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Abstract

The aim of this study is to identify the key challenges encountered in programming education
within the general education system based on teachers’ feedback and to propose appropriate solutions.
Data were collected through a structured survey conducted among 16 computer science teachers. The
results indicate that students mainly face difficulties in algorithmic thinking, syntax, and the
understanding of certain complex topics. Additionally, a relationship was observed between students’
level of mathematical preparedness and their motivation toward programming. The study suggests
that improving the effectiveness of the learning process requires methodological enhancement of
existing textbooks as well as the integration of innovative approaches, including gamification and
artificial intelligence tools, into teaching.
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Proqramlasdirmanin tadrisinds asas catinliklorin miioyyan edilmasi
va halli yollar1: sorgu asash tadqiqat

Xiilasa

Bu todqgigatin mogsadi miiallim roylorine asaslanaraq timumi tohsil sisteminds proqramlasdirma
todrisinds qarsiya ¢ixan osas ¢atinliklori miiayyonlosdirmak vo uygun hall yollar: toklif etmokdir.
Molumatlar 16 informatika miisllimi arasinda aparilmis strukturlasdirilmis sorgu vasitasilo
toplanmigdir. Noticalor gostorir ki, sagirdlor osason alqoritmik diisiinma, sintaksis vo bozi miirokkob
movzularin monimsanilmasi zamani ¢otinliklorls lizlesirlor. Eyni zamanda, sagirdlorin riyazi hazirliq
soviyyosi ilo programlasdirmaya motivasiyalar1 arasinda olaqo miisahido olunmusdur. Todqiqat
gostorir ki, Oyronmo prosesinin effektivliyini artirmaq {clin dorsliklorin metodiki cohoatdon
tokmillogdirilmasi vo innovativ yanasmalarin, o ciimlodon oyunlasdirma va siini intellekt alotlorinin
todriso inteqrasiyasi vacibdir.

Acgar sozlar: alqoritmik tafaokkiir, programlasdirma tadrisi, tadris ¢atinliklari, riyazi hazirlg
saviyyasi, vizual blok-kodlagdirma
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Introduction

In the modern era, digital transformation has elevated programming skills beyond the boundaries
of the informatics curriculum, making them a decisive factor in fostering students' logical reasoning,
problem-solving, and innovative thinking. Consequently, the effective instruction of algorithms in
general education schools has gained particular relevance. Programming is a complex process
requiring high-level cognitive abilities, encompassing stages such as writing, testing, and debugging
(Cevahir & Ozdemir, 2017). Programming languages, which possess structures similar to natural
human language, offer specific metaphors and cognitive frameworks to implement these functions
(Van-Roy & Haridi, 2004).

As a critical component of advancing technology (Ozyurt & Ozyurt, 2015), programming practice
enhances logical thinking skills regardless of an individual's prior cognitive level (Dillashaw & Bell,
1985). However, effective programming requires not only logic but also the application of various
cognitive strategies (Cevahir & Ozdemir, 2017). Research indicates that due to the necessity of
mastering syntax rules and predicting potential solutions, beginners often perceive this field as a
challenging subject (Askar & Davenport, 2011; Renumol et al., 2009).

To overcome these growing challenges, the integration of innovative methods — such as visual
environments, gamification, project-based learning, and artificial intelligence — is essential. From this
perspective, investigating new methodological approaches to eliminate barriers in teaching
programming remains one of the most pressing issues of our time.

Research

Problem Statement. In the era of artificial intelligence, programming education has transitioned
from an elective skill to a fundamental necessity; yet, students continue to face significant challenges
in mastering complex algorithmic structures. This creates a paradox within the educational system: a
generation enthusiastic about using technology often loses motivation when confronted with the logic
of coding. The primary problem areas can be summarized as follows:

Syntax-Logic Dichotomy: Students often exhaust their cognitive energy on formal rules (syntax)
rather than the core algorithm.

Abstraction: Difficulties in bridging the gap between lines of code and their real-world outcomes.

Methodological Gaps: Traditional approaches fail to meet the interactive learning needs of the
digital generation.

Research indicates that arrays, loops, and debugging remain the most challenging topics (Derus
& Ali, 1985). Students frequently struggle with modularizing real-world problems and show a clear
preference for interactive, visual materials (Tan et al., 2009). Gomes and Mendes (2007) emphasize
that fostering algorithmic thinking can mitigate motivation issues. However, the failure of educators
to account for individual readiness levels and the reliance on static materials to explain dynamic
concepts remain primary barriers to learning (Cevahir & Ozdemir, 2017; Azorbaycan Respublikasi
Elm vo Tohsil Nazirliyi, n.d.; Mahmudzads et al., 2019).

Investigating these obstacles from the perspective of educators is essential for an accurate
diagnosis of existing problems and the development of innovative, student-centered solutions.

Research Objective. The objective of this study is to investigate teacher perspectives in order to
identify the challenges students encounter during programming instruction and to propose viable
solutions in this direction.

Methodology. To investigate the existing challenges in teaching programming and the role of
innovative methods in addressing these issues, a combination of quantitative and qualitative research
methods was employed.

Participants and Selection. The study involved 16 informatics teachers representing various
geographical regions of Azerbaijan, including both urban and rural schools and lyceums. The primary
criterion for participant selection was that they are active educators currently teaching the
programming modules of the informatics curriculum.
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Data Collection Instrument. Data were collected using a structured online survey developed on
the Google Forms platform, consisting of 8 targeted questions. To facilitate a deeper analysis of the
information, the survey incorporated two types of questions:

Closed-ended (Multiple-choice) Questions: These questions were used to measure the primary
teaching difficulties, complex topics for students, and the perceived effectiveness of textbooks from
a statistical (quantitative) perspective.

Open-ended Questions: These provided respondents with the opportunity to freely express their
subjective opinions and professional experiences. Through these questions, individual innovative
methods applied by teachers and the reasons for students' disengagement from programming were
analyzed qualitatively.

The topics and types of questions included in the survey questionnaire are presented in detail in
the table below (Table 1).

Data Analysis. The data collected during the research process were analyzed according to the
research questions as follows:

Quantitative Analysis: Digital data obtained from the closed-ended (multiple-choice) survey
questions were statistically processed and expressed in percentages. Charts and diagrams were used
to visualize this data, allowing for the identification of general trends in programming instruction
(e.g., the most challenging topics, the effectiveness of textbooks).

Qualitative Analysis: Responses from teachers to open-ended questions were subjected to
thematic analysis. The responses were reviewed, similar ideas were grouped, and key 'problem areas'
and 'proposed solutions' were summarized into specific categories. The integration of these two
approaches ensured both the statistical accuracy and the pedagogical depth of the research findings.

Table 1.
Structure of Survei Questions
1 Main difficulties in teaching programming Closed-ended
2 Most challenging topics (Arrays, Loops, etc.) Closed-ended
3 Effectiveness of current textbooks Likert Scale (1-5)
4 Impact of mathematical/logical background Closed-ended
5 Transitions from Block-based to Text-based coding Open-ended
6 Innovative methods used by teachers Open-ended
7 Perception of Al tools in education Closed-ended
8 Reasons for student disengagement Open-ended

Results and Discussion. Based on the responses of the survey participants, the main obstacles in
teaching algorithmization and programming are the construction of algorithmic logic, decreased
motivation, and the syntax barrier (each at 35.3%). These indicators suggest that students experience
significant difficulties both in planning the step-by-step solution to a problem and in translating that
solution into code within the formal rules of a programming language. Weak mathematical
knowledge (29.4%) is also among the main barriers in teaching algorithmization and programming
(Figure 1).

Regarding the question aimed at identifying the most challenging topics for students, arrays and
lists (52.9%) were identified as the most difficult topic by a clear margin, indicating that memory
management and working with data structures are highly abstract for students. Functions (47.1%)
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ranked second after arrays, while loops (41.2%) were identified as the third most difficult topic
(Figure 2). The high level of difficulty associated with these three topics (arrays, loops, and functions)
once again demonstrates the need for visualization tools and innovative methods in teaching
programming.

Figure 1. Primary Challenges Encountered in the Teaching of Programming
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The effectiveness of current textbooks in fostering students’ interest in programming was rated at
an average of 3.25 out of 5, with 37.5% of respondents considering them average and 25%
unsatisfactory (Figure 3), while only 12.5% rated them highly. These results indicate that practical
tasks in textbooks are not sufficiently aligned with students’ daily lives and interests, highlighting a
strong need for methodological improvement. Teachers’ responses to open-ended questions reveal
four interrelated factors behind students’ declining interest: methodological shortcomings in
textbooks (either overly simplistic or abruptly complex, combined with limited instructional time),
insufficient mathematical background hindering logical thinking, students’ tendency to prefer test-
based tasks over time-consuming coding activities and restrictive assessment approaches that limit
creativity, and inadequate lesson time for practical programming, which reduces motivation when
students cannot immediately see the results of their work.

Figure 2. Most Challenging Topics in Teaching Programming
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Figure 3. Teacher Assessment of Current Textbook Effectiveness

2 (11.8%)

4 (23 50/0 4 (23 5%)
2 (11.8%)
0 (0%)

One of the key findings of the study is that teachers attempt to compensate for gaps in textbooks
through their own innovative approaches. According to the survey, 18.8% of teachers use
competitions, while 12.5% apply games and visual tools to make lessons more engaging; interactive
platforms like Kahoot and practical applications of Python (e.g., small projects) are considered
effective, confirming the advantage of gamification over traditional lectures. Teachers emphasize that
logical thinking, often combined with mathematical knowledge, is a fundamental prerequisite for
learning programming, as it helps students overcome syntax-related difficulties. Attitudes toward
integrating artificial intelligence are largely positive, with 64.7% viewing it as a supportive tool,
although 35.3% express concerns about potential student dependency, indicating a need for
methodological guidelines. Additionally, challenges in transitioning from visual programming
environments like Scratch to text-based languages such as Python and C++ are mainly linked to
limited curriculum time, which prevents students from developing deeper understanding and adapting
to syntax rules.

Proposed Solutions and Recommendations. Based on the research findings, the following
innovative solutions are proposed to enhance the quality of programming instruction:

Visualization and Gamification: To help students better grasp abstract concepts such as arrays
and loops, the transition from visual programming environments (e.g., Scratch, Blockly) to text-based
programming (C++, Python) should be smoother and more gradual. The integration of gamification
elements can transform lessons from tedious exercises into competitive and engaging learning
experiences.

Integration of Artificial Intelligence (Al) Tools: Al tools can function as personalized tutors for
students. By providing immediate explanations for syntax errors and debugging assistance, these tools
reduce the teacher's workload and foster independent learning skills in students.

Project-Based Learning (PBL): Applying theoretical knowledge directly to real-world projects
(such as creating small games or simple calculator applications) provides students with a practical
answer to why they are learning specific concepts, thereby significantly boosting motivation.

Differentiated Instruction: Given the varying levels of mathematical proficiency among students,
assignments should be categorized by difficulty. For students with weaker logical reasoning skills,
more visual aids and logic-oriented supplementary materials should be provided to bridge the gap.
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Conclusion

This research demonstrates that the effectiveness of programming instruction in general education
schools depends directly on both the methodological structure of textbooks and the individual logical-
mathematical proficiency of students. The survey conducted among teachers revealed that a lack of
visualization in teaching fundamental topics such as arrays and loops is a primary factor leading to a
decline in motivation. However, the integration of artificial intelligence into the classroom, along
with gamification and project-based approaches, holds significant potential for overcoming these
challenges. This study provides a foundation for modernizing educational curricula and developing
new methodological resources for educators.
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