—are common and difficult to correct without targeted
interventions (Sorva, 2013; Just et al., 2025).

Recent studies emphasize that although syntax and semantic errors
tend to diminish with experience, logical errors remain prevalent
(Just et al., 2025). To address this, Hoq et al. (2025) propose
leveraging abstract syntax tree (AST) models to automatically detect
logical errors and provide focused feedback. Similarly, Li, Chen, and
Guo (2023) demonstrated that Al-driven adaptive feedback platforms
significantly enhance students’ debugging skills and conceptual
understanding of logic, leading to improved retention.

Problem-Solving and Pedagogical Strategies

Programming is more than writing syntactically correct code; it
demands analytical thinking, problem decomposition, and logical
reasoning (Casey, 1997). Unfortunately, many students begin
programming  courses  without sufficient  problem-solving
preparation, contributing to high attrition rates (Shuhidan et al.,
2009). Novices often resort to inefficient trial-and-error debugging,
which wastes time and leads to frustration (Kirk et al., 2020).
Nguyen et al. (2022) advocate for guided problem-solving
workshops within introductory courses to build these essential skills,
reporting improvements in student outcomes.

Collaboration is also key. Pair programming and cooperative
learning strategies have been shown to improve productivity and
flow, especially when pairs are carefully matched (Demir &
Seferoglu, 2021). Teaching methods that emphasize active learning,
scaffolding, and real-world problem contexts significantly
outperform traditional lecture-based instruction (Ho60k & Eckerdal,
2015; Malik & Coldwell, 2017).

Abstract Concepts and Visualization

Programming involves abstract and challenging concepts such as
recursion, pointers, object-oriented principles, and memory
management, which novices often struggle to grasp (Lahtinen et al.,
2005; Milne & Rowe, 2002; Sorva, 2013). Without proper
scaffolding, these topics can overwhelm learners, impairing their
ability to write effective programs or debug errors. Debugging itself
is a complex skill, requiring metacognitive awareness and problem-
solving strategies often lacking in novices (Kirk et al., 2020).
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Innovative visualization tools have shown promise in helping
students develop mental models of these abstract concepts, reducing
cognitive load and enhancing comprehension (Kim et al., 2021).
Emphasizing critical thinking and creativity is increasingly
recognized as vital in modern programming education (Druga, 2025).
Language Barriers and Multilingual Support

Language proficiency plays a crucial role in programming success,
especially in contexts where English is not the first language. The
dominance of English-based programming languages and
documentation creates a linguistic  barrier, complicating
understanding of syntax, error messages, and technical explanations
(Black, 2006; Saad, 2021). Nnass et al. (2022) note that non-native
English speakers at Sebha University face considerable challenges
both in comprehending course content and participating actively in
discussions. Translanguaging approaches, which blend students’
native languages with English, have been shown to improve
comprehension and engagement (Aboushala & Amarif, 2024). Alaofi
(2025) stresses that English proficiency significantly affects
academic performance in introductory programming courses, often
acting as a limiting factor for non-native speakers. Similarly,
Bensaifia and Graia (2024) underline the distinct needs of Arabic-
speaking programming students, advocating for tailored instructional
strategies. Chen and Li (2024) further argue that integrating
contextualized language support within programming education can
alleviate cognitive load for these learners. Even experienced
developers may feel marginalized due to limited English skills,
highlighting the broad impact of this issue (Wang et al., 2025).
Emerging Al-Mediated Learning Tools

Recent advances in Al-mediated learning provide promising avenues
to support non-native English speakers and novice programmers.
Villegas Molina et al. (2024) reported that large language model
(LLM) tutors enable students to interact using mixed-language
queries, easing access to help despite limited English technical
vocabulary. Lyu et al. (2024) found that Al tutors improved student
performance and confidence in introductory computer science
courses, though human-led instruction remains crucial for fostering
critical thinking. In Sebha, Al integration is gaining traction through
government-supported initiatives that refurbish labs and incorporate
Al-enhanced teaching tools (UNDP Libya, 2019; Financial Times,
2025). Prather et al. (2024) emphasize that supporting learners in
their native languages within coding environments boosts problem-
solving skills and inclusion.

Local Infrastructure and Educational Initiatives

Sebha benefits from infrastructural improvements, including
upgraded computer labs and pilot Al curriculum projects funded by
local and international bodies (UNDP Libya, 2019; Financial Times,
2025). These developments form a vital foundation for modernizing
programming education and addressing intertwined cognitive,
linguistic, and pedagogical challenges.

Summary of Key Challenges and Recent Evidence

| Challenge H Recent Evidence
Svntax vs. Lodic Syntax/semantic mistakes fade, but logic errors remain
Y - 0918 onsistent (Just et al., 2025)
Automated ||AST embedding models identify logical errors for targeted
Detection feedback (Hoq et al., 2025)
Debugging ||Shift from trial-and-error to reasoning-centric instruction is
Strategies needed (Kirk et al., 2020)
Abstract Without scaffolding, topics like recursion and memory are
Concepts tough for beginners (Sorva, 2018)
Language Limited English proficiency adds complexity;
Ba?riergs translanguaging boosts comprehension (Saad, 2021;
Aboushala & Amarif, 2024)
Al-Mediated LLM tools (e.g., CodeT_ut_or, LLM tutors) |mpr9ve_
Learing perf(_)rmance and accessibility (Lyu et al., 2024; Villegas
Molina et al., 2024)
Local Al curriculum exploration and lab refurbishments highlight
emerging support in Sebha (Financial Times, 2025; UNDP
Infrastructure ||,
Libya, 2019)
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Research Gap and Purpose

Despite the wealth of research on programming education challenges
and emerging pedagogical solutions, there remains a notable lack of
empirical studies that specifically examine the unique experiences of
novice programmers in Arabic-speaking, non-English environments
such as Sebha, Libya. While existing literature acknowledges
language barriers and cognitive difficulties broadly, few studies have
explored how these factors intersect with local educational contexts,
teaching methods, and student attitudes in this region.

Moreover, although Al-mediated tools and bilingual teaching
strategies show promise globally, their implementation and
effectiveness in Libyan programming education have not been
sufficiently investigated. This leaves a gap in understanding how
such interventions might be adapted to meet the linguistic and
cultural needs of Sebha students.

Accordingly, this study aims to address these gaps by investigating
the specific programming learning challenges faced by novice
students at College of Technical Sciences Sebha, focusing on the
interplay of cognitive, linguistic, and pedagogical factors. The
research seeks to answer the following questions:

1. What are the primary obstacles encountered by Arabic-speaking

novice programmers in understanding and applying
programming concepts?
2. How does limited English proficiency affect students'

comprehension and performance in programming courses?
3. What role can bilingual instructional approaches and Al-enabled
learning tools play in mitigating these challenges?
To explore these questions, the study employs a questionnaire-based
methodological approach, gathering data directly from students to
gain insight into their learning experiences, difficulties, and support
needs. This approach facilitates a nuanced understanding of the
challenges within the local context and informs recommendations for
tailored instructional strategies and resource development.

3 Methodology and Research Design

To explore the challenges faced by non-English-speaking novice
programmers, this study used a mixed-methods approach combining
both quantitative and qualitative data. Specifically, a triangulation
design was employed to collect complementary data on the same
issue, allowing for a holistic understanding of student experiences
(Creswell, 2009; Morse, 1991).

The research was conducted over three academic terms in 2024 and
2025 at the College of Technical Sciences — Sebha. A questionnaire
served as the primary data collection method, enabling the collection
of descriptive and comparative data regarding beginner
programmers’ experiences. Java courses were chosen as the focus
because they commonly represent students’ initial exposure to
programming.

The questionnaire was carefully designed to capture multiple
dimensions of students' learning experiences, including difficulties
with syntax, logic, debugging, language barriers, and psychological
factors such as confidence and motivation. It consisted of both
closed-ended Likert-scale items for quantitative analysis and open-
ended questions to provide qualitative insights into students’
perceptions and challenges.

A total of 59 novice programming students participated in the study.
Participants were recruited from the introductory Java programming
courses offered during the study period. Participation was voluntary,
with informed consent obtained from all respondents.

Quantitative data from the Likert-scale items were analyzed using
descriptive statistics to identify common challenges and inferential
statistics to examine potential correlations between variables such as
language proficiency and programming difficulty. Qualitative
responses were analyzed through thematic coding, allowing for the
identification of recurring themes and unique student perspectives.
This mixed-methods approach provided a comprehensive understanding of
the multifaceted challenges faced by non-native English-speaking novice
programmers in Sebha and helped to inform recommendations for
pedagogical improvements.

4 RESULTS

A total of 59 students participated in the study, representing
approximately 44% of the total target population of 133 students
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enrolled in introductory programming courses at the College of
Technical Sciences — Sebha during Terms 2 (2024) and 1 & 2 (2025).
Among these participants, 57 were novice programmers attending
their first programming course, and 2 had some prior
programming experience.

Programming Issues at the College of Technical Sciences

To identify the specific programming challenges faced by novice
students, a qualitative content analysis was conducted. This process
involved transcribing responses, coding the data, and organizing it
into categories. The text was carefully reviewed to identify both
anticipated and unexpected themes. From this process, clear patterns
emerged, allowing the development of organized lists, categories,
and conceptual schemes that highlighted the relationships between
key issues. Qualitative content analysis of student responses
identified several key difficulties, as summarized in Table 1:

Table 1: Specific Programming Issues Faced by Novice
Programmers at the College of Technical Sciences — Sebha

Understanding Issues No. of Participants

Error messages 32

Loop statements (Do...While) 14
Object-Oriented Programming (OOP) 13
Arrays 9

Program design 7

Syntax 7
Problem-solving skills 6

In addition to quantitative responses, participants were invited to
provide open-ended comments and feedback. These qualitative
responses were again subjected to close analysis and thematic
categorization. More than half the students (54%) reported that
understanding and interpreting error messages was their greatest
challenge. In addition to quantitative data, open-ended feedback
revealed two prominent themes:
1. Course Design Issues
Many participants felt that challenges in learning programming
stemmed from the way the course was delivered. Key
suggestions included:
o Lecturers should explain topics step by step, using simple
and unambiguous language.
o More time should be allocated for tutorials.
o Teaching should accommodate the beginner level of
students.
o Programs and examples should be simplified and made
easier to follow.
o Instructors should help stimulate students’ creativity and
engagement.
2. Required Skills for Learning Programming
Students also identified several personal and academic skills
necessary for success:
o Development of learning, thinking, and research skills.
o Improvement of typing skills to work more efficiently.
o Stronger English language proficiency, especially
technical vocabulary.
o Understanding program design and how to write
structured code.
o Strengthening of problem-solving skills.

Summary of Findings

The data collected during Term 2 (2024) and Terms 1 & 2 (2025) at
the College of Technical Sciences — Sebha shows that error
messages were the most commonly reported issue, cited by 32 out of
59 participants. This is a critical insight, as these messages are
typically presented in English—a significant barrier for non-native
speakers. The need to interpret and respond to these messages
effectively demands both programming knowledge and language
proficiency.

Given this, error messages should be considered a top priority
when designing interventions or instructional improvements.
Developing targeted teaching strategies, support materials, or error
interpretation tools that consider students' limited English proficiency
may greatly enhance learning outcomes for novice programmers.

The responses were analyzed using qualitative content analysis. This

process included transcribing, coding, categorizing, and reviewing
the data to identify both expected and unexpected themes. Through
this method, the study found that a significant number of students—
more than 54%—reported that understanding and interpreting error
messages was their greatest difficulty.

The study revealed several key insights into the perceptions and
experiences of novice programmers at the College of Technical
Sciences — Sebha. Overall, students expressed positive attitudes
toward the value of learning programming and the role of digital
tools in supporting their learning.

e A significant majority of students—over 81% (50% agree +
31% strongly agree)—believed that the programming course
content contained useful and relevant information.

e 949% (59% strongly agree + 35% agree) of respondents
indicated that using the internet was a helpful tool for learning
programming, highlighting the importance of online resources
in supporting self-directed learning.

e 89% (58% strongly agree + 31% agree) felt that internet
access allowed them to learn programming skills more
efficiently and in less time.

e Half of the students agreed, and 27% strongly agreed, that
learning programming contributed to improving their overall
academic performance.

e Similarly, 50% agreed and 37% were neutral about the idea
that learning programming could positively impact their
performance in other subjects.

However, students also expressed concerns about the time and effort
required to learn programming:

e 33% disagreed and 27% strongly disagreed with the
statement that "learning programming does not require much
effort," suggesting that most students perceive programming as
a demanding discipline.

e Furthermore, 63% (24% strongly disagree + 39% disagree)
rejected the idea that programming could be learned in a short
time, reinforcing the perception that mastering programming
skills is a long-term process.

A particularly important finding was the role of English language
proficiency in the learning experience. Many students struggled not
only with the technical aspects of programming—such as syntax,
logic, and debugging—but also with understanding terminology and
feedback messages, which are typically presented in English. This
language barrier emerged as a significant obstacle, underscoring the
need for more linguistically accessible teaching materials and
support strategies tailored for non-native English speakers.
Furthermore, it became evident that English language proficiency
played a critical role in these challenges. Students struggled not just
with syntax or logic, but also with understanding the terminology and
feedback provided by programming environments, most of which are
presented in English.

5 Discussion
Sample Size and Population Representation

The participation of 59 students from a population of 133 yields a
moderate response rate of approximately 44%, providing a
reasonable but not comprehensive representation of novice
programmers at the College of Technical Sciences — Sebha. While
this sample captures a significant subset of the student body, future
studies should aim for larger samples or full cohorts to enhance
generalizability.

Linking Findings to Existing Literature

The prominence of error messages as a core challenge aligns with
findings from Stefik and Siebert (2013), who emphasize that
compiler and runtime errors, often cryptic and in English, present
formidable obstacles for novice programmers. Black (2006) and Saad
(2021) similarly note that non-native English speakers struggle to
interpret these messages, compounding difficulties in debugging.

The reported struggles with loops, object-oriented programming,
arrays, and program design mirror common difficulties
documented by Sorva (2013) and Just et al. (2025), who describe
these topics as cognitively demanding due to their abstract nature and
layered conceptual structure.
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Students’ perception of programming as effortful and time-
consuming reflects Hu et al. (2012) and Shuhidan et al. (2009), who
associate high cognitive load and skill demands with elevated
dropout rates in early computer science courses.

The value placed on internet resources by participants corresponds
with Lyu et al. (2024) and Villegas Molina et al. (2024), highlighting
the growing role of online and Al-mediated learning supports,
especially in contexts with limited in-person instruction resources.
Why do students struggle with error messages? From a cognitive
perspective, error messages require students to simultaneously
decode English language syntax and apply programming logic to
diagnose problems. This dual demand increases cognitive load
(Sweller, 1988), overwhelming working memory capacities.
Linguistically, the specialized and often technical vocabulary used in
error messages (e.g., “null pointer exception,” “array index out of
bounds”) poses significant comprehension barriers for non-native
English speakers, as noted by Cummins’ (2000) theory on language
proficiency affecting academic learning.

Moreover, many students lack metacognitive skills necessary for
debugging (Kirk et al., 2020). Without strategies to interpret errors
systematically, students resort to trial-and-error approaches, leading
to frustration and disengagement.

The difficulties with loops, OOP, and arrays can be explained by
their abstract and recursive nature. For example, understanding loops
demands the ability to mentally simulate repetitive processes (Sorva,
2013), while object-oriented concepts require grasping non-linear
relationships and data encapsulation—conceptual hurdles that
novices often find challenging without scaffolded instruction (Kim et
al., 2021).

The call for clearer explanations and more tutorial time reflects
Vygotsky’s Zone of Proximal Development (ZPD), which stresses
the need for guided learning tailored to students’ current capabilities
(Vygotsky, 1978). Scaffolding instruction through simplified
examples and progressive challenges is critical to overcoming
cognitive overload and facilitating skill acquisition.

Finally, the emphasis on English proficiency aligns with Cummins’
(2000) distinction between Basic Interpersonal Communication
Skills (BICS) and Cognitive Academic Language Proficiency
(CALP), highlighting that success in technical subjects requires
advanced language skills beyond conversational fluency.

Addressing the Research Questions

This study set out to explore the challenges faced by Arabic-speaking
novice programmers, with a particular focus on the role of language
and potential solutions through bilingual and Al-supported learning.
The findings provide clear answers to the research questions. First,
the most common obstacles reported by students included difficulties
with understanding error messages, loop structures, object-oriented
programming, arrays, and overall program design. These were often
made worse by limited problem-solving skills and teaching methods
that didn’t always match the needs of beginners. Second, the data
strongly pointed to English language proficiency as a major factor
affecting students' performance. Many struggled with the technical
vocabulary and the English-based feedback provided by
programming environments, which made debugging and learning
more difficult. Lastly, while this study did not implement or test
bilingual or Al-assisted tools directly, students overwhelmingly
expressed the value of using internet resources to support their
learning. This suggests that bilingual instruction and Al-enabled
tools—such as code translators, interactive tutorials, or intelligent
tutoring systems—could play a meaningful role in helping students
overcome both conceptual and language-related barriers. Overall, the
study highlights a clear need for more accessible, linguistically
supportive programming education for non-native English speakers.

6 CONCLUSION

Writing and debugging programs remains a complex and often
frustrating process, especially for novice programmers. This study
examined the specific challenges faced by beginner students at the
College of Technical Sciences — Sebha, with particular attention to
the additional difficulties encountered by non-native English
speakers. Findings indicate that interpreting error messages—
commonly presented in English—was the most frequently cited
challenge. Students also struggled with loops, pointers, and general

program design. These results echo prior research that highlights
how language barriers and abstract thinking demands create a steep
learning curve for beginners. Participants emphasized the need for
improved instructional design. They called for clearer, step-by-step
explanations, more tutorial time, and simplified teaching approaches
that match their entry-level skills. Students also stressed the
importance of strengthening English proficiency, research abilities,
critical thinking, and independent learning—skills that are vital for
mastering programming. This research reinforces the need for
educational strategies that are linguistically inclusive and cognitively
supportive. In contexts like Sebha, bilingual teaching resources,
scaffolding techniques, and contextualized feedback—especially
around error messages—may help bridge the gap for novice learners.
Naturally, this study is limited by its scope, focusing solely on one
institution. Broader studies involving diverse contexts and larger
samples would enrich our understanding of programming challenges
among non-native English speakers and inform more universal,
equitable teaching practices in computer science education. future
research should aim to move beyond identifying problems and
toward testing practical, scalable solutions.
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