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Abstract. The implementation of information technologies (IT) in higher education
institutions of construction and transport has emerged as a critical factor in enhancing
educational quality, institutional efficiency, and graduate competitiveness. Despite the significant
potential of digital solutions, universities in these sectors face multiple challenges, including
outdated IT infrastructure, limited financial resources, insufficient digital competencies among
faculty and students, and resistance to organizational change. Specialized professional training
in construction and transport further requires advanced modeling tools, simulation platforms,
and sector-specific digital resources, which complicates the adoption of innovative IT solutions.
Global experiences demonstrate the effectiveness of IT governance frameworks such as COBIT,
ITIL, and CMMI in standardizing processes, increasing transparency, and ensuring continuous
improvement. Emerging technologies—including big data analytics, learning analytics, virtual
and augmented reality (VR/AR), building information modeling (BIM), digital twins, cloud
services, and artificial intelligence (Al)-based tools—offer substantial opportunities to improve
academic outcomes and operational efficiency. In the Azerbaijani context, progress has been
observed in LMS adoption, blended learning, and administrative digitization, however, persistent
barriers include uneven regional infrastructure, limited budgets, and scarce empirical evidence
on IT governance in technical universities. Addressing these issues requires integrated strategies
combining technological investment, faculty development, organizational reforms, and industry—
university partnerships. Priority measures include establishing pilot projects for ITIL/COBIT
implementation, developing specialized digital laboratories, embedding sector-specific digital
competencies into curricula, and aligning national initiatives with global frameworks such as the
UN Sustainable Development Goals and the EU Digital Education Action Plan. The study
underscores the need for systematic evaluation of IT maturity and governance in construction
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and transport higher education, highlighting the importance of evidence-based approaches to
digital transformation. Effective IT adoption in these specialized institutions necessitates a
holistic approach that integrates infrastructure modernization, human capacity building, gover-
nance enhancement, and sectoral alignment to ensure sustainable development and prepare
graduates for the demands of the digital economy.

Key words: information technology implementation, higher education, construction
universities, transport universities, digital transformation, IT governance, digital competencies,
educational technologies, Industry 4.0/5.0, learning analytics.

Introduction. In recent years, the implementation of information
technologies (IT) in higher education has become a key factor in ensu-
ring the quality and competitiveness of educational services. Systematic
research demonstrates that the integration of IT into teaching, learning,
and management processes contributes to improving accessibility,
flexibility, and efficiency of education. However, despite the significant
potential of digital solutions, the process of IT implementation in higher
education institutions, particularly in the construction and transport
fields, faces a number of complex challenges.

Among the most pressing issues are outdated information and
communication infrastructure, insufficient financial resources, limited
digital competencies of academic staff and students, and resistance to
organizational change. These barriers slow down the digital transforma-
tion of universities and restrict their ability to fully benefit from modern
technological opportunities. In addition, the persistence of traditional
“legacy” systems in many institutions creates compatibility problems and
complicates the integration of innovative platforms. As a result, ineffi-
ciencies arise in administrative and academic processes, reducing overall
institutional productivity.

It is important to note that similar problems were observed in the
early stages of digital transformation in developed countries, where
consistent and targeted measures were implemented to modernize
infrastructure, strengthen digital skills, and adapt management systems.
In the context of construction and transport education, the challenges
become even more specific, as professional training in these fields
requires advanced modeling tools, simulation platforms, and specialized
digital resources. Therefore, overcoming existing barriers and adopting
innovative IT solutions are necessary conditions for ensuring the
sustainable development of higher education institutions, improving the
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quality of professional training, and meeting the requirements of the
modern labor market.

Analysis of recent researches and publications. The digital
transformation of higher education has become a central focus in recent
years, particularly in response to global demands for flexibility, quality,
and competitiveness. Reports such as the OECD Digital Education
Outlook 2023 highlight that while significant progress has been made in
establishing digital education ecosystems, persistent challenges remain in
infrastructure, governance, teacher and student digital competencies, and
equitable access [1]. Furthermore, comparative surveys of OECD
member states reveal that many national strategies lack clear frameworks
for assessing digital readiness and implementation, which complicates
systematic evaluation of progress [2].

In the field of construction and transport education, several sector-
specific studies provide important insights. Longitudinal research on e-
learning in construction management demonstrated that digital platforms
improve student knowledge and engagement, although blended learning
remains preferable for most students [3]. At the same time, systematic
reviews show that virtual reality (VR) and simulation technologies en-
hance understanding of complex construction processes and professional
practices, but their adoption is constrained by resource limitations and
integration challenges [4]. Another promising area is the use of digital
twins in higher education programs related to engineering, construction,
and transport. Literature reviews confirm that, although implementation
in these fields is less advanced than in manufacturing, digital twin
technologies can improve operational efficiency, forecasting, and
sustainability outcomes [5].

Moreover, theoretical and applied studies in transport highlight that
virtual modeling of infrastructure facilities facilitates diagnostics,
planning, and system management, but requires significant institutional
and technical readiness [6].

Despite these opportunities, universities often face financial
limitations, outdated or incompatible IT systems, uneven access to digital
resources, and low levels of digital literacy among staff and students [7,
8]. Integration of IT requires systemic organizational change — restru-
cturing pedagogical approaches, governance models, and staff training
systems [9]. Without addressing these structural challenges, even
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advanced digital tools such as LMS, VR, or digital twins cannot achieve
their full potential [10].

The rapid development of information and communication techno-
logies (ICT) and, more recently, artificial intelligence (Al), has generated
a substantial body of research on the implementation of educational
technologies in higher education. Broad syntheses indicate that suc-
cessful adoption depends not only on hardware and software, but also on
pedagogical redesign, stakeholder perceptions, institutional strategies,
and measurable post-implementation metrics [11]. These findings form a
conceptual backbone for analysing sectoral (construction and transport)
specifics.

Frameworks of Education 4.0 and its core components — compe-
tencies, learning methods, ICT and infrastructure — are particularly
relevant for engineering disciplines, where curricular change must align
with industry digitalisation (BIM, digital design, IoT, data analytics).
Literature stresses that technological tools are necessary but not
sufficient; curricula, teacher competence and assessment practices must
be retooled to exploit digital affordances and to develop students’ applied
digital skills required by Industry 4.0/5.0 [12]. Sector-specific reviews
confirm uneven progress: in built-environment and construction
education, reviews point to growing use of VR/AR, BIM and simulation
tools, while identifying a persistent gap between industry expectations
and student capabilities in digital design, automation and programming
skills [13; 14]. Siddiqui et al. argue that HEIs should integrate hands-on
digital competencies (BIM, GIS, coding for automation, data analytics)
into core modules rather than leaving them as electives or short courses
[14]. Similarly, systematic examinations of emerging technologies in
built-environment courses find positive effects on engagement and
employability but emphasise the need for scaffolded implementation and
faculty development to avoid superficial tool use [13].

Transportation engineering education literature echoes these
messages: the discipline is increasingly data-driven (traffic telemetry,
ITS, transport modelling) and requires curricula that combine classical
engineering fundamentals with digital and managerial competences.
Reviews call for expansion of data literacy, programming, and exposure
to industry software within degree programmes, along with stronger
partnerships between universities and transport agencies to provide
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authentic learning experiences [15; 16]. These studies highlight a core
tension: rapid industry change versus relatively slow curricular and
institutional adaptation.

Adoption studies also document persistent institutional barriers:
limited faculty digital literacy, insufficient strategy and funding,
inadequate IT infrastructure, resistance to pedagogical change, and lack
of reliable metrics to evaluate impact [11; 17]. Moreover, the rise of Al
in education introduces opportunities (adaptive learning, automated
assessment, intelligent tutoring) and ethical, capacity and governance
challenges that HEIs must manage through policy and training.
Comprehensive reviews of educational-technology adoption emphasise
stakeholder perceptions (students, faculty, administrators) as critical
determinants of long-term success [11].

Turning to Azerbaijan, a growing but still maturing literature
describes national digitalisation efforts and the experience of local
universities. Case studies from Azerbaijan State University of Economics
and multi-author surveys in national technical universities document
active steps toward LMS adoption, blended learning, and administrative
digitisation, while also reporting obstacles: uneven internet access across
regions, the need for targeted faculty retraining, and the absence of
coherent national metrics for digital learning quality [17; 18]. Recent
analyses of Azerbaijan’s higher-education digital transformation note
promising policy initiatives and pilot projects but call for stronger
alignment between national digital strategies, university curricula
(particularly in construction and transport faculties), and employer needs
in infrastructure and transport sectors [19].

Synthesising global and Azerbaijani findings yields several
implications for construction and transport HEIs in Azerbaijan and
similar contexts. First, curriculum reform must embed practical digital
skills (BIM, transport data analytics, simulation, programming) within
core modules rather than as add-ons [14; 15]. Second, faculty
professional development and institutional change management are
essential prerequisites; without them, investments in technology risk
remaining underutilised [11; 17]. Third, national-level coordination and
funding models that incentivise university—industry collaboration will
accelerate meaningful transitions and graduate employability [19].
Finally, the governance of AI and data within teaching — including
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ethical, assessment and quality assurance frameworks — should be
integrated into institutional digital strategies from the outset [20].

The literature converges on a multi-dimensional view: technology
is an enabler, but impact in construction and transport education depends
on curricular integration, faculty capacity, infrastructure, stakeholder
buy-in, and national policy alignment. For Azerbaijani HEIs, the
immediate prospects are positive given national digital initiatives, but
realizing benefits for the construction and transport sectors requires
deliberate curricular redesign, consistent faculty development programs
and closer university—industry partnership models. In summary, current
research indicates that while IT adoption can significantly enhance
educational outcomes, institutional efficiency, and graduate
competitiveness, the effective implementation of digital technologies in
higher education — especially in construction and transport — depends on
a combination of technological investment, institutional reforms, staff
capacity-building, and the development of sector-specific digital
ecosystems. These findings justify the need for comprehensive studies on
the current problems and prospects of IT implementation in specialized
higher education institutions.

The formulation of the objectives of the article. The purpose of
the article is to identify the main problems and barriers hindering the
implementation of information technologies in higher education
institutions of construction and transport, to analyze international
governance frameworks and global trends in digital transformation, and
to assess the prospects for their adaptation to the Azerbaijani context in
order to enhance efficiency, transparency, and competitiveness of
universities.

Statement of the main material of the research. The analysis
begins with financial constraints as a critical factor shaping the digital
transformation process in higher education institutions of construction
and transport, followed by human resource challenges, technological and
organizational limitations, and the necessity for strategic governance
measures. By structuring the results in this manner, the study provides a
comprehensive view of the problem and lays the groundwork for
identifying feasible solutions adapted to the Azerbaijani context.

The financing of IT implementation remains a major issue: many
construction and transport universities do not have sufficient budgets to
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allocate the required funds for updating IT systems. Digital transfor-
mation in technical education requires considerable initial investment,
which creates difficulties for state-funded institutions in securing the
necessary resources. In particular, the lack of adequate financial support
from various sources and the short-term (annual) nature of budget
planning hinder the modernization of IT infrastructures.

There are also serious shortcomings in human resources. The lack
of knowledge and skills required to use digital technologies effectively —
i.e., insufficient digital literacy — has become a common problem for
many universities worldwide. For instance, the weak preparation of
pedagogical staff and managers in information systems complicates the
adoption of new IT projects in construction and transport education.
Additionally, resistance to innovative changes is observed in the higher
education sector due to long-standing traditions. Some employees are
reluctant to move beyond the current state, approach change with
caution, or feel uncertain, all of which slow down the implementation of
digital innovations. Such attitudinal and behavioral barriers have existed
for decades and are considered among the most difficult challenges in
carrying out digital transformation.

Other problems identified in studies include data fragmentation and
integration challenges, incompatibility between outdated software and
modern applications, and the necessity of continuous training for staff.
Overall, international research indicates that for IT governance in higher
education to meet modern requirements, comprehensive solutions are
needed that address technical, financial, and human factors simultane-
ously. These solutions should include programs and strategies for
international experience-sharing and for developing theoretical and
methodological measures for the effective organization and management
of IT in construction and transport universities.

In global practice, a number of benchmark frameworks for IT
organization and governance have been developed, among which COBIT
(Control Objectives for Information and Related Technologies) and ITIL
(Information Technology Infrastructure Library) are especially
widespread. Although these frameworks were initially designed for the
corporate sector, they have been successfully applied in higher education
institutions of construction and transport, producing effective results.
Research shows that IT governance in technical universities most often
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employs ITIL and COBIT. Specifically, ITIL is considered more
practical at the operational level, frequently applied to standardize
processes such as helpdesk and incident management. COBIT, in turn, is
used as a reference model for IT governance and control mechanisms.

These frameworks provide construction and transport universities
with methodologies for aligning IT goals with academic-business
objectives, clarifying roles and responsibilities, and optimizing processes
through documentation. For example, studies in technical higher
education have demonstrated that implementing COBIT, ITIL, and
ISO/IEC 17799 has increased transparency and accountability of IT
processes, improved service quality, and enhanced risk management.
Such standardized approaches help institutions align IT activities with
strategic goals and ensure continuous improvement.

The theoretical foundations of IT governance also encompass
change management and IT maturity models. Change management
models — such as John Kotter’s 8-step model — can be particularly useful
for the implementation of digital innovations in higher education.
Kotter’s model emphasizes the need to establish a sense of urgency and
build a strong guiding coalition, which is highly relevant in the
university context where governance is collegial and decentralized. The
success of IT initiatives therefore depends on the involvement of diverse
stakeholders, from faculty members to administrative staff. As a result,
change management frameworks are adapted to higher education,
focusing on effective communication, stakeholder motivation, phased
training, and continuous support during digital transformation projects.

IT maturity models are also important tools, enabling institutions to
assess their current IT capabilities and plan future development. One
widely known model is the Capability Maturity Model Integration
(CMMI) [21], which has recently been adapted to IT governance. Studies
of IT maturity in universities indicate that institutions with higher
maturity levels manage IT more effectively, demonstrate stronger
alignment between IT strategies and institutional missions, and make
more strategic, evidence-based decisions. Such models provide a
roadmap for universities to advance from the “initial” stage of IT
governance to an “optimized” stage.

At the same time, global trends that shape IT in higher education -
such as artificial intelligence, digital transformation, online and virtual
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learning, expansion of cloud services, big data analytics, and
cybersecurity - are widely studied and discussed. These factors influence
the future trajectory of higher education systems, and many Azerbaijan
universities are already taking strategic steps in these directions.
UNESCQO’s latest reports indicate that higher education demonstrates the
highest levels of digital technology adoption compared to other
education levels [22]. For instance, the global e-learning market, which
was valued at nearly 299.67 USD billion in 2024, is projected to reach
842.64 billion USD by 2030 [23]. The COVID-19 pandemic further
accelerated digital transformation, creating a natural experiment that led
to rapid adoption of online and hybrid learning models.

Massive Open Online Courses (MOOCs) have also transformed the
global education environment. Statistics confirm this explosive growth:
while MOOCs had no users in 2012, by 2021 their registered student
base had reached at least 220 million learners [24]. Within only a decade,
hundreds of millions of people gained access to higher education through
online courses.

Cloud technologies are another rapidly growing trend in
universities. Research indicates that approximately 79 % of higher
education institutions already use Software as a Service (SaaS) in some
form [25], nearly double the share from a few years ago. The primary
motivation is cost efficiency, with analyses showing that cloud migration
delivers average savings of around 21 % [26]. Universities increasingly
rely on cloud platforms such as Microsoft 365 and Google Workspace
for email and document management, reducing the need for large in-
house IT teams. Nevertheless, research also highlights potential risks -
such as data security and vendor dependence - that must be carefully
managed.

The expansion of big data and learning analytics is another
important development. According to an OECD report [1], effective use
of big data analytics can help higher education institutions restructure
their models, make evidence-based decisions, and improve both
academic and administrative outcomes. In construction and transport
universities, for example, many institutions now integrate student
information systems, e-learning platforms, and library usage data into
analytics dashboards, enabling early detection of at-risk students and
improving academic advising. At the program level, analytics help
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identify challenges in specific courses and evaluate labor market
outcomes of graduates, which is particularly relevant for technical
disciplines with strong links to industry.

In the Azerbaijan context, IT governance in higher education faces
similar challenges as observed globally — outdated infrastructure, limited
funding, insufficient human capital, and resistance to change. National
development strategies, such as the Socio-Economic Development
Strategy of the Republic of Azerbaijan for 2022—-2026 [27], emphasize
the priority of digital skills and IT infrastructure development in higher
education. Strategic initiatives under the Digital Azerbaijan framework
also aim to reduce the digital divide by expanding broadband access,
particularly in rural areas.

Recent local studies [18; 19] provide a critical overview of digital
transformation in Azerbaijan higher education, including construction
and transport universities. They highlight both progress — such as the
implementation of electronic university platforms, integration with
European academic networks, and the growing role of online learning —
and persistent barriers, including uneven regional infrastructure, limited
budgets, and lack of empirical research on IT governance frameworks
like COBIT and ITIL in local technical universities.

Despite significant global progress in digital transformation in
higher education, implementation in construction and transport
universities in Azerbaijan faces notable challenges. Country-specific
studies remain limited, and empirical evidence on how IT governance
frameworks, digital transformation strategies, and institutional IT
maturity are applied in local technical universities i1s scarce. This gap
underscores the need for targeted research and practical initiatives to
identify effective approaches for IT adoption, improve institutional
efficiency, enhance educational quality, and align university programs
with industry requirements in the construction and transport sectors.

Conclusions. The study demonstrates that the implementation of
information technologies in higher education institutions of construction
and transport is a complex, multidimensional process that involves
financial, human, technological, and organizational challenges. Major
barriers include limited and short-term funding, outdated IT infrastru-
cture, insufficient digital competencies among faculty and students, and
resistance to innovations rooted in traditional academic practices.
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International experience highlights the effectiveness of IT governance
frameworks such as COBIT, ITIL, and CMMI, which contribute to
process standardization, increased transparency and accountability, and
continuous improvement of IT services. The adoption of modern
technologies — including big data, learning analytics, VR/AR, BIM,
digital twins, cloud services, and Al-based tools — creates significant
opportunities to enhance the quality of professional training and the
efficiency of institutional management in construction and transport
universities.

At the same time, the Azerbaijani context demonstrates country-
specific constraints, such as uneven regional infrastructure, limited
financial resources, and insufficient empirical evidence on IT governance
frameworks in local technical universities. Addressing these challenges
requires targeted strategies that combine technological investments with
institutional reforms.

Priority measures should include the development of national pilot
projects on ITIL/COBIT implementation in higher education, the
establishment of specialized digital laboratories for construction and
transport disciplines, the promotion of public—private partnerships to
ensure sustainable financing, and the integration of digital skills into
curricula at all levels of training.

Aligning digital transformation strategies with global frameworks
such as the UN Sustainable Development Goals and the EU Digital
Education Action Plan would strengthen the international competiti-
veness of Azerbaijani universities. Particular emphasis should be placed
on the sectoral needs of construction and transport education: for
construction, the systematic integration of BIM and cloud-based
collaboration platforms; for transport, the application of digital twins,
simulation systems, and VR-based training tools.

Identified research gaps include the absence of comprehensive
metrics for assessing digital maturity in higher education institutions of
Azerbaijan and the lack of large-scale empirical studies evaluating the
effectiveness of IT governance models in construction and transport
universities. Future research should therefore focus on developing
evaluation tools, conducting pilot studies, and analyzing the impact of
digital transformation on learning outcomes, industry collaboration, and
graduate employability.
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Overall, effective IT implementation in construction and transport
higher education institutions 1s not limited to technological
modernization but requires the combination of organizational adaptation,
faculty development, sustainable financing, and industry—university
partnerships.

Only such an integrated approach can ensure sustainable
development, enhance graduate competitiveness, and align the higher
education system with the needs of the digital economy and modern
labor market.
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Anomauin. Bnpoesaodosicenns inghopmayitinux mexnonoeiti (IT) y 3axnadax suwoi oceimu
Oy0igenbHo20 Mma MpAHCHOPMHO20 NPOPINIo € KPUMUUHO BANCIUSUM YUHHUKOM MNIOBUUYEHHS]
aKocmi  ocgimu, eg)ekmusHocmi  YNPAGNiHHA MA KOHKYPEHMOCHPOMONCHOCMI  BUNYCKHUKIS.
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Hesesaoicarouu ma 3Haunuti nomeHnyian yu@posux piuieHb, YHiBepcumemu Yux CceKkmopie
CMUKAIOMbCs 3 HU3KOW npobaem, ceped sakux 3acmapina IT-ingppacmpykmypa, obmedicene
Qinancysanns, Hedocmammii pigeHb YUDPoBoi KOMNEMeHMHOCMI BUKIA0AYi6 | cmyoeHmie ma
onip opeanizayitnum sminam. Cneyianizoeana npogecitina niocomoska y 0yOisHuymei ma
MPAancnopmi 8UMA2a€ GUKOPUCMAHHA CYYACHUX [THCMPYMEHMI8 MOOeN0B8AHHSA, CUMYIAYIIHUX
niamgopm ma 2anyzesux yugposux pecypcis, wjo YCKiaowwe inmeepayiro innosayiunux IT-
piwenv. Midichapoonuii 00c8i0 deMoHCmpye egheKmusHicmob 6npoeaddicerts @petimeopkie IT-
ynpaesninns, maxux sk COBIT, ITIL ma CMMI, sxi 0ossonsroms cmanoapmusygamu npoyec,
niosuwyyeamu npo3opicmos i 3abesneuysamu nocmiine 60ockonanienus. Cyuachi mexHonoeii,
BKNIOUAIOYU BEIUKI OAHI MA AHANIMUKY HABYAHHA, GIPMYANIbHY MA OONOBHEHY PealbHICHb
(VR/AR), inghopmayiiine moodenioeanus 6yoieenv (BIM), yugposi 0sitinuxku, xmaphi cepsicu ma
[HCMpYMEeHmuU HA OCHOBI WMYYHO20 IHMELeKMY, CMEOPIOIOMb 3HAYHI MONCIUBOCMI OJisl Ni0-
BUWEHHS eheKkmUBHOCmI aKadeMiuHoeo ma aoOMIHICmMpamueHo2o npoyecis. B azepbaiio-
HCAHCLKOMY KOHMEKCMI CHOCMepieacmvCs npocpec Y 6NpoGAONCEHHI eleKMPOHHUX HABUATbHUX
niamgopm, IMIUAHO20 HABYAHHS MA AOMIHICMPamueHoi yughposizayii; 6o0Houac 30epicaromucs
npoonemu HepiBHOMIPHOI pe2iOHANbHOI  IHpacmpykmypu, o00medHceH020 @QIHAHCY8AHHA mda
Hedocmamubvoi emnipuyHoi 6azu wooo IT-ynpasninnsa y mexuivnux yHieepcumemax. Ilooonanns
YUx BUKIUKIE Nompedye KOMNJIEKCHUX cmpameeii, wo NOEOHYIOmMb IHeecmuyii 6 mexHonoeii,
PO3BUMOK KAOPOBO20 NOMEHYIAY, Op2aHi3ayitini pegpopmu ma napmuepcmeo 3 npOMUCI08iCmio.
Ipiopumemnumu 3axo0amu € peanizayis ninomuux npoekmie enposadacennss ITIL/COBIT,
cmeopeHHsi cneyianizoganux yugposux nabopamopii, inmezpayin 2any3esux Yugdposux
KOMNEeMmeHmHOCmel )y HABYAIbHI NpOSPaAMU Ma Y3200CEeHH HAYIOHANbHUX IHiyiamue i3
MINCHAPOOHUMU pamKamu, maxumu axk Llini cmanozo poseumxy OOH ma Jlis [Inany yugposoi
ocgimu €C. Jlocniodcennsn niokpecnoe HeoOxionicms cucmemHoi oyinku IT-3pinocmi i mooeneii
VIPAGNIHHA 6 3aK1a0ax 8uwjoi oceimu 06yoisenbHo2o ma mpancnopmuozo npoghinto. E¢exmusne
enposaocenns IT y yux cneyianizo8anux ycmanogsax nompeoye yinicHoeo nioxoody, wjo 0o’ ’eounye
MoOepHizayilo iHhpacmpykmypu, po3eumox 100CbKo20 NOMeHyiany, 600CKOHANEHHS YNPAGIiHHS
ma cekmopHy opienmayito 011 3a0e3neuenHs. Cmano2o po3eUmKY ma ni020MmoeKU 6UNYCKHUKI@ 00
nompeb yugpoeoi ekoHoMiIKuU.

Knrwouosi cnoea: enposadicents inghopmayitinux mexnonoziu, euwja oceima, 06y0igenvHi
VHIgepcumemu, MpaHcnopmui yHigepcumemu, yugposa mpancgopmayis, IT-ynpasninns,
yughposi komnemenmuocmi, oceimui mexronocii, Inoycmpis 4.0/5.0, ananimuxka HaguanHs.
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