International Journal of Innovative Research and Scientific Studies, 8(6) 2025, pages: 2241-2251

International Journal of
Innovative Research and

ISSN: 2617-6548

NI e b
'll‘.‘.f;" /*
E’A [ve PR,

IJIRSS L s o

Internatianal laumal of nndvative fobro]
Research & Scientific Studies

Bridging the gap between intelligent transportation systems development and state decision-

making

Justina Hudenko?", Liga Millere-Kruma?, Inguna Jurgelane-Kaldava®

L23Governance and Security Institute, Riga Technical University, Riga, Latvia.

Corresponding author: Justina Hudenko (Email: justina.hudenko@gmail.com)

Abstract

This study addresses the ongoing disconnect between the rapid advancement of Intelligent Transportation Systems (ITS)
and their limited integration into transport policy and decision-making in Latvia. Despite global ITS progress, adoption at
national levels remains inconsistent, often due to structural, institutional, and educational barriers. A mixed-methods
approach was used, comprising (1) a systematic literature review of 57 open-access sources to identify global ITS trends,
(2) a comparative case study of Latvia’s ITS ecosystem against European and international best practices, and (3)
participatory action research with public authorities, industry associations, and academic institutions to co-develop practical
insights. Findings informed the redesign of the International Transport Management course at Riga Technical University
(RTU), addressing gaps that limit ITS adoption in governance. In the next phase, the revised curriculum was piloted
alongside stakeholder interviews, and a data-driven Transport Intervention Modelling (TIM) system was developed on
RTU’s High-Performance Computing platform. The TIM system supports both education and ITS development for policy
and industry. The study concludes that aligning ITS with governance requires both technical and institutional coordination.
Education reform, when embedded in a multi-stakeholder environment, can bridge the gap between innovation and policy.
The framework and interventions piloted in Latvia offer a scalable model for integrating ITS into strategic transport
governance elsewhere.
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1. Introduction

The transportation sector is experiencing a significant transformation driven by technological advancements,
sustainability goals, and the need for improved efficiency. The integration of ITS with technologies such as connected
vehicles, cloud computing, and the Internet of Things (IoT) has been crucial for optimising traffic flow and infrastructure
planning, emerging as a key focus over the past decade. These technologies aim to address issues such as traffic congestion,
high fuel prices, and CO: emissions, thereby improving road safety and efficiency. However, the sector faces challenges in
system modelling, data integration, and collaboration across institutions, industries, and international partners [1].

ITS is becoming more popular to address decision-making problems, but it requires overcoming computational
complexity and ensuring high reliability in large networks [2]. The digital transformation in the transport sector is hindered
by a lack of standards and cooperation among stakeholders, which affects data availability and integration with real-world
operations. Many case studies, including those in Latvia, demonstrated the importance of institutional, sectoral, and
international collaboration in developing multimodal ITS for optimising energy use and guiding efficient investments [3-6].
However, existing research rarely addresses the institutional and educational barriers that limit ITS adoption in national
policy-making, particularly in smaller or transitioning economies such as Latvia.

This study investigates these underexplored gaps and proposes solutions through the development of a cohesive
ecosystem that connects public authorities, industry stakeholders, and academia, with the education system as a
foundational platform. Specifically, this study aims to (1) identify institutional barriers to ITS adoption, (2) design
educational strategies to strengthen ITS governance, and (3) enhance academic—industry collaboration in Latvia. We
hypothesised that establishing and teaching a unified standard for data collection, processing, and exchange will enhance
ITS integration and improve decision-making processes.

This study is guided by the following research questions:

1.  What are the primary barriers preventing the integration of ITS developments into the transport sector’s decision-
making processes?

2. How can educational initiatives, particularly through transport management curriculum enhancements with digital
competencies, contribute to bridging the gap between ITS innovations and policy implementation?

3. What role does academic-industry collaboration play in enhancing the implementation of ITS in Latvia?

To address these questions, the study adopted a mixed-methods approach, comprising (1) a systematic literature review
to identify global ITS trends and barriers, (2) a comparative case study of Latvia’s ITS ecosystem in relation to European
and international best practices, and (3) participatory action research, conducted in collaboration with public authorities,
academic institutions, and industry associations. These phases informed the development of targeted curriculum
enhancements and a data-driven Transport Intervention Modelling (TIM) system to support both ITS governance and
education. Additionally, ex-post surveys were conducted to assess perceptions of ITS development among students and
industry professionals.

The remainder of the paper presents the methodology, followed by the results and a discussion of their implications for
transport governance and education policy.

2. Data and Methodology
2.1. Research Design

This study adopted a mixed-methods research design to enable triangulation across different types of data and
stakeholders. By combining theoretical insights with practical interventions, the study integrates three methodological
components: systematic literature review, comparative case study, and participatory action research. These were
strategically chosen to examine the problem from global, national, and stakeholder-specific perspectives.
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2.2. Data Collection Methods
A review of 57 peer-reviewed, open-access sources was conducted using Scopus and IEEE Xplore databases. Inclusion
criteria focused on:
e |ITS integration challenges and governance models;
o Data interoperability and emerging technologies;
e Educational frameworks supporting ITS-based decision-making.
Latvia’s ITS ecosystem was assessed against European and international best practices. Data sources included:
e  European Commission policy documents;
e  Grey literature on ITS deployment benchmarks;
e Thirteen stakeholder interviews, expert consultations, and workshops involving representatives from national
authorities, academia, and transport industry associations.
Educational innovations and the Transport Intervention Modelling (T1M) system were co-developed with stakeholders
and embedded into revised transport management curriculum modules. These revised modules were pilot-tested with
e 97 students (master level);
e 6 industry stakeholders, who participated in the educational program.

2.3. Data Analysis Techniques

Sources in the literature review were analysed using qualitative content analysis and thematic coding to identify cross-
cutting issues, knowledge gaps, and recurring patterns related to ITS governance and education.

A document analysis technique was applied using a structured coding frame to evaluate Latvia’s regulatory
frameworks, institutional structures, and public—private collaboration. Interview and workshop data were analysed using
thematic analysis. Triangulation across document data, expert input, and stakeholder perspectives ensured robustness and
validity of findings.

Structured survey responses were analysed using descriptive statistics to measure perceptions of curriculum relevance,
digital competence acquisition, and the applicability of ITS concepts to real-world decision-making.

2.4. Novelty and Contribution

The development of the TIM system, hosted on RTU’s high-performance computing (HPC) infrastructure, enables
data-driven simulations for educational and policy use. Unlike previous ITS studies that focus primarily on infrastructure
and technological deployment, this research introduces a governance-education integrated approach. The participatory
curriculum co-design and stakeholder engagement strategy are particularly novel in the context of post-transition EU
member states, where institutional inertia and educational fragmentation often hinder ITS adoption.

3. Findings
3.1. Systematic Literature Review

To better understand the challenges and opportunities in the integration of ITS developments into the transport sector’s
decision-making processes, a systematic literature review was conducted. This review examines key factors influencing
ITS ecosystems, including ITS integration challenges, data and technological interoperability, and educational frameworks
supporting 1TS-based decision-making.

ITS integration involves technological, legal, and governance issues. Alanazi and Alenezi [7] and Shukla, et al. [8]
concluded there are challenges of integrating ITS, including the need for seamless interoperability between 10T platforms,
cloud computing, and connected vehicles. These technologies must work together to enhance transportation network safety
and efficiency while addressing issues like traffic congestion and CO: emissions. Furthermore, the deployment of ITS
requires careful consideration of legal frameworks, which may not fully accommodate new technologies such as 5G and
I0T. Identifying gaps in current regulations and adapting them to support ITS is crucial for successful integration [9, 10].
Central governing authorities play a pivotal role in traffic management policies for connected vehicles. The level of control
exerted by these authorities can significantly impact network performance, requiring a balance between centralised control
and stakeholder autonomy [11].

ITS is at the forefront of modernising how we manage and interact with transportation networks. A critical aspect of
ITS is data interoperability and the technological advancements that facilitate cooperation among various components of
these systems.

Distributed ledger technologies (DLTSs), such as blockchain, are being explored to enhance data management in ITS
with Zichichi, et al. [12] and EIAmine [13]. They suggest that DLTs offer required features like immutability, traceability,
and verifiability of data, which are crucial for secure and efficient data sharing. Digital Twin (DT) technology is emerging
as a powerful tool in ITS, providing a virtual model of physical systems to address complex traffic issues. Ge & Qin, based
on the systematic review of the evidence, conclude that DT-ITS integrates data fusion, cooperative perception, and edge-
cloud collaboration to enhance service delivery and stakeholder engagement [14][.

These findings emphasise the necessity of developing shared knowledge frameworks and standardised systems to
facilitate effective communication and service delivery within cooperative, connected, and automated mobility
environments. Given the continuous advancements in standardisation, security, and multi-vendor integration, achieving
full-scale ITS implementation remains a complex challenge. Therefore, the establishment of a continuous knowledge
exchange and harmonisation platform should be regarded as a fundamental cornerstone in this process.
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The CAPITAL project, funded by the European Union Horizon 2020, has developed an online training platform to
address the knowledge gap in ITS and C-ITS (Cooperative Intelligent Transportation Systems). This platform focuses on
capacity building and offers massive open online courses to educate public authorities and other stakeholders about the
operation and impacts of ITS and C-ITS [15]. While the platform effectively addresses requirements of standardisation,
interoperability, and system integration, it does not sufficiently bridge the link between ITS and the decision-making
process. A critical gap remains in supporting authorities, who often lack even basic knowledge of data engineering, in
leveraging ITS data for informed policy and investment decisions. The concept of foundation intelligence is pivotal for the
future of smart infrastructure services in Transportation 5.0 as well [16].

The literature review supports our hypothesis, showing that focusing on training, capacity building, and the use of
modern technologies alongside stakeholder collaboration can improve cooperation and decision-making.

3.2. Examination of Existing ITS in Latvia

To evaluate Latvia’s ITS ecosystem in comparison to the best practices in European and global transport systems, a
comparative case study approach was utilised. The analysis focused on key dimensions, including open metadata, data
interoperability, geographical connections, and data architecture.
Table 1 Compares Latvian state entities, public and private company harmonisation of ITS.

Table 1.
Harmonisation of ITS Provided in Latvia.

ITS features

Entity ITS Open Meta Geo-graphical Data inter- | Architecture
data Links operability

Rigas Satiksme e-talon v n/d n/d X

Latvian State Roads | Ivceli.lv v v v v

Road Traffic Safety |, .4y n/d n/d n/d n/d

Directorate

Latvian Railways OPVS, RNE n/d n/d n/d n/d

ViVi trainmap n/d v v n/d

Riga International Airport Operations v v v X

Airport Management Systems

Riga Seaport SKLOIS, VTMS, PCS v v X

Latvian Ministry of
Transport No name (ArcGIS) X

Source: v — ITS features are accessible; x - ITS features are not accessible; n/d - ITS features are not defined.

x
x
x

Table 1 identifies significant gaps evidenced from the previous studies that persist in the development and
implementation of cooperation in Latvian ITS, particularly in data standardisation, interoperability, and intersectoral
consistency:

e Most entities continue to rely on fragmented and incompatible data systems. The absence of standardised data
formats inhibits seamless data exchange, creating inefficiencies in system coordination and integration [17].

o Disparities in geographical feature adoption across entities result in data inconsistencies, limiting the ability to
provide accurate real-time monitoring and predictive analytics [18].

e Interoperability remains a major challenge, with many ITS operators lacking frameworks for cross-sectoral data
exchange [19].

e Entities deploy ITS features without integrating them into broader transportation sector objectives, leading to
inefficiencies and missed opportunities for strategic optimisation [20].

To address these gaps and enhance the integration of data-driven decision-making in ITS, we recognised the need to
strengthen education and industry collaboration. Consequently, we upgraded the International Transportation Management
course to bridge the disconnect between decision-making, data analysis, and data engineering, ensuring that both students
and industry professionals develop the necessary competencies to navigate and optimise modern transportation ecosystems.
The next section explores the implemented innovations in the educational process and presents the results of their testing.

3.3. Implementation and Evaluation of Educational Innovations in ITS

The International Transport Management course at RTU (Riga Technical University) aims to equip students with a
comprehensive understanding of decision-making processes in the organisation of international transportation and develop
their ability to make economically sound decisions. The previous version of the course focused on the following core
learning outcomes:

e Analysis of international transport processes and the ability to assess associated challenges.

o Familiarity with international transport organisation methods and their practical applications.

o Evaluation of terminal locations in relation to transport time planning.
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o In-depth knowledge of international transport processes and the ability to select appropriate solutions for improving

business performance.

While these outcomes provided a solid theoretical foundation, they lacked a digital and data-driven approach, which is
crucial for modern ITS integration. The course also did not adequately address data engineering, real-time analytics, or
predictive modelling, all of which are essential for informed decision-making in the transport sector.

To bridge these gaps, the course was transformed into a modern, digitally enhanced learning program incorporating
situational simulations and real-world case studies for both students and industry participants.

Figure 1 depicts a collaborative framework for future decision-making, emphasising the integration of diverse roles and
methodologies to bridge the gap between data insights from and to ITS and actionable strategies.

Decision-maker

Explores and solves
challenges, bridges

Va ”‘t’é’sltes to data and business J&;Llegfrgiﬁ’ss
Trinagulation SN Service maps
"Storyboards"

Analyses and Builds and
interprets “Supports "a data
complex digital ~ pipe" and all
data to extract S = associated
or discover 2 - software
knowledge and EDA _engineering
. assistto Data frames infrastructure
ecision-making Programming tasks
Data Deta
scientist RrEmesr

Figure 1.
A conceptual model of the professional standards in data-driven decision-making.

This visual represents a structured approach to decision-making in a future context for both business and governmental
authorities. It highlights the importance of interdisciplinary collaboration, robust data infrastructure, and rigorous analytical
methods in shaping the future of decision-making. It emphasises a shift towards a more data-centric and evidence-based
approach, where insights derived from data are translated into actionable strategies through the combined expertise of
business stakeholders, data scientists, and data engineers.

The following key improvements were made in the course:

1. Implementation of the Face-to-Face Driver Model (FFDM): A blended learning approach combining traditional
lectures with digital simulation-based training was introduced. This implementation was driven by the need to
address the highly diverse digital competencies observed both within the industry and among student groups,
ensuring that all participants could effectively engage with the learning process regardless of their prior technical
expertise.

2. Use of interactive textbooks and built-in assessments: These resources integrate theoretical knowledge with practical
applications of digital tools for transport management.

3. Simulation of transport organisation scenarios in the contexts of already developed simulation models: Students
engage with complex logistics scenarios to apply their knowledge in real-world decision-making environments.

The curriculum of the course was enhanced with advanced ITS methodologies, ensuring that students and industry
stakeholders develop digital competencies relevant to the modern transport industry. Table 2 outlines the primary changes.
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Table 2.
Course Content Enhancements.
Existing Content Improved Content Digital Tools and Technologies
. . International legal framework for Open-source tools for contract
Incoterms, conventions, regulations, o ; L
. - transport; digital contract analysis, document verification
licences, permits
management systems
International transport route planning Economic geography, gravity models | GIS-based spatial analysis tools
Sunply chains and logistics Modern digital communication and Blockchain-based supply chain
PRy g electronic collaboration tracking systems
. Intermodal and multimodal transport | Digital freight platforms, Al-driven
Transport mode selection . -
solutions transport selection tools, HPC
Infrastructure development in Latvia Transport policy impact assessment Simulation-based transport policy
and worldwide and infrastructure planning modelling
International transport operations ESG in transport and logistics Cyberse_cyrlty and other ”Slf analysis
and decision-support reporting

The curriculum of the course was developed in close collaboration with industry experts through semi-structured
interviews. These discussions provided valuable insights into the industry's needs, allowing for necessary adjustments to
ensure the course content aligns with real-world challenges and competencies required in the field.

The course was piloted during the 2023/2024 academic year with two participant groups: master students (103
participants) and industry professionals (7 participants). To ensure both groups developed a strong foundation in ITS
decision-making, preparing them for roles in policymaking, logistics management, and smart mobility solutions,
participants were interviewed, and their feedback was incorporated into the lecture materials. The course was continuously
revised to incorporate ITS-based decision-making frameworks. Key enhancements include:

e Integration of Transport Intervention Modelling: A real-world simulation-based approach to decision-making on
state interventions enabling students to assess the impact of transport policy interventions, based on existing open-
access ITS data.

e Focus on geodata-driven policymaking: Students now gain expertise in geospatial analysis (GI1S), big data analytics,
and machine learning for transport applications.

o Real-world case studies and collaborations: Industry case studies and partnerships with state and private transport
enterprises enhance practical learning.

e Public-private policy workshops: Direct engagement with state institutions allows students to contribute to ongoing
national transport policy discussions.

While the course was piloted, it was observed that students with prior experience in the transport sector were better

equipped to handle data gathering and make well-informed decisions. This situation highlights the need for RTU to develop
additional courses for students who are lacking this knowledge.

3.4. Establishing a Cooperative ITS Ecosystem

To strengthen the real-world relevance of the course, partnerships were established with Latvian state authorities, RTU,

and private sector associations. This collaboration is aimed at providing:

¢ Preparation for real-world transport data utilisation. Both new-entry students and industry professionals gained an
understanding of existing transport databases, ITS capabilities, and potential developments, enabling them to apply
real-world data imperfections in case studies and simulations.

e Engagement in policy workshops. These workshops facilitated knowledge exchange, allowing policymakers to grasp
advancements in C-ITS from RTU data scientists while also considering practical constraints highlighted by
industry professionals. This interaction is helpful in integrating up-to-date transport regulations into decision-
making.

e Practical training with digital infrastructure. Participants of the ecosystem, including both students and industry
professionals, acquired hands-on experience with industry-standard digital tools, ensuring they develop practical,
sector-relevant skills for modern transport management and planning.

Further in this section we disclose our ongoing discussion on the organisation of the C-ITS ecosystem within these three

areas of common interest.

Figure 2 presents the data flow in C-ITS, showcasing how data from various ITS sources are ingested, processed, and

transformed into actionable insights for decision-makers.
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Figure 2.
A conceptual model framework of data integration in C-ITS.

Figure 2 highlights the integration of diverse ITS data sources, including e-ticketing, roadside sensors, mobile devices,
and smart infrastructure. This data is aggregated into a data lake, where it undergoes stream processing, ingestion, and ETL
(Extract, Transform, Load) processes. These steps ensure that raw transport data is standardised, structured, and made
available for data analysts, business intelligence (BI) tools, monitoring systems, and real-time decision-making
applications.

During ex-ante interviews and ex-post surveys, we observed significant differences between students’ and industry
professionals’ perceptions of ideal transport data attributes and the actual characteristics of available data. Therefore, prior
training in data mining, ingestion, and data fusion is essential before working with real-world data to improve the
efficiency, safety, and sustainability of transportation systems while also preventing the overestimation of potential
outcomes.

Our practical study supports previous research on the main challenges in C-ITS, including data fusion, real-time
processing, interoperability, security, and adaptive learning. Some of these issues can be addressed through better education
in transport management. For example, while most students and policymakers support using GPS and mobile device data,
they do not always recognise the difficulties involved. Understanding these challenges can help develop a common
framework to manage different types of data while ensuring accuracy and timely processing for filtering, decision-making,
and evaluation—Kkey steps in the data fusion process [21]. Similarly, there is a common belief that real-time data processing
is straightforward, but our study confirms earlier findings by Naval, et al. [22] and Kunijir, et al. [23] which show that it
requires strong infrastructure to handle large amounts of data with low delay. However, ensuring real-time insights remains
a major challenge, especially in Latvia’s transport systems.

Before this study, data management and security concerns were not widely discussed. Even though state-provided
solutions exist for managing large datasets, most stakeholders still use their own data storage systems. Our research
supports Zhu, et al. [24] findings, highlighting the importance of data quality, security, and privacy. Without proper
management systems, risks like data breaches and incorrect insights could reduce the effectiveness of C-ITS.

Finally, C-ITS models must keep adapting to changes in transport systems. Our study supports earlier research by
Lafia, et al. [25] which emphasises the need for advanced learning algorithms. This requires including scientific approaches
in new collaborations between academia, industry, and policymakers.

The introduction of a cooperative platform on ITS enhances decision-making by providing valuable insights into the
datasets required for policy and operational planning. It helps address issues related to disproportionate and sometimes
inefficient data collection while creating opportunities for digital twin development—establishing feedback loops between
real-world transport systems and ITS-driven decision models. Additionally, C-ITS supports the development of predictive
models to assess the effectiveness of state interventions in the transport sector. Figure 3 depicts these opportunities.
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Inference and Prediction in Cooperative ITS.

Therefore, our practical observations support that active communication and coordination among stakeholders are
crucial for effective decision-making, ensuring a cohesive and efficient transport system [26]. Integrating policies can
provide timely insights from government authorities to both current and future transport system participants, aligning them
with long-term goals related to CO- emissions reduction, resource efficiency, and social equity [27].

Last but not least, the partnership between Latvian state authorities, RTU, and private sector associations provided an
opportunity to test and develop the research infrastructure shown in Figure 4.
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While C-ITS relies on advanced data analytics to improve traffic flow, safety, and system efficiency, the increasing
complexity of mobility data requires robust computational power, which HPC provides through parallel processing and
efficient resource management. Figure 4 illustrates the role of HPC in supporting C-I1TS, highlighting key components such
as GPU clusters, storage systems, and scheduling tools provided by RTU and promoted through educational processes and
ecosystem development to the transport industry.

The integration of HPC potential enables further developments in the processing of large-scale transportation datasets,
facilitating the development of predictive models and digital twins that improve decision-making and state intervention
evaluation [28, 29]. However, the implementation of HPC in C-ITS during our examination remains challenging due to
complex system integration and the need for specialised expertise in both transportation and high-performance computing
domains.
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4. Discussions

The systematic literature review highlighted critical gaps in the integration of ITS into decision-making processes,
including challenges related to interoperability, standardisation, legal frameworks, and education. Our empirical
examination of Latvia’s ITS ecosystem and the educational innovations piloted at RTU offer concrete contributions toward
addressing these issues. This discussion synthesises our findings with current literature and recent research to demonstrate
how real-world educational and policy-driven interventions can contribute to bridging the disconnect between ITS
capabilities and strategic decision-making.

Our case study revealed a fragmented system with inconsistent adoption of metadata standards, data architecture, and
geographical tagging. These findings align with prior studies [7, 8] that emphasise the critical need for interoperable ITS
ecosystems. As observed, many Latvian entities continue to function independently with limited interagency coordination,
lacking the unified frameworks needed for effective data exchange. This is consistent with Kummetha, et al. [30] study,
which highlights rapid progress through open standards such as Transport Operator Mobility-as-a-Service Provider,
Mobility Data Specification, General On-Demand Feed Specification, and Transactional Data Specification, and exposes
persistent barriers rooted in regulatory fragmentation, governance limitations, and uneven digital maturity. Thus we
challenge earlier assumptions [12] that technological readiness alone can enable effective ITS deployment. Without robust
human capital and cross-disciplinary knowledge, data infrastructure remains underutilised. The transformation of the
International Transport Management course at RTU directly addressed previously identified gaps in multidisciplinary
educational preparedness.

Coherent with previous literature [9, 11] our analysis confirms that ITS deployment in Latvia is hindered by unclear
legal frameworks, especially concerning cross-modal data exchange. The Ministry of Transport, for example, lacks an
active ITS framework for railways and low-emission transport, resulting in missed opportunities for combined transport
integration and long-term infrastructure planning for sustainable transport. The implementation of simulation-based
training and transport intervention modelling equips students and professionals with practical competencies for real-time
and predictive decision-making in ITS contexts.

Our observations reinforce recent findings by Naval, et al. [22]] and Kunijir, et al. [23] which highlight the critical role
of high-performance computing in supporting real-time analytics. This contrasts with studies [31, 32] promoting
lightweight edge solutions, which argue that real-time processing can be achieved without large-scale HPC investment. The
divergence suggests that while edge systems may suffice for local-level I1TS functions, national-level predictive modelling
and digital twin simulations still require centralised, high-capacity computing infrastructure.

Despite growing concerns in the literature about ITS-related cybersecurity and data privacy risks [24] these issues
remain largely neglected in Latvia’s transport data governance. Our findings show that most stakeholders continue to rely
on internal databases and ad hoc security measures. The lack of centralised governance and standard practices mirrors
issues raised by ElAmine [13] who stresses the necessity of blockchain and DLTs in ensuring data verifiability and
traceability.

Interestingly, however, our fieldwork did not support claims that DLTs are easily applicable in current transport
ecosystems. While they provide theoretical advantages, their implementation requires significant infrastructural and legal
adaptation, which is currently beyond the scope of most Latvian entities.

One of the key innovations of this study is the creation of a cooperative ITS ecosystem that integrates students,
industry professionals, state authorities, and researchers into a common decision-making framework. This model reflects
best practices seen in projects such as TM2.0 and C-Roads, which promote collaborative governance models for ITS
deployment.

However, we also noted resistance from some industry actors who questioned the practical relevance of academic
approaches. This points to a remaining cultural gap between applied research and business practice, which can only be
bridged through sustained engagement, co-creation of tools, and tangible policy outcomes.

5. Conclusions

This study investigated the persistent disconnect between the technical potential of ITS and their integration into
strategic transport decision-making, with a specific focus on Latvia. Building on a systematic literature review and a
mixed-methods case study, we identified core challenges, such as data interoperability gaps, inconsistent standards,
fragmented governance, and insufficient cross-disciplinary education, that continue to limit the effectiveness of ITS in real-
world contexts.

To address these barriers, we piloted a curricular reform of the International Transport Management course at Riga
Technical University, incorporating digital tools, real-world case analysis, and collaborative projects. The developed
cooperative ecosystem, which linked academia, state authorities, and the workforce, further reinforced the integration of
data analysis, engineering knowledge, and policy considerations.

5.1. Implications

Our findings emphasise that ITS adoption is not merely a technical challenge but a socio-technical transformation
requiring institutional alignment, policy support, and human capital development. The RTU educational model illustrates
how university-led interventions can foster practical competencies in transport intervention modelling and real-time
decision-making. Moreover, the Latvian case underscores the importance of localised, context-sensitive strategies
alongside broader standardisation efforts to overcome uneven digital maturity and regulatory fragmentation.
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These results contribute to growing evidence that industry—academia partnerships can accelerate ITS integration in
public governance. The curriculum reform offers a scalable template for other regions navigating similar interoperability
and governance bottlenecks.

5.2. Limitations

While the study provides valuable insights, it is limited by its national scope and early-stage implementation. The long-
term effectiveness of the reforms, particularly regarding interoperability improvements and workforce outcomes, remains
to be assessed. Additionally, perspectives from international stakeholders, end users, or multi-country comparisons were
not within the scope of this phase but are important for generalisation.

5.3. Future Research

Future studies should evaluate the longitudinal impact of the RTU reforms by tracking graduate career trajectories,
analysing institutional uptake of ITS tools, and monitoring progress in standard adoption. Further research is also needed to
explore how similar education-policy collaborations can be scaled across the European ITS landscape, particularly in low-
and middle-income countries or less digitally mature regions.

By strengthening the interface between education, governance, and data systems, we argue that ITS can fulfil its
promise as a driver of smarter, more sustainable transport solutions.
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