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INTRODUCTION

Department of Management and Technical faculty “Mihajlo Pupin” from Zrenjanin have started the
organization of International Symposium Engineering Management and Competitiveness (EMC) in
2011. Since 2013 the organization of the EMC symposium has been supported by the following foreign
partners: Szent Istvan University, Faculty of Economics and Social Sciences, Godéllé, Hungary,
Voronezh State University, Faculty of Economics, Voronezh, Russia and University of Montenegro,
Maritime Faculty, Kotor, Montenegro. Since 2025 the partners are: Budapest University of
Economics and Business, Faculty of Finance and Accountancy, Budapest, Hungary and Voronezh
State University, Department of Economics and Organization Management, Russia.

The objectives of the Symposium EMC are: presentation of current knowledge and the exchange of
experiences from the field of Engineering management, consideration of development tendencies and
trends in Serbia and the world as well, gathering researchers from this field with the aim of expanding
regional and international cooperation, raising the level of professional and scientific work at
Technical faculty “Mihajlo Pupin” from Zrenjanin, expanding cooperation with economic and
educational institutions and encouraging young researchers within this field. Taking into account that
this Symposium is international, the importance of this event is obvious for the town of Zrenjanin,
Banat region, Vojvodina and Serbia. Organization of EMC by the Technical faculty “Mihajlo Pupin”
from Zrenjanin represents this scientific-educational institution as one of the major representatives of
economic and social development in Banat.

Over the years, the EMC Symposium has evolved into a recognized international symposium for the
dissemination of scientific achievements and professional experiences in the fields of engineering
management, competitiveness, innovation, and sustainable development. The multidisciplinary nature
of the Symposium encourages dialogue among researchers, academics, industry professionals, and
policymakers, creating opportunities for the development of new ideas, collaborative projects, and
practical solutions to contemporary managerial and technological challenges. The papers presented
in these Proceedings reflect the diversity of current research topics and contribute to the advancement
of knowledge and practice in engineering management, both regionally and internationally.

Within this Proceeding all accepted papers received for the 16th International Symposium
Engineering Management and Competitiveness 2026 (EMC 2026) are presented. This year at the
symposium we have 52 papers. The authors come from 11 countries: Bosnia and Herzegovina,
Canada, Croatia, Hungary, Iran, North Macedonia, Russia, Slovenia, Serbia, Turkey and the United
States. The papers are divided into six sessions: Plenary, Management and operation management,
Human resource management, Marketing management, Economy, and IT Management.

We wish to thank the Technical faculty “Mihajlo Pupin” from Zrenjanin and the dean Prof. Ph.D
Milan Nikoli¢ for their active role concerning the organization of the Symposium. We are also
expressing our gratitude to all authors who have contributed with their papers to the organization of
our fifteenth Symposium EMC.

The EMC Symposiums become a traditional meeting of researchers in June, every year. We are open
and thankful for all useful suggestions which could contribute that the next International Symposium
Engineering Management and Competitiveness become better in an organizational and program
sense.

President of the Programm Committee
Professor Edit Terek Stojanovi¢, Ph.D.
Zrenjanin, June 2026.
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ABSTRACT

This study examines the influence of Entrepreneurship 5.0 oriented strategies on sustainable competitive
advantage. The research focuses on digital technology integration, collaborative innovation and ecosystem
engagement, and human-centric entrepreneurial orientation. Data were collected from 64 enterprise managers
using a structured survey with a seven-point Likert scale. The analysis includes descriptive statistics, correlation
analysis, and linear regression. The results show positive and statistically significant relationships between all
independent variables and sustainable competitive advantage. Human-centric entreprencurial orientation shows
the strongest effect, followed by digital technology integration and collaborative innovation. The model explains
a substantial portion of variance in the dependent variable, which confirms its explanatory strength. The findings
indicate that enterprises that combine technological adoption, external collaboration, and internal orientation
toward employees achieve more stable competitive outcomes. The study contributes to the understanding of
Entrepreneurship 5.0 and offers a basis for further research and practical application in modern business
environments.

Key words: Entrepreneurship 5.0, Sustainable competitive advantage, Collaborative innovation, Ecosystem
engagement.

INTRODUCTION

Modern business environments are characterized by complexity, uncertainty, and continuous change.
Enterprises adjust strategies to maintain competitiveness over longer periods. The concept of
sustainable competitive advantage has gained importance, since organizations focus on long-term
positioning in addition to short-term performance (Abbasi Kamardi et al., 2025; Hossain et al., 2022;).
Traditional approaches to competitiveness are often insufficient because they neglect the integration of
technological and human-oriented elements. New frameworks combine digital transformation with
broader organizational and societal considerations. Entreprencurship 5.0 represents such a framework.
It integrates digital technologies, collaboration, and human-centered values into entrepreneurial
practice (Putra et al., 2024). This approach emphasizes alignment between technological development
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and human needs, as well as cooperation within innovation ecosystems. Enterprises integrate digital
technologies, engage in collaborative innovation, and develop orientations that consider employees
and stakeholders. Digital technology integration improves processes, decision making, and
communication (Huang et al., 2025). Collaborative innovation and ecosystem engagement enable
access to external knowledge and support value co-creation (Abazi-Alili et al., 2024; Abbate et al.,
2022). Human-centric entrepreneurial orientation focuses on employee well-being, creativity, and
organizational culture, which supports adaptability and long-term outcomes (Irawan et al., 2023).

This study investigates the relationships between digital technology integration, collaborative
innovation and ecosystem engagement, and human-centric entrepreneurial orientation. Through
empirical analysis, the research explores how these factors influence sustainable competitive
advantage. This research contributes to the understanding of how Entrepreneurship 5.0 approaches can
be implemented for long-term competitiveness in the turbulent modern business environment.

THEORETICAL BACKGROUND

The concept of sustainable competitive advantage is grounded in resource-based theory and dynamic
capability perspectives. It refers to the ability of an enterprise to achieve and maintain superior
performance relative to competitors over time. This outcome depends on the possession and effective
use of resources that are valuable, rare, and difficult to imitate (Hossain et al., 2022; Iriani et al.,
2024). Enterprises are not limited to static resource conditions, since changing environments require
continuous adjustment of internal structures and strategies. Dynamic capabilities describe the capacity
to integrate, reconfigure, and renew internal and external competences in line with market conditions
(Alrub & Sanchez-Canizares, 2025; Hsiao, 2024). These perspectives indicate that long-term
competitiveness depends on both resource quality and the ability to adapt organizational processes and
decisions. Digital technology integration has been widely examined as a determinant of firm
performance and competitiveness. It includes the adoption and use of technologies such as data
analytics, cloud computing, and digital communication systems. These technologies support more
efficient information processing, coordination of activities, and data-based decision making (Shah et
al., 2024; Huang et al., 2025). Organizations that integrate digital tools into their operations are able to
improve process transparency and reduce operational inefficiencies. In addition, digital technologies
enable new forms of value creation through improved customer interaction and service delivery (Su et
al., 2022). However, the effects of digital integration are not uniform across firms. The benefits
depend on the alignment between technological investments and existing organizational capabilities,
including employee skills and managerial practices (Nasution et al., 2026). Without such alignment,
digital tools may remain underutilized and fail to contribute to performance outcomes.

Collaborative innovation and ecosystem engagement are based on open innovation and network
theory. Open innovation assumes that firms rely on both internal and external sources of knowledge to
develop innovations (Nguyen et al., 2025). Ecosystem engagement extends this perspective by
including a wider set of actors such as suppliers, customers, institutions, and strategic partners.
Enterprises that actively participate in innovation networks gain access to diverse knowledge bases
and complementary resources. This interaction supports joint problem solving and shared value
creation across organizational boundaries (Abbate et al., 2022). Empirical findings indicate that firms
engaged in collaborative innovation achieve improved innovation outputs and stronger competitive
positions (Abazi-Alili et al., 2024). At the same time, effective collaboration requires coordination
mechanisms, trust, and clear communication among participants. Human-centric entrepreneurial
orientation is derived from entrepreneurship theory and organizational behavior research. It reflects a
focus on people within the enterprise, including employees, managers, and stakeholders. This
orientation includes support for creativity, openness to new ideas, and attention to employee well-
being. It also involves responsible decision making and consideration of broader social outcomes.
Organizations that develop such orientations create internal environments that support knowledge
sharing and continuous improvement (Irawan et al., 2023). These conditions contribute to higher
levels of employee motivation and adaptability. As a result, enterprises are better prepared to respond
to changes and maintain stable performance over time.
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The integration of digital technology, collaborative innovation, and human-centric orientation aligns
with the broader framework of Entrepreneurship 5.0. This framework connects technological
development with collaboration and human-centered values (Putra et al., 2024). It suggests that
competitiveness emerges from the interaction of multiple elements rather than isolated practices.
Digital capabilities provide the infrastructure for data-driven operations and communication.
Collaborative networks expand access to knowledge and resources. Human-oriented practices support
internal cohesion and adaptability. When these elements are aligned, enterprises are able to create
more stable and sustainable competitive outcomes. Empirical evidence indicates that firms that
combine digital capabilities with innovation and organizational alignment achieve higher levels of
performance and long-term competitiveness (Van Hoang et al., 2025).

METHODOLOGY

The study was conducted to analyze the influence of digital technology integration, collaborative
innovation and ecosystem engagement and human-centric entrepreneurial orientation on sustainable
competitive advantage. A total of 64 respondents (enterprise managers) participated in the survey. The
survey included seven-point Likert scale items, ranging from "strongly disagree" to "strongly agree".
The data was collected via online survey, which was distributed via e-mail. Data analysis included
descriptive statistics, correlation analysis and regression analysis.

Based on the analyzed literature and the research goals, the following hypotheses are noted:

H1: Digital technology integration (DIT) has a statistically significant and positive effect on
Sustainable competitive advantage (SCA).

H2: Collaborative innovation and ecosystem engagement (CIE) has a statistically significant and
positive effect on Sustainable competitive advantage (SCA).

H3: Human-centric entrepreneurial orientation (HCE) has a statistically significant and positive
effect on Sustainable competitive advantage (SCA).

RESULTS
The results of the descriptive statistics are presented in Table 1.

Table 1: Results of the descriptive statistics

Variable Mean Stal.ldf-ll‘d Cronbach’s
deviation alpha
Sustainable competitive advantage (SCA) 5.32 1.14 0.875
Digital technology integration (DTI) 4.88 1.34 0.905
Collaborative innovation and ecosystem engagement (CIE) 5.44 1.24 0.865
Human-centric entrepreneurial orientation (HCE) 5.76 1.26 0.798

(Source: Authors)

The results of descriptive statistics presented in Table 1 indicate relatively high average values across
all analyzed variables, which suggests that respondents generally perceive a strong presence of the
observed constructs within their enterprises. Human-centric entrepreneurial orientation shows the
highest mean value, followed by collaborative innovation and ecosystem engagement, and sustainable
competitive advantage. Digital technology integration has a slightly lower mean, which may indicate
uneven levels of adoption across enterprises. The values of standard deviation suggest moderate
variability in responses, which points to differences in managerial perceptions. The reported
Cronbach’s alpha coefficients exceed acceptable thresholds for all variables, which confirms the
internal consistency and reliability of the measurement scales used in the study. The results of the
correlation analysis are presented in Table 2.
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Table 2: Results of the correlation analysis

SCA DTI CIE HCE
Sustainable competitive advantage (SCA) 1.000
Digital technology integration (DTI) 0.605 1.000
Collaborative innovation and ecosystem engagement (CIE) 0.510 0.536 1.000
Human-centric entrepreneurial orientation (HCE) 0.487 0.598 0.622 1.000

(Source: Authors)

The results of the correlation analysis presented in Table 2 indicate positive relationships among all
analyzed variables. Sustainable competitive advantage is positively correlated with digital technology
integration (r = 0.605), collaborative innovation and ecosystem engagement (r = 0.510), and human-
centric entrepreneurial orientation (r = 0.487). The strongest relationship among independent variables
is observed between collaborative innovation and human-centric entrepreneurial orientation (r =
0.622), followed by the relationship between human-centric orientation and digital technology
integration (r = 0.598), and between collaborative innovation and digital technology integration (r =
0.536). These values indicate moderate positive associations, which suggest that higher levels of one
construct are associated with higher levels of others. The correlation coefficients remain below
commonly accepted thresholds, which indicates that multicollinearity is not present and supports the
use of regression analysis. The results of the linear regression are presented in Table 3.

Table 3: Results of linear regression analysis

Dep. Indep. B intercept: | p-value R? F F Sig. | MSE | RMSE | DW
variable Y | variables X 1.856
SCA DTI 0.414 <0.0001
CIE 0.364 <0.0001 | 0.642 | 187.704 | <0.0001 | 0.187 | 0.389 | 1.865
HCE 0.432 <0.0001

(Source: Authors)

The results of the linear regression analysis presented in Table 3 indicate that all independent variables
have a positive and statistically significant effect on sustainable competitive advantage. Digital
technology integration shows a positive effect (B = 0.414, p < 0.0001), which indicates that higher
levels of technology use are associated with higher levels of competitive advantage. Collaborative
innovation and ecosystem engagement also show a positive effect (B = 0.364, p < 0.0001), which
suggests that cooperation and external interaction contribute to improved outcomes. Human-centric
entrepreneurial orientation has the strongest effect among the analyzed variables (B = 0.432, p <
0.0001), which indicates the importance of internal organizational orientation toward people. The
overall model shows a coefficient of determination of R* = 0.642, which means that 64.2 percent of
the variance in sustainable competitive advantage is explained by the included variables. The F-
statistic (F = 187.704, p < 0.0001) confirms that the model is statistically significant. The values of
MSE (0.187) and RMSE (0.389) indicate an acceptable level of prediction error. The Durbin—Watson
statistic (DW = 1.865) suggests that there is no issue with autocorrelation in the residuals. These
results support all proposed hypotheses and confirm that the selected variables contribute to explaining
sustainable competitive advantage. Next, based on conducted research and the analyzed literature a
theoretical model for improving sustainable competitive advantage in the context of Entrepreneurship
5.0.

The model is presented on Figure 1.
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Figure 1: Model for improving sustainable competitive advantage

Digital technology integration includes sub-elements that support structured operations and data use.
Adoption of data analytics tools enables better decision making based on available information. Use of
cloud-based systems improves access to data and supports coordination across units. Implementation
of digital communication platforms enables faster information exchange with internal and external
actors. Integration of automation and smart systems improves process consistency and reduces manual
work. Real-time data monitoring allows timely responses to changes. Cybersecurity and data
protection ensure system reliability and data safety. Collaborative innovation and ecosystem
engagement connect enterprises with external knowledge and resources. Partnerships with suppliers
and distributors improve coordination in value chains. Cooperation with research and academic
institutions provides access to new knowledge. Engagement with customers in co-creation aligns
products and services with market needs. Participation in industry networks supports exchange of
experiences and practices. Knowledge sharing across organizational boundaries improves problem
solving. Joint development of products and services combines capabilities from different actors.
Human-centric entrepreneurial orientation focuses on internal organizational conditions. Support for
employee creativity encourages new ideas and improvements. Development of a positive
organizational culture supports communication and stability. Investment in employee skills ensures
readiness for technological and organizational changes. Focus on employee well-being increases
engagement and retention. Ethical decision making supports trust and consistent behavior.
Encouragement of teamwork improves coordination and knowledge use.

These elements are interconnected. Digital technology provides support for collaboration and internal
processes. Collaborative innovation connects external inputs with internal capabilities. Human-centric
orientation ensures that employees use technologies and participate in collaboration.

SUGGESTION AND GUIDELINES

Based on the analyzed literature and obtained results, the following suggestions and guidelines for

improving sustainable competitive advantage in the context of Entrepreneurship 5.0:

- Enterprises can establish partnerships with external stakeholders such as suppliers, customers,
and academic institutions. Such cooperation can lead to shared resources and improved
innovation outcomes.
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- Individuals within organizations can develop digital skills and adapt to new technologies
through continuous learning. Employees can also contribute ideas that support process
improvement and organizational development.

- Enterprises can create internal environments that support employee well-being and open
communication. This approach can increase motivation and support knowledge sharing across
teams.

- Governments can promote education programs that combine technical knowledge with
entrepreneurial skills. These initiatives can prepare future workforce participants for complex
business environments.

- Enterprises can implement structured training programs that improve employee competencies
and adaptability. Regular evaluation of skills can ensure alignment with organizational needs.

- Enterprises can monitor performance through data-driven systems and adjust strategies based on
measurable outcomes. Continuous assessment can support long-term stability and
competitiveness.

CONCLUSION

The study examined the influence of digital technology integration, collaborative innovation and
ecosystem engagement, and human-centric entrepreneurial orientation on sustainable competitive
advantage. The results indicate that all analyzed variables have a positive and statistically significant
effect on the dependent variable. The regression analysis confirms that the model explains a
substantial share of variance in sustainable competitive advantage, which supports the selected
research framework. The findings are consistent with theoretical assumptions that link technological,
collaborative, and human-oriented factors with long-term competitiveness. The first hypothesis, which
assumes a positive effect of digital technology integration on sustainable competitive advantage, is
supported. The obtained coefficient indicates that enterprises that use digital technologies more
extensively achieve higher levels of competitive outcomes. The second hypothesis, which refers to
collaborative innovation and ecosystem engagement, is also supported. The results show that
cooperation with external actors and participation in broader networks are associated with improved
performance. The third hypothesis, which relates to human-centric entrepreneurial orientation, is
supported as well. This variable shows the strongest effect, which indicates that internal organizational
practices focused on people are strongly connected with sustainable outcomes. The obtained results
suggest that sustainable competitive advantage depends on the combined influence of technological
capabilities, external collaboration, and internal organizational orientation. Each of these elements
contributes to performance, while their joint presence provides a more stable basis for long-term
competitiveness. The proposed theoretical model offers a structured view of these relationships and
can support both academic analysis and practical application in enterprise environments.
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ABSTRACT

The establishment of the monitoring, reporting and verification (MRV) system for greenhouse gas emissions in
the Republic of Serbia represents an important step towards the future implementation of an emissions trading
framework and the harmonization of national climate policy with the European Union acquis. Following the
adoption of the national monitoring and reporting regulation, operators were required to apply for greenhouse
gas emission permits and submit monitoring plans with supporting documentation. This paper presents the
implementation process from the adoption of the regulatory framework and preparation of operators to the
completion of the first reporting year. Special attention is given to practical challenges identified during the
preparation and implementation of monitoring plans, including the identification of emission sources and source
streams, selection of activity data sources, application of monitoring tiers, development of internal procedures
and assessment of data uncertainty. Experiences from the first reporting year are illustrated through the example
of a category B district heating operator with annual emissions of approximately 95.000 t CO,. The results
indicate that the first reporting cycle provided valuable experience for operators, verifiers and competent
authorities, while highlighting the need for further capacity building and methodological clarification.

Key words: MRV system, greenhouse gas emissions, monitoring plan, EU ETS, Serbia

INTRODUCTION

The European Union Emissions Trading System (EU ETS) is one of the central instruments of
European climate policy. It was established as a greenhouse gas allowance trading scheme within the
European Union and has become a key mechanism for reducing emissions from energy-intensive
sectors (European Parliament and Council, 2003). The system has been further revised in the context
of strengthened EU climate targets and the broader Fit for 55 policy package (European Parliament
and Council, 2023).

Although the Republic of Serbia has not yet established a full emissions trading system in the sense of
allowance allocation and trading, the introduction of a national monitoring, reporting and verification
(MRYV) system represents the first operational step towards such a mechanism. A reliable MRV
system creates the basis for transparent emissions data, consistent reporting, independent verification
and future integration with carbon pricing or emissions trading mechanisms.

The implementation of the MRV system is particularly important for candidate countries and
economies in the process of harmonizing their climate legislation with the European Union acquis. For
installation operators, however, the introduction of MRV requirements represents a complex technical,
organizational and administrative process.
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In Serbia, the first reporting year for installation operators started on 1 January 2025, while reporting
and verification of annual greenhouse gas emissions for 2025 were carried out during the first quarter
of 2026. This period provided the first practical insight into the readiness of operators, verifiers and
competent authorities to implement the new requirements. The paper therefore focuses on the
transition from the adopted regulatory framework to the practical experience gained during the first
reporting cycle.

The objective of this paper is to analyse the implementation of the MRV system for greenhouse gas
emissions in the Republic of Serbia, with emphasis on the regulatory framework, preparation of
operators, practical implementation challenges and lessons learned from the first reporting year. The
experience is additionally illustrated through the example of a district heating operator, which
demonstrates typical technical and methodological issues faced by operators during the preparation
and implementation of monitoring plans.

REGULATORY FRAMEWORK FOR THE IMPLEMENTATION OF THE MRV SYSTEM
IN SERBIA

The legal basis for the establishment of the MRV system in the Republic of Serbia is provided by the
Law on Climate Change, which introduced obligations related to greenhouse gas emission permits,
monitoring plans, annual emission reports and verification (Republic of Serbia, 2021a). The Law
established the general framework for monitoring, reporting and verification of greenhouse gas
emissions from installations and aviation activities, thereby creating the basis for further
harmonization with the EU climate policy framework.

The scope of installations subject to MRV obligations was further defined by the Regulation on Types
of Activities and Greenhouse Gases, which specifies covered activities, activity capacity thresholds
and greenhouse gases included in the national MRV system (Republic of Serbia, 2022). On this basis,
the competent ministry identified installations that were required to enter the system. This step was
particularly important because the initial coverage of the MRV system depended not only on general
legal obligations, but also on the correct interpretation of activity categories, capacity thresholds and
applicable greenhouse gases.

The most important by-law for the practical implementation of the MRV system is the Rulebook on
Monitoring and Reporting of Greenhouse Gas Emissions, adopted in December 2023 (Republic of
Serbia, 2023). The Rulebook started to apply in 2024 and defined detailed requirements for the
preparation of monitoring plans, monitoring methodologies, determination of activity data, calculation
factors, monitoring tiers, data flow activities, control activities and reporting. In this respect, the
Serbian MRV framework follows the main principles of the EU monitoring and reporting system,
particularly regarding the need for transparent, accurate, complete, consistent and verifiable emissions
data (European Commission, 2018a).

After the Rulebook entered into application, installation operators were given a six-month period, until
July 2024, to submit applications for greenhouse gas emission permits. The application had to be
accompanied by a monitoring plan and supporting documentation. During the second half of 2024, the
competent ministry reviewed the submitted documentation and issued greenhouse gas emission
permits. The obligation of operators to monitor and report greenhouse gas emissions started on 1
January 2025. Figure 1 presents the key milestones in the implementation of the MRV system in
Serbia, from the adoption of the monitoring and reporting regulation to the first reporting and
verification cycle.

The verification component of the MRV system is based on the principle that annual emission reports
should be independently assessed by competent and accredited verification bodies (European
Commission, 2018b). In Serbia, the obligations of verification bodies and the requirements for
verification and accreditation are defined by the national Rulebook on Verification and Accreditation
of Verifiers of Greenhouse Gas Emission Reports (Republic of Serbia, 2021b).
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Figure 1: Timeline of the implementation of the MRV system in Serbia

Although the national system is often discussed in the broader context of the EU ETS, it is important to
emphasize that Serbia has introduced the MRV component, not a complete emissions trading system.
Therefore, the current stage should be understood as the establishment of a reliable emissions monitoring
and reporting infrastructure, which may serve as a foundation for future carbon pricing or allowance
trading mechanisms.

PREPARATION OF OPERATORS FOR THE INTRODUCTION OF THE MRV SYSTEM

The preparation of operators began with the introduction of the new MRV requirements in early 2024.
Operators had to become familiar with the concept of greenhouse gas emission permits, monitoring plans,
annual emission reports and independent verification. For many operators, this represented the first
systematic encounter with EU ETS-type monitoring requirements, even though some facilities had previous
experience with environmental reporting or energy management.

A key element of the preparation process was the development of monitoring plans. The monitoring plan is
the central document of the MRV system, as it defines emission sources, source streams, monitoring
methodologies, activity data sources, calculation factors, monitoring tiers, data flow activities and control
procedures. In practice, the preparation of monitoring plans required operators to analyse their
technological processes in detail and to translate existing operational, metering and accounting practices
into the format required by the MRV regulation.

Training activities were therefore essential during the initial phase. Operators had to be trained not only to
complete formal templates, but also to understand the underlying logic of the MRV system. This included
the distinction between emission sources and source streams, the classification of source streams, selection
of monitoring methodologies, documentation of data sources and preparation of written procedures. The
quality of the submitted monitoring plans depended significantly on the operator’s understanding of these
concepts.

The greenhouse gas emission permit created direct obligations for operators from the beginning of the first
reporting year. Operators were required to monitor emissions in accordance with the approved monitoring
plan, maintain appropriate records, apply data flow and control activities, prepare annual emission reports
and submit them for verification. This meant that the monitoring plan was not only an administrative
document prepared for permitting purposes, but also the operational basis for annual monitoring and
reporting.

IMPLEMENTATION CHALLENGES
The first phase of implementation revealed several practical challenges. These challenges were expected,
considering that the MRV system was introduced within a relatively short timeframe and required operators

to establish new technical and administrative practices.

One of the most important challenges was the identification of emission sources and source streams. In
many installations, existing internal documentation was not structured in the same way as required by the
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MRV system. Operators therefore had to identify all relevant emission sources, define source streams and
classify them according to their contribution to total emissions. This was particularly important for
installations using several fuels, auxiliary materials or backup systems.

The selection of activity data sources was another significant issue. Activity data may be based on invoices,
operator measurements, stock changes, conservative estimates or other documented sources, depending on
the nature of the source stream and the applicable monitoring methodology. Operators had to demonstrate
that the selected source of activity data was appropriate, traceable and consistent with the monitoring plan.
In practice, the difference between commercial documentation, internal measurements and auxiliary
estimates required careful explanation.

The determination of calculation factors also required attention. For standard commercial fuels, default
values may be used under certain conditions, while for some fuels calculation factors may be based on
supplier data, quality reports or laboratory analyses. Operators had to identify the correct source of
information for net calorific value, emission factor, oxidation factor and other relevant parameters. In some
cases, the challenge was not the absence of data, but the correct interpretation and documentation of the
available data.

The application of monitoring tiers represented an additional methodological challenge. Operators needed
to understand the relationship between installation category, source stream category, monitoring
methodology and required tiers. This was particularly important for major source streams, where higher
accuracy requirements generally apply. At the same time, simplified approaches could be used for minor
and de minimis source streams, but these approaches also had to be properly justified and documented.

A further challenge was the preparation of written procedures and supporting documentation. Monitoring
plans required references to procedures related to data flow activities, control activities, responsibilities,
record keeping, quality assurance, data gaps and internal reviews. For many operators, the number and
level of detail of these procedures were new. As a result, the preparation of monitoring documentation
required cooperation between technical personnel, environmental departments, accounting departments,
metering services and management.

The assessment of data uncertainty was also among the main implementation challenges. Operators had to
evaluate the uncertainty of activity data, especially where metering systems were used. This required
information on measuring instruments, maximum permissible errors, calibration or verification records,
correction devices and, in some cases, the combination of uncertainty contributions from several
measurement lines. The practical difficulty was that operators often possessed metrological documentation,
but had not previously used it for the purpose of greenhouse gas monitoring.

Laboratory analyses were another area requiring methodological clarification. Where calculation factors are
determined through analyses, operators need to ensure that sampling, laboratory competence, analytical
methods and frequency of analysis are appropriate. In the first implementation phase, it was important to
distinguish between cases where laboratory analysis was required and cases where default values, supplier
data or regulatory values could be used.

Finally, organizational challenges were significant. The MRV system requires clearly assigned
responsibilities, stable data flows, internal checks and management awareness. The first reporting year
showed that MRV implementation is not only a technical task, but also a management process. Operators
that established internal coordination between technical, financial and environmental functions were
generally better positioned to prepare consistent monitoring documentation and annual reports.

FIRST REPORTING YEAR - EXPERIENCES AND LESSONS LEARNED
The first reporting year started on 1 January 2025, while annual emission reports for 2025 were prepared
and verified by 31 March 2026. This first reporting cycle provided the first practical test of the Serbian

MRYV system. Available implementation information indicates that approximately 120 installations were
identified as subject to MRV obligations, while around 90 installations have been included in the system so
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far. The difference between identified and included installations indicates the need for further clarification
of coverage, communication with operators and enforcement of obligations.

The first reporting cycle also required the establishment of a national verification infrastructure. This
represented an additional challenge because accreditation of verification bodies according to SRPS EN
ISO/IEC 17029:2020 had not previously been applied in this field in Serbia. The Accreditation Body of
Serbia therefore had to develop the necessary accreditation process and ensure competent assessors for
organizations seeking accreditation as greenhouse gas verification bodies. For the first reporting year, five
verification bodies obtained temporary accreditation, while additional safeguards were introduced through
the engagement of experienced foreign verifiers, whose role was to support, train and supervise domestic
verifiers until sufficient national experience was developed. This approach contributed to the credibility of
the first verification cycle, but also demonstrated that the development of verifier competence is one of the
key elements of a functioning MRV system.

During verification of the first annual emission reports, operators received recommendations related to
monitoring plans and supporting documentation. In some cases, verifiers identified the need to correct or
clarify certain elements of the monitoring plan, such as data sources, procedures, monitoring methodologies
or source stream descriptions. As a result, operators prepared new versions of monitoring plans and
submitted them to the competent ministry for approval. This process is an expected part of the initial
implementation phase and may contribute to the gradual improvement of monitoring documentation.

The experience of a district heating operator can be used to illustrate typical issues in the first reporting
year. The operator belongs to category B and has annual emissions of approximately 95.000 t CO». Its
combustion activities are based primarily on natural gas, with additional source streams including light fuel
oil, urea used for DeNOx in gas engines and diesel fuel for an emergency generator. Natural gas is
combusted in five boilers and three gas engines and is supplied through three gas lines, each equipped with
a flow meter and volume corrector.

Table 1 presents a simplified overview of the main source streams, activity data sources, calculation factor
sources and implementation challenges in this example.

Table 1: Example of source streams and monitoring approach for a district heating operator

Source Type of source Activity data Calculation factor Main implementation
stream stream source source challenge
Gas quality report; NCV |Consistency between
Major source S and EF calculated commercial data, several
Natural gas Supplier invoices . . . .
stream according to national gas lines and monitoring
regulation documentation
. .. | Minor source Operator flow Default values from Documentation of internal
Light fuel oil . .
stream meter national regulation measurement and data flow
De minimis Conservative Default values from Methodolqglcal N
Urea . . . interpretation and simplified
source stream estimate national regulation S
monitoring approach
. ification of simplifi
. De minimis Conservative Default values from Just . caF on of simplified
Diesel fuel . . . monitoring for very small
source stream estimate national regulation emissions

The example shows that even installations with relatively conventional combustion processes may face
complex MRV issues. Natural gas, although a standard commercial fuel, required clear documentation of
the relationship between invoices, metering lines, gas quality data and calculation factors. Minor and de
minimis source streams required proportional approaches, but also sufficient justification in the monitoring
plan. The use of urea for DeNOx in gas engines additionally demonstrated the importance of correctly
identifying all materials that may result in greenhouse gas emissions.

Several lessons can be drawn from the first reporting year. First, the quality of monitoring plans depends on

the operator’s ability to understand and document existing technical and administrative practices in MRV
terms. Second, data sources must be clearly defined and consistently used throughout the reporting process.

14



EMC 2026, 19-20th June 2026, Zrenjanin, Serbia

Third, written procedures are essential for ensuring continuity and traceability of data. Fourth, uncertainty
assessment requires better integration of metrological documentation into emissions monitoring. Finally,
the first verification cycle plays an important role in identifying weaknesses and improving the quality of
monitoring documentation.

CONCLUSIONS

The introduction of the MRV system for greenhouse gas emissions in the Republic of Serbia represents an
important step in the development of national climate policy and future alignment with emissions trading
mechanisms. Although a full emissions trading system has not yet been established, the MRV framework
provides the necessary foundation for reliable emissions data, annual reporting and independent
verification.

The first implementation phase showed that Serbia established the basic regulatory and procedural
framework within a relatively short period. Operators submitted permit applications and monitoring plans,
the competent authority issued greenhouse gas emission permits, and the first reporting and verification
cycle was completed for the 2025 reporting year. At the same time, the process revealed several practical
challenges, particularly in the identification of emission sources and source streams, selection of data
sources, application of monitoring tiers, preparation of procedures and assessment of data uncertainty.

The experience of the first reporting year should therefore be understood as a learning phase for all
participants in the system. Further improvement should focus on capacity building, clearer methodological
guidance, consistent interpretation of regulatory requirements and strengthening of internal MRV
procedures at operator level. These improvements will be important for increasing the reliability of
emissions data and preparing the Serbian system for possible future development towards carbon pricing or
emissions trading.

ACKNOWLEDGEMENT

This research has been supported by the Ministry of Science, Technological Development and Innovation
through Contract No. 451-03-33/2026-03/200156.

REFERENCES

European Commission. (2018a). Commission Implementing Regulation (EU) 2018/2066 of 19 December 2018
on the monitoring and reporting of greenhouse gas emissions pursuant to Directive 2003/87/EC of the
European Parliament and of the Council and amending Commission Regulation (EU) No 601/2012.
Official Journal of the European Union, L334, 1-93.

European Commission. (2018b). Commission Implementing Regulation (EU) 2018/2067 of 19 December 2018
on the verification of data and on the accreditation of verifiers pursuant to Directive 2003/87/EC of the
European Parliament and of the Council. Official Journal of the European Union, L334, 94—134.

European Parliament and Council. (2003). Directive 2003/87/EC of the European Parliament and of the Council
of 13 October 2003 establishing a scheme for greenhouse gas emission allowance trading within the
Community and amending Council Directive 96/61/EC. Official Journal of the European Union, L2775,
32-46.

European Parliament and Council. (2023). Directive (EU) 2023/959 of the European Parliament and of the
Council of 10 May 2023 amending Directive 2003/87/EC establishing a system for greenhouse gas
emission allowance trading within the Union and Decision (EU) 2015/1814. Official Journal of the
European Union, L130, 134-202.

Republic of Serbia. (2021a). Law on Climate Change. Official Gazette of the Republic of Serbia, No. 26/2021.

Republic of Serbia. (2021b). Rulebook on Verification and Accreditation of Verifiers of Greenhouse Gas
Emission Reports. Official Gazette of the Republic of Serbia, No. 107/2021.

Republic of Serbia. (2022). Regulation on Types of Activities and Greenhouse Gases. Olfficial Gazette of the
Republic of Serbia, No. 13/2022.

Republic of Serbia. (2023). Rulebook on Monitoring and Reporting of Greenhouse Gas Emissions. Official
Gazette of the Republic of Serbia, No. 118/2023.

15



16th International Symposium Engineering Management and Competitiveness 2026 (EMC 2026)
June, 19-20, 2026, Zrenjanin, Serbia

OBSERVABILITY BEYOND MONITORING: QUANTIFYING THE
IMPACT OF IT ON ENTERPRISE VALUE

Igor Grubisié
Harvard University, Faculty of Arts and Sciences, Cambridge, Massachusetts, USA
E-mail: igor.grubisic@dynatrace.com
Ivana Dendié¢
Tehnicki fakultet ,,Mihajlo Pupin®, Zrenjanin, Republic of Serbia

ABSTRACT

This paper introduces Business Observability, a subset of observability, as a strategic tool for quantifying IT's
impact on Enterprise Value. In today’s digital economy, IT plays a pivotal role in driving revenue, innovations,
operational efficiency, and risk management. However, quantifying this impact on business processes and
enterprise outcomes is not straightforward. Business Intelligence and time sheets track historical performance,
but do not correlate metrics with Enterprise Value. Drawing on practitioner experience across Fortune Global
500 companies, we introduce how companies can use observability to create a value lineage between the Digital
Estate and the overarching Enterprise Value. The paper presents a four-level Enterprise Value Lineage
framework that maps observability signals to four value drivers (efficiency, quality, productivity, and risk),
which drive enterprise outcomes. We have validated this lineage through enterprise-scale implementations,
enabling near-real-time insights into how the technology stack impacts Enterprise Value. As a result, we are
seeing an increase in use cases in which companies experiment with positioning observability as an integral
function of the business, protecting their competitive advantage rather than treating it as just an IT-confounded
application and infrastructure performance monitoring tool.

Keywords: Observability, Enterprise Value, IT Performance, MTTR, Business Observability, Value Realization

INTRODUCTION

The rapid expansion of digital ecosystems has fundamentally altered how organizations create and
sustain value. Technology is no longer a supporting function; it is the primary enabler that powers
every process across the value chain (Porter & Millar, 1985; Brynjolfsson & Hitt, 2000). Yet,
recognizing the full financial impact of technology investments remains one of the most persistent
challenges in enterprise management. This paper is grounded in practitioner experience across global
enterprise IT operations and value strategy at Dynatrace, the leading observability platform (Gartner,
2025). The two vantage points converge on an observation that this paper takes as a central claim: the
gap is not an instrumentation problem, but the disjointed impact measurement approach with no
common ownership and accountability structure. To close it, this paper introduces a framework that
elevates observability from a tactical engineering practice to a strategic governance instrument. We
argue that observability must be utilized to continuously correlate technical signals and business
events with organizational Service Level Objectives (SLOs) jointly owned by technology and business
leadership. By doing so, organizations can quantify how their digital estate impacts enterprise value
drivers, thereby determining its contribution to Enterprise Value.

THEORETICAL BACKGROUND
Enterprise Value and the Role of IT as Enabling Infrastructure

Digital transformation is reshaping value creation by steering organizations toward an ecosystem of
stakeholder co-creation, where Information Technology serves as the enabling layer powering every
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activity in the value chain (Zhang et al., 2026). Porter and Millar (1985) were among the first to
articulate IT's role as a source of competitive advantage embedded across the value chain.
Brynjolfsson and Hitt (2000) later demonstrated empirically that the economic value of IT investment
is captured in the organizational transformations it enables, which are often intangible and difficult to
measure.

Billi and Bernardo (2025) show that the combination of digital transformation, IT innovation, and
operational strategy produces measurable effects on Tobin's Q. Ran et al. (2024) confirm that digital
technology impacts value by driving productivity and profitability, but the mechanism remains
unclear. To understand it, organizations need a consistent value framing that links financial goals to
the technological capabilities that drive them (Smith et al., 2024). The framework in this paper seeks
to enable such linkage. Recent empirical evidence confirms that digital activities are associated with a
market-to-book ratio 826 percent higher than industry peers, but only a fraction of this value is
captured in financial reporting (Chen & Srinivasan, 2024).

The Evolution of Observability: From Monitoring to Strategic Instrument

In its original context, observability refers to the ability to infer a system's internal state from its
external outputs (Majors et al., 2022). It leverages runtime telemetry to diagnose anomalies and
accelerate remediation. Second generation emerged with the cloud, utilizing Application Performance
Monitoring to correlate signals across microservices and containers to understand why failures occur
and accelerate recovery. The third generation is qualitatively different; it is about understanding
consequences. Introduced by Saha et al. (2024), Business Process Observability is a cross-layer
topology that links processes to the underlying IT, making the business impact visible alongside the
technical signal. Building on the authors’ empirical experience (Grubisic, 2026), it is visible that most
organizations still operate at generation two. They are using observability as an application monitoring
tool. As the underlying reason, we see the limitations of existing platforms in establishing composite
value metrics and in correlating business and technical observability signals with top-level business
outcomes (Gartner, 2025).

METHODOLOGY AND MEASUREMENT APPROACH

The measurement approach proposed in this paper operationalizes the Enterprise Value Lineage by
systematically correlating captured observability signals with customer business outcomes. To
illustrate the approach, we will describe how eliminating tool sprawl protects revenue. The primary
measurement chain runs as follows: Tools Consolidation to Faster Root Cause Analysis to lower
MTTx to Improved Asset Efficiency to NPS to Revenue and Operational Efficiency. The practical
application of this approach, linking MTTR and NPS to IT investment decisions, has been pivoted in
complex operational environments, which we will present below.

CONCEPTUAL FRAMEWORK: BUSINESS OBSERVABILITY FOR ENTERPRISE VALUE

Observing a business process as the driving force of Enterprise Value, we characterize each process
along four dimensions: efficiency, quality, productivity, and risk. The underlying Digital Estate,
comprising hardware infrastructure, applications, data, and digital services, impacts each dimension.
Business Observability allows us to measure the impact that the Digital Estate has on the
characterizing dimensions, the business processes, and the affected value drivers along the Enterprise
Value map.

Business Observability, as defined in this paper, is the real-time measurement of the impact of
technology-driven value drivers on business and technology processes and overall Enterprise Value.
This framework was developed through enterprise-scale practice, operationalized across selected
Fortune 500 engagements, and is presented here as a formalized contribution to the engineering
management literature (Grubisic, 2026). It requires three things to work in concert: the right
observability signals from the Digital Estate, organizational SLOs that management has defined as
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measures of success, and the Enterprise Value Lineage that maps them to one another, up to the top-
level business objectives.

The Enterprise Value Lineage

The Enterprise Value Lineage describes a four-step process through which technical telemetry is
transformed into strategic business insight (Figure 2).

Step 1 — Ingestion. Observability solutions capture the signals produced by the Digital Estate:
logs, metrics, traces, events, and other raw data points and composite metrics.

Step 2 — Real-Time Correlation. Signals are mapped to operational dimensions (Efficiency,
Quality, Productivity, and Risk), adding business and technical interpretations. An increase in
MTTR for payment processing is not a reliability statistic in isolation; it is a quality degradation
event with a calculable effect on transaction completeness, customer satisfaction, and revenue.
This is where the framework diverges from conventional observability, which presents technical
metrics without business context.

Step 3 — Outcome Quantification. Operational performance is translated into financial impact:
the captured signals are correlated with Outcome Levers, and the impact is compared against the
baseline. MTTR is one of the most consistent predictors of organizational performance
(Forsgren et al., 2018; DORA, 2024). Rapid resolution preserves service value and customer
satisfaction (Najjar et al., 2022). Net Promoter Score (NPS) captures that perception as a
predictor of future sales (Baehre et al., 2022).

Step 4 — Strategic Value Alignment. The result is a shared view for executives and technology
teams: a direct line from what is happening in the technology stack to its implications for the

business.
Strategic value
alignment
A A
efficiency

Revenue Governance&
growth resilience Outcome
C0GS Qther quantification
& 5G&A value levers

Efficiency Productivity
—’ 4— @ Real-time

Quality Risk correlation

Biz KPIs, events, RCA %, MTTx, volumes, latency & availability, downtime, traces, NPS, SLAs/SLOs/KPIs, etc.

Process Process Process
activity 1 activity 2 activity n Ingestion
Digital estate

Figure 2: Enterprise Value Lineage: Digital Estate to Strategic Value Alignment
Source: Grubisic (2026)

The Enterprise Observability Value Map

To operationalize the Value Lineage across the entire value chain, the framework leverages an
Enterprise Observability Value Map (Figure 3), a structured taxonomy that connects IT signals to
strategic business outcomes through a hierarchy of outcome levers and value drivers (Grubisic, 2026).
The map is organized around three strategic pillars of the Enterprise Value, where each value driver
builds on the lower ones. For example, accelerating technology-related M&A expedites new customer
integration and acquisition, increases revenue volume, and drives overall revenue and innovation.
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Figure 3: Enterprise Observability Value Map: Strategic Pillars, Outcome Levers, and Value Drivers
Source: Grubisic (2026)

The Value Map provides organizations with a structured starting point for prioritizing observability
investments based on the value levers most material to their strategic context.

Empirical Validation

Customer-serving business processes rely on a multitude of connected digital systems that are often
monitored separately. Unifying observability by eliminating tool sprawl significantly lowers MTTx.
Per our empirical findings across over 5000 deployments, consolidated observability reduces MTTx
by as much 99% (Dynatrace, 2026). Reduced detection and resolution times enable a near-frictionless
customer experience, improving NPS and driving revenue protection and growth. Figure 4 shows a
real-life example of how tool consolidation at one of the largest US airlines increased asset efficiency
(coverage of monitored hosts), resulting in an 88% reduction in MTTR and, consequently, a 3-point
improvement in NPS.

3 Point NP5
Improvement
88% Reduction
in Average
Resolution Time
0326024 042024 Q1 2e25 02 2825
e Dynatrace Monitored Hosts e Avg MTTR (Hours) NP5 Score

Figure 4: Correlation Between Tools Consolidation, MTTR, and NPS.
Source: Dynatrace Perform, 2026

This empirical evidence demonstrates that the measurement chain proposed in this paper has been

validated in practice, producing measurable improvements in both operational efficiency and customer
outcomes.
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DISCUSSION

What this framework changes most is a power dynamic, not a process. Leveraging our framework
through observability, concretely Business Observability, we can establish a near-real-time
quantification of how changes across the Digital Estate impact Enterprise Value. A Chief Information
Officer (CIO) who operates with Business Observability does not arrive at a board meeting with
retrospective business impact that the Chief Financial Officer (CFO) will discount. They arrive with
real-time correlations between the IT investments, performance of enterprise-wide SLOs, and
enterprise value drivers. This is a shift in who holds informational power in the room, and that shift
changes the nature of technology investment decisions in ways that improved tooling and IT processes
alone cannot achieve.

This realization points to the single critical prerequisite for the framework to function: joint SLO
ownership between technology and business stakeholders. Without it, the value lineage has no anchor.
Only 52% of companies currently have a technology investment decision-making process that is
jointly owned by IT and the business (Smith et al., 2024). The other 48% are failing because the
organizational structure does not create the conditions for the correlation to be acted upon.
Implementing observability without resolving this gap produces dashboards without business context
and value lineage.

Technology and business leaders need to co-author SLOs that carry financial consequences for both
sides and review them at the same cadence as financial reporting. The specific governance structure
that makes this durable across organizational contexts is beyond the scope of this paper.

Two limitations of the framework as presented deserve explicit acknowledgment. First, correlation is
not causation. An MTTR reduction that coincides with an NPS improvement does not, by itself,
establish a causal relationship. The measurement chain given in Section 3 is a well-evidenced
directional model, not a deterministic formula. Correlations stemming from this framework are
decision-support signals that need to be put into a valid business context. Second, the accuracy of the
framework depends on the completeness of the instrumentation across the Digital Estate.

CONCLUSIONS

This paper contributes to the engineering management literature at the intersection of IT governance,
Enterprise Value creation, and observability practice. We have argued that observability, when
elevated beyond its traditional operational role and governed as a shared accountability structure,
functions as a real-time strategic instrument for quantifying the impact of technology on Enterprise
Value. The Business Observability framework, grounded in practitioner experience and supported by
evidence from academic research and large-scale industry studies, provides a structured approach to
this quantification through a four-step Enterprise Value Lineage and a comprehensive Observability
Value Map.

The framework has been piloted through Proof of Concept implementations in two global enterprise
organizations, demonstrating a measurable impact of IT performance on Enterprise value. Broader
empirical validation across industries and organizational contexts remains a direction for future
research, along with further refinement of the standardized value measurement protocols for the
Digital Estate-to-Outcomes correlation chains and governance models that drive joint SLO ownership
at enterprise scale. The challenge for enterprises is no longer whether observability can quantify
technology’s business value, but whether the organizations are structured to leverage observability as a
function of Enterprise Value and act on insights in real time.
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ABSTRACT

The paper analyzes the dynamics of entreprenecurial intentions and career preferences among students at
Voronezh State University (VSU) in a context of macroeconomic and geopolitical instability. The study
highlights the role of the university environment in shaping students' entrepreneurial attitudes. The empirical
base is comprised of data from the Russian segment of the international GUESSS project for 2018 and 2025. The
study design combines longitudinal analysis (comparing VSU indicators at two time points) and cross-sectional
comparative analysis (comparing VSU data with national data). The results show that students' career strategies
have significantly shifted over the period under review. Over the short-term planning horizon, the proportion of
those wanting to start their own business increased, whereas over the five-year horizon, entrepreneurial
intentions declined, with a sharp increase in the proportion of undecided students. A regional characteristic of
VSU is the higher proportion of students without long-term career plans and lower entrepreneurial environment
compared to the Russian average. In a context of external instability, students demonstrate increased uncertainty
about their professional futures. It is concluded that universities need to strengthen their support for students'
entrepreneurial intentions to ensure the reproduction of entrepreneurial potential.

Key words: entrepreneurial intentions, university, students, macroeconomic instability.

INTRODUCTION

In recent years, Russia has been developing amid economic and geopolitical instability. Restrictions
caused by the pandemic and the Ukrainian crisis have led to difficulties in selling export products, a
shortage of imported equipment, and the disruption of supply chains and economic ties. Many foreign
companies and brands have left the Russian market. The opening of market niches, despite the
presence of macroeconomic obstacles, has opened up a unique opportunity for the development of
Russian entrepreneurship (Nikitina et al., 2024). The study "Monitoring Entrepreneurial Activity
2024/2025" (Verkhovskaya, 2025) also showed that, according to respondents, starting in 2022, there
has been an increase in the number of those who agree that Russia offers favorable conditions for
developing their own business: 33,7% in 2022, 38,4% in 2023, and 39,8% in 2024. Moreover, starting
in 2022, the number of respondents who believe that starting a business in Russia is easy has averaged
54,6%, while in 2016-2019 this figure was at an average of 23,6%.

However, despite improved survey respondents’ assessments of the business climate, data from the
Russian Federal Tax Service indicates the beginning of a reversal. In 2025, the number of legal entities
established in Russia was the lowest in the past 14 years — 192 883 companies. Moreover, the number
of liquidated legal entities exceeded newly created ones by 36,45%, reaching 263 201 companies. The
decline in the number of legal entities in small and medium-sized businesses is offset by an increase in
the number of sole proprietors (1 076 747 opened, 748 889 closed).
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This growth in the number of individual entrepreneurs is largely driven by young people. The desire to
start a business peaks at a young age, according to the report "Monitoring Entrepreneurial Activity
2024/2025" (Verkhovskaya, 2025). Thus, in 2024, 45,9% of respondents aged 18 to 24 stated their
intention to become an entrepreneur in Russia, 40,2% of those aged 25 to 35, 36,2% of those aged 35
to 44, 16,5% of those aged 46 to 55, and 12,4% of those over 55. Among respondents who are not
entrepreneurs, students (51,5%) expressed the highest desire to start their own business in the next
three years. This is due to the younger generation being more entrepreneurial, innovative, flexible, and
willing to take risks.

Overall, the youth entrepreneurship sector in Russia is steadily growing. By 2025, the number of
individual entrepreneurs under 35 reached 1,17 million. Young entrepreneurs are shifting from retail
to industries with greater intellectual and innovative potential. The largest relative growth compared to
the previous year was recorded in education — 59,8%. Administrative activities grew by 27,6%,
scientific and professional activities by 19,9%, and the number of IT companies increased by 14,5%.
Public administration, healthcare, culture, sports, and leisure also experienced rapid growth. Among
Russian regions, Moscow and the Moscow region remain the absolute leaders in the number of young
entrepreneurs (over 200 000). More than 61 000 young founders are registered in the Krasnodar Krai,
over 54 000 in St. Petersburg, and over 35 500 in the Republic of Tatarstan. The Republic of Dagestan
demonstrated unique growth, with the number of young entrepreneurs in this region increasing by
24% to 4 300.

The growth of youth entrepreneurship is driven by government support. Grant support, provided
through various government agencies and development institutions, plays a particularly important role.
For example, the Foundation for Assistance to Small Innovative Enterprises (FASIE) offers targeted
programs for young technology entrepreneurs, including a grant of up to 1 million rubles under the
Student Startup program for students. Projects in IT and the creative industries are eligible for support
from the Presidential Creative Industries Fund. Also in 2024, the Russian Ministry of Education and
Science, together with the Russian Ministry of Economic Development, launched the "Startup as a
Diploma" competition for graduates, allowing young people to present their business project as a final
qualifying thesis.

The current level of youth entrepreneurship development is undoubtedly linked to the educational
sector's ability to nurture entrepreneurial potential. Universities foster not only professional
competencies but also the value-motivational structure of young professionals' career strategies. In the
context of macroeconomic instability, there is an objective need to analyze and evaluate the dynamics
of students' entrepreneurial intentions, as this indicator serves as a proxy for graduates' actual
economic activity.

The theoretical basis for this analysis is the theory of planned behavior (Ajzen, 1991), according to
which an individual's intentions are shaped by three factors: individual attitudes toward behavior,
subjective norms, and perceived behavioral control. Since starting a business is considered a planned
action by an individual preceded by intention, entrepreneurship is often studied from the perspective
of entrepreneurial intentions (Bird, 1988). These intentions, in turn, are determined by the individual's
personal motives, which are influenced by family, the university environment, and the socio-cultural
context (Berman et al., 2008; Shirokova et al., 2015). Universities play a key role in shaping and
intensifying entrepreneurial intentions (Ustinova and Koemets, 2024).

Thus, identifying the degree and nature of the influence of the university environment (including
educational programs, start-up support infrastructure, informal entrepreneurial communities) on the
intensification of students' entrepreneurial intentions, including in conditions of macroeconomic
instability, is of great theoretical and practical significance. Without understanding this connection,
any measures to stimulate youth entrepreneurship risk remaining mere declarative measures.
Therefore, the goal of our study is to assess the dynamics of entrepreneurial intentions among students
at a regional classical university (using Voronezh State University as an example) in a context of
macroeconomic instability.
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MATERIALS AND METHODS

The empirical basis of the study was data from the international research project "Global Student
Entrepreneurial Spirit Study" (GUESSS). GUESSS is conducted biennially under the leadership of the
Swiss Universities of St. Gallen and Bern. It focuses on studying the career intentions, entrepreneurial
activity, and attitudes toward entrepreneurship among students worldwide. Anonymous online surveys
conducted in over 50 countries and thousands of universities make it possible to analyze the dynamics
of student entrepreneurial spirit over time, compare indicators across universities and countries, and
assess the influence of the university environment on the formation of entrepreneurial intentions. The
National Research University Higher School of Economics (HSE — St. Petersburg) is a partner in the
project and is responsible for collecting data from students across Russia.

The study utilized a mixed-methods approach to data analysis, including secondary analysis of
GUESSS project data for 2018 and 2025 (Russian segment), analytical reports (Global study of
students' entrepreneurial spirit. National report. Russia 2018), and scientific publications. The study
design combines longitudinal analysis (assessing data dynamics for Voronezh State University in 2018
and 2025) and cross-sectional comparative analysis (comparison of Voronezh State University data
with national data). The choice of the 2018 and 2025 time points is due to the fact that this interval
allows us to capture two qualitatively different macroeconomic regimes: 2018 serves as a starting
point characterized by relative stability and the absence of systemic external shocks, while 2025
reflects the state of entrepreneurial intentions after the cumulative effect of the COVID-19 pandemic,
sanctions pressure, and the structural restructuring of the Russian economy.

In 2018, 93 students from Voronezh State University were surveyed, accounting for 3,3% of the total
sample for Russia. In 2025, the number of respondents increased to 104, accounting for 6,1% of the
total sample for Russia. Respondents were distributed by education level as follows: in 2018, 91%
held bachelor's degrees, 8% held master's degrees, and 1% held doctoral degrees. In 2025, the share of
bachelor's degrees was 44%, master's degrees 17%, specialist degrees 38%, and doctoral degrees 1%.

RESULTS AND DISCUSSION

The study asked participants to answer two questions: where they see themselves immediately after
graduating and five years later. The near- and long-term career expectations of students at Voronezh
State University (VSU) and across Russia for 2018 and 2025 are presented in Table 1.

An analysis of the career preferences of VSU students and those in Russia as a whole in 2018 revealed
that, in the short term, respondents primarily considered employment as employees. The largest share
of VSU and Russian students surveyed were focused on large companies (with 250 or more
employees) — 27,96% and 24,6%, respectively — and medium-sized organizations (with 50 to 249
employees) — 26,88% and 22,8%. With a five-year planning horizon, a general trend was also
observed in 2018, but the majority of students already envisioned themselves as future entrepreneurs
(68,82% at VSU and 50,4% across Russia). Moreover, Voronezh students are characterized by lower
uncertainty in both the short- and long-term perspectives — 4,3% and 3,23%, compared to 12,4% and
13,3% in Russia, respectively.

A comparison of Voronezh students' career intentions with the Russian national average for 2025
reveals similar trends. Immediately after graduation, the leading career path is working for large
companies (28,85% at VSU and 27,62% nationally), followed by being a founder (entrepreneur) of
their own company (20,19% at VSU and 22,67% nationally). Third place goes to students who have
not yet decided on their career preferences, representing 21,15% at VSU and 19,38% nationally. In the
long term, despite similar career choice trends to those observed in the Russian national average,
students from Voronezh demonstrate more cautious behavior. For example, the proportion of those
who see themselves as the founder (entrepreneur) of their own company in five years at VSU is 6,48%

24



EMC 2026, 19-20th June 2026, Zrenjanin, Serbia

lower than the national average (38,46% versus 44,94%). Voronezh students are characterized by a
higher degree of uncertainty when predicting their career trajectory. At Voronezh State University, a
quarter of respondents were unable to decide on their career path five years after graduation, compared
to 15,49% across Russia. The 9,51% gap can be explained by Voronezh's proximity to the Special
Military Operations Zone, which poses additional risks to economic activity. Under these
circumstances, the shortening of Voronezh State University students' planning horizons is a natural
response to the aggressive external environment.

Table 1: Career expectations of VSU and Russian students for the near and long term
for 2018 and 2025.

VSU Russia
Right after

Your Career Choice Right after

5 years later, % 5 years later, %

Intentions studies, % studies, %
2018 2025 | 2018 | 2025 | 2018 2025 2018 | 2025
1. An employee in a small 13,98 4,81 0,00 0,00 14,00 4,77 1,70 | 1,53

company (1-49 employees)

2. An employee in a medium-
sized business (50-249 26,88 11,54 2,15 5,77 22,80 13,43 3,70 4,65
employees)

3. An employee in a large
business (250 or more 27,96 28,85 15,05 21,15 24,90 27,62 17,80 | 20,91
employees)

4. An employee in a non-profit

N 1,08 0,96 1,08 0,00 3,10 0,65 1,80 0,65
organization

5. An employee in academia

: 2.15 2,88 2,15 3,85 6,20 4,42 340 | 4,30
(academic career path)
6. An employee in public 1,08 096 | 000 | 000 | 300 | 253 180 | 2.12
S€rvice
7. A founder (entreprencur) 15,05 20,19 | 68,82 | 3846 | 9,00 22,67 | 50,40 | 44,94
working in my own business
8. A successor in my 7,53 3.85 323 2.88 3,00 2,71 220 | 2,36
parents’/family’s business
9. A successor in another 0,00 4,81 4,30 2.88 1,60 1,83 390 | 3,06
business
10. Other / do not know yet 430 21,15 323 | 2500 | 1240 | 1938 | 1330 | 1549
Total 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00 | 100,00

An analysis of the career preferences of VSU and Russian students for 2018 and 2025 revealed the

following general trends:

- there has been a steady increase in student interest in working as employees at large companies.
At the same time, the number of those seeking employment at small and medium-sized
companies has declined;

- the dynamics of students' entrepreneurial intentions are mixed. In the short term, the number of
students wanting to start their own business has increased (from 15,05% to 20,19% at VSU and
from 9% to 22,67% across Russia). In the five-year planning horizon, the number of
respondents who see themselves as entrepreneurs has decreased (from 68,82% to 38,46% at
VSU and from 50,4% to 44,94% across Russia).

- the proportion of students who have not yet decided on their career preferences is growing.

A comparison of the career preferences of VSU and Russian students for 2018 and 2025 also revealed
regional differences. The preferences of Voronezh students, while reflecting overall Russian trends,
are subject to more rapid fluctuations. VSU students show a more pronounced decline in
entrepreneurial intentions over the long term. Furthermore, respondents from Voronezh are
characterized by greater uncertainty.

To further assess students' entrepreneurial intentions and the factors shaping them, the study included
statements that required students to express their level of agreement on a 7-point scale (1 = strongly
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disagree, 7 = strongly agree). The university plays a key role in supporting and developing
entrepreneurial potential, so we analyzed students' assessments of its entrepreneurial environment
separately and present them in Table 2.

Table 2: Assessment of the entrepreneurial environment of universities for 2018 and 2025.

2018 2025

Assertion Average Response rate in % Average Response rate in %
g g

rating + | = ] += rating + | = ] +=

Voronezh State University

The atmosphere at my
university inspires me to
develop ideas for new
businesses.

4,20 36,56 | 36,56 | 26,88 4,07 40,38 39,42 20,19

There is a favorable climate
for becoming an entrepreneur 4,12 42,58 37,95 27,41 4,14 39,60 35,29 25,49
at my university.

My university encourages
students to engage in 4,63 38,04 33,70 28,26 4,17 43,14 37,25 18,63
entrepreneurial activities.

Russia

The atmosphere at my

university mnspires me to 444 | 4924 | 3066 | 20,10 | 481 60,74 | 22,26 | 17,00
develop ideas for new

businesses.

There is a favorable climate

for becoming an entrepreneur 4,57 52,62 27,80 19,57 5,00 64,50 17,13 18,37
at my university.

My university encourages

students to engage in 4,70 55,02 26,75 18,23 5,25 69,57 15,90 14,53
entrepreneurial activities.
Note. “+” is the proportion of respondents who agree with the judgment (scores of 5, 6 and 7 points in total), “—" is the

proportion who disagree (scores of 1, 2 and 3 points in total), “+ —" is the proportion who are neutral (score of 4 points).

Positive dynamics were recorded at VSU in two indicators. The share of positive ratings for the
statement "The atmosphere at my university inspires me to develop ideas for new businesses"
increased from 36,56% in 2018 to 40,38% in 2025, while for the statement "My university encourages
students to engage in entrepreneurial activity" it increased from 38,04% to 43,14%. At the same time,
positive ratings for the statement "My university has a favorable climate..." decreased from 42,58% to
39,6%. This suggests that VSU has become more proactive in encouraging student entrepreneurship
by expanding its educational programs to include new disciplines and engaging in entrepreneurship
activities.

VSU students are more pessimistic about the entrepreneurial environment at their university than the
Russian average. In 2025, the proportion of VSU students who positively assessed the university's
atmosphere was 20,36% lower than the national average (40,38% versus 60,74%). 39,6% of VSU
students agreed with the statement that the university's climate was favorable, compared to 64,5%
nationally. When assessing student involvement in entrepreneurship, the proportion of positive
responses at VSU (43,14%) was 26,43% lower than the national average (69,57%).

At the same time, students became less likely to avoid answering questions. The proportion of those
who rated the university entrepreneurship environment as 4 points in 2025 across all dimensions
decreased compared to 2018 in both samples. This indicates that the university environment is
becoming more visible to students in matters of entrepreneurship. Moreover, there is a qualitative shift
toward an increase in the average scores across Russia for all three indicators — from 4,47 in 2018 to
5,02 in 2025.

A regional characteristic is the inverse relationship between assessments related to entrepreneurial
intentions and the entrepreneurial environment at the university. Throughout the period under review,
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VSU students, on the one hand, were characterized by a higher intention to start their own business
immediately after graduation compared to Russian students, while on the other hand, they tended to
underestimate the state of the entrepreneurial environment at the university compared to Russian
students.

CONCLUSIONS

The study found that the turbulent external environment in Russia in recent years has led to a
transformation in established patterns of behavior among students when formulating career plans.
These behavioral shifts are most pronounced with long-term planning horizons. The number of
students declaring their intention to start their own business is declining. Students are shifting from
potential entrepreneurs to employees at large companies. The share of undecided students has
increased significantly. In 2018, only three VSU students surveyed were unsure what they would do
five years after graduation; by 2025, one in four had not yet decided. The abandonment of long-term
planning is a consequence of an adaptive response to external shocks.

Several regional differences in students' entrepreneurial intentions can be noted. The number of
undecided students at Voronezh State University over a five-year horizon is 1,6 times higher than the
national average. The most likely explanation for these differences is Voronezh's geographic
proximity to a zone of heightened military and political risks, which creates additional uncertainty
regarding personal safety and the stability of the socioeconomic environment. In the short-term
planning period, student preferences changed less. Working for a large company remains the leading
option immediately after graduation. Overall, VSU students rate the entrepreneurial environment at the
university lower than the national average.

The results of the study on entrepreneurial intentions among VSU students largely reflect national
trends. Minor regional differences are consistent with established trends in Russia and serve as
indicators of the sensitivity of students' perceptions of the future during a period of macroeconomic
instability.
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ABSTRACT

In an era where artificial intelligence generates texts, recommends decisions, shapes markets, and actively
participates in the construction of social reality, the classical DIKW hierarchy (Data-Information-Knowledge-
Wisdom) faces significant challenges. Never in human history has more data and information been produced, yet
at the same time it has never been more difficult to distinguish knowledge from the illusion of knowledge, truth
from persuasiveness, and wisdom from statistical prediction. This paper examines the relationship between
information and knowledge in the context of generative artificial intelligence, with a particular focus on the
phenomenon of the “simulation of knowledge” in a postdigital society. The research aims to investigate whether
trust in artificial intelligence is related to the ability to distinguish accurate from inaccurate information, as well
as whether discrepancies exist between perceived and actual knowledge. The survey for this paper was
conducted using a questionnaire on a sample of 97 respondents, combining elements of validated instruments
such as the Misinformation Susceptibility Test (MIST) and self-assessment measures. The results indicate that
respondents demonstrate a relatively good ability to recognize accurate and inaccurate information; however, no
statistically significant relationship was found between self-assessed competence and actual performance. This
finding suggests the presence of a potential “illusion of knowledge,” where individuals overestimate their ability
to evaluate information. These findings highlight the importance of critical information literacy in the context of
artificial intelligence and suggest that generative Al may contribute to the blurring of boundaries between
information and knowledge in postdigital society.

Key words: Artificial intelligence!, DIKW model, information, knowledge, information literacy

INTRODUCTION

In today’s digital environment, the volume of available information is growing exponentially, while
the development of artificial intelligence further accelerates the processes of its production,
distribution, and interpretation. Within this context, generative artificial intelligence occupies a
particularly significant role, as it enables the creation of content that is linguistically coherent and
persuasive, yet not necessarily factually accurate. Such systems are transforming the ways in which
users access information and construct knowledge, raising important questions about the reliability,
understanding, and validity of information in the digital age.

Traditionally, the relationship between data, information, and knowledge has been conceptualized
through the DIKW model (data-information-knowledge-wisdom), which assumes a hierarchical and
linear progression between these levels. However, in the context of emerging technologies, and
artificial intelligence in particular, this assumption becomes increasingly problematic. Generative Al
systems are capable of producing content that resembles knowledge without genuine understanding,
thereby blurring the boundaries between information and knowledge. As a result, a phenomenon
increasingly described in the literature as “simulated” or “false knowledge” begins to emerge.

At the same time, contemporary society is often characterized as postdigital, a condition in which
digital technologies are no longer a separate domain but are deeply embedded in everyday life and
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social processes. Within such a context, users continuously interact with technological systems,
including artificial intelligence. These technologies no longer function merely as tools but as active
participants in the production and interpretation of knowledge, further emphasizing the need for a
critical approach to information and the development of information literacy.

Despite the growing body of research on artificial intelligence and information behavior, there remains
a lack of empirical studies addressing the relationship between trust in artificial intelligence and users’
actual ability to distinguish information from knowledge, and to recognize accurate and inaccurate
information. Of particular interest is the extent to which generative Al shapes subjective perceptions
of knowledge and contributes to a discrepancy between perceived and actual abilities in evaluating
information. Accordingly, the aim of this paper is to examine the perception of the relationship
between information and knowledge in the context of artificial intelligence, with a particular focus on
trust in Al systems and the ability to recognize misinformation. The study is based on the assumption
that the contemporary digital environment may foster an “illusion of knowledge,” a situation in which
individuals believe they possess knowledge that is not grounded in genuine understanding.

In line with this aim, the study addresses the following research questions: Is there a relationship
between trust in artificial intelligence and the ability to distinguish knowledge from misinformation?
And does generative artificial intelligence contribute to a discrepancy between the subjective
perception of knowledge and the actual ability to recognize accurate and inaccurate information?

THEORETICAL BACKGROUND

The DIKW model (data-information-knowledge-wisdom) represents one of the fundamental
theoretical frameworks in the field of information science, describing the relationship between data,
information, knowledge, and wisdom through a hierarchical structure. Within this model, data are
defined as raw facts without inherent meaning, which become information once contextualized.
Through further interpretation and understanding, they evolve into knowledge, and through experience
and judgment, into wisdom (Rowley, 2007). The DIKW model has been widely adopted in fields such
as management, information systems, and education, where it serves as a framework for understanding
the transformation of information into knowledge. Despite its popularity, however, the model is based
on the assumption of a linear and unidirectional progression between its levels; an assumption that is
increasingly challenged in contemporary digital environments. In the context of ongoing digital
transformation, the model continues to function as an important analytical tool, although its meaning
has expanded considerably. Grieves (2024) emphasizes that DIKW should not be viewed solely as a
theoretical hierarchy, but also as an operational framework applicable in digital environments,
particularly within data-driven systems and digital twin technologies. This perspective highlights the
functional interconnectedness of the model’s levels and their relevance in technological contexts.

One of the main critiques of the DIKW model concerns its hierarchical and linear assumptions.
Authors such as Frické (2008) and Baskarada & Koronios (2013) argue that the distinction between
data, information, and knowledge is not clear-cut, but rather exists along a continuum shaped by
interpretation and context. In contemporary digital environments, this issue becomes even more
pronounced, as artificial intelligence contributes to misinformation and reshapes how knowledge is
perceived (Baker et al., 2025).

The development of generative artificial intelligence has significantly transformed the ways in which
information is produced and perceived. Such systems generate linguistically coherent and persuasive
content based on probabilistic patterns rather than genuine understanding, which may result in so-
called “hallucinations”, i.e. plausible but factually incorrect information (Dierickx et al., 2026). In this
sense, Al does not replace the DIKW model, but reshapes it by accelerating the transformation
processes between its levels while simultaneously producing outputs that resemble knowledge without
being grounded in actual comprehension (Peters et al., 2024). Consequently, users may interpret such
outputs as knowledge, contributing to the phenomenon of “simulated knowledge” and further blurring
the distinction between information and knowledge. These developments highlight the need for a
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human-centered approach to artificial intelligence, emphasizing critical interpretation, transparency,
and responsibility in evaluating information (Verma, 2025).

The role of artificial intelligence must be understood within the postdigital context, where the
boundaries between digital and non-digital are increasingly blurred and technology is deeply
embedded in social processes (Veletsianos et al., 2024). In such an environment, artificial intelligence
is no longer merely a tool, but an active participant in the production and interpretation of knowledge,
emerging through interactions between users and technological systems. This transformation
reinforces the need for new approaches to understanding human—technology relationships, particularly
in order to avoid uncritical reliance on algorithmically generated information (Hayes et al., 2024).

The integration of the DIKW model, artificial intelligence, and the postdigital context points to
profound changes in how knowledge is produced, interpreted, and perceived. While the DIKW model
assumes a linear progression from data to knowledge, generative Al produces content that
simultaneously exhibits characteristics of both information and knowledge.

In such an environment, the phenomenon of perceiving knowledge without actual understanding;
referred to as “false” or “simulated knowledge”; becomes increasingly prominent. This phenomenon
represents a key challenge for modern information systems and the development of information
literacy. It is precisely within this theoretical framework that the need arises for empirical research on
the relationship between trust in artificial intelligence, understanding of knowledge, and the ability to
distinguish accurate from inaccurate information.

RESEARCH

The study was conducted with the aim of examining the perception of the relationship between
information and knowledge within the context of the contemporary digital environment, with a
particular focus on the role of artificial intelligence in shaping knowledge. In an era marked by the
increasing availability of information and the rapid development of generative Al systems, an
important question arises: do users distinguish between information and knowledge, and to what
extent are they able to recognize accurate and inaccurate information?

The questionnaire was designed based on existing validated instruments commonly used in research
on information behavior and misinformation. Specifically, part of the questionnaire was based on the
Misinformation Susceptibility Test - MIST (Maertens et al., 2024), which measures respondents’
ability to distinguish between accurate and inaccurate information by evaluating the truthfulness of
various statements. In addition, elements of the Online Misinformation Susceptibility Scale - OMISS
(Katsiroumpa et al., 2025) were incorporated to assess the tendency to trust information without
verification, as well as the subjective perception of one’s ability to recognize misinformation.

Given the specific focus of this study on the relationship between data, information, and knowledge
(as conceptualized in the DIKW model), as well as the influence of artificial intelligence, the
questionnaire was further adapted by including items that examine perceptions of artificial
intelligence, trust in its outputs, and understanding of the distinction between information and
knowledge. This approach—combining validated instruments with newly developed questions tailored
to the research context—is a common and widely accepted practice in social science research.

Sample Description

A total of 97 respondents participated in the study. The sample was heterogeneous; however, younger
participants predominated. The most represented age group was 18 to 24 years, indicating a substantial
presence of young individuals and students. In terms of gender, the sample was predominantly female,
while male respondents were represented to a lesser extent. With regard to educational background,
the majority of respondents had completed secondary education or were currently enrolled in, or had
completed, higher education (undergraduate or graduate studies), which corresponds to a digitally
active user population. Considering employment status, the largest group consisted of students,
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followed by employed individuals, while other categories (such as unemployed participants and
retirees) were represented to a smaller extent.

Questionnaire Structure

The questionnaire consisted of four thematic sections:

- Perception of artificial intelligence — items assessing trust in Al, perception of information
accuracy, and the perceived ability of Al to generate knowledge (Block A)

- Understanding the relationship between information and knowledge (DIKW) — items examining
the ability to distinguish between data, information, and knowledge (Block B)

- Susceptibility to misinformation — self-assessment of critical attitudes toward information
(Block C)

- Assessment of statement accuracy (MIST principle) — evaluation of the truthfulness of both
accurate and inaccurate statements (Block D)

The collected data enabled an analysis of perceptions of knowledge in a digital environment, as well
as a comparison between respondents’ subjective assessments of their ability to distinguish
information and their actual performance in recognizing accurate and inaccurate statements.

RESULTS

Statistical data analysis was performed using SPSS 23.0 software. The analysis of means and standard
deviations reveals certain patterns in the respondents’ perceptions of artificial intelligence and
knowledge. Respondents demonstrate a high awareness of Al’s ability to simulate knowledge and
produce convincing but inaccurate information (M = 4.09 - 4.35), while rejecting the idea that speed
implies accuracy (M = 2.18). Trust in Al remains moderate (M = 2.94), indicating a cautious but not
entirely negative attitude. Respondents clearly distinguish knowledge from information (M = 4.71),
although mid-range values for related statements (M =~ 3.3-3.5) indicate some conceptual ambiguity.
Respondents also express uncertainty, as reflected in agreement that it is increasingly difficult to
distinguish real knowledge from the illusion of knowledge (M = 3.91).

Respondents perceive themselves as critical users who tend to verify information sources and avoid
uncritical acceptance. However, their confidence in evaluating information remains moderate (M ~
3.49), indicating some uncertainty.

Results indicate that respondents are generally successful in distinguishing accurate from inaccurate
information, although occasional errors and neutral responses suggest that this ability is not entirely
consistent

Overall, findings indicate a gap between the subjective perception of information literacy and actual
performance in evaluating information accuracy.

Hypothesis Testing

HI1: There is a statistically significant difference between student and employed respondents in their
perception of artificial intelligence, understanding of the relationship between information and
knowledge, and the ability to distinguish accurate from inaccurate information.

The t-test results (Table 1.) indicate that a statistically significant difference between students and
employed respondents exists only in the perception of artificial intelligence (t = -2.77; p = 0.007).
Employed respondents show slightly higher mean values, suggesting a higher level of trust or a
different perception of artificial intelligence compared to students. On the other hand, no statistically
significant differences were found in understanding the relationship between information and
knowledge (DIKW), susceptibility to misinformation, or the ability to distinguish between accurate
and inaccurate information (p > 0.05). This suggests that students and employed respondents are
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relatively similar in these aspects. Therefore, Hypothesis H1 is partially confirmed, as the difference is

observed only in the perception of Al, but not in other variables.

Table 1: Differences between students and employed respondents in Al perception, DIKW

understanding, susceptibility to misinformation, and MIST scores (t-test)

Variable M (students) M (employed) t p
Al perception 3.31 3.58 -2.77 0.007
DIKW 3.79 3.78 0.07 0.943
Misinformation 3.21 3.24 -0.31 0.76
MIST 3.05 3.01 0.62 0.538

Source: Author’s calculation

H2: There is a statistically significant relationship between the level of trust in artificial intelligence
and susceptibility to misinformation.

Table 2: Relationship between trust in artificial intelligence and susceptibility to misinformation
(Pearson correlation)

Sig. (p)
>0.05

Variable r
Al trust - misinformation 0.19
Source: Author’s calculation

The results of Pearson’s correlation analysis show a weak positive relationship between trust in
artificial intelligence and susceptibility to misinformation (r = 0.19). However, this relationship is not
statistically significant (p > 0.05). This indicates that respondents who have higher trust in artificial
intelligence do not necessarily show a higher tendency to believe misinformation. In other words, trust
in Al is not statistically associated with uncritical acceptance of information. Accordingly, Hypothesis
H2 is rejected, as no statistically significant relationship was found.

H3: There is a statistically significant relationship between subjective self-assessment of the ability
to distinguish information and actual performance in identifying accurate and inaccurate
statements.

Table 3: Relationship between self-assessed ability and actual performance in recognizing accurate
and inaccurate information (Pearson correlation)

Sig. (p)
>0.05

Variable r
Self-assessed ability - MIST 0.08
Source: Author’s calculation

The analysis of the relationship between subjective self-assessment and actual performance in
distinguishing accurate from inaccurate information reveals a very weak positive correlation (r =
0.08), which is not statistically significant. This result indicates that respondents who perceive
themselves as more confident in their ability to evaluate information do not necessarily achieve better
results in the truth-assessment test. In other words, there is no clear relationship between perceived
and actual ability. Therefore, Hypothesis H3 is rejected. However, the findings suggest a potential
discrepancy between subjective perception and actual performance, which may indicate elements of an
“illusion of knowledge.”

H4: There is a positive relationship between understanding the difference between information and
knowledge and the ability to distinguish accurate from inaccurate information.

The results of Pearson’s correlation (Table 4.) analysis show a weak positive relationship between
understanding the distinction between information and knowledge and the ability to distinguish
accurate from inaccurate information (r = 0.08). However, this relationship is not statistically
significant. This means that respondents who better understand the difference between knowledge and
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information do not necessarily perform better in identifying accurate and inaccurate statements.
Consequently, Hypothesis H4 is rejected.

Table 4: Relationship between understanding the distinction between information and knowledge
(DIKW) and the ability to distinguish accurate from inaccurate information (Pearson correlation)

Variable r Sig. (p)
DIKW - MIST 0.08 >0.05
Source: Author’s calculation

The results of hypothesis testing indicate that only the first hypothesis was partially confirmed, with a
significant difference found between students and employed respondents in the perception of artificial
intelligence. The remaining hypotheses were not supported, as no statistically significant relationships
were identified among the analyzed variables.

A particularly important finding is the lack of a relationship between subjective self-assessment and
actual performance, suggesting a potential discrepancy between perceived and actual knowledge in the
digital environment.

DISCUSSION

The findings provide insight into how individuals perceive the relationship between information and
knowledge in a digital environment shaped by artificial intelligence, highlighting both awareness of Al
limitations and uncertainty in evaluating information. Regarding H1, a partial difference was observed
between students and employed respondents in their perception of artificial intelligence, while no
differences were found in understanding the relationship between information and knowledge or in the
ability to evaluate information. In relation to H2, no significant relationship was found between trust
in artificial intelligence and susceptibility to misinformation, suggesting that users may trust Al while
still maintaining a certain level of critical distance. With regard to H3, no significant relationship was
found between self-assessed and actual ability, indicating a discrepancy consistent with the concept of
the “illusion of knowledge”. Concerning H4, understanding the distinction between information and
knowledge does not appear to translate into better performance in evaluating information accuracy.
These findings support critiques of the DIKW model, suggesting that the transformation of
information into knowledge is neither linear nor automatic. In the context of Al, persuasive but not
necessarily accurate content may contribute to the emergence of “false knowledge”.

From a postdigital perspective, the findings point to a complex relationship between users and
technology, where Al acts as an active participant in knowledge production. This reinforces the
importance of critical information literacy. Artificial intelligence is no longer merely a tool but an
active participant in the production and shaping of knowledge. In such an environment, the importance
of critical information literacy; defined as the ability to evaluate, interpret, and verify information;
becomes increasingly evident.

Although respondents expressed strong agreement with statements emphasizing the importance of
understanding and a critical approach to information in the descriptive part of the study, the results of
the tests and correlation analyses show that this awareness is not always consistently applied in
practice. This further highlights the gap between theoretical understanding and actual behavior in
digital environments.

CONCLUSION

This study examined the relationship between information and knowledge in the context of artificial
intelligence, with a focus on trust in Al and the ability to evaluate information accuracy.Results show
that respondents recognize both the capabilities and limitations of Al and understand the conceptual
difference between information and knowledge. However, a discrepancy between perceived and actual
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ability indicates the presence of the “illusion of knowledge”.No significant relationships were found
between trust in Al, understanding of knowledge, and the ability to evaluate information, highlighting
the complexity of information behavior in digital environments. This supports contemporary critiques
of the DIKW model, which argue that the transformation of information into knowledge is neither
linear nor automatic.In the context of Al and postdigital society, these findings emphasize the
importance of developing critical information literacy. Generative Al systems produce content that is
persuasive and easily accessible, but not necessarily accurate, which may contribute to the blurring of
boundaries between information and knowledge and the emergence of a perception of “false
knowledge.”This research is limited by a non-representative sample dominated by younger
respondents, the use of self-assessment measures, and the integration of multiple constructs within a
single research instrument.Despite these limitations, the study contributes to understanding the
relationship between artificial intelligence, information, and knowledge. Future research should
include more diverse samples and additional methods for assessing actual information literacy.
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ABSTRACT

Understanding the potential of emerging technologies to accelerate economic growth, competitiveness, and
sustainability, this paper evaluates their effects on business performance within the Information Technology (IT)
sector. Additionally, the study investigates the level of integration of these technologies into the business
operations of IT companies in North Macedonia. A quantitative survey was conducted using a structured
questionnaire distributed among selected IT companies. The research findings indicate that the integration of
new technologies significantly enhances business performance and operational efficiency in the Macedonian IT
sector, with Cloud Computing and Cybersecurity showing the highest level of adoption maturity, while Al, ML,
Big Data, and IoT demonstrate varying levels of implementation and impact. The present study is a contribution
to building a knowledge base on what is currently taking place in the IT sector with respect to embedding
emerging technologies into its business models. As innovations continue to alter business operations, marking a
new era in which emerging technologies effortlessly integrate with traditional practices, their influence remains a
determinant of success.

Keywords: Emerging technologies; Effect; Integration; IT Companies.

INTRODUCTION

Emerging technologies present unparalleled opportunities for a prosperous future, now and in times to
come, by rewiring the way businesses operate. These developments refer to a chain of technologically
advanced factors alongside Internet of Things (IoT), Artificial Intelligence (Al), Cybersecurity,
Machine Learning (ML), and Cloud Computing, which allow organizations to redesign their business
models. As important participants in economic progress, companies are able to utilize these
opportunities to improve efficiency and productivity, thereby becoming more competitive, especially
within in the IT sector (Dimovski et al., 2026). By embracing emerging technologies, IT companies
have the opportunity to optimize processes, minimize costs, and provide customers with more
personalized goods (Bakator et al., 2024). Generally speaking, organizations that have embedded
innovative technologies experience success in the digital era (Agustian et al., 2023).

Although the positive effects of emerging technologies have been well documented, their
implementation and level of integration are not sufficiently understood or widely applied, especially in
developing countries. Therefore, investigating driving technologies and their impact on specific
businesses’ performances, emerges as a major research incentive of this paper. Exactly, the research
problem focuses on the following goal:

Gl: To evaluate the effects of embraced emerging technologies on the specific businesses’
performances in the Macedonian IT sector.”

The additional research goal in this paper is:
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G2: To investigate the level of integration of these technologies in the current operations within the
IT companies.”

In fulfilling the research goal, the proposed research design combines a qualitative approach (literature
review) with a quantitative method (survey). The paper is structured into several sections, the literature
review, methodological framework, findings and discussion, and the final section offers the
conclusion.

LITERATURE BACKGROUND

Apparently, companies that integrate emerging technologies in their organizational structure are more
competitive on the market (Perifanis and Kitsios, 2023; Lindstrom et al., 2023). More than a few
studies have suggested that the adoption of advanced technologies has a positive influence on
performance (Agustian et al., 2023; Yuniarto, 2023). Consequently, organizations become flexible
enough to face any changes in the marketplace, particularly in the case of IT companies, which belong
to fast-growing industries (Ibrahim and Ali, 2023; Stanojeska, 2024).

As stated by Sharma et al. (2023), the importance of Cloud Computing is determined by its scalability,
flexibility, and efficiency due to being less expensive. Likewise, Khatib et al. (2019) acknowledge the
cost-efficiency of the technology along with the opportunities for having access to computing services
whenever necessary. The application of Big Data is crucial because of the need for data transformation
into valuable information and the ability to develop forecasts and make decisions, as underlined by
Rane et al. (2024). Moreover, the role of [oT is associated with efficiency and automation due to the
ability to collect and process information in real time from connected devices (Rocha & Kissimoto,
2022). It can be concluded that the combination of Al and IoT allows for predictive maintenance and
improved decision-making (Gaji¢ et al., 2024; Reim et al., 2020). Additionally, ML and Al enable
predictive analytics, automation, and personalization (Brocal et al., 2019; Stanojeska, 2025; Waqar et
al., 2024). Al provides more value to customers via personalized services and smarter decision-
making, while ML algorithms improve efficiency by automating mundane tasks and optimizing
resource consumption (Chowdhury, 2024). According to Rocha & Kissimoto (2022), the full potential
of both Al and ML technologies remains unexplored, thus necessitating empirical research in this area.
Aspects of Cybersecurity have been identified as one of the most important elements in facilitating
digital transformation in today's world, as they ensure data privacy, system integrity, and
organizational sustainability (Hasan et al., 2021; Lezzi et al., 2018). Thus, the effective Cybersecurity
measures can be useful in securing information assets (Denkovski et al, 2024; Hasani et al., 2023).

In conclusion, it has been proven that all the technological innovations that define emerging
technologies help increase efficiency and innovation while improving competitiveness. At the same
time, their benefits are best achieved through integration instead of implementation separately.
Although the literature review has provided valuable information, a significant deficiency has been
noted in the number of studies examining the level of integration of emerging technologies and their
effects on business models in Macedonian IT companies.

RESEARCH METHODOLOGY

In line with the research goals, the applied methodology employs a qualitative research method and
quantitative analysis. In terms of the qualitative research, a comprehensive research of the literature
based upon Emerald, Scopus, EBSCO, and other relevant bases, was conducted in the period from 1*
Januray 2025 to 15" February 2025. A total of 22 papers in the treated areas, published in English,
have been found, according to keywords: emerging technologies, effect, business performances, and
IT industry. The quantitative research was conducted through a survey using a structured
questionnaire.
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Questionnaire design

The survey conduction includes the design of a structured questionnaire composed of questions
reffering to the determined specific criteria, offering multiple categories of optional answers in
accordance with the research objectives and allowing the selection of more than one answer.

The questionnaire encompasses 18 questions positioned in 3 sections: (I) referring to general data
about respondents, (II) covering benefits, and challenges of emerging technologies implementation in
the IT companies and (III) referring to effects of emerging technologies on specific business
performances and the level of integration of new technologies in the current operations. General data
were gathered at the start of the questionnaire in the first section, including company name, type of
company activity, number of employees in the organization and responder position.

The second section addresses benefits and challenges before and during the implementation of
emerging technologies in IT companies. The findings regarding the second section were published in
the paper titled “Industry 4.0 in Practice - Exploring the challenges of adoption in the IT sector,” in
Journal of TERUM (Dimovski et al., 2026). The third section includes questions concerning the
effects of emerging technologies on specific business performances and the level of integration of new
technologies in existing processes. Actually, the research in this paper embraces the findings regarding
the third section of the questionnaire.

Data collection

The data were collected from 40 reputable IT companies in North Macedonia, that were actively
involved in software development and digital technology services. Companies were identified based
on their market presence, operational activity, and relevance to the research topic. Invitations to
participate in the survey were distributed to representatives of 40 selected IT companies during the
period from 1% February, 2025 to 1°* March, 2025. The response rate was 78%. The participation of the
surveyed organizations according to the number of employees' criterion: 22% were small
organizations (less than 50 employees), 41% medium-sized organizations (between 50 and 251
employees), and 22% for large organizations (with up to 251 employees). Specifically, this survey
contains a wider scope of job positions of the respondents, 36% were software developers, followed
by managers with 24%, 12% software engineers, 12% business owners, 4% for software testers, 4%
web developers, and finally, 4% team leaders. This research and its findings are limited to the
Macedonian IT companies (as a representative example of a small developing country), but can still
indicate the general directions concerning its research goals.

RESULTS AND DISCUSSION

In more detail, the specific effects of six technologies on certain criteria were explored throughout the
survey conducted in the IT sector. Thus, respondents were challenged to evaluate (1) the impact of
using Cloud Compututing from a resource management perspective, (2) the effect of Big Data
technology on data-driven decision making, (3) the impact of using IoT in businesses process
automation and optimization, (4) the usability of ML to predict customer needs, (5) the integration of
Al technology in customization and personalization efforts, and finally (6) the effect of using
Cybersecurity technology to address the risk of data privacy and security infringes. The collected data
are explicitly presented in Table 1.

The general conclusion is that the claims listed in Table 1 are more or less confirmed by the
respondents included in the survey. It is clear that Cybersecurity and Al are the highest-ranked
technologies according to the criterion of application and understanding of their effects in terms of
information protection and automation of operations, respectively. This proves a strong awareness
among companies of the importance of cybersecurity and its main role in reducing company
vulnerabilities and preventing potential attacks. In the same context, the power of Al is recognized by
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as many as 92% of the surveyed companies, according to which Al is the driver of automation in
performing complex operations and personalization in response to individual customer requests. A
minor number of respondents chose the option of “lack of information”, which leads to the conclusion
that Cybersecurity and Al are well understood in domestic IT companies.

Table 1: Overview of data collected throughout the survey

Collected data (%)
Research question: Significantly Slightly
Effect of ... positive positive No impact | . Lack O.f
. . information
impact 1mpact
...Cloud Computing on resource management 44 41 0 15
...Big Data on data-based decision making 46 15 0 39
...1oT on automation and optimization 46 35 0 19
...ML on customers needs prediction 54 27 8 11
...AI on customization and personalization 54 38 4 4
...Cybersecurity on data privacy protection 80 16 0 4

A lower portion of respondents (under 20%) stated that they are not familiar with the functionalities
and effects of ML, Cloud Computing and loT, which leads to the conclusion that employees have not
yet had the opportunity to gain work experience in the application of this type of advanced
technologies.

More critical findings were obtained regarding the impact of Big Data on data-driven decision-
making. The fact that as many as 39% of the respondents stated that they do not have enough
information to assess the effects of Big Data in practice is impressive. This finding is significant and
indicates a serious need for employee education and raising their knowledge, through organizing
specialized training programs for systematized development, in order to recognize the role of
advanced technologies and their effects in improving organizational performance.

The next research goal concerns the investigation of the degree of support of current operations in IT
companies enabled by specific emerging technology (Cloud Computing, Cybersecurity, [oT, Al, ML,
and Big Data). For the purpose of data simplification, the support levels are divided into five intervals
(0-20%, 20-40%, 40-60%, 60-80%, and 80-100%). Analyzing each specific technology, presented in
Figure 1, the following conclusions were reached.
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Figure 1: Level of integration of emerging technologies within IT companies
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According to the given findings, none of the respondents confirmed that IoT supports current
operations to a significant extent, at the highest level of integration (80-100%). In contrast, the
majority of the responses are addressed to the lowest level of integration (0-20%). It is more than clear
that IoT is poorly adopted in the IT sector.

Regarding Al, at the highest level of integration, only 13% of respondents consider Al vital for
personalization in meeting customer requirements. Accordingly, the integration of Al is on the rise,
but is not yet at an enviable level. A similar view can be confirmed for ML and Big Data. In other
words, as the level of integration increases, the application of ML and Big Data in current operations
decreases. Hence, the conclusion is that these technologies have moderate application in the IT sector
and their potential is not yet fully utilized in current operations.

In contrast to Al, Big Data, and IoT, the data analysis leads to the conclusion that Cloud Computing is
adopted to the greatest extent in IT companies (in the range of 40-100%). In terms of Cybersecurity, it
is worth emphasizing that as many as 27% of the surveyed companies have a very high level of
protection that varies in the range of 60-100%, and only 8% of the companies apply it for security and
data protection that are at the first level of integration. This implies the claim that, as the level of
integration of new technologies into companies' business models increases, so does the awareness of
the need to practice Cybersecurity.

Overall, the data presented in Figure 1 confirms that Cloud Computing is the leading technology in
terms of the level of integration of emerging technologies into the current operations of IT companies.
Cybersecurity is second in line, while other technologies, such as Al, ML, and Big Data, are utilized,
but only partially. Compared to other emerging technologies, it is notable that the use of IoT as a
technology that enables automation and optimization of business operations is the least adopted in IT
companies.

CONCLUSION

The adoption of emerging technologies offers significant benefits and improvement in overall business
performance, which is confirmed by the findings of the conducted research. The significantly positive
effect of the application of emerging technologies in resource management, automation and
optimization, personalization and customization, protection of private data, as well as the prediction of
customer needs, is clearly confirmed by the majority of the analyzed data. The survey showed that the
application and integration of new technologies in Macedonian IT companies are at different levels,
depending on the type of technology and the level of understanding of its effects on organizational
operations. As the results indicate that the degree of adoption of new technologies is not equally
distributed, there are technologies that already have strong practical application, like Cloud Computing
and Cybersecurity, while others are still in the phase of partial adoption or limited integration. These
findings emphasize the need for strategic investments in staff training, technological infrastructure and
the development of innovative business models, in order to more fully exploit the potential of new
technologies and improve organizational performance and competitiveness of the IT sector. Thus, it
can be concluded that the adoption of emerging technologies cannot be taken as an option but must be
done out of necessity, because of the significant possibility for sustainable development and global
competitiveness in the IT industry.
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ABSTRACT

The rapid rise of Chinese universities in global research rankings has raised important questions regarding the
entrepreneurial orientation (EO) of engineering and research-intensive academic institutions in China. This study
examines the EO of Chinese universities using the Entre-U scale and investigates its relationship with innovation
performance. Data were collected from department heads and academic administrators across engineering,
computer science, natural sciences, and related disciplines at Chinese universities.The findings confirm that the
Entre-U scale is a reliable instrument for measuring entrepreneurial orientation within the Chinese higher
education context. However, the results indicate that EO does not have a strong direct relationship with
university performance when measured by patents and faculty-led startup activity. Among the four EO
dimensions, only Industry Collaboration demonstrated a modest positive association with performance
outcomes. The study suggests that traditional commercialization metrics may not fully capture the broader
contributions of Chinese engineering departments to technological innovation and economic development. The
findings highlight the need for more comprehensive measures of entrepreneurial university performance within
engineering and technology-focused institutions.

Key Words: Entrepreneurial Orientation, Entre-U Scale, Engineering Departments, Chinese Entrepreneurial
Universities, University Innovation

INTRODUCTION

The Centre for Science and Technology Studies (CWTS) at Leiden University published the Leiden
Ranking Open Edition 2025, which evaluates universities worldwide based on their scientific
publications and review output between 2020 and 2023. In the 2025 rankings, Chinese universities
occupied the leading positions, surpassing many historically dominant American research institutions.
Zhejiang University ranked first with 37,457 points, followed by Shanghai Jiao Tong University with
35,373 points, while Harvard University fell to third place. These rankings, which assessed the
scientific performance of more than 1,500 universities globally, highlight China’s growing influence
in research productivity, engineering innovation, and technological development.

The prominence of Chinese universities in the CWTS rankings reflects decades of strategic national
investment in higher education, advanced engineering research, industrial modernization, and
innovation ecosystems. Engineering faculties and technology-oriented departments have played a
particularly critical role in this transformation by contributing to scientific breakthroughs, patents,
technology transfer, and startup development. Consequently, the rise of Chinese universities represents
not only an academic achievement but also a broader shift in global technological leadership and
industrial competitiveness.

The latest CWTS rankings have generated significant international attention and raised important

questions regarding the entrepreneurial orientation of Chinese universities, particularly within
engineering and applied science disciplines. Specifically, to what extent do engineering departments
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within Chinese universities demonstrate entrepreneurial characteristics that support high-impact
research and innovation? Furthermore, how effectively do research activities within these departments
contribute to technological commercialization, intellectual property generation, and startup creation
that support China’s economic development and industrial competitiveness?

The remainder of this article is organized as follows. First, a review of the literature on Entrepreneurial
Orientation (EO) and the development of the Entre-U scale is presented, with particular attention to its
relevance for engineering and technology-focused academic units. This is followed by the research
methodology and empirical results. The final section discusses the implications of the findings,
identifies limitations of the study, and proposes future research directions for understanding
entrepreneurial orientation within engineering-intensive higher education institutions.

LITERATURE REVIEW FOR ENTREPRENEURIAL ORIENTATION AND ENTRE-U
SCALE

Entrepreneurial Orientation

Entrepreneurial Orientation (EO) is a foundational construct within entrepreneurship and strategic
management research that explains how organizations adopt entrepreneurial behaviors to enhance
innovation capability, technological competitiveness, and organizational performance (Miller, 1983).
Miller (1983) characterized entreprencurial organizations as those that engage in product-market
innovation, undertake risk-oriented initiatives, and proactively introduce innovations ahead of
competitors.

Building upon this foundational framework, Covin and Slevin (1989) conceptualized EO as a strategic
posture characterized by innovativeness, risk-taking, and proactiveness, and subsequently developed
one of the most influential measurement scales for empirical EO research. These three dimensions
became central to early EO scholarship. Later, Lumpkin and Dess (1996) expanded the construct into
a five-dimensional framework by incorporating competitive aggressiveness and autonomy. This
multidimensional interpretation has become widely accepted because it enables researchers to evaluate
EO ecither as an integrated construct or through its individual dimensions depending on the
organizational context.

A substantial body of empirical research has demonstrated a positive relationship between EO and
organizational performance. Firms exhibiting stronger entrepreneurial orientation frequently achieve
superior growth, enhanced innovation output, and sustained competitive advantage (Rauch, Wiklund,
Lumpkin, & Frese, 2009; Wiklund & Shepherd, 2005). More recent research has extended EO into
contexts such as digital entrepreneurship, corporate entrepreneurship, and technology-intensive
industries. Scholars argue that EO strengthens an organization’s capacity to identify emerging
technological opportunities, respond to dynamic market conditions, and maintain strategic flexibility
in rapidly evolving innovation environments (Covin & Wales, 2019).

Within engineering and technology-oriented academic environments, EO is particularly relevant
because engineering departments serve as primary generators of applied research, patents,
technological innovation, and university-industry collaboration. Engineering faculties often operate at
the intersection of scientific discovery and industrial application, making them critical contributors to
technology transfer and entrepreneurial ecosystems within universities. Consequently, examining EO
within engineering departments provides valuable insight into how universities transform scientific
knowledge into economic and technological value.

Entre-U Scale
The transformation of traditional universities into entrepreneurial institutions has received extensive

attention in the literature on innovation systems and higher education. Early theoretical frameworks
emphasized the interaction among universities, industry, and government as a catalyst for innovation
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and economic development (Etzkowitz & Leydesdorff, 2000). Within this framework, entrepreneurial
universities were conceptualized as institutions that strategically adapt their organizational structures,
funding models, and institutional cultures to promote innovation, commercialization, and
entrepreneurial activities (Clark, 1989).

Although these foundational studies established important theoretical perspectives, they did not
provide standardized quantitative instruments for assessing the entrepreneurial orientation of
universities. To address this limitation, Todorovic et al. (2011) developed the Entre-U scale, which has
since become one of the most widely utilized instruments for measuring entrepreneurial orientation in
higher education institutions.

The Entre-U scale evaluates four principal dimensions of university entrepreneurial orientation:
Research Mobilization, Unconventionality, Industry Collaboration, and University Policies. These
dimensions are especially relevant to engineering and applied science departments, where research
commercialization, interdisciplinary collaboration, and industry partnerships frequently drive
innovation outcomes. Engineering faculties, in particular, depend heavily on effective industry
engagement and supportive institutional policies to facilitate technology transfer, patent generation,
and startup creation.

Subsequent studies have applied the Entre-U scale across diverse cultural and institutional settings to
examine the relationship between university entreprencurial orientation and performance outcomes.
Building on this body of research, the present study applies the Entre-U scale within the Chinese
higher education context to investigate the entrepreneurial orientation of engineering-focused
university departments and its relationship with innovation performance.

METHODOLOGY
Measures

This study adopted the Entre-U scale developed by Todorovic et al. (2011) to assess the
entrepreneurial orientation (EO) of Chinese universities, with particular emphasis on engineering as
well as other technology-oriented departments. The Entre-U scale consists of 23 items measuring four
dimensions of university EO: Research Mobilization (6 items), Unconventionality (8 items), Industry
Collaboration (5 items), and University Policies (4 items). All items were measured using a seven-
point Likert scale ranging from 1 (“Strongly Disagree”) to 7 (“Strongly Agree”).

Given that the study was conducted within the Chinese higher education context, the original English-
language instrument was translated into Chinese by a bilingual Chinese graduate student proficient in
both English and Chinese academic terminology. To ensure linguistic equivalence and conceptual
accuracy, the Chinese version was subsequently back-translated into English following the procedures
recommended by Brislin (1970). The back-translation process was completed by a bilingual professor
based in the United States.

To improve the reliability and contextual appropriateness of the survey instrument, the Chinese
questionnaire was pre-tested with a small group of faculty members and prospective respondents from
engineering and science-related departments. Feedback regarding wording clarity, contextual
relevance, and interpretability was incorporated into the final version of the survey instrument.

University performance was assessed through self-reported measures provided by departmental
respondents. Performance indicators focused specifically on entrepreneurial and innovation-related
outcomes generated within academic departments during the preceding three years. In particular, the
survey measured the number of patents, intellectual property outputs, and faculty-led spin-offs or
startup ventures originating from the department. These indicators were selected because they are
especially relevant to engineering and technology-oriented disciplines, where applied research,
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commercialization activities, and industry-driven innovation represent critical measures of institutional
impact.

Sampling and Data Collection Method

Data collection for the study was conducted through an online survey administered to academic
leaders across Chinese universities. Survey invitations containing the questionnaire link were
distributed electronically to targeted respondents. The sampling frame primarily consisted of
department heads and senior academic administrators from engineering, natural sciences,
biochemistry, computer science, health sciences, aeronautical and astronautical sciences, and
agricultural sciences. Particular emphasis was placed on engineering and technology-intensive
departments because of their central role in research commercialization, innovation development, and
university-industry collaboration within China’s higher education system.

A total of 130 universities were selected based on the 2014 university rankings published by the
Chinese University Alumni Association. The sample included the top 100 universities as well as an
additional 30 universities selected from the lower range of the top 600 institutions in China. This
sampling strategy enabled the study to capture variation in institutional prestige, research capacity, and
entrepreneurial orientation across different tiers of Chinese universities.

The target population consisted of 4,578 academic administrators and department leaders. Engineering
departments represented the largest proportion of the sample, reflecting their dominant role in Chinese
research and innovation activities. Specifically, the sampling frame included 1,919 individuals from
engineering disciplines, 715 from natural sciences, 724 from biochemistry, 404 from computer
science, 662 from health sciences, 78 from aeronautical and astronautical sciences, and 76 from
agricultural sciences.

Among the identified respondents, 1,013 individuals could not be reached because of invalid or
inaccessible email and telephone contact information. During the data collection period, two reminder
emails were distributed to improve participation rates. The first reminder was sent one week after the
initial invitation, while the second reminder was distributed three weeks following the initial contact.

A total of 593 responses were received, yielding a response rate of 16.63%. Following data screening
procedures, 253 responses were excluded because they contained substantial missing data, defined as
more than 20% missing values across study variables. Subsequent outlier analysis resulted in the
removal of an additional five observations, leaving a final sample of 335 valid responses for statistical
analysis.

The demographic profile of respondents indicates substantial administrative and academic experience
among participants. Of the final sample, 83.8% of respondents were male and 16.2% were female.
Only one respondent was younger than 30 years of age, while 48.1% were 46 years or older. In
addition, 81.2% of respondents had served as department chairs or academic administrators for three
years or longer, suggesting a high degree of familiarity with departmental research activities,
innovation initiatives, and institutional policies.

Engineering departments accounted for the largest proportion of respondents (43.6%), followed by
biochemistry (18.8%), natural sciences (15.2%), health sciences (10.4%), and computer science (9%).
The strong representation of engineering-related disciplines aligns with the study’s objective of
examining entrepreneurial orientation within research-intensive and innovation-driven academic
environments.

Potential non-response bias was evaluated by comparing the mean responses of the earliest 25% of
respondents with those of the latest 25% of respondents. The analysis revealed no statistically
significant differences between the two groups, suggesting that non-response bias does not represent a
major concern in the present study.
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RESULTS
Confirmatory Factor Analysis

Amos was used to analyze the data. Confirmatory Factor Analysis was conducted to test the first-order
model with four latent factors, and all latent factors are correlated. The preliminary results show that
the factor loadings of UC8 and IC5 have factor loadings less than .5. The two items were dropped for
further analysis. After dropping the two items, the confirmatory factor Analysis was conducted. The
reliability analysis shows that all measures in the measurement model achieve good reliability. The
model fit indices also show that the measurement model is acceptable (CFI=.841, RMSEA=.106).

Table 1: Reliability Analysis

Research Mobilization Unconventionality Industry Collaboration University Policy
Standardized Standardized Standardized Standardized
Items Regression Items Regression Items Regression Items Regression
Coefficient Coefficient Coefficient Coefficient
RM1 0.565 UCl1 0.696 IC1 0.788 UCl 0.725
RM2 0.648 uc2 0.547 1C2 0.669 uc2 0.75
RM3 0.756 uc3 0.717 IC3 0.794 uc3 0.825
RM4 0.784 uc4 0.736 1C4 0.696 uc4 0.577
RMS5 0.709 ucs 0.756
RM6 0.677 [S[€) 0.71
uc7 0.676
CR=.846; AVE=.481; CR=.866; AVE=.482; CR=.827; AVE=.546; CR=.813; AVE=.525;
a=.85 a=.861 0=.819 a=.805

Relationship between EO and Performance

Using the number of IPs and the number of startups as performance measures, SEM was submitted to
AMOS for analysis. The model fit indices show the model has a good fit to the data (CFI=.844,
RMSEA=.096). The correlations between the four dimensions of EO and performance show that only
industrial collaboration has a significant impact on performance at the .1 level. The other three
dimensions do not have a significant impact on performance.

DISCUSSION AND FUTURE RESEARCH DIRECTIONS

The study examines the entrepreneurial orientation (EO) of Chinese universities, with a focus on
engineering and technology-intensive environments, using the Entre-U scale. Results confirm that the
scale is valid in the Chinese context, with its four dimensions—Research Mobilization,
Unconventionality, Industry Collaboration, and University Policies—relevant for assessing university
entrepreneurship in engineering-focused institutions.

However, EO shows little direct relationship with performance when measured by patents, intellectual
property, and startup creation. Only Industry Collaboration exhibits a modest positive effect. This
suggests that EO does not straightforwardly translate into commercialization outcomes in Chinese
universities.

A key explanation is that China’s centralized, policy-driven innovation system and strong emphasis on
research output and rankings may weaken the direct impact of EO on entrepreneurial results.
Engineering departments may produce high levels of innovation while still facing structural barriers to
commercialization and technology transfer.
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Moreover, conventional indicators such as patents and startups may underrepresent the broader
contributions of engineering faculties, including industry collaboration, technology diffusion,
infrastructure development, and talent formation.

Overall, the study highlights the need for broader performance measures and more context-sensitive
approaches to understanding university entrepreneurship. While Chinese engineering universities
demonstrate clear entrepreneurial characteristics, their impact on innovation outcomes is complex and
not fully captured by traditional metrics.
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ABSTRACT

This study examines dam fill rates across Turkey between 2010 and 2020 using statistical trend analysis
methods, including the Mann-Kendall test and Sen's slope estimation. The results reveal slightly negative
national average annual trends reaching -0.47% (p=0.349), while also identifying significant social and
economic impacts stemming from regional differences. The study observed statistically significant growth trends
only in Northeastern Anatolia, with an annual growth rate of +1.76% (p=0.005). Central Anatolia and the Aegean
region, however, experienced significant declines, with annual decreases of -1.11% (p=0.087) in Central
Anatolia and -2.46% (p=0.062) in the Aegean region. The provincial-level study confirms strong, statistically
significant declines, reaching the 0.05% significance level in 26% of the provinces. While large metropolitan
areas like Istanbul maintain high occupancy rates reaching 51.7%, drought-affected regions such as Central
Anatolia (26.1%) and the Mediterranean (35.2%) are facing maximum storage capacity. Water scarcity emerges
as an environmental problem that engineers must address. The study reveals that Turkey needs to implement
urgent policy measures, such as drought-resilient agriculture and reducing urban water loss.

Key words: Climate Adaptation, Dam Occupancy, Regional Inequalities, Water Governance, Water Stress

INTRODUCTION

Dams which function as water storage facilities and flood control systems represent an exceptional
engineering achievement that provides optimal water resource management through their construction.
The structures create substantial effects on aquatic systems and the organisms inhabiting the region
(Chalise et al., 2023; Cho and Qi, 2023; He et al., 2024). The entire system of infrastructure and water
resources faces severe danger from climate change. The capacity of reservoirs to receive direct water
inputs is restricted by changing rainfall patterns and snowmelt and hot weather conditions (Gruss et
al., 2023; Sambou et al., 2023). The dams face two opposing forces which create a situation that will
become increasingly difficult for them to manage (Ariffin et al., 2025; Abu-Afifeh et al., 2023; Geng
et al., 2026). The Three Gorges Dam operation has increased low-flow events according to research
conducted by Wang et al. (2023) which shows that this phenomenon mainly affects vegetation
patterns. In Iraq, climate change poses a serious threat to the Al Abila Dam, according to research by
Abed et al. (2023). The complex relationship between climate change and dam operations requires the
development of flexible water management regulations according to the presented cases. The African
continent meets the Mediterranean Basin in Turkey, which will experience the most severe climate
change impacts. The occupancy rates of dams serve as the most precise and extensive indicators which
show the complete water condition of the basin. The present water stress situation needs evaluation
through assessment of rate patterns which demonstrate its progress throughout different time periods
and various geographical areas (Disasa et al., 2026; Ji and Senay, 2023; Kong et al., 2023). Erosion
risk assessments provide valuable information about how long-term sedimentation affects the
occupancy of dam basins (Karaoglu, 2023; Kholmurodova et al., 2025). The research will establish the
national trend while examining regional and provincial variations which stem from different
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geographical and climatological characteristics to create scientifically based water management
solutions for specific regions. This study would be of significant importance for providing Turkey with
the development of a resilient and sustainable water management strategy that can endure the
increasing water stress.

METHODOLOGY

This study investigates how reservoir occupancy ratios in Turkey changed over time from 2010 to
2020 and how they differ across different regions. The study used official provincial scale reservoir
occupancy data which was supplied by DSI and TUIK. The dataset went through a preprocessing step
which removed all data points that contained errors or missing data or extreme values. The researchers
divided provinces into 13 different regions according to their climate and geographic characteristics.
The dataset required nonparametric methods because it contained non-Gaussian data along with
suspected outlier cases. The researchers used the Mann—Kendall test to study temporal trends while
they used Sen’s slope estimator to measure the strength of those trends. The researchers determined
statistical significance at the 0=0.10 level. The analysis was conducted at national, regional, and
provincial levels using specific hypotheses; Ho: No trend; Ha.: Monotonic trend. Test statistic T is
shown in Eq. 1, where IV stands for the total number of observations, v; and V. are the data at time &

and I; the sign() function is defined in Eq. 2; the variance of T in Eq. 3, where g is the number of tied
groups and 13, is the size of the m-th tied group; the standardized test statistic Z* is defined in Eq. 4;
and the trend slope & is estimated using Sen's method as presented in Eq. 5, where & denotes the slope
and t, — t, represents the time difference.
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RESULTS

Decision-making about water management planning needs information about Turkey's dam occupancy
ratios. Figure 1 demonstrates that dam occupancy rates in Turkey show extreme variation which
results from both climate conditions and distinct water management methods. Malatya, Kayseri,
Kirsehir, Isparta, and Van show the lowest average values among all provinces in Turkey. The Central
Anatolia and Mediterranean regions approach critical occupancy thresholds, which creates severe
hazards to agricultural activities and drinking water supplies. The Aegean region experienced low
occupancy rates which showed a clear downward pattern that demonstrated rising water stress levels
and drought conditions. Some areas have enhanced their water storage capabilities, but essential
agricultural zones and urban water supply regions continue to suffer from reduced water levels. The
Black Sea and the Marmara areas experienced more stable occupancy rates, which remained at
moderate-to-high levels throughout the study period. The Southeastern Anatolia Region demonstrated
substantial yearly variations, which created fluctuations from its average values. A violin plot in Figure
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2 displays how occupancy rates change over time. 2015 exhibited both a wide range of values and a
substantial increase in its median measurement. The extended lower violin reaches from 2019 to 2020
showed that additional provinces would experience low occupancy rates, which would create severe
water shortages. The violin plots show that some years exhibit bimodal or multimodal patterns, which
include the years 2012 and 2017. The period from 2010 to 2013 showed a stable distribution which
reached a high point but 2014 brought about expanded values which resulted in greater concentration
during lower intervals. The Violin plot shows how water stress distribution occurs during dry years
and differs between different regions during wet years.
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Figure 1: 2010-2020 average dam occupancy rates by provinces of Turkey
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Figure 2: Violin plots depict yearly distribution of dam occupancy rates
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The upper panel in Figure 3 displays three data sets, which include original data and three-year
moving average data and linear regression model results. The moving average curve shows annual
variations in data while it demonstrates the overall long-term trend of the data. The analysis of linear
regression shows that the country experiences an annual declining trend of 0.47, which achieves
statistical significance at the 90 percent confidence level. The lower panel displays percentage
changes, which show green columns for increases and red columns for decreases. The moving average
shows that water stress has become a new regular pattern because it has not reached its pre-2014 level.
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The regional trends in Turkey are assessed through four graphs which are displayed in Figure 4. The
top-left graph shows the strength of trends that exist in each region's Sen slopes. The graph displays
the annual rate of change that exists in Turkey's regions while presenting the statistically significant
development patterns. The study identifies Northeastern Anatolia as the region that displays the
strongest positive trend since it experiences 1.76% annual growth. The Aegean region experiences its
most severe negative trend, which results in an annual decline of -2.46%.

Tiirkiye Dam Occupancy: Original vs Smoothed Trends
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Figure 3: a) Original over smoothed dam occupancy trends for Turkey, b) Yearly changes in
occupancy

DISCUSSION

The Turkish dam occupancy rates experienced their most considerable changes between 2010 and
2020. Turkish water resource management operates through multiple layers and various methods
according to the research results. Al-Ansari et al. (2023) attribute water scarcity in Iraq to various
factors that include climate change, poor management of water, and increased water demand, leading
to water stress. Turkey demonstrates a negative trend through its data which shows results at -0.47%
every year though the results lack statistical significance. The water trends in Northeastern Anatolia
and Eastern Black Sea Region show increasing patterns because of the area's geographical and
climatological characteristics. Central Anatolia and Aegean Regions show downward trends because
their water patterns have started to decline. The Kilombero River Basin of Tanzania demonstrates
similar hydroclimatic patterns according to Sigalla et al. (2023) who found that the same patterns exist
throughout Turkey and other parts of the world. The interrelations among precipitation, runoff, and
land use operate as the primary elements that control basin-scale water dynamics according to
Carvalho et al. (2023) who established a fundamental system to examine regional water system
differences.

Dams lose their ability to store water because of sedimentation which leads to a major decrease in
their storage capacity. Ferreira et al. (2023) conducted research on reservoir erosion in a Brazilian
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semiarid region using the 210Pb geochronological method to determine sedimentation rates which
demonstrated how sediment accumulation decreased both dam operational life and storage capacity.
Mostafazadeh et al. (2024) conducted research through an index-based approach which assessed how
land-use changes and dam regulations affected river flow patterns. Bai et al. (2024) developed a model
which uses hidden information to reduce the harmful effects that hydroelectric dams and climate
change create for fish habitats. Sun (2023) demonstrated how hydroelectric dam construction in China
affects the environment while he emphasized the requirement for conducting environmental impact

assessments to support sustainable water management practices.

Regional Trends: Sen's Slope
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Figure 4: Statistical significance and yearly change trends of dam occupancy

Provincial authorities need to establish water management policies which require consideration of
specific characteristics present in each individual region. Water resources management includes
multiple components which connect together through their functions in dam construction, safety
operations, and flood control activities (Yameogo et al., 2023). Samsudin et al. (2023) used GIS
methods to study dam-break flood events which proved valuable for developing emergency
management response plans. Lee et al. (2023) developed an ensemble model which uses multiple data
sources to forecast water flow at the Soyang River Dam. The study establishes hydrological
forecasting as an essential component necessary for effective water management. The research
conducted by Yakar et al. (2023) studied the fatty acid composition of fish from Atatiirk Dam Lake
which demonstrated that ecological health assessment requires monitoring of aquatic ecosystems.
Muddasir and Dondas (2023) examined the connection between housing prices and economic
indicators in Turkey which helped them show how water resource management interacts with
economic growth. The research results show that Turkey needs to create new water management
approaches which should include flexible policies to develop climate change resilience.
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The study suffers from its major constraint which restricts research to a particular time period. The
period from 2010 to 2020 which lasts ten years is insufficient to study extended climate changes.
According to Mostafazadeh et al. (2024) researchers require extended time periods to study changes in
river flow patterns. The research conducted by Ferreira et al. (2023) in Brazil demonstrates that
sedimentation rates impose a critical impact on the capacity of dams to store water. The study presents
another limitation because it failed to combine climate change predictions with forecasts of water
requirements. The assessment method developed by Bai et al. (2024) which evaluates how
hydroelectric dams and climate change together affect ecosystems can be used to study ecological
impacts in Turkey. The study excluded both groundwater level measurements and measurements of
surface water quality attributes.

CONCLUSION

The study's findings about water management showed important results which water management
policy makers used to make their decisions. The study identified important trends which affected 27
out of 73 provinces because they developed at an average rate 0of-0.066% every year. Central Anatolia
and Mediterranean regions which provide essential water supply for agriculture and urban areas have
reached critical occupancy levels because they already have 26.1% and 35.2% occupancy rates
respectively. The results require the country to establish water resources management policies which
should be designed to address climate change effects through regional-specific solutions. The study
findings show that ongoing conditions will lead to serious issues which will impact farming activities,
drinking water distribution in cities, and the well-being of ecosystems. The main solutions for this
situation require farmers to switch to drought-resistant farming methods and water supply systems to
minimize their water distribution losses and all stakeholders to work together for effective water
management throughout the entire basin while they establish new water sources and enhance their
water collection techniques and increase public knowledge. The study uses scientific evidence to
support its recommendation that Turkey needs to revise its water management strategies and create
flexible solutions which will help the country handle climate change. The next studies need to use
long-term data and create integrated modeling methods while they build partnerships with other
disciplines at their most effective level. Turkey requires effective water resource management to
accomplish its development objectives and create a future that can withstand climate change impacts.
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ABSTRACT

The construction industry, where numerous contractors operate, is under constant pressure due to the global
competition which is prevailing in the world economy and the industry itself. In such a situation, the sustainable
success of contracting firms relies on various internal and external factors. The present research intends to expose the
key factors that influence the success and competitiveness of construction companies and at the same time to provide a
strategic framework for industry professionals and researchers by thoroughly compiling those factors. The study’s
primary data source consists of peer-reviewed academic articles and papers that have been indexed in the Web of
Science (WOS) database. A qualitative analysis has been conducted after filtering out those studies that matched the
criteria. The study asserts that success in the construction sector is not the result of a single factor, but rather a mixture
of different aspects influencing it all over. The results may provide directions to companies for their strategic planning
by directing the little resources they have towards the vital areas. It was concluded that firms should be accepting new
and constructive management practices along with having a proficient and talented labor force to maintain their
growth.

Key words: Construction Business, International Contracting, Critical Factors, Company Success, Systematic
Analyses.

INTRODUCTION

The competitive advantage of a company rests mainly on its efforts to penetrate foreign markets and differentiate
itself through trade activities. Welch and Luostarinen (1988) have posited that globalization is synonymous with
a firm's engagement in global activities. On the other hand, Elango and Pattnaik (2007) differentiate that this
very process is measured by how much the firms are shifting their activities or sales income towards the
international market. Behyan (2016) has pointed out internal factors, strategic factors, and external factors as the
three significant aspects responsible for the speedup of the globalization process. The internal factors comprise
the attitude of the management team of the firm regarding the internationalization process. A proactive,
committed, and entrepreneurial management team is an important factor in the company's international growth.
An entrepreneurial orientation highlights a proactive, risk-taking, and innovative approach and is the basis of the
company's growth. In contrast, a reactive export orientation indicates an unplanned international strategy and has
a smaller effect on the company's international strength. Strategic factors comprise how firms' competitive
advantages. A company having a competitive edge over domestic competitors can manage international risks.
The outer world factors are the ones that a company gets its involvement with the stakeholders, such as
suppliers, consumers, competitors, the government, universities, or financial institutions, through the various
networks. Many companies that belong to the contracting services sector are increasingly inclined to opt for
internationalization. Contracting projects not only involve technical specifications but also entail cultural, legal,
and economic aspects, which in turn make the whole process even more complicated. Crossing international
boundaries has several benefits. These include expanding project variety, taking advantage of opportunities in
international markets, and reaching a large consumer base. However, new challenges present themselves to
contracting organizations due to globalization. To enjoy long-term success, a company must deal with cultural
differences, follow local laws, and maintain international standards (Kogak, 2019). The Engineering News-
Record (ENR) Top 250 list ranks companies engaged in construction projects, compiled annually (ENR, 2023).
A variety of factors, such as construction projects, revenues, market shares, and other significant metrics, form
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the basis of the list. By this compilation, one can find a standard reference point for recognizing the top
companies in the global construction industry. A comprehensive overview of the relevant literature on the
subject will be provided within the scope of the study, and the interrelation between research on international
contracting services and company success, as well as the ENR list, was also discussed. The study analyzes the
key success factors of international contracting service companies in a broader framework while emphasizing the
need not to overlook the interactions of these complementary factors if sustainable success is to be gained. Most
of the studies available in the literature, focusing on different geographical areas or on firms, found that factors
such as adaptation to local regulations, cultural awareness, financial management, and risk management are
critical in completing international construction projects.

THEORETICAL BACKGROUND

The success of firms in the international contracting services industry is a multifaceted and complicated topic
(Apfelthaler and Vaiman 2012). Some factors that would contribute to the success of firms in this domain
include how well they can adjust to cultural differences, legal requirements, and all aspects of global supply
chain dynamics (Trent and Monczka 2003). Excellent communication skills must be developed between
companies and foreign buyers, as the companies must understand and accommodate each market's needs and
preferences (Kotabe and Murray 2004). This is equally important for companies that can adapt their service
offerings and operational models to suit the specific requirements of the various regions (Abecassis-Moedas et
al. 2012). Another critical one comprises the company's commitment to quality management. Offering high-
quality services always, observing all existing professional and industry standards, and possessing the best
quality assurance processes maintains the reputation to establish long-term relations with clients (Doulatabadi et
al., 2014; Claver and Tari, 2003).

Furthermore, financial stability and capital access weigh heavily on the company's pursuit of foreign contracts
and executing them successfully (Samaddar and Bhogal, 2024; Holschbach and Hofmann, 2011). Even prudent
financial management and investment in resources such as equipment, personnel, etc., are necessary to ensure
the successful delivery of projects and the competitive edge (Ismail et al., 2018). In addition, the company must
have an appropriate internal organizational structure and management set-up, because without these, it will have
difficulty succeeding in the international contracting services market (Zhan et al., 2019). Mission, vision, and
values statement; types of key suppliers and partnerships; reporting on the interactions of various parts of the
organization; and use of technology to support strategies are critical success factors to increase the
competitiveness of Egyptian construction firms (Mohamed and Eltohamy, 2022). According to Trtilek and
Hanak (2021), the quality and balance of the contract, the characteristics of the contract, communication between
project stakeholders, project documentation, and the choice of supplier or subcontractor are essential factors for
the optimal conclusion of construction contracts.

Tetteh et al. (2022) state that the growth in construction globalization, overcoming the lack of domestic or
foreign knowledge of international firms, the opportunity to work on large and complex projects, advancement in
management skills, and the competitive nature of national development are the five most important drivers for
the implementation of international joint ventures worldwide. According to Liihr et al. (2022), stakeholder views
on the current and ideal partnership project culture have many similarities and differences. In particular, general
contractors expect more cooperation from (sub)contractors, and investors expect more flexibility from general
contractors. Fernandes and Joseph (2020) reveal the organizational strategies implemented by Chinese
multinational contractors operating in the Southern African region that have reinforced their success. According
to Ma et al. (2020), which aims to determine the competitiveness of contractors operating in international
construction projects, knowledge, learning, talent, technical support, effective communication, organization,
cultural awareness, competitiveness, and leadership are the most important factors affecting success. According
to Muthusamy and Adnan (2020), who investigated the causal relationship between national culture and
organizational culture, organizations that effectively recognize and manage cultural differences can gain
advantages in the countries they operate. Faraji et al. (2020) identify the critical criteria for the success of
enormous construction firms operating in the construction sector in Iran. A conceptual model for Chinese
construction firms' international project partnerships and project performance is presented by Yang et al. (2019).

AboAbdo et al. (2019) indicate that the Enterprise Resource Planning (ERP) system is essential for construction
firms to improve themselves and their success. Adnan et al. (2019) identify the success factors of joint venture
projects of contracting firms operating in Malaysia. Aznar et al. (2017) argue that the ability to analyze and have
a local partner in Australian infrastructure projects is the most critical factor for competitive advantage. Polat and
Bingol (2017) recommend the Data Envelopment Analysis (DEA) approach as a vital and strategic decision for
the survival and sustainable success of Turkish construction firms in the sector. Kao et al. (2016) reveal that
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improving the ability of contractors operating in Taiwan to adapt to new market conditions plays an influential
role in their success in international construction projects. Son et al. (2015) analyze Korean firms operating in
the global construction market. Wibowo et al. (2015) identify key factors that improve contractors' project
performance and positively influence the procurement strategy. Park et al. (2010) analyze the global construction
market and the success factors of construction firms within the framework of Korean construction firms. The
success of companies operating in the international arena has been the subject of many studies. The factors
influencing companies' entry into and sustained success in the global market and the impact of individual
characteristics have been central to these research efforts. These studies have been conducted in various
countries, across different periods, and in significant numbers.

RESEARCH METHOD AND DATA

Using the Web of Science (WOS) database, this study systematically reviewed the pertinent literature addressing
multinational corporate success in contracting services. To expand the scope of the analysis and obtain relevant
information, "company success" OR "firm success" AND "contractor," "company success" OR "firm success"
AND "contracting services", "company success" OR "firm success" in "all areas" The keywords "AND
"contracting professionals" are used. After a total of 601 results were obtained, non-related subjects (toxicology,
nursing, nuclear science, ergonomics, etc.) were removed by preliminary screening. Furthermore, "open access”
publications are highlighted to facilitate more thorough analysis of the content. After these actions, the remaining
56 potential studies were carefully examined, and 22 articles suitable for the content were selected. The selected
articles were transferred to an Excel table organized according to specific criteria.

DISCUSSION OF FINDINGS

Host countries where China, which provides contracting services in studies for which data can be obtained,
operates are Venezuela, Taiwan and South Africa. The conditions that vary between countries are the limitations
of studies (1, 4, 8, 12, 21) that generally address company success in international contracting services without
associating it with any country. A critical success factor for one country may not be valid for another. In this
context, most of the studies (77.7%) were conducted by considering a specific country, and "cultural awareness"
was included as a factor. When the government examines the studies on international contracting services, it is
seen that most studies are concentrated in China, Turkey, Korea, and Malaysia, which are at the top of the ENR
List. Other countries researched for International Contracting Services are China (4), Turkey (2), Korea (2),
Malaysia (2), Egypt (1), Czechia (1), Germany (1), Spain (1), Tunisia (1), and Australia (1). Considering the
years of study, it has been determined that the subject has gained importance in the last ten years. There is no
parabolic increase or decrease between years. However, looking at the graph, it can be said that it gained
popularity between 2019 and 2020 (Figure 1).

As a result of the searches made with keywords, it was seen that the studies on the role of company success can
be divided into specific categories in terms of subject. Table 1 contains essential information such as author
names, year of publication, focused topics, research purpose, and method. Studies (22) show that, considering
the role of the company, competition factors (6), risk and performance management factors (3), establishing
partnerships, determining subcontractors, etc. They were evaluated under organizational factors (9), factors
affecting financing, and bid success (4). Most (81.8%) studies examining firm success are based on surveys and
semi-structured interviews with contractors.

3
Figure 1: Graph of international contracting
2 I services activities by year
1
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In addition, success factors were identified through case studies (9.1%) and bibliometric analysis of the literature
(9.1%). In some studies, factor rankings were determined by topics, fuzzy Delphi, relative importance index,

58



EMC 2026, 19-20th June 2026, Zrenjanin, Serbia

logistic regression, and chi-square. Some studies included the factors textually or identified them through case
studies and expressed them without a ranking.

Table 1: Studies on company success based on Web of Science

. Countr
No Source Topic Research Purpose Research); d Method
1 Gao et al. Subcontractor To establish the big construction companies' selection General [Topsis. Delphi
(2023) Selection criteria for qualified subcontractors SIS, P
Mohamed and o - . [Fuzzy Delphi (FDM),
.. Finding the Critical Success Factors (CSFs) that Egyptian survey, and relative
2 |[Eltohamy Competitiveness . ) o Egypt | .
(2022) construction businesses need to be competitive importance index
(RIT)
Performance
3 Trtilek and IManagement |Analyze and assess the performance management strategies Czechia  |Surve
[Hanak (2021) [Subcontractor lof Czech contractors y
Performance
. Searching for the key motivators for the creation of
4 g%gzh ctal llzigﬁzis(l)lrllp international joint ventures (ICJVs) by conducting a General lel;;/es);’s factor
( ) worldwide survey y
To investigate the present condition of project cultures
5 ILiihr et al. IPartnership within the German turnkey construction sector and identify Germany  ISurv
(2022) IFormation the optimal project cultures concerning cooperation, as seen ermany - isurvey
from the viewpoints of key stakeholders.
Chinese
To identify the organizational tactics used by Chinese
6 Fernandes and Competitiveness  [multinational contractors in Southern Africa that have cgntractors Survey
Joseph (2020) contributed to their sustained success. “}msf?“th
rica
Ma et al [dentify ways in which the ability to implement ICS
7 2020 ’ Competitiveness  |(international construction standard) can improve China  [Survey
( ) contractors' competitiveness.
i . IDetermining which competitive advantages and obstacles o . .
8 Ltozlar;(z); Oorro Competitiveness  [have the most significant impact on contractors' General lslgzl:r(;glemc’ chi-
ctal. )- [performance abroad. 4
Muthusam; j . L
9 land A dnany gloljtii;ls UECESS ITo research how national culture and organizational culture Malaysia [Survey
. lare causally related.
(2020) IDifferences
10 [Faraji etal.  |Determining To determine the primary selection criteria for significant Iran [Expert opinion,
(2020) Organization service/goods providers serving Iranian clients. Delphi-AHP
IBuilding a conceptual model that illustrates the causal links
11 Yang et al. Partnership between partnership, risk management, interface China, Survev. case stud
(2019) [Formation imanagement, and project performance from the standpoint | Venezuela ¥ Y
of an evolutionary game.
12 Gundes et al. Financin Categorizing the primary concerns and supporting themes in General [Bibliometric analysis
(2019) & the study of construction finance. y
~ . It looks at how crucial risk management is to Spanish .
13 Ltozlang 0”1;(;rr0 Risk Management |engineering consultancy companies' performance in the Spain iSIi?rl\;is;rwusctured
et al. (2019) olobal building industry.
14 IAboAbdo et ?ef:};n Oalt;on asa |The objective is to identify the most significant number of Tunisia  [Structured interview
al. (2019) ogy CSFs that impact the implementation of an ERP system.
ICompetitive Factor
. IDetermining the elements contributing to joint venture
15 AZ((i)r;aén ctal. ??)rnt?l;is(}:rllp projects between Malaysian IBS contractors and their Malaysia [Survey
( ) success.
Aznar et al. . Looks for the elements affect that bids for Australian . . .
16 Bid Success . . Australia [Logistic regression
(201 7 ) infrastructure projects success.
Polat and . It suggests using Data Envelopment Analysis (DEA) to Case study, data
17 Bingol (2017) Bid Success determine whether to submit a bid. Turkey envelopment analysis
18 IAkgul et al.  |Partnership To examine how contractors behave in partnerships on Turkey Social network
(2017) Formation international projects. lanalysis (SNA)
19 Kao et al. Partnership Identifying the impact factors capabilities and partnership China, Surve
(2016) IFormation relationship (PR) with companies in Taiwan. Taiwan y
Son et al. Partnership To analyze the collaboration process between Korean Semi-structured
20 . - . . Korea | .
(201 5) IFormation construction companies operating overseas. interviews
. S . . . Survey, Structural
Wibowo et al. | To determine ea'ch variable's most important mﬂuencmg Equation Modeling
21 Bid Success factor by analyzing the effect of bidding strategy on project | General .
(2015) and company performance Partial Least Squares
: (SEM PLS)
Park 1. .. i identi
22 |ty Compeitveness o succes hat lad w0 S growth. | Korea [Case sudy
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If the identified key factors were named differently in different studies, a common expression was
determined and categorized according to the topics (Table 2). The content from studies investigating
competition, partnering, risk management, finance, and bid success is interconnected and must be brought
under one umbrella. For example, selecting key suppliers and partnerships, an essential component of
competitive success, also affects risk management and financial success. In this context, these contents
were evaluated within the framework of the factors affecting globalization momentum proposed by Behyan
(2016) using the categorical data analysis method. Accordingly, the themes were identified as internal,
external, and strategic factors and grouped (Figure 2).

The internal factors identified in this context are experience, reputation, human resources, firm
infrastructure, capital, and adaptability. The factors in this group are about the firm's capabilities and
competence. The age of the firm, experience from previous jobs, previous experience in the same type of
contracts, established business contacts, ability to adapt to rules and regulations overseas, and human
resources provided by the awareness that a different country has different practices or different cultures
have been identified as critical factors. Finance, the most frequently repeated factor in the studies, is
considered an intrinsic factor under the title of capital only, without including support or incentives such as
funding credit facilities or government borrowing. Securing large loans at low interest rates from financial
institutions to finance international projects plays a crucial role in international construction (Gunhan and
Arditi, 2005). However, this item was deemed appropriate under market conditions as an extrinsic factor.

Table 2: Key factors identified by topic

Competitive Success Partnership Formation Risk and Performance Finance and Bid Success
Success Management Success

Determine mission and vision (2) lell)glence in similar projects Contract specifications (3) gla )S h management (12, 17,

IKey suppliers and partnerships Trust and past relationships  [Subcontractor/supplier/partner .

(2,6,7,8,22) (1,15,18,20) ship selection (3, 13) LLocal partnership (16)

Relationship management (2,7, 8) ”lfgclllrlncla 51 qi'l 9a)11ﬁcat10n (1.4, Human Resources (3,13) IRelevant expertise (16)
Managerial skill (1, 4, 10, 11, {Communication among . .

Use of technology (2, 7, 8, 14) 15, 18) stakeholders (3, 13) IPast relationships (16)

Financial performance (6, 7, 8, 22) [Finance (1, 4, 10, 19, 20) Finance (3, 13) [Experience (16)

IHuman Resources (6, 7, 8) gos)e of technology (4, 18, 19, Cultural awareness (9, 13) Contract complexity (17)
Use of local expertise, -

IAccess to local resources (6) resources, and knowledge (4, dAblhty o adapt to sector IBorrowing/loan (12)
18) emand (13)

Technical skills (6, 7, 8) Flexibility (5) Organizational capacity (13) ?g)“e Management (12,

(Good relationship with the

customer, trust offered convenience [Reputation (10) The Experience (13) Cost reduction (12)

(6, 8)

. A subsidiary in the host
Variety in contracts (6, 22) Health and safety (10) country (13)

Estal.)li.sh.ing private and specialized Cultural awareness (11)
subsidiaries (6)

. Coordination and
Experience (7, 8) communication (15)
Cultural awareness and adaptability
(7.8)

Project management (8)

IAvoiding corruption and bribery (8)
Supporting the domestic market (7,

8, 22)

Other extrinsic factors refer to legal and environmental factors, and economic factors in the market to be
entered. For example, a country with high local currency volatility against the exchange rate has a higher
risk factor, and the steps to be taken are critical (Lozano-Torr6 et al. 2020). On the other hand, strategic
factors include the steps that will lead the company to success and provide an advantage over its
competitors. Accordingly, risk management must be made by considering the internal and external factors
that are determined accordingly, which makes the company advantageous. For example, choosing
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partnerships with local firms is a criterion that will affect the risk factor. Whether or not it reduces the risk
should be evaluated together with other criteria for the success of establishing a partnership. Continuous
learning, innovative company approaches, and quality/specialized service delivery affect customer
satisfaction. At the same time, price and quality are among the most critical competitive parameters
regulating construction companies' success and long-term prospects (Marini¢ and Zathurecky, 2014).

Critical Factors of Company
Successin International
Contracting Services

1;1:;:‘135;; Extrinsic Strategic
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Figure 2. Critical factors of company success in international contracting services

The critical factors affecting success in international contracting services in current field practices also
stand out in the analyses made on the ENR Top 250 International Contractors List. Contracting companies,
which have successfully operated in China, Turkey, and the USA, where these factors matter, have been
topping this list for the last few years (ENR, 2023). Case studies for successful international contracting
projects act as instruments to illustrate how the critical success factors laid out in the literature are put into
practice. For instance, a large-scale infrastructure project by a Turkish contracting firm in the Middle East
demonstrates the effectiveness of the local partnership strategy in achieving success. In this project, the
firm adapted more quickly to local regulations and cultural differences by partnering with a local company
and ensuring the project was completed on time and within budget. Such examples show that collaborating
with local partners contributes to completing projects and creating long-term business opportunities.

Regarding this subject, contracting companies, especially those from China, can succeed in all international
works, given their ability to adapt to the target local legal framework and culture. Likewise, it is viewed
that Turkish contracting companies find success in strengthening their connections with local partners and
rendering business more flexible. The importance of risk-handling and financial strategies on construction
practices is also pinpointed. For example, the study by Lozano-Torré et al. (2019) shows how risk
management and financial management bear heavily on the success of Spanish construction companies in
international markets. Similarly, financial management is critical for the success of Turkish contracting
firms (Gundes et al., 2019). On the other hand, the synthesis of current field studies elaborates the
"collaboration with local partners" strategy, which is a significant success factor in international projects.
For instance, Akgul et al.'s (2017) study shows that strong ties developed by Turkish contracting firms with
their local partners in international projects are important for ensuring the success in the completion of
projects. To see how effective these factors are in great field applications, it becomes important to compare
project success factors in different countries and to determine which strategies are employed to, in fact,
overcome those differences. In this context, joint support from sectoral reports and current field
applications will give a solid backdrop for success in international contracting services. A careful study of
the reciprocal interactions among the tables of critical success factors reveals that these factors cannot be
assessed independently. For instance, risk management and financial strategies are interwoven with the
internal and external forces needed to boost the firm's competitiveness in international markets. While risk
management may influence the firm's financial decisions, it could also influence decisions related to
cooperation with local partners.

61



1. Akiner and B. S. Kepenek / A systematic review of critical factors affecting company...

Similarly, awareness of cultural differences and adaptation to local laws impact human resource or project
management activities while maintaining a competitive edge and remaining in local markets for the long
haul. These factors further influence decision-making at the strategic level of the firm's management and
marketing strategies. As such interactions occur, it is obvious that there cannot be a single success factor
for international contracting services, but rather a focus upon a balance of factors. For instance, the firm
may be financially strong but may lack cultural know-how or locally partnering knowledge, thus increasing
the firm's chances of failure. Similarly, if risk management and financial know-how are not considered,
even with strong human resources and technical expertise, it may not lead to sustainable success. Hence,
approaches that integrate different factors, such as the hybrid subcontractor selection model proposed by
Gao et al. (2023), may enhance the success of firms in international projects. These integrated models help
firms understand and implement how success factors operate together rather than concentrating their efforts
solely on one factor. Achieving success in the domain of international contracting services necessitates a
holistic approach, encompassing the multifaceted interactions between various internal factors, including
human resources and financial resources, external factors such as cultural awareness and local regulations,
and strategic factors comprising risk management and diverse partnerships. Consequently, companies must
consider these factors not as discrete elements, but as components that complement and support each other.

CONCLUSIONS

This study was prepared by compiling all articles, papers, and conference studies on corporate success in
international contracting services, obtained solely from the Web of Science database with no time
constraints. Factors influencing international success differ depending on country conditions, hence,
research findings from other countries are required. Critical internal, external, and strategic factors have
been identified through an extensive review of studies conducted across various countries and periods.
Common themes and factors have been categorized, thus providing a more precise framework for what
drives success in international markets. Establish strong collaborations with local partners and transform
these partnerships into long-term strategic partnerships; Adopting flexible and adaptive approaches in
project management processes, quickly adapting to cultural differences and local regulations; Minimizing
financial and operational risks by proactively implementing risk management strategies; and Ensuring
efficient use of financial resources and effectively managing cash flow are the strategies obtained from
case studies. These practical strategies suggested by case studies on successful international contracting
projects increase the firm's chances of success in international projects and contribute to their competitive
advantage, in terms of showing how the critical success factors presented in the literature are applied in
practice. Within the scope of future research recommendations, supporting the literature review results with
sectoral reports and current field studies to determine how effective the critical success factors are in field
applications will provide a more comprehensive guide for success in international contracting services.
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ABSTRACT

This paper presents a risk analysis of the use of a thermal imaging camera in a production environment. Infrared
thermography is a method used for condition monitoring of machines, quality control, and non-destructive
testing. Thermal imaging enables non-contact temperature measurement and visualization of thermal phenomena
in real time, making it highly suitable for industrial diagnostics. The risk analysis was conducted by
determination of the limits of the machine, hazards identification and risks estimation, in accordance with the
ISO 14121-1 standard. Mechanical, electrical, thermal, laser, ergonomic, and other hazards that may arise during
operation in the cutting zone and while handling the thermal imaging camera were identified. Hazard
identification using standardized forms was applied as the risk assessment method.

Key words: Risk analysis, Hazard identification, Thermografic.

INTODUCTION

Modern industrial systems require reliable monitoring and diagnostic methods in order to ensure the
safe, efficient, and continuous operation of machines and equipment. One of the key parameters for
monitoring machine condition is temperature, since its variations often directly indicate operational
irregularities, component wear, or the occurrence of failures. Infrared thermography, also known as
thermal imaging, represents a modern, non-invasive method for measuring and visualizing
temperature distributions on object surfaces, thereby enabling the early detection of potential problems
and the improvement of maintenance systems.

In addition to the technical advantages that thermography offers in diagnostics and quality control, it is
also necessary to consider the safety aspects of its application. The operation of a thermal imaging
camera in an industrial environment, particularly near machine tools and cutting zones, exposes
operators to various types of hazards. Therefore, conducting risk analysis and assessment in
accordance with relevant international standards is of great importance.

The aim of this paper is to present the application of infrared thermography in monitoring machine
conditions during the manufacturing process, as well as to perform a systematic risk analysis related to
the use of a thermal imaging camera in accordance with ISO 12100 and ISO 14121-1 standards.

Standard ISO 12100 is the overarching international standard for machinery safety, defining the
principles of design, risk assessment, and risk reduction throughout the entire life cycle of a machine.
It provides a systematic framework for hazard identification, risk analysis and evaluation, as well as
methods for reducing risks to an acceptable level.

Standard ISO 14121 is the predecessor of ISO 12100 and is specifically dedicated to risk assessment.
Standard EN 292 was the first standard to clearly define that safety must be integrated into the design
process rather than addressed afterward through protective measures, forming the foundation of the
modern principle of inherent safety.

65


mailto:dusan.jovanic@vts-zr.edu.rs

D.Jovani¢ and V.Mladenovi¢ / Risk analysis of infrared thermographic equipment

In the available scientific and professional literature, infrared thermography is widely used as a
method for machine condition monitoring, predictive maintenance, quality control, and non-
destructive testing. Numerous authors emphasize its advantages in terms of non-contact
measurements, rapid response, and the possibility of early detection of irregularities in the operation of
electrical and mechanical systems. However, an analysis of the available studies shows that most
research focuses on the technical aspects of thermography applications, while the assessment of safety
risks associated with the use of thermal imaging cameras in industrial environments is considerably
less represented.

Certain studies examine risk assessment in combination with thermography, mainly in the field of
occupational health and safety, where thermographic data are used to identify ergonomic and
physiological workloads of workers [Soares et al., 2020].

Furthermore, the literature includes studies pointing to limitations and potential sources of error in
thermographic measurements, such as the influence of emissivity, reflections, and thermogram
interpretation, which may indirectly be considered risk factors in the application of this method
[Livada et al., 2023].

Nevertheless, systematic analysis and risk assessment of thermal imaging cameras as technical
equipment, conducted in accordance with ISO 14121-1 and ISO 12100 standards, are rarely the
subject of dedicated scientific studies, thereby confirming the justification and significance of the
research presented in this paper.

THERMOGRAPHY

Infrared thermography (IRT), also known as thermal imaging, can be used for the identification and
documentation of irregularities for the purposes of machine condition monitoring, quality control, and
non-destructive testing, as well as for monitoring temperatures during various manufacturing
processes, such as temperature in the cutting zone, extrusion temperature in forming processes, casting
and cooling temperatures of castings, and thermal phenomena occurring during welding.

In machine condition monitoring, irregularities are caused by mechanisms such as the operating
process, lubrication issues, misalignment, component wear, or mechanical loading. Thermography is
based on the detection and measurement of the distribution of thermal radiation emitted from the
observed surface and its conversion into a representation of radiation intensity differences, i.e., a
surface temperature map known as a thermogram. Therefore, the proper application of infrared
thermography requires the operator—thermographer to possess fundamental knowledge of heat and
temperature concepts, as well as heat transfer mechanisms.

Thermal energy is generated during the operation of all machines and may arise due to friction, energy
losses, fluid characteristics, the technological process itself, or a combination of these factors. For this
reason, temperature represents one of the key parameters for machine operation monitoring, condition
assessment, and the identification of potential failures.

IRT has proven to be a highly suitable method for temperature monitoring because it enables
comprehensive thermal imaging of machines or their components through non-contact (non-invasive)
measurements, with minimal setup requirements and very rapid acquisition of results. A significant
advantage of infrared thermometers compared to contact temperature measurement methods lies in
their extremely fast response time, since the radiated energy is transferred from the object to the sensor
at the speed of light, enabling an almost instantaneous response. An additional advantage of these
instruments is their high sensitivity, as they are capable of detecting and displaying thermal images
composed of very small temperature differences. Nevertheless, despite its numerous advantages,
infrared thermography has certain limitations, since radiometric measurements may be affected by
significant errors when applied to surfaces with low emissivity.
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RISK ANALYSIS

Risk analysis of the thermal imaging camera, as shown in the decomposition diagram in Figure 1,
consists of the following phases: determination of machine limits, hazard identification, and risk
estimation. After the completion of the risk analysis and the implementation of risk evaluation, the
overall risk assessment process was carried out.
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Figure 1: Decomposition diagram of activity risk analysis

The activity tree of the risk analysis is shown in Figure 2.
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Figure 2: The activity tree of the risk analysis
Determining the machine limits

Risk analysis begins with determining the machine limits, taking into account all phases of the
machine life cycle, and consists of: use limits, space limits, time limits, and other limits. Use limits
define the different operating modes of the thermal imaging camera and the various intervention
procedures for users. The thermal imaging camera has no restrictions regarding use based on gender,
age, dominant hand usage, or physical abilities. The required training level for operator—
thermographers is defined by EN ISO 9712 and ISO 18436-7. Space limits related to the use of the
thermal imaging camera are defined by restricted access to the equipment whose temperature is being
measured during operation, as well as by the spatial requirements for the operator.

Time limits define the service life of the thermal imaging camera and some of its components, as well
as the maintenance intervals recommended by the manufacturer. Other limits define the measurement
range, as well as the properties of the measured material, including emissivity, reflection,
transmissivity, calibration, camera location, distance, range, focus, as well as machine condition and
ambient conditions.

Hazard identification

Hazard, hazardous situations, and events are identified for all phases of the machine life cycle: design,
transport, assembly and installation, commissioning, operation, and decommissioning, after which
measures must be taken to eliminate or reduce the associated risks and shown in Table 1. For the
purpose of hazard identification for the thermal imaging camera, it is necessary to define the
operations it performs, the tasks of the operator, and the environment in which it operates. The thermal
imaging camera is primarily intended for the diagnostics and temperature measurement of electrical
and mechanical machine components, as well as for quality control through non-destructive testing
(NDT) and the creation of thermograms.

The tasks performed by operator-thermographers include setting the measurement range, material
emissivity, reflectivity, transmissivity, and focus, laser marking, monitoring and diagnostics
(thermogram generation and analysis), as well as charging and maintenance.

Regarding the environment in which the thermal imaging camera operates, given that its primary
purpose is the monitoring and diagnostics of electrical and mechanical equipment and NDT, the
associated hazards are mainly electrical and thermal, as well as other hazards and harmful effects
resulting from the operation of the machines and components being inspected.

During temperature monitoring in the cutting zone using a thermal imaging camera, the following

hazards were identified, in accordance with the Regulation on the manner and procedure of risk
assessment at the workplace and in the working environment: mechanical hazards arising from the use
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of work equipment, hazards related to workplace characteristics, hazards arising from the use of
electrical energy, harmful effects arising or appearing in the work process, and harmful effects
resulting from psychological and psychophysiological strain associated with the workplace and job
tasks performed by the employee.

Table 1: Hazard identification using application of forms

Visibility

Machine IC Thermal Camera FRIK | Method / Standard Application of forms/ ISO 14121
Phase Work Process — Production Analyst Dr D. Jovanié
Hazard Zone Cutting Zone Date 20.12.2025.
et Hazardous
no Task Hazard Origin Consequences Situation / Event
Mechanical hazards related
to the machine, machine .
Approach of a moving .
parts or surfaces, tools, - crushing .
1 . element (tool) to a . Working near
workpieces, loads, or . - severing .
. . N fixed part (workpiece); . moving parts;
projected solid or liquid ; - cutting .
. Rotating elements Exposure to ejected
materials . - entanglement
" (tool); Moving ; parts;
Mechanical hazards caused . |- trapping .
. ) elements (tool, machine | . Unexpected machine
by the machine, machine ) - impact
. . . parts); Sharp edges movement
2 parts (including material (tool, workpiece, chips) | puncture
holding mechanisms), ’ piece, cip
‘é workpiece, or loads
3 § Electrical hazards — direct Machine tool electrical Contact with power
= contact . L cable; Poor
7] installations; Live parts . . .
s . Electric shock; |insulation of the
Q . .. due to malfunction;
g Electrical hazards — indirect o Shock power cable;
4 o Short circuit; Camera .
E contact power suppl. Restoration of
s Y power supply
Q
=) Thermal hazards — burns High-temperature Contact with the
15 from contact with objects or . o . .
And . materials (tool, Burns; Injuries | workpiece, chips, or
\ materials at extreme . . - .
5 o0 workpiece, and chips); |caused by heat |drill; Working near
g temperatures, flame or . A .
z . o Radiation from heat radiation; Fire |high-temperature
9] explosion, and radiation from . .
h= sources (machine tools) objects
g heat sources
6 = Radiation Laser radiation Eye and skin  |aser pointer directed
damage toward the eyes
7 Noise Production process Discomfort; Tool wear; Lack of
(cutting) Tinnitus lubricant (MWF)
T Splashing of MWF,
. Dust; L1qu1d' Breathing smoke, and dust
8 Material / Substance (coolant/lubricant); . . .
Smoke difficulties from the cutting
zone
. Strain; Posture; Fatigue; Stress; Holding the camera in
9 Ergonomics an awkward position;

Any other

Physical strain

Risk estimation

Risk estimation together with the determination of machine limits and hazard identification the risk
analysis, which, when combined with risk evaluation (i.e. determining whether the risk has been
adequately reduced), represents the overall risk assessment process. Risk assessment methods,
according to ISO/TR 14121-2:2012— Part 2: Practical guidance and examples, include: application of
forms, risk matrices, risk graphs, numerical scoring, quantified risk evaluation, and hybrid methods.

Hazard identification using application of forms, as a risk estimation method, is an approach for
identifying hazards that primarily uses checklists defined in ISO 14121-1:2007. These checklists
cannot be considered exhaustive; therefore, other risk assessment methods should be used as a
supplement. This method can be applied for risk assessment at any stage of the machine life cycle.Risk
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estimation using application of forms is presented in a table and performed in accordance with ISO
14121-1.

CONCLUSION

Temperature measurement using an infrared thermal imaging camera is a safe and non-contact
method, but it requires careful planning, training, and compliance with prescribed safety measures,
particularly due to the presence of mechanical and thermal hazards associated with the machines being
monitored and diagnosed.

Infrared thermography represents a powerful tool for machine condition monitoring and optimization
of industrial processes, thanks to its speed, high sensitivity, and ability to perform non-contact
temperature measurements. Its application enables the timely identification of irregularities in machine
operation, thereby reducing downtime, increasing system reliability, and improving work safety.

However, the use of thermal imaging cameras in industrial environments involves certain risks,
especially in proximity to machines and high-temperature zones. The conducted risk analysis has
shown that it is necessary to systematically identify all potential hazards throughout the entire life
cycle of the equipment and to implement appropriate technical and organizational protective measures.
During temperature monitoring in the cutting zone using a thermal imaging camera, mechanical
hazards were identified related to machines, machine parts or surfaces, tools, workpieces, loads, or
projected solid or liquid materials, as well as mechanical hazards caused by machine components
(including workpiece holding mechanisms), the workpiece, or loads. Electrical hazards arising from
direct and indirect contact were also identified, as well as thermal hazards causing burns due to contact
with objects or materials at extreme temperatures, flames, explosions, and radiation from heat sources.
Among harmful effects, the most significant were laser radiation during marking of the measurement
target, ergonomics, noise, and material/substance-related hazards.

Based on the conducted risk assessment, it can be concluded that the proper application of standards,
adequate operator training, and adherence to safety procedures enable the safe and efficient use of
thermal imaging cameras in industrial practice. This ensures full utilization of infrared thermography
while minimizing risks to human health and workplace safety.
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ABSTRACT

This paper presents a risk assessment related to the use of an electropneumatic educational set intended for
laboratory teaching. The risk assessment was conducted in accordance with the ISO 12100 and ISO 14121-1
standards, based on risk analysis through defining machine limits, hazard identification, and risk evaluation.
Mechanical, electrical, thermal, ergonomic, and other hazards that may arise during the use of the
electropneumatic educational set were identified. A risk matrix was used as the risk assessment method to
quantify risk levels before and after the implementation of risk reduction measures, and to perform risk
evaluation. Based on the assessment results, technical, organizational, and personal protective measures were
proposed, with particular emphasis on user-implemented measures, including the development of safe work
procedures, operator training, the use of personal protective equipment, and organizational safety measures. The
results show that, after applying the proposed measures, all risks are reduced to an acceptable level, confirming
that the use of the electropneumatic educational set in a laboratory environment is safe when the prescribed
safety measures are consistently applied.

Key words: Risk assessment, risk reduction, electropneumatic equipment.

INTODUCTION

The development of modern industrial and educational systems increasingly involves the integration
of pneumatic, electrical, and control components, which significantly enhances functionality but at the
same time introduces new potential sources of risk to user safety. Electropneumatic systems are now
widely used in industry, as well as in educational institutions, where they serve as a fundamental tool
for acquiring practical knowledge in the fields of automation and mechatronics.

The safety of machines and work equipment represents one of the key requirements in both industrial
and educational environments. The European Machinery Directive 2006/42/EC, along with
corresponding national regulations and international standards, clearly defines the obligation to
conduct risk assessment as a fundamental step in ensuring the safe use of machines and technical
systems.According to ISO 12100 and ISO 14121-1 standards, risk analysis includes a systematic
identification of all hazards that may arise throughout the machine life cycle, as well as an assessment
of the probability and severity of possible consequences.The definition of general rules and safety
requirements for pneumatic systems and their components, in accordance with ISO 4414, contributes
to reducing the risk of failures and injuries.Previous research indicates that ANSI guidelines
emphasize the identification of tasks and hazards that had not previously been considered, particularly
those related to maintenance [Etherton, 2007].

The critical need to improve machine safety represents a strategic framework for risk mitigation

through effective hazard identification, risk assessment, and implementation of control measures [Li et
al., 2025].Therefore, considering that the electropneumatic educational set is used under laboratory
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conditions while working with students, it is necessary to conduct a detailed risk analysis that includes
the examination of all mechanical, electrical, and thermal hazards, as well as harmful effects caused by
noise and vibrations, in addition to ergonomic and organizational aspects of work.The aim of this
paper is to carry out a risk assessment related to the use of an electropneumatic educational set through
risk analysis and evaluation. After identifying hazards in all relevant phases of the life cycle, it is
necessary to perform risk assessment using a risk matrix and, after implementing measures for risk
reduction, determine the magnitude and acceptability of the residual risks.

ELECTROPNEUMATIC EQUIPMENT

The electropneumatic educational set is laboratory equipment that enables practical learning of
electropneumatics, a field that integrates pneumatics—through pneumatic components (control of
single-acting and double-acting cylinders and valves (2/2, 3/2, 5/2, etc.) using compressed air, pressure
regulators, filters, and connectors with electrical engineering and automation through electrical
components (control of components by means of electric current, sensors, switches, relays, PLC
controllers, indicators, and actuators).Pneumatics is used in performing manufacturing operations such
as drilling, turning, milling, sawing, forming, and others, as well as for general material handling
methods including clamping, moving, positioning, orientation, and material flow distribution. Figure 1
shows the electropneumatic educational set and the diagram of pneumatic components. The diagram
schematically presents: Power components (cylinders, motors, visual indicators), Control elements
(directional control valves), Process elements (control and non-return valves, pressure control valves,
timers, sequencers), Input elements (valves, switches), and Supply elements (compressor, reservoir,
service unit, and pressure regulation valves). Pneumatic tools and operational components can be
loaded up to the stall point and are therefore protected against overload.

Figure 1: Electropneumatic educational set and diagram of pneumatic components

RISK ASSESSMENT

Risk assessment consists of risk analysis and risk evaluation. Risk analysis is carried out through
determining the machine limits, hazard identification, and risk estimation, while risk evaluation
determines whether the risk has been adequately reduced. According to ISO/TR 14121-2:2012- Part 2:
Practical Guidance and Examples, risk assessment methods include: hazard identification using
checklists, risk matrices, risk graphs, numerical scoring, quantified risk evaluation, and hybrid
methods.Hazards identified on the electropneumatic set during the testing phase and operational
process, according to the Rulebook on the Method and Procedure of Risk Assessment in the
Workplace and Work Environment, are: Mechanical hazards arising from the use of work equipment,
hazards associated with workplace characteristics, hazards arising from the use of electrical energy,
harmful effects occurring during the work process (noise, vibrations, radiation, materials/substances)
and harmful effects resulting from psychological and psychophysiological strain causally related to the
workplace and tasks performed by employees (ergonomics).
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Risk matrix

The risk matrix is one of the methods used for risk assessment and is applied after risk analysis has
been carried out, that is, after hazards have been identified. The risk matrix represents one of the most
commonly applied risk assessment methods and is used after the completion of risk analysis, namely
after the identification of all relevant hazards. This method enables the assessment of risks associated
with machines and equipment in various industrial fields.The primary purpose of the risk matrix is to
enable the ranking of identified risks according to their magnitude, in order to clearly distinguish those
that are unacceptably high and for which risk reduction measures must be implemented. In this way,
the risk matrix serves as a tool for decision-making regarding risk acceptability and for determining
priorities in the implementation of preventive and protective measures. Its advantages are reflected in
its simplicity, speed, and efficiency of application, making it suitable for practical use in industrial
environments. The following Table 1 presents the risk assessment performed using the risk matrix
method, as well as the measures for risk reduction. Risk evaluation was also carried out in order to
determine whether the risk was adequately reduced after the implementation of the proposed
measures.

Table 1: Risk assessment using the risk matrix method

Initial Risk Risk Assessment
~ Assessment After Measures o)
= > = Risk Reduction > - 2
£ & Hazard 2l = z Measures 2| = z | & &
2= 8| 2 — 5| & = »n 3
o 5| S % 5| S % <
aE & 2| A & e
Mechanical (l.ﬂnetlc 12 Restricted work zone, 6
energy): moving 314 . .. 3 2 Y
. > High |training Moderate
cylinders, crushing
Mechanical: uncontrolled 4|3 12 Lockout procedure, 4 ) 8 v
cylinder start High |signaling, supervision Moderate
Mechanical — hose rupture 3|3 9 Regular hose inspection, 3 | 3 v
(pressurized fluid impact) Moderate| pressure limitation Low
_§ 3 24 V DC voltage, proper 4
& |Electrical — direct contact | 4 | 2 cables, prohibit. of live 4 1 Y
) Moderate Low
& work
g | Electrical — indirect 3|9 6 Grounding, installation 3 | 3 v
:1) contact Moderate | testing Low
.£ | Thermal — hot compressor 6 Warning signs, safe 2
2 213 . 2 1 Y
& surfaces Moderate| distance Low
Compressor and exhaust 6 Maintenance, PPE if 4
. 2|3 . 2 2 Y
noise Moderate | required Low
Vibrations 2 19 4 Stable installation, 5 1 2 v
Low | maintenance Low
Substances — compressed 2|3 6 Ventilation, proper 5 5 4 v
air, dust Moderate| connections Low
. 6 Adjustable table height, 4
Ergonomics 2|2 Moderate | breaks 2 2 Low Y
Slipping, tripping, and 3|9 6 Organize cables, mark 3 1 3 v
falling Moderate| walkways Low

Risk matrices have been in use for many years and have been developed in various forms, such as 5x5
matrices, as well as matrices defined by standards and guidelines, including ANSI B11 TR3:2000 and
IEC 61508. The differences among them are reflected in the number of levels and the method of
defining risk factors, with four-level and five-level matrices being the most commonly used in
practice. For each identified hazard or hazardous situation, it is necessary to assess the severity of the
possible consequences. In addition to the severity of consequences, the probability of occurrence of a
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hazardous event is also evaluated for each hazard.Based on the conducted risk assessment using the
risk matrix method, it can be concluded that the initially identified risks associated with the operation
of the electropneumatic educational set were predominantly classified within the categories of
moderate and increased risk, particularly in relation to mechanical and electrical hazards.After the
implementation of the prescribed technical, organizational, and personal protective measures, all
assessed risks were reduced to an acceptable level. No risk remained within the high-risk category,
confirming that the electropneumatic educational set is safe for use under laboratory conditions,
provided that the defined protective measures are consistently applied.

REDUSTION OF RISK

Measures for the prevention, elimination, or reduction of risks are determined based on the assessed
risk, in accordance with occupational safety and health regulations, technical regulations, and
standards, and are aimed at achieving risk reduction. The Figure 2. shows the decomposition diagram
of measures for risk reduction.

USED AT AUTHOR: dr Dusan Jovanic DATE: 21 32011.WORKING READER DATE | CONTEXT:
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Figure 2: Decomposition diagram of activities by designers and users
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The activity tree of the risk reduction is shown in Figure 3.

RISK REDUKCTION
0

ACTIVITIES BY
DESIGNER

ACTIVITIES BY
USERS

O SAFEGUARDING AND 0 PROVISION AND USE OF
COMPLEMENTARY ADDITIONAL SAFEGUARDS
PROTECTIVE MEASURES o PERSONAL PROTECTIVE

O INFORMATION FOR USE EQUIPMENT

0 TRAINING

Figure 3: The activity tree of the risk reduction

+| Imstruction No. | 02/2026 | Device ic Set | Manufacturer | Festo | Type TP101

Disconnect the power supply before changing connections. Do not touch moving parts or electrical contacts during
operation. Air pressure must be shut off and releazed from the system before maintenance. Never increasze the
pressure above 6 bar. Do not operate the system if there are loose or damaged connections. In case of an electrical
fault, immediately disconnect the power supply.

Measures to Be Taken Before Starting Work

Checlk: that the compressor 15 fonctioning properly and that the filters are operational Gradually increase the
pressure to the operating level and check for leaks. Check pressure gauges, valves, and regulators for correct
readings. Verify that all mechanical components are properly installed (cylinders, valves, sensors). Visually inspect
pneumatic hoses to ensure they are: in good condition (without cracks, bends, or damage). firmly connected and
zecured, positioned so they do not interfere with moving parts. Check electrical connections: cables must be
insulated and undamaged, connectors must be properly connected and labeled. Check that sensors and solenoid
valves rezpond correctly. Connect the 24V DC power supply and verify grounding. Ensure there are no visible
traces of oil, water, dirt around connections, or fumes from components (in electropneumatic systems). Verify the
presence of signs, labels, and diagrams (they must be legible and in place).

Measures to Be Taken During Operation

Safe Start-Up: Before starting, ensure that no one iz standing within the operating area of the cylinder or moving
parts. Use an audible/light signal before starting the system, if possible. Start the system slowly, gradually
increasing the load.

Operating Guidelines: Do not exceed the maximum pressure and voltage values. Do not uze unsuitable media (air
with excessive modsture or impurities), Do not manually stop or obstruct cylinder movement — use the designated
blocking valves. Adjust cylinder movement speed using regulating valves, not by sudden changes. Avoid vibrations
and hammering effects that may cause material fatigue.

Safe Shutdown / Stopping: Use designated valves for safe shutdown (air flow blocking). Release pressure from
the svstem before accessing components. Disconnect the electrical power supply (for the glectropneumatic section).
Measures to Be Taken After Completing Work

Disconnect the power supply.Shot off the air supply. Release pressure from the system. Properly store and
arrange the equipment.

Warning Signs

AL A L AN L A

Mandatory

QOODO®E
OIS

Phone:
Procedure in Case of Accident, Failure, or Damage:

Date 20.12.2025. | Prepared by: | Dt Dusan Jovanié
Figure 4: Safe work procedure

The measures undertaken by the manufacturer for risk reduction include: Inherently safe design,
Guards and complementary protective measures, and Information for use (information, operating
instructions, warnings). Risk reduction measures implemented by the user include: Organization
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(procedures for safe work, supervision, work permits), Provision and use of additional protective
measures and guards, Use of personal protective equipment (PPE), Training, Inspection and testing of
work equipment, Maintenance etc.

The risk reduction measure applied by the user in terms of organization is the preparation of a
procedure (instruction) for safe operation, presented in Figure 4. In addition to general information and
technical characteristics of the electropneumatic educational set, the instruction also describes the
measures that should be undertaken before, during, and after operation, as well as hazard, prohibition,
obligation (PPE), and first aid signs.

CONCLUSION

The risk assessment of the electropneumatic educational set was carried out through risk analysis and
evaluation. The risk estimation was performed using the risk matrix method. It was determined that
the highest risks originate from mechanical hazards related to the kinetic energy of cylinder
movement, in particular uncontrolled movement of cylinders and the accumulated potential energy
associated with hose rupture and the resulting impact of pressurized fluid, as well as electrical hazards
due to direct contact.After the implemented risk reduction measures, including the definition of a safe
work procedure, as well as the risk evaluation, no risks remain in the increased-risk category. The
highest remaining risk is related to mechanical hazards caused by uncontrolled cylinder movement,
with a moderate risk level. Most risks have been reduced to a low level.It can be concluded that the
operator’s activities when working with the electropneumatic educational set are not considered high-
risk work, provided that the prescribed safety measures are followed, appropriate training is ensured,
and regular supervision and maintenance of the equipment are carried out.
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ABSTRACT

Rural areas in Serbia have been facing a continuous decline over the last few decades. Population decline and
emigration of the youth has been followed by reduced labor market opportunities, limited access to the services
and emptying of the rural areas. Smart village concept emphasizes the use of information and communication
technologies in rural development. This paper focuses on 4G internet coverage in Vojvodina, Northern Serbia,
and its relationship with the level of rurality of the municipalities in order to assess whether a higher share of
rural population is associated with lower levels of internet coverage. The results indicate that 4G coverage is
widely available across settlements, regardless of their classification as urban or ‘other’, suggesting no
significant relationship between rural population share and internet coverage. Future research on smart rural
development should investigate demographic characteristics of rural population, education levels and access to
the digital technologies. The development of effective smart village strategies requires consideration of the
specific characteristics and challenges of rural settlements.

Keywords: Smart villages, Rural settlements, Digital development, Serbia

INTRODUCTION

Although the world population is projected to grow by the end of the century, this growth is not evenly
distributed among the countries or settlements. The countries projected to grow through 2054 are
located in Africa, North and South America, Asia, and Australia. Most countries in Europe, including
Serbia, have reached the peak of population before 2024 (United Nations [UN], 2024). Additionally,
rural areas are more likely to face population decline, emigration of younger population and rapid
population ageing (Newsham & Rowe, 2025). As a result, local labour market is not as attractive to
either investors nor remaining population, causing further emigration and decline (Komorowski,
2024). This process leads to creating “almost self-perpetuating circle effect” (Komorowski, 2024, 1),
where the lack of human capital results in the lack of services and job opportunities (Komorowski,
2024; Loewen & Streifeneder, 2025), marginalization of the communities and hollowing the rural
areas (Li et al., 2019). As focusing solely on economic development of rural areas does not result in
satisfactory results, the innovative and community-based approaches are needed to address the
challenges of rural decline (Dax & Fischer, 2017). In order to face these challenges, the European
Union [EU] issued the document EU Action for Smart Villages in 2017.

A term “smart village” covers the rural settlements where local communities use information and
communication technologies (ICT) to improve their life quality (European Commission, 2017). Smart
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villages are built on the principles of smart (technological) infrastructure, sustainable energy,
consideration of local traditions and economy, communities and institutional support (Smart Rural 27,
n.d.) (Figure 1). The research on smart villages starts with the analysis of availability of digital
services and internet coverage, as these are necessary conditions for further smart development
(Komarowski & Stanny, 2020). Integrating ICT infrastructure in rural development can improve
communal services, decrease rural marginality (Ofori et al., 2025), and strengthen social relationships
through local projects and platforms (Piekut & Rybaltowicz, 2024).

i Smart initiatives

|
\

Smart
infrastructure

Smart community

Smart village

Smart services Smart institutions

Figure 1: Main elements of smart villages (Komorowski & Stanny, 2020)

In Serbia, rural decline has been a long-term process. Rapid industrialization and urbanization
processes in the previous century lead to rural abandonment, and subsequently population ageing and
decline in services availability (Zivanovié et al., 2021; Zivanovi¢ et al., 2022; Bubalo Zivkovi¢ et al.,
2024). Nowadays, rural population accounts for 38% of the Serbian population. Demographic data
reveal that the average age, ageing index and share of the elderly have been steadily increasing
between the 2011 and 2022 population censuses. Although Vojvodina and the Belgrade region have a
little more favorable demographic conditions than the other regions in Serbia, rural decline is evident
and remains one of the crucial challenges in contemporary society (Institute of Economic Sciences,
2025). Utilizing quantitative research on smart villages in Serbia can improve theoretical knowledge
on the condition of Serbian villages, further allowing for the creating smart development strategies
through legal and institutional frameworks (To8i¢ & Zivanovi¢, 2022; Gaji¢ et al., 2025).

This paper examines 4G internet coverage in Vojvodina, Northern Serbia, and its correlation with the
share of rural population, with the aim of assessing whether adequate internet access is available in
rural areas as a fundamental prerequisite for the development of smart villages.

DATA SOURCES AND METHODS

Study Area

With an area of 21,614 km?, the Autonomous Province of Vojvodina is located in northern Serbia
(Figure 2). Vojvodina is composed of 7 Areas and 45 local self-government units (LAU 1), of which 8
are Cities and 37 are municipalities. According to the 2022 Population Census, Vojvodina had the
population of 1,740,230 inhabitants. The largest urban settlement and the administrative center of the
province is Novi Sad, with 260,438 inhabitants. Rural population accounted for 38.18% of the total
population (Statistical Office of the Republic of Serbia [SORS], 2023).
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Data

For the research of internet coverage, the data from Regulatory Agency for Electronic
Communications and Postal Services (RATEL) was utilized (RATEL, n.d.). The analysis is based on
4G signal coverage data obtained from three internet service providers in Serbia for the third quarter of
2025. Signal strength is expressed in dBm, where lower (more negative) values indicate weaker signal
levels.

The 2022 Census of population (SORS, 2023) data were used for the analysis of rural population. All
settlements in Serbia are administratively divided into urban and “other” settlements. Both
municipalities and Cities comprise settlements belonging to each of these categories within their
administrative boundaries. In this paper, “other” settlements will be considered rural, as they belong to
non-urban type of settlements (Bubalo Zivkovi¢ et al., 2024).

Methodology

The analysis of internet coverage was conducted using QGIS 3.40.4 software. Following data
acquisition from RATEL (n.d.), the original datasets were processed into raster (.tif) format to enable
spatial analysis. The weakest internet coverage was assigned a value of 0, while the strongest was
assigned a value of 3. Data from each provider were initially processed separately and subsequently
merged into a single layer by calculating the arithmetic mean of their values. This resulting layer was
then reclassified into integer values ranging from 0 to 3, using equal interval classification.

The area of each coverage class at the municipal level was calculated using the zonal histogram tool.
After completing the GIS analysis, the data were exported in .xlsx format. Data on the rural population
were then incorporated into the same dataset, and a correlation analysis was performed between the
share of areas with the highest level of internet coverage and the share of the rural population.

RESULTS AND DISCUSSION

After the geospatial analysis, a map of internet coverage in Vojvodina was obtained (Figure 2). The
pattern of excellent Internet coverage mostly corresponds to the settlement pattern in Vojvodina, and it
covers about a third of the territory (33.30%). Good internet coverage accounts for 60.43% of the
territory. On the other hand, acceptable and unacceptable internet coverage are observed across a
significantly smaller portion of the territory, representing only 2.35% and 3.92% of the territory,
respectively. The municipalities with the highest share of unacceptable coverage are Sid (southwest),
as it is a bordering municipality, and Kovin (southeast), due to the remoteness of the Special Nature
Reserve [SNR] “Deliblatska pescara”.

The correlation between the share of excellent internet coverage in the municipality and rural
population indicates a negligible relationship (r = 0.02) (Table 1). This finding reveals that the level of
excellent internet coverage is not directly associated with rurality across municipalities in Vojvodina.
The results suggest that high-quality internet coverage has primarily been developed to ensure
coverage of settlements. This indicates that the spatial distribution of coverage is more closely aligned
with the location of settlements than with their administrative classification. Furthermore, the
predominantly flat terrain of Vojvodina does not significantly influence signal strength, with only
minor variations observed in areas with more pronounced relief and protected areas, such as Fruska
Gora, the VrSac Mountains, and SNR “Deliblatska pescara”. Other European countries, such as the
Czech Republic, exhibit a similar situation (Vaishar & Stastna, 2019). The authors suggest that it is
not the lack of digital infrastructure in the rural areas that hinder the smart rural development. Rather,
it is the lack of human capital, depopulation and smaller share of digitally literate population living in
the villages (Vaishar & Stastna, 2019).
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Figure 2: 4G Internet coverage in Vojvodina

Bl Excellent (L> -80 dBm)

Table 1: Internet coverage and the share of rural population in Vojvodina

Excellent Share of rural Excellent Share of rural
LAU1 Internet . LAU 1 Internet .
population population
coverage coverage
Novi Sad 48.75 16.88 Sremska 4324 44.69
Mitrovica
Baé 23.01 61.46 Indija 52.67 43.72
Backa Palanka 38.75 47.22 Irig 31.43 58.00
Backi Petrovac 47.20 54.60 Pecinci 4523 100
Beocin 36.83 47.57 Ruma 47.55 42.93
Becej 28.91 36.47 Stara Pazova 50.92 70.28
Vrbas 53.22 42.92 Sid 37.83 54.76
Zabalj 24.81 64.58 Pancevo 36.49 25.16
Srbobran 28.17 26.89 Alibunar 31.56 58.44
Sremski 48.28 0.00 Bela Crkva 33.67 48.40
Karlovci
Temerin 38.08 10.49 Vrsac 32.26 29.73
Titel 36.58 67.66 Kovacica 33.81 74.51
Sombor 32.70 40.96 Kovin 28.64 58.70
Apatin 31.17 36.89 Opovo 22.25 56.17
Kula 29.49 37.89 Plandiste 35.52 100
Odzaci 40.75 69.69 Subotica 40.89 23.98
Kikinda 24.81 34.96 Backa Topola 38.03 54.51
Ada 15.51 7.61 Mali Idos 40.66 100
Kanjiza 38.22 59.95 Zrenjanin 32.96 36.50
Novi Knezevac 22.73 34.07 Zitiste 26.80 80.99
Senta 2341 19.50 Nova Crnja 27.89 100
Coka 31.38 63.55 Novi Becej 17.02 44.85
Secanj 26.41 82.08
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CONCLUSION

This paper studies the relationship between internet coverage and rurality in Vojvodina. Although
internet coverage is one of the most important foundations of the smart rural development, it
represents only its initial step. As the rural settlements in Vojvodina are generally well-covered, the
next step should be designing the strategies for smart rural development. Future research should
consider demographic characteristics of rural settlements (average age, ageing index, etc.), education
levels of rural population, computer/digital literacy, and the access to the digital technologies. With
the knowledge of the unique characteristics of the settlements, the specific strategies may be
developed in order to address the main challenges and highlight the positive characteristics of each
settlement.
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ABSTRACT

Historical buildings represent an essential part of cultural identity and architectural heritage, particularly in
countries with rich historical and urban traditions such as Serbia. However, these structures are increasingly
exposed to environmental, structural, and seismic risks while simultaneously facing demands for improved
energy performance and sustainable use. This paper presents an overview of the current state of research related
to risk management, energy efficiency, and seismic vulnerability of historical buildings in Serbia, based on
recent literature and case studies. The paper analyzes traditional construction systems, seismic assessment
methodologies, energy retrofitting strategies, and sustainable regeneration approaches applied to protected
historical buildings. Historical buildings in Serbia possesses significant cultural and environmental value, but
there are often problems with poor thermal performance, old and aging materials and structural vulnerabilities.
Through literature review is shown that integrated and context-sensitive interventions can significantly improve
both the seismic resilience and energy efficiency of historical buildings while preserving their architectural
authenticity and cultural significance.

Key words: historical buildings, risk management, energy efficiency, seismic vulnerability

INTRODUCTION

The preservation and sustainable modernization of historical buildings have become major challenges
in contemporary architectural and engineering practice. Across Europe, increasing attention is being
directed toward reducing energy consumption, improving resilience to natural hazards, and preserving
cultural heritage. This literature overview focuses on analysis of the condition of historical buildings
in Serbia. The aim is to understand existing building typologies, assess their vulnerabilities, and
evaluate possibilities for energy and seismic retrofitting while respecting their cultural and
architectural identity.

In Serbia, historical buildings include a wide range of traditional rural houses, urban masonry
structures, religious complexes, and public buildings. Many of these structures were constructed using
traditional materials and techniques that reflect local climatic conditions and cultural practices.
However, due to aging materials, insufficient maintenance, and changing environmental conditions,
many buildings face deterioration and increased vulnerability to earthquakes and climate-related risks.
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Recent scientific studies emphasize the need for integrated risk management strategies that combine
seismic assessment, energy retrofitting, sustainable regeneration, and urban planning. This paper
presents the key findings from the reviewed literature and discusses approaches to sustainable heritage
preservation.

HISTORICAL BUILDINGS AND TRADITIONAL CONSTRUCTION IN SERBIA

Traditional architecture in Serbia was defined by the natural environment. The influence of natural
factors can be found in the all the segments of the house: usage of natural materials found in the
surrounding environment, dimensional adjustment and adjustment to the terrain done to fit available
natural materials and climatic conditions which led to forming a functional space (Radivojevic¢ et al.,
2017). These buildings often demonstrated efficient passive climate control through thick walls and
natural ventilation.

The principles of sustainable architecture and the reduction of the negative environmental impacts in
all phases of the building lifecycle are recognized in many ways (biodegradability, recycling, and
reuse potentials of materials and structures) (Radivojevi¢ et al., 2017).

Radivojevi¢ et al., (2017) wrote that inevitable changes that happened over time first influenced urban
architecture. Modernization has contributed to the improvement of certain aspects of living comfort,
and increased the longevity of buildings. During the nineteenth and early twentieth centuries, Serbia
experienced rapid urbanization and modernization, resulting in significant transformations in
construction techniques and development of building regulations. That results in the use of new
building materials which were more durable, but which carried a larger environmental burden in
comparison to natural ones. Radivojevi¢ et al. (2016) describe the transition from timber-framed and
mixed structural systems, that for that period had good resistance to seismic activity as well as good
maintainability, toward massive masonry structures and the introduction of reinforced concrete.

Historical urban centers such as Belgrade and Novi Pazar (Muminovic et al., 2020.) contain numerous
examples of protected buildings that require preservation and functional revitalization. These
structures often possess significant cultural and historical value but face technical challenges related to
structural stability, thermal performance, and adaptive reuse.

SEISMIC VULNERABILITY AND RISK MANAGEMENT

The formulation of seismic vulnerability in Serbia is not only of interest for predicting the economic
impact of future earthquakes, but can also be of importance for risk mitigation (Radovanovi¢ and
Petronijevi¢, 2009). Seismic vulnerability represents one of the most significant risks affecting
historical buildings in Serbia and the Balkan region. Earthquakes such as the 2010 Kraljevo
earthquake and the 2020 Petrinja earthquake demonstrated the fragility of unreinforced masonry
buildings and highlighted the necessity for improved seismic risk assessment (Blagojevi¢ et al., 2021).

Blagojevi¢ et al. (2021) focused on simplified seismic assessment methodologies for unreinforced
masonry residential buildings in Serbia. Their study introduced the Wall Index concept which is based
on the minimum requirements for the total wall area relative to the floor plan area derived from
Eurocode 8. Main purpose of Eurocode 8 is to use Wall Index for design and build new buildings but
for Blagojevi¢ et al (2021) research authors use it for seismic assessment of existing masonry
buildings in pre- and post-earthquake situations.

Additional advances in seismic assessment were achieved through the Adriseismic methodology
developed within the Interreg ADRION program. Predari et al. (2023) proposed an expeditious
seismic assessment method that was developed to mitigate seismic risk associated with urban heritage
buildings that was build with unreinforced masonry commonly found in the Adriatic and Balkan
regions. These countries are characterised by the high seismic exposure and significant stock of
vulnerable unreinforced masonry (URM) buildings, which were designed to withstand only gravity
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loads and were unable to sustain the effects of moderate to strong earthquakes without substantial
damage. The methodology evaluates masonry quality, structural response, and potential collapse
mechanisms.

Furthermore, the classification of Serbia’s residential building stock developed by Blagojevi¢ et al.
(2023) established a foundation for regional seismic risk assessment studies consists of three
components: hazard, vulnerability, and exposure modelling. Effective risk management in historical
buildings therefore requires a combination of preventive conservation, structural monitoring, seismic
strengthening, and strategic planning. These interventions must minimize damage while preserving the
authenticity and cultural significance of heritage structures.

ENERGY EFFICIENCY AND SUSTAINABLE RETROFITTING

Improving the energy efficiency of historical buildings represents another major challenge in heritage
conservation. Many historical buildings in Serbia exhibit poor thermal performance due to inadequate
insulation, inefficient heating systems, and deteriorated building envelopes. However, aggressive
energy retrofitting measures may compromise historical appearance and material authenticity.

Stanojevi¢ et al. (2021) proposed a multi-criteria decision-making model based on the fuzzy Analytic
Hierarchy Process (AHP) for selecting optimal energy retrofitting strategies for heritage buildings with
maximal preservation of building itself. Their research demonstrated that interventions should depend
on the level of heritage protection and should prioritize minimally invasive solutions such as technical
system upgrades and internal insulation. The National Typology of Residential Buildings in Serbia
(Krsti¢-Furundzi¢ et al. 2013) also demonstrated significant energy-saving potential across different
building categories. Standard and advanced renovation scenarios showed that heating demand could
be reduced by more than 70% through improvements in insulation, heating systems, and energy
management.

A practical example of sustainable energy refurbishment was presented through the restoration of
historical structures in the Hilandar Monastery complex. Sekularac et al. (2018) applied Building
Performance Simulation methods to evaluate energy refurbishment end energy efficiency while
respecting conservation requirements. Their study confirmed that renewable energy integration and
energy-efficient retrofitting can be successfully implemented without compromising visual
authenticity of historic structures.

Sustainable regeneration approaches are also visible in rural heritage preservation. Research on the
traditional houses of Sirinicka Zupa demonstrated that traditional construction techniques possess
valuable environmental characteristics and climate resilience. Functional reactivation and adaptive
reuse of rural heritage can therefore contribute to sustainable regional development while preserving
cultural identity. (Kosanovi¢ et al., 2019)

CONCLUSION

The analysis of scientific literature and case studies related to historical buildings in Serbia reveals that
the country’s architectural heritage possesses significant cultural, structural, and environmental value,
but also faces notable challenges. Historical buildings, whether vernacular rural houses, early modern
urban masonry structures, or protected heritage complexes, often suffer from energy inefficiency,
material degradation, and varying levels of seismic vulnerability. At the same time, their preservation
requires strict adherence to conservation principles, which limits the range of permissible
interventions.

Research studies in this paper emphasize several important themes. First, sustainable materials and
traditional construction methods used in Serbian architecture demonstrate inherent environmental
advantages and provide a foundation for culturally appropriate retrofitting strategies. Second, the shift
from timber framing to unreinforced masonry and early reinforced concrete necessitates varied seismic
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assessment approaches, while new tools such as the Adriseismic method contribute to more efficient
vulnerability screening and strengthen regional seismic risk mitigation efforts. Energy efficiency
represents another critical dimension. Studies on retrofitting scenarios and building performance
simulations confirm that substantial reductions in energy demand are possible, even within strict
conservation limits, particularly when focusing on internal insulation, system upgrades, and renewable
energy integration that preserve the building’s visual identity.

At the same time, strategic planning and sustainable regeneration models can transform historical
buildings into resilient and functional components of modern urban and rural environments. By
integrating seismic strengthening, energy efficiency improvements, and conservation ethics, future
interventions can ensure both the preservation of cultural heritage and the achievement of broader
sustainability goals.
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ABSTRACT

The strategic selection of a logistics center location represents a complex multi-criteria problem involving
economic, infrastructural, and socio-geographical factors. This paper applies a hybrid MCDM model based on
the PIPRECIA and SAW methods to evaluate and rank potential locations in the Republic of Serbia. A set of ten
criteria was defined, and weight coefficients were determined using the PIPRECIA method via direct and inverse
procedures. The stability of the obtained weights was confirmed using Spearman's rank correlation coefficient
I 723724). The final ranking was performed using the SAW method for three alternative locations: Belgrade,
6PHGHUHYR DQG 3RADUHYDF 7KH UHVXO W proxiitg to Fi Wighwayw &Dald X W L O L W\
labor availability Cs are the most important criteria. Belgrade was identified as the optimal location (score 4.26),
DKHDG RI 6PHGHUHYR DQG 3RADUHYDF 7KH USAWHNDddIFK FRQILL
represents an efficient and transparent decision-support tool for logistics center site selection at the regional level
in Serbia.

Keywords: PIPRECIA, SAW, MCDM, Logistics Center, Strategic Planning

INTRODUCTION

Global digitalization and the widespread expectation of same-day delivery have pushed logistics
beyond its traditional role as a support function, elevating it into a core source of competitive
advantage. As Farahani & Hekmatfar (2009), Kayikci (2010), and WKH &L W\ RI(28R)GBVE& HYDF
observed, choosing a location for a new logistics center is no longer simply about finding available
land; it is a complex investment decision with long-term strategic consequences. An incorrect choice
can lock a company into permanently high operational costs, restrict access to skilled labor, and
degrade service levels, all of which directly weaken its market position.The problem of selecting an
optimal location is marked by considerable uncertainty and the presence of many conflicting factors.
As (* D Usdt &@l., 2024) point out, sites with excellent transport links often come with high rental and
tax costs, while fiscally attractive areas may suffer from poor infrastructure or a shortage of specific
labor profiles. For this reason, the academic literature classifies this type of problem as a typical multi-
criteria decision-making (MCDM) problem (Hwang & Yoon, 1981; Triantaphyllou, 2000; Zavadskas
et al., 2014).The aim of this paper is to implement a hybrid mathematical model that combines the
subjective expertise of decision-makers with objective ranking methods. The research focuses on ten
key criteria covering economic, infrastructural, and socio-geographical aspects for the strategic
selection of a logistics center location in the Republic of Serbia OLKDMORYLUO HW DO 7K
application of the PIPRECIA and SAW methods, the paper seeks to establish a transparent and
replicable decision-making process that minimizes cognitive biases and provides an objective
foundation for the final selection among three considered alternatives - the cities of Belgrade
(henceforth abbreviated as A), Smederevo (B), and 3 R & D U (@) Bimilar hybrid approaches
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