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Abstract:This study investigates barriers to teaching programming in higher education, focusing
on Uzbekistan, and proposes solutions inspired by international models. Challenges include
outdated curricula, inadequate infrastructure, and low teacher qualifications, assessed through
local data and global case studies (United States, South Korea, India, European Union).
Solutions—curriculum modernization, infrastructure upgrades, teacher training, and international
collaboration—are tailored to local constraints like funding and language barriers. Findings aim
to enhance programming education, preparing graduates for the global IT market. The research
employs qualitative methods, including literature reviews and comparative analysis, offering a
scalable framework for educational reform. Keywords: programming education, higher
education, international practices, Uzbekistan, IT workforce.

Keywords: Programming education, Higher education, International practices, Uzbekistan, IT
workforce, Curriculum modernization, Infrastructure challenges, Teacher training, Project-based
learning, Online platforms, Dual education system, Digital skills, Global IT market, Educational
reform, Localization

Introduction
Programming is a linchpin of the digital economy, with global demand for IT professionals
surging. The Bureau of Labor Statistics (2023) projects a 13% growth in software development
jobs by 2032, while emerging fields like artificial intelligence (AI) and cybersecurity add
urgency to skill development. In Uzbekistan, a developing nation with a youthful population
(median age: 28, World Bank, 2024), the IT sector holds transformative potential. Yet, its
contribution to GDP remains modest at 2.5% (State Statistics Committee, 2024), hampered by an
education system ill-equipped to meet market needs.
Historically, programming education in Uzbekistan evolved from Soviet-era technical training,
emphasizing theoretical foundations over practical skills. Today, universities like Tashkent
University of Information Technologies (TUIT) teach languages like Pascal, sidelining modern
tools like Python—used in 68% of IT roles globally (Stack Overflow, 2024). Infrastructure lags,
with rural students sharing one computer per five peers (ITU, 2023). Teachers, often trained
decades ago, lack expertise in cloud computing or AI, widening the skills gap.
Globally, advanced models offer inspiration. The United States champions project-based
learning, South Korea leverages intensive bootcamps, India scales education via online platforms,
and the European Union integrates academia with industry. These approaches contrast with
Uzbekistan’s challenges: outdated curricula, limited resources, and cultural resistance to
pedagogical change.
This study addresses: What are the primary challenges in teaching programming to higher
education students, and how can international experiences inform solutions? Objectives include:
1. Identifying barriers in Uzbekistan’s programming education.
2. Analyzing successful global practices.
3. Proposing actionable, localized solutions.
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The research is significant for aligning education with global standards, boosting employability,
and supporting Uzbekistan’s Digital Strategy 2030, which targets a $1 billion IT export market.
Structured in IMRAD format, it bridges theory and practice for educational reform.
Methods
This qualitative study combines literature review, comparative analysis, and contextual
evaluation. Data sources include:
1. Academic Literature: Over 40 peer-reviewed articles (2020–2024) from IEEE Xplore,
Springer, and ERIC on programming education trends, challenges, and innovations.
2. International Case Studies: Four models selected for diversity and success:
o United States: Project-based learning at MIT (e.g., “6.031 Software Construction”)
and Stanford’s CS106A, emphasizing real-world projects.
o South Korea: Government-backed bootcamps under the Ministry of Science and ICT,
training 10,000 students annually.
o India: NPTEL and Coursera, serving 5 million learners with free or low-cost courses
(NPTEL, 2023).
o European Union: Germany’s dual education at DHBW, blending university study with
apprenticeships.
3. Local Context: Uzbekistan-specific data from Ministry of Higher Education reports
(2023), syllabi from TUIT and Samarkand State University, and semi-structured interviews with
five IT instructors (conducted January 2025, anonymized).
Data Analysis:
 Challenges were coded thematically (e.g., “curriculum obsolescence,” “infrastructure
gaps”) using NVivo 12.
 International models were evaluated for outcomes (e.g., employment rates, skill
acquisition) and costs, sourced from institutional reports (e.g., MIT Evaluation, 2023).
 Local applicability was assessed against constraints: funding ($2.1 billion education
budget, World Bank, 2024), internet penetration (65%, ITU, 2023), and English proficiency
(32%, EF EPI, 2024).
Procedure: Literature was reviewed first to establish a global baseline, followed by case study
analysis. Local data were then juxtaposed to identify gaps and adaptation potential. Solutions
were synthesized iteratively, prioritizing feasibility.
Limitations: Secondary data dominate, and the small interview sample may not reflect all Uzbek
universities. Rural perspectives are underrepresented due to access constraints.
Results
Challenges in Uzbekistan
1. Outdated Curricula: A 2023 audit of 15 university syllabi showed 70% prioritize Pascal
or C++, while Python and JavaScript—top languages per Tiobe Index (2024)—are elective or
absent. TUIT’s core course, “Programming Basics,” omits web development, unlike industry
needs (e.g., 80% of Uzbek IT firms seek web skills, UzStat, 2024).
2. Infrastructure Deficits: Only 45% of technical students access modern computers
(Ministry of Higher Education, 2023). Rural internet speeds average 4 Mbps, insufficient for
cloud-based tools like AWS (ITU, 2023). Lab equipment, often pre-2010, lacks support for AI
frameworks (e.g., TensorFlow).
3. Teacher Qualifications: Interviews revealed 60% of instructors last trained before 2015,
with minimal knowledge of Python (used by 3% of sampled faculty). Only 10% have industry
experience, per TUIT records.
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4. Cultural and Language Barriers: Students’ English proficiency (32%) limits access to
global resources like GitHub. Traditional lecture-based teaching dominates (80% of classes,
interview data), resisting interactive methods.
5. Financial Constraints: IT education funding is $15 million annually, covering just 20%
of needed lab upgrades (Ministry of Finance, 2024).
International Models
1. United States: MIT’s project-based learning engages students in tasks like app
development, with 85% reporting enhanced skills (MIT, 2023). Cost: $10,000 per student, offset
by grants. Stanford’s CS106A teaches Python to 1,000+ learners yearly.
2. South Korea: Bootcamps train 10,000 students annually, with 90% employed within six
months (Korea IT Report, 2024). Subsidies ($5,000 per student) drive scalability.
3. India: NPTEL’s Python course reached 1.2 million learners in 2023, though completion
rates are 40% (self-paced challenges). Costs are minimal ($10 per certificate).
4. European Union: Germany’s DHBW integrates study with IT apprenticeships; 60% of
students secure jobs pre-graduation (BMBF, 2023). Industry funds 50% of costs.
Applicability to Uzbekistan
 Project-Based Learning: Feasible with open-source tools (e.g., VS Code), but requires
$500 per teacher for training. Tashkent’s IT hubs (e.g., IT Park) could pilot projects.
 Bootcamps: Urban centers with 85% 4G coverage (ITU, 2023) suit short-term courses,
though rural access lags.
 Online Platforms: NPTEL-style courses need Uzbek translation ($50,000 initial cost) to
reach 500,000 students.
 Dual Systems: Limited by Uzbekistan’s 1,200 IT firms (UzStat, 2024), but partnerships
with firms like EPAM could start small.
Discussion
Uzbekistan’s programming education lags global standards, echoing challenges in Kazakhstan
and Tajikistan (ADB, 2022). Pascal’s persistence reflects inertia, not relevance—Python’s
dominance (68% of jobs, Stack Overflow, 2024) demands a shift. Infrastructure gaps cripple
practice; one rural instructor noted, “Students code on paper due to no computers.” Teachers’
outdated skills—60% pre-2015 training—mirror a regional trend of underinvestment (UNESCO,
2022).
International models illuminate paths forward:
 Project-Based Learning: MIT’s success suggests small-scale pilots (e.g., building e-
commerce sites) using free tools. Training 500 teachers costs $250,000, fundable via ADB grants.
 Bootcamps: South Korea’s model fits urban areas; a 6-week Python course for 1,000
students ($100,000) could leverage IT Park’s infrastructure.
 Online Platforms: India’s scalability suits Uzbekistan’s 12 million internet users (ITU,
2023). Translating 10 courses into Uzbek ($50,000) could start by 2026.
 Dual Systems: Germany’s approach needs industry growth—Uzbekistan’s $50 million IT
exports (World Bank, 2024) limit scale, but pilots with 50 firms are viable.
Solutions:
1. Curriculum Modernization: Replace Pascal with Python/JavaScript by 2027 ($2 million
for redesign, training).
2. Infrastructure Upgrades: Equip 100 labs by 2028 ($10 million via Huawei partnerships).
3. Teacher Training: Certify 2,000 instructors by 2029 ($1 million via Coursera, Google).

https://www.academicpublishers.org/journals/index.php/ijai


INTERNATIONAL JOURNAL OF ARTIFICIAL INTELLIGENCE

ISSN: 2692-5206, Impact Factor: 12,23
American Academic publishers, volume 05, issue 03,2025

Journal: https://www.academicpublishers.org/journals/index.php/ijai

page 654

4. International Collaboration: Partner with NPTEL ($100,000/year) and South Korea for
bootcamp frameworks ($200,000 pilot).
5. Localization: Develop Uzbek-language resources for 1 million students by 2030
($500,000).
Challenges: Education’s 5% GDP share (World Bank, 2024) constrains funding. Cultural
resistance—80% lecture preference—requires awareness campaigns. Rural internet (4 Mbps)
limits online reach. Pilots in Tashkent, scaling by 2028, could test viability.
Conclusion
The rapid advancement of technology and the growing global demand for IT professionals
underscore the critical need for effective programming education. This study has illuminated the
multifaceted challenges faced by Uzbekistan’s higher education system in teaching programming,
including outdated curricula, inadequate infrastructure, and insufficient teacher qualifications.
These barriers not only hinder students’ ability to acquire relevant skills but also limit
Uzbekistan’s potential to capitalize on the digital economy, where IT exports currently stand at a
modest $50 million (World Bank, 2024). By contrast, international models from the United
States, South Korea, India, and the European Union demonstrate innovative approaches—
project-based learning, intensive bootcamps, online platforms, and dual education systems—that
have successfully bridged educational gaps and produced competitive IT workforces.
In Uzbekistan, the persistence of Pascal and C++ in syllabi, despite Python’s dominance in 68%
of global IT jobs (Stack Overflow, 2024), exemplifies a disconnect between academia and
industry. Infrastructure deficits, such as rural students sharing one computer per five peers (ITU,
2023), and teachers’ outdated training—60% lacking updates since 2015 (interview data)—
further exacerbate this gap. These findings align with regional trends in Central Asia, where
UNESCO (2022) notes similar underinvestment in technical education. However, the
international case studies analyzed here offer a blueprint for reform, adaptable to Uzbekistan’s
unique context of limited funding ($15 million annually for IT education, Ministry of Finance,
2024), low English proficiency (32%, EF EPI, 2024), and a nascent IT sector (1,200 firms,
UzStat, 2024).
The proposed solutions—curriculum modernization, infrastructure upgrades, teacher training,
international collaboration, and localization—represent a holistic strategy to transform
programming education. Modernizing curricula to prioritize Python and JavaScript by 2027
aligns with Uzbekistan’s Digital Strategy 2030, which aims for a $1 billion IT export market.
Upgrading 100 labs by 2028 through public-private partnerships (e.g., with Huawei) addresses
practical training needs, while training 2,000 instructors by 2029 ensures pedagogical capacity.
Collaborations with NPTEL and South Korea could accelerate resource development, and
localizing content in Uzbek would democratize access for 1 million students by 2030. These
steps, while ambitious, are grounded in the successes of global peers and tailored to local
realities.
Recommendations: To operationalize these findings, the following actionable steps are proposed:
1. Policy Reform: The Ministry of Higher Education should mandate a curriculum overhaul
by 2026, phasing out obsolete languages and integrating industry-aligned skills (e.g., web
development, AI basics). A $2 million investment, potentially funded via Asian Development
Bank (ADB) loans, could support this transition.
2. Infrastructure Investment: Partner with tech giants like Huawei or Samsung to equip 50
urban and 50 rural labs by 2028, leveraging a $10 million public-private fund. Tax incentives for
donors could accelerate progress.
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3. Teacher Development Program: Launch a national certification initiative, training 500
instructors annually in Python, JavaScript, and cloud tools through online platforms like
Coursera ($250,000/year). Subsidize participation to ensure rural inclusion.
4. International Partnerships: Negotiate a 5-year agreement with India’s NPTEL to translate
20 programming courses into Uzbek ($100,000/year), and pilot South Korean-style bootcamps in
Tashkent with $200,000 seed funding from UNESCO.
5. Pilot Projects: Initiate a 2-year pilot in Tashkent universities (e.g., TUIT) to test project-
based learning with open-source tools, costing $50,000. Evaluate outcomes (e.g., student
employability) by 2027 to justify nationwide rollout.
6. Public Awareness: Launch a campaign to shift cultural preferences from lectures to
interactive learning, targeting 100,000 students and parents by 2026 ($50,000 via social media
and workshops).
These recommendations address immediate needs while laying a foundation for long-term
growth. However, challenges remain: education’s 5% GDP allocation (World Bank, 2024) limits
scale, rural internet speeds (4 Mbps, ITU, 2023) hinder online access, and cultural resistance to
change persists (80% lecture preference, interview data). Pilot projects in urban hubs like
Tashkent and Samarkand, where IT infrastructure is strongest, can serve as proof-of-concept,
with results informing broader implementation by 2028.
This study’s significance extends beyond Uzbekistan, offering a scalable model for developing
nations facing similar educational constraints. By blending international best practices with
localized solutions, Uzbekistan can position itself as a regional IT leader, fulfilling its Digital
Strategy goals. Future research should focus on securing funding (e.g., donor contributions,
private sector roles), assessing pilot outcomes, and tracking graduate employability over a
decade. Ultimately, investing in programming education is an investment in human capital—a
catalyst for economic progress in an increasingly digital world.
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