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EXECUTIVE SUMMARY

Deliverable D2.1, Mapping the Ecosystem of Technical Job Profiles in the Balkan Region, identifies key areas for
curriculum development aimed at aligning vocational education with the needs of the labour market. Drawing
on data from lItaly, Bosnia and Herzegovina, Montenegro, and Romania, the report adopts a regional approach
to ensure training programmes are relevant, future-oriented, and responsive to industry demands.

The study, with the University Sarajevo School of Science and Technology playing a key role in curriculum
development, seeks to ensure that the content is up-to-date, accessible, and reflective of the digital and
technological shifts impacting the workforce. To achieve this, the project includes the creation of a
comprehensive database, a review of existing literature on labour market trends and skills, and the
administration of surveys to both companies and TVET institutions. The resulting analysis will provide a solid
foundation for developing curricula that effectively support skills development and employability across the
region.

This deliverable has been revised based on the Project Officer recommendation, and the stakeholder list has
been updated based on the work carried out to date
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ABBREVIATIONS

EU European Union
HR Human Resources
NGO Non-Governmental organisations
SME Small Medium Enterprise
TVET Technical and Vocational Education and Training
VET Vocational Education and Training
WB EDIF Western Balkans Enterprise Development and Innovation Facility
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The substantial SME characteristics and role in most Western Balkan economies, Italy and Romania, and the
corresponding challenges they face regarding the adoption of advanced production and digitalisation
technologies will be examined. The research activities of relevant public research or vocational training
organisations in these areas, as well as SME awareness, available sources, capacity and efficiency in coping with
competitive pressures, will be investigated. The focus will be on the requirement for up-skilling of certain
competences and the potential capacity for skill mismatch and skill gaps. Innovative solutions recently discovered
and planned to be developed will also be explored. All the above will be of interest and of help to policy makers
in shaping a combined and efficient approach to the promotion of a favourable setting guaranteeing smart,
sustainable and inclusive growth at regional level. Tested in a common area and in intelligent synergistic efforts,
decentralised decisions from a VET point of view, catering for vocational training partnership initiation and
management by Western Balkans promotion, may benefit the job market in general and advanced technological
solution providers as well as users of SMEs in particular. The findings of the present work will be based on the
outputs of a comprehensive literature review on the identified areas. This Deliverable aims to offer to readers
with an interest on the above subject a clear and compact view of the expected major research insights and
results.

Recently, there appears to be a growing concern in the role and the significance of SMEs for regional economic
growth and development. As a result, SMEs have gained increasing attention due to their contribution to a wide
range of socio-economic fields such as innovation and job creation, new market openings, and entrepreneurship.
In addition, rural SMEs often invest in more conventional sectors and in enterprises and have more modestly
skilled owners. On the other hand, rural areas remain underserved by broadband, which is another impediment
to business innovation and development. Concerns for job quality and worker conditions in SMEs are also on the
rise. As a response to the need to maintain or improve overall competitiveness in the economy, most companies,
and in particular SMEs, have been called on to constantly adapt to new market conditions. Such adaptation often
requires upgrading products and production processes through the introduction of advanced technology,
including digitalisation and robotic technologies. Since 2010, it has been observed that the pace of SMEs
introducing advanced technology has accelerated, increasing labour productivity and the competitiveness of
European SMEs. In the context of competition and the challenge of creating promising products in short
development periods, companies need to be equipped with innovative manufacturing solutions. Aware of such
constraints, many manufacturing companies, especially SMEs, are looking for new innovative and cost-effective
solutions to improve productivity and flexibility, while maintaining production quality and efficiency. In this
context, cobots appear as a new cost-effective automation version. While accommodating traditional industrial
robots in the market it is necessary to develop safety measures to function in production areas. For some years
the need for the widespread use of collaborative robots in the industry has increasingly demonstrated that they
can improve the efficiency and productivity of the workforce and have an important impact on business
sustainability. This concern in the Industrial Management Literature is shown mainly from two viewpoints. So
there is one branch that examines the low usability of development or the rigidity of the traditional industrial
robots focusing on the difficulties of their use in frequent changes of production in small volumes or in companies
that produce different products in the same production line. On the other hand, a different rhythm analyses the
ways it can operate with cobots to achieve improved business performance by carrying out specific or demanding
tasks on them. Lastly, the related efforts of work on the important role played by collaboration in the trading,
building an open informational cohabitation environment between robot and worker that will be a direct way to
enhance productivity by reducing undue movements and time delays in the production process are being
examined. However, the introduction of advanced production and digitisation technologies in SMEs is more
difficult because of limited organisational capacity and in-house knowledge that has proven to be the biggest
barrier to digital technology adoption. The majority of European SMEs are invested in conventional and low-tech
industrial sectors and complain that information on advanced technology opportunities and their benefits is
lacking. So as not to fall behind competition, SMEs realise the importance of upgrading their production tools
and developing new products of high added value; therefore, there is also a strong need for specialised training
to master the operation and maintenance of new machines and equipment. SMEs often claim skill shortages as
an important obstacle in the adoption of advanced technology. At the same time the industrial digitalisation
revolution has occurred and entails a transformation of the entire economy that could lead to improved
productivity, reduced production costs, a smaller need for energy and other resources, and less environmental
impact. In the post-covid era the public support for SMEs will be expected to increase notably, and part of this
support has to be channelled to the enhancement of the digital skills.
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The objective of this study is to analyse the current state of vocational education and training (VET) in relation to
digitalisation, workforce skills, and labour market demands in Bosnia and Herzegovina, Montenegro, Romania,
and Italy. The analysis focuses on the interconnected network of stakeholders, institutions, policies,
technologies, and socio-economic conditions that influence the provision, accessibility, and relevance of VET.
This includes, but is not limited to, vocational schools and training centres, employers, public authorities, digital
infrastructure, educational frameworks, and labour market trends. The study seeks to identify existing challenges
and opportunities, as well as to understand how these factors interact to support or hinder the development of
digital and green skills within the workforce.

2.1 METHODOLOGICAL STEPS

Step 1: Development of an Institutional Database

Objective: To establish a comprehensive database of relevant institutions and organisations engaged
in the development of Vocational Education and Training (VET) programmes and the employment of
VET students in Italy, Romania, Bosnia and Herzegovina, and Montenegro.

Activities: Identification and compilation of relevant institutions and organisations involved in the
VET ecosystem, including governmental bodies, non-governmental organisations, academic
institutions, VET providers, and industry representatives or associations, particularly those
representing small and medium-sized enterprises (SMEs).

Development of an Excel-based database to catalogue these entities, including the following fields:
Name of Institution/Organisation, Country, Type of Institution (e.g., governmental, SME association,
educational) Contact Information (email, telephone number, address), Areas of Expertise/Focus (e.g.,
digitalisation, workforce development, employment, sustainability).

2.2 SCIENTIFIC REVIEW OF DOCUMENTS

Objective: To evaluate the current state of digitalisation, workforce competencies, and labour market
needs in the Western Balkans, Romania, and Italy.

Activities: Collection and review of academic literature, policy frameworks, governmental reports,
and industry white papers. Thematic classification of documents under the following categories:
Trends in digital transformation Gaps in workforce skills Emerging labour market requirements
Content analysis to identify region-specific patterns, challenges, and opportunities. Structured
summary of key findings to inform subsequent phases of the research.

2.3 QUESTIONNAIRE-BASED SURVEYS

Objective:

To collect quantitative data on perceptions and practices related to workforce
competencies, digitalisation, and sustainability within the VET context

To assess the perceived need for and experience of collaboration between SMEs and TVET
institutions.
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e  Activities:

= Survey of SMEs
= Survey of TVET Organisations

e Target Audiences:

= SMEs, industry associations, and related sectors (for company survey)
= TVET schools and training providers (for institutional survey)

e  Activities:

= Design of structured questionnaires comprising closed questions utilising a 5-point Likert
scale (e.g., from "Strongly Disagree" to "Strongly Agree").

= Inclusion of the following thematic areas:

= Significance of digital skills in current business operations

= Satisfaction with existing workforce competencies

= Challenges in aligning with labour market requirements

= Awareness of collaborative robotic technologies (both spontaneous and prompted)

= If aware: current staff expertise and training needs

= If unaware: interest in receiving further information

= Willingness to host VET students for internships

= Perceived effectiveness of current VET systems

e Dissemination of the questionnaires through:

= Email communication

= Online survey tools

= Partnerships with professional associations and networks

= Encouragement to target key organisational stakeholders, such as managers, HR
professionals, and sustainability officers

e Data Analysis: Survey data will be subjected to statistical analysis to identify prevailing trends,
correlations, and regional divergences.
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While the potential benefits of cobots are well-articulated, many authors highlight the challenges associated with
their implementation. One of the primary concerns is the complexity involved in task allocation and
programming. This is particularly relevant in the context of Bosnia and Herzegovina and Montenegro, where the
need for vocational training and digital skills is paramount (Schwendimann, B. A., De Wever, B., Himaldinen, R.,
& Cattaneo, A. 2018, Li, L., 2022, Schnell, M., & Holm, M., 2022). Many articles presented underscores the
importance of developing robust training programs that can equip workers with the necessary skills to operate
and program cobots effectively. This need aligns with the broader trends of digital transformation in the
workplace, where employees must adapt to new technologies and processes.

Furthermore, different studies (Jennes & Di Minin, 2023, Schnell, M., & Holm, M., 2022, Lambrechts, W., Klaver,
J. S., Koudijzer, L., & Semeijn, 2021) emphasise the economic implications of cobot deployment, noting that the
costs associated with programming can constitute a significant portion of automation project budgets. This
aspect is critical for countries like Western Balkans where economic constraints may limit investment in advanced
technologies. As new players enter the collaborative robot market, pricing pressure may alleviate some of these
costs, potentially making cobots more accessible to industries in these regions.

Many researchers also touch on the ergonomic benefits of cobots, particularly for older workers who may face
increased risks of musculoskeletal disorders. This point is particularly relevant in the context of labour
demographics in the mentioned countries, where an aging workforce poses challenges for many sectors. By
reducing the physical and cognitive load on workers, cobots could facilitate a more sustainable workforce,
allowing older employees to remain productive longer.

The article "Hybrid Approach to Automation, RPA and Machine Learning: a Method for the Human-centered
Design of Software Robots" by Kope¢ et al. (Kope¢ et al., 2018) presents a comprehensive exploration of the
integration of Robotic Process Automation (RPA) within the framework of Industry 4.0, particularly emphasising
the human-centered design of software robots. The authors suggest that the transition to automated processes
can lead to the displacement of traditional jobs, which is particularly relevant for the countries examined. The
authors advocate for a hybrid approach that not only focuses on the technical aspects of RPA but also actively
involves human participants in the design and maintenance of these technologies. This participatory design
model is posited as a means to mitigate the adverse effects of automation on the workforce by transforming
menial job roles into higher-skilled positions. This is crucial in regions where vocational training and digital
skills are still developing, as it aligns with the need for workforce adaptation in the face of evolving technological
landscapes. This approach will not only empower individuals but also ensures that the automation processes are
tailored to the specific operational realities of businesses in these countries.

Moreover, the authors highlight the importance of integrating artificial intelligence methods and tools to
facilitate this transition. The incorporation of collaborative machine learning in the cloud is presented as a means
to support workers in their new roles, enabling them to supervise and contribute to the machine learning
processes that underpin the software robots. This aspect is particularly relevant in the context of the metaverse,
where digital skills are paramount, and the ability to engage with advanced technologies can significantly impact
employment opportunities.

The article "A virtual reality environment for training operators for assembly tasks involving human-cobot
interactions" by Amezua Hormaza (Amezua Hormaza, 2019) presents a comprehensive exploration of the
necessity for effective training methods in the context of human-robot collaboration, specifically focusing on
collaborative robots (cobots). The author outlines the significant benefits that cobots bring to industrial
processes, such as reducing operator fatigue and stress. However, the article highlights a critical barrier to the
successful integration of cobots in the workforce: the need for operators to develop trust and comfort in
working alongside these machines.

The psychological barrier that may arise from the process necessitates the development of training methods that
not only educate operators about the functionality of cobots but also foster a sense of confidence and
competence in their interactions with these machines. The article proposes an off-the-job training model that
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incorporates class lectures and simulations, with a particular focus on the advantages of Metaverse
environments over traditional training methods, such as PowerPoint presentations.

The experimental results presented in the article are particularly noteworthy, indicating that operators who
underwent training in a 3D virtual environment exhibited superior cognitive performance and reactions in
emergency situations compared to those trained through conventional methods. This finding underscores the
effectiveness of immersive training experiences in enhancing operator preparedness and trust in cobots, which
is crucial for the successful implementation of such technology in industrial settings.

In the context we are examining, the insights from this article are particularly relevant. As these countries strive
to advance their vocational training systems and integrate digital skills into their workforce, the adoption of
innovative training methodologies, such as those utilising virtual reality, could significantly enhance the readiness
of operators to work alongside cobots. The emphasis on building trust through simulation training aligns with
the growing need for skilled labour in the region, particularly as industries increasingly adopt automation
technologies.

The article "Co-Robots as Care Robots" by Oliver Bendel (Bendel, 2020) provides a comprehensive overview of
the role of cooperation and collaborative robots, commonly referred to as cobots, in the care sector. The author
emphasises the increasing reliance on cobots for specific tasks in care and therapy, highlighting their potential
to enhance both efficiency and quality of care. This focus on cobots is particularly relevant in the context of the
evolving needs of the countries we are focusing on, where vocational training and digital skills are crucial for
integrating such technologies into the workforce.

The article notes that cobots are designed to work closely with human colleagues, which is essential in
environments where collaboration is key. This aspect of cobots could be particularly beneficial in the context of
vocational training programs in Bosnia and Herzegovina, Montenegro, and Romania, as they could help bridge
the gap between traditional caregiving roles and the technological advancements in the field.

Furthermore, Bendel highlights the advancements in the design and programming of lightweight cobots, which
are crucial for ensuring safety and efficiency in production and logistics. This is an important consideration for
countries in the region that may be looking to modernise their industries and improve their service sectors. The
integration of cobots into vocational training curricula could provide future workers with the necessary digital
skills to operate and collaborate with these machines effectively.

A critical evaluation of the material reveals that while the article effectively outlines the potential benefits of
cobots, it falls short in addressing the specific vocational training and digital skills required for the workforce in
the regions of interest. The successful implementation of cobots necessitates a workforce that is not only familiar
with robotic technologies but also skilled in digital competencies that enable them to operate and collaborate
with these machines effectively.

The implications of the studies abovementioned are particularly pertinent for regions such as Bosnia and
Herzegovina, Montenegro, where the integration of cobots into production processes may be hindered by a lack
of skilled labour. Many authors highlight the necessity for vocational training programs that focus not only on
traditional manufacturing skills but also on digital competencies that enable workers to effectively collaborate
with advanced technologies. This aligns with the broader trend of digital transformation in the workforce, where
familiarity with automated systems and digital tools is becoming increasingly essential.

Moreover, the concept of utilising the metaverse for training and skill development presents an exciting avenue
for enhancing the workforce's capabilities in these Regions. By leveraging immersive technologies, vocational
training can become more engaging and effective, allowing operators to practice and refine their skills in a virtual
environment before applying them in real-world scenarios. This approach could bridge the existing skills gap and
prepare workers for the demands of modern manufacturing, where cobots are likely to play a significant role.

The body of research in this area is still nascent, with a limited number of studies published to date.

One of the key insights of the articles examined is that they underscore the importance of understanding
ergonomic principles and task allocation strategies in the context of cobot implementation. Training programs in
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these regions could greatly benefit from incorporating such concepts, ensuring that future workers are equipped
with the necessary digital skills to operate effectively alongside robots.

Moreover, the analysis of simulation technologies and their role in predicting human actions and intentions is
particularly relevant for the development of digital skills. This indicates a potential area for vocational training
initiatives to focus on, as familiarity with these platforms could enhance the employability of individuals in a
rapidly evolving job market influenced by automation and digital technologies.

3.1 VOCATIONAL  TRAINING IN BOSNIA  AND
HERZEGOVINA

The exploration of collaborative robots (cobots) and their integration into various sectors has gained significant
traction in recent years, particularly in the context of enhancing productivity and improving working conditions.
(Vergara et al., 2018) highlight the dual potential of cobots to assist assembly operators by alleviating both
physical and cognitive burdens, particularly in industries facing an aging workforce. Their findings underscore the
necessity for effective programming and deployment strategies to maximise the benefits of cobots, which could
be crucial for regions like Bosnia and Herzegovina, Montenegro, and Romania, where workforce demographics
may present unique challenges.

Kopec further delves into the implications of automation (Kope¢ et al., 2018), particularly through Robotic
Process Automation (RPA) and its integration within a human-centered design framework. They emphasise the
importance of addressing the social impacts of automation, advocating for a hybrid approach that transforms
menial jobs into higher-skilled positions. This perspective is vital for vocational training initiatives in the
aforementioned countries, as it suggests a pathway to empower workers amidst technological advancements.

In a practical application of cobots, (Amezua Hormaza, 2019) discusses the design of training methods for
operators engaging in human-cobot interactions. The study illustrates the significance of building operator
confidence through training simulations, which could enhance the effectiveness of cobots in industrial settings.
This approach is particularly relevant for vocational training programs that aim to equip the workforce with the
necessary digital skills to thrive in a collaborative environment.

The study of Kumar Murali et al., (2020) contributes to the discourse by presenting a flexible human-robot
collaboration model, which addresses the critical bottleneck of developing algorithms that facilitate seamless
interaction between humans and robots. This research highlights the need for practical solutions that can be
implemented in manufacturing environments, aligning with the vocational training needs for a skilled workforce
capable of navigating advanced technologies.

The evolving landscape of cobot applications is further explored by (Schmidt & Meitinger, 2023) who propose a
user-centered approach to delegating high-level tasks to cobots. Their findings indicate that bridging the
communication gap between operators and cobots is essential for efficient operation, underscoring the
importance of training programs that focus on enhancing digital competencies among workers.

Finally, Shaaban et al., (2023) provides a comprehensive analysis of digital twins in the context of human-robot
collaboration, emphasising their potential in enhancing training and operational efficiency. Their work highlights
the importance of integrating advanced simulation technologies, such as augmented and virtual reality, into
vocational training curricula, particularly for regions like Bosnia and Herzegovina and Montenegro, where the
adaptation of digital skills is crucial for future workforce readiness.

Overall, the literature reflects a multifaceted approach to understanding the interplay between cobots,
vocational training, and the development of digital skills, particularly in the context of the metaverse, thereby
providing a robust foundation for further exploration and implementation in the specified regions.

In Bosnia and Herzegovina Vocational Education and Training (VET) qualifications are organised in alignment with
the educational levels prescribed by VET Law No. 15/2017. These qualifications adhere to various structural
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formats, such as 2+1+1 years, 2+2 years, and four-year programs. Program duration range from one to four years,
with the 2+1+1 format being the most prevalent. This structure involves two years of foundational vocational
training, followed by one year of specialisation and an additional year of skill consolidation. Programmes in fields
like business administration, information and communication technology (ICT), and forestry typically follow a
2+2 framework, leading to a Technician or Middle Manager certification. For certain professions, including
geodesy, veterinary services, and elderly care, a four-year program structure is available. Graduates attaining
qualifications at Albanian Qualification Framework (AQF) Level 4 are eligible to sit for the Professional State
Matura examinations, which are administered jointly by the Ministry of Education and Sports (MES) and the
Ministry of Finance and Economy (MFE). Successful candidates receive a Professional State Matura Diploma,
which not only facilitates access to tertiary education but also qualifies them for Level 5 post-secondary VET
programs. The public VET infrastructure is composed of 34 vocational schools and 10 public Vocational Training
centres (VTCs) distributed across 12 regions. Meanwhile, the private VET sector consists of 8 vocational schools
and approximately 987 licensed VTCs. (Data from: Regional VET Environment Scan, University Sarajevo School of
Science and Technology, 2024). Despite this relatively extensive institutional network, capacity is severely
constrained by chronic underfunding: Bosnia and Herzegovina spends approximately 4% of GDP on education
overall, below the Western Balkans average, and VET institutions consistently report shortages of up-to-date
equipment, qualified instructors for technical subjects, and functioning industry partnerships. SMEs dominate
the economic landscape, accounting for approximately 99% of registered companies and employing an estimated
65% of the private-sector workforce, yet fewer than one in four SMEs engages in any form of structured
employee training — a figure that reflects both the limited capacity of small firms and the weak incentive
structures within the current VET financing model.

Vocational education in Western Balkans represents a crucial issue that hampers labour markets and perpetuates
social exclusion. The education systems in the region are highly selective, with the best-performing students
entering gymnasia while others attend vocational education training (VET) schools. Children of VET-educated
parents are likely to follow in their parents' footsteps. However, the high rates of vocational enrolment do not
translate into effective skill formation. The economic crisis has led to extreme unemployment rates, with Bosnia
and Herzegovina recording the highest youth unemployment rate in the Western Balkans and among the highest
in Europe — estimated at approximately 35% for those aged 15-24, compared to an EU average of around 14%.
The overall unemployment rate stands at roughly 13—14%, masking significant regional disparities between
urban centres and rural cantons. The risk of further social unrest will persist unless young people are provided
with the skills necessary to access productive jobs and secure a more optimistic future. Brain drain compounds
the problem: an estimated 150,000 to 200,000 people have emigrated from Bosnia and Herzegovina in recent
years, with a disproportionate share being young, educated, and technically skilled — precisely the demographic
that cobot-oriented VET reform is intended to develop and retain.

3.2 CHALLENGES IN VOCATIONAL EDUCATION IN BOSNIA
AND HERZEGOVINA

The selective entry process in vocational education (VET) schools in the Western Balkans limits upward mobility
for students, as working-class youth and disadvantaged students are more likely to be enrolled. Students from
economically disadvantaged backgrounds also lack home study support, which is crucial for their learning
process. Once students enter VET schools, they often encounter a poor educational environment that
reinforces social exclusion. Poor infrastructure, outdated curricula, ineffective teaching methods, and
weaknesses in teachers' subject knowledge contribute to this issue. In Bosnia and Herzegovina, the curricula for
some subjects have not been updated since 2003, and teachers are often reluctant to change their teaching
programmes due to fears of job loss. Disabled students and those from disadvantaged backgrounds frequently
have unsatisfactory experiences at school, characterised by bullying, unfriendly teachers, and poor learning
opportunities. Practical training hours vary across schools and countries, with preferential access to
apprenticeships given to more advantaged students. After leaving school, students often rely more on family and
friends for job assistance.
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3.3SMES IN  WESTERN BALKANS IN ECONOMIC
DEVELOPMENT

The Western Balkans Enterprise Development and Innovation Facility (WB EDIF) is an EU-funded initiative aimed
at improving access to finance for small business owners in the Western Balkans. Leveraging the expertise of 27
international, regional, and local market players, the WB EDIF mobilises approximately EUR 650 millions of
financing and support for SMEs. The initiative aims to strengthen the competitiveness of small businesses across
the region by improving access to finance on preferential terms and offering advice and guidance. WB EDIF is a
joint initiative of the European Union, Western Balkans economies, and other core partners, including the
European Investment Bank, the European Investment Fund, and the European Bank for Reconstruction and
Development.

3.4 IMPORTANCE OF SMES IN WESTERN BALKANS

Small and medium-sized enterprises (SMEs) are crucial for economic growth, innovation, social integration, and
job creation in the Western Balkans and the EU. In the Western Balkans, SMEs employ between 60% and 80% of
the active population, which is higher than in the EU. The EU and its partners under the WB EDIF initiative aim to
ensure the future of these enterprises. Launched in 2013, WB EDIF provides financing and business support to
SMEs in the Western Balkans, contributing to the overall growth and development of the region's economies.

Smaller firms are highly dependent on their environments, and their competitiveness stems from their ability to
successfully leverage communal resources and local public goods. A possible suggestion is that regional
integration agreements should focus on the strategies of resilient and resourceful firms on the ground and seek
to reinforce them. The emphasis on SMEs is important due to their fundamental role in the Western Balkan
economies, especially as most existing analyses have primarily considered the macroeconomic and aggregate
effects of deeper economic integration among WB countries.

3.5 COLLABORATIVE ROBOTS IN SMES

There are many synergistic benefits of human-robot collaboration, particularly in small and medium-sized
enterprises (SMEs). Studies indicate that SMEs that integrate collaborative robots (cobots) can achieve greater
competitiveness and accelerated growth, with potential effectiveness increases of up to 85% compared to
traditional manpower. As the demand for automation rises, many companies seek to enhance their operational
efficiency and profitability. While larger firms typically adopt automation due to their financial resources, smaller
businesses often hesitate due to concerns over return on investment and the space required for these
technologies. However, the rising costs of labour and labour shortages have prompted many SMEs to consider
cobots, which are affordable, require minimal training, and offer a swift payback period.

Collaborative robots enhance the flexibility of production processes not only in large firms but also in SMEs. They
are easy to implement and occupy minimal space, creating a safe working environment for humans and machines
to operate together. The integration of collaborative robots (cobots) into the workforce of the Western Balkans
presents many opportunities. Cobots offer a dual potential: enhancing productivity while addressing workforce
challenges, making them an invaluable resource for small and medium-sized enterprises (SMEs) in the region.

Research highlights cobots' capacity to alleviate physical and cognitive burdens, especially for aging workforces,
as noted by Vergara et al. (2018). However, effective programming and deployment strategies tailored to
regional labour market needs are crucial for realising their full potential. Kope¢ et al. (2018) stress the social
implications of automation, advocating for hybrid approaches that combine cobot integration with upskilling and
reskilling initiatives to elevate lower-skilled roles into higher-skilled positions.

Co-funded by

© 2025-2026 METAVET metavet-project.eu Page 13 of 43 the European Union



https://metavet-project.eu/

&L
D2.1: Stakeholders mapping report V2.0 META

Innovative training methodologies further strengthen these efforts. Amezua Hormaza (2019) highlights the value
of virtual reality in fostering trust and competence in human-cobot interactions, while Kumar Murali et al. (2020)
and Schmidt & Meitinger (2023) emphasise the importance of user-centered task delegation and flexible human-
robot collaboration models. Such approaches ensure smoother cobot adoption while equipping workers with the
necessary skills to thrive in automated environments.

In addition to cobots, the use of immersive technologies such as the metaverse presents promising opportunities
for enhancing the effectiveness of vocational training. By creating interactive, simulated environments that
replicate real-world industrial settings, the metaverse enables learners to engage in experiential learning that
bridges the skills gap and better prepares them for the demands of increasingly automated and digitally driven
workplaces.

The situation in SMEs across the Western Balkans underscores the urgency of aligning vocational education with
industry demands. Cobots, known for their affordability and ease of training, provide a practical solution for
SMEs, especially those hesitant to invest in automation due to cost concerns. With the ability to boost efficiency
by up to 85%, cobots can significantly enhance competitiveness and growth in SMEs, particularly those employing
fewer than ten workers.

For these benefits to materialise, robust connections between vocational education and local industries are
essential. High-quality vocational training institutions, well-equipped with infrastructure and skilled human
resources, must be prioritised. Additionally, integrating job placement and counseling services within vocational
programs can improve workforce transition rates, addressing high unemployment levels in the region.

In conclusion, the literature highlights the transformative potential of combining collaborative robots and
innovative vocational training strategies in the Western Balkans. By leveraging cobots, immersive technologies,
and industry-aligned education, the region can address automation and demographic challenges while fostering
economic growth. Investments in vocational institutions, workforce upskilling, and digital competencies will be
pivotal in creating a resilient, adaptable labour market prepared for the demands of the future.
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One of the major outcomes of the analysis of the Montenegro situation is that while industrial companies are
ready to implement Cobots and introduce them to their workforce, the workforce needs to be trained
accordingly (Bejarano, 2019). Montenegrin Educational Organisations have always been slow to adapt to the
changing environment. In addition to curriculum limitations, Montenegro faces infrastructural and financial
barriers that slow down the wider adoption of collaborative robotics. Many vocational institutions and training
centres lack access to modern laboratories, industrial automation equipment, and specialised teaching staff
capable of delivering advanced robotics education. This creates a gap between industrial needs and the actual
training capacities of educational providers. Another important challenge is the shortage of highly qualified
experts in robotics, automation, and artificial intelligence, partly caused by the migration of skilled professionals
to larger European markets. This brain drain limits the development of local expertise necessary for sustainable
implementation and maintenance of cobot systems in Montenegrin industries. As technology triumphed in all
trades, jobs began to be proposed and performed differently than before. In the past 20 years, Robotics and Al
have emerged as one of the leading technological revolutions. So far, Educational Organisations lagged behind.
However, Operating Industries expressed a great interest in conducting Training Programs for Cobots even as a
part of Up-Skilling current employees. They need short and application-oriented courses, sometimes not
demanding even accredited certificates (Vergara et al., 2018). On the other hand, they expressed concerns, as
Vocational Training Centers often focus more theoretical and general knowledge instead of application-oriented
training.

The need for knowledge, skills, and competencies is pressing. Applying the Classification of Knowledge, Skills,
and Competences to Educational organisation staff who participated in interviews revealed that many things
need to be learned, done, and improved, from basic literature to hands-on experience in robot programming
and application. Educational staff expressed readiness to undertake all necessary steps to acquire the relevant
knowledge, skills, and competencies, while simultaneously preparing adequate Training Programmes for Cobots.
Furthermore, the potential of cobots in Montenegro extends beyond industry: their integration into vocational
training environments offers interactive teaching opportunities, enables instruction outside traditional
classrooms, and provides meaningful support for students with disabilities (Schmidt & Meitinger, 2023).

Successful implementation of cobot-oriented education depends not only on access to equipment but also on
the development of broader digital competencies, including problem-solving, data literacy, and human—machine
interaction skills.

Sronger cooperation between industry and educational institutions is essential. Public-private partnerships, joint
laboratories, internship programmes, and industry-led training modules could significantly accelerate workforce
readiness and ensure that educational outcomes correspond to real industrial requirements.

The introduction of collaborative robotic into educational laboratories presents a significant financial challenge;
however, through virtual environments in the metaverse, students can design and interact with custom user
interfaces (Uls) for cobots, enabling simulated hands-on experience that mirrors real-world industrial
applications without the need for extensive physical infrastructure. By leveraging immersive technologies,
Montenegro’s vocational training can become more engaging and effective, preparing operators for the
demands of modern manufacturing where cobots are likely to play a central role.

4.1 VOCATIONAL TRAINING IN MONTENEGRO

Vocational Education and Training (VET) in Montenegro is regulated by the Law on Vocational Education and the
National Qualifications Framework (NQF), which aligns with European standards. VET programmes are structured
across multiple levels, generally spanning one to four years. Three-year programmes leading to a craftsman
qualification are the most widespread, while four-year programmes lead to a technician diploma, which grants
access to higher education. Montenegro’s VET system is administered at the national level through the Ministry
of Education, with the Centre for Vocational Education (CVE) responsible for curriculum development, quality
assurance, and the professional development of VET teachers. Practical training constitutes a key component of
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programmes, though the degree to which schools can provide adequate equipment and industry partnerships
varies considerably across the country.

Significant disparities also exist between urban and rural regions in terms of access to modern educational
infrastructure, digital technologies, and industry collaboration opportunities. These regional inequalities may
further complicate the uniform implementation of cobot-oriented vocational training across Montenegro.

The exploration of collaborative robots and their integration into various sectors has gained traction in recent
years in Montenegro, particularly in relation to enhancing productivity and improving working conditions.
(Vergara et al., 2018) highlight the dual potential of cobots to assist assembly operators by alleviating both
physical and cognitive burdens, particularly in industries facing an aging workforce. Their findings underscore the
necessity for effective programming and deployment strategies to maximise the benefits of cobots —
considerations that are directly relevant to Montenegro, where workforce demographics present unique
challenges in multiple sectors.

The study by Amezua Hormaza (2019) is particularly relevant for Montenegro’s VET context, as it proposes an
off-the-job training model integrating class lectures and simulations, with a specific focus on the advantages of
metaverse environments over conventional methods such as PowerPoint presentations. Operators who
underwent training in a 3D virtual environment exhibited superior cognitive performance and better reactions
in emergency situations compared to those trained through conventional methods. This finding is especially
applicable to Montenegro, where the upfront costs of equipping VET schools with physical cobots remain a
significant barrier, making virtual alternatives an attractive and accessible pathway.

Overall, the literature reflects a multifaceted approach to understanding the interplay between cobots,
vocational training, and the development of digital skills in Montenegro. Shaaban et al. (2023) highlights the
importance of integrating advanced simulation technologies — such as augmented and virtual reality — into
vocational training curricula, precisely for regions like Montenegro where the adaptation of digital skills is crucial
for future workforce readiness. A robust foundation for further exploration and implementation already exists;
what is needed is the institutional will and financial support to act upon it. Furthermore, alignment with European
Union strategies related to digital education, smart specialisation, and advanced manufacturing do provide
Montenegro with opportunities for international cooperation, funding support, and knowledge transfer in the
field of collaborative robotics and vocational education.

4.2 CHALLENGES IN VOCATIONAL EDUCATION IN
MONTENEGRO

Montenegro’s VET system faces several structural challenges that limit its capacity to respond to the demands
of an increasingly digitalised economy. Despite the advantages of introducing cobot training in VET schools,
certain obstacles may delay this process. Some schools face difficulty regarding staff training: sending specialised
teachers abroad for training on cobots, or involving relevant firms in teacher preparation, entails additional costs
that many institutions cannot readily absorb. The preparation of well-equipped laboratories presents a further
obstacle, as many schools lack the infrastructure necessary to support hands-on technology education. In
addition, the .migration of young skilled workers and STEM graduates towards larger European labour markets
further weakens the country’s capacity to build a sustainable domestic workforce capable of supporting
advanced manufacturing and digital transformation initiatives.

Teacher ageing is a compounding factor: older teachers are exposed to a greater challenge when deciding to
upgrade their knowledge of Al or robotics, and this reluctance may partly explain why the same teaching material
is recycled over decades. Addressing this challenge through the occasional involvement of guest teachers or
industry practitioners offers a partial solution. It should also be noted that younger generations are more inspired
and interested in advanced technologies, such as cobots and Al (Schmidt & Meitinger, 2023), suggesting that
demand from students could itself act as a driver for curriculum modernisation if adequately supported.
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Beyond the classroom, Montenegro’s labour market is characterised by high levels of structural unemployment
and skills mismatches. Youth unemployment remains particularly pronounced, and a persistent gap between the
qualifications produced by the VET system and the competencies demanded by employers continues to limit the
employability of graduates. Poor infrastructure, curricula that have not kept pace with technological change, and
limited pathways for students from disadvantaged backgrounds collectively reinforce patterns of social
exclusion. After leaving school, students often rely more on family and social networks for job assistance than on
formal placement services, reflecting the underdevelopment of career guidance and transition support within
the system.

4.3 SMES IN MONTENEGRO: ECONOMIC CONTEXT

Small and medium-sized enterprises (SMEs) form the backbone of Montenegro’s private sector economy. Like
other Western Balkans economies, Montenegro depends heavily on SMEs for employment, innovation, and
economic resilience. The Western Balkans Enterprise Development and Innovation Facility (WB EDIF), an EU-
funded initiative, mobilises approximately EUR 650 million in financing and support for SMEs across the region,
including Montenegro, by improving access to finance on preferential terms and offering business guidance.
Montenegro also benefits from EU pre-accession support mechanisms that target enterprise development as
part of the country’s ongoing accession process.

Montenegro’s economy is heavily oriented towards tourism and services, which account for the majority of GDP.
This structure creates particular challenges for manufacturing and technology-intensive SMEs, which operate in
a relatively narrow industrial base. SMEs in Montenegro employ a significant share of the active population,
mirroring broader Western Balkans trends where SMEs account for between 60% and 80% of employment.
However, productivity levels remain below EU averages, and the country faces ongoing challenges related to
limited access to finance, weak innovation capacity, and a relatively small domestic market. Many SMEs in
Montenegro remain at relatively low levels of digital maturity, with limited adoption of advanced manufacturing
technologies, data-driven processes, and automation systems. This technological gap may reduce their long-term
competitiveness within increasingly digitalised European markets.Regional integration and EU accession
represent strategic opportunities to improve the competitiveness of Montenegrin SMEs by expanding market
access and aligning business practices with European standards.

4.4 COLLABORATIVE ROBOTS IN MONTENEGRIN SMES

The integration of collaborative robots into Montenegrin SMEs offers significant opportunities for productivity
growth and workforce modernisation. Studies indicate that SMEs that integrate cobots can achieve greater
competitiveness and accelerated growth, with potential effectiveness increases of up to 85% compared to
traditional manpower. Cobots are particularly well-suited to the small-scale operational realities of Montenegrin
enterprises: they are affordable, require minimal training, occupy limited space, and offer a swift return on
investment — factors that are especially relevant in a context where larger automation investments remain out
of reach for most firms. Successful cobot implementation depends not only on technological readiness but also
on employee acceptance, workplace safety standards, and organisational culture. SMEs may face resistance from
workers who perceive automation as a threat to employment stability, making transparent communication and
adequate training essential components of implementation strategies.

Research highlights cobots’ capacity to alleviate physical and cognitive burdens, especially for ageing workforces
(Vergara et al., 2018). In Montenegro, where demographic pressures and emigration are gradually reducing the
available labour pool, cobots could help sustain operational capacity in labour-intensive sectors. Kope¢ et al.
(2018) advocate for hybrid approaches that combine cobot integration with upskilling and reskilling initiatives,
transforming lower-skilled roles into higher-skilled positions — an approach well-suited to the Montenegrin
context, where the alignment of vocational training with industrial needs remains underdeveloped.
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In addition to cobots, the use of immersive technologies such as the metaverse presents promising opportunities
for enhancing the effectiveness of vocational training in Montenegro. By creating interactive, simulated
environments that replicate real-world industrial settings, the metaverse enables learners to engage in
experiential learning that bridges the skills gap and better prepares them for the demands of increasingly
automated and digitally driven workplaces. For these benefits to materialise in Montenegro, robust connections
between vocational education and local industries are essential. Government-supported pilot projects,
innovation grants, and EU-funded digitalisation initiatives could play a crucial role in encouraging early adoption
and reducing implementation risks for smaller enterprises. High-quality VET institutions, well-equipped with
infrastructure and skilled teaching staff, must be prioritised, and integrating job placement and counselling
services within vocational programmes will be key to improving workforce transition rates and addressing
persistently high youth unemployment in the country.
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The integration of human-robot collaboration within the industrial landscape has become increasingly relevant,
particularly in the context of small and medium-sized enterprises (SMEs) in Italy. As the manufacturing sector
evolves, so does the need to align vocational training with emerging technological advancements, such as the
introduction of collaborative robots (cobots). These innovations offer significant potential for improving
operational efficiency and addressing labour shortages, yet they also underscore the necessity for systematic
workforce development to enable effective human-robot collaboration.

Vocational training in Italy, however, remains insufficiently developed across SMEs. According to the latest issue
of SINAPPSI, the scientific journal by Inapp (National Institute for Public Policy Analysis), only 56.7% of micro-
enterprises offer training courses, compared to 94.1% of large companies. Most of these courses focus on
regulatory and legal compliance (84.5%), with just 32.5% addressing specific skills or production and service
technologies. Low-skilled workers, who would benefit most from training, are often excluded. Meanwhile, the
old-age dependency ratio—37%, one of the highest in Europe—further amplifies the challenges faced by the
labour market.

The integration of cobots within SMEs could provide a means to address these challenges, as evidenced by
research such as Bejarano (2019). The study highlights the potential of human-robot collaborative assembly
workstations in modular production environments, emphasising the importance of adapting vocational training
to support these new technologies. Cobots are particularly suited for SMEs due to their capacity to augment
human capabilities rather than replace them, enabling businesses to overcome labour shortages and
technological gaps.

The market for industrial robots in Italy produced an overall revenue of around €971 million in 2021, almost a
50% increase compared to the previous year, which placed Italy among the largest consumers of industrial
robots, the most significant being Germany, Japan, the US, and China. About 34% of the total industrial robot
revenue came from car manufacturers, while the machine manufacturing industry represented 15%, while the
metal products and plastics and rubber combined represented another 15%. The cobots currently make up about
2.5% of the total market for industrial robots. However, the rapid growth of the market was expected to
continue, from a revenue of €360 million from cobots in 2023 to €1.2 billion by 2027. Cobots still accounted for
only 4% of the total industrial market share, thus leaving plenty of room for growth and gradually capturing
higher-value tasks such as picking and placing, gluing and dispensing, welding, and material removal. While Italy
is the leading consumer of industrial robots, with an investment of €86 million, compared to €82 million from
the Netherlands and €80 million from Sweden, there is keen interest in acquiring experience and technical know-
how to diffract ripple effects of these new technologies to jobs in process and assembly sectors where the usage
of robots is currently scarce (Bruno & Polli, 2017).

Different market conditions could be considered standstill points when interpreting demand and readiness for
robots and cobots. Research on those factors that might drive or hinder investment decisions regarding robots
and cobots focused mainly on large companies. In the meantime, SMEs are likely to stay under the radar of these
inquiries, even though they may differ significantly from larger companies in terms of product type
sophistication, financial situation, managerial attention, work practices, personnel policies, and networks.
Moreover, it was noted that SMEs face a unique set of barriers or concerns, such as technological, knowledge,
awareness, and collaborative barriers. Despite the tremendous potential benefits of collaborative robots
(cobots), barriers to successful deployment remain across manufacturing sectors and company sizes, as it may
require additional research, development, and understanding of both business models and user interactions
(Vergara et al., 2018).

Following recent researches, the design and implementation of collaborative robots within industrial settings,
particularly in SMEs has great relevance. The operational dynamics of dual-arm cobots in a modular production
environment, reveals the advantages associated with their adoption in industry. Key findings of the studies
examined include a reduction in processing times and improved flexibility in production lines, which are critical
for SMEs facing resource limitations.
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However, the current literature research also highlights potential inefficiencies during the initial integration
phase, underscoring the need for targeted vocational training. Workers must acquire the skills necessary to
collaborate effectively with robotic systems, ensuring that productivity gains are maximised. These findings
resonate with broader trends in Italy, where only 9.9% of workers participate in vocational training, far below
the European Union’s target of 15%. The scarcity of training opportunities, particularly in southern regions,
further exacerbates this issue.

The adoption of cobots represents a paradigm shift in industrial automation, emphasising collaboration rather
than replacement. This shift necessitates not only technological upgrades but also cultural and organizational
changes within SMEs. Researches conducted highlight the importance of training programs that address both
the technical and interpersonal aspects of human-robot collaboration. Additionally, the proposed development
of context-aware error handlers for cobots reflects the need for continuous innovation in both technology and
workforce education.

5.1 ADDRESSING THE GAP: VOCATIONAL TRAINING AND
TECHNOLOGICAL READINESS

Despite the promise of cobots, the broader adoption of digital technologies among Italian SMEs remains limited.
Only 5% of companies have implemented essential tools for competing in the digital era, a figure starkly below
the European Commission’s Pathway to the Digital Decade goals. Similarly, only 4.8% of businesses have
submitted training proposals under the New Skills Fund, with 81.5% unaware of its existence. This lack of
awareness and underutilization of available resources highlights the critical need for better communication and
support mechanisms to encourage SMEs to invest in workforce development.

Given the central role of the state in the vocational education and training (VET) system, SMEs—as well as large
employers—can shift most of the costs of training onto the government. This creates an "equalising" mechanism:
around 30 percent of SMEs engage in training, which is similar to the UK (26.6 percent). Large employers also
rely on the public funding, with their participation rate only eight percentage points higher than SMEs, indicating
a small participation gap. Consequently, training costs are quite low—companies with between twenty and fifty
employees spend on average around €1,180 per employee/year (compared to £2,800 in the UK), while employers
with above 250 employees spend less than €100 more (ISTAT 2015).

Furthermore, when SMEs' direct involvement in skill formation is required due to the dual learning, local
networks of schools, companies, and employers’ associations, and chambers of commerce help them navigate
the system and reduce the cost of participating. This collaborative ecosystem supports SMEs in overcoming
barriers to training engagement, aligning vocational education with market needs, and enhancing their
technological readiness.

The current priorities in Italy are: promoting investment in training and retraining, aligning workers’ skills with
labour market demands, and ensuring a match between individual aspirations and market opportunities,
particularly in sectors undergoing green and digital transitions.
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The integration of collaborative robots (cobots) into the manufacturing landscape presents a transformative
opportunity for small and medium-sized enterprises (SMEs) in Romania, particularly in enhancing productivity
and improving working conditions. (Vergara et al., 2018) delves into the potential of cobots to alleviate the
physical and cognitive burdens faced by assembly operators, especially within an aging workforce. The article
emphasises that as physical capabilities wane with age, the risk of musculoskeletal disorders escalates,
necessitating the incorporation of cobots to support operators in their tasks. This is particularly relevant for
Romanian SMEs, where the workforce demographic is shifting, and the need for innovative solutions to maintain
operational efficiency is critical.

The authors highlight significant challenges associated with the deployment of cobots, particularly the costs
linked to programming and the expertise required for effective automation. This aspect is crucial for Romanian
SMEs, which often operate under financial constraints and may struggle with the upfront investment necessary
for automation projects. (Vergara et al., 2018) suggest that the demand for flexibility in manufacturing processes
is driving the need for more advanced programming capabilities and rapid reconfigurations, which could further
complicate the automation landscape for SMEs. However, the emergence of new players in the cobot market is
creating pricing pressures that could make these technologies more accessible to smaller enterprises.

Moreover, the article underscores the importance of developing robust and quickly deployable robot
applications that can adapt to varying environments, a necessity for SMEs that frequently encounter
fluctuating market demands and operational challenges. The insights provided by (Vergara et al., 2018) set the
stage for exploring how Romanian SMEs can leverage cobots not only to enhance productivity but also to address
the evolving needs of their workforce, thereby aligning with the broader trends in automation and vocational
training within the industry.

6.1 VET TRAINING IN ROMANIA: STATE OF THE ART

The article "Improving productivity and worker conditions in assembly: part 2: rapid deployment of learnable
robot skills" by Vergara et al. (Vergara et al., 2018) provides an insightful examination of the role of collaborative
robots (cobots) in enhancing productivity and improving the working conditions of assembly operators. The
authors highlight the growing necessity for SMEs, particularly in the Romanian context, to adapt to an aging
workforce that presents challenges in physical and cognitive capabilities. This demographic shift is pertinent as
it directly affects performance levels and operational efficiency within these enterprises.

One of the key insights presented in the article is the potential of cobots to alleviate the physical and cognitive
stress experienced by assembly operators. By assisting with heavy lifting and performing repetitive tasks, cobots
can significantly reduce the burden on human workers, thereby enhancing their productivity and overall job
satisfaction (Vergara et al., 2018). This is particularly relevant for Romanian SMEs, which may struggle with
workforce sustainability as older employees retire and younger workers seek different employment
opportunities.

The research also addresses the complexities associated with the integration of cobots into existing assembly
lines. the studies emphasise the importance of task allocation between humans and cobots, as well as the
challenges of programming these robots to be flexible and adaptable to varying operational contexts. This is a
crucial consideration for SMEs, which often operate with limited resources and require cost-effective solutions
to maintain competitiveness in the market (Vergara et al., 2018). The article discusses how the costs associated
with programming can constitute a significant portion of automation project expenses, highlighting the need for
SMEs to seek out affordable and efficient programming solutions to maximise the benefits of cobot deployment.

Furthermore, the emergence of new players in the collaborative robot market has introduced competitive pricing
pressures, making cobots more accessible to SMEs. This democratisation of technology is vital for Romanian
SMEs, which may have previously viewed automation as a luxury rather than a necessity. The authors suggest
that developing quickly deployable and robust robot applications is essential for addressing the dynamic needs
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of these businesses, especially in light of the rapid changes in the manufacturing landscape (Vergara et al., 2018).
The integration of collaborative robots (cobots) into Romanian small and medium-sized enterprises (SMEs)
presents significant opportunities for improving productivity and working conditions, especially in the context of
an aging workforce. The article emphasises that cobots can alleviate the physical and cognitive burdens faced by
assembly operators, which is increasingly important as the demographic shifts within the workforce affect
operational efficiency. The authors point out that as physical capabilities decline with age, the risk of
musculoskeletal disorders rises, making the adoption of cobots an essential strategy for maintaining productivity
in SMEs.

However, the deployment of cobots is not without challenges. The article highlights the financial constraints
that many Romanian SMEs face, particularly the costs associated with programming and the technical
expertise required for effective automation. This is crucial, as many SMEs may struggle with the initial
investments needed for automation projects. The demand for flexibility in manufacturing processes further
complicates this landscape, necessitating advanced programming capabilities and rapid reconfigurations to
adapt to changing market conditions. The authors note that while these challenges exist, the emergence of new
players in the cobot market is driving down prices, potentially increasing accessibility for smaller enterprises.

Moreover, the need for quickly deployable and adaptable robot applications is underscored, as SMEs often
deal with fluctuating market demands and operational challenges. The insights illuminate how Romanian SMEs
can leverage cobots not only to enhance productivity but also to address the evolving needs of their workforce.
This alignment with broader trends in automation and vocational training is vital for the sustainability and
competitiveness of these enterprises.

In conclusion, the literature reviewed highlights the transformative potential of cobots for Romanian SMEs,
particularly in improving working conditions and productivity amidst an aging workforce. While challenges
related to costs and programming complexities remain, the evolving market dynamics and the need for flexibility
present opportunities for these enterprises to adopt automation solutions that can sustain their operational
efficiency and workforce engagement.

The development of the Intelligent Industry in Romania is envisioned to unfold in stages. Stage | involves the
digital transformation of intelligent parts and subsystems, followed by Stage Il, which focuses on the digital
development of the Digital Enterprise and Intelligent Industry ensemble. These stages align with Romania's
Intelligent Industry Strategy, Action Plan, and Roadmap.

The next phase involves implementing Industry 4.0's basic elements through national decisions, integrating this
strategy into Romania's National Development Strategies. The Roadmap for Industry Strategy 4.0 will encompass
all necessary components for its successful implementation, including digitization architecture and professional,
technological, human, and social resources. These solutions, designed and implemented in industrial
environments for the Intelligent Industry's consolidation, form the foundational pillars for the Smart Industry
and Digital Enterprise in Romania.

6.2 RELEVANCE OF SMES IN ROMANIA

Small and medium enterprises (SMEs) are crucial to Romania's economy, comprising 99.7% of active companies,
66% of non-financial private sector employment, and 56% of gross value added. Microenterprises dominate,
making up 90% of SMEs. Large enterprises, though only 0.3% of businesses, provide 34% of employment.

Romanian SMEs lag behind EU averages in productivity. Their value added per employee is around €16,500,
significantly lower than the EU average of €40,000. Neighboring countries like Hungary, Croatia, and Poland
outperform Romania by 20-25% in this metric.

digitalisation levels of Romanian SMEs also fall short compared to other European countries. In the 2021 Digital
Economy and Society Index, Romania ranked last among 27 EU countries. This index evaluates human capital,
digital technology integration, digital public services, and connectivity.
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Within Romania, productivity and digitalisation vary considerably across regions. Bucharest leads, followed by
Cluj and the North-West region, while rural areas lag behind. A correlation between productivity and
digitalisation is evident at the regional level.

The lower labour costs in Romania might partially explain the low digitalisation levels of SMEs compared to
peers. A positive correlation exists between DESI performance and labour costs as a percentage of GDP across
EU member states. Countries with lower labour costs relative to GDP, including Romania, tend to have lower
digitalisation levels.

This suggests that where labour is cheaper, businesses may feel less pressure to digitalise. Conversely, in
countries with higher labour costs, there may be stronger incentives to digitalise to maximise employee value.
For example, Lithuania, Estonia, and Croatia have higher labour costs as a proportion of GDP than Romania and
higher digitalisation levels.

Although Romania has experienced an average growth rate of 2.8 percent, the country's growth foundations
remain weak. In recent years the population has decreased from 22.8 to 19.6 million and is expected to continue
declining. Romania ranks as a significant source of migration flows within the G20, with highly educated
emigrants making up 26.6 percent of these migrants. Additionally, Romania has the highest share of poor people
in the EU, with over a quarter of the population living on less than $5.50 a day. There are significant disparities
in poverty across regions and between urban and rural areas. Of Romania's 42 counties, 18 are considered lagging
behind, with a GDP per capita lower than 75 percent of the national average.

Romania still has substantial untapped labour potential and low levels of human development. The informal
sector represents 0.6 percent of the total population, and the labour market participation rate is 69.9 percent,
below the EU average of 73 percent. Romania also has the lowest Human Capital Index (HCI) score in the
European Union, lower than what would be predicted by the country's income level.

Underachievement in basic skills impacts vocational education and training (VET) students' outcomes and their
performance in the labour market. Romania's scores on the Programme for International Student Assessment
(PISA) improved significantly across all subjects but remained stagnant in subsequent years. Test results show
that about 40 percent of 15-year-old Romanian students score below the minimum numeracy and literacy
proficiency levels required to perform effectively in further education, training, and life, compared to roughly 23
percent of students in the EU. Persistent low financing levels for education affect the development of the VET
system. Romania's public expenditure for education as a percentage of GDP is far below the EU average and the
lowest in the EU. Regarding VET alone, a recent analysis of public expenditures on education shows that VET in
Romania accounted for a small percentage of the total budget execution compared to higher and lower
secondary education.

In this context, the Romanian VET system has undergone significant policy reforms over the past two decades.
Since the early 1990s, efforts have been made to increase the quality and relevance of VET programmes for the
emerging market economy by implementing a series of structural reform programmes. Starting with EU-funded
projects for VET teacher training programmes, curriculum revision, and the development of new training
standards, Romania has made strides in improving its VET system. The introduction of the dual VET system has
contributed to recent increases in participation in the three-year VET programmes. Despite recent progress,
challenges remain. The gross participation rate in upper secondary education has been continuously dropping,
with significant dropout levels, particularly in the technological track. A recent analysis on student performance
at national examinations shows that a high share of low-performing students are entering upper secondary
education, mainly through the technological route. Infrastructure shortages in Romanian VET schools are
significant, with approximately 35 percent lacking workshops.

Latest data indicate higher labour market outcomes among Romania's VET graduates compared to those of
general education, but there are important shortages and misalignment of skills. Romanian secondary school
graduates who entered the labour market without further education perform better if they are VET graduates,
with an employment rate higher than those from general education tracks. Automation of production processes
is driving demand for higher levels of cognitive skills, while jobs involving routine application of procedural
knowledge are shrinking. Employers believe that students and graduates entering the labour market lack key soft
skills.
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/7 COMPARATIVE ANALYSIS OF VET SYSTEMS ACROSS
PARTNER COUNTRIES

While each partner country presents its own distinct VET context, a cross-country analysis reveals both shared
structural weaknesses and important divergences that have direct implications for the design and
implementation of the MetaVET project. This section synthesises key indicators across Italy, Romania, Bosnia
and Herzegovina, and Montenegro, with the aim of surfacing patterns that cannot be detected when countries
are examined in isolation. All four countries share a common challenge: VET systems that were designed for an
industrial era and have not kept pace with the demands of digitalisation, automation, and collaborative robotics.
In each context, employers report a gap between the competencies that VET graduates bring to the labour
market and those required for modern production environments. However, the nature, depth, and causes of this
gap differ significantly by country.

7.1 KEY COMPARATIVE INDICATORS

The table below summarises the most significant VET-related indicators across the four partner countries,
drawing on data from Eurostat, the World Bank, the European Centre for the Development of Vocational Training
(Cedefop), and national statistical agencies. Where exact figures are unavailable for Western Balkans countries,
ranges and estimates from regional analyses are used.

Youth unemployment rate | ~23% ~22% ~35% (highest in region) ~27%
VET enrolment (upper | ~57% ~65% ~70% ~72%
secondary)
Employers offering | ~57% (micro: 30%) | ~40% ~25% (est.) ~20% (est.)
training (SMEs)
Workers in VET training 9.9% ~5% ~4% (est.) ~3% (est.)
DESI ranking (EU27) 18th 27th (last) N/A (candidate) N/A (candidate)
SME share of employment | ~67% ~66% ~60-70% ~60-75%
Cobot market maturity Developing (2.5% | Early-stage Very early-stage Very early-stage
of industrial
robots)
Dual VET / apprenticeship | Partial (improving) | Partially introduced | Limited Limited
system
EU membership / | EU Member EU Member EU Candidate EU Candidate
accession status (Ch. 26 open)

Several patterns emerge from this comparison. First, VET enrolment rates are actually higher in the Western
Balkans countries than in Italy, yet labour market outcomes are significantly worse, a paradox explained by the
poor quality and low relevance of VET provision rather than any lack of participation. Second, employer
engagement in training is drastically lower in Bosnia and Herzegovina and Montenegro, reflecting both the
limited capacity of SMEs and a cultural distance between industry and educational institutions that must be
actively bridged. Third, digitalisation, the foundation upon which cobot integration ultimately rests, lags most
severely in the countries with the greatest need for technological modernisation. The implication for MetaVET is
clear: a one-size-fits-all approach to curriculum design will not work. Training modules must be calibrated to
the very different starting points of each country, with more foundational digital literacy content prioritised for
Montenegro and Bosnia and Herzegovina, and more advanced cobot-specific and metaverse-enabled content
appropriate for the Italian and Romanian contexts.
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The concept of the metaverse, a persistent, immersive, three-dimensional digital environment where users
interact through avatars, has gained significant traction in education and training discussions over the past
several years. For vocational education and training in particular, and for cobot-related skills development
specifically, the metaverse represents a genuinely transformative possibility that deserves treatment beyond a
passing reference. This section provides a structured analysis of what the metaverse offers to VET, the evidence
base for its effectiveness, and the conditions under which its adoption is realistic for the partner countries.

8.1 WHAT THE METAVERSE OFFERS VET: CORE
AFFORDANCES

Traditional VET faces an inherent tension: the skills it must develop are practical and embodied, yet the resources
required for hands-on training — industrial machinery, robotic arms, production-line simulators — are expensive,
potentially dangerous, and logistically difficult to provide at scale. The metaverse addresses this tension directly
through four key affordances.

Experiential safety: Learners can practise programming and operating cobots in fully simulated industrial
environments without risk of injury, equipment damage, or production disruption. Complex, high-stakes
scenarios — emergency shutdowns, fault diagnosis, collision avoidance — can be rehearsed repeatedly until
mastery is achieved.

Scalability and access equity: A single well-designed virtual cobot training environment can be accessed
simultaneously by learners in Podgorica, Sarajevo, Bucharest, and Turin. This is particularly significant for
Montenegro and Bosnia and Herzegovina, where the geographic distribution of VET schools and the absence of
cobot equipment in most institutions would otherwise make hands-on training impossible.

Personalised and adaptive learning: Metaverse environments can be instrumented to track learner performance
in real time, adapting difficulty levels, providing targeted feedback, and enabling instructors to identify where
individual students are struggling. This contrasts sharply with the one-size-fits-all instruction that characterises
most VET provision in the partner countries.

Industry simulation fidelity: Modern metaverse platforms allow for the digital twinning of specific production
environments, meaning a VET student can train on a virtual replica of the exact cobot configuration they will
encounter in a local factory. This dramatically shortens onboarding time and increases employer confidence in
VET-trained recruits.

8.2 EVIDENCE BASE

The evidence for the effectiveness of immersive virtual training is growing rapidly. Amezua Hormaza (2019)
demonstrated that operators trained in 3D virtual environments showed significantly superior cognitive
performance and emergency response compared to those trained through conventional classroom methods.
This finding has been replicated in adjacent domains: surgical training, military simulation, and aviation all show
measurable performance advantages for immersive training over traditional approaches.

Critically for the MetaVET context, the research by Shaaban et al. (2023) on digital twins in human-robot
collaboration settings provides strong evidence that virtual environments can effectively replicate the cognitive
demands of working alongside cobots — including the trust-building process that Amezua Hormaza identifies as
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the key psychological barrier to successful cobot adoption. When workers develop familiarity and confidence
through simulation before their first live cobot interaction, the acceptance curve is dramatically shortened.

The metaverse also shows promise for reaching learners who are currently excluded from quality VET provision.
Students with physical disabilities, those in remote or rural areas, and those who cannot afford the costs
associated with full-time attendance at a VET institution can participate in high-quality immersive training from
any location with adequate connectivity. This has particular relevance in Montenegro and Bosnia and
Herzegovina, where geographic dispersion and infrastructure inequality are significant barriers to equitable VET
access.

3.3 REALISTIC ADOPTION PATHWAY FOR PARTNER
COUNTRIES

Adopting metaverse-based training does not require partner countries to invest immediately in high-end virtual
reality hardware. A pragmatic, phased approach is both feasible and advisable:

Phase 1 — Browser-based 3D simulation (immediate): Low-cost browser-accessible platforms such as Spatial,
Mozilla Hubs, or purpose-built VET tools can deliver structured cobot familiarisation exercises on standard
computers or tablets. This requires no specialised hardware and can be deployed in existing school computer
labs.

Phase 2 — Dedicated simulation stations (medium-term): As part of infrastructure investments, VET schools
can be equipped with dedicated VR workstations using mid-range headsets (e.g. Meta Quest). A single station
shared across a cohort represents a manageable capital investment and can deliver substantially richer
immersive experiences.

Phase 3 — Full digital twin integration (long-term): In partnership with regional employers, selected VET
institutions can develop digital twins of local production environments, enabling near-seamless transitions from
training simulation to live industrial settings. This phase requires sustained industry-education partnership and
is most realistic for pilot schools in larger urban centres.

The MetaVET project is well positioned to pilot Phase 1 and initiate Phase 2 across partner institutions, with the
curriculum and training modules developed under the project serving as the content layer that gives these
technological environments their pedagogical purpose.
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Discussions of VET modernisation and technological upskilling frequently proceed as if these are gender-neutral
processes. The evidence suggests otherwise. Across all four partner countries, VET enrolment patterns, career
trajectories in technology-intensive fields, and access to training opportunities are all significantly shaped by
gender, socioeconomic background, disability status, and geographic location. A MetaVET project that does not
explicitly address these dimensions risks replicating — and potentially deepening — existing inequalities.

9.1 GENDER GAPS IN TECHNICAL VET

In all four partner countries, technical and engineering VET tracks are heavily male-dominated. Women are
concentrated in service-sector vocational programmes (healthcare, catering, administration) while men
dominate industrial, mechanical, and ICT programmes — precisely the programmes most relevant to cobot
operation. This occupational segregation has deep roots in social norms and is reinforced by the structure of VET
itself: schools rarely take active steps to attract girls into technical programmes, career guidance reproduces
traditional gender assumptions, and the predominant image of a “robot programmer” or “automation
technician” remains overwhelmingly male.

In Italy, women represent approximately 25% of technical VET enrolees, a figure that drops further in
programmes directly relevant to manufacturing automation. In Romania, the gender gap in upper secondary
technical education is similarly pronounced, with girls more likely to be channelled towards humanities and social
sciences. In Bosnia and Herzegovina and Montenegro, where VET is already stigmatised as a pathway for lower-
performing students, girls from disadvantaged backgrounds face compounded barriers: gender norms that
restrict mobility, family pressures that prioritise early marriage over continued education, and a near-total
absence of female role models in technical occupations.

The metaverse-based training approach that MetaVET is developing has the potential to partially address these
barriers. Virtual learning environments can be designed to be explicitly inclusive — using diverse avatars, gender-
neutral visual language, and scenarios that show women and men equally as cobot operators and programmers.
Research in STEM education suggests that representation in learning materials has a measurable effect on girls’
confidence and sense of belonging in technical fields. MetaVET’s curriculum designers should treat inclusive
representation as a design requirement rather than an afterthought.

9.2 SOCIOECONOMIC EXCLUSION AND ACCESS BARRIERS

As documented in the country analyses above, VET systems in all four partner countries are characterised by
unequal access that correlates with socioeconomic background. In the Western Balkans, children of VET-
educated parents are disproportionately likely to enter VET themselves — not through free choice but through
constrained opportunities. Students from economically disadvantaged families lack home study support, face
additional costs associated with practical training, and are less likely to secure quality apprenticeship placements
that favour socially connected families.

Digital inequality adds a further layer. Participation in metaverse-based training requires devices and connectivity
that are not universally available. In rural areas of Romania, Bosnia and Herzegovina, and Montenegro in
particular, broadband access remains unreliable, and many households do not possess a computer or tablet
adequate for interactive 3D environments. MetaVET must therefore develop offline-compatible or low-
bandwidth alternatives for its digital training components, and advocate for device loan programmes within
partner VET institutions.
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9.3 STUDENTS WITH DISABILITIES

Cobots offer genuinely transformative possibilities for workers with physical disabilities: they can be
programmed to handle physically demanding, repetitive, or ergonomically hazardous tasks, enabling people with
musculoskeletal limitations or reduced physical capacity to participate fully in production environments they
would previously have been excluded from. This potential has barely been explored in the VET systems of the
partner countries.

Immersive and metaverse-based training also offers specific advantages for learners with disabilities. Students
with mobility impairments can access high-quality practical cobot training without the physical barriers of
traditional workshop environments. Students with hearing impairments can benefit from visual-first interfaces.
Students on the autism spectrum may find structured, predictable virtual environments less overwhelming than
busy workshop settings. MetaVET should develop accessibility guidelines for its digital training modules as a core
deliverable, drawing on the Web Content Accessibility Guidelines (WCAG) framework and consulting with
disability organisations in each partner country.

9.4 RECOMMENDATIONS FOR INCLUSIVE METAVET
DESIGN

Recommended Action

Gender Set a target of at least 40% female participation in MetaVET pilot training cohorts;
include gender-disaggregated data collection in all monitoring frameworks

Gender Commission inclusive visual design guidelines for all metaverse training environments,
with explicit requirements for diverse avatar representation

Socioeconomic access Develop offline-compatible and low-bandwidth versions of all digital training modules

Socioeconomic access Advocate for device loan programmes and connectivity support as part of MetaVET
dissemination to VET school partners

Disability inclusion Apply WCAG accessibility standards to all digital training materials as a minimum
baseline
Disability inclusion Develop a specific training scenario module demonstrating cobot use as an assistive

technology for workers with physical limitations

Geographic equity Prioritise at least one rural or peri-urban VET school in each Western Balkans partner
country for pilot implementation

Data and monitoring Disaggregate all training outcomes by gender, disability status, and socioeconomic
background in project reporting

Addressing inclusion is not only an ethical imperative — it is also a strategic one. The countries in this project
face acute labour shortages that will only deepen as demographic pressures intensify. Unlocking the productive
potential of women, people with disabilities, and young people from disadvantaged backgrounds is essential for
sustaining the economic growth that cobot adoption is intended to support. An inclusive MetaVET is ultimately
a more effective MetaVET.
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As part of the MetaVET project, a survey has been developed to gather empirical data from Small and Medium-
sized Enterprises (SMEs) and TVET organisations in the Western Balkans regarding their current and anticipated
needs in the areas of digitalisation, advanced technologies—including collaborative robotics and the
Metaverse—and workforce development. The overarching objective is to develop a training programme that is
responsive to the region's evolving labour market requirements.

This survey is designed to assess the priorities, challenges, and technological readiness of companies operating
across diverse industrial sectors. It also explores attitudes towards vocational education, training partnerships,
and capacity-building in digital and emerging technology domains. Particular attention is given to understanding
perceptions around digital skills shortages, gender equality, training accessibility, and the potential for industry-
academia collaboration.

Relevance of the Survey

The Western Balkans face significant socioeconomic transitions marked by brain drain, limited access to
cutting-edge technology, and the growing need for a digitally skilled workforce. Against this backdrop, SMEs
are critical agents of economic growth and innovation. This survey aims to produce actionable insights into
how these enterprises are adapting to digitalisation trends, where support is most urgently needed, and
what opportunities exist for vocational education providers to align their offerings with market demands.

Difference from the TVET School Survey

While the companion survey directed at TVET institutions focuses on internal capacities, curriculum
relevance, and institutional cooperation strategies, this company-oriented survey captures the perspective
of employers. It measures how the demand side of the labour market perceives and interacts with VET
systems and technological developments. The two instruments are thus complementary: one reflects the
supply of education and training, the other, the real-time demand for skills.

Expected Quantitative Outputs
Through structured Likert-scale questions and multiple-choice responses, the survey will generate
quantitative indicators in the following areas:

Degree of satisfaction with workforce competencies

Importance attributed to digital and vocational training

Prevalence of collaboration with TVET institutions

Types of missing digital competencies (e.g., Al, loT, blockchain, collaborative robots)
Estimated training hours provided per employee

Interest in hosting interns and engaging in dual-learning programmes

Familiarity with and readiness to adopt collaborative robotics

Anticipated hiring plans for 2025

The results enabled statistical analysis of trends across sectors and countries, helping to identify priority areas
for policy intervention, training initiatives, and technology adoption. Findings also serve as a foundation for
designing tailored MetaVET modules that respond directly to the articulated needs of industry stakeholders. This
survey forms an integral component of the MetaVET project and is designed to collect structured feedback from
Technical and Vocational Education and Training (TVET) institutions across the Western Balkans. Its aim is to
provide insight into the current and emerging skills needs within vocational training, the preparedness of
educators, and the status and potential of collaboration with small and medium-sized enterprises (SMEs). The
ultimate goal is to enhance alignment between education provision and labour market demands in the context
of digitalisation and advanced technologies, including collaborative robotics.

Purpose and Relevance

TVET institutions play a pivotal role in shaping the next generation of skilled workers. However, in an era of
rapid technological evolution and shifting industry expectations, these institutions must continuously adapt
curricula, teaching methodologies, and institutional partnerships to remain relevant. This survey therefore
seeks to identify:

Priority skill sets currently in demand across different vocational sectors

Co-funded by

© 2025-2026 METAVET metavet-project.eu Page 29 of 43 the European Union



https://metavet-project.eu/

&L
D2.1: Stakeholders mapping report V2.0 META

Anticipated future competencies over a 5-10-year horizon

Training needs among educators and trainers

Awareness of, and engagement with, emerging technologies, particularly collaborative robots
Opportunities for strengthening collaboration with industry, particularly SMEs

By capturing these perspectives, the survey informs the development of future training programmes and
partnership models tailored to the regional context.

Distinction from the SME Survey

Whereas the parallel survey directed at SMEs focuses on the demand side—examining business needs,
technological readiness, and workforce gaps—this instrument focuses on the supply side of vocational
training. It gathers information on institutional capacities, training practices, collaboration efforts, and
readiness to teach digital and advanced technical skills. This distinction is crucial for aligning TVET output
with labour market input and fostering meaningful partnerships between educators and employers.

Expected Quantitative Outputs
The survey employs a combination of multiple-choice, Likert-scale, and open-ended questions to generate
guantitative indicators on:

The most pressing and anticipated skills needs across vocational sectors

The current status of professional development initiatives for TVET educators

Levels of interest in sector-specific "Train the Trainer" programmes

Frequency and type of existing collaborations with SMEs

Awareness and preparedness regarding collaborative robotics

Institutional willingness to engage in curriculum innovation, joint training initiatives, and equipment
sharing

Planned student intake for the 2025-2026 academic year

These outputs supported comparative analysis between institutions and countries, while also providing a
baseline for designing targeted interventions under the MetaVET framework. Moreover, open-ended responses
provided qualitative insights into the operational and strategic challenges faced by TVET schools, further
enriching the policy dialogue.

By systematically gathering this data, the MetaVET project aims to contribute to the modernisation of vocational
education in the Western Balkans, enhancing its responsiveness to digital transformation and promoting more
inclusive and future-ready education ecosystems.

10.1 SMALL AND MEDIUM-SIZED ENTERPRISES (SMES)
SURVEY

A total of 19 survey responses were collected via KoboToolbox from companies operating in Bosnia and
Herzegovina (40%), Romania (40%), and Montenegro (20%). The industrial sectors represented in the sample
include agro-food (35%), manufacturing (30%), automotive (20%), and energy (15%). The average number of
employees per company is 25, though the range varies, with 10% of respondents employing fewer than 20
individuals and 10% employing significantly more.

The survey results reveal a pronounced skills gap and an urgent need for workforce development. A striking 80%
of companies indicated that their workforce lacks adequate skills, and an equally significant proportion expressed
a desire to expand access to education for their employees, while also recognising the need for educational
reform within their organisations. These concerns are set against a backdrop of broader structural issues: all
respondents expressed worry about workforce out-migration, suggesting that skills development is seen not only
as an economic necessity but also as a strategic tool for talent retention in the region.

digitalisation emerged as a key concern. 75% of companies stated they would welcome vocational training for
their employees, 80% acknowledged the importance of closing the digital skills gap, and 65% indicated that they
would appreciate better access to skills development opportunities. In addition, 60% of respondents reported a
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need for more targeted information about training options, and 45% emphasised the importance of supporting
and empowering vulnerable learners.

Despite limited current collaboration with TVET institutions (only 15% of companies are engaged in such
partnerships), 80% expressed a willingness to collaborate more closely. Furthermore, 90% of companies
indicated they do not yet utilise collaborative robots (cobots), and 75% reported a lack of Al integration in their
operations. While only 45% of respondents were initially familiar with cobots, once informed, 55% expressed
interest in cobots and acknowledged the importance of training their workforce in this area. This suggests a
latent demand for cobot technology that could be unlocked through awareness-raising and targeted support.
Additionally, 25% of companies reported that they would like to hire more staff but are unable to do so due to
the lack of technical skills needed to simplify and modernise work processes.

10.2 RECOMMENDATIONS FOR NEXT STEPS

In light of the findings, a multi-level strategy is needed to strengthen vocational education and training (VET),
improve digital readiness, and foster technology adoption—particularly with regard to collaborative robots.
Firstly, it is essential to develop and deliver targeted training programmes on cobots and other Industry 4.0
technologies, tailored to the needs of small and medium-sized enterprises (SMEs) in the region. These
programmes should combine theoretical understanding with hands-on, experiential learning to ensure practical
applicability.

Awareness-raising campaigns should be conducted to introduce the concept and benefits of cobots to companies
unfamiliar with the technology. These efforts should be accompanied by dedicated support services—such as
technology audits, demonstration pilots, or coaching—to help companies assess the potential integration of
cobots within their operational models.

To bridge the skills gap, strategic partnerships between industry and TVET providers must be fostered and
institutionalised. This could involve the co-creation of modular training courses, joint certification schemes, and
placement programmes that link learners directly with employers. Engagement with TVET institutions should
also include mechanisms to involve industry in curriculum development, ensuring training remains aligned with
evolving labour market demands.

Moreover, it is recommended that policy frameworks and funding instruments prioritise support for SMEs
seeking to invest in digitalisation and workforce training. Specific emphasis should be placed on including
marginalised groups and vulnerable learners, thereby contributing to inclusive growth and social cohesion. The
knowledge-sharing platform related to MetaVET website will disseminate best practices and coordinate efforts.

Finally, addressing the root causes of workforce out-migration requires a holistic approach. Beyond training,
companies wlil be supported from MetaVET in creating attractive, modern, and innovative working
environments. Technology adoption—such as the integration of cobots—not only improves productivity but can
also contribute to job quality and employee satisfaction, reinforcing the retention of skilled workers within the
region.

10.3 TECHNICAL AND VOCATIONAL EDUCATION AND
TRAINING (TVET) SURVEY

A total of nine Technical and Vocational Education and Training (TVET) institutions responded to the survey, with
four based in Bosnia and Herzegovina, three in Romania, and two in Montenegro. The surveyed schools cover a
range of educational fields, including automotive and mechanical trades (40%), information and communication
technology (30%), engineering and technology (20%), and healthcare and nursing (10%). The survey results
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provide insight into the current capacities, challenges, and aspirations of TVET institutions in the Western Balkans
region with regard to digital transformation, workforce alignment, and cooperation with industry. All results and
relevant materials are intended to be translated into local languages to ensure accessibility and relevance for
stakeholders in each country.

The majority of respondents (70%) identified a strong need to improve both digital literacy and technical skills
specific to their training contexts. Half of the institutions acknowledged the growing importance of artificial
intelligence (Al) in their sector and expressed the need for dedicated training in Al and its related disciplines. A
significant 80% of respondents highlighted the need for further professional development among teaching staff,
emphasising the urgency of implementing structured “train-the-trainer” programmes. These programmes should
focus on key areas such as digital pedagogy and improved collaboration with SMEs and industry stakeholders.
Despite this clear need, 65% of TVET schools reported only occasional collaboration with industry, which limits
their ability to align training with real-world demands.

In terms of practical needs, 50% of TVET institutions called for the establishment or strengthening of internship
or apprenticeship programmes for students, while 45% expressed the need for on-the-job training opportunities
for trainers. Equipment and technology sharing was identified as a priority by 60% of respondents, reflecting the
resource constraints many institutions face. Furthermore, 85% expressed interest in the development of more
structured frameworks for collaboration with SMEs, which would support more sustained and mutually
beneficial partnerships. Regarding cobot technology, only 20% of respondents were initially familiar with
collaborative robots; however, after receiving a brief explanation, 80% recognised their potential value and
expressed interest in further information and training. Moreover, 60% reported facing significant challenges in
preparing students for high-tech careers and expressed a desire for increased opportunities to engage with
companies to better understand emerging trends and technologies.

10.4 RECOMMENDATIONS FOR NEXT STEPS

The findings from this survey underscore the urgent need to strengthen the digital and pedagogical capacities of
TVET institutions across Bosnia and Herzegovina, Romania, and Montenegro. In particular, comprehensive “train-
the-trainer” initiatives should be prioritised, with content tailored to emerging technologies such as artificial
intelligence and collaborative robotics, as well as methods for digital teaching and industry engagement. These
programmes should be developed in collaboration with both national authorities and European partners,
ensuring alignment with broader digital and green transition agendas.

To bridge the gap between education and industry, it is imperative to develop formalised cooperation
frameworks that facilitate consistent engagement between TVET schools and SMEs. This could include joint
curriculum development, regular exchange mechanisms, and co-designed internship or apprenticeship schemes
that provide students with meaningful hands-on experience. Schools should also be supported in accessing
modern equipment and technology, either through public investment or sharing schemes coordinated with
regional industrial partners.

Moreover, raising awareness about cobots and other Industry 4.0 technologies among educators and
institutional leaders is essential. This should be accompanied by opportunities for peer learning, such as regional
workshops, study visits, and online communities of practice, where schools can share experiences and innovative
approaches to high-tech training. By addressing these areas, the TVET sector can better prepare students for the
demands of the contemporary labour market while enhancing the attractiveness and relevance of vocational
education across the Western Balkans.
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The findings from the stakeholder consultations and contextual analysis conducted in Bosnia and Herzegovina,
Romania, and Montenegro underline a clear and urgent need to strengthen the responsiveness of vocational
education and training (VET) systems to emerging technological demands—particularly in relation to
collaborative robots (cobots), digitalisation, and immersive learning environments such as the metaverse.

The growing relevance of cobots within industrial processes, especially among small and medium-sized
enterprises (SMEs), is accompanied by significant gaps in awareness, infrastructure, and training provision. While
cobots are increasingly viewed as essential components of the evolving labour market, their integration into
formal training pathways remains limited, often due to financial constraints and institutional unfamiliarity. In
parallel, the metaverse offers promising opportunities for cost-effective, simulated, and scalable training
solutions that replicate real-world scenarios, thus enhancing both learner engagement and skills acquisition.

VET institutions across the partner countries have indicated strong interest in strengthening digital capacities,
modernising curricula, and deepening collaboration with industry. However, most report only occasional
engagement with SMEs, limited access to up-to-date technologies, and insufficient capacity to address skills gaps
in emerging fields such as artificial intelligence, automation, and human-robot collaboration. The lack of
structured “train-the-trainer” programmes further compounds these challenges, especially in under-resourced
regions.

Next Steps for MetaVET:

Development of Modular Training Packages on Cobots and Digital Skills
MetaVET will co-create modular, adaptable training content focused on cobots, Al, and Industry 4.0 tools,
combining theoretical components with hands-on and simulated (metaverse-based) learning activities.

Implementation of Train-the-Trainer Initiatives

Dedicated programmes will be established to upskill VET instructors in digital teaching methods, cobot
operation, and industry collaboration. These initiatives will be designed for scalability and transferability
across institutional contexts.

Strengthening SME-TVET Partnerships

MetaVET will support the establishment of formal cooperation frameworks between VET schools and SMEs,
facilitating joint curriculum development, work-based learning programmes, and regular exchanges of
expertise and resources.

Awareness-Raising and Technology Demonstration

Activities will be launched to familiarise VET institutions, SMEs, and policymakers with the practical benefits
of cobots and immersive learning tools. This will include pilot initiatives, demonstration labs, and structured
technology audits.

Ensuring Inclusivity and Regional Equity

Particular attention will be given to ensuring access for marginalised learners and under-served areas, with
targeted efforts to introduce innovative training methods in regions where cobot adoption is not yet feasible
but future workforce engagement is anticipated.

Knowledge Sharing through the MetaVET Website

The MetaVET Website will host case studies, training materials, and good practices, enabling transnational
learning and dissemination of results. It will serve as a central hub for collaboration among VET providers,
industry, and policy stakeholders.

By implementing these measures, MetaVET will help ensure that VET systems in the Western Balkans are better
prepared for digital and green transitions, support inclusive labour market integration, and contribute to a
resilient and future-oriented workforce.
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APPENDIX A — QUESTIONNAIRE FOR SMES

Survey: ldentifying Skills / workforce needs in Western Balkans in terms of advanced technologies
Dear Participant,

We appreciate your time and participation in this survey. The purpose of this questionnaire is to gain insights
into collaborative robotics, digitalisation and Metaverse use which will help us better understand the current
state of needs and challenges faced by SMEs in the Western Balkans.

Please note that all responses will be treated with the utmost confidentiality. Data will be processed in an
anonymous and aggregated manner, ensuring that individual responses cannot be identified. The information
collected will be used solely for research purposes and to inform the development of MetaVET program.

Your participation is entirely voluntary, and you are free to withdraw at any stage without providing a reason.
The survey should take approximately five minutes to complete.

Thank you for your valuable contribution to this important research. Should you have any questions or require
further information, please do not hesitate to contact us at viviana.capurso@areaprototipi.com

Section 1: General Information

Company Name: [Open text field]
Sector/Industry: [Dropdown or open text field]
Number of Employees: [Open text field]

Location

Section 2: Priorities and Needs

On a scale of 1 (Not at all) to 5 (Very much), please rate the following statements:

Statement 1 2 3 4 5

| feel my company has an inadequately skilled workforce.

| feel the need to enhance access to education for my workforce.

| feel the need for reforming education in my company.

| feel the need to prevent workforce’s out-migration from my country.

| feel the need to update and renew the technology I daily use.

If given the opportunity, | would appreciate vocational training for my workforce.
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Statement

| feel my company could improve its digitalisation potential.

| feel the need to create experiential learning for my employees/workers.

I would appreciate receiving targeted information about training opportunities.

| recognise the importance of simplifying the work processes for my employees.

| feel the need to improve gender equality in my company.

| feel the need to support and empower vulnerable learners in my organisation.

The education and skills of the workers/employees in my company are important to me.

If given the opportunity, | would appreciate closing the gap in digital skills within my
workforce.

If given the opportunity, | would appreciate ensuring access to skills development for my
employees/workers.

How important is it for you to access the opportunity to enhance your workers' skills?

To what extent is the digitalisation of your workforce a priority for you?

Is it easy for you to find skilled staff in terms of digitalisation?

Would you be interested in hosting a student for internship?

How many hours of training per employee did your company conduct in the last year?

e 5 perperson

e 15 per person

e 20 per person

e Wedidn’t conduct any training

Which digital skills do you currently miss in your organisation?
e Artificial Intelligence

e Blockchain
e  Cybersecurity

e |oT
e Cobots
e Coding

e Cybersecurity
e Data analytics
e  Search Engine Marketing
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| collaborate with Technical and vocational education and training schools (TVET)

e yes
e no

If yes, which one? [Open text field]

What steps would you like to take to improve the situation of your workers/employees? In which field would
you like to act? [Open text field]

Which technology is the most urgent/important for you to implement? [Open text field]

How many new employees you plan to hire in 2025?

e 15

e 5-10
e 10-15
e 15-20

e We are not planning to hire people
Do you know what collaborative robots are?

e yes
e no

If yes, Do you use them?

e yes
e no

Do you have them in your company?

® vyes
e no

Do you think your workforce has the adequate skills to use them?

® vyes
e no

If not: Collaborative robots are a form of robotic automation built to work safely alongside human workers in a
shared, collaborative workspace. In most applications, a collaborative robot is responsible for repetitive, menial
tasks while a human worker completes more complex and thought-intensive tasks. The accuracy, uptime and
repeatability of collaborative robots is designed to complement the intelligence and problem-solving skills of a
human worker.

Would you be interested in know more about them?

® vyes
e no

Would you like your personnel to be trained?

e vyes
o no
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Survey Title: Identifying Skills and Collaboration Needs in TVET Schools

Purpose:

This survey aims to gather insights from TVET schools to understand their current and future skills needs, the
necessity of training programs for educators, the awareness about the Cobots world and interest in partnerships
with small and medium enterprises (SMEs).

Section 1: General Information

Name of Institution: (Open question)
Location: (Dropdown or open question, depending on region specificity)
Type of Technical/Vocational Education Provided: (Select all that apply)

e Engineering and Technology

e Information Technology

e Healthcare and Nursing

e Hospitality and Tourism

e Automotive and Mechanical Trades
e  Construction and Architecture

e  Other (please specify)

Number of students (2024-2025)

Section 2: Skills Needs

What are the most in-demand skills in your sector currently? (Select up to three)

e Digital literacy

e  Critical thinking and problem-solving

e Technical skills in [sector-specific options]
e Interpersonal and communication skills

e Project management

e Leadership skills

e  Other (please specify)

Which emerging skills do you anticipate will be critical in the next 5-10 years? (Select up to three)

e Artificial intelligence and automation
e  Sustainable practices

e Advanced data analysis

e Cybersecurity

e Multilingual communication

e Other (please specify)

Section 3: Training and Development

Do you currently have professional development programs for your trainers? (Single choice)

e Yes, and they meet our needs.
e Yes, but they need improvement.
e No, but we plan to implement them.
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e No, and we do not plan to implement them.
Would you be interested in a "Train the Trainer" program tailored for your field? (Single choice)

o Yes
e No
e Notsure

If yes, which areas would you like the program to focus on? (Select all that apply)

e Industry-specific technical skills

e Pedagogical methods and tools

e Digital teaching and learning

e Collaboration with SMEs and industry partners
e  Other (please specify)

e Section 4: Collaboration with SMEs

How often do you currently collaborate with SMEs? (Single choice)
e Regularly (e.g., ongoing partnerships or projects)
e Occasionally (e.g., ad hoc projects or internships)
e Rarely
e Never

What type of collaboration would be most beneficial for your institution? (Select all that apply)

e  Curriculum co-design

e  Guest lectures or workshops from industry professionals
e Internship or apprenticeship programs for students

e On-the-job training opportunities for trainers

e Equipment and technology sharing

e Other (please specify)

Would you like more structured frameworks for SME collaboration? (Single choice)
e Yes
e No
e Notsure

How many new students do you plan to enroll in 2025-2026?

Do you know what collaborative robots are?

® vyes
* no

If yes: do you have any training programme to use them?

o vyes
e no

Would you be interested in a training on their usage?

e yes
(] no
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Do you think your teachers have the adequate skills to use them?

e yes
e no

If not: Collaborative robots are a form of robotic automation built to work safely alongside human workers in a
shared, collaborative workspace. In most applications, a collaborative robot is responsible for repetitive, menial
tasks while a human worker completes more complex and thought-intensive tasks. The accuracy, uptime and
repeatability of collaborative robots is designed to complement the intelligence and problem-solving skills of a
human worker.

Would you be interested in know more about them?

e yes
e no

Would you like your teachers to be trained?

e yes
e no

Section 5: Open Feedback

What challenges does your institution face in preparing students for the job market? (Open question)

Do you have any additional comments or suggestions for improving skills development and collaboration with
industry partners? (Open question)
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STAKEHOLDER MAPPING LIST
COUNTRY Stakeholder Name Stakeholder Type Location Area of Influence Level of Influence (1-|  Levelof | Collaboration
5) Interest (1-5) | Potential

Bosnia and Hezegovina _ Srednjoskolski centar Vogos¢a VET school Vogoséa Bosna and Herzegovina 3 3 E
Bosnia and Hezegovina  Srednja elektrotehnitka 3kola Sarajevo VET school Sarajevo Bosna and Herzegovina 3 3 E
Bosnia and Hezegovina  Srednja masinska tehnicka skola VET school Sarajevo Bosna and Herzegovina 3 3 El
Bosnia and Hezegovina  Masinski fakultet Sarajevo University Sarajevo Bosna and Herzegovina 3 2 El
Bosnia and Hezegovina  Elektrotehnicki fakultet Sarajevo, University Sarajevo Bosna and Herzegovina 3 2 3
Bosnia and Hezegovina  Mabo. d.0.0. SME local association CNC llija3 Bosna and Herzegovina 3 4 4
Bosnia and Hezegovina  Chamber of Economy Employers Association Sarajevo Bosna and Herzegovina 4 4 El
Bosnia and Hezegovina  The Ministry of education of Canton Sarajevo Public Institution Sarajevo Bosna and Herzegovina 4 3 El
Bosnia and Hezegovina  Institut za razvoj preduniverzitetskog obrazovanja Public Institution Sarajevo Bosna and Herzegovina 4 4 4
Bosnia and Hezegovina  Municipality llija Public Institution llija3 Bosna and Herzegovina 4 4 4
Bosnia and Hezegovina  IT Cloud SME local association llijas Bosnia and Herzegovina 4 4 4
Bosnia and Hezegovina  AMA Adriatic SME local association llijas Bosnia and Herzegovina 4 4 4
Bosnia and Hezegovina evica SME local association llijas Bosnia and Herzegovina 4 4 4
Bosnia and Hezegovina  Pretis.d.d SME local association Vogosca Bosnia and Herzegovina 2 3 4
Bosnia and Hezegovina  KALEA SME local association llijas Bosnia and Herzegovina 2 3 4
Bosniaand Hezegovina  SACOMd.0.0. SME local association llijag Bosnia and Herzegovina 4 3 3
Bosnia and Hezegovina  CS Processing SME local association llija3 Bosnia and Herzegovina 4 3 El
Bosnia and Hezegovina  Centrotrans SME local association llija Bosnia and Herzegovina 4 3 El
Bosniaand Hezegovina  Porsche doo Sarajevo SME sarajevo Bosnia and Herzegovina 4 3 3
Bosnia and Hezegovina  Srednja kola za okoli¥ i drvni dizajn VET school Sarajevo Bosnia and Herzegovina 4 4 El
Bosnia and ina  Srednja - 3kola Sarajevo VET school Sarajevo Bosnia and Herzegovina 4 3 El
Bosnia and Hezegovina  Srednja kola za tekstil. kozu i dizajn VET school Sarajevo Bosnia and Herzegovina 4 3 El
Bosnia and Hezegovina  Srednjoskolski centar HadZici VET school Sarajevo Bosnia and Herzegovina 4 3 El
Bosnia and Hezegovina  Zeljeznicki $kolski centar Sarajevo VET school Sarajevo Bosnia and Herzegovina 4 3 El
Bosnia and tka 3kola za VET school Sarajevo Bosnia and Herzegovina 4 3 3|
Bosnia and Hezegovina  Srednja $kola metalskih zanimanja VET school Sarajevo Bosnia and Herzegovina 4 3 El
Bosnia and Hezegovina  Srednja kola za saobracaj i komunikacije Sarajevo VET school Sarajevo Bosnia and Herzegovina 4 3 El
Europe EEN Network Europe Western Counties 2 3 E
Europe Digital Europe - UPRAISE Project (STEP) Network / Europe Virtual Worlds Bologna Italy 5 5 E
ITALY CONFAPI FVG SME local association Udine Italy 5 3 3|
ITALY CONFINDUSTRIA FVG SME local association Udine Italy 3 1 2|
ITALY Confartigianato SME local association Udine Italy 2 3 5|
ITALY Cata Artigianato FVG SME local association Trieste Italy 2 1 2|
ITALY Formindustria FVG SME local association Trieste Italy 5 2 El
ITALY ENAIP FVG VET School Udine Italy 5 5 5|
ITALY Fondazione ComPA FVG association of municipaliies Udine Italy 2 3 4
ITALY CiviForm VET School Cividale Italy 5 5 E
ITALY Camera di commercio Pordenone Udine SME local association Udine Italy 4 4 4
ITALY Confindustria Ato Adriatico SME local association Italy 3 2 2|
Montenegro srednja elektro-ekonomska $kola Bijelo Polje VET school Bijelo Polje Montenegro 3 3 El
Montenegro Srednja elektrotehnicka skola "Vaso Aligrudi¢” Podgorica VET school Podgorica Montenegro 3 3 5|
Montenegro Srednja mjesovita 3kola "Mladost" Tivat VET school Tivat Monteengro 2 2 E
Montenegro Srednja struéna 3kola Berane VET school Berane Monteengro 4 4 5|
Montenegro Srednja struéna skola Pljevlja VET school Plievija Monteengro 2 2 2|
Montenegro Chamber of Economy Employers Association Podgorica Montenegro 3 2 5|
i Employers Association Podgorica Montenegro 4 4 E

Montenegro Rubik DOO SME local association Niksi¢ Montenegro 3 3 El
Montenegro Comtrade Distribution doo SME local association Podgorica Montenegro 3 3 El
Montenegro Naugno-tehnoloski park startup Podgorica Montenegro 3 3 El
Montenegro Fond za inovacije Innovation Association Podgorica Montenegro 3 3 5|
Montenegro IPC Tehnopolis startup Niksi¢ Montenegro 2 2 5|
Montenegro Logate Institut SME local association Podgorica Montenegro 2 2 E
Montenegro Digital Bee SME local association Podgorica Montenegro 2 2 2|
Romania Stabilus Romania SME Brasov Romania 3 4 El
Romania Siemens Romania Network Brasov Romania 2 4 E
Romania Commerce Chaimber Brasov - training dept Government Brasov Romania 2 4 4
Romania New Bassra Concept Technical Consultancy Brasov Romania 4 2 2
Romania Parent Association Brasov Educational Center Brasov Romania 2 1 El
Romania Regional Educational Center Brasov Educational Center Brasov Romania 3 3 E
Romania Universal Robots Romania Automation solutions Romania Romania 4 2 El
Romania Ajofm Brasov Government Institution Brasov Romania 3 3 El
Romania Ajofm Brasov Government Institution Brasov Romania 3 4 2|
Romania Fundatia Comunitara Brasov NGO Brasov Romania 4 1 5|
Romania Fundatia Comunitara Brasov NGO Brasov Romania 4 1 3|
Romania Fundatia Comunitara Brasov NGO Brasov Romania 4 1 4
Romania Inspectorat Scolar Public Institution Brasov Romania 2 2 1
Romania Inspectorat Scolar Public Institution Brasov Romania 5 2 El
Romania Inspectorat Scolar Technical Training for Adults Bucuresti Romania 2 2 4
Romania Inspectorat Scolar Technical and Professional Training Bucuresti Romania 2 3 2|
Romania Caditech SME Brasov Romania 4 3 4
Romania Schaeffler Romania Manufacturing Plant Brasov Romania 3 4 2|
Romania Fundatia pentru Formare ional3 si Tnvaima - NGO Brasov Romania 2 2 4
Romania Mecanosud SME Brasov Romania 1 4 1
Romania Liceu Tehnic Codlea Public Educational Institution Brasov Romania 3 3 1
Romania Colegiul Tehnic Tractoru Public Institution Brasov Romania 1 4 El
Romania Multitech UR SME Brasov Romania 4 2 2|
Romania Kronstadt Scoala Profesionala Educational Institution Brasov Romania 1 2 El
Romania World Vision ONG National Romania 3 5 2|
Romania Kronstad VET School VET School Brasov Romania 3 3 El
Romania Liceul Alimentar Timisoara VET School Timisoara Romania 2 3 3
Romania Tehnic Institution National Romania 3 3 2|
Romania Concordia ONG Bucharest Romania 3 3 3|
Romania Adservio SME lasi Romania 2 1 1
Romania Util Deco SME lasi Romania 2 3 El
Romania Lucicosm SRL SME Suceava Western Counties 4 4 4
Romania New Basara Consult/ Asociatia Patronal3 din Industria Prelucritoare VET Asociation Brasov Romania 4 4 4
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