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Abstract. This study examines the shift from efficiency-focused ñsmartò governance 

to adaptive, value-driven ñagileò models that emphasize ethics, flexibility, and citizen 

engagement. Using Spiral Dynamics and the AQAL framework, it highlights that 

effective digital transformation depends on aligning technology, individual attitudes, 

institutional systems, and shared values. A comparative case study of Estonia and 

Bulgaria illustrates how cultural and institutional maturity affect outcomes. The 

findings show that sustainable e-Governance requires more than advanced toolsðit 

demands holistic alignment, trust, and adaptive capacity. 

Keywords: Agile e-Governance; Spiral Dynamics; AQAL Framework; Digital Trust; 

Digital Transformation; Cultural Readiness; Artificial Intelligence. 

 

1. Introduction 

The digital transformation of public administration has evolved from 

technology-driven automation to more flexible and value-oriented models. While 

"smart" e-Governance emphasizes efficiency and automation, today's challenges call 

for an agile transformation grounded in adaptability, ethics, and active citizen 

engagement. 

This study traces the evolution of electronic governance through a timeline that 

outlines key stages in the transition from a "smart" to an "agile" paradigm. By applying 

Gravesô Spiral Dynamics and Wilberôs AQAL model, it analyzes the technological, 

institutional, and cultural maturity levels that shape this transformation. 

Particular emphasis is placed on the distinction between technology-led 

automation and value-driven service management, as well as on practical examples 

from Estonia and Bulgaria (e.g., RegiX and AI-powered services) that illustrate the 

applicability of the agile approach across different institutional and cultural contexts. 

mailto:thalil@tu-sofia.bg
mailto:rilieva@tu-sofia.bg
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The aim of this work is to derive instructive insights and recommendations for 

building a public administration that can respond not only swiftly but meaningfullyð

beyond the technological fa­ade. 

 

2. A Factual Timeline of Digital Governance 

Figure 1 illustrates the evolution of digital governance across six key phases ð 

from early digitalization to contemporary models of intelligent and adaptive 

management.  
 

 
Figure 1 Timeline of Digital Governance 

 
 

It begins with the foundational period (1998ï2005), when governments focused 

on establishing core digital infrastructure and providing static online information. This 

laid the groundwork for the next stage, marked by the emergence of service-oriented 

e-Government (2005ï2012), where the priority shifted to automating services and 

improving administrative efficiency through digital portals. As digital capacity 

expanded, the period between 2012 and 2016 saw a turn toward openness and 

collaboration, with increased transparency, open data initiatives, and participatory 

platforms reflecting a more citizen-centric ethos. Between 2016 and 2020, the 

emphasis moved to platformization and smart integration, enabling real-time data 

exchange and cross-agency coordination through interoperable systems. The onset of 

the COVID-19 pandemic ushered in a phase of accelerated digital adoption (2020ï

2022), where resilience, inclusion, and agility became critical to maintaining essential 

public services under pressure. Since 2023, the focus has been on intelligent and 

adaptive digital governanceðan agile, ethically grounded model that integrates 

emerging technologies like AI and blockchain into flexible institutional frameworks. 

This final stage reflects a broader transformation, where digital governance is no longer 

merely about efficiency, but about building trust, fostering inclusion, and responding 

dynamically to the evolving needs of society. 

In essence, the figure encapsulates the transformation of digital governance from 

a tool of administrative modernization to a multidimensional system of ethical, 

adaptive, and participatory public value creation. Each phase is not isolated, but builds 

upon the previous, showing a continuous maturation toward more holistic, resilient, 

and intelligent governance. 
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3.ШA Spiral Dynamics Perspective on e-Governance  

Figure 2 depicts the spiral dynamics model as applied to the evolution of e-Governance.Ш 

 
Figure 2 Graves' Spiral for eGovernance 

 

This figure presents a 3D spiral model, adapted from Gravesô Spiral Dynamics, 

to illustrate how digital governance maturity evolves through interacting layers of 

individual and collective consciousness. It connects value systems with technological, 

institutional, and cultural dimensions in public administration. 

The left side represents the individual evolution of governance logic ð from 

survival needs to agile synthesis, while the right side represents the collective cultural 

frameworks that shape institutional behavior and public policies. 

True digital transformation occurs not just through technology, but through the 

alignment of individual attitudes, collective values, institutional maturity, and systemic 

adaptability. Agile governance emerges at higher levels, where flexibility, trust, and 

collaboration drive meaningful and sustainable change in the public sector. 

 

4. AQAL Framework and Holistic View 

The next figure illustrates the four dimensions of Ken Wilberôs AQAL 

framework as applied to agile digital governance. It emphasizes that meaningful 

transformation requires more than just technological upgradesðit demands alignment 

across individual, cultural, and institutional levels (Wilber, 2006). 
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Figure 3 AQAL model for eGovernance 

 

The inner-individual dimension refers to peopleôs values, attitudes, and digital 

mindsets, which shape their willingness to engage with digital services. The outer-

individual dimension captures observable behaviors and technological interactions, 

including access to devices, digital skills, and user experience. 

On the collective level, the inner-collective dimension highlights shared norms, 

cultural values, and ethical frameworks that influence how institutions and societies 

interpret digitalization. Meanwhile, the outer-collective dimension focuses on formal 

structures, governance models, and technological infrastructure such as laws, 

platforms, and interoperability mechanisms. 

Together, these four perspectives provide a holistic view of digital governance, 

showing that sustainable transformation happens only when all dimensions evolve in 

harmony. 

 

5. Smart vs. Agile e-Governance   
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Over the past decade, digital governance has undergone a fundamental shiftð

from systems driven by technological advancement to models oriented toward human 

value and social responsibility. 

While the concept of Smart e-Governance emphasizes automation, algorithmic 

efficiency, and the use of technologies such as IoT, AI, and big data, it often remains 

limited to process optimization without addressing the deeper cultural and social 

dimensions of governance (Joshi, 2025). 

Against this backdrop, the need for Agile Digital Governance becomes 

evidentða model that not only integrates innovation but also prioritizes institutional 

adaptability, citizen inclusion, and the evolution of governance values. The agile 

approach does not reject the technological foundation but rather reinterprets shifting 

the focus from "efficiency at all costs" to "purposeful and sustainable impact." 

This transition implies a profound change in the way institutions operateð

requiring them to move beyond digitalization as a mere tool and embrace it as an 

opportunity for cultural renewal and genuine societal dialogue. 

 

6. Comparative Analysis: Bulgaria and Estonia ï Two Distinct Pathways to 

Digitalization 
Table 1 Comparative analysis between Bulgaria and Estonia 

 
Estonia Bulgaria 

A
d

v
a

n
ta

g
e
s 

V Comprehensive digital 

architecture (X-Road); 

V Widespread eID identification; 

V High level of trust; 

V E-participation and transparency; 

V Strategic sustainability; 

V Established core digital services; 

V Experience in project 

implementation; 

V Human resources with IT 

potential; 

D
is

a
d

v
a

n
ta

g
e

s Á High dependence on digital 

infrastructure (vulnerability to 

cyberattacks); 

Á Complexity in adoption by certain 

social groups; 

Á Lack of interagency integration; 

Á Low digital literacy; 

Á Distrust and administrative 

resistance; 

C
u

lt
u

ra
l 
L

e
v
e
l 

(a
c
c
o

rd
in

g
 

to
 

G
ra

v
e
s
) 

Yellow Ÿ Turquoise 

 

Systems thinking, synergy, collaboration, 

sustainability. 
 

Red Ÿ Blue Ÿ Orange 

 

Control, individualistic thinking, formal 

success without systemic coherence 

 

The two case studies demonstrate that successful eGovernance depends not only 

on technology but also on cultural, institutional, and political evolution.  
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Estonia is recognized as a leader in digital governance due to its comprehensive 

infrastructure, widespread use of secure electronic identification, high levels of citizen 

trust, transparency, and a forward-looking digital strategy. However, this strong 

reliance on digital infrastructure also makes Estonia vulnerable to cyberattacks, and the 

complexity of some services may limit accessibility for certain social groups. 

In contrast, Bulgaria has established key digital services and gained practical 

experience in implementing digital projects. It also has a skilled IT workforce, offering 

potential for growth. Nevertheless, the country faces significant barriers, such as poor 

integration between public institutions, low levels of digital literacy, and widespread 

public distrust, compounded by administrative resistance to change. 

Estoniaôs cultural approach supports innovation and integrated thinking, enabling 

cohesive and future-oriented digital governance. In contrast, Bulgariaôs mindset is 

more hierarchical and fragmented, often prioritizing control and short-term goals over 

systemic coordination. 

To overcome these disadvantages, both countries can take targeted actions. Estonia 

should invest further in cybersecurity and inclusive service design, while Bulgaria 

needs to prioritize interagency coordination, nationwide digital literacy initiatives, 

trust-building measures, and internal administrative reform to enable smoother digital 

transformation and align with more advanced cultural values. 

 

7. Conclusion 

The study outlines a clear evolutionary trajectory in developing digital 

governanceðfrom technology-driven digitalization to value-oriented and adaptive 

models, defined as Agile e-Governance. The analysis demonstrated that sustainable 

digital transformation is not limited to the implementation of advanced technologies 

but requires simultaneous development of institutional capacity, cultural maturity, and 

active citizen participation. 

By applying models such as Gravesô Spiral Dynamics and Wilberôs Integral 

AQAL framework, it was shown that technological solutions are effective only when 

they are aligned with the internal attitudes of society and organizational values. Where 

technology outpaces cultural readiness, resistance arises. True progress is achieved 

only when all dimensions ð individual, collective, external, and internal evolve in 

parallel. 

The comparative analysis between Estonia and Bulgaria further confirmed that 

digitalization is not a universal formula but a process highly dependent on context, 

strategic vision, and institutional coherence. While Estonia exemplifies an integral and 

mature model of digital governance, Bulgaria remains a case of partially realized 

digitalization, hindered by a lack of trust, coordination, and cultural consensus. 

In summary, the transition from ñsmartò to ñagileò e-Governance represents not 

merely a technological upgrade but a managerial and social transformation, where 

efficiency is not an end but a derivative of synergy among technology, values, and 

people. Only through such an integral approach can countries build digital governance 

that is not only functional but also legitimate, inclusive, and sustainable. 
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In this context, the topic will continue to align with my research interests, with future 

work focusing on a deeper exploration of Agile e-Governance frameworks integrated 

with emerging technologies such as AI, blockchain, and Internet of Things (IoT). 

Additionally, forthcoming research will examine strategies to overcome challenges 

related to institutional adaptation, data security, and fostering meaningful citizen 

engagement in the digital transformation of public administration. 
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Abstract. This paper explores the historical development and key prerequisites for the 

digitalisation of governance and administrative services in Estonia, one of the worldôs 

leading examples of e-government. It provides a chronological overview of the 

transformation that began after Estonia regained independence in 1991, highlighting 

how limited resources and a desire for transparency and efficiency prompted an 

innovative national strategy for digital governance. The study identifies the 

fundamental enablers of Estoniaôs digital success: strong political will and long-term 

vision, well-designed technological infrastructure, comprehensive legal frameworks, 

cybersecurity resilience, public trust, and a digitally literate population. Special 

attention is given to the creation of the X-Road data exchange system, the 

implementation of electronic identity (e-ID) and e-Residency, and the establishment of 

robust cyber defence institutions following the 2007 cyberattacks. The report also 

examines the ñOnly Onceò principle, which minimises administrative burdens and 

maximises efficiency through seamless data interoperability. By analysing key 

indicators such as the Digital Economy and Society Index (DESI) and other 

international rankings, the paper demonstrates that Estoniaôs digitalisation has resulted 

in measurable benefits ð reduced administrative costs, enhanced transparency, and 

higher citizen satisfaction. The Estonian model offers valuable lessons for other 

nations, proving that strategic vision, citizen involvement, and trust-based governance 

can transform even small states into global digital leaders. 

Keywords: Digitalization, E-government, E-administration, Estonia, Prerequisites, 

Reasons, Preparation. 

 

1. Introduction 

In recent decades, the digitalisation of government has become a mandatory 

requirement for the efficiency, transparency and accessibility of administrative 
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services. An example of this is Estonia, which has become a global pioneer in e-

government. It has successfully transformed itself from a post-Soviet republic into one 

of the most advanced societies in the world in terms of digitalisation. This report 

examines the preconditions and factors that have contributed to this transformation - 

strategic, technological, institutional and cultural ones. 

The aim of this study is to trace the process of digitalisation in Estonia 

chronologically, to analyse the conditions that made this possible and to derive basic 

guidelines for implementing similar models in other countries. Different sources have 

been used - strategic documents of the European Commission (e.g. DESI - Digital 

Economy and Society Index), analytical articles (Complex Discovery, Global Ties 

KC), as well as information from the official e-Estonia portal and educational videos. 

 

2. Historical context of digitalisation in Estonia  

Estonia regained its independence in 1991 and then found itself in a situation 

that required change. As a former Soviet republic that was left with limited resources, 

backward infrastructure and weak institutional capacity, the country needed to build an 

effective public administration. This is what is becoming the catalyst for an innovative 

approach to governance - through digitalization.  

Estonian politicians realise that they cannot fully copy Western models of 

governance precisely because of their limited resources, so they choose to use modern 

technology to build their modern state. Young politicians are of the opinion that 

technology, besides economic growth, can also serve for transparency, accessibility and 

efficiency of governance. Support for this view is coming out of the government and 

has been made part of the national development strategy. One source states that Estonia 

is making óa strategic choice to be digital because it has nothing to loseô 

[ComplexDiscovery, 2024]. 

The main early prerequisites for this to be possible are several. First is the small 

population and centralized administration. This allows technological solutions to reach 

all of the population quickly. Secondly is the lack of ñlegacy systemsò that prevent the 

introduction of new IT solutions. Another prerequisite is the early and widespread 

access to the internet thanks to the ñTiigrih¿peò project, which is increasing education 

and investment in IT staff.  

It all started with the adoption of the first national IT strategy in 1994. Its main 

objective was to modernise public administration through information technology. In 

1996, the national Tiigrihüpe (Tiger Leap) programme was also adopted, introducing 

computers and the Internet into all schools in the country. Shortly afterwards, in 2000, 

the government made Internet access free in most institutions and libraries. In the 

following year, X-Road was introduced, a system that allows secure data exchange 

between different institutions. This system is the backbone of Estonian e-government. 

In 2002, every individual was given a digital identity (electronic identity card/e-ID), 

making it possible to electronically sign documents, access various services and even 

participate in elections. Three years later, in 2005, Estonia became the first country in 

the world to vote in national elections via the Internet. The e-Residency programme, 
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which offers digital citizenship to foreigners and the right to register and run a business 

in Estonia remotely, is revolutionary. Between 2020 and 2024, the country is proving 

to be one of the leading digital economies in the European Union. According to DESI 

(The Digital Economy and Society Index) 2024, the country ranks among the leaders 

in digital public services and cybersecurity.  

 

3. Key prerequisites for successful digitalisation in Estonia  

Estonia's success in digital transformation is not only due to technology. It is the 

result of a combination of strategic factors - political determination, institutional 

capacity, technological infrastructure and citizen trust. In this section, we look at the 

key enablers that create an enabling environment for building a digital state. 

 

3.1. Political will and long-term vision  

One of the key reasons for the success of Estonia's digitalisation has been 

consistent and convinced political will since the very beginning of the transition after 

the fall of the Soviet Union. In 1991, Estonia gained independence from the totalitarian 

regime and faced the need to build a modern state from scratch. A little further on in 

the text we mention the reasons why politicians choose not to copy the models of 

Western countries, but another reason for going down the path of digitalization is the 

search for long-term efficiency and flexibility. By adopting and rolling out national 

technology adoption and development programmes, the government has demonstrated 

its commitment not as a temporary solution but as a fundamental pillar of public 

governance. Evidence of the unified mission and goals is the preservation and 

development of digital technologies by each successive government, regardless of 

political orientation. This ensures continuity and sustainability, which is crucial for 

long-term systemic reforms. A key body in this process is the State Council for ICT 

(Information and Communication Technologies), which coordinates digital policies at 

the national level and creates a mechanism for monitoring and adapting reformsЮ 
 

3.2 Overall Data Architecture and Digital Infrastructure 

The technology architecture that supports Estonian digitalisation is designed as 

an interoperable and decentralised but well-coordinated network of systems. A key 

component in this architecture is X-Road, the national platform for data exchange 

between public and private institutions. Introduced in 2001, it allows different systems 

to communicate with each other through a secure and traceable protocol. All this means 

that through X-Road each public authority is responsible for its own register and 

database, but are also accessible to other institutions. It also means that citizens do not 

have to enter the same information more than once (the óonce onlyô principle) and do 

not have to request a service in person at the institution - they can do so from anywhere 

in the world. Electronic identification and e-signatures give access and convenience to 

all services, and blockchain technology protects citizens' data including personal, 

health and justice records. This architecture is one of the most secure in the world, not 
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only ensuring transparency, traceability and autonomy, but also saving millions of 

euros a year in administrative costs. 

 

3.3 Education and Digital Culture 

Creating a technologically literate nation starts with education and the 

government understands this. In 1996, the national Tiigrih¿pe programme was 

launched, equipping schools with computers and the internet, training teachers and 

introducing digital skills as early as primary education. This early launch of digital 

education has had a huge long-term effect. In this way, students learn not only to use 

technology, but also to create it. Classes in coding, logical thinking and databases create 

the foundations for turning students into IT professionals and encourage participation 

in entrepreneurial and innovative initiatives. The use of technology, computers and the 

Internet from an early school age and massively builds public confidence in technology 

as the use of electronic services is felt as normal. According to data from DESI (2024), 

Estonia is among the leading countries in the number of IT professionals per capita, as 

well as in the percentage of citizens with basic and advanced digital literacy. This 

creates a sustainable basis for the consumption and development of e-services, as the 

population is not afraid of digital solutions, but rather demands them. 

 

3.4 Public-Business-People Partnership 

Estonia applies a model of close cooperation between the public and private 

sectors (Public-Private-People Partnership). Private companies play a major role in 

both the creation of digital infrastructure and in the creation of services for end-users. 

The IT sector is actively involved in building and maintaining government systems. 

Access to administrative services is facilitated and unified in the e-Estonia digital 

portal. The online space is not only for using and accessing services, but also for 

receiving feedback from citizens through platforms and public discussions. The result 

is a high level of trust in public administration and activity in the use of services - over 

99% of all government services are available online 24/7 (source: e-estonia.com). 

 

3.5 Legal framework and cyber security 

The legal and institutional framework for digitisation is also highly developed 

and integrated. As early as 2000, Estonia passed a law recognising electronic signatures 

as equally important as handwritten ones, and later special laws were developed on 

Data Protection, Digital Identity Construction, Access Regulation and Transparency in 

Public Administration. After the massive cyber-attacks in 2007, the country became a 

frontrunner in cyber security. An Information Systems Agency (ISA) was established 

to coordinate national security in the digital space and maintain the infrastructure. 

Estonia also hosts the NATO Cooperative Cyber Defence Centre of Excellence, further 

cementing its role as a global leader in cyber resilience. 

 

4. Key elements of e-government in Estonia 

4.1. X-Road and system connectivity  
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In 2001, X-Road or the so-called óbackboneô of e-government in Estonia was 

established. This is an open inter-system platform that allows different connected 

databases to communicate and exchange information with each other, regardless of 

their technology infrastructure and other differences. Or in short, it is an intermediary 

between all the necessary databases. Its main functions are to transmit queries between 

institutions, to ensure security by verifying the legitimacy of access, and to record 

every action is a query for complete transparency. There is a system (eesti.ee) in place 

through which any citizen can see at any time who has accessed their data and for what 

purpose. The main actors in X-Road are public institutions, private and non-

governmental organisations, each of which has different access to the data according 

to the needs, but in most cases for all but the public institutions, citizens have to certify 

through their electronic signature that they are giving the respective organization access 

to certain data.  

The main advantages of X-Road are to reduce administrative time and costs, 

increase transparency and trust in institutions and facilitate the introduction of new 

services or institutions 

 

4.2. X-Road and the óOnly Onceô principle 

X-Road eliminates the need for duplication of data and Estonia puts the óOnly 

Onceô principle into practice - citizens do not fill in the same data repeatedly. 

Institutions are not legally allowed to request from a citizen or company information 

that is already available in another public institution. For example, when applying for 

services, citizens do not request documents, but the institutions themselves request and 

collect them from other institutions. When a child is born, procedures are automatically 

initiated for the issuance of an ID number, child benefits and health registration, and 

then the data on that person can now be used when other services are needed from 

institutions in the future. If a person changes part of their data, for example their 

address, they only change it in the institution responsible for it, and then all the related 

institutions and services change it automatically in their registers. This principle and 

system of working saves a great deal of time and makes it much easier for people to 

deal with the institutions. 

 

4.3. Electronic Identity and e-Residency  

In 2002, Estonia recognized electronic signatures as equal to handwritten ones. 

This opened the door to develop and introduce two very important things in e-

government. This is the way to prove identity and to authorise transactions online. 

Electronic identity (e-ID) electronic signature are created. The Estonian electronic 

identity (e-ID) is a digital identity document that enables citizens to perform various 

legally relevant actions online. It is mandatory for every Estonian citizen. There are 

several types of e-ID. An e-ID card is a physical, plastic card with a chip that contains 

two cryptographic keys - one for electronic signature and one for access to systems. 

Mobile-ID is based on a SIM card in the phone and allows identification and signing 

via a mobile phone. Smart-ID is a mobile application widely used by banks and public 
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institutions. It is offered by a private partner but is approved by the government. Digi-

ID - digital identity for foreigners or Estonians without permanent residence.  

With the digital identity, Estonian citizens can sign documents online, vote in elections 

from anywhere in the world, use all electronic services and manage their personal data.  

The electronic identity enables the full digitization of administrative processes, 

saves time for citizens and institutions and provides a high level of security and 

transparency. 

E-Residency or Electronic Citizenship for Foreigners is an innovative program 

of the Estonian government launched in 2014 that enables foreigners (non-citizens of 

Estonia) to obtain a digital identity without living or residing in the country. It entitles 

foreigners to access Estonia's e-services and to register and manage a business online. 

The program is aimed at freelancers and digital nomads, entrepreneurs who want to 

run a business online or for people from countries with weaker legal or banking 

infrastructure. The main benefits are quick and easy registration and management of 

an online business (including banking and accounting services) and access to the 

European market through an Estonian legal entity. 

Statistics show that in the 10 years since its inception, more than 110,000 people 

from more than 170 countries have benefited from the programme and more than 

25,000 businesses have been created. All this brings in millions of euros a year in taxes 

and fees without burdening the physical infrastructure and makes Estonia an example 

of attracting foreign investment and citizens. 

 

4.4. Cybersecurity  

In 2007, Estonia was the target of coordinated cyber-attacks that blocked the 

websites of government institutions, media, banks and telecoms. This event was a 

turning point that led to the formation of the country's modern cyber resilience model. 

Estonia now has an RIA (Information System Authority), the main government body 

responsible for the cybersecurity of the public administration and the maintenance of 

the national network. CERT-EE (Computer Emergency Response Team) is a service 

under the RIA responsible for prevention and response to cyber security incidents. In 

2009, the NATO Cooperative Cyber Defence Centre of Excellence (CCDCOE) was 

established in Tallinn. This is an international NATO cyber defence research and 

training centre. In addition to all this, Estonia regularly conducts cyber security drills 

both for its own citizens and abroad. The country is currently the EU's number 1 and 

the world's number 3 in cyber security. 

 

4.5. Innovation 

Some of the innovations being introduced in the Estonian Digital Administration 

are blockchain, artificial intelligence and digital identity 2.0.  

Blockchain is a technology for storing and transmitting information in a transparent, 

secure and decentralized way. In the simplest terms, a blockchain is a chain of data 

blocks in which every change is permanently recorded and cannot be deleted or 
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replaced. Estonia use blockchains to store data with the aim that the data is stored in a 

decentralised way and cannot be replaced. 

It is not surprising that if it is a first mover in digitalisation it will also be one of 

the first countries to benefit most from artificial intelligence. Estonia has already 

introduced some administrative processes to already be handled by AI, and also some 

minor administrative cases to be reviewed and adjudicated by óAI-judgesô. 

Digital Identity 2.0 is an outgrowth of the existing E-ID, but compatible with 

European standards for eIDAS (Electronic Identification, Authentication and Trust 

Services) as well as the EU Digital Wallet. 

 

5. Results and international recognition 

5.1. Cost-effectiveness and transparency 

The topic of cost-effectiveness and transparency is one of the strongest 

arguments in favour of digital governance in Estonia and is directly linked to concrete 

measurable results. These two aspects are interlinked and together create a model of a 

country that does not just introduce technology, but uses it to reduce costs, curb 

corruption and increase trust in public institutions. 

Digital administration saves Estonia a huge amount of money. Enough that it can 

afford to sustain and develop itself with a twenty percent flat tax. According to e-

Estonia, Estonia saves over two percent of its GDP just because they sign documents 

digitally and not on paper. This is due to efficient automation and the possibility for 

every citizen to benefit from administrative services online. The world record for 

setting up a company is held by Estonia and it is under 15 minutes. This, combined 

with a favourable tax environment and digital administration, improves the country's 

business environment immensely. Low taxes and a good digital environment attract 

even more people to sign up as Estonian citizens. In 2024 the country has a revenue of 

over three hundred million euros just from people with e-Residency. This is pure 

revenue, with almost no costs associated with these people. 

On the other hand, digitalization ensures transparency in governance. Thanks to 

X-Road and electronic identification, every access to personal or company data is 

registered, traceable and visible to the user or, in other words, citizens can see who, 

when and why their data was accessed. Every citizen has access to the history of 

administrative actions carried out on them. The electronic signature has full legal force, 

which significantly reduces the possibilities of document manipulation. Also, much of 

the information is open for public use and of course online - including business records, 

election results, party funding and public procurement. This facilitates journalistic 

investigations, citizen scrutiny and the fight against corruption. 

 

5.2. Indicators from rankings  

DESI (Digital Economy and Society Index) is an annual index of the European 

Commission that measures the progress of EU Member States in digitization in five 

main areas. It is number one in the EU in the provision of public e-services and around 

58% of the population has at least basic digital skills, as well as having the highest 
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proportion of IT professionals per capita. On the Digital Government Index, Estonia 

ranks sixth in 2023, ahead of much stronger economies than it, such as France and 

Germany. The World Bank GovTech Maturity Index ranks Estonia in Group A (the 

highest level) for leading innovation and e-government. Estonia is also in the top ten 

of the UN E-Government Development Index (EGDI) for comprehensive digital 

infrastructure, access to online services and citizen participation. All of this, of course, 

would not be possible without good cybersecurity - Estonia is ranked highest in Europe 

for cybersecurity. 

 

6. Estonia as a global example  

6.1. Key lessons from the Estonian model 

There are many lessons and lessons to be learned from Estonia's digitization 

process. The first and most important one is that whatever you want to achieve as a 

politician and leader, the people have to want it first. You have to have the support of 

the people. This is proven by the fact that whatever party comes to power, it works to 

develop the digital administration of the country because the people of Estonia demand 

it. Another extremely important lesson is that digitalization and technology are a 

gamechanger at the level of global politics. It is no longer important just how big you 

are in terms of area or how many natural resources you have. In the 1990s, 

digitalization was an opportunity for some countries to stand out over others and give 

a big lead even to their own people. Estonia has taken full advantage of this opportunity 

and because of this they now have the highest number of IT developers per capita, 

provide administrative services almost entirely online and are training other countries 

on how they too can advance the digitalization of their public administration. Another 

very important move by Estonia is to make its services accessible to all people in the 

world. The e-Residency programme is a great opportunity both for all the people of the 

world to benefit from the benefits of Estonia's digital administration and for Estonia 

itself, because through it it attracts foreign taxpayers without them even using the 

country's physical infrastructure. After all, digital administration was created first for 

Estonians for security, transparency and efficiency. Then, when you have done a good 

job for your country, you can reap the fruits of your success. Currently, over 90 percent 

of Estonians are satisfied with their administration and pay their taxes willingly. 

 

7. Recommendations from other countries 

The biggest recommendation to other countries is certainly to follow the 

Estonian model, because this is something that has proven to work, saves a lot of money 

for a country, increases the efficiency and transparency of its work, as well as people's 

satisfaction with the work of the institutions. Of course, this must also be demanded of 

the people. The support of the people is the most important thing when it comes to 

politics and reforms, but it is also important for leaders to show the direction of the 

people. Another recommendation is for countries to be on the lookout for new 

opportunities, because the success of a country is no longer at all dependent on its 

natural resources. Shifting the big cards comes with taking risks and embracing 
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opportunities. If a small country wants to stand out with something, it needs to focus 

and become the best in that sector. 

 

8. Conclusion 

The rankings confirm that Estonia's digital success is not just image, but real, 

measurable and sustainable, leading to a more efficient administration, a better quality 

of life and a stronger economy and trust in institutions. Estonia stands out not only as 

a technologically advanced country, but also as a global role model in e-government, 

cybersecurity and digital transformation. It is often referred to as óthe most digital 

country in the worldô, and this reputation is backed by both international institutions 

and countries that are making digitization efforts along the Estonian model. 
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Abstract. This report examines the impact of digitalization on human resource 

management, with an emphasis on the national and international aspects of the 

transformation. The report theoretically analyzes how new technologies are changing 

traditional HR practices, including recruitment, training, and employee evaluation, and 

how the implementation of digital tools enhances efficiency and employee 

engagement. The role of technology in human resource management is significant. In 

conclusion, the report provides strategic guidance for organizations looking to optimize 

human resource management within the context of digital transformation, emphasizing 

the importance of flexibility and adaptability in today's competitive landscape. 

 

Keywords: Management, Transformation, Competitiveness, Digitalization, Added 

value. 

 

1. Introduction 

The accelerated digital transformation is altering the principles, processes, and 

strategic functions of human resource management. At its core, digitalization is 

associated with a change in the business model through the integration of digital 

technologies to enhance customer value and improve activities and processes 

(Orekhov, 2020, p. 84). Digitalization is also a key factor in increasing the 

competitiveness of organizations by implementing ñthe process of replacing analog 

forms with digital ones (computers, smartphones, the internet)ò (Beleva, 2022, p. 270).  

Through digitalization, organizations can create new business processes or 

upgrade existing ones by utilizing various digital technologies and tools. Organizations 

need to ñbuild a flexible, well-secured, and secure infrastructure, e.g., automating 

processes related to organizational management, creating cloud platforms, optimizing 

costs for their maintenance, etc.ò (Ivanova, 2021, p. 123). In recent years, the 

recruitment of personnel within organizations has been transformed under the influence 

of digital technologies. For example, the use of artificial intelligence (AI) has 

completely changed the way organizations find, evaluate, and hire human resources, 

allowing for (Pento, 2024): Enhanced Candidate Screening AI technologies utilize 

advanced algorithms to assess a candidate's suitability for a position based on their 

experience, skills, and even social media activity. AI-powered screening systems can 

evaluate soft skills, such as communication and problem-solving abilities, by analyzing 

mailto:borislava.alexandrova@gmail.com
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responses and language patterns in preliminary tests. Additionally, AI can identify 

discrepancies in resumes and other submitted documents. As a result, according to 

Borisova (2021), assessments for each candidate are more impartial and accurate, 

improving hiring decisions and creating a workforce that aligns more closely with the 

organizationôs goals and values. Streamlining the Hiring Process - Accelerating the 

hiring process is one of the most significant effects of artificial intelligence (AI) on 

organizations. AI-driven systems can quickly sift through thousands of resumes and 

identify the best candidates based on predefined criteria. This efficiency reduces the 

likelihood of bias and ensures a more impartial selection process, in addition to saving 

time. Human resources staff can focus on the most promising candidates by eliminating 

those who do not meet the requirements, thanks to automated resume screening 

(Borisova, 2023). New AI recruitment tools are particularly effective in conducting 

first-round interviews. By automating these initial stages, HR teams can significantly 

streamline the hiring process, reduce administrative burden, and concentrate their 

efforts on engaging with the best talents, ultimately improving the overall effectiveness 

of the recruitment process. 

Predictive Talent Management Analysis AI technologies can provide insights 

into which candidates are most likely to succeed in their job roles and remain with the 

organization long-term by evaluating past data and current patterns. This information 

is crucial for organizations looking to invest in talents that can lead to long-term 

success in sectors where employee turnover can be significant. Furthermore, predictive 

analytics can identify skill gaps within the organization and recommend training 

courses to address them. To find the best candidates for upcoming positions, these 

technologies can also simulate various scenarios, ensuring a proactive approach to 

talent management. Predictive analytics can help organizations make well-informed 

decisions aligned with their strategic objectives. Enhancing Employee Onboarding - 

Once suitable candidates are selected, AI remains a vital component of their 

onboarding process within organizations. AI-powered systems can personalize the 

onboarding process for new employees by providing them with specialized resources, 

training materials, and support. By ensuring that new employees are well-prepared and 

quickly adapt to their responsibilities, this customized strategy reduces turnover and 

enhances job satisfaction ( Enhancing Employee Onboarding).  

Once suitable candidates are selected, AI remains a vital component of their 

onboarding process within organizations. AI-powered systems can personalize the 

onboarding process for new employees by providing them with specialized resources, 

training materials, and support. By ensuring that new employees are well-prepared and 

quickly adapt to their responsibilities, this customized strategy reduces turnover and 

enhances job satisfaction (Morch, 2024). 

 

2. Exposition 

Recruitment technology is becoming increasingly sophisticated, offering a suite 

of tools designed to streamline and optimize the hiring process for human resources. 

Among the key types of recruitment technologies are Applicant Tracking Systems 
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(ATS) and candidate assessment tools. ATS platforms serve as centralized databases 

for managing job applications and tracking candidates throughout the hiring process. 

They automate tasks such as resume analysis, candidate verification, and interview 

scheduling, thereby saving time and providing a more efficient workflow for 

recruitment (Borisova, 2023). These systems enable organizations to easily organize 

candidate information, communicate with applicants, and collaborate with hiring 

teams, ultimately enhancing the overall staffing process. 

Candidate assessment tools are designed to evaluate the skills, competencies, and 

suitability of applicants for specific roles (Shiferaw & Birbirsa, 2025). According to 

Wahdaniah et al., human resources (HR) teams are adapting to new technologies as 

automation, online platforms, and data-driven processes redefine traditional activities 

(Wahdaniah et al., 2023). The role of technology in human resource management is 

significant. By automating time-consuming and repetitive tasks and centralizing 

employee data, organizations can free up their HR teams to focus on strategic initiatives 

that foster a more productive and engaged workforce. 

Human Resource Information Systems (HRIS) facilitate the execution of various 

functions such as employee record management, payroll processing, benefits 

administration, and performance tracking of ongoing tasks. The benefits associated 

with these systems correspond to enhanced efficiency and reduced errors. Automation 

significantly decreases the time HR professionals spend on manual tasks, which allows 

them to concentrate on talent development, employee engagement, and other strategic 

initiatives that add value to the organization. The automation of repetitive processes 

minimizes the risk of human error, ensuring accuracy in areas such as payroll 

preparation and administration, which leads to cost savings and increased employee 

satisfaction (Seipalla et al., 2024). From recruitment and onboarding to performance 

management and termination, HR technology empowers organizations to manage their 

workforce more effectively. For example, automated processes can expedite hiring, 

while performance management tools facilitate continuous feedback and goal tracking. 

However, although automation offers numerous advantages, it raises legitimate 

concerns about the potential displacement of jobs. As technology assumes routine 

tasks, organizations must invest in upskilling and reskilling their workforce. By 

providing employees with opportunities to learn new skills and adapt to changing roles, 

organizations can ensure a smooth transition and maintain a motivated and engaged 

workforce. The successful integration of automation relies on a proactive approach to 

employee development (Zhang et al., 2024). 

Digital technologies also significantly impact the development of online 

recruitment platforms. Online recruitment platforms and social media have become 

essential tools for attracting talent, enabling organizations to search for human 

resources based on predefined criteria. This broader reach and targeted advertising 

capabilities allow organizations to hire increasingly talented employees, although it 

also presents challenges. The competition for top talent is intensifying, requiring HR 

teams to employ innovative recruitment strategies and creative employer branding to 

capture the attention of potential candidates. Successful organizations in todayôs 
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market strategically leverage these online platforms. For example, they use social 

media to showcase their organizational culture, highlight employee testimonials, and 

provide more information about the specifics of the work environment. Additionally, 

creating clear and concise job descriptions optimized for search engines ensures 

maximum visibility for posted job ads (Bansal et al., 2023). Digitalization initiates new 

methods for training and developing human resources, including online learning, 

webinars, and e-learning platforms. This transformation offers unparalleled flexibility, 

allowing employees to learn at their own pace and from anywhere. Moreover, it serves 

as a cost-effective alternative to traditional training. Digital learning platforms can 

customize the learning experience by providing tailored content and assessments based 

on individual needs and skill levels. This fosters a more engaging and effective learning 

environment. However, maintaining employee engagement and ensuring effective 

knowledge transfer remain critical considerations. Organizations must incorporate 

interactive elements, offer continuous support, and track progress to ensure that digital 

training initiatives successfully enhance their workforce's skills (Jokic et al., 2012). 

Technologies also have a significant impact on improving communication within 

organizations. Open and effective communication is crucial for any organization, but 

it is especially important in those where operational activities require teamwork and 

collaboration. Digital communication platforms such as Slack and Microsoft Teams 

have become essential tools for transforming internal communication, allowing for 

real-time collaboration, information sharing, and team building across departments and 

various locations. Furthermore, social media and employee portals provide dynamic 

spaces to promote engagement and a sense of community. Organizations can share 

company news, celebrate achievements, and encourage employee interaction, fostering 

a positive and inclusive workplace culture. Technology also plays a key role in 

gathering valuable feedback from employees through online surveys, providing 

insights into employee sentiments and identifying areas for improvement (Vecic et al., 

2024). The primary benefits of implementing digital technologies in human resource 

management within organizations include: Effective Staffing and Work Schedules: 

Maintaining an effective staff schedule is critical for optimal performance of job 

responsibilities. Digital technologies simplify this typically complex process by 

automating scheduling according to predefined business rules, employee skills, and 

availability. This saves time, eliminates redundancies, and minimizes the risk of both 

overstaffing and understaffing. Seamless Onboarding and Training: Organizations 

periodically hire many entry-level employees who require adequate training to deliver 

services effectively, and this training needs to be continuously updated. Utilizing a 

digitized system streamlines the employee onboarding process. Automating Payroll 

Management Automated timekeeping systems directly connected to payroll systems 

allow discrepancies in payments and worked hours to be significantly reduced. 

Improving Efficiency The use of a human resources system enables managers to adopt 

a results-oriented approach by tracking and assessing employee performance in 

alignment with organizational goals.  
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This understanding leads to constructive feedback, development plans, and informed 

decision-making regarding promotions or terminations. Enhanced Communication A 

well-organized human resources system should allow employees to access policies, 

guidelines, messages, or simply communicate across various departments within a 

unified platform that fosters a collaborative work environment. 

 

3. Conclusion 

In summary, it should be noted that technologies significantly transform human 

resource management within organizations, offering vast opportunities for 

streamlining processes, attracting top talent, and enhancing employee engagement. The 

implementation of digital tools such as applicant tracking systems, automated training 

platforms, and digital communication channels enables organizations to optimize their 

time and resources, minimize errors, and improve the quality of decision-making. 

Nevertheless, this transformation also presents challenges that require a careful and 

balanced approach. It is essential for organizations to combine innovation with ethical 

and social considerations, paying attention to the potential displacement of jobs and 

the need for reskilling and training of employees. Technology cannot replace the human 

element; rather, it should be used as a means to support and develop human capital. 

Digital technologies should be strategically integrated, adapting HR practices to the 

needs of the digital age while promoting a culture of continuous learning and flexibility.  

In this way, organizations can build a more effective, engaged, and future-ready 

workforce capable of meeting the dynamic demands of the modern market. Ultimately, 

the successful integration of human potential with technological innovations will be 

the key to the long-term sustainability and competitiveness of organizations. 
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Abstract. This paper presents basic assumptions for a rational analysis of the 

technological development of socio-economic organizations and in particular state 

administration. An approach is proposed for developing an adequate classification of 

socio-economic functions based on the specificity of their technological results from 

the following four aspects: morphological, ontogenetic, ecological and utilitarian. 
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1. Introduction 

In the information society, the knowledge system and intangible labour are 

becoming a key source of specific resources and an essential factor for the sustainable 

development of human civilization. This leads to serious changes in the content, scope 

and dynamics of socio-economic functions. 

The problem of analysing and classifying the main functions that determine 

modern development is becoming increasingly relevant for all organizations and 

especially for state administration. Its rational solution is the basis for improving the 

work of E-government - for more effective work and exchange of electronic 

documents, for unification of business procedures in the provision of administrative 

services electronically, etc. 

The subject of this work is the main functions of socio-economic organizations 

and in particular of state administration from the point of view of technological 

development. The goal is to outline the principles of a rational approach to their 

classification from the positions of the following four aspects: morphological, 

ontogenetic, ecological and utilitarian [10]. 

 

 

2. Principle functional principles for technological development 

2.1. It is known that the concepts of social functions and social organizations are 

defined on the basis of philosophical and anthropological concepts of human existence 

[12, 13, 14]. According to them, each individual lives (survives) by satisfying his 

individual needs for air, food, heat, light, etc.. 

mailto:dmalamov@gmail.com
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Individual biogenic needs are satisfied either naturally, for example, the need for 

light during the day, or as a result of labour activity - the need for light at night. 

The survival of individuals increases sharply when they live in communities 

(social organizations). Life in them provides an opportunity for the division and 

specialization of labour, especially in satisfying labour-satisfied needs. This 

predetermines the need for their economization and management. Communities 

themselves are considered as suprabiological (social) forms of life that have their own 

needs, including both the individual needs of the individuals composing them and the 

(qualitatively different) needs of the community [1, 2, 3, 11]. 

Communities of individuals arise either spontaneously (naturally) or are formed 

as a result of conscious organization or self-organization. In their anatomy and 

physiology - composition, structure, functions, development, "metabolism", survival, 

etc., they are similar to individuals. At the same time, they differ, for example, in their 

spatial non-compactness (dispersion). 

It is the similarities between communities and individuals that give grounds for 

defining them as social forms of life - public organizations. Some of them may also 

have ideal goals as a system-forming factor. 

Every well-developed and normally functioning public organization - household, 

school, hospital, company, bank, agency, municipality, state institution, etc., includes 

one or more basic (system-forming, target) functions (activities) with certain target 

results. They are achieved through technological processes. The implementation of the 

main (target) functions associates accompanying functions - for example, management, 

with components of provision, placement, leadership, control, board, security 

functions, etc. 

The accompanying functions are implemented through specific technologies, as 

a rule conditionally invariant in different public organizations. In turn, they can be main 

(target) functions for other specialized organizations. For example, technologies for 

providing production processes are a component of logistics, technologies for 

placement - of marketing. Technologies for provision can be security, safety, service, 

repair, etc. Management (leadership) technologies cover tactical management (of 

functions) and strategic management for sustainable development of public 

organizations. Technologies of logistics, marketing, tactics and strategy are constituent 

components of micromanagement with main tasks - goal achievement and high-level 

economization. 

2.2. System analysis shows that the social functions through which individual or 

community needs are satisfied through work can be divided into three main classes - 

production, security and power. 

Production functions are those in which results are obtained through the phases: 

design and technologization, organization and provision, production and placement. 

Through them, results are created - objects (subjects) that did not exist in material 

reality. In them, the essence precedes existence - before they are created, projects are 

developed. The term product has been used to name the result of production activity. 
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The main phases of security functions are prevention and readiness, diagnostics 

and provision (providing), counteraction (reaction) and rehabilitation (repair), etc. 

After the counteraction phase, the object of the activity may turn out to be unusable 

(damaged, destroyed), and after the rehabilitation phase it should become the same (or 

almost the same) as it was before the damage. An appropriate name for the result of 

security activity is the term service (as an intangible good). 

Government functions include phases: informing and analyzing, problem-

solving and strategizing (developing strategies and tactics), managing and controlling. 

Similar problems (especially in complex organizations) can be solved through more 

than one management strategy, distinguishable not only in content, but also in their 

target results and economic efficiency. There is still no appropriate name for the result 

of implementing government activity. Linguistically, success, victory, etc. are 

accepted. Government functions can be relevantly named with the English-language 

foreign word management. 

All public functions, regardless of whether they are production (product), 

security (service) or management (management), are implemented using technologies 

adequate for their results. Each technology is defined as a type of organization - a 

functional system with a specific target result. As a rule, technologies are rationally 

and/or intuitively created information products, some with the rank of inventions or 

rationalizations. They are reflected in technological documentation. [6, 14, 15] It can 

be noted that similar results can be obtained through different technologies with 

different target results and different economic efficiencies. 

Technologies are implemented (realized) in the form of technological processes 

by adequately trained personnel with appropriate technical equipment and resource 

provision. The design and development of technologies is a socio-economic activity, 

as a rule, implemented by qualified specialists - scientists, designers, technologists, 

programmers, etc. 

Modern high technologies are knowledge-intensive - the principle is in force in 

them that the more scientific knowledge is invested and used, the less human 

participation and the higher the level of the technological process. A sustainable trend 

in their development is the replacement of personnel and the reduction of their 

activities in the implementation of technological processes mainly to control functions. 

[6, 9, 13, 14, 15] This trend is least pronounced in macro management. An effective 

means of overcoming this weakness is the accelerated development of electronic 

management. [2, 3, 12] 

 

3. Principles of natural classification of information 

2.1. It is known that taxonomy as a theory and practice requires a clear definition 

of a multitude of objects subject to classification and the definition of signs for their 

subdivision into classes of (conditional) equivalence [4, 5, 7, 9]. 

The presented analysis of the development of societies (public organizations) 

gives grounds for the conclusion that the objects that should be objects in an adequate 

classifier are not public organizations or realized products, but the technologies through 
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which the main (target) public activities are carried out in them. Because sustainability 

in the development of public organizations is achieved mainly by the level of applied 

technologies. The widely used classifiers are of the ñproduct typeò and reflect mainly 

the results of economic activities, and not the technologies for their receipt [4, 5, 7]. 

The natural components of any well-developed public organization, for example, 

a state institution, are grouped into system-forming (target) activities, administration 

and resource provision, functioning through qualitatively different technologies. 

Currently, several tens of thousands of types of specific technologies are known 

[13, 14, 15], many of which are subject to rational classification. 

There are still no generally accepted names (terms) for naming the classes of 

most of them. Naturally, there is a need to generate neologisms, with the help of which 

the corresponding classes can be represented in the classifier. In the present work, they 

are not precise enough, and therefore additional explanations are often used. It should 

be clearly emphasized that the problem of choosing adequate terms remains unsolved. 

Signs of hierarchical structuring of information about technologies, together 

with their values, can only be the result of an analysis of the possibilities for distinction 

and comparison. 

Distinction within each component is possible after choosing a point of view 

(aspect). Changing the aspect creates a new possibility for distinction, which in turn 

leads to the reflection of new properties of the component. For example, the 

composition of a human body viewed from the front and from the back is different, 

despite the same components (elements). It is possible that there are no new properties 

- a billiard ball, from all sides it is still the same hemisphere. 

2.2. The pursuit of completeness of information about a component of reality 

requires covering all possible aspects for reflection. Otherwise, properties and 

structures of the components may remain unreflected. 

The analysis of the possible aspects for reflecting an arbitrary object and their 

comparison and generalization shows that the following four aspects are the most 

general and mutually alien in terms of the information they offer [8, 9, 10]: 

Å Morphological - includes the components (elements) and structure; 

Å Ontogenetic - includes the origin and development; 

Å Ecological - includes the relationships and interactions with the environment; 

Å Utilitarian - includes the benefits or harms. 

The indicated aspects can also be named by other terms. 

From the standpoint of classification, the aspect (from the Latin aspectus - kind, 

appearance; view, point of view) is a feature, and the terms morphological, ontogenetic, 

ecological and utilitarian are its values. 

The feature aspect can be called the principle of the tetrad of aspects, because it 

has four values, corresponding to the most general fundamental points of view, through 

which any (not only scientific) well-systematized information, including technological 

information, is formed. 

As a sketch for the analysis of components according to the principle of the 

tetrad, sample objects can be considered, as in Table 1. 
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Table 1. 

Aspect Electric Motor Horse 

morphological details, construction, é morphology, anatomy, biophysics, psychics, é 

ontogenetic design, manufacturing, é conception, birth, maturity, old age, death, é 

ecological power supply, drive, é 
physiology (nutrition, respiration, é), habitat, 

enemies, é 

utilitarian 

conversion of electrical 

energy into mechanical, high 

efficiency, é 

gravity, riding, blood plasma, é 

 

2.3. Each aspect groups information that is subject to subsequent division. The 

analysis of the possibilities for dividing information included in a class formed by a 

given aspect shows that a new attribute with its own values is needed. This new 

attribute should lead to an exhaustive division of the information class into new classes 

with maximum volumes (scopes). Such an attribute can be formulated as semantic 

polarity and community of information. 

From the definition it follows that it is necessary to choose two properties ʇ and P 

that are polar in meaning, from which the following conjunctions of properties are 

formed as the values of the attribute: 

 

ʇ Ø̀ʈ,̀ʇ Ø ʈ, ʇ Ø ʈ ʠ ̀ʇ Ø̀ʈ. 

The last conjunction should be dropped because the information it carries has 

nothing to do with the information carried by the preceding signs. 

The first three grounds for division lead to decomposition into three new classes: 

Å a class of information possessing only the property (polarity) ʇ; 

Å a class of information possessing only the property (polarity) ʈ; 

Å a class composed of information possessing the properties ʇ and ʈ; 

The sign polarity and community can be called the principle of a triad of classes. 

As signs that have three values, as required by the principle of the triad, the following 

can be indicated: 

Å the sign ñtimeò with values: past, present and future; 

Å the sign ñrelationò with values: relationship (constellation), action (operator), 

interaction (interdependence); 

Å the sign ñpartyò with values: left, centrist, right. 

The above gives grounds for a hypothesis that the proposed principles have 

characteristics of universality for classifying information. 

 

3. Classifier of industries - main social functions 

The main division of the technologies used by features determined by the 

meaning of the presented provisions gives grounds for the formation of the main 

classes - production, security and management. This level of the classification of 

socio-economic activities can be called sectoral. The analysis shows that with further 

construction of the tree-like structure of the classification scheme (table 2) 

symmetry, periodicity and rhythm are observed [8, 9, 10]. 
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Table 2. 

 

 

 

 

 

 

 

 

 

 

With a periodic rhythm - successive subdivision into 3 and 4, each sector is 

subdivided into 4 areas according to relevant characteristics, each of which is in turn 

divided into 3 branches. Each branch is divided into 4 sub-branches, which in turn 

are subdivided into 3 branches. The division ends with the subdivision of each 

branch into 4 sub-branches. 

According to this scheme, the production sector includes the following areas: 

material, information, traffic and spiritual production. The Security Sector covers 

areas: bio-ecological, public (social), defensive (protective) and interstate security. 

The Management Sector includes areas: social (socio) guidance, administration, 

social (socio) harmonization and (socio) economization. 

The definition of branches is based on the ñthesis-synthesis-antithesisò scheme 

in relation to the technologies used to implement basic (system-forming, target) 

socio-economic activities (functions) in them. For their naming, atypical terms are 

used, supplemented with explanations, as in Table 3. They are presented in the form 

of a list, in which each sector appears with a name and a code consisting of 3 digits 

- the number of the sector, the district in the sector and the sector in the district. 
 

 

Table 3. 

1. Production 

11. Material 

111. Mining - technologies for extracting naturally formed material resources 

112. Cultivation - technologies for cultivating biological products, resources 

113. Construction - technologies for constructing and manufacturing material products 

12. Information 

121. Science - technologies for making analyzes, inventions and discoveries 

122. Art - technologies for creating works of art 

123. Entertainment - technologies for forming entertainment, emotions, experiences 

13. Traffic 

131. Messages - technologies for forming information flows 

132. Trade - technologies for exchanging products and resources 

133. Transport - technologies for forming flows of products, resources, people 

Name of 

levels 

Number 

of levels 
Total 

sectors 3 3 

areas 4 12 

industries 3 36 

sub-

industries 
4 144 

branches 3 432 

sub-

industries 
4 1728 
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14. Spiritual 

141. Upbringing - technologies for forming behaviours (manners) 

142. Education - technologies for forming and developing personalities 

143. Training - technologies for forming knowledge and skills 

2. Security 

21. Bioecological 

211. Individual security - technologies for the sustainability and survival of individuals 

212. Population security - technologies for the sustainability and survival of populations 

213. Ecosecurity - technologies for the sustainability and protection of the environment 

22. Public 

221. Sociodiscipline - technologies for ensuring public order 

221. State security - technologies for ensuring statehood 

223. Social security - technologies for the safety of society and the living environment 

23. Defensive 

231. Ideological - technologies for defence (protection) from ideological aggression 

(expansion) 

232. Physical - technologies for defence (protection) from physical aggression (attack) 

233. Economic - technologies for defence from economic aggression (offensive) 

24. Interstate 

241. Information security - technologies for ensuring information exchange 

242. Public security - technologies for ensuring (movement) of communities (people) 

243. Economic security - technologies for ensuring the exchange of products, resources 

3. Management 

31. Socio-management 

311. Norm-making - technologies for developing normative acts and requirements 

312. Administration of justice - technologies for producing court decisions and sentences 

313. Socio-control - technologies for controlling citizens and institutions 

32. Administration 

321. Production - technologies for coordinating production processes 

322. Security - technologies for coordinating security activities 

323. Socio-management - technologies for coordinating management activities 

33. Socio-harmonization 

331. Political confrontation - technologies for political confrontation 

332. Political harmonization - technologies for relieving social tensions 

333. Socio-organization - technologies for organizing political activities 

34. Socio-economization 

341. Production - technologies for economizing production processes 

342. Security - technologies for economizing security activities 

343. Socio-management - technologies for economizing management activities 

Depending on the product scope of the technologies used, the industries are 

divided into 4 sub-industries. Of all 3Ĭ4Ĭ3Ĭ4=144 sub-industries, some of them can 

be illustratively indicated. For example, in the Construction industry, the sub-
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industries are materials engineering, mechanical engineering, eco-construction, 

infrastructure. In the Art industry - drawing (plastics), writing, music, performances. 

In the Education industry - primary, secondary, and higher. In the Socio-safety 

industry - incidents, catastrophes, accidents, disasters. 

In turn, each sub-industry is divided into 3 industries by a distinctive feature, 

seen as technologies, different in effect, but the same in their final result (product). 

For example, in the Socio-safety industry, the industries can be named with the 

terms: prevention, preparedness, and counteraction. Similar terms can define the 

industries in the Socio-discipline industry. 

In the Individual Resilience sector, the terms prevention, immunity, treatment 

are appropriate. In the Eco-Resilience sector, the sectors can be defined by the terms: 

backup, maintenance, repair. 

In the sectors of the Production sector, the sectors are distinguished by the 

distinctive features of the technologies used, defined by the terms: construction, 

technologization, production. The term production also encompasses the meaning of 

reproduction, in which the construction and technologization phases are not 

necessary. The Construction sector is seen as encompassing typified (standardized) 

technologies, significantly differing from innovative technologies in the lack of 

scientific and applied contributions. 

Despite the uniqueness of the products of the Infrastructure sub-sector, included 

in the Construction sector, its sectors can also naturally be defined by the terms: 

design, technologization, construction. In the Phytocultivation sub-sector of the 

Cultivation sector, the sectors can be defined by the terms: selection, sowing, 

phytocultivation. In the sub-sector Zoo culture, the branches are defined by the 

terms: selection, reproduction, breeding. 

The last, lowest level in the classifier is relevantly named with the term sub-

branches. Each branch is divided into 4 sub-branches with names corresponding to 

the results of the respective class of technologies. For example, for the branch 

Mechanical Engineering of the sub-sector Mechanical Engineering, instrument 

making, engine building, aggregate building, automatic control are seen as sub-

branches. For the branch Cognitive Sciences of the sub-sector Fundamental 

Sciences, sub-branches are, for example, the sciences of informatics, philosophy, 

logic, mathematics. 

The tree-like (hierarchical, dendroid) structure of the proposed principles for 

developing a classifier of socio-economic activities up to the sub-branch level can 

be illustrated with sample fragments, as in Table 4. 
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Table 4. 

Sector 1. Manufacturing 

Area 11. 11. Material 12. Information 
Industry 113. Construction 121. Science 

Sub-industry 1132. Mechanical Engineering 1213. Fundamental 

Branch 11322. Technological 12131. Cognitive 

Sub-branch 113224. Automata 121314. Mathematic 

 

According to the presented statements, to present the proposed classifier of 

socio-economic activities at 6 levels - sector, region, industry, sub-industry, branch 

and sub-branch, 3Ĭ4Ĭ3Ĭ4Ĭ3Ĭ4=1 728 appropriately selected terms are needed, most 

of which are necessarily neologisms. 

It can be noted that further (detailed) analysis of developed public organizations 

shows that for a well-functioning classifier - adequately and in sufficient detail 

reflecting the socio-economic activities in them, at least two more classification 

levels are needed, i.e. at least 8 in total [8, 9, 10]. 

 

4. Conclusion 

The modern information society requires a new approach to the classification of 

socio-economic activities. Pragmatic analysis shows that a good basis are the 

principles of technological development, especially in the field of high technologies. 

Because they are the leading engine for achieving sustainable socio-economic 

development in all developed countries. 

The development of a classifier of socio-economic activities that meets modern 

requirements is a complex problem that should be rationally solved by a wide range 

of specialists from different scientific fields and professional areas. Based on it, an 

adequate taxonomy of professions and positions in administration, business, for the 

purposes of e-government, etc. can be further developed. 

It is also a good basis for developing an adequate classifier of professional areas 

and educational specialties. The lack of such a classifier often confuses users of 

educational products. It deprives young people of the opportunity to rationally 

choose a specialty that best matches their characteristics and needs. 

It also makes it difficult for employers to optimally staff and appoints the 

necessary qualified personnel necessary for successful and sustainable development. 

It is a prerequisite for accelerating e-government - when performing public 

functions, providing public services, developing uniform standards for 

interoperability, etc. When using them to solve specific applied tasks, professional 

skills and competencies are formed. It is the set of these frequently used descriptors 

that makes up the educational content necessary for high-quality training of the 

trained personnel. 
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Abstract. In the context of global digitalization, e-government is increasingly 

recognized as a key tool for modernizing public administration and improving public 

services. The development of information technologies enables the automation of 

administrative processes, increases transparency and efficiency, and facilitates 

communication between institutions, citizens, and businesses. In Bulgaria, the 

digitalization of the public sector is part of the strategic priorities outlined in both 

national and European policies. Despite progress in this area, numerous challenges still 

hinder the full implementation of e-government. 

Keywords: Public administration, Digital transformation, Municipal services, Local 

governance, Administrative efficiency 

 

1. Introduction 

The relevance of this topic stems from the growing need for efficient, accessible, 

and secure administrative services that meet the expectations of citizens and 

businesses. Analysing existing practices, identifying problems, and proposing 

solutions for improving e-government in Bulgaria are essential for accelerating the 

digital transformation of public administration. 

The purpose of this report is to examine the problems faced by municipal 

employees in the use of electronic systems. The aim is to achieve a better understanding 

of the effects of their introduction and to derive recommendations. A survey was 

compiled and distributed among employees of medium-sized municipalities. 

 

2. Exposure 

In the National Development Programme of Bulgaria 2030 (National 

Development Programme of Bulgaria, 2020), one of the core goals related to e-

government is digital connectivity. According to the adopted policy, the main focus 

will be on building a modern and secure digital infrastructure as a foundation for 

offering more services through digital governance and cooperation. The measures will 

aim to improve access to high-speed internet (including 5G) and promote its active use 

by the population and businesses. In order to achieve high efficiency from these 

mailto:radostin@uctm.edu
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investments, initiatives to enhance the digital literacy of the population are also 

envisaged. 

 
Tab.1 Indicators of National Development Programme 

Indicator Current 

value 

Target value Average value 

of EU 

Connectivity Pillar, DESI 51.6 Reaching the 

EU average 

59,3 

Ultra-high-speed broadband 

internet access, DESI, % 

9,7 40 22,3 

5G deployment readiness, 

DESI, % 

0 80 14,2 

 

The Digital Economy and Society Index (DESI) summarizes indicators for 

digitalization and progress in digital technologies. It includes all EU member states and 

is based on four key dimensions: 

¶ Human Capital 

¶ Connectivity 

¶ Integration of Digital Technology 

¶ Digital Public Services 

 

The 2023 DESI report highlights several obstacles to e-government. One of the 

key issues is the low level of basic digital skillsðonly 31% of the population possesses 

such skills, compared to the EU average of 54%. A significant share of the population 

lacking basic digital competencies effectively excludes them from accessing services 

provided at both local and national levels. 

Benefits of E-Government 

The literature identifies five key benefits of implementing e-government and 

offering digital services to citizens and businesses: 

¶ Improved Efficiency and Speed of Administrative Services (Heeks 2006) 

¶ Increased Transparency and Accountability (Bertot, Jaeger and Grimes, 

2010) 

¶ Enhanced Citizen Participation (E-Participation) (Macintosh, 2024) 

¶ Cost Reduction for Public Administration and Businesses (World Bank, 

2016) 

¶ Accessibility and Convenience for Citizens (Layne and Lee,2001) 

Given this context, it is not surprising that digitalization has become a top 

priority for both national and local governments in recent years. 

Challenges and Barriers 

A study by Bulgarian Chamber of Commerce and Industry (Bulgarian Chamber 

of Commerce and Industry, 2022) reveals that e-government faces numerous 

challenges: 

¶ Technological difficulties 
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¶ Lack of digital skills among citizens 

¶ Insufficient funding 

¶ Shortage of IT specialists in municipalities 

¶ Limited accessibility of services for the elderly and people with disabilities 

¶ Inadequate training of employees 

¶ Job reductions 

 

Although significant progress has been made in the implementation of e-

government, both external and internal barriers to municipal digitalization remain 

(Lazarova et al., 2023). Among the external barriers, the most significant are: lack of 

policy coordination at the national level, insufficient continuity in national strategies, 

regulatory restrictions, and user attitudes. Many of the internal barriers are 

consequences of external factors and are further exacerbated by the lack of clear 

training programs, digital competencies, and financial resources. 

 

Research Overview 

The study was conducted in a medium-sized municipality. A total of 20 

employees holding different positions and responsibilities were surveyed, including 

clerks, administrative assistants, experts, and management personnel. The data was 

collected using a self-administered questionnaire. 

The first two questions aimed to gather information about the age and work 

experience of municipal employees. The majority (60%) are between the ages of 46 

and 60, and 50% of the respondents have over 10 years of professional experience. 

 

 
Fig.1 Frequency of use 

 

When asked about their use of available electronic administrative systems, 75% 

of employees reported using them daily or several times a week. This indicates a good 

level of system adoption and integration into employees' work routines, which is 

further supported by their positive evaluation of the systems' efficiency. 
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Fig.2 Facilitation of e-government 

 
A significant portion of employees (80%) expressed a positive opinion regarding 

the benefits of the system. One of the main goals of such systems is to facilitate the 

work of municipal employees. According to the respondents, this goal has been 

achievedð75% use the system regularly, and 80% rate its use positively. 

 

 
Fig.3 Ease of use of e-services by citizens 

 
According to municipal staff, the introduced e-services are also perceived 

positively by citizens, with 80% using them without or with minimal difficulty. When 

designing these systems and related services for citizens, it is crucial to consider the 

level of digital literacy. High complexity may lead to negative attitudes toward digital 

services and exclude a large part of the population. Therefore, the aim should be to 

offer a simplified process that is accessible to a wide range of users. 
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Fig.4 Advantages of e-government 

 

The main benefits identified by the employees include reduced bureaucracy 

(47% of respondents), time savings (25%), and improved communication with citizens 

(22%). Transparency in public administration is also of great importance for the 

economy, as it can lead to a reduction in corruption. However, only 6% of employees 

believe that the current systems significantly contribute to this outcome. 

 

 
Fig.5 Challenges in using e-government 

  

 The most frequently cited issue is insufficient technical infrastructure (40%). 

Other concerns include the low level of digital literacy among citizens and inadequate 

training for municipal employees. These findings are not surprising and align with 

recommendations made by the European Union to Bulgaria. 
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Fig.6 Proposed improvement activities 

  

The proposed improvements for enhancing the functionality of e-government 

reflect the identified problem areas. Among the suggestions are conducting employee 

training programs (41% of respondents) and ensuring better funding and modernization 

of systems (30%). Organizing appropriate training sessions is fundamental to the 

effective operation of the system. Another key issue is improving the integration 

between different systems, as this would expand the functionalities and increase the 

overall efficiency of e-government services. 

 

3. Conclusion 

The development of e-government in Bulgaria is a key factor in the 

modernization of the public sector and the provision of faster, transparent and 

accessible administrative services for citizens and businesses. First of all, improving 

the interoperability between different electronic systems is essential. Currently, many 

administrative platforms operate independently, which hinders the automatic exchange 

of information between institutions and leads to duplication of processes. 

Another key factor in improving the effectiveness of e-government is increasing 

digital literacy among the population and the administration. Although access to the 

Internet and technologies in Bulgaria is widespread, many citizens, especially older 

people and those from smaller settlements, experience difficulties in using electronic 

services. 

In order to increase the effectiveness of e-government, it is also important that 

services are developed with a focus on the user. Citizens and businesses must have 

access to convenient, easy-to-use and intuitive platforms that facilitate their interaction 

with the administration. 
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Abstract. There is no doubt that artificial intelligence (AI) is rapidly entering all areas 

of activity. More and more organizations are using AI, which leads to optimizing 

business processes, increasing productivity, improving customer experience, etc. The 

applications of AI are numerous. This study examines consumer attitudes towards the 

use of artificial intelligence (AI) in customer service. For this purpose, an online survey 

was conducted. Based on the data obtained, an analysis was made of key factors, such 

as efficiency, trust, emotional perception and privacy concerns, that influence 

consumer acceptance of AI. 

Keywords: Artificial intelligence (AI), customer experience, trust, emotion 

recognition, ʩustomer service. 

 

1. Introduction 

In the era of digital transformation and the rapid penetration of artificial 

intelligence, it cannot fail to have its impact, especially in customer service. AI offers 

new opportunities for improving the customer experience, increasing the quality of 

service, automating processes and optimizing costs. These technologies promise to 

make customer service more efficient and personalized. Customer service has always 

been a key factor in the competitiveness of organizations across industries. In today's 

highly competitive business environment, organizations are increasingly turning to 

technology to improve their customer service capabilities. Artificial intelligence is 

transformative in this field, offering innovative solutions that meet the ever-changing 

expectations of customers. The aim of this article is to analyze key factors such as trust, 

efficiency, emotional perception and privacy concerns that influence consumers' 

perception of AI in the context of customer service, based on a survey. 

  

2. Main areas of AI in customer service  

Customer service through various AI tools is transforming the way businesses 

interact with their customers by providing effective, personalized, and proactive 

support (Inavolu, 2024; Ameen et al. 2021). The use of AI in this direction is growing 

rapidly, providing benefits to both businesses and customers themselves (Ameen et al. 

2021). Various studies have been conducted in the scientific and specialized literature 

on what applications and, accordingly, benefits the use of AI in customer service has, 

which can be summarized as follows (adapted and supplemented by Maseke 2024, 

Ameen et al. 2021; Inavolu 2024, Cheng et al. 2021, Srinivas 2019, Bruen 2020): 
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- Automation of routine tasks / increased efficiency: One of the main contributions of 

AI is the automation of routine and often labor-intensive tasks, process automation 

(Inavolu 2024). Previously, activities such as data entry, transaction verification, and 

document processing required significant human resources and often led to errors. 

Using AI in this direction has led to a significant increase in the efficiency of customer 

service, but also reduced the risk of inaccuracies. All this allows employees in the 

organization to focus their efforts on solving more complex problems and tasks, thus 

increasing overall productivity and reducing response time 

- Personalized Customer Experience: For today's customers, it is extremely important 

to understand the individual and specific needs of the relevant products/services. 

Artificial intelligence demonstrates its power through the ability to offer highly 

personalized customer experiences. Through various algorithms that analyze large 

amounts of customer data, AI recognizes individual customer needs, preferences and 

behaviors. 

- Instant support using AI-powered assistants: chatbots and virtual assistants (Srinivas 

2019). These AI tools work around the clock with customers, providing instant and 

reliable support, responding effectively to customer queries, and providing real-time 

information 24/7. Modern consumers expect immediate response, regardless of the 

weather. Traditional service is characterized by response delays caused by outdated 

systems and manual processes, leading to customer dissatisfaction. 

- Detailed customer analytics and intelligent data collection: Artificial intelligence 

plays a key role in improving data collection and analysis from customer interactions, 

providing valuable insights into their behavior and preferences. This information is 

essential for organizations as it enables them to optimize their strategies, refine 

products and services, and improve the overall customer experience (Abousaber & 

Abdalla 2023; Inavolu 2024; Coelho et al. 2023).  

- Cost optimization: Traditional customer service is expensive for organizations as it 

requires hiring, training and retaining employees, which require significant 

investments. When demand increases, costs also increase, as additional staff often have 

to be hired to effectively meet customer needs. For small businesses, this is a serious 

challenge as they often have limited budgets. 

- Proactive Customer Support: Integrating AI into customer support operations enables 

a proactive approach by predicting and resolving issues before they occur. This in turn 

serves to prevent issues and increase customer satisfaction by proactively providing 

solutions. 

 

3. Consumer attitudes towards the use of AI in customer service in Bulgaria 

Undoubtedly, the use of various AI applications by business organizations in customer 

service has a number of benefits, however, consumers themselves still cannot fully trust 

it and personal service from a person continues to be preferred. The author does not 

claim that the sample is representative, but it is possible to outline trends regarding the 

perception of users served by AI. The study was conducted in the city of Sofia, using a 

quantitative approach in the development of an online survey. The article presents only 
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part of the results of the study conducted. The total number of respondents is 137, of 

which 47% are women and 53% are men. 

 

 

Fig.1. Response to the question "How often do you use services in which you communicate with AI 

(e.g. chatbots, virtual assistants, etc.)?" 

 

Figure 1 shows that 51% of survey participants have rarely or never used services that 

communicate with artificial intelligence. This is an indicator that for the majority of 

respondents, the use of AI in everyday communication is not yet common. A total of 

23% are active or regular users of such services (answered "often/very often"), 

indicating potential for growth in this group and increased adoption of AI 

communication in the future. Organizations should work purposefully to raise 

awareness in this direction, which would contribute to improving the user experience. 

 

ʌʠʛ. 2. Answer to the question ñIn which areas do you most often use customer services that are 

automated with AI?ò (more than 1 answer is possible) 
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As can be seen from Figure 2, it is striking that the largest number of users use services 

automated with AI in the Telecommunications sector (76%). This fact is not accidental. 

It is in this sector that chatbots and virtual assistants are widespread, as well as 

automated support and self-service systems, i.e. where automation leads to direct 

benefits for the customer ï fast access, support and personal services. Second place is 

taken by the Finance and Banking sector (53%), where organizations also strive to offer 

chatbots for customer service, automated messages, personalized offers. E-commerce 

occupies 41%, where chatbots are most used and for order tracking. The use of AI-

based services in the healthcare sector is relatively low (16%). This is due to the still 

limited supply of digitalized healthcare services (despite the fact that there has been 

active work in this direction in recent years), the need for human judgment, and low 

trust. The low percentage of Other sectors (5%) indicates that AI has not yet been 

massively integrated outside the core industries of the economy.  

Trust continues to play a key role in AI adoption. Customers are often wary of AI-

driven solutions due to concerns about transparency, possible decision bias, or data 

privacy concerns. (Cheng et al. 2021). 

 
Table 1 

To what extent do you agree with the following statements  

regarding your TRUST IN AI? 

 Statements 
I 

agree 

I Agree 

to some 

extent 

Average 

Not 

very 

agree 

Disagree 

I trust AI to provide me with accurate and 

useful service information 
18% 23% 14% 27% 19% 

I feel confident when AI processes my 

requests without human intervention 
14% 19% 17% 28% 21% 

I trust that AI makes decisions that are in my 

interest 
16% 14% 18% 29% 23% 

 

As can be seen from Table 1, the majority of respondents (46% in total) are not 

entirely convinced by the accuracy of the information from AI. However, there is also 

a significant percentage of respondents who hold the opposite opinion ï 41% answered 

agree/not very agree. The greatest distrust is expressed in relation to the decisions that 

AI makes and automated processing without human intervention ï a total of 49%, i.e. 

a feeling of uncertainty prevails among the participants when there is no human 

intervention. Similarly, respondents do not believe that AI makes decisions that protect 

their personal interests. Only 30% responded with an agreement and somewhat 

agreement with this statement. 
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Fig. 3. Response to the question ñHow do you rate the quality of service provided by AI compared 

to that provided by employees?ò 

 

Regarding how respondents rate the quality of service provided by AI compared 

to that provided by employees in Figure 3, it is striking that the largest share of 

respondents answered ñI cannot judgeò (33%). This indicates that the respondents still 

lack experience and uncertainty in their assessment. A total of 32% express a negative 

opinion, which indicates that the technology is not yet perceived as a full-fledged 

substitute for human service. 

Regarding the effectiveness of using AI in customer service, the results are shown in 

the following table 2. 

 
Table 2 

To what extent do you agree with the following statements  

about the EFFECTIVENESS OF AI in customer service? 

Statements I agree 

I Agree to 

some 

extent 

Average 
Not very 

agree 
Disagree 

Using AI in customer service makes the 

process more efficient as it responds 

quickly and is available 24/7 

24% 34% 20% 12% 9% 

AI is suitable for routine matters, but for 

more complex cases, service by employees 

is more effective 

23% 40% 21% 9% 7% 

AI makes it easier to get the 

information/service I need 
35% 28% 18% 10% 8% 

 

Regarding the statement about speed and accessibility when using AI in 

customer service, respondents are generally positive (58% of respondents agree and 
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somewhat agree with the statement). Only 21% express doubt or disagreement, which 

is significantly less. This shows that respondents recognize the advantages of AI in 

terms of speed and continuous access. Apparently, AI is perceived as a useful tool for 

solving routine questions and tasks, but not for more complex cases where human 

intervention is needed. A total of 63% of respondents completely agree or somewhat 

agree with this. Respondents appreciate the convenience and speed of AI when 

searching for information. A total of 63% or 87 responded positively to this statement, 

while 18% (25 respondents) disagreed with this.  

A 2022 study found that 67% of customers prefer AI for speed of access to 

information and efficiency, while 33% believe that AI lacks the emotional intelligence 

needed to solve complex problems. (Cheng et al. 2021). The same trend is confirmed 

in the present study. 

Table 3 

To what extent do you agree with the following statements 

regarding the EMOTIONAL PERCEPTION OF AI in customer service? 

Statements 
I 

agree 

I Agree 

to some 

extent 

Average 

Not 

very 

agree 

Disagree 

Using AI makes me feel at ease because it is 

not affected by emotions or stress 
8% 12% 21% 26% 32% 

I feel more comfortable when 

communicating with AI, as there are no risks 

of human errors or misunderstandings 

10% 14% 18% 35% 23% 

I feel good when I communicate with AI 

because it responds adequately to my 

emotions and states 

12% 14% 20% 23% 31% 

I feel uncomfortable or misunderstood when 

communicating with AI 
26% 36% 16% 14% 9% 

 

In contrast to the dominaiting positive responses regarding the accessibility of 

services and the speed of AI service, respondents have the opposite opinion from an 

emotional perspective. For example, the lack of emotions or stress does not make them 

calmer (a total of 58% responded that they disagreed or strongly disagreed with this 

statement). Only 20% responded positively that AI makes them feel more at ease. 

Apparently, emotional distance is more of a flaw in human perception. Despite the lack 

of human errors and misunderstandings, more than half (58%) of respondents do not 

feel comfortable communicating with AI. Technical advantages do not compensate for 

the emotional lack. Only 24% feel more comfortable communicating with AI due to a 

lower risk of errors. Respondents do not feel emotionally understood when 

communicating with AI. 54% (over 70 respondents) of those surveyed perceive AI as 

"emotionally cold" because it does not adequately respond to their emotions. Only 26% 

feel understood by AI. Similarly, respondents responded to the statement about the 

feeling of discomfort and misunderstanding when communicating with AI. More than 

half of respondents (66% in total) feel less understood compared to communicating 
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with a person. Table 3 shows that most respondents show emotional dissatisfaction, 

manifested in a feeling of misunderstanding and discomfort. When it comes to 

understanding and emotions, people prefer human communication. 

 
Table 4 

To what extent do you agree with the following statements  

regarding PERSONAL DATA PRIVACY? 

Statements 
I 

agree 

I Agree 

to some 

extent 

Average 

Not 

very 

agree 

Disagree 

I'm worried that AI systems are collecting too 

much personal information about me 
47% 23% 15% 8% 7% 

I have concerns about how my data is stored 

and used when I am served by AI 
39% 28% 14% 12% 7% 

I am not sure whether AI systems implement 

sufficiently transparent policies for processing 

my personal data 

21% 30% 25% 14% 10% 

 

 

In the era of digital transformation and the presence of AI in our daily lives, 

concerns about privacy and the protection of people's personal data have come to the 

fore. This is evident from Table 4. More than half (70% or 96 respondents) express 

concern about the amount of personal information collected. Only 20 of those surveyed 

hold the opposite opinion. This shows a high level of distrust in AI regarding personal 

privacy. The results are similar regarding the storage of personal information: 67% or 

92 of the respondents have expressed doubts, serious reservations about the 

management of personal information by AI systems. Slightly more than half of the 

respondents (51% or 70 respondents) are not sure about the transparency of AI 

regarding the processing of our personal data. The high number of respondents who 

are in the ñaverageò zone (34 respondents) is very impressive, which shows uncertainty 

in this regard. 

 

 

3. Conclusion 

There are undoubtedly many benefits to implementing AI in customer service. 

According to users, the strengths are continuous and immediate access to information 

and service, performing routine tasks and cases. For organizations, the benefits are: 

improved processes for collecting, processing and analyzing customer data, cost 

optimization, increased efficiency.  

Although artificial intelligence can successfully handle routine inquiries, the lack of 

emotional intelligence and flexibility in communication can lead to frustration among 

customers. They often expect empathy and personalized attention, which AI cannot yet 

fully offer. Therefore, businesses need to invest in advanced AI models that recognize 

customer emotions, especially in cases requiring empathy. Another important aspect is 



ñéffШfŰƣĲƖŰċƣŔŸŰċũШÉĦŔĲŰƣŔǯĦШ9ŸŰŉĲƖĲŰĦĲШљEр]§éEÅ   9EШ  ?ШEр9§~~Ö f9 Ñf§ ÉњШ 
ыΞΟрΞΡЮΜΣЮΞΜΞΡЯШÉŸǍŸƓŸũЯШ7Öx] Åfь 

 

ΣΤ 
 

the privacy and security of personal data. Many users express concerns about AI 

processing sensitive information.  

In this regard, it is necessary for companies to develop clear policies, ethical practices 

and transparency in the way AI systems work, which will lead to building trust among 

users and encouraging the adoption of AI-driven solutions. Higher trust among users 

in the human factor, especially when solving more complex cases, requires 

organizations to find a balance between human and AI service for a positive customer 

experience. 
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Abstract. In today's data-driven marketing landscape, Geographic Information 

Systems (GIS) have emerged as a transformative tool for enhancing the effectiveness 

of advertising campaigns. This paper explores the strategic integration of GIS 

technology in advertising, emphasizing its role in spatial analysis, customer 

segmentation, and targeted communication. By leveraging geospatial data, marketers 

can identify optimal locations for advertisements, understand consumer behavior 

patterns, and tailor messages to specific demographic and geographic segments. The 

study discusses the synergy between GIS and emerging technologies such as mobile 

advertising and social media analytics. The findings underscore the critical importance 

of spatial intelligence in crafting data-informed, location-sensitive advertising 

strategies, positioning GIS as a vital asset in modern marketing efforts. 

Keywords: Geographic Information Systems (GIS), Advertising Campaigns, 

Effectiveness, Spatial Information, Analysis, Technology. 

 

1. Introduction 

The intense process of digital transformation is fundamentally changing the 

market environment by transforming the way companies create added value, interact 

with their consumers and business partners, and compete. This new and highly dynamic 

environment requires a change in business models and creates a need to use 

increasingly non-standard and precise tools to reach and effectively manage the target 

audience. The data we obtain through traditional market research methods and criteria, 

although very useful, often proves to be insufficient for a complete understanding of 

consumer behavior. The reasons for this are related to the following facts: 

V represent a snapshot but do not provide continuous real-time information 

updates; 

V do not reflect the dynamics of movement and habits in physical space; 

V they have a high degree of subjectivity and are susceptible to distortions in 
responses; 

V they rarely allow for the geographical disaggregation necessary for the 
creation of local strategies. 

Spatial information plays a key role in overcoming these imperfections in the 

process of understanding consumer behavior, as well as in discovering new 

opportunities for increasing customer satisfaction in the era of personalized 

communication. It occupies an increasingly important place in modern marketing, as it 
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creates context that traditional demographic and behavioral data cannot provide on its 

own. Spatial analysis, using geographic information systems (GIS), makes it possible 

to understand exactly where customers are in real time, how they move, in what 

environment they live or work, and what their consumption pattern is. Geographic 

information systems are a powerful tool for collecting, integrating, analyzing and 

visualizing spatial data, which allows for optimization of marketing efforts and a 

significant increase in their effectiveness. Spatial information provides objective, 

dynamic and geolocalized data, which, when combined with classic marketing 

information, create a prerequisite for more precise forecasting and targeting. Through 

GIS analysis, companies can not only understand ñwhatò their users think and want, 

but also ñwhereò and ñwhenò their behavior occurs. One of the most important 

advantages of spatial information is that it connects digital behavior with physical 

reality, thus supporting hybrid marketing decision-making. In this way, GIS and spatial 

data do not simply enrich marketing analysis but transform it into an integrated 

platform for supporting effective management decision-making, where online behavior 

is understood in the context of the userôs real environment. 

The main objective of this article is to explore the role and importance of 

geographic information systems (GIS) as a tool for increasing the effectiveness of 

marketing campaigns, through an analysis of their functions, applications, and impact 

on key activities in modern marketing.ШTo achieve this goal, a systematic review of 
scientific literature published between 1998 and 2024 was used, including databases 

such as Scopus, Web of Science, and Google Scholar. 

 

2. Exposure 

Geographic Information Systems (GIS) are integrated software and hardware 

solutions for collecting, storing, processing, analyzing, interpreting, and visualizing 

data related to the location of objects in space. They combine spatial (geographic) data 

with attribute (descriptive) data, thus creating the opportunity for detailed analysis of 

the relationships and interconnections between different objects in the real world. 

According to the definition of ESRI (Environmental Systems Research Institute), one 

of the leading organizations in the field, ñGIS is a system that creates, manages, 

analyzes, and maps all types of data. GIS connects data to a map by integrating location 

data with any other descriptive data, which provides a basis for spatial analysis.ò 

(ESRI, 2021). 

Initially, GIS were mainly used in urban planning and geography, but with the 

development of digital technologies and intensive technological convergence, they 

began to be integrated increasingly successfully in the business sphere. In the 1990s, 

geomarketing emerged as a discipline, using spatial data for strategic positioning, site 

selection, and targeting (ESRI,1999). GIS tools enabled the combination of large 

volumes of data (ñbig dataò) with specific geographic context, leading to a new level 

of location intelligence ï a key component of modern marketing. According to Clarke 

(1998) and Longley et al. (2001), spatial intelligence became the basis for making 
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effective management decisions, and GIS established itself as a tool for analyzing 

consumer behavior by location. According to a Deloitte study (2022), companies using 

spatial analysis reported a 23% higher probability of exceeding their marketing goals 

compared to organizations that did not use it. 

The main functions of GIS can be summarized into the following categories: 

V spatial data collection and input ï allow the collection of geographic data from 

various sources such as satellite images; GPS devices; drones and LiDAR 

scanners; survey surveys with geolocation; mobile applications and sensors 

(IoT); import of external databases (e.g. statistical or cadastral). 

Example: In marketing, mobile GPS data is used to identify the areas with the 

highest pedestrian activity near retail outlets. 

V data storage and management ï GIS uses geospatial databases that combine 

geometric data (points, lines, polygons) that indicate location and shape with 

attribute data ï describing the characteristics of the objects (e.g. name, type, 

capacity). The management of this data includes indexing and filtering, 

connecting to various external sources as needed (Excel, SQL, cloud storage, 

etc.), as well as continuously maintaining up-to-datedness through 

synchronization and updating. 

For various marketing purposes, databases of retail outlets can be linked to 

demographic data for the areas in which they are located. 

V precise spatial analysis ï a basic and very important functionality of GIS that 

allows spatial calculations to be made and relevant information to be created for 

effective decision-making based on geographical relationships. The main types 

of analysis include: buffering (determining zones of influence around a given 

facility ï e.g. 1 km around a specific retail outlet); cluster analysis (identifying 

groupings of specific phenomena ï e.g. customer congestion); overlay (a layered 

representation model that allows combining different types of data, e.g. road 

infrastructure, demographics, retail outlets, etc.); network analysis (optimizing 

routes, analyzing accessibility, etc.); spatial regression (creating statistical 

models that take into account geographical dependencies); 

Example: Using GIS, certain areas can be localized that are characterized by 

high purchasing power and low competition, which in turn would help in 

choosing the location of a new retail outlet. 

V visualization and mapping ï through GIS, specialized interactive or static maps 

can be developed, through which visualization of the data used is achieved. This 

is achieved using the following elements: symbolism (colors; icons; scaling); 

layers (allowing the combination and management of different types of 

information); temporal visualization; web maps and dashboard panels. 

Example: Marketing specialists can create an interactive map that provides 

information on real-time sales by region and at the same time shows competing 

outlets. 
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V modeling and forecasting ï using GIS-based technologies, various scenarios 

and forecasts can be generated based on spatial data 

Example: Modeling the impact of opening a new retail outlet in each area 

compared to existing ones. 

V supporting effective management decision-making ï by combining all the 

functionalities listed above, GIS becomes a decision-making support system at 

different levels of management: strategic; tactical and operational. 

Example: Selecting an advertising place based on data on car traffic, population 

profile and competition. 

In practice, there are various GIS technology solutions. They differ mainly in 

functionality, scope, licensing model (commercial or open source), level of automation 

and integration with other systems. 

In a marketing context, the selected platform should meet the needs of spatial 

analysis, visualization and connection with user and business data. In Table 2.1, a brief 

comparative analysis of the various GIS technology solutions and their application for 

specific marketing activities is done. 
Table 2.1 

Comparative analysis of the application of GIS technologies in marketing activities 

Marketing Activities GIS Technology Functionality Input Data Type |Company 

Locating new retail 

outlets/offices 
ArcGIS Desktop QGIS 

precise spatial 

analysis/accessibility 

analysis 

demographics, 

traffic, 

competitive sites 

large retail 

companies, 

franchise 

companies, banks, 

pharmacy chains, 

restaurants, etc. 

Digital marketing with 

interactive maps 

Mapbox ArcGIS Online 

Google Maps  

API 

API integration, 

visualization in web 

applications 

customer data, 

product offers 

e-commerce, travel 

platforms, mobile 

applications 

Geofencing campaigns 

with PUSH notifications 

(local mobile campaigns) 

Radar.io, GroundTruth, 

Reveal Mobile 

real-time location and 

behavioral targeting 

mobile location, 

real-time user 

behavior 

restaurants, 

malls, supermarkets, 

local services 

Reporting results and 

KPIs by region 

Tableau + Mapbox, 

Power BI + ArcGIS 

visual and understandable 

dashboards 

sales, results of 

marketing 

campaigns by 

region 

corporations, 

marketing analytics 

agencies, B2B 

companies 

Hyperlocal behavioral 

analysis 

CARTO, Scikit-

Mobility, GeoDa 

mobility modeling, 

location segmentation 

mobility, 

geographical and 

behavioral data 

mobile operators, 

mobile data 

platforms, 

marketing agencies 

with an analytical 

focus 

Direct mail and outdoor 

advertising campaigns 

ArcGIS, MapInfo, 

Alteryx 

territory optimization, 

traffic and visibility 

analysis 

address databases, 

high traffic areas 

postal operators, 

printing agencies, 

political campaigns 

Geo experiments and A/B 

tests by region 

Own tools + Google 

GeoExperiments 

Precise assessment of the 

effects of advertising 

campaigns by location 

advertising 

campaign data by 

region, control 

groups 

technology 

companies, 

platforms with a 

large online 

presence 

Personalize ads based on 

user profiles 

Foursquare Studio, 

ESRI Location 

Analytics 

Behavioral profiles with a 

geospatial component 

user profiles, 

transactional data 

financial 

institutions, 

insurance 

companies, 

marketing agencies 
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The analysis of GIS technologies for implementing various marketing activities 

presented in Table 2.1 was developed based on a comparison of the functionalities that 

each of them has and the area in which they are mainly used. Of course, when choosing 

a specific GIS technology for implementing marketing activities, one must take into 

account, in addition to its functional potential, also: the specific goals; the level of 

complexity; the budget and licensing policy; the type of analysis that needs to be done 

(basic visual and complex prognostic); the need for integration with other systems, as 

well as technical skills (team competence). 

The information in Table 2.1 shows that GIS technologies are used in many diverse 

marketing activities. They have a multi-layered impact on marketing processes and 

activities, providing an opportunity to transform spatial information into a strategic 

asset, with the help of which new competitive advantages are built. GIS technologies 

change the way in which marketing activities are planned; developed; implemented 

and evaluated, thanks to the integration of the spatial dimension in the analysis of 

markets and consumer behavior. The impact they have on increasing the effectiveness 

of marketing campaigns can be systematized in the following main areas: 

V geographic segmentation and microtargeting ï through GIS technologies, a 

detailed division of markets into geographic and socio-economic zones based on 

real spatial dependencies can be achieved. By spatially classifying customers by 

income, travel habits and consumer patterns, hyper localized marketing 

strategies are built, targeting specific neighborhoods or even streets. 

V optimization of advertising budgets ï with the help of spatial analysis of 

market coverage, companies can determine where the investment in advertising 

will have the highest return. This prevents duplication of efforts in low-

performance areas and directs resources to areas with the greatest potential. 

V selection of optimal locations for new sites and the implementation of 
promotional events ï through GIS technologies, a high level of localization 

analysis is achieved, combining and considering many different factors for 

choosing the optimal location. 

V ability to precisely track the effectiveness of marketing campaigns by region 

ï through the integration of GIS with CRM and BI systems, the real results of 

campaigns can be analyzed on a territorial basis ï sales, attendance, interactions 

and conversions. This allows for geographical reporting and dynamic adaptation 

of strategies. 

V achieving integration between online and offline behavior ï GIS connects 

digital data (from social networks, mobile applications, web traffic) with the 

physical movement of users. In this way, the real impact of online campaigns on 

behavior in the real world is identified ï for example, whether online advertising 

has led to a physical visit to a site. 
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V increasing the accuracy of forecasting market trends ï with the help of spatial 

modeling and machine learning, GIS helps predict future changes in consumer 

behavior by discovering new market segments and in-depth analysis of seasonal 

fluctuations in demand for products and services. 

V increasing the effectiveness of competitive analysis ï using various GIS 

technologies, it is possible to localize the location of competing sites, their areas 

of market influence and the presence of overlapping consumer flows. This, in 

turn, supports strategic positioning and selection of areas with lower competition 

intensity. 

V increasing customer satisfaction by ensuring a more complete customer 
experience ï through spatial analysis of data from loyalty programs, GIS 

enables a high level of personalization of marketing communication according 

to the customerôs location. This increases user engagement and satisfaction by 

ensuring the relevance of messages in the context of place and time; 

V management of logistics and distribution channels ï GIS optimizes delivery 

and service routes, reducing transportation costs and response time. This has a 

direct effect on customer satisfaction and the effectiveness of promotional and 

distribution campaigns. 

V interactive communication and visualization of marketing data ï through 

interactive maps and dashboards, GIS makes complex marketing data accessible 

and understandable to decision makers. Thus, spatial visualization facilitates 

communication between different departments and improves strategic alignment 

within companies. 

 

3. Conclusion 

GIS technologies provide a new level of analytical precision, analysis and data 

management, providing strategic flexibility in marketing. They not only help to better 

understand the market space, but also enable dynamic campaign management in real 

time, more precise personalization and optimization of investments. As a result, 

companies achieve higher efficiency, competitiveness and sustainable growth. 
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Abstract 

This paper explores guerrilla marketing as a creative, low-cost, and unconventional 

strategy for achieving strong audience engagement online. It outlines key principles 

such as creativity over budget, emotional impact, and brand alignment, illustrated 

through campaigns by McDonaldôs, Brahma, and Burger King. The study focuses on 

digital guerrilla tacticsðexclusivity, curiosity, humor, and gamificationðand analyzes 

examples like Airbnbôs Live There, Spotifyôs Wrapped, and the ALS Ice Bucket 

Challenge. The findings show that originality and community participation can achieve 

high visibility and impact with minimal resources. 

Keywords: Guerrilla marketing, digital strategy, creativity, online campaigns, viral 

engagement 

 

1. Introduction 

Guerrilla marketing is an unconventional, often low-budget marketing strategy 

that uses creativity, surprise, and originality to capture audience attention and achieve 

maximum impact with minimal resources (Investopedia, n.d.). The term was coined by 

Jay Conrad Levinson in 1984 in his book Guerrilla Marketing, inspired by guerrilla 

warfare tacticsðsmall, unexpected, and highly effective strikes against larger 

opponents (Coursera, 2023). This unconventional approach often outperforms 

traditional advertising in terms of cost efficiency and audience attention, especially in 

competitive markets (Forbes Technology Council, 2022). 

The subject of this research is the adaptation of guerrilla marketing principles 

to the digital environment, where interaction, personalization, and viral communication 

have replaced traditional physical campaigns. The paper examines how organizations 

and brands can apply the logic of guerrilla tactics entirely online by using social 

networks, user-generated content, and participatory engagement. 
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The main objective of the study is to identify and systematize effective 

strategies for implementing guerrilla marketing in a fully online context. It aims to 

analyze how creativity and emotional connection can compensate for limited financial 

resources and to outline practical guidelines for marketers seeking to achieve viral 

impact through digital platforms. 

The methods applied in the research include a qualitative analysis of secondary 

sourcesðacademic literature, case studies, and real-world campaignsðcombined with 

a comparative analysis between traditional (physical) and digital guerrilla marketing. 

Through these methods, the paper highlights the essential characteristics of successful 

online guerrilla campaigns and formulates practical recommendations for their design 

and execution. 

 

2. Principles of Guerrilla Marketing 

The basic principles and rules of successful guerrilla marketing are related to 

creativity, precise targeting, and impact. The guiding ideas underlying the approach are 

as follows: 

¶ Use creativity, not a big budget. Rather than relying on expensive ads, 

unconventional, often ingeniously simple ideas are used (Coursera, 2023; 

Omnisend, 2023). 

¶ Maximum impact with minimal resources. Guerrilla campaigns aim for big 

results with minimal resources from the organization. In most cases, these 

campaigns use free or inexpensive tools for their scope (Grow Team, 2023). 

¶ Focus on well-targeted groups. In marketing, an active audience is more 

valuable than a large one. The goal is to reach this group who will respond and 

spread the word actively to achieve a viral effect (Starbright, n.d.). 

¶ Surprise, unexpectedness, and emotion. Campaigns work best when the 

audience is not expecting them, which causes high levels of amazement. They 

are memorable when they create strong emotions in consumers and make them 

connect personally with the campaign message (Hall, 2023). Research also 

highlights the importance of visual creativity and location-based impact in 

guerrilla activities (ScreenCloud, 2022). 

¶ Creating a connection with the brand. Despite their unconventional form, 

campaigns should align with the brand identity and strengthen customer 

relationships (Brainspate, 2024). 

¶ Long-term strategy. Guerrilla marketing should be a long-term strategy rather 

than a one-time sensation, building on audience interest and engagement 

(Supliful, 2024). 

 

3. Examples of Successful Physical Guerrilla Marketing Campaigns 

 

McDonaldôs campaigns. Despite being a global market leader, McDonaldôs 

skillfully uses guerrilla marketing techniques. For instance, the company planted 

protected yellow flowers in the shape of its logo along a U.S. highway, creating 
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inexpensive, permanent advertising. Another campaign involved painting crosswalks 

near restaurants to resemble fries, surprising passersby and drawing them inside. 

Brahma campaign. In 2021, Brazil's football league banned alcohol advertising 

on player jerseys. The beer brand Brahma creatively bypassed the restriction by paying 

players to dye their hair like ñfoaming beerò and share it on social media. The viral 

trend spread beyond Brazil, achieving global recognition at minimal cost. 

Burger Kingôs FIFA campaign. Advertising on virtual FIFA fields costs around 

$500,000. Burger King paid a low-ranked team to feature its logo instead, challenging 

gamers to score with the underdog team for a free burger. The $50,000 campaign turned 

the team into the most-played in FIFA, achieving a viral effect worth far more 

(YouTube, 2019). 

 

4. Examples of Successful Online Guerrilla Marketing Campaigns 

Examples include Airbnbôs Live There, Spotifyôs Wrapped, the ALS Ice Bucket 

Challenge, and innovative influencer campaigns such as Billie Eilishôs Close Friends 

strategy and Duolingoôs mascot content. These reflect the adaptability of guerrilla 

marketing principles in a digital context. The approach aligns with modern digital 

culture, as illustrated in educational materials and marketing analyses (YouTube, 

2023). 

 

5. Conclusion 

Guerrilla marketing represents one of the most creative and adaptive approaches 

in the modern marketing landscape. Its success lies not in the size of the budget, but in 

the originality of ideas, the element of surprise, and the emotional connection it 

establishes with the audience. When applied to the online environment, guerrilla 

marketing gains additional flexibility, allowing brands to reach global audiences 

instantly, interact directly with users, and benefit from the viral potential of digital 

networks. 

The research demonstrates that online guerrilla marketing can effectively 

substitute large-scale traditional campaigns when the creative concept is clear, the 

message is authentic, and the audience feels personally involved. Digital tools such as 

social media, video platforms, and interactive applications provide endless 

opportunities for engagement and content sharing. The examples of Airbnbôs Live 

There, Spotifyôs Wrapped, and the ALS Ice Bucket Challenge illustrate how 

participatory content and emotional storytelling can transform users into brand 

advocates, generating free publicity and long-term loyalty. 

Another important finding is the significance of consistency between the 

guerrilla activity and the overall brand identity. Successful online campaigns manage 

to combine humor, creativity, and purpose without losing coherence with the 

companyôs values. This harmony reinforces consumer trust and ensures that the 

emotional response translates into actual behavioral outcomes, such as brand 

preference and advocacy. 
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From a strategic perspective, guerrilla marketing online should not be treated as a one-

time event, but as a sustainable practice integrated into the brandôs communication 

strategy. Its effectiveness grows when brands continuously analyze audience reactions, 

adapt to cultural trends, and experiment with new digital formats. Moreover, the 

relatively low financial investment required makes it a powerful tool for small and 

medium-sized enterprises seeking to compete with large corporations on equal footing. 

In conclusion, the transition of guerrilla marketing to the digital sphere marks a 

fundamental shift in modern marketing philosophyðfrom broadcasting messages to 

co-creating experiences with consumers. Creativity, authenticity, and community 

participation become the core drivers of impact. When skillfully executed, online 

guerrilla marketing can achieve not only high visibility and engagement but also foster 

a lasting emotional bond between brands and their audiences, ensuring both short-term 

attention and long-term loyalty. 
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ΝЮШfŰƣƖŸĬƨĦƣŔŸŰ 

Quality management may be seen here as a cross-thematic area. Much of the 

definitions and concepts used in this topic are the work of authoritative experts on this 

topic, such as Philip Crosby, William  Deming, Joseph Juran, Kaoru Ishikawa, Armand 

Feigenbaum, Claus Zink, etc. 

In recent years, some trends in the theory and practice of quality management have 

been noticed, as follows: : 

¶ strengthening the application of statistical methods already in the quality 

planning phase; 

¶ moving quality control to an earlier stage to reduce Mistakes  and the need for 

corrective action; 

¶ gradual transformation of total quality management systems into total 

"innovation" quality systems; 

¶ increasing role of automation and digitization of quality management and 

introduction of modern measuring and evaluation techniques in the context of 

Industry 4.o and the transition to Industry 5.0. 

 

Industrial development goes through various stages of development, the so-called. 

industrial revolutions. The introduction of cyber-physical systems, are at the core of 

the modern fourth industrial revolution and the transition to the fifth industrial 

revolution. 

Industry 4.0, also known as the fourth industrial revolution, has already to have 

an impact on the  economy and the way businesses operate in a variety of industries. 

The technology has helped make companies more agile, efficient, and even 

environmentally oriented. One of the biggest features of Industry 4.0 is the use of 

connected technology, which allows businesses to exchange real-time data, optimize 

processes, reduce costs, and improve quality. In the next stage in the context of Industry 
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5.0 focuses mainly on the integration of smart systems and robots in human work. The 

Quality emphasizes the importance of placing the worker's well-being at the center of 

the production process. Industry 5.0 is a strategy presented by the European Union 

focuses on developing sustainable production system, which should answer the market 

demands, but also the unpredictable local and global events in society that might occur 

and affect the production in a negative manner (ŧywioğek at al 2024). 

In this way, some impacts on the development of the organization could be predicted 

in terms of efficiency and the development of entirely new business models, services 

and products (Kagerman et al. 2022, Nikolova, 2023). This invariably includes the 

development of quality management systems. 

The research will be focused on the specific features of Quality Management in 

Bulgarian SME   in current conditions.  

 

2. Requirements to the QM Trends 

  The historically formed notion of quality assurance through control at the end of 

the production process has today changed to the concept that quality is planned, created 

and ensured in the production of the product or the offering of the service. Optimization 

of quality planning processes, introduction of digitalization and preventive measures to 

eliminate or reduce errors, reduce costs and achieve greater efficiency in added value 

come( Damianov at al, 2019). As a result, new management methods and concepts of 

production control are developed and applied, through quality assurance and its total 

management for customized products. 

  These changes require organizations to rethink their quality management 

strategies and processes, placing greater focusing  on human resources, societal value, 

sustainability in conection with advanced technology.  

  The Quality emphasizes the importance of placing the worker at the center of the 

production process (Moyassar at al 2023, Akundi, A et al 2023 ). 

  The factors that accelerate these changes are: increasing requirements in terms of 

flexibility, efficient use of resources and individualization of products, integration of 

customers and suppliers in the design and production process, the reorganization of the 

value chain of production processes in the globalized market. 

  Digitization is seen as a developmental process and therefore needs to be planned, 

constantly checked and reliably tracked using a digitization roadmap. It requires some 

willingness on the part of the participants to rethink what they have learned and to face 

it openly. In addition to the desire to change, it requires internal skills, sometimes 

external know-how and the right timing (see  Fig.1.) 
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Fig.1. Trends in QM 

 

In terms of value creation, digitalization offers numerous approaches that simplify work 

processes, reduce transaction costs or simply make the interaction and exchange 

between customers and business partners more flexible( European Commision, 2023).  

 
Fig. 2. Requirements to the QM Trends 

 

 The challenge is to recognize the company-specific interrelationships in order to then 

adapt, expand or optimize them ( fig.2). 
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3. Study of the QM in the Bulgarian small and medium enterprises 

The goal of this research was to get a general insight into the current state, potentials, 

and challenges in the implementation of  QM in the Bulgarian small and medium 

enterprises (SME).  

For the purposes of the research structuring, the following research questions were 

set as a guidance: 

Å  How to integrate all quality and project data into the new digitized business 

processes? 

Å   How automated quality control systems should be developed, etc. 

Å   Which of these scenarios is most suitable for Bulgarian enterprises? 

Å   How important is digitization for quality management systems in the 

organization? 

 

  For the period 2020 - 2023 research was done by the author to explore the 

possibilities of QM conditions. Quality managers were taken as respondents. A specially 

prepared survey was used, which was sent by email. The survey was structured in the  

four parts. The questionnaire survey started with general questions to show the field of 

activity and experience  in the filed of QM of the interviewees.  

  Since the survey was sent to manufacturing companies with no limitations of 

their industrial field, there are various types of participants, but one of the most common 

was from the metal machining industry (20%)  and textile process industry (18%).The 

second part of the survey was related to the current level of digitalization and the general 

use of digital technologies. In the third part, the participants had to answer questions 

regarding digitalization in  QM Prozesses and in the next part had answer about Risk 

Assessment  Methods and Software. 

  As the questions were directed in relation to the technical and informational 

environment and QM Management.  

In more than 90% of companies, respondents have heard about Industry 4.0, but 

consider that the requirements and are aimed only at large companies, as well as 

advantages for them. 

  As shown in Fig.3, more than half of the companies which participated in the 

survey are  not yet informed about  Requirements of Industry 4.0 . Only 25 % of the 

companies have already implemented of Industry 4.0 and 7 %  informed about  Industry 

4.0 and Industry 5.0. 
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                                   Fig.3  Implementation of  modern digital technologies   

 

  According to the managers of these organizations, the main topics in this 

direction are shown in Fig.4. (More than one answer possible). 

 
Fig. 4. Topic challenges for small and medium companies 

 

  For the companies, digitization in the field of quality, projects, security 

management is connected with  the document management and document control - also 

in relation to auditing and test processes with test planning and test equipment 

management. 

  Predictive quality management both in production and in the subsequent use of 

the products by the customer or in the control of field services: predictive maintenance 

can be used to establish data-driven production security, for example. In this way, loss 

of quality and production stoppages due to insufficient or delayed maintenance can be 
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avoided. 70  percent of those surveyed are planning more intensive activities to digitize 

quality management in the future. 

  Important aspects is the availability of the various technical techniques, methods 

and models. These are graphs, charts and flow charts, frequency chart, histogram, Pareto 

analysis, cause and effect diagram, scatter chart and control charts, zero defect 

programs, Kaizen, or continuous improvement, the seven statistical tools and the seven 

management tools (Nikolova, 2023). 

  Dealing with technological topics such as software quality or cyber security 

requires new skills and capabilities. Almost 100% of the respondents believe that the 

competence of the staff is extremely important and they plan  training in the field of 

QM Standards, Coaching and  Mentoring, Audit Metods, in IT, Risk Assesment, Project 

Methods etc.  

  The main contribution of this scientific research is that, Based on the ownership 

of statistical data and scientific information with the identification of conclusions and 

with the direction of the proposal regarding quality management, which can be 

summarized as follows: 

1.   Training to understand the available channels to include in QM 

Digitalisation. 

2. Implementation new Digital Audit Forms 

3. Special emphasis on human training 

4. Implementation of the Risk assessment methods  

 

Conclusion 

The use of modern digital technologies offer companies great potential - in all areas of 

the company. Small and medium-sized companies are also digitizing more and more 

business processes in order to remain competitive. The report examines various aspects 

of  quality  management in today's global, highly technological and dynamic 

environment in Bulgarian small and medium enterprises  .   
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Abstract. This article explores the utilisation of chatbots as electronic tools for 

business communication. The research endeavours to explore and analyse the 

utilisation of chatbots in the context of communication with potential users and the 

execution of business tasks. The paper is grounded in extant practices of implementing 

chatbots in business communication projects. The author has formulated the 

characteristics and functions of chatbots in business communication through the 

conducted research. Nevertheless, the effective development of the restaurant business 

remains a relevant concern, and the introduction of chatbots by restaurant 

establishments is a subject that merits further attention. 

Keywords: restaurant business, e-services, competitive advantage, artificial 

intelligence, chatbot. 

 

1. Introduction 

In today's business environment, businesses must keep consumers digitally 

engaged by offering personalized experiences. AI-powered messaging provides this 

capability while generating more leads than traditional, non-digital tools. (Uzialko 

2024). 

In this context, the restaurant industry is one of the most adaptive sectors due to 

the necessity of responding swiftly to changing consumer behaviour. The introduction 

of innovations such as robotics and artificial intelligence is enabling the restaurant 

business to grow efficiently and maintain a competitive edge. This includes substituting 

human labour with machines and assisting restaurant owners in enhancing their 

customer service and business management (Masyuk et al. 2019, Huang, Rust 2018). 

A restaurant's success largely depends on customer traffic and repeat visits; thus, smart 

promotional strategies can help businesses attract more guests, target higher sales, and 

generate greater profits (Kamenskaya, Volkov 2023). 

The rationale for writing this article is twofold: on the one hand, digital 

technologies are dramatically transforming traditional notions of running an innovative 

business, and on the other hand, the emergence of digital assistants, such as chatbots, 

is significantly altering business processes related to vendor-customer communication. 

mailto:sborisova@tu-sofia.bg
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The purpose of this paper is to examine the potential of using artificial 

intelligence, particularly artificial neural networks, in enterprise business operations, 

employing chatbots for customer communication, and identifying activities suitable for 

outsourcing to chatbots. 

 

2. Exposure 

2.1. Theoretical framework 

At the core of chatbots lies the concept of artificial neural networks, a term 

coined by Abiodun et al. in 2018 and further elaborated upon by Jaiswal et al. in 2024. 

An artificial neural network is a computer program that operates on the principle of the 

human brain. It drives input data through a system of neurons, simpler programs that 

interact with each other, and then produces a certain computational result based on that 

interaction, plus the trial and error of previous executions of the program (Huang, 

2017). This underscores the fact that every neural network is a self-learning system 

with artificial intelligence. The application of neural networks is extensive, 

encompassing a broad spectrum of disciplines. These networks find application in a 

wide range of fields, including digital image processing and securities price prediction. 

The learning process of neural networks is intricate, involving the configuration of 

various neural network connections and parameters through the modelling of the 

environment that gave rise to the neural network (Ogwueleka, 2015). The chatbot 

algorithm is predicated on a set of established rules. The program's responses to user 

requests are also contingent upon these rules. These rules may range from simplicity 

to complexity, yet the chatbot's operation remains constrained within the boundaries of 

the specified rules. In the event that the program encounters information whose parsing 

algorithm is not included in the established rules, the chatbot will be incapable of 

formulating a response to the user's query. Developers are progressively endeavouring 

to transition from rudimentary algorithms, engineering bots that emulate human 

communication. For a chatbot to function effectively, the platform must be responsive, 

responding to user requests in a timely and accurate manner. Achieving this objective 

necessitates the implementation of a microservice architecture, a design that ensures 

the chatbot's response and message processing speed are not contingent on server load 

and message volume. (Mahanta 2017; Patil et all. 2024) 

The advent of artificial intelligence has precipitated a paradigm shift in the 

manner in which consumers engage with food delivery services and food in general 

(Konstantinovna, Evgenievna, Sergeevich 2019). These AI-powered chatbots are 

designed to automate routine tasks and adapt to user interaction, thereby continuously 

learning and enhancing their performance (Castillo, Taherdoost, 2023). In the context 

of online food delivery services, the integration of artificial intelligence (AI) into the 

management of food orders has the potential to enhance operational efficiency, enhance 

customer satisfaction, and improve adaptability within the competitive landscape 

(Nandhini, Habeeba 2024). 
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In essence, a chatbot can be defined as software that utilizes artificial intelligence 

or predefined scenarios to communicate with customers via text or voice messages. 

These programs can be integrated into various digital platforms, including websites, 

mobile applications, social networks, and other online services. They are designed to 

automate customer service, provide information, facilitate purchases, and execute a 

variety of other tasks. 

Indeed, chatbots represent the most effective solution to the problem of meeting 

customer expectations. The assertion is that users have come to anticipate an immediate 

response, and chatbots are capable of delivering it without delay. According to the 

results of a survey conducted by Zendesk Benchmark, entitled "Live Chat Drives 

Highest Customer Satisfaction," a significant proportion of respondents, specifically 

more than 51%, expressed the expectation that businesses should be operational 24 

hours a day, seven days a week. Furthermore, a substantial majority of customers, 

specifically 92%, expressed profound satisfaction following a live chat session, as 

reported by Zendesk. 

In recent years, the implementation of chatbots in business has evolved beyond 

their initial use as online tools for communicating with potential customers. Instead, 

they have become instruments capable of optimizing costs, reducing business 

expenses, and automating processes. 

 

2.2 Using artificial intelligence in the restaurant business 

Contemporary restaurants must offer not only quality cuisine, but also advanced 

technological amenities. In such a context, it becomes imperative to allocate resources 

toward the acquisition of tools that can facilitate the maintenance and advancement of 

the enterprise. In the context of evolving industry standards, heightened competition 

necessitates the judicious and efficient utilization of available resources. A critical task 

for contemporary restaurateurs is to identify and address the impediments within the 

enterprise's structural framework, both in terms of its construction and its operation. 

The information technology market is characterized by a substantial presence of 

various IT services designed to attract new potential customers, automate staff work, 

and significantly streamline restaurant management. However, these resources are typi-

cally designed for either staff or customers, respectively, and thus lack the functionality 

to facilitate interaction between these two groups. The optimal solution to this problem 

of simplifying the lives of restaurateurs and restaurant guests is an information system 

that fully implements the entire process of interaction between customers and staff. 

A substantial proportion of restaurant owners, approximately two-thirds, utilize 

social media as a platform to promote their brands. Given the highly competitive nature 

of the restaurant sector, which is characterized by its emotional and social nature, as 

well as its diverse customer audience, the use of artificial intelligence is imperative. 

The utilization of social networks encompasses a multifaceted approach, including 

direct advertising, content promotion, and facilitating communication with subscribers 

(Akulich 2022). 
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In order to establish additional competitive advantages, it is advisable to 

consider the implementation of information technology solutions, such as the 

integration of digital technologies for the purposes of reservation and order formation, 

production, delivery, and service organization. A salient trend in the restaurant services 

market is the gamification of the restaurant business, which addresses certain emotional 

and cognitive challenges in communicating with the customer. 

The integration of chatbots into food delivery applications signifies a substantial 

advancement in the development of online ordering systems. This innovative approach 

optimises the user experience, rendering it more intuitive, personalised and efficient 

(Nandhini, Habeeba. 2024). A chatbot is defined as a computer program that facilitates 

communication within designated chat rooms in accordance with a predetermined 

algorithm. 

This human-computer system serves as a prime exemplar of a computer program 

that is capable of facilitating reservations, presenting the menu to prospective 

customers, and receiving orders. Furthermore, restaurants can utilise this 

conversational software to address frequently asked questions, solicit feedback, and 

display the delivery status of a customer's order. The execution of these tasks can be 

facilitated through a website or various messaging platforms, including Facebook 

Messenger. 

A primary objective in the development of a chatbot for any business, including 

a restaurant, is to enhance customer service. The utilisation of a chatbot facilitates 

continuous engagement with customers, ensuring availability for interaction twenty-

four hours a day, seven days a week (Gavchuk, 2023). 

In the domain of restaurant management, the potential of chatbots extends to several 

distinct application areas: marketing, reservation service, personal account,  messag-

ing, Application Programming Interface (application programming and synchroniza-

tion interface). 

In the contemporary restaurant setting, there is a growing imperative for the 

implementation of an efficient and user-friendly information system. This system is 

expected to cater to the needs and requests of customers, primarily by facilitating 

reservations for specific dates and times, order placement for desired dishes and 

beverages, and assurance of timely order fulfillment. The responsibility for ensuring 

that the order is received by the customer and transferred to other units, such as the 

kitchen, bar, hall, and so forth, as well as for the automatic data collection of the order 

and the availability of the products in the warehouse, and the monitoring of current 

occupancy of the halls, lies with the staff (Knyazeva, 2020).  

The effectiveness of chatbots is contingent on numerous factors, including the 

judicious selection of digital platforms to ensure a user-friendly interface and 

expeditious access to information for staff members (Shadler, Fenwick, Ewald, 2018; 

Kuprevich, 2018; Masyuk, et al., 2018). The necessity of developing a computerised 

assistant for utilisation within a restaurant setting is hereby outlined. In this regard, the 

choice is usually narrowed down to three types of information systems: website, mobile 

app and chatbot. 
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The complexity inherent in website development is a significant challenge, 

encompassing the creation of a bespoke corporate design, the development of a mobile 

version of the site, the increasing prevalence of mobile traffic, the meticulous 

development of user authorization processes and the configuration of personal 

accounts, among other considerations. It is evident that the aforementioned parameters 

impose certain constraints on the budget, the speed of development and the ability to 

use this system quickly. 

A comparable scenario is observed in the domain of mobile application 

development. It is imperative that each mobile application possesses its own distinct 

design and unique authorization. 

Chatbots, on the other hand, are not encumbered by these disadvantages. In 

contradistinction to a website and a mobile app, the chatbot's interface is clearly defined 

by the messengers for which it is designed. Authorisation and security measures for 

user data storage are also typically implemented. It is evident that the version control 

system and database migration mechanism are frequently employed in the context of 

restaurant chatbot development. The creation of these bots facilitates the automation of 

processes, from the generation of an order by a customer to the provision of feedback 

in the form of a response upon order completion. The chatbots integrate with the 

restaurant's specific database, receive up-to-date information about the menu, 

ingredient availability, and the number of available seats in the rooms, and offer 

potential customers suitable options. 

The interaction between the client and the chatbot can be illustrated as follows:  

- the client sends a command to the chatbot; 

- the chatbot transmits the command to the server; 

- the server program processes the request received by the chatbot; 

- the server responds to the chatbot; 

- the chatbot displays the client's response in the control window. 

This cycle is repeated with each interaction with a chatbot. It is customary for 

communication to be facilitated through the utilisation of an HTTPS interface. Alterna-

tively, this interface may be designated a software catalogue or a bot algorithm. 

The establishment of such a system facilitates comprehensive organisation of the 

interaction process between restaurant customers and all units involved in their service. 

The integration of a booking system, facilitating the reservation of tables, and an online 

menu, offering a selection of dishes and beverages, is a notable advantage. The 

programme has been designed to address the bottlenecks inherent in the restaurant 

business. These include the order-processing and customer service processes, as well 

as the analysis of menu popularity and drinks sales. The objective is to optimise menus 

and set more competitive prices (Gavchuk, 2023). 

The integration of a chatbot into the restaurant business facilitates the online 

placement of orders, thereby providing a novel, augmented customer base for the 

restaurant and enhancing its competitiveness in the market. Consequently, the 

utilisation of chatbots in the restaurant industry facilitates the establishment of a 

qualitatively novel level of process management within the domain of enterprise 
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service management. The advent of chatbots has precipitated a paradigm shift in the 

manner in which businesses engage with their clientele. The utilisation of artificial 

intelligence and advanced natural language processing capabilities enables chatbots to 

facilitate more sophisticated forms of interaction. 

 

2.3. Food ordering chatbot 

In recent years, a considerable number of businesses have transitioned to a 

digital platform, implementing web-based interfaces designed to facilitate expeditious 

order placement by web visitors. This strategic shift has also encompassed the 

development of proprietary applications and chatbots, further streamlining operational 

processes. 

Prior to the emergence of the novel strain of severe acute respiratory syndrome 

(SARS-CoV-2), which is now known to cause the Coronavirus disease 2019 (Covid-

19), there had been an increase in labour costs in the restaurant industry. This phe-

nomenon prompted restaurateurs to explore various technological solutions with the 

aim of increasing their profit margins. The advent of the so-called pandemic has further 

exacerbated labour costs and precipitated a shift in customer behaviour, with a decline 

in in-person dining and an increase in remote ordering. The decision to raise minimum 

wages for restaurant staff is an indication of rising labour costs, which have compelled 

restaurateurs to adopt technology more aggressively (Chipeva 2020). 

Furthermore, prospective consumers allocate a substantial amount of time to mobile 

devices, such as smartphones, tablets, and laptops, engaging with social networks, 

making purchases, reading reviews of various establishments, and providing feedback 

to businesses. Consequently, it is imperative to leverage this consumer behaviour as a 

strategic opportunity to attract the target audience. 

This phenomenon is exemplified by Foodbot, Glovo, Takeaway, and Ebag, 

which are food ordering chatbots. These bots provide restaurants with additional 

channels through which to communicate with customers and the capacity to establish 

direct connections with them via the most widely used chat applications. Customers 

can activate the chatbot by entering text in the chat app, without having to leave the 

social network. The chatbot then offers the customer several options: to place a new 

order, to follow up on an order, or to repeat an order. The subsequent steps entail the 

user's geographical location, the selection of their preferred cuisine or dish, and the 

chatbot subsequently provides a list of nearby restaurants. Following the selection of a 

restaurant, its menu is displayed, and the order can be finalized with the assistance of 

the chatbot. 

The implementation of chatbot technology can be conceptualized as the 

provision of a personal assistant to the user. This communication channel facilitates the 

automation of orders. To illustrate, when a patron seeks a particular dish, the chatbot 

responds with a series of suggestions that are analogous to the user's inquiry. This 

augmentation of possibilities extends to the customer's capacity to place orders through 

their preferred communication channel, be it the restaurant's website, an online chat 
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interface, or a designated social network such as Facebook Messenger, Viber, or 

WhatsApp. The integration facilitates the reception of responses to frequently asked 

questions, encompassing inquiries pertaining to the restaurant's address, operating 

hours, and all matters related to delivery services and the restaurant's offerings. 

The development and implementation of systems in the form of chatbots can be 

seamlessly integrated into the existing processes of restaurants, functioning as a uni-

versal assistant for interaction between restaurant service staff and their customers 

(Knyazeva, 2020). The chatbot facilitates the automation of processes, encompassing 

the entire order lifecycle, from order creation to customer feedback, which is mani-

fested in the form of a post-order review. The chatbot undergoes the following sequence 

of stages: (a) order creation by the customer; (b) preliminary cost calculation; (c) order 

processing by hall and kitchen administrators; (d) order transfer to the waiter and chefs; 

(e) table arrangement and serving of dishes; (f) order payment; (g) receiving feedback 

from the customer. 

The chatbot integrates with the restaurant's database, receives up-to-date 

information on menu composition, ingredient availability, dining room availability, and 

suggests possible options to the customer. Upon order placement by the customer, the 

system receives all the necessary data and transfers it to the hall and kitchen 

administrator. Upon confirmation, the order is automatically transmitted to the waiters 

and chefs, who initiate its execution. Consequently, the customer is able to monitor the 

order's status, ensuring that upon their arrival, the table will be prepared and the ordered 

dishes will be served in a timely manner. This reduces the waiting time for service to a 

minimum. Subsequent to the conclusion of the order, that is, following the completion 

of payment, the customer is presented with the option to provide a review. 

In an effort to curtail labor costs, restaurateurs are exploring the potential of artificial 

intelligence to automate a proportion of their ordering processes. However, the tech-

nological sophistication required for such systems to become commercially viable will 

likely require several years (Chipeva 2020; Averyanova 2024). Nonetheless, the 

preliminary absence of transparency may dissuade some restaurateurs. Nonetheless, as 

time progresses, a shift in perspective among restaurateurs regarding the utilization of 

AI for order taking is plausible. 

The primary benefits of incorporating a chatbot into the restaurant industry can 

be categorised as follows: 

- each restaurant has its own sales channel, with detailed information regarding 
the products that are offered; 

- orders are accepted via a number of sales channels, including prominent social 
media platforms such as Facebook Messenger, Viber and WhatsApp, the 

restaurant's own website, telephone and in-house digital menu.; 

- the utilisation of logistics for the purpose of food delivery to customers, as well 
as for restaurants with their own transport infrastructure, encompasses the 

implementation of a dispatching system and a mobile application (these tools 

facilitate the management of drivers, deliveries, working hours, and the 

identification of the shortest route); 
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In the contemporary business landscape, Artificial Intelligence and redefined 

business logic-based chatbots are emerging as the preferred technology solution for 

restaurant businesses seeking to enhance customer communication. 

 

3. Conclusion 

Consequently, the findings of the present study indicate that chatbots are 

currently employed in contemporary business practices. These programs are entrusted 

with the preliminary information regarding prospective customers, constituting the 

predominant approach for introducing bots within business contexts. Additionally, 

chatbots are employed in the promotion of products or services and the subsequent 

encouragement of purchases via email communications. Less commonly, chatbots 

function as technical support specialists or personal assistants. 

Nonetheless, should the restaurant choose not to utilize such "universal" 

technologies, it would nevertheless be obliged to adopt and further systematize its 

operations on the basis of the implementation of said technologies. Given the 

prevailing circumstances, it is imperative that restaurants employ such instruments as 

artificial intelligence to promote their services. 

The active use of this digital tool for various purposes indicates the high interest 

of companies in establishing quality, long-term, and modern business communications 

with customers. The role of chatbots in this communication landscape has already been 

delineated. It is anticipated that in the future, the role of bots will be further solidified 

and the array of tasks they are assigned will undergo expansion. 
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Abstract. In the context of accelerated digital transformation driven by global 

competition, pandemic shocks and technological innovations, the ability of 

organizations to assess and manage their digital maturity is becoming a critical factor 

for sustainable development and competitiveness. In response to this need, dozens of 

digital maturity models have been created over the past decade, targeting a variety of 

organizations ï from large corporations to micro and small enterprises (SMEs). 

Regardless of the methodological and thematic diversity, the many published models 

show a number of structural, applied and conceptual weaknesses that limit their 

effectiveness. This paper aims to highlight the main groups of problems contained in 

modern conceptual frameworks for assessing the digital maturity of business 

organizations. Addressing these issues will contribute to the development of more 

integrated, validated, and flexible models in the future 

Keywords: digital maturity models, analysis, digitalization, digital transformation 

 

1. Introduction 

In the dynamically changing digital era, the ability of organizations to assess and 

manage their own level of digital maturity is becoming not just a technological, but a 

strategic priority. Not only the digital transformation of companies depends on the 

effectiveness of this assessment, but also their long-term sustainability, adaptability and 

competitiveness. In this context, digital maturity models (DMM) play the role of a key 

tool for transformational supportШ(Capgemini Consulting 2021). 

The urgency of the problem also stems from the increasingly tangible need for 

dynamic and adaptive frameworks that reflect the complexity of the modern digital 

environment, including factors such as cybersecurity, artificial intelligence, open 

innovation and sustainability.  

The problem is particularly sensitive for SMEs, which represent over 99% of 

enterprises in the EU and play a key role in innovation, employment and regional 

developmentШ(European Commission 2023). However, a large part of the existing 

models are not tailored to their real capabilities and constraints. As a result, SMEs often 

rely on inappropriate tools, which leads to incomplete or inaccurate self-assessment of 

their digital readiness. The lack of a single taxonomy and methodological consensus 

makes it difficult to integrate maturity models into national and international digital 

transformation policies. This leads to incomparability across countries, sectors and 
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programs, limiting the possibility of establishing effective monitoring and support 

mechanisms. 

In this context, a critical analysis of the shortcomings of existing digital maturity 

models is not only justified, but also necessary. It is a prerequisite for developing more 

integrated, validated and flexible models that take into account both organizational 

specificities and the external context in which digital transformation takes place. Such 

reflection is a key step towards building realistic paths for digital business development 

in an era of constant technological change. 

 

2. Criteria for DMM selection 

The analyzed models, presented in table 1, were selected according to predefined 

criteria, namely: varied architecture, relevance, scientific value, methodological 

diversity, and clear model structure. 

 
Table 1. Digital Maturity Models (2021-2024) 

 

No. Authors / Source Year Model Name Brief Description 

     

1 Deloitte 2021 Enterprise Digital 

Maturity Model 

Corporate model for achieving 

digital transformation 

2 European 

Commission 

2024 Digital Maturity 

Assessment (DMA) 

Online self-assessment within 

EDIH; 6 key dimensions 

3 Senna et al. 2023 TOE-based model for 

Industry 4.0 

Digital maturity model based on the 

TechnologyïOrganizationï

Environment framework 

4 Noor & Kumar 2023 Automotive industry 

maturity assessment 

Applicable to the Indian automotive 

sector 

5 Laaber et al. 2023 Digital Maturity 

Inventory 

Behaviorally validated 

measurement tool 

6 Leonardo & Avila 2024 Capability Model for 

Customer Experience 

Maturity 

Model focused on customer 

experience 

7 Omol et al. 2024 A model for SMEs based 

on resource dependence 

theory 

Oriented toward the needs of 

developing economies 

8 Rossi & Mustaro 2022 eQETIC Maturity model for quality and 

ethics in digital education 

9 S§ndor & Gub§n 2022 Lifecycle-Based Model 

for SMEs 

Stage-based maturity model aimed 

at SMEs 

10 Schumacher et al. 2021 Industry 4.0 Maturity 

Model 

Maturity assessment model for the 

manufacturing sector 

11 Spremiĺ & Zentner 2022 Digital Business Model 

Maturity 

Focus on maturity of digital 

business models 

12 Williams et al. 2024 Interaction-Based 

Digital Maturity Model 

SME-focused model emphasizing 

stakeholder interactions 
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1). Varied architecture - modelsШfor business digitalization can be presented in 
three main groups depending on their architecture (fig.1): 

 
Figure 1. Modelsô architecture 

 

- Traditional, hierarchical models for digital maturity require linear and sequential 

progress from one level to the next. Therefore, they do not correspond to the reality in 

which organizations often develop some digital competencies quickly, while lagging 

behind in other key areas. An example of this is the model by Schumacher, Erol & Sihn 

(2021) for ñIndustry 4.0 maturityò uses six hierarchical levels, starting from 

computerization and reaching adaptability. The model includes four main dimensions: 

resources, IT systems, organizational structure and culture. For each dimension, a 

development path is defined that must be traversed linearly. 

- Evolutionary maturity models view digital transformation as a continuous and 

adaptive process, rather than as a strictly ordered hierarchy of steps. They suggest that 

organizations can move through different states not always linearly, but according to 

external and internal factors. The model of S§ndor & Gub§n (2022) ï A Lifecycle-

based Model for SMEs ï presents digital maturity as a process going through phases 

analogous to the life cycle of the organization. This approach is particularly useful for 

SMEs, which do not always progress evenly in all aspects of digitalization. The model 

takes into account the dynamics of the environment and organizational resources that 

influence the speed and direction of development. 

- Capability-oriented models - digital maturity is determined by the presence of certain 

organizational, technological or other capabilities, without requiring a specific 

sequence. The model of Leonardo & Avila (2024) ï Capability Model for Customer 

Experience Maturity ï determines the maturity of organizations through their 

capabilities to provide a highly digitized customer experience. 

2). Relevance - all models were published within the five-year period (2021ï

2024). 
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3). Scientific value and publication environment - many of the included models 

have been published in reputable academic journals such as IEEE, Emerald, MDPI and 

ACM, or have significant citation contributions (Williams et al.). 

4). Methodological diversity - the table includes models based on Design Science, 

empirical studies, literature reviews, multiple methods, as well as policy and 

government frameworks (Deloitte 2021). 

5). Clear model structure - all models offer between 3 and 6 maturity levels, and 

clearly defined dimensions ï from culture and technology to ecosystems and security. 

 

3. Flaws in the main models for business digitalization 

From the analysis of the 12 models five main groups of limitations of DMM have 

been revealed.  

1). Limited validity 

One of the most common problems in the development and application of digital 

maturity models is the lack of methodological clarity. Many of the models do not 

sufficiently describe how the dimensions are constructed, what measurement scales are 

used, what are the weighting factors when aggregating results, nor do they present 

procedures for validating the model. Reliability tests are often missing, which 

undermines the scientific validity of the results. This creates difficulties in the 

reproducibility of the results and the application of the model in different organizational 

settings. The models of Noor & Kumar (2023), Leonardo & Avila (2024), as well as 

Laaber et al. (2023) show a similar weakness ï despite their interesting conceptual 

frameworks, they do not present in detail how the metrics used were validated. This is 

particularly problematic when using them for strategic planning and decision-making 

in real business environments. 

2). Overgeneralization and poor sectoral adaptability 

Another critical shortcoming of many current models is their limited ability to 

adapt to different industries and organizational contexts. Most DMM frameworks are 

built with the goal of universality, which leads to excessive generalization of 

dimensions without taking into account specific characteristics of certain sectors ï such 

as production processes in the industrial sector or ethically regulated practices in 

education. The models of Schumacher et al. (2021) and S§ndor & Gub§n (2022), for 

example, are industry-oriented, but difficult to apply to services. Conversely, models 

such as DMA (2024) and that of Hizam-Hanafiah et al. (2023) are overly general, 

making them ineffective in specific analysis of organizational progress. Universal 

questionnaires and static metrics cannot reflect the complexity of the digital 

environment, including cultural, legal and operational aspects. This leads to results that 

are difficult to interpret and of limited strategic value. 

3). Lack of strategic linkage to business outcomes 

One of the most serious limitations, especially when using DMM as a 

management tool, is the lack of linkage between maturity levels and specific business 

outcomes. Most models measure the current state using scales (e.g. 1 to 5), but do not 

show how a given maturity level affects productivity, cost-effectiveness, innovation 
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capacity or customer satisfaction. The models of Senna et al. (2023), Laaber et al. 

(2023) and Omol et al. (2024) offer structured dimensions, but do not provide a toolkit 

for quantitatively linking them to key performance indicators (KPIs). This makes them 

poorly applicable for making operational and strategic decisions. Stronger integration 

between the assessment of digital maturity and measurable results that can be tracked 

and used as indicators of return on investment in digitalization is needed. 

4). Complexity and limited access for small and medium-sized enterprises (SMEs) 

Existing models often require significant resources to implement ï both human and 

financial. They imply the presence of multidisciplinary teams capable of analyzing, 

interpreting and implementing the results. For SMEs, which usually have limited 

access to such capacity, this represents a significant barrier to use. Models such as that 

of Spremiĺ & Zentner (2022) or the eQETIC approach of Rossi & Mustaro (2022) 

involve complex methodologies that require training, specific software or consultancy 

support. In contrast, SMEs need simple, accessible and quick-to-implement tools that 

do not require deep expertise. This requires future models to offer online automated 

form that supports adaptability and scalability without additional costs. 

5). Lack of commonly accepted terminology and the presence of structural 

heterogeneity 

Different authors use diverse terminology for the same structural elements in the 

models: ñdimensionsò, ñaction areasò, ñpathwaysò, ñfocus areasò, ñdomainsò, etc. This 

leads to difficulties in comparing models and to a lack of a common language in the 

scientific and practical community. In the model of Williams et al. (2024) the concept 

of ñstakeholder interactionsò is used as a central axis, while Spremiĺ & Zentner (2022) 

work with business capacities (ñcapabilitiesò), which also encompass interactions, but 

within the framework of the business model. Thus, similar concepts are presented in 

different ways, without the possibility of easy integration or cross-analysis. The lack 

of commonly accepted terminology makes it difficult to use these models in 

comparative studies, as well as in the formulation of national or sectoral strategies for 

digitalization. 

 

4. Conclusion 

The comparative analysis of 12 contemporary digital maturity models outlines key 

structural and conceptual limitations that hinder their full use in organizational 

contexts. The most common weaknesses are grouped around five main axes: 

methodological opacity, overgeneralization, lack of commitment to business outcomes,Ш
lack of commonly accepted terminology, and complexity of implementation, especially 

for small and medium-sized enterprises. These limitations not only undermine the 

validity of the results, but also limit the transformative potential of the models 

themselves. 

Future developments need to focus on methodological clarity, empirical validity, 

contextual adaptability and strategic focus. There is a particularly pressing need to 

develop accessible, flexible and demonstrably effective models that can be applied 

across sectors, organizational scales and national contexts. Only in this way will digital 
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maturity models be able to fully fulfil their role as a tool for sustainable and results-

oriented digital transformation. 
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Abstract. -ШThis paper examines the conceptual development and shifting meanings of 
key terms in the digital discourse: digit, digital, digitization, digitalization, and digital 

transformation. By tracing their historical and linguistic evolution, the study illustrates 

how terms that initially held narrowly technical meanings have gradually acquired 

broader organizational and strategic significance. A clear terminological distinction is 

drawn between digitization, defined as the technical process of converting analogue 

data into digital form, and digitalization, which refers to the application of digital 

technologies to optimize and automate business processes. Importantly, the paper 

argues that digitalization should not be viewed merely as a transitional stage toward 

digital transformation. The study further critiques the frequent conflation and 

interchangeable use of these terms in academic and professional literature, which 

undermines conceptual clarity. It calls for a more nuanced and context-sensitive 

understanding of digital terminology, one that accounts for its socio-technical, 

organizational, and cultural implications in the broader process of digital evolution. 

 

Keywords: digitalization, digital transformation, industrial evolution, digital impact, 

classification, framework 

 

1. Historical and Conceptual Foundations of Digitization, Digitalization, and 

Digital Transformation 

Historical evidence shows that computational methods have existed since 

antiquity. The term digital, originating from the Latin digitus ("finger"), initially related 

to manual counting and gradually evolved to denote "number" or "digit." Appearing in 

English between the 12th and 15th centuries, digital was first used in mathematical 

contexts, later extending by the mid-20th century to signals and information storage in 

magnetic memory [8]. 

The concepts of digital, digitalization, and digital transformation have evolved 

significantly in scholarly discourse. Early technical usage, exemplified by Wilkinsonôs 

at al work on digital computers in industrial control, defined digital as discrete value 

processing [10]. The term digitization emerged mid-20th century, referring initially to 

analogue-to-digital signal conversion, later broadening in the 1980s to denote 

organizational technological modernization and enhanced competitiveness [2]. 
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Digital transformation was systematically conceptualized by Westerman as a 

fundamental organizational change leveraging digital technologies to create new 

business value and transform processes and models [9]. 

Together, these terms have expanded from technical origins to encompass strategic, 

economic, social, and cultural dimensions within organizational contexts. 

 

1.1.1. Digitization 

Digitization is widely recognized as the foundational technical process in digital 

evolution, involving the conversion of analogue informationðsuch as texts, images, 

or signalsðinto digital formats. This enables data to be stored, processed, and 

integrated across various digital systems and platforms, thereby extending its usability 

beyond the original context in which it was generated [6]. It is often viewed as a 

prerequisite to more complex organizational changes, as it provides the raw digital 

input necessary for further stages of digitalization and transformation. 

Several scholars reinforce this position by emphasizing digitizationôs limited scope. 

Legner et al. (2017) describe it as a technology-driven process that does not, in itself, 

lead to structural or organizational change but acts as a foundational step for 

digitalization and digital transformation [7]. Brennen and Kreiss (2016) similarly argue 

that digitization alters only the formatðnot the content or context of information, 

thereby serving as a narrowly scoped but essential stage in digital progress [1]. 

Henriette, Feki, and Boughzala (2015) support this view, noting that digitization 

focuses on content conversion without delivering strategic value on its own, though it 

remains a crucial enabler of subsequent innovation [5], [3]. 

Expanding on this foundation, Gong and Ribiere (2021) define digitization as 

the act of converting analogue information into digital form through the use of digital 

technologies. They highlight its importance as a source of digital data that underpins 

later efforts toward automation, process optimization, and strategic business 

transformation [3]. Collectively, these perspectives affirm that while digitization alone 

does not drive organizational change, it is an indispensable precondition for digital 

advancement. The cited discussion challenges the traditionally narrow view of 

digitization as a purely technical process with minimal organizational impact. While 

many scholars define digitization as the foundational act of converting analogue data 

into digital form, the text argues that this interpretation underestimates its 

transformative potential. Particularly in innovation-oriented organizations, digitization 

may unintentionally trigger changes in workflows, structures, and behaviours, thereby 

blurring the boundaries between technical implementation and strategic 

transformation. 

The argument is made that digitization, when viewed in isolation, is often 

stripped of its capacity to foster emergent innovation. However, contemporary business 

practices demonstrate that even the initial phases of digital adoption, such as cloud 

computing or collaboration tools can reconfigure operational models and 

organizational culture. Consequently, digitization should be seen not only as a 

prerequisite to broader digital transformation but also as a dynamic and sometimes 
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disruptive force in its own right. Understanding its role requires a more nuanced 

approach that takes into account organizational context and adaptability to 

technological change. 

 

1.1.2. Digitalization 

Digitalization is commonly conceptualized in academic literature as a socio-

technical process wherein digital technologies are integrated into existing operational 

systems to enhance efficiency, generate added value, and enable data-driven 

optimization. While it often builds upon the prior stage of digitization, the technical 

conversion of analogue data, digitalization represents a more complex and systemic 

process. It involves not only the automation of processes but also the reconfiguration 

of workflows and communications across organizational contexts [6]. The distinction 

between digitization and digitalization, though sometimes blurred in the literature, is 

emphasized in this study as essential for understanding the varying levels of complexity 

in digital evolution. 

Scholars offer nuanced interpretations of digitalization. Legner et al. (2017) 

focus on its role in optimizing internal operations through digital tools like ERP 

systems and document management platforms, arguing that it enhances process 

efficiency without fundamentally transforming business models [7]. Gong and Ribiere 

(2021) similarly present digitalization as the application of digital technologies and 

digitized information to improve existing processes, reinforcing its operational, rather 

than strategic orientation [3]. Henriette, Feki, and Boughzala (2015), however, position 

digitalization as a transitional process that can extend beyond internal optimization to 

enable business model changes and new value-creation opportunities over time [5]. 

Brennen and Kreiss (2016) provide a broader view, emphasizing how digitalization 

reorganizes institutional, social, and communicative practices, with implications that 

stretch beyond organizational boundaries [1]. 

Taken together, these perspectives underscore that digitalization operates on a 

continuum between efficiency enhancement and structural transformation. While most 

authors agree that its primary aim is to improve existing systems through digital means, 

they diverge on the extent to which digitalization reshapes organizations or society. 

Whether framed as an operational enabler [7], [3], a strategic transition [5], or a 

sociocultural shift [1], digitalization emerges as a critical phase in the broader trajectory 

of digital transformation. 

A clear distinction is made between digitalization and digitization, with all 

authors treating the former as a superordinate process. By examining digitalization 

through the lenses of process efficiency (Legner), social transformation (Brennen and 

Kreiss), and strategic readiness (Henriette et al.), the literature reveals a multi-

dimensional understanding. The proposed definitions form a progressive conceptual 

framework from digitization (technical process), through digitalization (process 

optimization), to digital transformation (strategic change). 

Nonetheless, some terminological ambiguity persists, with certain scholars using 

digitization and digitalization interchangeably, leading to semantic instability, 
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especially in translated and interdisciplinary contexts. Moreover, many authors tend to 

understate the innovative potential of digitalization, framing it merely as an 

optimization mechanism rather than a driver of new services, products, or behaviours. 

Lastly, although some mention societal change, the human factor such as cultural 

resistance, digital literacy needs, and workforce transformation receives insufficient 

analytical attention. 

While the reviewed sources provide a solid foundation, they tend to frame 

digitalization primarily as an intermediary phase or tool. In todayôs rapidly evolving 

technological environment, however, digitalization can be seen as a dynamic and 

sometimes disruptive force, capable of catalysing deeper organizational innovation and 

strategic transformation. 

 

1.1.3. Digital Transformation 

In contemporary academic and managerial discourse, digital transformation is 

understood as a comprehensive and strategic process that transcends the 

implementation of digital technologies alone. It involves the redesign of organizational 

structures, cultures, and business models to align more effectively with the evolving 

expectations of users and citizens. This transformation demands not only technological 

integration but also the development of new competencies, cross-functional 

collaboration, and a redefinition of value creation mechanisms across both public and 

private sectors. Importantly, it is not a discrete project but a continuous, interconnected 

series of digitization and digitalization efforts, aimed at fostering human-centred, long-

term organizational change [6]. 

Several scholars underscore the strategic depth and organizational scope of 

digital transformation. Legner et al. (2017) differentiate it from prior phases by 

highlighting its disruptive impact on established business logics and its orientation 

toward digital ecosystems, affecting not only operations but also products, services, 

and governance structures [7]. Brennen and Kreiss (2016) stress its role in reshaping 

not just organizational models, but also social interactions and value generation, thus 

indicating its far-reaching societal implications [1]. Henriette, Feki, and Boughzala 

(2015) describe digital transformation as a fundamental shift that enables sustainable 

competitive advantage through the integration of digital technologies into all 

dimensions of an organization [5]. Gong and Ribiere (2021) align with this view, 

emphasizing that digital transformation entails a complete reconfiguration of business 

models, organizational culture, and processes, with the strategic aim of generating new 

customer value and achieving long-term success [3]. 

Together, these perspectives frame digital transformation as a deeply strategic 

and transformative process, distinguished by its scope, complexity, and emphasis on 

sustained value creation. Unlike digitization and digitalization, which focus on 

technical and operational enhancements respectively, digital transformation 

necessitates a holistic realignment of the entire organization, supported by enabling 

technologies such as cloud computing, big data, IoT, and AI not as ends in themselves, 

but as tools for realizing systemic and innovative change.ШWhile digital transformation 
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is widely acknowledged as a strategic and comprehensive process, critical 

perspectivesðsuch as that offered by Gray et al. (2020) urge a more analytical 

approach to its conceptualization. Their work highlights the lack of a universally 

accepted definition, noting that the term is frequently employed as a buzzword across 

sectors to legitimize innovation initiatives, often without substantive alignment to its 

core meaning [4]. Through a semiotic and conceptual analysis, Gray and colleagues 

differentiate the termôs two elements: ñtransformation,ò seen as an ongoing, adaptive 

dynamic rather than a fixed process, and ñdigital,ò which is linked not only to specific 

technologies but to broader shifts in real-time data processing, automation, and 

knowledge generation with systemic implications. 

This critique reveals the context-dependent, fluid, and open ended nature of 

digital transformation, challenging its uncritical use in both academic and managerial 

discourse. The authors warn of the termôs conceptual dilution, whereby organizations 

apply it to initiatives lacking genuine transformational intent or scope, thereby 

fostering scepticism and undermining trust. They stress that the portrayal of 

transformation as a finite process fails to reflect the reality of continuous technological 

and organizational adaptation. In their view, transformation should be understood as 

evolutionary rather than episodic, a stance increasingly echoed in contemporary 

management theory that values agility and ongoing optimization [4]. 

Furthermore, Gray et al. emphasize that while digital technologies are central to 

transformation, they are not sufficient in isolation. The successful realization of digital 

transformation demands the integration of structural, procedural, managerial, and 

cultural changes within organizations. Their critique calls for a holistic, reflective 

approach that recognizes the interplay between technology and organizational context. 

Digital transformation, thus, emerges not only as a vehicle for innovation and 

competitive advantage but also as a contested and evolving concept that must be 

strategically planned and critically examined to retain its relevance and effectiveness 

in practice [4]. 

There is full consensus that digital transformation is more than technological 

innovationðit encompasses strategic, cultural, and organizational dimensions. It is 

widely accepted as a deep and comprehensive process that changes the way 

organizations operate, create value, and engage with users. However, discrepancies 

arise concerning the conceptual depth of the notion. While some authors [6]ï[3] focus 

on practical aspects (e.g., KPIs, competencies), others [4] question the very essence of 

the term. Views on transformation also diverge: some authors [7]ï[3] treat it as a 

purposeful strategy, while others [4] consider it more as an open ended, continuous, 

and at times illusory process. 

Most sources concentrate on the intra-organizational aspects, overlooking 

macro-level factors such as regulation, societal consequences, and environmental 

impact. Gray and Rumpe [4] correctly identify issues with the definition and the 

overuse of the term but do not offer a solution or clear alternative. 

Digital transformation should be understood not merely as a technological undertaking 

but as a multifaceted cultural, social, and political process. It is often invoked by 
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various stakeholders to legitimize organizational initiatives, some of which may lack 

genuinely transformative content. From this perspective, digital transformation is not 

a finite or linear process with a defined endpoint but rather an ongoing adaptationðan 

iterative alignment of technological capabilities with the organizational context and 

cultural nuances in which they are embedded. 

Accordingly, the notions of ñtransformationò and ñevolutionò are best viewed as 

complementary rather than contradictory. While digital transformation is commonly 

framed as a radical and disruptive shift, a more accurate depiction recognizes its 

evolutionary character, marked by gradual yet accumulative changes across structures, 

business models, and user experiences. As digital technologies continue to advance, 

each stage of this evolution reveals new opportunities for value creation, suggesting 

that digital transformation is a sustained, adaptive journey rather than a singular, 

strategic leap. 

 

2. Clarifying the Conceptual Boundaries 

A comparative analysis of the terms digitization, digitalization, digital 

transformation, and digital reveals substantial conceptual ambiguity, which 

undermines effective communication among scholars, practitioners, and policymakers. 

While these terms are frequently used in academic and professional discourse, they are 

often applied inconsistently or interchangeably, leading to confusion and impeding the 

development of accurate indicators for assessing digital maturity and progress. The 

lack of definitional precision creates challenges for both theoretical clarity and the 

practical design of digital initiatives. 

Digitization refers to the technical process of converting analogue information 

into digital formats, without necessarily modifying the structure or function of existing 

systems. Digitalization builds on this by employing digital technologies to enhance the 

efficiency and accuracy of existing processes, typically within established 

organizational frameworks. In contrast, digital transformation signifies a more 

fundamental reconfiguration involving strategic, structural, and cultural changes, 

driven but not determined by technology. The term digital used adjectivally (e.g., 

digital skills, digital workplace), functions as an umbrella label to denote the influence 

of digital technologies across various domains, though its analytical usefulness is 

diminished when not clearly defined within a conceptual framework. 

These concepts are best understood as interrelated and layered rather than strictly 

sequential. Digitization enables digitalization, which in turn can lay the groundwork 

for digital transformation. However, the realization of each stage depends on a complex 

interplay of organizational, technological, and socio-cultural factors. Recognizing the 

fluid boundaries and feedback loops among these terms is essential for developing 

nuanced models of digital change. For instance, clear distinctions are crucial when 

designing digital maturity frameworks or transformation roadmaps to avoid conflating 

record digitization with deeper strategic reform. Ultimately, conceptual precision and 

contextual sensitivity are vital for both academic rigor and the practical success of 

digital innovation efforts. 
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Abstract. The uniformity of the GDP growth rate in Southeast Europe for the periods 

2021ï2024 and 2010ï2020 is examined using the authorôs Steady Median Index (ST-

MEI) (2 Ĭ Average ī Median). The comparison of Bulgaria, Croatia, Greece, Hungary, 

Romania, and Serbia demonstrates the masking of instability through the Average 

growth rate. Bulgariaôs leadership is characterized by unprecedented uniformity (ST-

MEI = 15.79) and a low Coefficient of variation. The concept of ñuniformityò as the 

ñBulgarian advantageò is argued from the perspective of social distribution and 

reduced corruption pressure, confirmed through the ST-MEI, as the most successful 

management of the economy in the last 35 years for the period 2021ï2024. 

 

Keywords: index, steady, median, rate, GDP, current, prices, product, advantage 

 

1. Introduction 

During the 44-year period of observation from 1980 to 2024 (Fig. 1) of 

Bulgariaôs Gross Domestic Product (GDP), a level achieved in 1989 becomes evident, 

followed by a sharp decline and then a return to the 1989 level after 30 years ï in 2019. 

In fact, this represents a tragedy ï 30 years of stagnation in the development of the 

Bulgarian economy. The remarkable success in GDP growth from 2021 to 2024 must 

be analyzed in depth in order to serve as an example for future development. 

The global and regional economy during the period 2021ï2024 went through a series 

of unprecedented shocks ï from post-pandemic recovery and disruptions in supply 

chains to the energy crisis and high inflation. In this complex environment, the 

economies of Southeast and Central Europe demonstrated different levels of 

adaptability and resilience. (BŁrbieru 2023) 

The present study aims to analyze and compare the performance of Bulgaria and 

its direct competitors in the region: Croatia, Greece, Hungary, Romania, and Serbia. 

The focus of the research is placed on two key aspects of economic development: the 

level of GDP and the uniform rate of its growth, which accurately reflect the quality of 

economic governance. 

The central thesis of the analysis is that despite differences in absolute values, 

Bulgaria possesses a specific strategic advantage expressed in the exceptional 

uniformity of its GDP growth rate as an effective economic quality. Through the 

application of statistical methods and comparative indices, it will be demonstrated that 

the Bulgarian model manages to avoid the sharp economic amplitudes (volatility) 

mailto:vstanch@tu-sofia.bg
mailto:vl.l.stantchev@gmail.com
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typical of neighboring countries, while simultaneously maintaining a stable trend 

toward reaching average European levels. 

 

Fig. 1: Bulgaria's GDP (current prices, billions of dollars) 2019 (68.6). In the graphШ30 years to  

achieve success 1989 (GDP=67.8). By the author, based on IMF GDP data, 2025. 

 

The search for and comparison of ñuniformityò in the percentage growth rate of 

GDP per capita at current prices during the period 2021ï2024 is motivated by the idea 

of highlighting a good example of the most important quality in the management of the 

economy. 

To measure the growth rate of GDP per capita at current prices, the difference 

compared to the previous year is calculated as a percentage of the value of the previous 

year. To study the uniformity of the growth rate, a new effective indicator ï the Steady 

Median Index (ST-MEI) (Fig. 2) ï has been developed and is also presented graphically 

through results (Fig. 3). 

2. Exposure 

The research and results from the comparison of the level and uniformity of GDP 

per capita growth will be carried out on the basis of data (Fig. 2) at current prices from 
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2010 to 2020 for Bulgaria, Croatia, Greece, Hungary, Romania, and Serbia. (IMF 

2025) 

Some advantages of evaluating the level and uniformity of GDP growth rates 

using current price data compared with evaluation through real GDP data are valid, 

such as: 

Reflection of inflation: GDP at current prices takes inflation into account, 

allowing a better understanding of the real purchasing power of the economy and the 

impact of price changes.  

Economic activity: Measuring GDP at current prices can provide information 

about the current state of economic activity by reflecting how the prices of goods and 

services change. 

Level of investments and expenditures. Comparisons between periods. 

Understanding structural changes that are less visible through real GDP. 
 

 

Fig. 2: Data on Bulgaria's advantage in the uniformity of the GDP per Capita growth rate at  

current prices in the period 2010 - 2020. By the author, based on IMF GDP data, 2025. 
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Observation of the data presented in the graph (Fig. 3) directed the research toward 

seeking results through an evaluation of the uniformity of the growth rate using four 

indicators: 

Average growth rate (Average) ï for observing the tendency of the long-term 

trend without accounting for uniformity. Used only for comparison. 

Median (Median) ï for observing the tendency of the long-term trend without 

accounting for uniformity. Used only for comparison. 

NEW: Steady Median Index (ST-MEI) (2 Ĭ Average ī Median) ï combining 

the doubled average growth rate and the median in order to represent the uniformity of 

the GDP growth rate through a correction from additional averaging through the 

influence of the median. This index accounts for asymmetry in the distribution of 

growth rates. A higher value indicates more sustainable and stable growth. This is a 

new indicator created specifically to convincingly achieve the objective of the present 

research. 

 
Fig. 3: Graphical representation of Bulgaria's advantage in the uniformity of the GDP per Capita 

growth rate at current prices in 2010 - 2020. By the author, based on IMF GDP data, 2025. 

 

The quality of the index is supported by corresponding results through the 

Coefficient of Variation. The formula helps in evaluating uniformity. If the average 

value is significantly greater than the median, this means that there are significant 

upward deviations in some numbers, which is a sign of unevenness. When the two 

values are close, the series is more evenly distributed. 
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Doubling the Average in this formula strengthens the difference between the average 

value and the median, making deviations in the distribution more visible and thus 

reinforcing the value of the index. This is an authorial method for weighting averages 

relative to medians in order to isolate statistical deviations. 

Coefficient of Variation (CV) (STDEV.P / Average) as a direct measure of 

relative dispersion (for non-negative characteristics) (a lower value indicates less 

dispersion). This is the ratio of the standard deviation to the arithmetic mean and is an 

appropriate indicator for evaluating the uniformity of GDP growth rates over a given 

period. It expresses the standard deviation as a percentage of the mean value and allows 

comparison of fluctuations between different data sets regardless of their units. A 

higher CV indicates greater fluctuation in annual growth rates, while a lower CV 

indicates more uniform growth. The standard deviation (STDEV) is the square root 

of the variance and shows the average deviation of values from the mean in the same 

units as the original data. The standard deviation is more intuitive because it is 

expressed in the same units as the growth rate and shows how strongly the annual rates 

vary.  

 

 
Fig. 4: Data on Bulgaria's advantage in the uniformity of the GDP per Capita growth rate at current 

prices in the period 2021 - 2024. By the author, based on IMF GDP data, 2025. 
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For the period 2010ï2020 (Fig. 2), Bulgaria ranks first  in the main indicators (ST-MEI 

= 4.41%) and (CV = 1.90%, the lower value indicates less dispersion), as also shown 

in the graph (Fig. 3). 

The results of the present study on the level of uniformity of the GDP growth rate for 

the period 2021ï2024 (Fig. 4) show remarkable consistency in the Steady Median 

Index (ST-MEI = 15.79%), in which the median is used to correct the average GDP 

growth rate, and the Coefficient of Variation (CV = 26.17). 

In the graph, the Bulgarian advantage in the persistent tendency of uniform GDP 

growth during the period is clearly visible (Fig. 5). 

 

Fig. 5: Graphical representation of Bulgaria's advantage in the level and uniformity of GDP per 

Capita growth rate at current prices for 2021 ï 2024 compared to Croatia, Greece, Hungary, 

Romania and Serbia. By the author, based on IMF GDP data, 2025. 

 

The Bulgarian advantage in the results of the study of the level of uniformity of 

the GDP growth rate for the period 2021ï2024 is expressed in first place in 3 of the 

four indicators  (Fig. 4) and is nearly four times greater than in the previous period 

2010ï2020 (Fig. 6). 

 

3. Conclusion 
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The conducted comparative analysis of economic dynamics in the region for the 

period 2021ï2024 compared with 2010ï2020 (Fig. 6) confirms the thesis of a specific 

ñBulgarian advantageò, expressed in: 

Proven effectiveness of the Steady Median Index (ST-MEI) 

The proposed new indicator ST-MEI = 2 Ĭ Average ī Median establishes itself 

as a more precise tool for assessing economic health compared with the traditional 

average growth rate. While averages may be distorted by isolated peaks (as observed 

in Serbia and Romania), ST-MEI objectively identifies countries with predictable and 

structural progress. Bulgariaôs leadership with an index of 15.79% (compared with 

4.41% in the previous decade) is mathematical evidence of a transition to a new 

qualitative stage of development (Fig. 6). (Leogrande 2022)  

Structural resilience against external shocks 

Bulgariaôs high ST-MEI in conditions of global crises (energy, logistics, and military) 

shows that the Bulgarian model has acquired internal momentum that does not depend 

on random market fluctuations. The lowest coefficient of variation (CV = 26.17%) 

confirms that the risk of sharp economic collapses has been minimized. 

 
Fig 6: Graphical representation of Bulgaria's advantage in the level and uniformity of GDP per 

Capita growth rate at current prices for 2021 ï 2024 and 2010 ï 2020 compared to Croatia,  

Greece, Hungary, Romania and Serbia. By the author, based on IMF GDP data, 2025. 

 

Economic logic of institutional changes 

The argued ñincrease in the social distribution of GDPò and the reduction of 

corruption pressure on public resources have a direct economic expression. When a 

significant share of GDP ceases to be diverted to a narrow circle of entities through 

corrupt schemes in public procurement, these funds flow more evenly into economic 
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circulation. This leads to a ñsmoothingò of the growth rate and an increase in median 

consumption, which the new ST-MEI index captures precisely through the 

convergence of the average and median values. 

 

Prognostic value 

The Bulgarian advantage is not merely a statistical fact but an indicator of real 

convergence (catch-up). The achieved uniform stability guarantees predictability, 

which is crucial for attracting long-term investments with high added value. 

The Bulgarian advantage in the economic model for the period 2021ï2024 

demonstrates the social distribution and non-corrupt transparency of public 

procurement, expressed through the new Steady Median Index (ST-MEI)  of GDP 

growth (Fig. 1), as a proven goal and a powerful driver of macroeconomic stability in 

the socio-economic governance of Bulgaria over the last 35 years. 
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Abstract. The scope of this scientific article is threefold: firstly, to show the importance 

of e-solutions for the electrification of the car market, secondly to display the current 

situation of electric cars in Germany, and thirdly to derive recommendations for a 

unification of required e-technology. The number of cars is growing more rapidly than 

the number of charging stations. But another severe problem is inherent: a variety of 

suppliers with a multiplicity of e-technologies for activation of the charging station. 

The results of this research were matched into a solution for suggestion.  

Keywords: e-solutions, charging, access, electric cars, technology, electrification. 

 

1. Introduction 

The subject of this paper are e-technologies that can provide access to charging 

stations for electric cars. Many companies are still looking for adequate e-technologies 

for this interface. So far, there is no unified interface and access technology for the 

activation process neither in Germany nor in Europe. There is a vast variety of utilized 

e-technologies, methods, processes and applications for identification, access and 

invoicing & payment in the market. The variety and complexity keep potential 

customers away and lead to frustration and trouble of users. The vexation is 

exponentially rising as more electric cars need charging on long distance rides with 

new destinations and always changing access technologies. 

The purpose of this empirically based study is to show specific problems and 

challenges of introducing e-solutions, which are based on technological as well as 

customer-oriented requirements. The methods used are empirical, theoretical and 

analytical. It included a profound literature review, examining relevant and applicable 

e-technologies for charging. The core of the analysis was an internet-based 

questionnaire to investigate the opinion of users and potential users about requirements 

and preferences about e-solutions for charging access. The basic thesis of this paper 

can be stated that there are too many various e-technologies in use. Potential customers 

are confused and will be discouraged from buying an electric car. Users of electric cars, 

who badly need electricity, will be disappointed and they spread discontent. 

To support the goal of the European Commission to reduce net greenhouse gas 

emissions by at least 55% by 2030 compared to 1990 levels (EU Commission 2025), 
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it is important to eliminate all hurdles, which prevent this goal from being achieved. 

Considering that the transport sector is very critical. 

For the time being there are further drawbacks, which can lead to a rejection of an 

electric car: relatively high acquisition cost, still low range of the battery and too few 

charging stations, additionally to the difficulties with the access to the charging station 

with the car in use. The activation process and the invoicing for electrical power are 

often linked and cannot be chosen separately. Charging stations in parking garages for 

example have to be operated with the parking ticket. When leaving the garage, both 

fees for parking and charging must be paid with that ticket (Weemaes 2025). Even 

when there is the same system installed in the outdoor area, the users cannot use the 

same identification issue (user card) in another area or municipality. A uniform and 

compatible standard is missing and the ease of use of the different installations is not 

provided. On a long road trip through Germany or even Europe, many different systems 

with different e-technologies for identification processes and debt collection with 

various devices or online registration requirements must be used and managed. In 

doing that, the user remains in uncertainty whether he has got the cheapest offer. 

It can be stated that there are many different types of e-solutions for activation in use 

(Weemaes 2025). A description of operation principles will be outlined in Chapter 2. 

The variety of activation solutions described above is confusing and rated negatively 

ad adversely by most customers. 

Taking this disadvantageous variety of e-technologies for charging into account, 

the following working hypothesis can be derived: There are too many different e-

technologies and proprietary dependencies offered by the suppliers of electricity. There 

is no unified standard for the time being. This represents a big obstacle for the diffusion 

of innovations (Hofbauer et al. 2009), in this case of electric cars. The problem 

appeared, because all the providers try their best to introduce their own standard and 

implement their own systems in their region. But no one is thinking out of the box and 

takes customersô view into account. There is no study published yet about the needs, 

wants and preferences of the customers how to charge their electric car. From the point 

of view of a customer the charging process must be quick and easy, as they are used 

from tanking up at the gas station for cars with combustion engines. Coming from this 

expectation and realizing the vast variety of e-solutions in use, the customers show 

disappointment and frustration, when they need electric power. These troubles will 

arise as more and more electric cars are on longer distance rides and variety, 

respectively incompatibility, increases. 

Regarding to this unsatisfactory situation, the basic question of research is 

phrased like this: Do users have a preferred e-solution for the activation process of 

charging stations and what are the basic requirements for this solution? To answer this 

question, a qualitative and empirical quantitative research was executed. 

A qualitative research method was used for the screening of the most common 

authentication technologies. They will be introduced in brief in chapter 2.1. 

The empirical quantitative research was used to obtain an overview of the 

preferences of potential users of charging stations. The outcome will be shown in 
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chapter 2.2. Since there are no published studies of this kind, primary research was 

done to collect user data for this purpose. In contrast to qualitative methods, these 

quantitative methods aim to quantify the outcomes and to generalize the results of the 

sample to the relevant population (Kreis et al. 2024). The scope here is to find and 

analyze the desires of the whole population. A standardized questionnaire, which 

follows a fixed scheme, served as the survey instrument. It was distributed online to 

the invited participants. The participants did not have the possibility to skip individual 

questions without discontinuing the questionnaire.  

The population, whose opinion on the activation methods was under research, 

consists of all citizens of the Federal Republic of Germany with a valid driver's license 

for passenger cars. The number of these people was about 58 million (VuMA 2024). 

Since it is not possible to ask the entire population about their wishes within the scope 

of this research, a random sample of them was used. The subjects were contacted 

online. In this proceeding, the survey was distributed through different channels to 

contact quickly many people.  

The poll-pool.com website (Abel & Burkart 2019) served as one of the channels. 

Surveys can be shared on this platform. Other users can participate in the shared 

surveys. The incentives for participating on other surveys is the possibility to have 

more respondents in oneôs own survey. Additionally, the poll was published in the 

GoingElectric online forum (GOINGELECTRIC). Most contents of the forum posts 

are electric vehicles and related topics.  

The survey contained 17 questions, which were divided thematically into five 

groups. The first question was about holding a driverôs license as an admission 

requirement for the survey. The respondents were asked to rate activation methods and 

the relevance of some features on a scale, as well as a combination of both. The 

respondents had also to choose between different characteristics, which they would 

prefer more than others. Lastly, questions are asked about the demographics of the 

subjects. These include age, gender, purchase price and annual mileage of their own 

vehicle, but also the size of the city, where they are living. 

In total 564 people participated, and 412 participants fully completed the 

questionnaire. To evaluate the survey results in representative way, a confidence 

interval of 95% and a sampling error of 5% are assumed. This leads to a necessary 

sample size of at least 385 subjects (Kreis et al. 2024). The number of valid 

questionnaires in the survey conducted as part of this work exceeds this value. Thus, 

the responses can be considered as representative in this aspect. 

 

2. Exposure 

This chapter is split up into two sub chapters. Chapter 2.1 will give an overview 

of the most common e-solutions in use and will describe the core characteristics. 

Chapter 2.2 will provide the outcome of the empirical study about the preferences and 

required functionalities. 
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2.1 Research on e-technologies 

 

There are many e-solution available and broadly used today as activation 

methods. Some of these technologies are RFID, Charging Card, Bank Card, RFID Key 

Fob, Smartphone Apps, SMS, Hotline, Websites, Parking Ticket, Plug & Charge. 

RFID cards store the data appropriate for the charging station and can be read by 

readers matched to the charging station. Charging cards are often used for this purpose. 

These are similar in size and shape to credit cards (Rankl & Effing 2018). As soon as 

the cards are held to the reader, the charging process will be started, and the necessary 

data can be read (HILLE 2025). This process is like contactless payment at the 

supermarket. RFID chips are also often integrated in key fobs (MEATRIX 2025). A 

similar technology called near field communication (NFC) is often used in wearables 

(MEATRIX 2025). They contain also a chip, which can be coded. This is often used by 

smartwatches to replace traditional bank cards (GISEKE & DEVRIENT 2025) 

Smartphone Apps are also used to activate the charging function. A QR-code can 

be scanned at the charging station, which signalizes the charging request at the charging 

station (VERTI 2025). It is also theoretically possible to use the NFC chip in the 

smartphone to activate the charging station in the same way as the RFID card, including 

the identification and transaction process (VISA EUROPE 2025). The traditional use 

of the SMS and telephone can also be used to activate the charging station. To do this, 

the user writes an SMS, scans a QR code or calls a Hotline noted on the charging 

station. Then, the user receives a code that must be entered for charging, which then 

unlocks the charging station (Weemaes 2025). 

The use of Websites is sometimes also offered for the activation of charging 

stations. The handling is only slightly different from the Apps, with the difference that 

the respective web page of the provider has to be opened manually in the web browser 

(Weemaes 2025). Parking tickets combine the invoicing of parking fee and fee for 

charging. 

Plug & Charge relies on a control unit installed in the vehicle to activate charging 

stations. The only thing drivers have to do, is to connect the car to the charging station 

with a charging cable. The vehicle then sends the necessary data to the charging station 

itself. Additional confirmation or other steps as with other methods are normally not 

necessary (Weemaes 2025). The ISO 15118 was created as a standard for the 

communication between the car and the charging station. It unifies the data protocol 

and ensures data safety (Spanheimer 2020). The requested data are stored in the car 

when the customers have registered at a charging station operator (HUSS 2021). 

There are other potential e-solutions for authentication, which are not yet used 

for charging stations, but are used in other contexts like the previously described 

smartwatches. They can be possibly adapted to the usage for charging stations. 

However, the advantages and disadvantages of these methods must be evaluated. 

For example, there is the possibility of a definite identification using 

personalized login data, which must be assigned by the charging station operator. A 

code scanner for authentication (CASPER 2025) is another possibility to get access. 
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The user's individual code uniquely authenticates the user at the respective charging 

station. 

Further on there are e-solutions, which use biometric features to enable a definite 

personal identification (KASPERSKY 2021). These can include fingerprints, facial 

features or the retina of the eye (CONPLORE 2025). For this purpose, a respective 

scanner must be installed at the charging station.  

Biohacking is another e-solution for activation of charging stations. It involves placing 

a microchip under the skin, e. g. in the hand. Today, many people use such chips for 

payment or to lock and unlock their homes. Since it works like RFID, there is no 

technical objection to using it in the same way as charging cards and similar solutions 

for charging authorization. But it is not transferable (NORTON 2025).  

 

2.2 Empirical research on e-solutions 

 

The data of the completed questionnaires were analyzed in various directions 

and combinations and dependent on segments. The most interesting outcomes will be 

described and show in the following. 

The first analysis was about the preferences of required properties of the 

respondents. The scale was from 0 to 10, the higher the better. The results of the rating 

and relevance of features can be seen in figure 1. Fast activation in terms of time was 

rated as most important. The handling simplicity was rated equally.  

 

 

Figure 1: Preferences on Properties of e-solutions for charging (own work) 

 

The overall rating of selected e-solutions is displayed in figure 2, where Plug & 

Charge was rated most preferable.  

Table 1 (own work) shows the results of the overall rating in the first column. 

These results were split up the three segments a) ñPetrol, Diesel & Gasò, b) Hybrid & 
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Battery Electric Vehicle and c) ñno own carò. The quantitative results show that the 

overall rating was nearly the same by comparison of the segments of respondents, who 

belonged to a) combustion cars, b) electric cars, and c) no car owners. 

 

Figure 2: Overall Rating of E-Solutions (own work) 

Table 1 Overall Rating of E-Solutions 

 
 

Since there appeared a high level of similarity in the scores across the three 

segments, the scores were tested for correlation. The Pearson correlation coefficient 

(PCC) was 0,942914 between a) and b) and was 0,977415 between a) and c). The value 

was in both cases higher than 0,9, and this means that there is a strong dependency 

between the respective expressions. It can be stated that the respondentô valuations are 

independent of their vehicle status. The calculations between groups by purchase price 

and annual mileage were analyzed the same way and there was a PCC above 0,9 in 
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both cases, too. Summing up, these results show that the evaluations of the respondents 

are independent of the drive type of their vehicles, mileage and purchase price. Thus, 

all data are meaningful and can be used for the analysis and the yield of this study. 

Table 2 (own work) showcases the combination matrix of activation methods under 

observation on the one side and the most important properties on the other side. 
 

Table 2 Combination Matrix 

 
In this case, the respondents had to judge the degree of fulfillment of the properties 

over the respective activation method. Table 2 shows the absolute numbers of votes for 

each property. It can easily be derived, that Plug & Charge (slightly grey background) 

has the highest scores over all properties, followed by Charging Card and RFID Device. 

A further analysis revealed that also these answers are independent of the segments 

under research. 

 

3. Conclusion 

It can be stated that the underlying working hypothesis can be confirmed. There 

are too many e-solutions for the activation of the charging stations for electric cars. The 

variety and complexity of the activation process is not aceptable and cause discontent, 

frustration, anger and reluctance to buy electric cars. In order to support the 

decarbonisation goal of the EU Commission, all stakeholders should be interested in 

supporting electromobility. There are many obstacles to overcome. The most important 

problems arise from high purchase prices for electric cars, low reaach because of 

limited capacity of battery, too few charging stations especially in Germany and an 

obscure, nuclear, incompatible and non uniform variety of e-solutions for the activation 

of the charging stations. Transparency to the last issue is provided in this article. Finally 

the users and potential customers were asked about preferences and requirements with 

regard to charging activation. A solution to overcome this obstacle can easily be 

derived. The Plug & Charge solution was rated best and is rated far above all other 

solutions under research. The question of research can be answered clearly towards the 
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Plug & Charge solution, which also fulfills the all requirements at the highest level. A 

satisfactory customer-oriented solution can be designed on the basis of these results. 

This solution is already defined in may aspects by the ISO 15118 standard, which 

creates an unified interface for the communication options between the charging 

stations and the vehicles to be charged. 
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Abstract. The article presents an approach for studying of the responsibility of 

stakeholders in the management of forests for their ecological, socio-economic and 

political development. The results obtained by the support of BIOCONSENT Project 

made it possible to establish management attitudes of stakeholders and to develop 

preliminary scenarios in the field of forest policy and management for the purpose of 

supporting decision-making processes in the field of biodiversity: Scenario 1: 

"Environmental sustainability first"; Scenario 2: "Economy and environment are 

balanced" ("Low-carbon green economy"); Scenario 3: "Economic development first". 

Behaviour, behavioural changes and their drivers have been studied based on meetings 

with stakeholders where these scenarios were discussed. In the article are presented the 

adapted and refined scenarios for Bulgaria for the purpose of using them to develop 

modelling rules. 

Keywords: Behavioural responses, Biodiversity, Decision-making principles, Forest 

management, Scenarios, BIOCONSENT Project. 

 

1. Introduction 

Biodiversity and ecosystems degradation continue at an alarming rate in global 

level, especially in forest ecosystems that are harbouring 80% of terrestrial biodiversity 

worldwide (Ali et al. 2024, Bratanova-Doncheva&Gocheva 2020, Dorado-Li¶§n et al. 

2022, Durham et al. 2014, European Environment Agency 2019, European 

Commission 2020, Filchev et al. 2021). However, ambitious conservation and 

restoration targets (Bailey et al. 2023, Baldwin-Cantello et al. 2023, Kachova et al. 

2018, Panayotov et al. 2016, Sabatini et al. 2020, Stoev et al. 2022, Van Allen et al. 

2017, Zhelev & Aneva 2019) are not enough to change the current global trend. Strong 

socio-ecological and policy related interdependencies exist between different goals 

relating to biodiversity, forests, climate and water, and global biodiversity goal 

achievement presupposes coherent policy frameworks at the international, national and 

local levels. 

The article presents an approach for studying of the responsibility of 

stakeholders ï owners and managers of forest lands ï in the management of forests for 

their ecological, socio-economic and political development. The results made it 

mailto:ipaligorov@abv.bg
mailto:ihivanov@abv.bg
mailto:st_kovacheva@abv.bg
mailto:elena_dragozova@abv.bg
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possible to establish management attitudes of stakeholders and to develop preliminary 

scenarios in the field of forest policy and management for the purpose of supporting 

decision-making processes in the field of biodiversity. Behaviour, behavioural changes 

and their drivers have been studied based on meetings with stakeholders where these 

scenarios were discussed. In the article are presented the adapted and refined scenarios 

for Bulgaria for the purpose of using them to develop modelling rules. 

This research is a continuation of previous research which suggests that cross-

sectoral goal conflicts and failures to understand behavioural responses constitute 

major barriers to achieving desired forest biodiversity outcomes (Paligorov et al. 2014, 

Dragozova-Ivanova et al. 2016, Paligorov et al. 2023, Ivanov et al. 2025). The results 

for Bulgaria Case studies would made it possible to explore behavioural change 

required for achieving conservation and biodiversity goals and establish management 

practices and attitudes in the field of biodiversity assessing synergies and trade-offs 

between policies, targets and benefits at the biodiversity-forest-climate-water nexus. 

2. Methodoldgy 

A questionnaire, created by the BIOCONSENT Project (Decision-making 

Support for Forest Biodiversity Conservation and Restoration Policy and Management 

in Europe: Trade-offs and Synergies at the Forest-Biodiversity-Climate-Water Nexus), 

was applicated. Stakeholder mapping and policy network analysis at the national BG 

level was carried out by developing, testing and implementing a stakeholder opinion 

survey (Paligorov et al. 2023, Ivanov et al. 2025). The questionnaire was developed 

because of meetings with stakeholders. The answers of 221 respondents from Teteven 

municipality and Velingrad municipality showed their attitudes and opinions on the 32 

questions (Ivanov et al. 2025), aimed at current and future forest management practices 

in field of: cutting regime, thinning regime, tree species selection, regeneration 

methods, biodiversity improvement method and post-disturbances management; 

behavioural responses to current and future drivers by evaluation of influence of the 

policy, economic, social, technological and ecological factors; basic characteristics of 

respondents. The made it possible to establish management attitudes of stakeholders 

and to develop preliminary scenarios in the field of forest policy and management for 

the purpose of supporting decision-making processes in the field of biodiversity which 

are presented in the article. 

 

2. Exposure 

The policy scenario is actually a policy-driven scenario and will be used to 

model the final forest management scenario (Sotirov et al. 2024). Two different types 

of scenarios are being developed within BIOCONSENT: 

- policy scenarios developed based on data from project-related activities such 

as policy analysis, desk research, a survey and focus group in each country, 

meetings and discussions with experts and stakeholders. 

- forest management scenarios. 

These scenarios include agreed storylines for alternative end states in the future 

in about 30 years, including brief descriptions of how key drivers in different areas - 
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society, technology, economy, ecology and politics (STEEP) could develop in different 

directions between now and 2050. 

BIOCONSENT Project applies a combination of stakeholder-focused policy 

analysis and forest management descriptions, complemented by an analysis of 10-20 

years of political, economic and societal drivers and practices for forest management. 

This is complemented by an analysis of forest policy and management scenarios with 

a perspective (after 30 years) and trade-offs and synergies through forest modelling. 

The scenarios were developed with the following constraints: policy and driving 

scenarios at the European Union level, a 30-year time frame around 2050 in line with 

the objectives of the BIOCONSENT Project (Sotirov et al. 2024, Sotirov et al. 2025). 

and additional data sources: document analysis and policy analysis in the WP1 phase 

of the project at the EU level; STEEP driver synthesis; forest owner/manager survey. 

The scenarios developed include the following main features. 

Scenario 1: ñEnvironmental sustainability firstò 

In line with the EU biodiversity and forest policy strategies, as well as the EU 

legislation on nature, nature restoration, land use, land use change and forestry, 

ambitious EU and national policy objectives, including Bulgariaôs, for environmental 

sustainability and local forest management standards have been formulated. These 

include the effective protection of 30% of all EU forests in NATURA 2000 areas and 

other protected areas, including 10% of strictly protected forests and the effective 

protection of 5% of primary forests (separate management). Additional objectives are 

the restoration of 84% of all degraded forest habitats in NATURA 2000 areas per 

100,000 km2 to favourable conservation status. In the remaining 70% of EU forests 

outside protected areas, clear felling is prohibited and forest management close to 

nature is prescribed to maintain naturally regenerated native tree species, uneven age 

structure, standing and lying deadwood, species diversity and forest connectivity 

(integrative management). Disturbances in forests caused by climate change (e.g. 

drought, storms, fires, insects and pathogens) are usually considered as an intrinsic part 

of ecological processes. Standards in place to increase the resilience of forests to 

climate change prohibit clear felling to recover damaged wood and prescribe 

biodiversity-friendly practices such as mixed-age forests, natural regeneration and 

restoration, protected areas and forests without management impact. 

Scenario 2: ñEconomy and environment are balancedò (ñLow-carbon green 

economyò) 

To respond to an environmentally conscious but still consuming society and to 

support stable economic growth with competitive industries within its borders in the 

context of global competition with other faster developing world regions, the European 

Union, its Member States and Bulgaria are moving towards a low-carbon and green 

economy. Climate change is progressing towards an average temperature increase of 

more than 2ÁC in Europe. Political changes in national governments and EU 

institutions are leading to a change in governing coalitions from industry-friendly 

ñrightò conservative governments to liberal coalitions, as well as pro-environmental 

ñleftò social democratic and green political parties. These political, socio-economic and 
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environmental changes are leading to a common political priority at EU level for a low-

carbon green economy, increased renewable energy self-reliance and environmental 

protection. Driven by this, the EU and its Member States are striving to achieve the 

headline policy objective of the EU Green Deal and the EU Land Use, Land Use 

Change and Forestry documents to reduce carbon emissions by 55% by 2030 and 

carbon neutrality by 2050 in all industrial sectors, including the Land Use, Land Use 

Change and Forestry sector. They are also striving to achieve the legally binding targets 

of the EU Renewable Energy Directive of a 45% share of renewable energy in the EU's 

overall energy mix by 2030 and beyond. To meet the legally binding targets of the EU 

Biodiversity Strategy, the EU Forest Strategy and the EU Nature Restoration 

Framework, the EU and its Member States also aim to protect 30% of the biodiversity 

area and restore 90% of all degraded habitats, including in forests. Forest management 

is guided by shared responsibilities between the EU and its Member States through the 

application of a combination of regulatory and non-regulatory instruments. In order to 

combine economic and environmental policy objectives, a circular and 

environmentally sustainable forest-based bioeconomy in Europe is promoted through 

non-regulatory policy instruments such as knowledge, innovation and investment. In 

addition, circular use of wood from forest-based bioeconomy sectors is mandated by 

regulations. To contribute to climate neutrality and a low-carbon green economy, while 

meeting energy and biodiversity targets, forest management should sequester carbon 

in natural ecosystems that absorb it, such as standing and old-growth forests, in 

harvested wood products and bioenergy production as a substitute for fossil fuel energy. 

For climate change mitigation and adaptation, to achieve timber production and forest 

biodiversity targets, a combination of forest management approaches (e.g., TRIAD 

management approach, i.e. managing uncertainty in decision-making through the use 

of innovative data collection technologies and systematic planning techniques, 

segregation and integration) is partly recommended, partly prescribed. This includes 

policy actions taken to stimulate the transformation of single-age monocultures to 

mixed and mixed-age forests, large-scale reforestation and afforestation with native, 

exotic and genetically modified tree species, short rotation coppice and strictly 

protected forest areas (TRIAD approach). Economic support for these management 

options is provided by EU and national subsidies and market-based payment schemes 

for the provision of multiple forest ecosystem services ï carbon sequestration 

certification, habitat storage, eco-labelling and sustainable forest management 

certification schemes. 

Scenario 3: ñEconomic development firstò 

Due to increasing population growth, increasing market competition and 

unresolved security concerns at a global level, the EU and its Member States are 

shifting their policy priorities towards increasing energy, food and resource (biomass) 

production to foster socio-economic development and meet the growing consumption 

of an economically concerned society. Global climate change, the failure to address 

global industrial and environmental problems (including emissions from deforestation 

and forest degradation) and political shifts in national governments and EU institutions 
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towards industry-oriented ñrightò conservative and liberal political parties are leading 

to political priorities for economic policy purposes. EU wood imports are shrinking as 

tropical and non-tropical wood exports are being redirected to faster-growing and 

consuming world regions such as the BRICS countries (Brazil, Russia, India, China, 

South Africa, Egypt, Ethiopia, Iran and the United Arab Emirates). Due to these 

political, socio-economic and environmental changes, forest-related issues remain a 

key competence for national decision-making under the leadership of public authorities 

responsible for agriculture, forestry or the bioeconomy. Forest management is 

implemented through various national forest laws with only a few general obligations 

(e.g. maintenance of forest area, restoration of stocks after logging or damage from 

climate change, general guidelines for sustainable forest management without 

additional standards). The EU institutions provide financial and knowledge support 

through regulations, the EU directive and the EU strategy. EU and national economic 

incentives, including subsidies, tax breaks, voluntary market-oriented payments, free 

trade in the EU common market, are used to achieve the objectives of forest policy in 

support of local mobilisation, production and supply of wood. The aim is to support 

forestry and the use of wood, wood-based materials for renewable energy production, 

new textiles, food additives, chemicals, pharmaceuticals, cosmetics and other emerging 

industries that work together to use high-value woody biomass. The objectives of forest 

management policy are formulated in a legally non-binding way to meet the industrial 

needs of increased bioenergy production, growing wood-based industries and climate 

mitigation through increased carbon sequestration in harvested wood products and 

substitution effects from wood energy. In particular, intensive forestry activities are 

expected in 85% of all forests in Europe managed mainly for timber production. This 

includes clear-felling or protected wood with planting, salvage logging, management 

of coppice forests, even old forests, fast-growing plantations, exotic or genetically 

modified drought-tolerant tree species. These practices are encouraged to achieve 

forest biomass policy objectives and to address changes in forests caused by climate 

change (e.g. wind, fire, drought, insects, pathogens). Some biodiversity practices, such 

as laying and standing deadwood, retention of trees with low economic value in the 

habitats, are partially integrated in these 85% of managed forests (integrative 

management). On the remaining approx. 10% of all forests, outside of 5% of national 

parks and other strictly protected areas, active forest management takes priority over 

other tangible and potentially marketable forest functions, such as water and soil 

protection, e.g. 

 

3. Conclusion 

The study of behaviour, behavioural changes and their drivers is based on 

meetings with stakeholders, where the scenarios were discussed. The purpose of the 

meetings was to adapt the scenarios to the conditions in Bulgaria. 

The scenarios proposed for consideration have been refined with the aim of using 

them to develop modelling rules in the next stage of the project. 
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Scenarios adapted for Bulgaria are subject to discussion, further development, 

refinement and presentation in the next stage of publication of this part of the research. 
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Abstract. Synthetic biological intelligence (SBI) explores hybrid systems composed 

of living neurons and digital hardware, blurring the boundary between computation 

and cognition. By embedding cultured neurons onto microelectrode arrays, platforms 

such as Cortical Labsô CL1 and Dishbrain have demonstrated the capacity of living 

tissue to process information, adapt to feedback, and perform goal-directed tasks. This 

paper discusses the implications of SBI for neuroscience, AI, and philosophy, and 

outlines ethical and epistemological challenges surrounding artificial subjectivity. 

Beyond technical achievement, the analysis focuses on the ontological and 

epistemological consequences of embedding living cells into computational systems. 

It also examines the relevance of this technology to personalized medicine and theories 

of consciousness rooted in quantum biology and cellular memory. 

Keywords: biocomputing, AI, ethics, philosophy of medicine, personalized medicine, 

STHB 

1. Introduction 
The emergence of neuron-on-a-chip systems marks a new epistemological 

rupture in both the cognitive sciences and biomedical engineering. Technologies such 

as Cortical Labsô CL1ðwhere stem cell-derived neurons are interfaced with digital 

architecturesðchallenge the long-held Cartesian separation between mind and 

machine. The subject of Synthetic Biological Intelligence (SBI) necessitates an 

interdisciplinary investigation, where philosophy, neuroscience, and systems biology 

intersect. 

This paper critically examines the metaphysical assumptions behind SBI, the 

implications for personalized and precision medicine, and the emergence of "proto-

conscious" systems like Dishbrain. Particular emphasis is placed on the spiral theory 

mailto:radoslav.ginin@trakia-uni.bg
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of the human body and the microtubular basis of consciousness proposed by Roger 

Penrose and Stuart Hameroff. The work of Bruce Lipton is also invoked to explore how 

cellular intelligence and epigenetic responsiveness situate even the smallest biological 

units as semi-autonomous cognitive systems. 

 

2. Exposure 

2.1 Technological Foundations and Biomedical Potential 

Cortical Labsô CL1 system is the worldôs first commercially available biological 

computer. It cultivates living human neurons on a silicon substrate and connects them 

to external input/output systems via a proprietary biOS operating system. These 

neurons learn to perform goal-directed behaviorðsuch as playing the game Pongðas 

demonstrated in the Dishbrain experiment (Kagan et al., 2022). Using feedback 

mechanisms and microelectrode stimulation, neuron ensembles developed 

sensorimotor responses in the absence of a central nervous system. 

From a biomedical standpoint, the implications are enormous. The platform 

offers a biomimetic testbed for drug discovery, toxicology, and disease modelingð

removing the ethical and translational limitations of animal testing. Furthermore, in the 

context of personalized and precision medicine, neuron-on-chip systems could allow 

patient-derived cells to be cultured and subjected to pharmacological interventions, 

reflecting real-time neural reactivity and therapeutic efficacy. 

 

2.2 Ontology and Subjectivity of Artificial Systems 

The development of SBI reopens the ontological debate about subjectivity, agency, and 

consciousness in artificial systems. Can a neuron ensemble, cultivated and housed in 

silicon, possess proto-intentionality? The Dishbrainôs learning patterns suggest an 

elementary form of cybernetic intentionality, where goal-directed actions emerge not 

from programming, but from self-organization and feedback adaptation (Friston, 

2022). Philosophically, this recalls Aristotelian hylomorphism: form (neural structure) 

and matter (neurons) produce emergent qualities that exceed their components. 

Although Cortical Labs explicitly state their systems do not possess 

consciousness, the behavioral adaptation exhibited under structured stimuli suggests a 

level of responsiveness and coherence that warrants deeper inquiry. This invites a 

reevaluation of classical distinctions between ólivingô and ónon-livingô, ónaturalô and 

óartificialô. 

 

2.3 The Holographic and Spiral Body 

The philosophical implications extend into human embodiment. The spiral 

theory of the human bodyðsuch as that proposed by N. Pirovskiðemphasizes the 

fractal and dynamic organization of bodily systems. According to this view, each cell 

embodies the whole bodyôs informational structure in holographic form. Thus, a neuron 

cultivated in vitro retains the capacity to express systemic intelligence beyond its 

isolated state. 



ñéffШfŰƣĲƖŰċƣŔŸŰċũШÉĦŔĲŰƣŔǯĦШ9ŸŰŉĲƖĲŰĦĲШљEр]§éEÅ   9EШ  ?ШEр9§~~Ö f9 Ñf§ ÉњШ 
ыΞΟрΞΡЮΜΣЮΞΜΞΡЯШÉŸǍŸƓŸũЯШ7Öx] Åfь 

 

ΝΟΥ 
 

This holographic perspective aligns with developments in biophysics and 

epigenetics, especially in Bruce Liptonôs work. Lipton posits that the cell membrane 

functions as the brain of the cell, processing environmental signals and reprogramming 

gene expression in real time (Lipton, 2005). In this sense, neuron-on-a-chip systems 

are not merely simulating intelligenceðthey are expressing a scaled-down form of it. 

 

2.4 Consciousness and Microtubules 

One of the most radical frameworks for understanding synthetic neuron systems 

as proto-conscious comes from the Orchestrated Objective Reduction (Orch-OR) 

theory developed by Roger Penrose and Stuart Hameroff. According to Orch-OR, 

consciousness arises from quantum computations in microtubulesðcytoskeletal 

structures found within neurons. These computations are non-local, non-deterministic, 

and collapse through objective reduction, linking subjective experience to fundamental 

physics (Penrose & Hameroff, 2014). 

If synthetic neurons on a chip possess microtubular architecture (as they are 

derived from pluripotent stem cells), then it becomes theoretically possible that 

quantum-level conscious phenomena could be instantiated in these systems under 

specific conditions. Although speculative, such a hypothesis underscores the 

importance of not reducing neuron behavior to classical computation alone. 

2.5 Ethics, Autonomy, and Future Directions 

The ethical landscape surrounding SBI is complex. If future synthetic networks 

display increasing autonomy and behavioral coherence, questions arise: What moral 

status do such systems possess? Can they suffer? Who bears responsibility for their 

actions in clinical or cognitive experiments? These questions parallel those raised in AI 

ethics but are intensified by the biological substrate of these systems. 

From a medical perspective, SBI holds potential for revolutionizing diagnostics, 

neurotherapeutics, and adaptive prosthetics. For instance, bioengineered chips could 

dynamically interface with damaged neural circuits in stroke or neurodegenerative 

patients, forming personalized extensions of the self. 

 

3. Conclusion 

Synthetic Biological Intelligence is not merely a technological noveltyðit is a 

philosophical revolution. It redefines our notions of life, cognition, and agency. By 

integrating insights from neuroscience, philosophy of mind, and biophysics, SBI 

technologies like CL1 and Dishbrain prompt a profound reassessment of what it means 

to be intelligent or alive. 

Their relevance to personalized medicine is both practical and existential: if each 

neuron reflects the body as a whole, and if consciousness can emerge from cellular 

microtubular dynamics, then the boundary between biological selfhood and engineered 

systems begins to dissolve. In this twilight zone of synthetic life and cognition, a new 

philosophical anthropology must emergeðone that honors both the complexity of 

living matter and the plurality of its possible embodiments. 
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Abstract. Forests and forest areas in Bulgaria occupy 38.56% of the country's area. 

The ecosystem benefits and services they provide contribute to the health and well-

being of people in many ways, including by regulating surface water runoff, stabilizing 

soils, controlling erosion, purifying air and water, providing food and medicine for 

people and, last but not least, influencing the risk of disasters. They provide a secure 

livelihood for mountainous and rural areas, valuable raw materials for the economy, 

are of essential importance for tourism and sports, as a preferred place for recreation, 

entertainment and nature-friendly activities. This determines the relevance and 

significance of the study. To achieve this goal, it is necessary to solve research tasks, 

such as: to identify the public functions of forests; to analyze the implementation of the 

requirements for services of public interest; to analyze the national and European 

regulatory framework governing the financing of services of general interest; to 

develop and propose a mechanism for financing from the state budget the public 

functions/services performed by forests on the territory of state forestry enterprises. 

Keywords: forest public functions, ecosystem benefits and services, forest public 

financing. 

 

 

1. Introduction 

Forests and forest areas in Bulgaria occupy 38.56% of the country's area. The 

ecosystem benefits and services they provide contribute to the health and well-being 

of people in many ways, including by regulating surface water runoff, stabilizing soils, 

controlling erosion, purifying air and water, providing food and medicine for people 

and, last but not least, influencing the risk of disasters. They provide a secure livelihood 

for mountainous and rural areas, valuable raw materials for the economy, are of 

essential importance for tourism and sports, as a preferred place for recreation, 

entertainment and nature-friendly activities. 

Sustainable and multifunctional forest management is a key factor in the fight against 

climate change and reducing biodiversity loss. The diverse factors arising from the 

three key functions of forests - ecological, social and economic, require a long-term 

and balanced vision for their sustainable management, conservation and development. 
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Relevance and significance of the study. The relevance and significance of the study 

are determined by several main factors: 

1. the growing importance of forests, forestry and the forest sector for the 

economy of the Republic of Bulgaria, the need to stimulate, develop and impose a 

green or circular economy and the accompanying environmental, social and economic 

results. 

2. difficult and insufficient financing of the environmental and social functions 

performed by state-owned enterprises (SOEs) under Art. 163 of the Forestry Act (FA). 

3. contemporary problems of biodiversity conservation and the need to adapt 

forests to climate change require a more long-term, stable and secure approach to 

planning and financing the public functions of SOEs. 

The aim of this study is to develop a mechanism for financing from the state budget the 

public functions performed by the six state-owned forestry enterprises. 

To achieve the goal thus defined, the following tasks have been set for implementation: 

1. To identify the public functions performed by the state-owned forestry 

enterprises and analyze whether they meet the requirement for services of general 

interest; 

2. To study and analyze the national and European regulatory framework 

regulating the financing of services of general interest; 

3. To develop an exemplary mechanism for financing from the state budget of 

public functions/services performed by state forestry enterprises. 

To achieve the set goal and solve the research tasks, the methods of analysis and 

synthesis were used. 

 

 

2. Public functions performed by state enterprises 

The total area of forests and forest territories in the Republic of Bulgaria as of 

31.12.2023 is 4,280,137 ha, of which forested area (incl. coppice) ï 3,936,140 hectares. 

The area of forest territories is 3,953,595 ha (92.4% of the total area). Forest territories 

ï state property, managed by state enterprises under Art. 163 of the Forestry Act amount 

to 2,889,898 ha (73.09%). State forests managed by the Ministry of Environment and 

Water amount to 172,362 ha (4.36%), incl. reserves and maintained reserves ï 33,386 

ha, Rila National Park ï 53,480 ha, Pirin National Park ï 40,332 ha, and Central Balkan 

National Park ï 45,164 ha. State forest territories provided for management by 

Experimental Forestry Enterprises (EFFEs) amount to 11,269 ha (0.29%). 

The undertakings of the enterprises, which constitute public service obligations, are 

clearly defined and disclosed to the public, they are formulated in Art. 165, para. 1 of 

the Forestry Act as the main subject of activity of the enterprises. According to it, the 

main subject of activity of the state-owned enterprises under Art. 163 is: 

1. implementation of forest management plans for forest territories - state 

property; 

2. implementation of hunting plans in state hunting farms and in state forest 

farms; 
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3. implementation of maintenance and/or restoration activities in forest 

territories - state property, provided for in plans for management of protected areas; 

4. organization and implementation of measures for the protection of forest 

territories - state property; 

5. organization and implementation of anti-erosion measures; 

6. maintenance of the diversity of ecosystems and conservation of biological 

diversity in them; 

7. organization and assignment of design and construction in forests and lands 

in forest territories - state property; 

8. creation of new forests on agricultural lands; 

9. protection of forest lands - state property; 

10. provision and performance of public services. 

As has already become clear, the Forestry Act assigns a number of public, 

primarily environmental and social functions to state enterprises in the management of 

forests as a priceless renewable natural resource. The leading and primary obligation 

of state forest enterprises is precisely the management of forests - state property, in the 

public interest and good, while maintaining an effective balance of the economic, social 

and environmental functions and services performed by them as inseparable and basic 

elements of this management. 

The main functions of the six state-owned enterprises are equally defined and 

therefore presented in general, systematized in three main areas according to their 

predominant nature - social, environmental and economic. However, the subject of this 

study is only the social and environmental functions, which we undoubtedly accept as 

public and those that provide services of general interest. 

In the management of forest territories - state-owned enterprises, the enterprises 

perform a number of public functions of a social and socio-ecological nature, such as: 

V They take care of the creation, cultivation and maintenance of healthy, 
sustainable and highly productive forests in order to ensure a healthy living 

environment for people, by assessing their health status, conducting preventive and 

quarantine measures, as well as combating pests, diseases and other damage. 

V Plan and implement measures and events to protect forest areas from fires, 
actively participating in extinguishing forest fires, regardless of forest ownership and 

fires in agricultural areas in the immediate vicinity of the forests. The enterprises build 

and maintain automatic observation stations, carry out annual fire prevention activities, 

such as making an average of over 2100 km (2140) of mineralized strips and almost 

800 km (790) of silvicultural barriers. 

V Carry out numerous activities related to the collection of non-timber forest 

products from forest areas, which are an element of supporting the local population and 

business, as well as due to the need to protect their deposits and biodiversity. 

V They actively participate in the removal of damage from natural disasters 
- in Lovech, Karlovo, Strandzha, Berkovitsa, and many others. Participation is of great 

importance for the local population, as assistance is provided immediately during and 
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after the disaster, when the problems are most numerous and the risk to people and 

property is greatest. 

V In the implementation of the forestry activities planned in the forestry 
plans, state-owned enterprises provide wood raw material for the development of the 

rural, semi-mountainous and mountainous regions of the country, where forestry is the 

main livelihood of the local population.  

V Residents of mainly rural and mountainous areas annually purchase over 
1 million cubic meters of firewood under the procedure of Art. 111 of the Forestry Act 

for personal use directly from the State Forest Service and the State Forest Service. 

V Implementation of public activities in the hunting areas of the State Forest 
Service and in the game breeding areas regulated in the Hunting and Game 

Conservation Act, related to the preservation and enrichment of the species diversity 

of game. 

V Protection of forest territories owned by individuals, legal entities and 
their associations, with a total area of up to 2 hectares inclusive. When exercising their 

powers to prevent and establish violations in forest areas, forest officials have the right 

to draw up acts to establish administrative violations, apply coercive measures and use 

auxiliary means against violators, which allows for more effective and timely on-site 

control. 

V Ensuring work and livelihoods for the population in increasingly 
depopulated mountainous and rural areas. With their 160 territorial divisions - 130 

State Forest Enterprises and 30 Rural Forest Enterprises, the enterprises are a 

significant and preferred employer for residents in semi-mountainous, mountainous 

and other more isolated areas. 

 

Over the past 60 years, there has been a continuous improvement in the 

indicators of Bulgarian forests through sustainable use of wood compared to the 

average annual current growth - from 140% in 1960 to 50 to 60% compared to the 

current growth, or under 1% of the total wood stock. 

When analyzing and comparing some important forestry indicators for the quality of 

forest management in Bulgaria, their clear improvement is established: the total forest 

stock in Bulgaria as of 31.12.2020 was determined at 718 million cubic meters 

compared to 645 million cubic meters in 2010. 

The forest stock in the amount of 718,411 thousand cubic meters is distributed 

according to the functions of the forests as follows: 62.1% are concentrated in forests 

with  special  functions,  including  protected  forest  areas,  8.5%  are  included  in 

protective  forests  and  29.4% - in  forests  with  predominant  economic  functions 

(Fig. 1). 
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Figure 1. Forests according to their predominant functions 

 

V Maintaining and preserving biodiversity. 

V Screening, absorbing noise and pollutants, maintaining a microclimate; 

V Providing conditions for recreation and tourism; 

V Protection of natural and cultural heritage; 

V Protection of infrastructure sites and facilities; 

 

The rich and unique species diversity of Bulgarian forests is evidence of their 

proper management: second place in protected areas in the EU - 41% of the country's 

area, and it should be emphasized that 56% of forest areas are in areas of the Natura 

2000 ecological network. Bulgarian forests preserve more than 80% of protected plants 

and 60% of protected animal species, as well as 43 globally endangered animal species. 

Biodiversity is the basis for the provision of ecosystem services to people, since the 

more ecosystems are in good and healthy condition, the more ecosystem services are 

provided. Biodiversity is the basis of ecosystem services such as food production, 

biofuels, oxygen production, etc. 

V Slowing down and regulating the impacts of climate change. 

Forest areas and forests are a major sink of carbon emissions under the Land use, land-

use change, and forestry (LULUCF) mechanism, where it is recognized that forests are 

a major sink of carbon dioxide and contribute to reducing climate change. Taking care 

of them in order to improve these functions is also a major concern of the DP. 

V Protecting soil against erosion from avalanches and floods; 

V Ensuring the quantity and quality of water; 

V Maintaining the traditional landscape; 

 

The creation of forests and the renewal of forest areas are of utmost importance. 

Given the climatic and regional characteristics of our country, we rely predominantly 

on natural renewal and its support, which is also more resistant to environmental stress 

factors, but afforestation activities are also carried out annually. Afforestation in the 

62%

9%

29%
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period 2012-2024 amounts to about 18,000 decares on average annually, of which over 

25% are anti-erosion afforestation. 

V Maintaining and improving the condition of forests; 

Conducting clear-cutting without material extraction in state-owned forests is a major 

factor in preserving their functions, improving their regeneration, health and structure. 

Maintaining the health and vitality of forest ecosystems is achieved through timely 

silvicultural and forest protection activities, and the application of harmless biological 

forest protection agents. 

The analysis of the data shows that the financing of public functions and services 

performed by the State Forestry Administration is crucial for maintaining sustainable 

management of forest territories, based on the balance between ecological, social and 

economic functions. 

 

3. Possibilities of the regulatory framework for financing public functions as a 

service of general interest 

As discussed above, public authorities perform a number of social and 

environmental functions that are essentially public functions. Public are the functions 

through which services of general interest are provided. The two concepts are used 

interchangeably in the literature. 

Services of general interest are classified as such by public authorities in EU countries 

and are therefore subject to specific obligations to perform a public service. They can 

be provided by the state or the private sector. 

The European Commission, drawing on the case law of the CJEU, clarifies the 

concept: 

Services of general interest: SGEIs are services which are considered by the public 

authorities of the Member States to be of general interest and are therefore subject to 

specific public service obligations (PSOs). The term covers both economic activities 

and non-economic services. Non-economic services are not subject to specific EU 

legislation and are not covered by the TFEU rules relating to the internal market and 

competition. Some aspects of the organisation of these services may be subject to other 

general TFEU rules, such as the principle of non-discrimination. 

There are three categories of SGEIs: economic, non-economic and social. 

Services of general economic interest (SGEIs): SGEIs are economic activities which 

produce results of benefit to society as a whole which, without public intervention, 

would not be provided by the market (or would be provided under different conditions 

in terms of quality, safety, affordability, equal treatment or universal access). The PSO 

is imposed on the provider by means of an award and on the basis of a general interest 

criterion, which ensures that the service is provided under conditions that allow it to 

perform its task. 

Non-economic services of general interest (NSGI): such as police, justice and 

compulsory social security schemes - these are not subject to specific European 

provisions or internal market and competition rules. 
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Social services of general interest (SSGI): these include social security schemes 

covering the main risks of life and a number of other essential services provided 

directly to the individual which have a preventive and socially cohesive or inclusive 

role. Although some social services are not considered by the CJEU to be economic 

activities, the case-law of the Court of Justice makes it clear that the social nature of a 

service is not sufficient in itself to classify it as non-economic. The term ósocial service 

of general interestô therefore covers both economic and non-economic activities. 

In 2011, the EU adopted a quality framework for services of general interest in the 

Union. The framework: 

V clarifies how EU rules apply to essential services, and what revisions to 
these rules have been made where necessary to ensure that specific needs are addressed; 

V guarantees access to essential services for all citizens; 

V promotes quality in social services and highlights achievements as an 
example for other essential services. 

 

 

4. Conclusion 

The analysis of the public functions performed by state enterprises shows that 

they are very diverse and cover a wide range of activities. Activities providing services 

of general interest and services of general economic interest represent over 90% of the 

main subject of activity defined by the Forestry Act and the Forestry Act. 

The conclusion from the analysis of the environmental and social functions of state 

enterprises is that they fulfill an obligation to perform a public service to protect, 

maintain and improve forests, increase their area and preserve them as a national 

treasure. 

To compensate for the unfair financial burden of performing the public service to 

protect, maintain and improve forests, increase their area and preserve them as a 

national treasure, it is necessary to amend the Forestry Act and develop a methodology 

for determining the amount of the unfair financial burden based on the net costs 

incurred by state enterprises for performing a public service of general interest. - to 

protect, maintain and improve forests, increase their area and preserve them as a 

national treasure. 
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Abstract. A methodology with an algorithm has been developed and presented for 

determining the amount of funding from the state budget for ecosystem benefits and 

services provided by forests, which contribute to the health and well-being of people 

in many areas. It is necessary to take into account the regulation of surface water runoff, 

soil stabilization, erosion control, air and water purification, provision of food and 

medicine for people and, last but not least, they affect the risk of disasters. Enterprises 

realize an unfair financial burden in providing ecosystem benefits from forests. It is 

necessary to take into account the provision of a secure livelihood for mountainous and 

rural areas, the provision of valuable raw materials for the economy, as well as the 

opportunities for the development of tourism and sports, and forests are a preferred 

place for recreation, entertainment and environmentally friendly activities. This 

determines the relevance and significance of the study, and the main goal is to develop 

a proposal for a methodology with an algorithm for determining a mechanism for 

financing from the state budget the public functions provided by state forests on the 

territory of state forestry enterprises. 

Keywords:Шforest public functions, ecosystem benefits and services, unfair financial 
burden, forest public financingШ 

 

1. Introduction 

The ecosystem benefits and services provided by forests and woodlands 

contribute to human health and well-being in many ways, including regulating surface 

water runoff, stabilizing soils, controlling erosion, purifying air and water, providing 

food and medicine for people and, last but not least, influencing the risk of disasters. 

They provide a secure livelihood for mountainous and rural areas and are of essential 

importance for tourism and sports, as a preferred place for recreation, entertainment 

and nature-friendly activities. 

The diverse factors arising from the three key functions of forests - ecological, 

social and economic, require a long-term and balanced vision for their sustainable 

management, conservation and development. 

Relevance and significance of the study. The relevance of this study is determined 

by several main factors: 
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1. Sustainable and multifunctional forest management is a key factor in the fight 

against climate change and reducing biodiversity loss. 

2. Difficult and insufficient financing of the environmental and social functions 

performed by state-owned enterprises (SOEs) under Art. 163 of the Forestry Act (FA). 

3. Contemporary problems of biodiversity conservation and the need to adapt 

forests to climate change require finding a long-term, stable and secure approach to 

planning and financing the public functions of SOEs. 

The aim of this study is to develop a methodology with an algorithm for financing from 

the state budget a public service for the protection, maintenance and improvement of 

forests, increasing their area, and preserving them as a national treasure carried out by 

the six state-owned forestry enterprises. 

To achieve the goal thus defined, the following tasks have been set for implementation: 

1. To determine a procedure for determining the presence of an unfair financial 

burden when carrying out the activity of protecting, maintaining and improving forests, 

increasing their area, and preserving them as a national treasure; 

2. To study and analyze the national and European regulatory framework 

regulating the financing of services of general interest; 

3. To propose a change in the regulatory framework to create a regulatory 

opportunity for the application of the proposed methodology. 

To achieve the set goal and solve the research tasks, the methods of analysis and 

synthesis were used. 

The activity of protecting, maintaining and improving forests, increasing their 

area, and preserving them as a national treasure is assigned by a public service contract. 

The contract is concluded between the State Enterprise under Art. 163 of the Forestry 

Act and the Ministry of Agriculture, Forestry and Fisheries, in compliance with the 

provisions of Decision 2012/21/EU of the European Commission of 20 December 2011 

on the application of Art. 106, paragraph 2 of the Treaty on the Functioning of the 

European Union to State aid in the form of public service compensation granted to 

certain undertakings entrusted with the operation of services of general economic 

interest, hereinafter referred to as "Decision 2012/21/EU". The public service contract 

is for a fixed term within the limits of Art. 2, paragraph 2 of Decision 2012/21/EU. 

 

2. Unfair financial burden in the performance of a public service 

An unfair financial burden in the performance of a public service for the 

protection, maintenance and improvement of forests, increasing their area, and 

preserving them as a national treasure is present when the implementation of the 

activities under the Contract results in net costs for the enterprise. It is established by a 
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decision of a commission appointed by order of the Minister of Agriculture and Food, 

after submitting a report on the costs incurred in the performance of a public service 

for the protection, maintenance and improvement of forests, increasing their area, and 

preserving them as a national treasure for the previous year together with the necessary 

evidence, within the period established in the Contract. The amount of unfair financial 

burden is the compensation necessary to cover the amount of net costs that the state 

enterprise has incurred in the performance of its obligations under the concluded 

Contract. Net costs are the difference between the costs incurred in the performance of 

the public service and the revenues received from the public service. The costs relating 

to the public service include all direct (variable) costs relating to the service, as well as 

a proportional share of the conditional-permanent (fixed) costs common to the entire 

activity of the SE, as such we accept the costs of auxiliary and management-

administrative activities. The total amount of the net costs of the public service 

obligation is calculated as the sum of the net costs for each of the activities under the 

public service obligation, taking into account all other relevant and distributable costs. 

The relevant costs that are reported by the enterprise when calculating the net costs are 

the proportional shares of the conditional-permanent (fixed) costs - the costs of 

auxiliary and management-administrative activities. 

The calculation of the net costs for each of the activities under the public service 

obligation is carried out separately and in a manner that avoids double reporting of any 

costs and revenues. The revenues to be taken into account include all revenues derived 

from public service activities for the protection, maintenance and improvement of 

forests, increasing their area, and preserving them as a national treasure. The 

compensation shall be based on parameters that have been established in advance in an 

objective and transparent manner. The annual compensation may not exceed the BGN 

equivalent of EUR 15 million, and for the duration of the Contract the annual amount 

shall be calculated as the arithmetic mean of the annual amounts of compensation 

expected to be received during the award period. 

 

3. Planning of funds, determination of expenditure levels and expenditure of funds 

The funds necessary to compensate for the unfair financial burden of the 

performance of the public service for the protection, maintenance and improvement of 

forests, increasing their area, and preserving them as a national treasure shall be 

provided for by the Minister of Agriculture and Food in the three-year budget forecasts 

and in the draft budget of the Ministry of Agriculture and Food. The funds are planned 

for a one-year and three-year period. SEs prepare estimated annual estimates, 

accompanied by a motivated proposal and justification, which they submit to the 

competent administrative unit in accordance with the Organizational Regulations of 

the Ministry of Agriculture and Food within the deadlines of the budget procedure 

under Art. 67, para. 1 of the Public Finance Act. When planning the activities that the 

enterprise will carry out with its own resources, a justification is prepared for the 
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necessary personnel by activities and a justification for other inherent costs. Depending 

on the activity, seasonal or part-time employment of the personnel may be envisaged. 

The average annual salary of the employed personnel is planned within the framework 

of the average annual salary in the public sector by economic activity "Agriculture, 

forestry and fisheries" according to data from the National Statistical Institute. The 

personnel funds include all obligations under the Labor Code, the collective labor 

agreement and the requirements for ensuring safe working conditions. The planning of 

expenses related to external services and supplies of materials, fuels, spare parts and 

others necessary for the performance of the service of public interest is carried out by 

the enterprise on the basis of market prices. The amount of funds planned for the 

current budget year may be amended by law or by an act of the Council of Ministers. 

The costs to be reported include all costs incurred in carrying out the public 

service for the protection, maintenance and improvement of forests, increasing their 

area, and preserving them as a national treasure. The calculation procedure is based on 

generally accepted accounting principles, as follows: 

1. if the enterprise carries out activities falling outside the scope of the public 

service, only the costs related to the public service shall be reported; 

2. the costs assigned to the public service shall include all direct costs incurred 

in carrying out the public service and a proportional share of the relevant and allocable 

costs that are common to both the public service and other activities; 

3. to report depreciation costs directly related to the provision of the public 

service, the enterprise shall prepare an Amortization Plan for the term of the contract, 

indicating: type of asset, activity in which it is used, balance sheet/accounting value or 

acquisition price and annual depreciation rate; for the term of the contract, no 

revaluation of the existing assets used to provide the activities under the Contract is 

allowed. 

To account for the activities that the enterprise has carried out with its own 

resources, a breakdown of the employed personnel by activities and other inherent 

costs is prepared. The average annual salary of the employed personnel should be 

within the average annual salary in the public sector by economic activity "Agriculture, 

forestry and fisheries" according to data from the National Statistical Institute. The 

funds for the personnel include all obligations under the Labor Code, the collective 

labor agreement and the requirements for ensuring safe working conditions. In order 

to prevent an unjustified increase in labor costs, an increase in the number of personnel 

directly employed in the activities of providing the service of general interest is allowed 

after a motivated proposal from the SE and after approval by the Ministry of 

Agriculture and Food. 

To incur expenses related to external services and the supply of materials, fuels, 

spare parts and others necessary for the performance of the service of public interest, 
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the enterprise must carry out procedures in accordance with the Public Procurement 

Act. 

The revenue of the State Enterprise includes all revenues, i.e. revenues received 

from both the public service and the economic activity. Provided that the enterprise has 

special or exclusive rights related to activities other than the public service for which 

the aid was provided, which generate profit or benefits from other advantages granted 

by the State, such revenues should be included in its revenue, regardless of their 

classification for the purposes of Art. 107 of the Treaty on the Functioning of the 

European Union. The profit from these activities may be transferred in whole or in part 

to the financing of the public service. The calculation of the price of feed related to the 

feeding of game is made taking into account all subsidies received under direct 

payments. Subsidies received for the production of agricultural products from which 

the company's own feed is produced are included in the public service revenue. 

 

4. Statement of expenses incurred 

To ensure transparency and traceability of the funds spent on the public service, 

the State Enterprise keeps separate analytical accounting by cost elements. Every 

month, the state enterprise prepares monthly activity reports with the relevant 

transcripts and certified copies of all primary documentation, which it submits for 

approval to the competent regional forestry directorate by the 15th of the month 

following the reporting period. Based on the prepared and submitted monthly activity 

reports, the enterprise prepares summarized quarterly reports and an annual report on 

the costs related to the activities of protecting, maintaining and improving forests, 

increasing the area, and preserving them as a national treasure, and submits them to the 

Executive Forestry Agency. The summarized quarterly reports are submitted by the 

25th of the month following the reporting quarter. The annual report on the costs 

incurred in performing the public service for the protection, maintenance and 

improvement of forests, increasing the area, and preserving them as a national treasure 

for the previous year, together with the necessary evidence, shall be submitted to the 

Executive Forestry Agency by March 31 of the following year. The annual report shall 

be audited by a registered auditor in accordance with the Independent Financial Audit 

Act. The auditor shall be appointed under the terms and conditions of the Public 

Procurement Act. The scope of the audit shall be determined by the contract for the 

assignment of the audit by the Ministry of Agriculture, Food and Forestry. 

Within three months of submitting the annual report, the Executive Forestry 

Agency shall issue a decision on: 

1. the presence of an unfair financial burden from the performance of the public 

service; 

2. the amount of compensation due to the SE; 
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3. the difference between the advance funds received and the compensation due. 

The amount of compensation for the reporting year shall cover the net costs of 

the SE incurred for the performance of the public service. They cannot include 

recoverable taxes - VAT, excise duties, etc. The net costs of the SE include all reported 

and audited costs of performing the public service and the presented annual report of 

the enterprise, according to the separate accounting of the costs of the public service 

activities, reduced by the revenues received from the public service. The costs common 

to the overall activity of the SE, such as for auxiliary and management and 

administrative activities, are the relevant - distributable costs of the enterprise. They 

are attributed to the public service, determined in proportion to the direct costs of the 

public service and the costs of the enterprise's activities outside this service. 

The amount of compensation for each of the activities under the public service 

obligation is calculated according to the following formula: 

 

K = ʅʈ, where: 

K is the amount of COMPENSATION in BGN; 

ʅʈ is the net costs for the relevant activity under the public service obligation, in BGN. 

 

Net costs are determined by the following formula: 

 

NR = PR + OR- P, where: 

PR are all direct costs for the relevant activity under the public service obligation, in BGN. 

OR are the relevant costs for the relevant activity under the public service obligation, in BGN. 

P are the revenues from the relevant activity under the public service obligation, including 

donations and other funds, in BGN. 

 

The compensation for the PS represents the amount of compensation for each of 

the activities under the public service obligation. The funds under the contract are 

provided in advance according to a schedule according to the planned annual value, 

and are adjusted quarterly according to the work performed by the PS. If the 

compensation exceeds the advance funds received, the excess is paid by the end of the 

year in which it is established. In the event of an excess of the advance funds received 

over the compensation due, the amount of the overcompensation is reimbursed to the 

budget of the Ministry of Agriculture and Food by the end of the year in which it is 

established. If the overcompensation is not reimbursed by the DP within the deadline, 

the Ministry of Agriculture and Food shall ex officio recover the amount of the 

overcompensation. 
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5. Control, transparency and storage of documents 

The control over the implementation of the activities will be carried out by the 

Executive Forestry Agency (EFA) and the specialized and territorial administrations - 

regional forest directorates (RFD). They control the compliance between the planned 

activities and their implementation in the respective territory by physical indicators and 

employment of the DP staff in accordance with the monthly and quarterly reports. 

When reporting unreasonably inflated costs, the inflated costs are not refunded to the 

DP. 

The control by the RFD is carried out at the following stages: 

1. assignment of the activities, monitoring the effective spending of the funds 

when assigning them; 

2. acceptance of the work performed on the basis of acts and monthly reports, 

also controlling the efficiency of their actual spending. 

The control by the EFA is carried out at the following stages: 

1. planning the necessary funds to compensate for the unfair financial burden of 

performing the public service for the protection, maintenance and improvement of 

forests, increasing their area, and preserving them as a national treasure; 

2. awarding the works, monitoring the effective spending of the funds when 

awarding them; 

3. adopting the quarterly and annual reports; 

4. financing the activities. 

To ensure transparency, the IAG publishes in an appropriate manner information 

on the provision of funds for the implementation of the service of general interest for 

the protection, maintenance and improvement of forests, increasing their area, and 

preserving them as a national treasure. 

The Ministry of Agriculture and Food, the Executive Forestry Agency and the 

DP must retain all information necessary to determine the compatibility of the 

compensation provided, for the duration of the award and at least for a period of 10 

years from the end of the award period. 

 

6. Conclusion 

The obligation to perform a public service to protect, maintain and improve 

forests, increase their area, and preserve them as a national treasure is assigned to the 

SE, through a contract by the Minister of Agriculture and Food. The funds to 
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compensate for the unfair financial burden of performing the service of general interest 

are provided to the SE, pursuant to Art. 2, paragraph 1, letter "a" of the Commission 

Decision of 20 December 2011 on the application of Art. 106, paragraph 2 of the Treaty 

on the Functioning of the European Union to State aid in the form of public service 

compensation granted to certain undertakings entrusted with the operation of services 

of general economic interest (OJ, L 7/3 of 11 January 2012). The funds are provided 

and accounted for through the budget of the Ministry of Agriculture and Food. 

The methodology proposed in this paper defines the procedure and manner for: 

1. determining the unfair financial burden when performing a public service for 

the protection, maintenance and improvement of forests, increasing their area, and 

preserving them as a national treasure; 

2. determining the amount of compensation due to the state enterprise 

performing the service of general interest; 

3. planning the funds for performing a public service for the protection, 

maintenance and improvement of forests, increasing their area, and preserving them as 

a national treasure; 

4. reporting the costs incurred and the revenues received when performing the 

public service and exercising control over the implementation of the activity; 

5. the deadline for refunding the advance funds received, in case of established 

overcompensation. 

In order to introduce the proposed methodology for determining the amount of 

the unfair financial burden based on the net costs of performing the service of general 

interest for the protection, maintenance and improvement of forests, increasing their 

area, and preserving them as a national treasure, an amendment to the Forestry Act is 

necessary. 
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Abstract 

This report explores the conflict between Bulgariaôs renewable energy targets and the 

sustainable use of agricultural land. The rapid expansion of areas covered by 

photovoltaic panels increasingly affects high-yield farmland, raising concerns about its 

primary functions as a source of food, biodiversity protection, and soil conservation. 

The study reveals a lack of coordination between energy development policies and 

spatial planning, which often results in conflicts with agricultural land use. Following 

the principles of sustainable development, the authors propose strategic zoning and 

balanced territorial planning as tools to reconcile the environmental, social, and 

economic dimensions of land management. 

Keywords: Sustainable Land Use, Agricultural Land, Renewable Energy Policy, 

Photovoltaic Development, Land-use Conflict, Soil Protection, Spatial Planning 

 

1. Introduction 

In the context of the deepening climate and environmental crisis, the European 

Union is focusing its efforts on achieving sustainable development through a 

comprehensive transformation of energy, economy and land use. The key goals for a 

sustainable transition, defined in the European Green Deal, have a direct impact on 

agricultural areas ï a primary source of food, habitat, and space for new energy 

projects. 

Alongside the promotion of organic farming and the protection of ecosystems, 

the Green Deal requires a significant increase in the share of electricity produced from 

renewable sources in the final energy mix. In Bulgaria, the main source of renewable 

energy is photovoltaic power plants, which are often built on highly productive and 

environmentally sensitive agricultural land. 

By examining the main contradictions between the need to expand renewable 

energy facilities and the sustainable use of land, this analysis aims to explore whether 

a balance between these two strategic goals is achievable, focusing on the regulatory 

framework, spatial planning practices, and the potential for introducing ecologically 

grounded planning approaches. 

mailto:b.ivanova_fgs@uacg.bg
mailto:l.stoyanov_fgs@uacg.bg
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2. The Impact of European Green Energy Policies on Land Use in Agricultural 

Areas 

The European Unionôs vision for achieving climate neutrality is closely linked 

to sustainable land use. The strategic framework for the climate transition includes the 

reduction of carbon emissions through significant changes in the management of 

agricultural land. 

One of the key components of the European Green Deal is the "Farm to Fork" 

strategy, which aims to promote sustainable food systems by encouraging organic 

farming and protecting soil and biodiversity. Achieving these goals requires sustainable 

land governance, including restrictions on the conversion of high-quality agricultural 

land for non-agricultural purposes. 

On the other hand, energy policy focuses on the transition to renewable energy 

sources. According to the updated Integrated National Energy and Climate Plan of 

Bulgaria for the period 2021ï2030, the country has set ambitious targets to increase 

the share of energy from renewables to over 34% of gross final consumption, with a 

particularly high growth in photovoltaic systems. Projections in Table 1 show that solar 

energy will form over 50% of investments in new renewable energy capacity by the 

end of the programming period (especially considering the increase in investments in 

offshore wind power in marine areas). This trend places significant pressure on the 

available land, including highly productive farmland. Without strategic planning and 

zoning, such expansion may lead to spatial conflicts, loss of agro-ecological resources, 

and irreversible changes to the landscape. 

 
Table 1. Projected electricity generation capacity from RES by technology (2020ï2030) 

Net installed capacity of RES power plants, MW 

RES Type 2022 2030 (INECP 2020) 2030 (INECP 2024) 

Hydropower (HPP) 2360 2508 2640 

Wind (on/offshore) 710 948 2490 

Solar (PV) 1730 3216 6356 

Biomass (BPP) 360 390 440 

Total 5160 7062 11926 

Source: Aktualiziran integriran plan, 2024 

 

In seeking a balance between these two strategic priorities, the study identifies a 

growing conflict between the sustainable management of agricultural resources and the 

expansion of land designated for renewable energy production. Although both policy 

directions are part of a common European framework, their implementation at the local 

level often results in contradictions. Bulgaria is one of the EU member states where, 

due to a lack of integrated policies across sectors, conflicting practices have emerged. 

This highlights the need for new governance models that align sustainability and 

resource management efforts by rethinking zoning priorities and introducing 

ecosystem-based criteria in the assessment of investment proposals. 
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3. Concept and Regulatory Framework of Sustainable Land Use 

The concept of sustainable land use emerged in the 1990s as a strategic principle 

in land resource management, combining economic, environmental, and social goals 

with a focus on preserving the ecological functions of land for future generations. 

According to the FAO/UNEP definitions (Choudhury and Jansen, 1999), sustainable 

land use includes practices that maintain the productive potential of land, prevent 

degradation, and support biodiversity. 

A central role in the sustainable use and management of land is played by the 

ecosystem approach (Mondeshka, 2012), which integrates the conservation of 

ecosystems with human activities and views land not only as an economic asset (FAO, 

1993b). The principles of this approach are implemented through a range of policies 

and regulations at both global and national levels, related to land ownership, 

conservation, financing, and the use of agricultural land. This complex regulatory 

system requires coordinated cross-sectoral governance; in its absence, there is a risk of 

conflict between soil conservation and the energy transition ï particularly when 

planning renewable energy installations on agricultural land. 

 

4. Spatial Planning of Agricultural Land in Bulgaria 

In the context of sustainable land use, spatial planning plays a key role in the 

balanced development of territories by aligning the economic, social, and 

environmental functions of land and addressing the interests of different sectors (FAO, 

1993a). In practice, however, Bulgaria faces regulatory gaps and a lack of coordination 

between sectoral policies. In general spatial plans (OUPs), agricultural land is often 

viewed as ñreserve territoryò for other types of investment ï industrial, energy, or 

residential. Legislation allows for the relatively easy conversion of agricultural land 

without requiring an environmental impact assessment in a cumulative or spatial 

context, while reverse reclassification is not regulated. At the same time, there are no 

clear rules for the zoning of areas designated for renewable energy, and the concept of 

energy zones remains only partially integrated into planning practice. 

These regulatory shortcomings have led to a widespread use of partial amendments to 

general plans, in which individual agricultural plots are gradually transformed into 

zones for industrial or residential purposes (Yarlovska, 2018), including photovoltaic 

parks. In most cases, these changes are approved without a strategic vision, ecosystem-

based analysis, or public oversight. As a result, private investment interests often 

prevail over the public good, affecting high-quality agricultural land and creating long-

term risks for sustainable territorial development. 

In the context of sustainable land use, the concept of integrated planning implies 

the inclusion of environmental, social, and economic criteria from the early stages of 

assessment (FAO, 1993b). Despite the existence of methodological models that involve 

evaluating land and water productivity and condition, these are not applied in the 

spatial planning process in Bulgaria, where agricultural land is primarily viewed 

through the lens of its potential reclassification. 
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This article focuses specifically on planning territories for renewable energy 

development. Although some municipalities have proposed project-level concepts for 

designated energy zones, the term is not legally defined, and there are no clear criteria 

for their designation. This results in legal uncertainty and fragmented practices ï each 

municipality adopts its own approach in determining the scope and location of zones 

for photovoltaic installations, which contradicts the long-term vision for spatial 

development. 

As a result, although spatial planning has the potential to serve as a tool for 

sustainable land use, in its current form it does not provide effective protection for 

agricultural land. Mechanisms for environmental assessment during reclassification, 

for planning temporary use, and for land restoration after the end of the energy 

infrastructureôs operational life are missing. 

 

5. The spatial conflict between RES and agricultural land 

The main line of tension in planning renewable energy projects manifests in the 

so-called "food or fuel" conflict ï when land with high agricultural potential is used for 

energy purposes. This leads to permanent loss of fertile areas and fragmentation of 

agricultural territories (Mondeshka and Yarlovska, 2018). 

In recent years, there has been a growing trend of reclassifying agricultural land 

for industrial or storage purposes, thereby avoiding the legal restrictions for building 

photovoltaic installations on land classified between seventh and tenth category. Such 

requests, as analysed in a previous publication by the authors (Ivanova, 2024), are often 

justified by arguments related to economic development and job creation, but the actual 

result is increased pressure on agricultural resources. Additionally, this type of 

reclassification allows extremely high building density ï up to 80% ï which may not 

harm the land in the case of photovoltaic installations, but poses serious risks if the 

area is later used for other construction purposes, especially in the absence of a 

mechanism for restoring its agricultural function. 

At the same time, the recently introduced legal concept of "agrivoltaics" ï 

systems combining energy and agricultural use ï remains poorly regulated (Zakon za 

ustroystvo na teritoriyata, 2001). There are no specific secondary regulations regarding 

panel placement, construction requirements, or indicators for the effectiveness of 

agricultural production. This creates the risk that the term may be used only formally, 

without ensuring real dual land use. 

The most significant issue regarding the development of photovoltaic power 

plants on agricultural land is the lack of clear procedures for restoring the landôs 

agricultural status after the end of the installationôs operational life. 

These processes indicate a weakened strategic function of spatial plans. The 

conflict between agricultural and energy-related land use highlights the need for 

integrated planning that reconciles environmental, economic, and food security 

objectives at the national level. 

 

6. Opportunities for Reform 
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The challenges associated with the expansion of renewable energy on 

agricultural land highlight the need for new types of solutions that combine the energy 

transition with the protection of soil resources. Based on the findings of this study, 

special emphasis should be placed on the development of clear regulations governing 

the operation of agrivoltaic systems that enable real dual land use. 

Within the context of spatial planning, zones labeled as ñproduction for RES,ò 

as discussed in some municipal spatial plans, could be further developed through 

legislation, with the condition of a temporary designation and a required ecosystem 

impact assessment. This would help overcome the practice of partial plan amendments 

that result in permanent land-use change. Clarity is needed regarding allowable 

building density and the maximum permissible physical coverage, to prevent 

irreversible soil sealing beyond what is allowed under secondary regulations for 

construction without land-use change. Effectiveness could be improved by introducing 

time limits and guarantees for land restoration after the end of the operational phase, 

including mandatory land reclamation, reclassification back to agricultural use, and 

restrictions on further construction. 

One of the main challenges for sustainable land-use planning is the lack of up-

to-date and digitised data on agricultural areas, ecosystem characteristics, and soil use. 

The absence of centralized access to such information hinders both impact assessment 

and the development of effective planning solutions. Sustainable planning also requires 

a shift in value perspective ï where agricultural land is viewed not only as an economic 

asset, but also as a long-term carrier of ecosystem functions and food security 

(Stoyanov, 2025). 

 

7. Conclusion 

The analysis reveals growing tension between the energy and environmental 

objectives of the Green Deal, particularly in countries with vulnerable agricultural 

areas such as Bulgaria. Although the transition to renewable energy is necessary, the 

absence of specific regulations for agrivoltaics and mechanisms for land restoration 

after exploitation poses significant risks to sustainable land use. 

The current framework does not ensure the sustainable management and use of 

agricultural land, especially high-quality farmland. Reclassifications without clear 

criteria, high building density, and the lack of land reclamation mechanisms undermine 

agricultural potential and spatial sustainability. 

Addressing these challenges requires not only technical and regulatory 

adjustments, but also a coordinated policy approach across the sectors of agriculture, 

energy, and spatial planning. Only through a long-term vision, clear rules, and an 

integrated strategy can a balance be achieved between climate goals and the 

preservation of the vital functions of agricultural land. 
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Abstract. The digital age has brought many new communication opportunities to 

modern people. This has been felt even more strongly and continues to leave its mark 

since the pandemic of 2020. However, along with the opportunities, many new 

concerns have emerged about the impact of digitalization on the individual and the 

direction of society. The purpose of this report is to examine precisely the impact of 

the digital society on modern man. 

 

Keywords: digital age, digitalization, people, society, psyche 

 

1. Introduction 

 After the Covid pandemic, the use of all kinds of electronic devices and 

technologies has increased. People were forced to spend a large part of their time in 

front of electronic devices, and in most cases, for work. To a large extent, the so-called 

"Generation Z" uses social networks for everything - to shop, to make choices between 

products and brands, and even to communicate with friends and acquaintances who are 

close to them and whom they see every day. It turns out that Generation Z uses social 

networks like Instagram and TikTok more to stay informed about events, new brands 

and products, shops mainly online and is influenced by the opinions of influencers 

when purchasing products and services. (Obterenova, T., characteristics of consumer 

behaviour of generation Z, Collection of reports from the XIX International Conference 

of the Bulgarian Institute of Business Administration - "Economic Growth, Business 

Prospects, Market Positioning in Crisis Conditions", 2024, pp. 311-320) 

Precisely because of the fact that digitalization is everywhere in the modern 

world, the purpose of this report is to establish, through a survey, the opinion of modern 

people regarding the so-called digital society and how it affects their lives. 

 

2. Exposure 

 The digital society reflects the idea of the adoption and integration of 

information and communication technologies by modern society in home, work, 

education and leisure. 

Innovations in technology and the use of the Internet are changing our daily lives at a 

rapid pace, but is this always for the better? 

mailto:sborisova@tu-sofia.bg
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The improvement in health services, transport, energy, agriculture, manufacturing, 

trade and public administration is undoubtedly a positive trend. It saves us time and 

distances, but doesn't it separate us from the true essence of man and his aspiration to 

develop? (https://libreresearchgroup.org/bg/a/digital-society) 

 Have you ever asked yourself why we are afraid of new technologies and 

digitalization? 

 The concerns and fear of new technologies are certainly not new. Just as people 

probably feared the introduction of writing into their lives many years ago, modern 

man is now more afraid of the too-rapid changes, especially in the human psyche, with 

the transition to an increasingly digital society. 

 Technology is evolving faster than the society it is imposed on, which is forced 

to catch up to cope with its impact. The speed and lack of intermediaries in its use make 

technology attractive to people, and as a result, they find themselves in a new world 

for which society has not prepared them. Mismatches between the demands of the real 

and digital worlds, as well as the conflict of the desire to use technology and the fear 

of the invisible consequences of such use, may be the main reason for the development 

of digital anxiety. (https://manager.bg/traina-probiv-v-zastitata-na-obstestvoto-zasto-

se-strahuvame-ot-cifrovite-tehnologii)  

 When the technological world ceases to reflect the real world, the discrepancy 

becomes noticeable, increasing anxiety. The situation is made worse if the real-world 

structures designed to cope with the consequences of the effects of the technological 

universe lag behind. 

 Psychologists suggest that distress arises from a discrepancy between the real 

and ideal self. But an expanded version of this concept can explain the origin of digital 

anxiety in two ways - as a "social" and an "individual" sense of incongruity. Society 

typically develops tools to allow people to resolve conflicts between competing sets of 

values and norms. But when these conflicts are linked to forces beyond society's 

control, such as those caused by rapidly advancing digital technologies, people are left 

to fend for themselves with fewer rules to guide their choices. 

 ñTechnology,ò by displacing and leveling the very social rules that can help 

people, leaves them with a choice between the norms of the real and digital worlds, but 

without help and guidance in creating new ones. As a result, we see divergences that 

lead to anxiety. This conflict is exacerbated at the individual level when the desire to 

use digital technologies clashes with the knowledge that they can be problematic. The 

ñrealò is in conflict with the ñidealò and again leads to anxiety. 

 This creates a double discrepancy - the clash of real and digital culture and the 

clash of desire and fear to use digital technologies. As a result, the origins of digital 

anxiety must be sought not only in the direct impact of this technology on people's 

psychology, but also in how a new, rapidly developing technology breaks through 

society's existing defenses. (https://manager.bg/traina-probiv-v-zastitata-na-

obstestvoto-zasto-se-strahuvame-ot-cifrovite-tehnologii)  

https://libreresearchgroup.org/bg/a/digital-society
https://manager.bg/traina-probiv-v-zastitata-na-obstestvoto-zasto-se-strahuvame-ot-cifrovite-tehnologii
https://manager.bg/traina-probiv-v-zastitata-na-obstestvoto-zasto-se-strahuvame-ot-cifrovite-tehnologii
https://manager.bg/traina-probiv-v-zastitata-na-obstestvoto-zasto-se-strahuvame-ot-cifrovite-tehnologii
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 Is there a way to reduce this anxiety? Experts say there is, and it's through 

digital detoxification. This involves turning off your phone and computer for an 

extended period of time. 

 The concept of digital disconnection has entered our lives, closely linked to 

the workplace, with that imposed normality of being available 24 hours a day, 7 days 

a week. Today, not having to answer a call or email at the end of the day is perceived 

as something normal - however, if we extend this omnipresence to a more global scope, 

isn't the need to share your location at all times or always having to respond to a 

message at a certain time a similar concept? 

 As María Consuelo Villasanches, psychologist and member of Doctoralia, 

points out, ultimately "any type of addiction causes anxiety and that of the mobile 

phone is no exception. "We live glued to our mobile phones, we use them for 

everything and we don't realise how addicted we can be. The very fact of having to go 

without a mobile phone for a while, or the thought of having to do so, causes panic in 

most people." 

 It has been proven that "overuse of technology can cause irritability, 

exhaustion, mental fatigue, lethargy, mood swings, depression, and even the feeling of 

having to be constantly connected and unable to stop." In fact, in this hyperconnected 

digital society, new pathologies have emerged such as technofatigue, technoanxiety, 

technophobia, technodependence, or the most worrying of all - nomophobia, or the 

irrational fear of being left without a mobile phone or not being able to use it. 

 More and more people are starting to think about the dangers of living solely 

for and through screens. As Villasanches rightly notes, "digital disconnection is a term 

that refers to the ability to disconnect for a more or less long period of time from all 

digital devices, with everything that comes with it (including social networks), and 

reconnect with our surroundings." (https://www.highviewart.com/30/tsifrova-

detoksikatsiya-kakvi-sa-polzite-ot-tova-da-izklyuchim-telefona-si.html)   

 According to some psychologists, the biggest problem with digitalization is 

not the addiction to electronic devices and social networks, but the fact that social 

networks are a way to spread false information in many cases. People who spend time 

on social networks begin to lose their ability to think critically. 

 In order to study the opinion of modern people about the influence of the digital 

society, a survey of 21 questions was compiled. The first 4 are to determine the social 

status of the respondents. 

 The survey was completed by 87 people, which is not a representative sample, 

but still gives an idea of the influence of the digital society on modern man. 

The respondents were 68% women and 32% men. 44% of them were between 35 and 

44 years old, 29% were between 45 and 54 years old, 12% were over 55 years old, 6% 

were between 25 and 34 years old, 5% were under 18 years old and between 18-25 

years old. 

 54% of respondents have higher education, 26% - a doctoral degree, 17% - 

secondary education and 4% - primary education. 

https://www.highviewart.com/30/tsifrova-detoksikatsiya-kakvi-sa-polzite-ot-tova-da-izklyuchim-telefona-si.html
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 41% of the respondents work in the private sector, 35% are civil servants, 11% 

are students, 7% are self-employed, 2% are unemployed and 3% are retired. 

To the question "How many hours a day do you spend on the Internet?", the answers 

are shown in Fig. 1. 

 

 

Fig. 1. Hours spent daily on the Internet 

 

 To the question "What devices do you use most often to access the Internet?", 

the answers are shown in Fig. 2. 

 

 
 

Fig. 2. Devices most commonly used to access the Internet 
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 When asked which social networks they use most often, respondents could 

indicate more than one answer, which are depicted in Fig. 3. 

 

 

Fig. 3. Most commonly used social networks 

 

The answers to the question ñDo you think that using social networks affects 

your mental health?ò are shown in Fig. 4. 

 

 

Fig. 4. Impact of social networks on the mental health of respondents 
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 Fig. 5 shows how respondents assess the impact of digital technologies on their 

productivity. 

 

 

Fig. 5. Impact of digital technologies on the productivity of respondents 

 

 When asked what they most often use digital technologies for, 84% use them 

for work/study, for watching movies and videos ï 38%, for booking tickets and 

vacations or entertainment ï 38%, for communicating with friends/acquaintances ï 

68%. 

To the question: ñDo you think digital technologies are changing the way you 

communicate with others?ò, the answers to the questions are given in Fig. 6. 

 

Fig. 6. Are digital technologies changing the way we communicate? 
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 Regarding whether users have concerns about the privacy of their personal data 

on the Internet, the responses are depicted in Fig. 7. 

 

 

Fig. 7. Consumer concerns about data privacy on the Internet 

 

 When asked how they assess the overall impact of digital technology on their 

lives, 4% think it is very positive, 52% see it as positive, 33% - neutral and 12% - 

negative. 

 Since digitalization first began with the advent of television, respondents were 

asked how many hours a day they spent watching television. The answers to this 

question are shown in Fig. 8. 

 

 

Fig. 8. Time spent in front of the TV 
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 When asked what shows they most often watch on television, 44% watch news, 

20% - morning blocks, 29% - reality shows, 35% - educational shows, 33% - series, 

52% - movies, 30% - music channels and 13% indicated something else. 

 To the question "Do you think that watching TV and using social media 

increase your anxiety?", 65% answered somewhat, 25% - no, and 11% thought the 

statement was true. 

 One of the problems of the digital society is addiction to social networks, 

television and telephone, and 77% of respondents believe that the statement is true, and 

23% that this is not the case. 

 And isn't fake news the biggest problem of the digital society? 78% of 

respondents believe that this statement is true and 22% believe that the statement is not 

true. 

 It turns out that 94% of respondents check the information that is important to 

them from different sources. 

 As artificial intelligence increasingly enters modern life, respondents were 

asked whether they think that a large part of the information is generated by artificial 

intelligence. 41% think the answer is ñyesò, 42% - cannot judge and 17% think the 

answer is ñnoò. 

 To the last question, ñHow often do you allow yourself to forget about any 

electronic devices?ò, the answers are shown in Fig. 9. 

 

 
Fig. 9. Time for a digital detox 

 

3. Conclusion 

 The main conclusions from the research conducted on the topic of the report 

on the influence of the digital society on modern man can be summarized in the 

following areas: 
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- The largest percentage of respondents spend from 1 to 4 hours on the Internet, 

mainly using their smartphone for this; 

- The most widely used social network is still Facebook, but this is probably 

determined by the fact that the largest percentage of respondents are over 35 years old; 

- Unfortunately, people are now starting to realize that using social media is 

negatively affecting their mental health, or they are not very sure whether it is affecting 

them; 

- However, when assessing the impact of digital technologies on their 

productivity, the largest percentage of respondents defined it as positive; 

- Respondents are worried about the privacy of their data on the Internet and that 

a large part of the information provided to us is probably generated by artificial 

intelligence; 

- Still, a large portion of respondents try to detox from all kinds of electronic 

devices, but 37% fail to do so. 

The data taken from the survey is not from a representative sample, but the survey 

was still conducted among people of different ages, gender, workplace, and mostly 

highly educated, so we can say that their opinion could overlap with that of a large 

part of society. 
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Abstract. This article examines the revolution in industrial automation driven by 

robotization, starting with Unimate, the first industrial robot, in 1961. It discusses the 

evolution of advanced autonomous mobile robots (AMRs) and AI-driven systems in 

today's warehouses, highlighting the important role of artificial intelligence and 

machine learning-powered robots and collaborative robots (cobots) by 2025 in 

enhancing intralogistics. These advancements demonstrate a shift to flexible, 

intelligent robotics that increase efficiency, reduce costs, and improve product quality, 

helping smart factories maintain competitiveness in a rapidly changing market. 

Keywords: Artificial Intelligence (AI), Cyber-Physical Systems (CPS), Industrial 

Automation, Machine Learning (ML), Robotization, Industry 4.0 

 

1. Introduction 

Industrial robotics represents a field of robotics that has grown in prominence 

over the past century. Robots changed the industrial environment in just a few decades. 

Scientists from various civilizations have invented machines known as automata since 

the Greek-Hellenistic period. The term "automata" refers to human-like technologies, 

while "robot" has a wider meaning. To relieve men of this load, the concept of creating 

machines or beings capable of performing heavy or repetitive activities has existed 

since ancient times (Ļapek, K., 2004). The earliest generation of industrial robots lasted 

from 1950 to 1967. This generation's robots were essentially programmable machines 

with no ability to modify the mode of task performance. Also, they lacked connectivity 

with the outside world. In terms of hardware, the first-generation robots were outfitted 

with low-tech components and lacked servo controllers (Wallen, J., 2008). The key 

developments in the evolution of industrial robots can be traced back to the important 

innovation of George Devol, who introduced the concept of a "Programmable Article 

Transfer" in 1954 (Jr., George C. Devol, 1954). This invention was a starting point for 

the creation of Unimate, the first authentic industrial robot in history, as shown in 

Figure 1. 
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Fig. 1. Joseph Engelberger and George Devol (left); the Unimate robot (right) (Ļapek, K., 2004). 

 

Since that time, Japan has become known as the worldwide leader in industrial 

robotics.  In 1971, Japan founded the earliest national robotics association, named JIRA 

(Japanese Robotics Association).  Robots were widely used in Europe during the 

second half of the 1960s, similar to Japan.  In the year 1967, Svenska Metallverken in 

Upplands Väsby, Sweden, completed the first robotic installation in Europe the robots 

performed basic pick-and-place tasks (Wallen, J., 2008). 

The Tralffa Company in Norway developed the first painting robot and implemented 

it in a wheelbarrow painting enterprise.  The third generation of industrial robots (1978 

to 1999) engaged with both operators and the environment using advanced interfaces 

such as vision and recognition of speech (Zamalloa, I., Kojcev, R., Hernandez, A., 

Muguruza, I., Usategui, L., Bilbao, A., & Mayoral, 2017). These robots, equipped with 

servo motors, are capable of executing complex tasks by moving between designated 

points. SCARA robots were widely used on assembly lines, especially in Japan. During 

the 1980s, Japan excelled in robot manufacturing, boasting over 40 companies 

globally, and in the production of electronic consumer electronics. Smart 

Manufacturing is an advanced system that integrates key elements such as autonomous 

robotics, the Internet of Things, big data, cloud computing, and simulation inside the 

industry 4.0 Production Philosophy (Gubán, Miklós, Kovács György, Kot Sebastian, 

2017) The concept must be adopted in manufacturing organizations, as ignoring it 

would negatively affect these companies' ability to keep or improve their 

competitiveness in the future.  The Smart Factory concept states that traditional 

controlled production processes will be taken over by autonomous control, as 

intelligent machines, robots, tools, and smart workpieces engage in continuous 

collaboration and communication through sensor technology  (Kovács, György, 

Sebastian Kot, 2016). Smart factories will improve manufacturing flexibility, 

adaptability, sustainability, and resource efficiency.  Therefore, become 

more competitive and enhance their manufacturing processes  (Jay, Lee, Behrad 

Bagheri, Hung An Kao, 2015), (Stock, Tim, Guenther Seliger, 2016). The Industry 4.0 

production concept and the overall idea called Industry of the Future developed in 
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Germany during the Hannover Fair in 2011. This concept has gained global traction 

due to its approach, which is based on a new way of organizing industrial activities 

using new technology and it indicates the start of the fourth industrial revolution. 

(Nasser, Jazdi, 2014). The technologies used in the latest Industry 4.0 idea to build a 

Smart Factory are more interconnected, communicative, and intelligent than traditional 

production methods (Hu, Yunfeng, Yu Dong, Batunacun, 2018). The vision of Industry 

4.0 requires a digital global supply chain network that can adapt to rapid customer 

demands, member activities, and market conditions, to replace traditional supply 

chains. Industry 4.0 is a digital transition that allows for autonomous, decentralized 

decisions in all cyber-physical systems in which each element interacts. Products and 

machines communicate with one another, and information is transferred via sensors 

linked to a worldwide network, which is connected to the entire supply chain, ensuring 

the demands of customers (Straka, Martin, Ģatkoviĝc Erik, Schr®ter R·bert, 2014). 

 
 

2. Literature Review 

While the introduction section has been written.  The next section discusses a 

review of related literature by other scholars. 

A. Automation Robots in Manufacturing 

Automation stands for the use of machines to perform repetitive and necessary 

duties in many industries, managing both physical and cognitive functions throughout 

the manufacturing process in place of human labor. The expanding trend of using 

cutting-edge technology to replace human interaction has achieved universal support 

across a variety of businesses, including the quickly changing industry market (Gandu 

S, Ravinder M, Gandla K, Narmada G, 2022). 

B. Categories of Robots in Manufacturing fields  

a) Industrial Robots: 

Robotic arms are versatile machines that are used in the industrial sector with 

assigned tasks such as assembly, labeling, picking, and packaging. These robots 

increase productivity and maintain quality control in manufacturing operations by 

handling sensitive materials and performing repetitive jobs with great accuracy and 

efficiency. 

b) Automated Guided Vehicles (AGVs): 

AGVs are mobile robots that operate autonomously in any manufacturing 

facility and warehouse to handle and deliver products. These vehicles transport 

equipment, finished products, and raw materials between places, utilizing sensors and 

navigation systems to follow established paths. 

c) Collaborative Robots (COBOTS): 
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Collaborative robots collaborate with human operators in manufacturing operations.  

These robots are equipped with safety mechanisms and sensors, enabling them to safely 

execute tasks such as packaging, quality inspection, and laboratory automation when 

working with human operators. 

d) Laboratory Automation Systems 

Robotic platforms are used in lab automation systems to improve the efficiency of 

various laboratory operations such as testing, analysis, and sample preparation. These 

methods improve pharmaceutical research and development labs' throughput, 

uniformity, and accuracy. 

e) Automated Dispensing Systems: 

Automated dispensing systems, a form of robotic equipment, are used in pharmacies 

and healthcare facilities to precisely distribute pharmaceuticals and maintain inventory 

levels. These systems eliminate drug errors, improve dispensing operations, and can 

handle a wide range of pharmaceutical items (Majid S, Zhang X, Khaskheli MB, Hong 

F, King PJ, Shamsi IH, 2023). 

C. Enhancing Warehouse Automation with Robotics 

The integration of Artificial Intelligence (AI) and Internet of Things (IoT) has led to a 

significant transformation in warehouse automation, mostly with the use of robotics.  

Autonomous Mobile Robots (AMRs) and Automated Guided Vehicles (AGVs) have 

become essential technology for enhancing warehouse efficiency, minimizing human 

involvement, and boosting productivity.  Organizations Robotics have led to the 

adoption and advancement of robotic automation, resulting in substantial cost 

reductions and enhanced operational efficiency (Ghadge, A., Kara, M. E., Moradlou, 

H., & Goswami, M., 2020). 

AMRs and AGVs are advanced robotic systems that autonomously navigate warehouse 

working environments.  AMRs employ advanced sensors and artificial intelligence 

algorithms to analyze their surroundings, enabling them to decide proactive paths and 

avoid obstacles.  It also enables AMRs to adjust to evolving warehouse designs and 

operational demands.  On the other hand, AGVs normally follow assigned paths, 

guided by markers or wires in the facility floor, that make them suitable for repetitive 

tasks in stable settings.  Both technologies aim to automate material handling tasks, 

including the transportation of goods between storage facilities and processing areas, 

which reduces errors (Queiroz, M. M., & Wamba, S. F., 2019). The integration of AI 

and robotics beyond the automation of physical tasks, it also contains smart analysis of 

real-time data to optimize operations. AI-driven robots may utilize data from IoT 

devices to make accurate choices regarding task prioritization, route optimization, and 

inventory management. When obtaining data on order patterns and inventory levels, 

robots van change their workflow to ensure that high-demand items are accessible right 

away, lowering retrieval times and enhancing overall efficiency. The high level of 
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responsiveness is most important in dynamic environments where operational 

requirements change rapidly (Sgarbossa, F., & Russo, I., 2017). 

D. Predictive Maintenance, Analytics and Decision-Making for Warehouse Robots 

Predictive analytics, based on artificial intelligence (AI), has had an important 

impact in enhancing warehouse operations. Businesses may predict demand variations, 

correct stock disparities, and avoid supply chain interruptions by leveraging previous 

data and implementing robust AI-driven algorithms.  Additionally, AI-driven predictive 

maintenance ensures the smooth and efficient operation of warehouse equipment and 

robots, which reduces downtime and related maintenance expenses (Papadopoulos, T., 

Gunasekaran, A., Dubey, R., Altay, N., Childe, S. J., & Fosso Wamba, S, 2017). AI-

driven predictive maintenance utilizes real-time data from sensors embedded in 

machinery to monitor performance metrics including vibration, temperature, and 

operational speed.  AI systems analyze this data for patterns that may signify 

prospective failures, leading maintenance engineers to react before breakdown. The 

strategy approach minimizes possible delays and extends equipment longevity, leading 

to substantial reduced expenses (Bag, S., & Pretorius, J. H. C., 2020). 

E. Revolutionizing Robotic Efficiency in Smart Warehousing 

Switching from Isolated Systems to a Connected Network, Warehouse robots 

operated as isolated units, performing assigned tasks with limited real-time 

adaptability. The integration of the Internet of Things (IoT) in modern warehouse has 

revolutionized management of inventory and operational efficiency. Warehouses can 

achieve excellent real-time tracking and monitoring capabilities through the utilization 

of IoT-enabled sensors, Global Positioning System (GPS) trackers, and Radio 

Frequency Identification (RFID) tags. This new technology provides full inventory 

visibility, significantly reducing errors and inefficiencies that have usually impacted on 

the management of warehouses. RFID tags provide automatic product identification 

and data collection, ensuring effortless tracking without manual involvement.  Also, 

GPS trackers give precise location data for shipments, enhancing transparency and 

collaboration inside the supply chain. A significant advantage of IoT integration in 

warehouses is enhanced utilization of storage space. IoT devices gather and assess data 

regarding inventory levels, product dimensions, and storage conditions.  This data-

driven approach enables warehouse managers to develop efficient storage 

configurations that optimize the utilization of available space.  IoT systems can 

determine optimal product placement based on size, weight, and demand frequency, 

facilitating quicker retrieval and reducing labor costs.  Additionally, real-time inventory 

monitoring allows adaptive modifications to storage systems, accommodating 

variations in inventory levels and optimizing storage utilization (Kamble, S. S., 

Gunasekaran, A., & Gawankar, S. A., 2020). 

 

2. Methodology 
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The methodology is organized in different phase to implement automated guided 

forklifts (AGFs) and Q-Loader systems into container loading, while performing 

predictive maintenance, real-time inventory management, and supply chain 

coordination. In each phase, we expand on the AI-driven warehousing framework and 

cyber-physical system (CPS) architecture described in the original articles. The key 

components include a digital twin of the loading environment, multi-sensor IoT 

networks, AI-based task scheduling, and closed-loop coordination that occurs through 

the OODA decision cycle. The following steps summarize the procedure: 

1. CPS Architecture and Digital Twin: First, we create an integrated cyber-physical 

warehouse architecture that combines physical loading infrastructure (docks, forklifts, 

containers, and Q-Loaders) with networked sensors and AI algorithms. This design 

uses an Observe-Orient-Decide-Act (OODA) paradigm to make decisions. A digital 

twin model of the warehouse is produced to mimic and optimize container loading 

operations in real time. The virtual model accurately matches the physical 

environment, including AGF positions, container locations, dock status, and Q-Loader 

operational data, allowing for safe testing and planning of loading sequences prior to 

execution.  

2. Multi-Sensor Deployment: We simultaneously build a complete network of sensors 

across the warehouse. RFID readers, GPS trackers, and environmental sensors are 

installed on pallets, forklifts, container bays, and the Q-Loader to ensure constant 

situational awareness. These sensors provide real-time data on inventory condition, 

AGF position, and equipment health to the control system. Multi-sensor data fusion 

methods combine and evaluate these inputs in real time to track inventory (ensuring 

that the correct pallets are ready for loading) and detect anomalies in container or 

equipment status. This infrastructure automatically reports stock and position data to 

the AI planner, ensuring that upstream inventory levels match downstream loading 

plans. 

3. AI-WMS Integration and Predictive Maintenance: We integrate WMS, CPS, and AI 

modules. The WMS retains current inventory and order data, which the AI utilizes to 

allocate loading assignments and routes. Machine learning models are constantly 

learning from operational data. For example, AI algorithms process past use and sensor 

readings to determine when AGFs or the Q-Loader will need maintenance. By 

combining AI-driven scheduling with predictive maintenance models, the system 

ensures that forklifts and loaders run at maximum efficiency and that any wear or 

approaching failure is detected before it causes downtime. 4. Real-Time Scheduling 

and Coordination: In the next phase, the AI engine continuously monitors WMS data 

and sensor feedback to optimize loading operations. The AI assigns specific loading 

tasks to each AGF based on current orders and schedules, then plans collision-free 

routes using RFID and barcode guidance. As AGFs navigate to pickup points, on-board 

sensors enable precise pallet handling. Upon delivery to a dock, the AGF hands off the 

pallet to the Q-Loader. A coordinated control protocol ensures that the Q-Loaderôs 

automated ramp aligns with each trailer and that loads are pushed fully inside. The 
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entire loop (ObserveïOrientïDecideïAct) runs in real time: the system observes sensor 

data, orients to current conditions, decides optimal actions for routing and loading, and 

then acts by driving AGFs and operating the Q-Loader. This closed-loop coordination 

enables the AI to replan in real time in reaction to delays or changes (for example, if a 

pallet is not in the expected position), keeping the container-loading process flexible to 

fluctuating supply chain demands. 5. Performance Evaluation and Validation: Finally, 

we assess the integrated system using key metrics. The methodology includes assessing 

container loading time, AGF route efficiency, Q-Loader utilization, and total 

warehouse throughput. These measures quantify the benefits of robotization and CPS 

integration. We also run extensive validation tests, simulating various load schedules 

and fault scenarios, to guarantee that AI decision-making and CPS replies remain in 

sync. This involves ensuring that predictive maintenance alerts accurately predict 

equipment breakdowns and that inventory tracking data consistently matches actual 

stock. Performance Evaluation and Validation: Finally, we assess the integrated system 

using key metrics. The methodology includes assessing container loading time, AGF 

route efficiency, Q-Loader utilization, and total warehouse throughput. These measures 

quantify the benefits of robotization and CPS integration. We also run extensive 

validation tests, simulating various load schedules and fault scenarios, to guarantee that 

AI decision-making and CPS replies remain in sync. This involves ensuring that 

predictive maintenance alerts accurately predict equipment breakdowns and that 

inventory tracking data consistently matches actual stock. The projected outcome is a 

seamless workflow in which AGFs autonomously deliver the appropriate pallets to 

each dock in conjunction with Q-Loader operations, resulting in faster, more reliable 

container loading with fewer errors. 

This phased approach leverages both artificial intelligence (for planning and 

prediction) and cyber-physical integration (for real-time control). By coordinating 

AGFs and Q-Loaders through a smart WMS interface, the system bridges upstream 

inventory data and downstream logistics execution. The result is a robust, self-

optimizing container loading process: robots perform repetitive handling tasks with 

high accuracy, while the digital infrastructure aligns loading operations with supply 

chain requirements in real time. 

3. Conclusion 

Industrial robots has led to Industry 4.0, which integrates AI, IoT, and CPS to 

develop Smart Factories.  Warehouse automation uses Autonomous Mobile Robots 

(AMRs) and Automated Guided Vehicles (AGVs) to boost efficiency and 

reduce errors.  AI-powered predictive maintenance reduces downtime and optimizes 

operations through data analysis. The article describes a way for creating a   modern 

CPS architecture using automated guided forklifts (AGFs) and Q-Loader container 

loading.  A digital twin simulates, RFID and GPS sensors track in real time, and 

artificial intelligence schedules and coordinates.  Robots perform repetitive tasks with 

great accuracy to create a seamless, autonomous workflow that meets real-time supply 

chain demands for faster, more reliable container loading. 
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Abstract. Change management encompasses the processes, tools and techniques for 

managing the human factor in change to achieve desired business results. It includes 

the organizational tools that can be used to help people make successful personal 

transitions that lead to the acceptance and implementation of change. Various aspects 

can lead to change in the organization, for example: company goals, service operations 

and others. Organizational change management focuses mainly on improving 

employee productivity and increasing business sales. It should help employees adapt 

and implement this change in their daily work. In order to successfully implement the 

key factors for organizational transformation, it is necessary to know them in depth. 

This includes various approaches, strategies, methods, which are the subject of 

consideration in this article. In today's dynamic environment, in which companies 

cannot afford to stagnate, the approach to transformation through change management 

is the basis for success. 

 

Keywords: Change management, approach, strategies, methods, organizational 

change, transformation 

 

1. Introduction 

Change management is ña framework that enables people to manage changeò 

(Kotter, J.P. (1996). Leading Change. Harvard Business School Press., p.34), while 

change as a comprehensive concept refers to any transformation in an organization - a 

process or individual behavior, which may include: processes, structures, technologies 

or culture. Transformation can be considered a very large-scale and innovative change 

that is not limited to simply doing things differently, but to becoming something 

different. Change management encompasses the processes, tools and techniques for 

managing the human factor in change to achieve desired business results. It includes 

the organizational tools that can be used to help people make successful personal 

transitions leading to the acceptance and implementation of change. To determine when 

change management is necessary, we need to ask ourselves whether our change efforts 

require people to do things differently. If the answer to this question is ñyes,ò then the 

value of implementing change will be directly tied to how the people involved accept 

and understand the change. Agile change management is essential when working on 

mailto:kpm_@abv.bg
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complex projects. It follows the value of the Agile manifesto for welcoming change, 

which is great for projects with many interconnected components and changing 

situations. Agile is known for its flexibility and the ability to easily make adjustments 

during project work. This is important because strict plans do not work well with rapid 

change. 

 

2. The difference between Agile change management and Agile methodologies 

Agile methodologies, rooted in the Agile Manifesto, are principles and practices 

used in project management and software development, emphasizing incremental 

work, collaboration, and rapid adaptation. This approach has successfully evolved from 

its origins in software development to various areas in all kinds of businesses. 

Shifting from the broader scope of Agile methodologies, Agile Change Management 

focuses on the agile management of organizational change. It strongly emphasizes the 

human aspect of change, supporting individuals and entire organizations as they adapt 

to new processes and strategies. 

This approach is applied to a variety of organizational changes, extending far 

beyond software development or projects. 

ñIn an Agile project, change management must adapt and be agile.ò (Kreezy, T. 

(2017). Effectively Managing the Move to Agile. Prosci.). 

 

3. The Foundation of Successful Agile Implementation 

A successful Agile transformation requires significant changes to the way the 

organization operates, which in turn leads to changes in the way people do their jobs 

every day. Engaging employees early and often ensures that they are fully involved in 

the transition, rather than simply being told what to do and when to do it. 

The biggest and most important factor for a successful Agile transformation is 

having an active and visible sponsor who is enthusiastic and 100% committed to the 

transition. If the sponsor does not demonstrate trust and strong belief in the Agile 

principles themselves, there will inevitably be a trickle-down effect throughout the 

organization. Effective and timely communication is another very important element 

of change management. Communication should be timely, transparent, easily 

digestible, distributed through the right channels, and not intrusive so as to overwhelm 

the audience. It is also important that the sender of the message is trustworthy and 

credible. 

Agile training is crucial for successful skill building and training, and if possible, 

for formal certification of employees. Having formal Agile training ensures that 

everyone involved in the change is working from the same Agile approach. 

Additionally, providing training shows your employees that you are invested in them 

and value their growth and personal success ï making it more likely that they will be 

willing to embrace this new approach. 

Finally, bringing in Agile experts, such as an Agile coach who is available to 

help translate and demonstrate complex Agile principles during the transition, helps 
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communicate the credibility of the approach and also adds another layer of credibility 

to the sponsorship. 

We can prioritize three areas that form the foundation of successful Agile 

implementations, focusing on the often overlooked human element in such transitions: 

Å Systematically implementing Agile as a methodology 

Å Effective strategies for managing the workforce aspects of this transition 

Å Critical practices for supporting and guiding professionals and individuals through 

the Agile implementation process 

 

4. Key factors for adapting and refining change management practices: 

Å Adapting change management approaches to fit the dynamic nature of Agile 

Å Ensuring alignment between change initiatives and the rapid delivery cycles of Agile 

Å Emphasizing continuous engagement and feedback in change management 

The importance of customizing methodologies to the dynamic pace of Agile, aligning 

initiatives with rapid delivery, and prioritizing continuous engagement and iterative 

feedback for effective management should be emphasized. 

 

5. Insights into the Impact of Agile on Change Management 

Agile creates a new perspective on change management through: 

1. Iterative Approach ï Instead of reinventing strategies with each sprint, the focus is 

on refining and adapting them using continuous learning and feedback. 

2. Adaptive Planning ï Change management plans require a program based on learning 

and real-time feedback to maintain rapid response and align with the Agile process. 

3. Early Strategy ï Agile methodologies allow us to understand the impact of change 

early, anticipate potential resistance points, and develop an engagement strategy. 

4. Rapid Change Management ï Short, impactful communications, targeted training, 

and rapid response mechanisms help you manage change and keep up with Agileôs 

rapid iterations. 

 

6. Four Ways Value Segments Address Common Change Management Challenges 

Here are four observations that illustrate the benefits of value analysis through a 

change management lens and what we need to ensure to successfully manage change 

flexibly: 

1. Create strong and trusted change agents 

2. Instill a desire for change 

3. Provide capacity to support change 

4. Create a learning culture for the team that will be responsible for the change 

 

6.1. Strong, trusted change agents 

To effectively scale large changes, a network of change agents with diverse 

experiences and expertise is needed. Especially in less hierarchical and more 

collaborative organizations, change agents help to foster genuine communication and 
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build trust across functions and levels. This is something that centralized, top-down 

approaches often struggle with. 

Traditionally, implementing and monitoring change has been the responsibility of 

leadership. In Kotterôs ñ8-Step Process for Leading Change,ò creating a so-called 

ñleadership coalitionò is one of the first steps. While this sounds role-neutral, in most 

cases this group consists of executives and senior managers from the areas affected by 

the change, supported by a central change management function or transformation 

office. Conversely, value segments can create change agents almost naturally. 

Leadership and the transformation office still play a role, but successfully transforming 

teams leads to champions and supporters in the areas actually affected by the change. 

They are more likely to persuade their colleagues, both because they are more easily 

accessible and because they better understand the implications and practical challenges 

of the changes. 

 

6.2. Willingness to Change 

People want to understand what is happening and what is expected of them. 

ñCommunication, education, and participation are key activities to reduce resistance. 

But there is nothing more powerful and inspiring than watching others succeed.ôô 

(Kotter, J. P. (1979). Power in Management: How to Understand, Acquire, and Use It. 

Amacom Books.). 

This offers tangible, real-world examples of what is possible and creates a desire to 

participate. óóYou need to create a ómodelô experience for your staff that is aligned with 

the way you want to work in the future.ôô (OôBrien, G., Guo, X. & Mason, M. (2019) 

Digital Transformation Game Plan: 34 Tenets for Masterfully Merging Technology and 

Business. OôReilly Media.). 

The values segments can act as such exemplary experiences. They turn abstract 

concepts into concrete actions. They make change tangible. They provide early success 

stories that create a pull effect that can inspire people and make them want to be a part 

of it. And for people who resist change because of uncertainty, fear of loss, or the 

unanswered question ñwhatôs in it for me?ò, they provide valuable insights related to 

their personal role in the organizationôs envisioned future state. 

 

6.3. Focus on practical learning 

To support big change initiatives, significant support and coaching are needed. 

Behavioral change cannot be achieved through explanations alone. You donôt become 

a great soccer player just by watching soccer games ï you have to play a lot and be 

trained to become really, really good at it. This is even more true when you are not only 

changing processes or reporting lines, but also trying to instill a new culture and new 

ways of working in your teams. 

 

6.4. Learning Culture for the Change Team 

Value segments provide an excellent learning environment for the entire 

organization, including the change management team. Direct interaction with the 
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people affected by the transformation creates short feedback loops, and the limited 

scope of the change allows for a certain level of experimentation. Whether it is 

communication approaches, activation formats, or role descriptions, a test environment 

with a friendly user group can have a big impact before a larger implementation. 

Actively interacting with people, gathering feedback, and adjusting your approaches 

will go a long way in fostering a culture of continuous learning and improvement 

within your change management team. 

 

Conclusion 

In an increasingly dynamic environment where companies cannot afford to stand still, 

a value-based approach to transformation can help keep pace with the digital evolution. 

However, this requires change management to embrace new principles: by empowering 

change agents at all levels and functions to decentralize change, creating ñexemplary 

experiencesò that inspire a desire for change, moving to a practical approach to 

behavioral change, and embedding continuous learning into the change process. 
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Abstract 

This report analyzes the potential for integrating Artificial Intelligence (AI) into the 

recruitment and selection process, focusing on the manufacturing company EGT Steel 

Production. It outlines both global and Bulgarian trends and proposes a specific AI-

based tool for preliminary candidate screening. The analysis highlights benefits such 

as speed, objectivity, and efficiency, alongside risks including lack of transparency, 

ethical challenges, and employee resistance. A conducted survey indicates a generally 

skeptical attitude toward this technology. The conclusion emphasizes the need for a 

hybrid approach-AI as a supportive tool, but not a substitute for human judgment. 

Keywords: Artificial Intelligence, Human Resource Selection, Industrial Enterprise, 

Transformation 

1. Introduction 

Recruitment is a process involving planning, sourcing, selection, and 

negotiation, in which both an intermediary or employer and a prospective employee 

participate, while taking into account labor market specifics, organizational culture, 

company strategy, and the broader socio-economic context. It is essential that when 

conditions within or outside the organization change, timely and adequate measures 

are implemented (Bogdanova, 2013). Recruitment and employee management remain 

among the most critical and complex functions within any company, requiring careful 

planning, efficient sourcing, and the selection of qualified candidates. As attracting 

skilled labor becomes increasingly challenging, traditional methods lose effectiveness, 

prompting HR professionals to modernize recruitment and selection procedures 

(Bogdanova, 2013). 

Artificial Intelligence, often regarded as one of this centuryôs technological 

marvels, offers significant potential for optimizing the recruitment process 

(KadeRaboti.bg, n.d.). Its continuous development allows for substantial 

improvements and simplification of recruitment operations-not at the expense of HR 

functions, but rather as a means to enhance them. AI refers to computer systems and 

software capable of performing tasks that typically require human intelligence, 
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including image recognition, natural language processing, and decision-making based 

on algorithms and data (Online Learning, n.d.). In recent years, AI has increasingly 

been applied across various sectors, including Human Resource Management. The 

intersection of AI and HR represents a natural progression of digital transformation, 

with AI tools being integrated into processes such as recruitment, training, performance 

evaluation, and employee retention, aiming to improve efficiency and objectivity. 

The concept of ñHR Without Bordersò captures this development: thanks to AI 

and digital platforms, organizations can search for and attract talent globally, 

overcoming geographical, linguistic, and cultural barriers while reducing time and 

costs. In the context of a global labor market and rapidly evolving business 

environment, AI is emerging as a vital ally for HR professionals. Companies that 

promptly adopt AI capabilities gain a competitive advantage by identifying suitable 

candidates more effectively, accelerating recruitment processes, and enhancing the 

quality of hiring decisions. 

EGT Steel Production, an industrial metalworking enterprise and part of the Euro 

Games Technology group, aligns with these global trends. As a modern manufacturing 

company, EGT Steel Production stands to benefit from AI by optimizing the 

recruitment of technical specialists and production workers, expanding its talent 

acquisition reach, and reinforcing its image as an innovative employer. This paper 

presents an analysis of AIôs role in recruitment processes both globally and within the 

Bulgarian context, focusing on the practical applications and limitations of its 

implementation at EGT Steel Production, proposing specific innovative solutions, and 

addressing the ethical and legal considerations of AI technologies within the HR 

framework. 

 

2. Exposure 
2.1. Global Trends 

Personnel selection is one of the HR processes undergoing significant 

transformation under the influence of Artificial Intelligence (AI). Following the 

pandemic, the digitalization of HR processes accelerated, with one of the leading trends 

being the rapid implementation of AI-driven recruitment solutions. Recent studies 

show that 92% of HR leaders plan to increase AI use in at least one HR function within 

the next 12ï18 months-primarily in talent acquisition, employee retention, and 

upskilling (Karieri.bg, 2022).AI is recognized as a valuable tool for addressing current 

challenges such as talent shortages and high turnover rates by improving HR 

productivity and streamlining workflows. In practice, global companies already 

employ a variety of AI tools in recruitment: automated CV screening systems, chatbots 

for initial candidate interaction, AI-assisted skills assessment platforms, and algorithms 

for identifying passive candidates through data analysis from professional and social 

networks.Modern AI-based Applicant Tracking Systems (ATS), for example, can 

screen hundreds of resumes in seconds, selecting the most suitable candidates based on 

predefined criteria. This dramatically reduces the time HR professionals spend on 

manual resume reviews, allowing them to focus on strategic tasks and meaningful 
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engagement with top applicants (Horizons.bg, 2024).AI also helps mitigate 

unconscious bias in the selection process. Properly trained software evaluates 

candidates primarily on their qualifications and skills, minimizing subjective 

influences. Additionally, such systems can automatically verify references and online 

profiles, providing more comprehensive and objective candidate evaluations 

(Karieri.bg, 2022). 

 

2.2. Bulgarian Practices 

In Bulgaria, the integration of AI into HR is still in its early stages but is steadily 

gaining momentum. There is growing interest from both businesses and the HR 

community. Many Bulgarian HR agencies and in-house HR departments closely follow 

global trends and have begun piloting AI-based solutions. For instance, agencies like 

Talaint publicly state that they combine their consultants' expertise with AI algorithms 

to enhance recruitment speed and efficiency (Talaint, n.d.). This hybrid approach seeks 

to accelerate recruitment processes without compromising quality.Local tech solutions 

have also emerged, such as OMNI and OneNewOne (ONO), platforms that use AI to 

intelligently match candidate profiles with job requirements, now entering the 

Bulgarian market (OneNewOne, n.d.). Although widespread adoption of AI in 

recruitment is still forthcoming, interest is rising. Bulgarian media outlets and HR blogs 

increasingly cover the topic, offering overviews of popular AI tools, practical 

application tips, and discussions of potential limitations (JobTiger Agency, n.d.).In 

summary, practice in Bulgaria is gradually catching up with theory. There is a growing 

awareness of AIôs advantagesðtime savings, more objective candidate selection, and 

access to broader talent poolsðalongside understandable caution due to limited 

experience and concerns about the reliability of these technologies. While AI adoption 

in recruitment is advancing rapidly worldwide, local implementation is still 

developing. However, as geographic boundaries in talent acquisition blur, Bulgarian 

organizations have valuable opportunities to adopt and adapt proven international 

practices, accelerating the digital transformation of human resource management. 

 

2.3. AI in the Industry: Applications in the Manufacturing Sector 

The manufacturing sector has traditionally been associated with industrial 

machinery and physical labor, but managing human capital is no less important for its 

success. In industrial enterprises, recruitment often means hiring qualified engineers, 

technicians, welders, machine operators, and others-roles that require specific skills 

and are often difficult to fill.In this context, AI can play a decisive role in overcoming 

some chronic problems in the sector: shortage of qualified personnel, prolonged time 

to fill vacant positions, and the need for precise assessment of candidates' practical 

skills.For the purpose of this report, we will focus on EGT Steel Production - a 

relatively new company, established in March 2020 as a subsidiary of Euro Games 

Technology. Its main activity is the production of metal components (slot machine 

cabinets, steel parts, etc.) for the gaming industry. The company has a modern material 

base and high-performance production machinery, divided into four main 
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workshops.With about 5,000 mĮ of production space and diverse processes (laser 

cutting, sheet bending, welding, etc.), EGT Steel Production has a constant need for 

qualified personnel - from CNC machine operators and welders to quality engineers 

and production line managers (EGT Steel Production, n.d.). Since its founding, the 

company has hired dozens of new employees, and this number continues to grow. So 

far, recruitment has been carried out in a traditional way: announcing open positions 

on popular job platforms, attracting candidates through local channels and HR 

agencies, and manually screening incoming CVs by a small HR team.The 

implementation of AI in recruitment could offer a number of opportunities for 

improvement, but also comes with specific limitations that need to be taken into 

account: 

 

2.3.1. Opportunities (Benefits): 

Faster Recruitment and Timely Hiring-In manufacturing, time is of the essence. 

If EGT Steel Production keeps positions vacant for too long, this may delay order 

fulfillment. AI can significantly speed up the recruitment process ð for example, when 

announcing 10 open positions for locksmiths, instead of the HR team manually 

reviewing each CV, an AI system could filter the most suitable candidates within 

minutes (Karieri.bg, 2022; Horizons.bg, 2024).This results in a shorter time-to-hire, 

which is critical for maintaining uninterrupted production cycles. 

Wider Talent Reach-ñHR Without BordersòAlthough EGT Steel Production is 

located in Pernik, for certain positions there may be a need to attract staff from all over 

Bulgaria or even abroad (e.g. experienced engineers or specific specialists). AI tools, 

integrated with job platforms, can search globally for candidates with the required 

profile. For example, AI could scan professional networks for Bulgarian engineers 

abroad willing to return, or for foreign specialists open to relocation. In this way, the 

company expands the ñbordersò of recruitment beyond the local labor market. 

Objectivity and Higher Quality of Hires-As previously mentioned, AI can reduce 

subjectivity. In relatively small teams, personal impressions or recommendations often 

exert a major influence on hiring decisions. An AI tool trained to evaluate candidates 

based on predefined criteria (education, skills, test results) would provide a ranking of 

applicants based on data, no tintuition.This means that for each position, the HR team 

at EGT Steel Production would start by focusing on the most qualified candidates 

according to objective indicators (Karieri.bg,2022).The expected outcome is better 

success rates - i.e. a larger share of new hires would turn out to be successful and 

productive in their new positions. 

Resource Saving-Automating the initial selection process frees up HR specialists 

from the most time-consuming tasks (CV sorting, basic phone screenings). The time 

saved could be reinvested in other important activities ð for example, employer 

branding initiatives in the region, more systematic onboarding of new hires, or work 

with existing staff to improve engagement. Ultimately, the efficiency of the entire HR 

department increases (Horizons.bg, 2024). 
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Forecasting and Planning-As already mentioned, AI can analyze HR data. For EGT 

Steel Production, this means the ability to predict future staffing needs. For example, 

if production plans an expansion or the addition of a new workshop, AI could help 

model scenarios like ñWhat staff will we need in 6 months?ò. This way, management 

would not be caught by surprise due to a staff shortage and could proactively start 

recruitment in advance (Horizons.bg, 2024). 

 

2.3.2. Limitations (Risks and Challenges) 

Insufficient Data Samples-AI systems perform only as well as the quality of the 

data they are trained on (HRManager.bg, n.d.). EGT Steel Production is a relatively 

new company (established in 2020) and has likely hired dozens, but not hundreds, of 

employees so far. This means that historical data on past hires is limited-too scarce for 

an AI model to independently "learn" which candidate profiles tend to be successful.A 

potential solution to this issue is the use of external, well-established AI platforms 

trained on global datasets. However, this raises the question of whether a global model 

can properly understand local specifics (for example, what a diploma from a particular 

Bulgarian technical school means or what specific experience in a local factory 

implies). 

Need for Integration and Compatibility-It is possible that EGT Steel Production 

already uses specialized production management software (ERP systems) or personnel 

databases. The implementation of AI for recruitment must be integrated with the 

existing systems.The lack of integration is cited as one of the main barriers to the 

broader adoption of AI-37% of surveyed global HR managers expressed concerns 

about compatibility issues between new AI tools and their existing platforms 

(Karieri.bg, 2022). If the systems ñdonôt communicate,ò this could lead to additional 

work or even to abandoning the AI tool altogether. 

Employee Resistance and Lack of Trust-The introduction of AI may face cultural 

and organizational barriers. The HR team and managers at EGT Steel Production would 

need to be trained and convinced of the benefits of the new approach. 

Some might harbor doubts-for instance, believing that ñAI cannot make better 

decisions than people.ò There could also be fears that the technology might replace 

human judgment or even jobs.This resistance can be overcome through clear 

communication of the purpose -AI as an assistant, not a replacement-and through 

gradual, incremental steps: pilot projects that demonstrate positive effects in practice. 

Risks of Bias and Errors-Although AI is promoted as impartial, there are known cases 

showing the opposite if the technology is not well-calibrated. 

A classic example is Amazonôs AI recruitment system, which was found to be gender-

biased-it favored male candidates for technical positions because it had been trained 

primarily on resumes from men (HRManager.bg, n.d.). 

This story serves as a valuable lesson: if EGT Steel Production implements AI, 

it must closely monitor for unintended biases. For example, if historically most welders 

in the company have been men, the AI model might inadvertently start rating male 

candidates higher.Such deviations should be identified in a timely manner and 
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corrected-either by retraining the model with more diverse data or by applying 

corrective weighting factors.There is also always a risk of AI misinterpreting certain 

inputs- for instance, an unusually formatted CV might not be processed correctly. 

Therefore, validation of AI results is essential: an HR professional should briefly 

review candidates rejected by the system to ensure no valuable profiles were excluded 

due to technical reasons. 

Limited Judgment for ñSoftò Aspects-One potential weakness of AI is that while 

it excels at assessing hard criteria (hard skills, experience, qualifications), it cannot 

perceive cultural compatibility and a candidateôs personality potential the way a human 

interviewer can (Karieri.bg, 2022).For EGT Steel Production, where teamwork and 

workplace safety are of particular importance, it is critical that new hires integrate 

well.AI cannot reliably assess whether a candidate will fit into the company culture or 

exhibit the necessary work ethic in a production environment. This domain remains 

reserved for final interviews and human judgment.Therefore, the role of AI should be 

limited to the preliminary screening stage, while the final decision-especially 

concerning cultural compatibility-should rest with the managers. 

In conclusion, the application of AI at EGT Steel Production holds significant potential: 

faster and broader recruitment, more objective selection, and better workforce 

planning. At the same time, it requires a responsible approach ð ensuring high-quality 

data, training personnel, monitoring for unwanted effects, and combining automation 

with human oversight. 

The best results would be achieved through a hybrid model, where AI performs 

tasks it is strongest at (processing large data sets, finding hidden patterns), while people 

contribute where they excel (creativity, emotional intelligence, final judgment aligned 

with the companyôs values) (Karieri.bg, 2022; Horizons.bg, 2024). 

 

2.4. Proposal: AI-Based Tool for Preliminary Selection 

Based on the conducted analysis and research on the application of Artificial 

Intelligence in recruitment, it is proposed that EGT Steel Production take steps toward 

implementing an innovative AI-based tool designed to automate the initial phase of 

candidate selection. This solution would allow the company not only to speed up the 

selection process but also to improve the accuracy of identifying suitable profiles 

without placing additional workload on the HR team.The proposed tool would offer 

several core functionalities:Automated extraction of information from resumes using 

natural language processing technologies;Candidate ranking through a point-based 

evaluation system;Integration of a short online test to assess key competencies;Visual 

presentation of results in an intuitive format for quick and easy review by HR 

professionals.For example, the system would be capable of detecting whether a 

candidate possesses relevant experience, education, or specific certifications such as 

an international welding qualification and assign points accordingly. In addition, the 

tool would include scenario-based testing tailored to the role. For a "machine operator" 

position, for instance, candidates might be presented with situations involving 

breakdown responses or selecting correct machine settings. The algorithm would 
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automatically analyze keywords and reasoning in the answers to provide a fair score, 

contributing to the candidateôs overall ranking.Furthermore, the system would be able 

to send automated messages such as rejections to unqualified candidates or interview 

invitations to shortlisted applicants -potentially via an AI-powered chatbot that helps 

schedule meetings conveniently. This would significantly improve candidate 

communication and reinforce the companyôs image as an innovative and responsible 

employer.From a technological standpoint, EGT Steel Production may choose between 

developing an internal solution (if resources allow) or adapting an existing platform-

international or local such as Oracle Recruiting Cloud, Lever, or the Bulgarian Ono 

platform. A key consideration is that the system supports the Bulgarian language and 

complies with personal data protection regulations.If properly implemented, the tool 

could reduce the time required for selection from days to minutes, minimize human 

error, enhance the precision of the initial screening, and free up the HR team to focus 

on strategic initiatives. This technology would enable the processing of a high volume 

of applications without compromising quality, ensure more objective and transparent 

selection, and align the company with global best practices.It is crucial, however, to 

maintain an ethical approach: algorithms must be carefully trained and monitored to 

avoid any form of bias or discrimination, and candidates must be informed about the 

automated processing, with the option to request human review.In conclusion, such an 

AI solution would provide EGT Steel Production with a competitive advantage in 

recruitment and employer branding and would mark the beginning of a smarter and 

more sustainable HR transformation where the machine handles the analytical 

workload, while humans retain the leading role in judgment and final decision-making. 

 

2.5. Survey: Employee Attitudes Toward the Use of Artificial Intelligence in 

Recruitment 

To determine current attitudes regarding the use of artificial intelligence (AI) in 

the recruitment process at EGT Steel Production, an internal survey was conducted at 

the end of 2024 and the beginning of 2025. The study was carried out via a 

questionnaire distributed randomly among employees from various departments. 

Participation was voluntary, and the aim was to collect authentic feedback and identify 

potential concerns related to the application of AI in HR processes. The collected data 

was processed and analyzed to draw informed conclusions that could support future 

decisions on the matter. A total of 14 participants took part in the survey, including: 3 

HR specialists, 8 department/workshop managers, and 3 members of senior 

management, with a 100% response rate. 

Analysis of the Results: 

Question 1 ï Do you believe that an AI tool will facilitate your work in 

recruitment? (Scale from 1 to 5, where 1 ï not at all, 5 ï to a great extent) 

Results are shown in Figure 1. 
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Figure.1-Results of question 1 

The highest number of participants (32%) gave a score of 3, indicating a neutral or 

hesitant opinion. Higher scores (4 and 5) were given by a total of 36%, showing that 

some employees are moderately convinced of its usefulness. However, 32% gave 

ratings of 1 or 2, reflecting considerable doubt and a clear lack of trust in AI. It appears 

that employees are not yet fully convinced of the benefits of artificial intelligence in 

recruitment. 

Question 2 ï Do you have concerns about the objectivity of decisions made by AI?-

71% of respondents answered ñYes,ò as shown in Figure 2. 

 
Figure.2-Results of question 2 

A significant majority of employees (71%) expressed concerns about the impartiality 

of decisions generated by AI. Key reasons cited include the absence of human 

judgment, the risk of discrimination, and unclear evaluation criteria. This highlights 

the need for algorithmic transparency especially in recruitment, where decisions affect 

real people. 

Question 3 ï How much do you trust an automated assessment without a personal 

interview? 

The average score was 2.7 out of 5, with 65% of participants giving low ratings (1 or 

2), and only 35% expressing moderate to higher trust (scores from 3 to 5), as presented 

in Figure 3. 
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Figure.3-Results of question 3 

The results for Question 3 show that most participants do not trust an automated 

assessment without personal interaction. More than two-thirds (65%) indicated low 

levels of trust. This suggests that the absence of face-to-face contact is perceived as 

problematic likely because employees believe that human qualities cannot be fully 

evaluated through automated tools and that personal interaction remains essential for 

proper assessment. 

Question 4 ï Do you believe that AI will free up time for other HR activities? 

Only 43% responded positively, as shown in Figure 4.Ш 

Ҽ 
Figure.4-Results of question 4 

 

The results indicate that more than half of the participants (57%) do not believe AI will 

lead to real time savings for other tasks. This may reflect a skeptical attitude toward 

the effectiveness of implemented technologies, as some respondents expressed concern 

that the system itself might become an additional burden, rather than a relief potentially 

increasing the workload instead of reducing it. 

Question 5 ï Would you support the use of AI in other HR processes (e.g., training, 

performance evaluation, etc.)? Only 29% said they would support such an idea, as 

shown in Figure 5. 
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Figure 5.-Results of question 5 

Only 29% of respondents would support the use of AI in other HR functions. This 

shows that most employees are cautious. They may fear that technologies will replace 

the human element or may not understand how the systems actually work. Most believe 

that the role of AI should remain limited to technical tasks and should not interfere with 

interpersonal processes. 

Question 6: In your opinion, what are the biggest advantages of using AI in 

personnel selection?(Open question ï participants share their opinion with a free 

answer)Participants indicate as the biggest advantages of AI: faster processing of 

applications, easier sorting of unsuitable profiles, less manual work and possible 

objectivity when comparing candidates with similar experience.Respondents see AI as 

a useful tool for primary selection that saves time and assists the HR team in more 

technical tasks. 

Question 7: And what are your most serious concerns or risks that you see when using 

AI?(Open question ï free opinion of participants)The main concerns are related to the 

fact that AI may miss suitable candidates due to overly strict or unclear criteria, that 

human judgment is missing and that important personal qualities are not assessed. The 

risk of discrimination based on age or experience was also mentioned.Participants 

worry that AI cannot fully replace human assessment, especially in assessing 

personality and team compatibility. 

 

2.6. Summary and Conclusions from the survey: 

 

The survey reveals a clearly expressed skeptical attitude toward the integration 

of AI into the recruitment process within the company. Despite the recognized 

potential benefits faster processing of applications, less manual work, and objectivity 

trust in automated assessment remains limited. Some employees voiced concerns 

about the loss of human control and possible ethical risks. The most optimal approach 

in this case would be a gradual implementation of AI tools, combined with clear 

communication, training, and maintaining human involvement in final decisions.AI 

systems are created to imitate human behavior. However, as AI develops, the question 

arises: where should we draw the line between human and artificial creation? 
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(Knigomania, 2024) It is important to emphasize that the human factor remains 

decisive. Therefore, the best results will be achieved when AI works in tandem with 

experienced professionals, not in isolation. This conclusion leads us to the ethical and 

legal aspects that should ensure that such cooperation between humans and machines 

evolves in a transparent, responsible, and lawful manner. The only way to ensure that 

AI ñthinks ethicallyò is to program it with ethical principles,but here arises an 

important question: whose ethics? (Knigomania, 2024) 

In the spirit of the Code of Professional Ethics of the Association of Executive Search 

Consultants (Bogdanova, 2013), the introduction of AI must ensure integrity, 

objectivity, and confidentiality-principles that should also be embedded in the 

algorithms. For example:Integrity ï conduct activities honestly and avoid misleading 

behavior;Objectivity ï provide objective and thorough assessment in every consulting 

task, considering all relevant facts;Accuracy ï strive for precision in communication 

with clients and candidates, and encourage them to submit accurate and relevant 

information;Confidentiality ï protect confidential information entrusted by clients and 

candidates;Equal opportunity ï evaluate all qualified candidates fairly and impartially, 

upholding the principle of equal treatment (Bogdanova, 2013). 

 

2.7.Ethical Norms and Challenges 

The implementation of artificial intelligence in recruitment processes brings 

several ethical challenges that can lead to mistrust in the system and reputational risks 

for the company. Based on best practices and the analysis by Karieri.bg (2022), the 

following key risks can be identified: 

Transfer of existing biases into the algorithms-Although AI may appear objective, it 

can inherit unconscious human biases embedded in training data such as gender, age, 

or ethnic stereotypes. This creates a risk of discrimination and violation of ethical 

standards. 

Lack of transparency in evaluation processes-If the algorithm does not provide 

explanations for its decisions, it can raise doubts among candidates and internal HR 

staff. Insufficient clarity regarding screening criteria leads to a sense of unfairness and 

reduced trust. However, it could be designed according to the ñwhite-box AIò principle 

programmed not only to give a result but also to explain the processes by which that 

result was reached. Since the AI is open to inspection by developers, its processes can 

be verified and improved (Knigomania, 2024). 

Decreased human engagement and loss of ñpersonal touchò-Automation may create 

the impression that candidates are just ñdata in a system,ò disregarding their individual 

potential. This may alienate talent, especially in sectors where personal interaction 

plays a key role. 

Risk of excessive reliance on technology-If all trust is placed in the AI tool without 

adequate human oversight, it undermines critical thinking and adaptability in complex 

situations. This is particularly dangerous in dynamic industries such as manufacturing 

or IT. 
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Insufficient communication with candidates-When timely and understandable 

feedback is not provided, candidates may feel they were rejected for opaque or even 

unfair reasons. This harms the employer's brand and its ability to attract future talent. 

These ethical limitations require a proactive approach from the company including 

clearly defined internal policies, training for the HR team, and the involvement of 

ethics and legal experts. Only then can AI be used responsibly, without undermining 

trust in the recruitment process. 

 

3. Conclusion 

Artificial Intelligence is emerging as a powerful tool in recruitment that can 

significantly improve efficiency, speed, and objectivity. Global practice shows that AI 

is already being successfully used to process large volumes of applications and identify 

the most suitable candidates, saving time and resources. 

At the same time, these technologies must be applied carefully, with respect for human 

involvement and a clear understanding of potential risks.The case of EGT Steel 

Production illustrates how a Bulgarian company can integrate AI solutions into its HR 

processes in a way that is both innovative and ethical. The analysis shows that with 

proper configuration and oversight, AI can accelerate recruitment, enhance employer 

branding, and improve the quality of hires.However, the limitations must not be 

forgotten from the need for transparency and human oversight to legal responsibility 

and personal data protection. The application of AI in recruitment must be balanced: 

the machine should assist, but not fully replace the human. The key to success is for 

HR professionals to use technology as a tool for enhancement, not as a substitute for 

human judgment.Ultimately, AI is not a goal in itself, but a means to create more 

efficient, fair, and sustainable processes. If used wisely, it can significantly contribute 

to the development of HR functions in the modern organization and become an ally, 

not a threat. 

Without a doubt, AI is not going away. The only question is how we adapt to it 

(Knigomania, 2024). When artificial intelligence works in sync with human 

intelligence, the results are not just improvedðthey are transformed. 
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Abstract. The development of photovoltaic (PV) systems plays a crucial role in the 

transition toward sustainable and low-carbon energy production. Despite the increasing 

maturity of PV technologies and markets, the implementation and management of PV 

power plants remain exposed to a range of critical challenges and risks. This study 

explores the key risk factors that threaten the long-term viability and profitability of 

PV projects, including market fluctuations in electricity prices, technological risks 

associated with component degradation, regulatory uncertainty regarding feed-in 

policies for renewable energy, and unexpected operation and maintenance costs. Based 

on an interdisciplinary perspective, the paper proposes strategies for risk assessment 

and mitigation, including predictive maintenance, adaptive financial modeling, and 

performance monitoring. The objective is to support investment decision-making and 

enhance the operational resilience of PV plants under evolving energy and policy 

frameworks. 

Keywords: Photovoltaic system, energy risk, regulatory uncertainty, technological 

degradation, sustainability, renewable energy, Q40 

 

1. Introduction 

Over the past decade, photovoltaic (PV) technologies have experienced 

significant advancements in both efficiency and cost-effectiveness, positioning them 

as one of the fastest-growing sources of renewable energy worldwide. According to the 

International Renewable Energy Agency (IRENA), global installed PV capacity has 

increased more than six fold between 2013 and 2023 (IRENA, 2024), and this growth 

is expected to accelerate further as governments intensify efforts to decarbonize the 

power sector. 

mailto:sborisova@tu-sofia.bg
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Figure 1. Global PV Installed Capacity (2013ï2023). Source: IRENA (2024ьЮ 

 

This figure illustrates the global growth in installed photovoltaic (PV) capacity 

over the past decade. The data, sourced from IRENA (2024), shows a nearly tenfold 

increase in PV capacityðfrom 135 GW in 2013 to 1100 GW in 2023ðhighlighting 

the accelerating shift toward renewable energy worldwide. 

Despite this positive trend, the development and management of PV power 

plants remain exposed to a range of critical challenges that can undermine their 

performance, profitability, and long-term sustainability. Among the most pressing risks 

are electricity market volatility (Breyer, C. et al., 2020)which introduces uncertainty in 

revenue forecasts; technological degradation of key components such as modules and 

invertersШыSkoplaki, 2009 ); shifting regulatory frameworks governing feed-in tariffs 

and grid access for small and medium-sized renewable installations; and unforeseen 

costs associated with maintenance or equipment replacement. 

Additional complexity arises from grid integration requirements(ШHirth, 2015), 
the need for advanced digital monitoring and control systems, and the adoption of 

adaptive business models capable of managing risks in dynamic economic and policy 

environments(ШJordan, 2013). 

This paper aims to identify and analyze the critical issues encountered 

throughout the PV project lifecycle, offering a structured overview of risk categories, 

technological dependencies, and strategic solutions. By reviewing current industry 

practices and emerging innovations, the study seeks to contribute to more resilient and 

efficient management of photovoltaic infrastructure. 

2. Exposure 

This study employs analytical framework to investigate the critical issues 

affecting the development and management of photovoltaic (PV) power plants. The 

methodology combines a structured review of existing literature with a targeted risk 

classification model, supported by real-world case observations and expert-informed 

analysis.  

The scope of the study encompasses the entire lifecycle of utility-scale PV power 

plants ð from site assessment, design, and financing, through construction, operation, 

and end-of-life considerations. Emphasis is placed on identifying factors that are 
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recurrently highlighted in technical documentation, regulatory guidelines, and post-

commissioning performance reports. 

The main risks associated with the project include: 

Å Changes in the price of electricity, which may affect the expected savings; 

Å Technological risk associated with the possible deterioration of the performance of 

the panels or battery over time;  

Å Unexpected costs for maintenance or replacement of components. 

 

2.1 Regulatory changes in the policy for purchasing energy from small RES 

systems ï PV plant in Bulgaria 

The development of renewable energy sources, in particular photovoltaic 

installations (PV plants), poses significant challenges to the development regime of the 

territory in Bulgaria. In view of the growing interest in the construction of PV systems 

by individuals and investors, it is necessary to analyze the normative and practical 

relationship between the types of land - agricultural and regulator and the possibility 

of realizing energy projects on them.  

According to the Agricultural Land Protection Act (APA), agricultural land 

cannot be used directly for the construction of photovoltaic installations. An exception 

is allowed under the following conditions:  

¶ Carrying out a procedure for changing the purpose of the land, regulated in Art. 
26ï29 PPE; 

¶ Preparation and approval of a Detailed Development Plan (DDP); 

In certain cases, it is possible to build PV systems on land with a low agricultural 

category (6ï10) without changing the purpose, but this requires additional approval. 

The village yard is a field with an approved DDP and a clearly defined purpose. In case 

the purpose is "for energy production" or "for industrial activity", the construction of 

photovoltaic systems is allowed in compliance with the applicable building regulations. 

The transition from agricultural land to village yard requires: 

¶ Exclusion from the agricultural fund (Art. 24 of the APA); 

¶ Preparation of DDP and regulatory plan; 

¶ Change of purpose in the column "for energy production". 

 

2.1.1 Possibilities for the realization of a PV plant in a village yard or on 

agricultural land 

Table 1 presents the legal and procedural differences between the two types of 

terrain. For example, a PV plant can be directly built in a country yard, subject to the 

development parameters, while agricultural land requires a change of use, which takes 

considerable time according to administrative institutions. 
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Tabl.1 Comparative analysis: village yard versus agricultural land 

 

Indicator A yard in a village Agricultural land 

Accelerated implementation Yes No 

Net metering capability Yes Yes 

Area restrictions Possible Less often 

Suitable for <30 kW Yes Yes, but more 

complicated 

Suitable for >100 kW No Yes 

Accelerated implementation Yes No 

 

The comparison shows where more procedures and documents are required ï 

building permit, change of status, etc. This is key to planning the time frame and 

administrative costs. 

Rural properties are usually more expensive but ready for development, while 

agricultural land is cheaper but requires more steps to realize the project. Constraints 

and opportunities are identified: to highlight factors such as available network access, 

power line, roads, which are often better developed in regulation, but sometimes 

agricultural land near infrastructure is competitive. 

In the construction of photovoltaic plants, the choice between urban terrain and 

agricultural land is of key importance due to the differences in their legal status, 

administrative procedures and economic aspects. Land in a populated place represents 

an urbanized territory on which construction is possible directly in compliance with the 

planning requirements, while in the case of agricultural land, which is outside of 

regulation, construction is prohibited without a prior change of purpose. This change 

requires approval by the Ministry of Agriculture and procedures under the Law on 

Agricultural Lands, which significantly extends the time for the implementation of the 

project - from 3 to 6 months for terrain in a populated place and from 6 to 18 months 

for agricultural land, depending on the specific region and the complexity of the 

procedures. 

In terms of administrative burden, a rural property requires an average volume 

of documents and procedures such as a detailed development plan, building permit and 

connection to the electricity grid, while agricultural land is associated with higher 

administrative requirements, including applications for change of use, environmental 

assessment, and building permit. In the beginning, the preparation of land on a country 

yard implies higher costs related to the more expensive price of the property itself, 

while agricultural land has a lower initial value, but requires greater procedural and 

administrative costs. 

Access to the power grid is more likely and easier in terrain that is usually 

located in populated areas or urbanized territory, and the availability of infrastructure 

such as roads and water supply is almost guaranteed. Agricultural properties do not 

always have such infrastructure, which may require additional costs and time to build. 
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The risk of project rejection is low for a country yard, provided the project is in 

accordance with development plans and the Law on Territorial Planning and while for 

agricultural land this risk is higher, especially if the change of use is not approved. 

From a tax and regulatory point of view, the farmyard is subject to building tax 

and waste tax in the presence of construction, while agricultural land is subject to land 

tax and can benefit from reliefs, especially for agro-photovoltaic systems (Agri-PV) 

where electricity production is combined with agricultural activity. In this sense, 

agricultural land is a preferred choice for projects that aim to jointly use the terrain for 

photovoltaic production and agricultural crops. 

In conclusion, the choice between a country yard and agricultural land depends 

on the specific project requirements, the possibilities for quick implementation, the 

administrative capacity and the financial resources of the investor. The benchmarking 

chart helps make an informed choice by balancing these factors in the context of 

regulatory and market conditions. 

 

2.1.2. Case study: construction of a 30 kW PV system in a village yard 

A specific case with a yard of 3000 sq.m in a populated place was studied. The 

purpose allows the construction of a PV system without the need to change the purpose. 

Å Area required for 30 kW: approximately 180ï240 sq.m for ground installation. 

Å Available area: 3,000 sq.m., allowing for optimal placement, distances and access for 

maintenance. 

Å Advantages: 

¶ DDP is not required for an existing property in the village; 

¶ Easier connection to the electricity distribution network; 

¶ Possibility of both self-consumption and sale of electricity. 

2.1.3. PV plant implementation procedure 

For own consumption: 

¶ Design and installation by a certified company; 

¶ Conclusion of a contract for net metering; 

¶ No requirement for a building permit, for power below 30 kW and installation 
on terrain in a populated area. 

For commercial purpose (sale of electricity): 

¶ Registration of a legal entity; 

¶ Preparation of an investment project and obtaining a construction permit; 

¶ Agreement to join an energy company; 

¶ If necessary ï license from KEVR; 

¶ Conclusion of an electricity purchase agreement. 

2.1.4. Economic evaluation 

Estimated value of the project (2025): 

¶ Investment: BGN 30 000 ï 38 000. (depending on technology, inverters and 

installation); 



ñéffШfŰƣĲƖŰċƣŔŸŰċũШÉĦŔĲŰƣŔǯĦШ9ŸŰŉĲƖĲŰĦĲШљEр]§éEÅ   9EШ  ?ШEр9§~~Ö f9 Ñf§ ÉњШ 
ыΞΟрΞΡЮΜΣЮΞΜΞΡЯШÉŸǍŸƓŸũЯШ7Öx] Åfь 

 

ΞΜΟ 
 

¶ Payback period: 4ï7 years (up to 10 years in case of full sale or by substitution 

of consumption). 

The construction of a 30 kW photovoltaic installation in a village yard represents a 

legally and technically optimal solution for a small business or for the needs of a 

household. Compared to a project on agricultural land, a site in a populated area 

provides a significantly simplified and accelerated procedure, while reducing 

administrative and financial barriers. This approach is particularly suitable for pilot and 

low-risk investments in the renewable energy sector. 

ШAs a summary, we can present a visual diagram of the steps: "from ground to inclusion 
in the network") in Fig.2 

 
Fig.2 PV plant realization 

Regardless of these factors, the project remains economically and strategically 

justified, especially for owners seeking long-term energy independence, cost stability 

and contribution to environmental protection. 

 

3. Conclusion 

This study has examined the critical issues encountered in the development and 

management of photovoltaic (PV) power plants, applying a structured risk-based 
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framework to analyze the most significant technical, economic, regulatory, and 

operational challenges. 

The findings reveal that while PV technology is increasingly mature and cost-

competitive, its successful deployment at scale continues to face a range of 

vulnerabilities. Technical risks such as module degradation and inverter failures 

(Jordan and Kurtz, 2013), economic uncertainties due to electricity price volatility 

(Hirth, Ueckerdt and Edenhofer, 2015), and shifting policy environments all require 

proactive and integrated management strategies. Operational inefficiencies and 

unforeseen maintenance demands further emphasize the importance of digital 

monitoring tools and predictive maintenance practices (IEA PVPS Task 13, 2021). 

A key takeaway is the interdependence of risk factors across the project lifecycle. 

A failure to address one dimensionðsuch as regulatory complianceðcan cascade into 

financial and operational losses. Therefore, a multidisciplinary approach that combines 

engineering robustness, adaptive business modeling, and regulatory foresight is 

essential. 

For policymakers, the study underscores the importance of maintaining 

transparent and stable regulatory frameworks to support investor confidence. For 

developers and operators, it highlights the value of comprehensive risk planning and 

digitalization in achieving long-term sustainability and performance optimization. 

In view of the dynamic development of photovoltaic technologies and the 

changing regulatory and market environment, future research can focus on different 

directions related to stochastic models in the assessment of regulatory risks, as well as 

the integration of energy storage solutions (eg batteries, hydrogen systems) should be 

explored as a strategic tool for price volatility and grid load. The role of artificial 

intelligence in the fully autonomous management of PV installations is particularly 

promising - through independent optimization of production, predictive maintenance 

and adaptive response to market signals. These directions imply an interdisciplinary 

approach and open opportunities for the development of intelligent, sustainable and 

economically efficient energy solutions.Ш 
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Abstract. The paper aims to explore psychological determinants of different aspects 

of individual's behavior in social media. The positive and negative aspects of different 

strategies  and approaches to communication in social media sites are discussed. 

Individual-psychological determinants of behavioral patterns in social media are 

regarded, such as online addiction, perfectionism, narcissism, impression management. 

Individual differences are interpreted against the explanatory framework of the "Big 

Five" model of personality. 

Keywords: social networking sites (SNS), "Big Five" personality model, narcissism,  

psychological determinants, online addiction 

 

1. Introduction 

Social networksing sites (SNS) are relatively new phenomenon with growing 

importance in the life of modern people. The concept of ñsocial networksò has become 

not only a popular term featuring mass culture over the past decade, but also a synonym 

for a wide variety of technologies with which digitally connected people maintain and 

manage their social bonds. They play crucial role in facilitating various types of 

relationships among their users.  

The article aims to discuss key understandings regarding the positive and 

negative impact of social media networks on individual's well-being and mental health. 

It discusses the manifestations of different types of narcissism in social media, the 

mechanisms if its augmentations as well as the repercussions following the 

establishment of narcissistic culture. The paper aims to enlighten the links between 

"Big Five" personality model and popularity, social capital, and the proclivity to on-

line addiction of the individual. The interaction between personality traits and the 

individual's behavior in social networking sites, as well as the consequences of 

prolonged dwelling there, is also a subject of analysis in thʝ article. It tackles aspects 

of gender differences steming from salient personality qualities forging cerftain self-

presentation  modes in social media sites. 

 

2. Exposure 

Social networking sites (SNS) are ñonline platforms in which users continuously 

generate and share images and text with known and unknown peers. Facebook is one 

of the first and is certainly the most popular SNS worldwide with 1.8 billion daily users 

and 2.8 billion monthly users, but there are many others attracting the interest of 

mailto:sborisova@tu-sofia.bg
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youngsters around the world such as Instagram, Tik Tokò (Manchon,  Davila 2022, p. 

3). The modern person ñis not just a member of virtual social networks, but also an user 

who changes themselves as a result of their dwelling thereò (Kiryakov 2015, p.5). 

Virtual social networks exert influence on various aspects of communication, and 

consequently on human behavior and personality as a whole. Dwelling in virtual social 

networks could produce lasting effect on people, shifting or even molding certain 

personality traits.  

Renowned researchers in the field of social media communication run intense 

discussion, which integrates multiple views - socio-psychological, ethical, legal, etc. 

The emergence of artificial intelligence into social networks and platforms adds many 

more challenges in understanding and regulating this new reality. Recently, the problem 

of artificial intelligence has been one of the most discussed in academic and 

professional fashion aiming to answer the questions about its ñadmissible field of 

application, effectiveness, personal data protection, impact on human cognitive and 

psychological development and healthò (Mladenov  2023, p. 157). 

Social media communication enables different public groups and individuals to 

maintain a social dialogue and pave the way to social change (Giroux 2015). Social 

media and more specifically shared photos and selfies have the potential to challenge 

long-existing stigmas and prejudices in society (Georgieva 2016). Social media culture 

allows people to reach out to others by showing themselves in a positive and creative 

way. Many studies show that social media are employed as a ñvehicle to provide social 

support, to restore the sense of connectedness among users, and promote social capital 

and self-esteemò (Altuwairiqi,  Jiang & Ali 2019, p.28). 

Despite the positive outcomes of online interaction through social media, social 

media may also be linked to negative impacts on well-being. The pessimistic view 

regarding the influence of social media is ñloud protestò against the uncontrolled form 

of vanity and narcissism that floods the online space. The excessive use of social media 

is reportedly  associated with undesirable outcomes , such as reduced creativity, 

degraded quality of imagination and memory processes as well as detachment and 

neglect of  real life (Giroux 2015, Altuwairiqi et al., 2019).  Excessive use of social 

media sites could lower self-esteem as a result of people comparing themselves 

unfavourably to others or believing that someoneôs online output is ñtrue reflection of 

realityò(Altuwairiqi  et al., 2019, p.2). The features of the virtual space allow a very 

high degree of ñembellishment" of the personal image which distorts reality. A number 

of studies show that the realm of being under surveillance in SMS is linked to lower 

self-esteem, increased depression and anxiety (Giroux, H. A, 2015). On-line 

surveillance leads to conformity and the expression of less individuality and creativity. 

The relationship between narcissism and the use of social media has been in the 

centre of scholarsô attention during the last decade. Two meta-analytic studies ñhave 

established a strong and consistent association between narcissism and social media 

use, particularly self-centered behavior such as posting selfies or incessant status 

updates, but also quantitative factors such as time spent in social media or numerous 

friendsô listò (Manchon, Davila 2022, p.2). Particularly, studies have found a 
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ñcorrelation between narcissism (self-sufficiency, vanity, leadership, admiration 

demand or grandiose exhibitionism) and the frequency of posting selfies based on 

attractiveness or valuing pictures for their physical attractivenessò (Manchon, Davila 

2022, p.2). 

The paradigm of narcissism has a long theoretical and research history, starting 

with the works of Z. Freud and going through those of K. Lasch. Z. Freud defined 

narcissism in psychoanalytic terms: a form of self-obsession that goes beyond the range 

of normal behavior and sometimes reaches the scale of a personality disorder (Giroux 

2015). According to S. Parramore, for many people narcissism is justified as a life 

position in a culture in which competition and pressure to succeed prevail (Parramore 

2014, cited in Giroux 2015). 

Many conducted studies on narcissism in social media confirm its association 

with the intense use of SNSs  (Dumas et al. 2017; Sheldon & Bryant 2016, cited in 

Ubaradkaet al. vol. 13). In the literature, two types of narcissism are distinguished ð 

grandiose and vulnerable. Grandiosity refers to a ñsense of superiority, exceptionality, 

uniqueness, and perceiving oneself as better than othersò, while viewing other people 

as beibg inferior (Kalchev 2019, p.47). Grandiose narcissists are ñextroverted, 

charming, and popular in the short term, but in the long run, they tend to be conflict-

prone, self-centered, and domineeringò (Kalchev 2019, p.48). Vulnerable narcissists 

feature defensive and insecure stayle that conceals feelings of inadequacy. They are 

individuals experiencing anger, envy, hostility, helplessness and social withdrawal 

(Kalchev 2019). These two types of narcissists may display different kinds of behavior 

in social media. Some scholars claim that vulnerable narcissism was highly associated 

with intense use of Instagram by means of sending requests for followers. While, 

grandiose narcissism was highly associated with posting up pictures and captions on 

Instagram walls (Moon et al. 2016, cited in Ubaradka vol. 13). 

The use of SNS often goes conjointly with strong body and appearance 

surveillance on the part of the audience and employ of voluntarily body exhibition 

practices on the part of the user, which can be associated with certain body image and 

personality risks (Manchon Davila 2022). A study demonstrates a negative association 

between intense usage of Instagram and self-esteem (Ubaradka et al.  vol.13). It 

concludes that as self-esteem shifts down in an individual, they would eventually 

attempt to restore this psychological imbalance and regain self-esteem in the form of 

persistent involvement in SNSs. Low self-esteem is highly linked with posting 

embellished own images and photos. Studies show that low self-esteem was highly 

linked with posting ñgoofyò and filtered photos (Hill & Denman 2016, Ubaradka et al.  

vol.13). 

Numerous studies have attempted to investigate whether the "Big Five" 

dimensions can predict aspects of personal behavior in virtual social media. The Big 

Five model is the most commonly known personality models which conceives the 

personality as comprised of five factors: conscientiousness; extraversion; openness to 

experience; agreeableness; and neuroticism.   
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Many people rely on social media to satisfy their personal and social needs, such as 

enhancing their self-esteem, experience popularity and maximise their social capital. 

The semantic core of the construct ñpopularityò is referred to the individualôs subjective 

perception of the range of their social network of virtual friends and acquaintances. 

Popularity is also associated with the awareness that what one does online has an 

impact on other people (Kiryakov 2015). 

A particularly regarded variable in the research literature on social media 

networks is the social capital of the individual and the ways in which it is manifested, 

maintained, and augmented. Granovetter (1973, cit. in Hristova 2016 p.45) 

distinguishes between two forms of online social activity related to the individualôs 

social capital. The first type consists of existing social ties with close friends and family 

(strong ties), which can be maintained or strengthened within the online space. The 

second type refers to the so-called weak ties, which is created and sustained on the 

Internet ð with more distant acquaintances or entirely new virtual connections. In 

other words, virtual communication ñcan be used to reinforce strong ties, but also to 

expand and strengthen weak onesò (Reznik 2001, cit. in Hristova 2016, p.45), as a 

result of which the composition of social capital itself changes. 

Social capital features ñthe ability to perform social roles and to create lasting 

relationships among actors that generate resources for achieving certain goalsò 

(Stoilova 2012, cit. in Hristova 2016, p.46). It is related to the individualôs ability to 

receive support and emotional aid (provided by strong ties), to gain access to new ideas, 

resources, information, or job opportunities (offered by weak ties), and to obtain public 

recognition both as an individual and as a member of a group. 

Important predictor of popularity and social capital in SMS is the personality variable 

ñextraversionò. Although some studies support the idea of the social network as a ñfield 

where shyer, more withdrawn and introverted people can express themselves and 

satisfy their need for connection, this does not mean that these people will do as well 

as the typical extrovertsò (Kiryakov 2015, p.27). Those who are sociable in real life are 

also more popular in SMS. The researches have investigated and concluded that ñin 

comparison with introverts, extraverted individuals generally have more friends on 

Facebook and belong to more Facebook groupsò (Altuwairiqi 2019, p. 5).  

People with high scores on ñneuroticismò exhibit high emotional instability 

associated with qualities such as anxiety, hostility, depression, shyness, impulsivity, 

vulnerability, lower levels of overall life satisfaction. High neuroticism determines 

certain behavioral dispositions as increased susceptibility to the opinions of others and 

hesitancy to voice their own stance on a topic online (Kiryakov 2015). Individuals 

demonstrating high neuroticism fear of any unintentional revelation of their personality 

characteristics so they need exceeded time formulating messages and responses in on-

line setting. They frequently prefer using the Wall, i.e., the online bulletin board for 

posts and comments among contacts since it entitles them with more control over their 

expression output and facilitates them in molding their self-presentation (Altuwairiqi 

et al. 2019).  
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Personality traits could determine social media addiction or problematic attachment to 

them. Social media addiction, encompassing general addictive use of social networking 

sites (SNSs), is characterized as dysfunctional psychological dependency on SNSs, 

leading to a behavioral addiction symptoms. Bergenôs  Social media addiction scale 

(BSMAS ), which is currently the most widely used tool applies criteria such as 

salience, mood modification, withdrawal, conflict, and relapse to evaluate addictive 

behaviors (Eichenberg, Schneider& Rumpl  2024, p.2) 

The personality trait Ăneuroticism ñ, compounded with the recently found out 

behavioral syndrome ï ñfear of missing outò, have been identified as predictors of the 

phenomenon ñsocial media addictionò. Studies generally relate the ñfear of missing 

outò with the variable ñneuroticismò. Oftentimes individuals featuring high 

neuroticism suffer from social anxiety and they share commonalities in terms of 

emotional and motivational patterns that drive them: ñI care about my appearance. I 

want people to see me as good looking and happy, even if that is far from the realityò 

(Altuwairiqi et al. 2019, p.10). In addition, they expect a lot from their online friends, 

which makes them feel anxious, lonely and may lead to other negative emotions, such 

as discomfort, fear, nervousness, regret and etc. These users spend a considerable 

amount of time attempting to boost their self-esteem on social media, but they 

frequently regret having wasted time that could have been spent doing other more 

valuable and sensible things (Altuwairiqi et al. 2019, p.10). 

The studies investigating the link between ñextraversionò and the excessive use 

of social media rendered contentious outcomes. According to findings, extraverted 

individuals might use social media to augment their social interactions, i.e. they use 

social media in a positive manner to enrich opportunities to interact with others in 

various ways. Introverted users, on the other hand, ñuse social media to compensate 

for a perceived social deficitò (Eichenberg, Schneider, & Rumpl 2024, p.2). 

Gender differences in terms of the Big Five personality model, as well as the 

distinctions in the virtual self-presentation strategies of men and women, are also a 

subject of research interest in the field. For instance, in Costa et al.ôs study, ñwomen 

scored higher in neuroticism, agreeableness, warmth, and openness to feelings, 

whereas men scored higher in assertiveness and openness to ideas, particularly in 

Western (individualistic) cultures such as the USA and Europe. Other studies have 

reported that men tend to score higher in narcissism - especially in the 

Exploitative/Entitlement and Leadership/Authority dimensions -than womenò 

(Manchon & Davila 2022, p.5). 

Different roles of women and men in society may affect their behaviour in SMS 

in terms of self-disclosure and impression management tactics. Men generally report 

using prevalently some impression management tactics, such as self-promotion (the 

practice of enhancing their best features), entitlement (being responsible for positive 

outcomes), intimidation (to have others view them as dangerous), boasting, and focus 

on status, while women engage more in impression management tactics, such as 

modesty, opinion conformity, and compliments.  
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Women experience more stress in SMS due to the fact that they receive more criticism 

about their profiles than men; thus, are subject to further stress, higher strain, and social 

media fatigue. According to Al-Shatti et al. (2022) social media addiction is heightened 

among females. They are also more concerned about comments on their profiles, 

violations of online privacy, and carefully manage self-disclosure (Al-Shatti, E., 

Ohana, M., Odou, Ph. & Zaitouni, M., 2019). Although SNS use for females was 

higher, males showed a stronger association between high use of SNS and high 

narcissism (Manchon, L. M., Davila, D. B. 2022, p.9). 

 

3. Conclusion 

Today, social media and platforms represent constant feature of modern daily 

communication. Despite the potential of social media to be used as a tool for driving 

social change and empowering underprivileged groups in society, social media could 

be also linked to negative impacts on well-being. The excessive use of social media is 

reportedly associated with undesirable outcomes, such as reduced creativity, 

decresased  self-esteem, increased anxiety, degraded quality of imagination and 

memory processes as well as detachment and neglect of  real life. Important predictor 

of popularity and social capital in social networking sites is the personality variable 

ñextraversionò. The syndrome ñFOMOò (the Fear of Missing Out), which is correlated 

with the personality trait ñneuroticismò, is most closely linked to digital addiction. 

Studies enlighten that men and women adopt different strategies of self-presentation in 

social media and platforms. Women experience more stress in SMS and show higher 

propensity towards digital addiction whereas males demonstrate a stronger association 

between excessive use of SNS and high narcissism.  
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Abstract: This paper examines the critical ethical, social, and regulatory 
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transparency issues, adversarial vulnerabilities, privacy risks, resource demands, and 
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1. Introduction  

Artificial Intelligence (AI) is rapidly transforming the landscape of cybersecurity, 

offering unprecedented capabilities for threat detection, response automation, and 

system resilience. However, these technological advances are not without profound 

ethical and social ramifications. As AI becomes more deeply embedded in 

cybersecurity infrastructures, it raises urgent questions about fairness, transparency, 

accountability, and the broader societal impacts of automation in critical security 

contexts. 

The use of AI in cybersecurity introduces a double-edged dynamic: while it enhances 

the speed and scope of threat management, it simultaneously amplifies risks related to 

algorithmic bias, explainability, adversarial vulnerabilities, and data privacy. These 

challenges are not merely technical ð they intersect with legal, social, and ethical 

domains, requiring an interdisciplinary approach to ensure AI deployment in 

cybersecurity is responsible and just. 

This paper explores the multifaceted ethical and social dimensions of AI-driven 

cybersecurity systems. It examines key issues such as bias in algorithmic decision-

making, lack of transparency, the susceptibility of AI to adversarial manipulation, and 

the privacy risks arising from extensive data collection. Additionally, it addresses 

broader social implications, including impacts on public trust, digital equity, and the 

governance of automated decision-making. 
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By outlining both the current challenges and future research directions, this study aims 

to contribute to the development of cybersecurity solutions that are not only 

technologically effective but also ethically sound and socially inclusive. Ultimately, 

the responsible integration of AI into cybersecurity demands a balance between 

innovation and principled oversight ð one that safeguards not only digital assets but 

also the values of the societies they protect. 

  

2. Ethical considerations  

While AI introduces transformative capabilities into cybersecurity, it simultaneously 

creates complex challenges that demand careful technical, ethical, and strategic 

attention. Without proactive management, these challenges could undermine every 

security improvement AI promises.  

 

1.1. Algorithmic Bias and Fairness  

AI models depend heavily on the quality and diversity of the datasets on which they 

are trained. The AI system may produce unfair, discriminatory, or inaccurate security 

decisions if the training data reflects existing biases or lacks diversity [3]. For example, 

AI systems trained predominantly on data from a specific sector or geographic regions 

might fail to recognize threat behaviors from different contexts, leading to unequal 

protection or false positives. Such biases are a technical flaw and an ethical concern, 

as they can cause discriminatory security measures and erode trust in digital systems.  

The figure below shows the steps of ñData Collection,ò Ą ñTraining,ò Ą ñAI 

Decisionò ï with bias potentially introduced at each step.  

 

Figure 1. Sources of Bias in AI-Driven Cybersecurity Systems.  

2.2. Lack of transparency and explainability 

Many AI algorithms, particularly deep learning models, function as ñblack boxes,ò 

meaning their internal decision-making processes are opaque and difficult to interpret. 

In cybersecurity, where rapid and clear decision-making is critical, the inability to 

explain why a particular activity was flagged as malicious creates operational risks. 

Without explainable AI (XAI) techniques [7], validating AI decisions, auditing 

cybersecurity incidents, and complying with regulations requiring transparency, such 

as GDPRôs ñright to explanation,ò [4] becomes challenging. 
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Figure 2. Comparison between black-box and XAI models in cybersecurity decision making.  

This figure compares how traditional black-box AI and XAI models process security 

alerts. In a black-box model, security decisions are made without offering insights into 

their reasoning. In contrast, XAI models provide understandable justifications for their 

alerts, enabling more transparent and accountable cybersecurity operations.   

2.3. Vulnerability to adversarial attacks  

  Ironically, AI systems themselves can become targets. Adversarial attacks occur 

when malicious actors manipulate input data to deceive the AI, causing it to misclassify 

malicious actions as benign or vice versa. Poisoning training datasets to embed 

vulnerabilities during model learning and crafting adversarial examples (inputs subtly 

altered) to bypass detections are only two examples of how such an attack could render 

an AI-based cybersecurity system ineffective, allowing sophisticated threats to bypass 

automated defenses undetected.  
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Figure 3. Logical flow for adversarial attack diagram.  

 

The above flowchart illustrates how adversarial attacks exploit vulnerabilities in AI-

driven cybersecurity systems. It demonstrated how even minor, international 

alterations in input data can cause an otherwise well-trained AI model to misclassify 

or overlook malicious activities, highlighting the critical need for adversarial 

robustness in cybersecurity applications.  

2.4. Privacy risks associated with AI in Cybersecurity [5].  

To function effectively, AI-powered cybersecurity solutions often require massive 

volumes of network, behavioral, and transactional data. This data may include highly 

sensitive information, exposing organizations and individuals to privacy risks if data is 

improperly stored, data is over-collected (ñdata minimizationò principle violated), or 

breaches occur within the AIôs data pipelines. Privacy regulations such as SGPD and 

ACCPA mandate strict control over personal data collection, storage, and use. This 

complicates the deployment of AI systems that rely on big data. Thus, the ethical 

deployment of AI in cybersecurity must prioritize privacy-by-design principles to 

ensure compliance and public trust.  

 1.5. Resource intensity and accessibility challenges.  

 

Building and maintaining AI-driven cybersecurity systems is resource-intensive.  

Training AI models necessitates advanced high-performance computing (HPC) 

hardware like GPUs and TPUs, as well as extensive data storage. Continuous model 

updates are essential to remain effective against evolving threats, which require 
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persistent investment. Additionally, specialized skills are needed to construct, oversee, 

and refine AI security models. Figure 4 below illustrates the primary cost components 

of developing and maintaining AI-powered cybersecurity systems. These are 

significant resources that are allocated and are known. Still, ongoing costs arise from 

continuously retraining and updating AI models to adapt to evolving threats and 

operational energy consumption. Understanding this cost structure is essential for 

planning sustainable and scalable cybersecurity solutions. 

 

Figure 4. Cost structure of AI-driven cybersecurity systems 

3. Social Implications 

The integration of AI into cybersecurity systems does not occur in a vacuum; it 

fundamentally reshapes social dynamics within digital societies. Beyond technical 

performance, AI-driven cybersecurity solutions influence public trust, individual 

rights, and societal equity. As AI systems increasingly assume critical security tasks, 

their design and development must be assessed not only for their technical 

effectiveness but also for their broader social impacts.  

Adopting AI technologies in cybersecurity brings technical transformations and 

profound social consequences. As AI systems increasingly take over critical security 

tasks, their impact on individuals, organizations, and society must be carefully 

considered. Ensuring that AI-driven cybersecurity does not undermine trust, fairness, 

or equity is essential for building a resilient and ethical digital society.  
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Figure 5. Social implications of AI-driven cybersecurity. 

 

  

2.1. Impact on public trust in digital systems [8].  

The widespread use of AI to secure digital infrastructures can strengthen or 

weaken public trust. On the one hand, AI-powered defenses offer faster, more 

intelligent responses to threats, which could enhance confidence in the safety of digital 

services. On the other hand, the opaque nature of many AI systems can lead to concerns 

about accountability and fairness. A lack of transparency can erode public trust, 

especially if AI-driven systems make mistakes or have no clear path for appeal or 

correction.  

 

3.2. Risk of reinforcing social inequalities.  

AI systems trained on biased or unrepresentative datasets can inadvertently reinforce 

existing social inequalities. In cybersecurity, this could manifest in:  

- Certain demographic groups are disproportionately surveilled or flagged 

as potential threats.  

- Unequal levels of protection, where some communities or regions 

receive superior cybersecurity defenses compared to others. 

 

If not carefully designed and monitored, AI could create discriminatory patterns, 

further marginalizing already vulnerable populations. Fairness requires continuous 

evaluation of training data, system outputs, and operational policies from an ethical 

standpoint.  

 

2.3. Ethical dilemmas in automated decision-making.  

AI in cybersecurity often involves automated actions such as isolating user 

accounts, blocking devices, or restricting access to critical services [3]. Automated 

decisions without human oversight can have significant ethical consequences ï 
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wrongful account suspensions, denial of access to essential online services, and 

unintended collateral damage affecting uninvolved users are only a few. Such mistakes 

can severely impact critical sectors like healthcare, finance, and public services. 

Balancing the speed and efficiency of AI automation with human rights considerations 

is a key ethical challenge that must be addressed through careful system design, 

oversight mechanisms, and legal protections.  

 

2.4. Public policy and digital literacy.  

Given the complex social dynamics introduced by SI-driven cybersecurity, 

governments and institutions must play an active role. Public policies should ensure 

transparency and accountability standards for AI security systems. Guidelines for 

ethical AI development and deployment should also be created. Initiatives that enhance 

digital literacy among citizens, helping them understand how AI systems function and 

what rights they possess, should be encouraged. Educating users about AI, 

cybersecurity risks, and digital ethics is critical for creating an informed and resilient 

society that can actively shape the rules of the digital age.  

 

AI -driven cybersecurity solutions hold great promise for creating a safer digital world. 

However, if not carefully managed, they risk undermining public trust, reinforcing 

inequalities, and posing ethical challenges around automated decision-making. A 

socially responsible approach to AI integration must prioritize transparency, fairness, 

accountability, and active public engagement to ensure that cybersecurity technologies 

serve all members of society equitably and ethically.  

4. Additional Considerations for Ethical and Resilient AI-Driven 

Cybersecurity.  

Beyond the immediate technical and ethical challenges, broader systemic factors 

must be addressed to ensure that AI-driven cybersecurity is implemented responsibly 

and sustainably. These additional considerations include regulatory frameworks, 

stakeholder engagement, and future research direction, each playing a critical role in 

shaping the future of secure digital environments. The growing integration of AI into 

cybersecurity demands robust regulatory oversight to protect individual rights and 

ensure system accountability. Key legal instruments already influence this space. They 

are the General Data Protection Regulation (GDPR) [4], the EU Artificial Intelligence 

Act (AI Act) [6], and the NIS2 Directive (EU). These regulations create a compliance 

landscape that AI-based cybersecurity solutions must navigate carefully. AI in 

cybersecurity is no longer just a technical matter; it requires the active collaboration of 

multiple stakeholders. The main ones that must be named are Technologies and 

cybersecurity experts, Ethicists and legal scholars, Policy makers and regulators, and 

not to miss the end-users and the general public. Engaging a broad set of stakeholders 

from the beginning of system development enhances public trust, promotes social 
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acceptability, and ensures that cybersecurity innovations address real societal needs, 

not just technological ambitions.  

5. Future research direction: preparing for emerging challenges.  

AI-driven cybersecurity is a fast-evolving field, and several emerging areas require 

further investigation:  

Table 1. List of areas for further investigations and research.   

Area Description 

Explainable AI (XAI) 

for Cybersecurity 

Developing models that are not only effective but also interpretable by 

human operators is critical for accountability and trust. 

Adversarial 

Robustness [9] 

Research into defence mechanisms that can detect and counter 

adversarial attacks is essential to maintain the integrity of AI systems in 

cybersecurity. 

Privacy-Preserving 

Machine Learning 

Techniques like federated learning and differential privacy can enable 

cybersecurity solutions to learn from distributed data sources without 

exposing sensitive information, balancing security with privacy. 

AI Ethics Standards 

for Cybersecurity 

Creating domain-specific ethical guidelines that address the unique 

challenges of AI in cybersecurity contexts (e.g., acceptable levels of 

automation in critical decision-making) is necessary. 

Sustainability and 

Energy Efficiency 

Considering the environmental impact of training and maintaining large 

AI models used in cybersecurity operations will become increasingly 

important, especially as systems scale up. 

Investing in these research areas will strengthen the technical foundation of AI-driven 

cybersecurity and ensure that its deployment remains aligned with societal values and 

global sustainability goals.  

6. Conclusion. 

Integrating AI into cybersecurity systems marks a transformative shift in how 

digital societies defend themselves against evolving threats. However, its adoption also 

introduces significant ethical, social, and technical challenges that must not be 

underestimated. As this article outlined, issues such as algorithmic bias, lack of 

transparency, vulnerability to adversarial attacks, privacy concerns, and high resource 

demands are critical obstacles that must be addressed. Moreover, the social 

implications, such as public trust erosion, reinforcement of digital inequalities, and the 

ethical dilemmas of automated decision-making, highlight that cybersecurity is not 

merely a technical domain but a deeply human one. Ultimately, the future of 

cybersecurity will be defined not just by how smart our defenses become, but by how 

responsibly we design, deploy, and govern them. By embedding ethical principles and 

social considerations at the core of AI-powered cybersecurity strategies, we can create 

a digital society that is safer, fairer, more trustworthy, and more resilient. 
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Abstract. Over the past decade, influencers have established themselves as a 

significant factor in the digital communication environment, gaining increasing 

influence on social and consumer processes. They function as intermediaries between 

brands and audiences, shaping consumer attitudes, behavioural patterns and value 

orientations, especially among younger generations. This report aims to explore the 

role and impact of influencers on consumer behaviour, focusing on the psychological 

mechanisms of influence, the specifics of influencer marketing, as well as the social 

and ethical challenges associated with this practice. The study focuses on the need to 

critically reflect on the responsibility that influencers bear in the digital age. 

Keywords: influencer, social responsible behaviour, influencer marketing, consumer 

behaviour, digital communication 

 

1. Introduction 

In the era of digital communication, influencers have acquired a strategic role in 

marketing and social processes. With the growth of social media, a new form of 

communication has emerged - personalized, accessible and informal. Their ability to 

shape consumer attitudes by creating content and establishing trusting relationships 

with the audience has made them some of the most influential figures on the modern 

media scene. At the same time, there is a need to be aware of the responsibility that 

comes with this power. In this regard, an empirical study was conducted to analyse how 

the behaviour of influencers has an impact on consumer attention, trust and attitudes 

of their followers. The main emphasis is placed on identifying socially responsible 

practices that contribute to ethical engagement of the audience and the formation of 

sustainable consumer relationships. 

2. Exposure 

The term ñinfluencerò comes from the English word influencer, meaning 

ñinfluential personò. In the context of digital communication, influencers are 

individuals who have a significant audience in the online space and influence the 

opinions, behaviour and decisions of their followers. They achieve this by creating and 

sharing content on social networks, video platforms and blogs, in which they build 

trust, authenticity and closeness with the audience (Freberg et al., 2011). 
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Influencers are part of the new digital economy and play the role of intermediaries 

between consumers and brands. Unlike traditional advertising campaigns, influencer 

marketing relies on personal influence and informal communication. This makes it 

particularly effective with younger generations, for whom social networks are the main 

channel for information and socialization. 

Table 1. Influencers classification  

Type of Influencer Number of Followers Characteristics 

Nano-influencer under 10,000 High engagement, local influence 

Micro-influencer 10,000 ï 100,000 Thematically focused, accessible for SMEs 

Macro-influencer 100,000 ï 1,000,000 Broad popularity, but lower engagement 

Mega-influencer over 1,000,000 Celebrities and media personalities 

(Influencer Marketing Hub, 2023) 

 

Influencers cover a wide thematic spectrum, including fashion, cosmetics, 

technology, culinary arts, healthy lifestyle, travel, and more. A brandôs choice of 

influencer depends primarily on the target audience and the type of product being 

promoted. 

Influencer impact can be examined through the lens of various psychological theories: 

¶ Social Proof Theory (Cialdini, 1984): Consumers are inclined to perceive 

influencersô behaviour as ñcorrect,ò particularly when these individuals appear 

confident, popular, and successful. 

¶ Identification Theory (Kelman, 1958): People perceive influencers as role 

models with whom they identify and aspire to emulate. 

¶ Two-Step Flow of Communication Model (Lazarsfeld et al., 1948): 

Information initially reaches opinion leaders (influencers), who then pass it on 

to the broader public, thereby shaping its reception and interpretation. 

Influencers often establish parasocial relationships with their followersða one-

sided form of interaction in which users feel a sense of closeness with the influencer, 

despite the minimal real two-way communication. 

Influencers have become the new opinion leaders, forming the foundation of 

influencer marketing. Influencer marketing is a communication strategy in which 

companies collaborate with influential figures on social media to promote products, 

services, or causes. The core principle lies in leveraging the authenticity and trust that 

influencers build with their audience to enhance message effectiveness (Pick & 

Sarstedt, 2020). 

With the evolution of the digital environment, influencer marketing has 

transformedðfrom sporadic campaigns into systematically developed communication 

strategies. In recent years, it has been recognized as a distinct marketing discipline with 

established techniques, metrics, and regulations (Influencer Marketing Hub, 2023). 

Influencers most commonly operate within the following digital environments: 
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¶ Instagram ï the primary platform for visual content, suitable for fashion, beauty, 

and lifestyle topics. 

¶ YouTube ï preferred for product reviews, tutorials, and vlogs. 

¶ TikTok ï increasingly popular among younger audiences, with strong impact 

through short, creative videos. 

¶ Facebook ï suitable for community groups, older demographics, and influencers 

with local reach. 

¶ Blog platforms ï allow for more in-depth exploration of topics. 

The choice of platform is strategic and depends on the type of product, target 

audience, and the nature of the content. The largest investments in influencer marketing 

come from beauty brands, fast-moving consumer goods (FMCG), and technology 

companies. While the market continues to expand, the regulatory framework remains 

largely self-governed. This means that pricing in the sector is based on individual 

agreements, and the content's character is shaped by the values of both the advertiser 

and the influencer. 

The expression of civic or political views is rarely encouraged and is often 

deliberately avoided, as it may divide the audience. Fewer followers typically translate 

to lower sales and more dissatisfied marketers. (Source: Capital.bg, 2024) 

In order to outline the aspects of the socially responsible behaviour of influencers 

in attracting consumer attention, a survey was conducted, which aimed to investigate 

how the behaviour of influencers affects consumer attention, trust and attitudes of their 

followers. 

The study consists of questions that relate to the respondents' opinions on: 

¶ Social media in which influencers are followed and frequency of following 
influencers 

¶ Content that attracts consumer attention 

¶ Influencers' influence on the purchase of products/services 

¶ Importance of the influencer's overall personality in attracting consumer 
attention 

¶ Influencers' influence on the habits and lifestyle of their followers 

¶ Socially responsible behaviour of influencers 

Results and discussion. The survey was conducted online among 96 respondents, 

of whom 84% were women and 16% were men. The majority of respondents are under 

35 years old ï 59%, of which 9% are under 18, 31% are between 18 and 24 years old 

and 19% are between 25 and 34 years old. Over 35 years old are 41% of respondents. 

The first questions of the survey concern how often respondents follow influencers and 

in which social media this happens. The results show that the majority of respondents 

rarely follow influencers (32%), and with an equal share of 26% are those who follow 

influencers every day and those who follow them several times a week. The social 
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media in which respondents most often follow influencers are Instagram with 61% and 

Tik Tok with a share of 32%. 

 

 

     

 

Fig. 1. Frequency of following influencers 

Fig. 2. Social media where influencers are 

 

The content that attracts user attention is distributed in the following categories: 

humour and entertainment - 69%, fashion and cosmetics - 63%, education and personal 

development - 53%, as well as healthy lifestyle and fitness - 53%. Content about social 

causes intrigues 22% of respondents, and technology and gaming - 9%. 
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Fig. 3. Content, attracting the followers of the influencers 

 

When asked whether they have purchased products/services based on influencer 

recommendations, the majority of respondents (63%) said that they sometimes do so. 

Among the most frequently purchased products/services by respondents under the 

influence of influencers are cosmetics (60%), books (40%), clothes (27%) and 

attending an event (30%). 

The presentation of products/services through attractive content is not only 

aimed at attracting consumers' attention to the influencer's personality, but also at 

attracting consumers to the respective brand. A large part of influencers in Bulgaria 

earn money and followers precisely through advertising of various brands. But, in order 

to be convincing, they must present themselves in a good light, to make people feel 

close to them. To a large extent, the emotional mind of the follower is also relied on 

here. The emotional mind is much faster than the rational mind and does not stop even 

for a moment to think about what it is doing (Hristova, 2024). Creating a strong 

emotional connection between the influencer and his follower is a key moment in 

making a purchasing decision. In this regard, the question of the extent to which certain 

characteristics of influencers have an impact on the purchase decision, most of the 

respondents shared that the personality of the influencer and the way the product is 

presented are to some extent decisive for the desire to purchase the product, while the 

popularity of the influencer is not among the important factors.  

In the modern digital context, influencers play a role that goes beyond traditional 

marketing functions. In addition to promoting products and services, they actively 

participate in the formation of social attitudes, fashion trends and cultural norms, 

setting standards for behaviour, appearance and lifestyle. Their influence acquires the 

characteristics of a significant social phenomenon. The data from the conducted study 

show that 63% of respondents do not report a change in their personal lifestyle under 
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the influence of influencers. However, 19% indicate a partial change, and 16% report 

a significant impact on their daily life resulting from such interaction. 

 

 

Fig. 4. Areas of following influencerôs advice 

 

The results of the study show that influencers have an impact through their 

advice and recommendations in the lives of their followers in areas such as: fashion 

and style ï 44%, physical health and personal development ï with an equal share of 

31%, as well as in terms of mental health ï 28%. 

The creation of unrealistic expectations by influencers is one of the most 

significant challenges facing digital society. This is also confirmed by empirical data, 

according to which 72% of respondents share that influencers contribute to the 

formation of unrealistic ideas among consumers. The consequences of this 

phenomenon are multifaceted and affect both mental health and consumer behaviour. 

Among the main negative effects stand out: a decrease in self-esteem due to 

comparisons with idealized images; a tendency to impulsive and irrational 

consumption for the purpose of imitation; increased psychological pressure, expressed 

in anxiety and frustration; as well as distortion of ideas about reality, success and 

personal value. 

Therefore, it is important for influencers to realize their role and responsibility 

and to move from a culture of performance to a culture of authenticity. As modern 

opinion leaders and cultural mediators, they must adhere to social and ethical norms of 

behaviour. According to the results of the survey, 84% of respondents believe that 

influencers should demonstrate socially responsible behaviour when creating content 

for social networks. Respondents mainly associate this behaviour with: transparency 

about paid partnerships (61%), using non-discriminatory and non-violent language 

(61%), providing realistic and accessible life advice (61%), commitment to social and 
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environmental causes (58%), as well as promoting a healthy lifestyle and personal 

development (52%). 

 

 

Fig. 5. Actions, demonstrating socially responsible behaviour of influencers 

 

Despite the active social engagement of many influencers, this does not 

guarantee increased trust in them. The data from the survey shows that the largest share 

of respondents (63%) perceive socially responsible behavior as a factor that would, to 

some extent, positively affect trust in influencers. 

 

3. Conclusion 

This study outlines the complex role of influencers in modern digital society and 

their impact on consumer behavior, social attitudes and the formation of cultural norms. 

The results confirm that influencers are establishing themselves as new opinion leaders 

who influence not only consumer choices, but also the lifestyle, values and perceptions 

of young people. Although a significant part of the respondents do not report a direct 

change in their personal lifestyle, partial or significant influence is observed in areas 

such as fashion, healthy lifestyle and personal development. 

Empirical data indicate that trust in influencers is closely related to the 

authenticity of their content and their social responsibility. The formation of unrealistic 

perceptions based on idealized images and sponsored content is among the main 

challenges facing digital consumption. This necessitates the establishment of ethical 

standards, transparency and engagement with socially significant topics by influencers. 

In conclusion, influencers have significant potential as both communication 

intermediaries between brands and consumers and as agents of social change. This is 
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why it is essential to promote practices that meet the criteria of social and ethical 

responsibility to ensure a sustainable and positive impact on the audience in the long 

term. 
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Abstract. This study explores the contemporary identity crisis through the lens of 

pharmakon ï a concept rooted in Plato and reinterpreted by B. Stiegler to articulate the 

dual role of technology as both remedy and poison. Drawing on psychoanalysis, 

developmental psychology, philosophy of technology, and cultural theory, it 

investigates how digital media environments shape the symbolic and psychic 

constitution of the subject. 

Algorithmic systems and exosomatic memory are shown to destabilize ego formation 

and psychic energy flow, while digital culture transforms identity into a fragmented 

and performative construct governed by external validation. 

Framed as a pharmacological milieu, the digital condition raises a fundamental 

question: can these technological forms still support symbolic integration and psychic 

development ï or do they reinforce cycles of repetition, crisis, and disindividuation? 

Keywords: Pharmakon, Digital Subjectivity, Technological Trauma, Algorithmic 

Environments, Psychic Transformation. 

 

1. Introduction 

In contemporary digital culture, technologies have acquired the status of key 

mediators in the constitution of subjective self-identity, particularly among younger 

generations. The future development of human-technology interactions fundamentally 

depends on understanding this dynamic. Identity, as a psychosocial phenomenon, holds 

significant predictive value for the development of innovative technologies as a whole. 

Analyzing the mechanisms through which digital identity is formed, sustained, or 

fragmented provides valuable insights for the design of future technological solutions 

ï from social platform interfaces to personalization algorithms and artificial 

intelligence. In this sense, identity not only reflects the influence of technologies but 

also becomes a regulative factor in their evolutionary development. 

Self-image is increasingly constructed within the scope of digital mediation and 

social exposure. Rather than being a stable internal construct, identity often forms 

under conditions of constant public validation and comparison, activating profound 

emotional and cognitive instability. This dynamic can be interpreted through the prism 

of the the concept of ñpharmakonò ï technology that is simultaneously a means of 

development and a source of risk (Derrida 1997; Stiegler 2010). The present study 

focuses on analyzing digital media viewed as pharmaka (plural form of pharmakon), 
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with particular attention to their dual effect on the formation, maintenance, and 

fragmentation of identity. Among the multitude of digital platforms, TikTok, with its 

algorithmic mechanisms and formats, stands out as an example of impact on self-

perception and social relations ï especially concerning younger generations, who are 

most vulnerable in the face of such technological ambivalence (Montag et al. 2021). 

 

2. Identity and Self-Formation in the Age of Digital Mediatization 

According to data from the Pew Research Center (2024), a substantial proportion 

of teenagersô report experiencing tension and anxiety stemming from the continuous 

use of social media and digital platforms. This tension is intensified by the phenomenon 

of excessive óscrollingô, which is characterized in the academic literature as a 

behavioral addiction that impairs sustained attention and self-reflection (Ophir et al. 

2009; Panova & Carbonell 2018). Furthermore, significant correlations have been 

established between frequent social media use and symptoms of depression, low self-

esteem, and social isolation, as documented by Twenge et al. (2019). These findings 

support the thesis of the ñperformativeò nature of digital identity, in which self-

perception is continuously constructed and deconstructed in the public sphere, often 

resulting in the fragmentation of the selfôs integrity. 

Within this framework, Erik Eriksonôs theory of psychosocial development 

provides a crucial conceptual lens. He posits that adolescence constitutes a pivotal 

phase characterized by the psychosocial crisis of identity vs. role confusion ï a 

developmental juncture during which the individual engages in the pursuit of a 

coherent and integrated sense of self, encapsulated in the question, ñWho am I?ò 

(Erikson 1968). This process necessitates temporal duration, social mirroring, and the 

experimental exploration of diverse roles to achieve a consolidated identity. Successful 

resolution of this crisis culminates in the formation of fidelity, defined as the capacity 

to sustain commitment to selected identities despite experiencing doubt and insecurity. 

In digital environments, however, the process of identity formation is frequently 

truncated and supplanted by externally validated performative models. Social media 

platforms provide less a space for genuine exploration and more a stage for public 

display. Platforms such as TikTok enforce algorithmically prescribed templates that 

displace organic identity exploration with roles validated by external metrics. As a 

result, young users construct self-representations that lack internal coherence and 

instead conform to patterns of statistical predictability. This phenomenon fosters 

premature fixation on identities that are acquired through repetitive enactment rather 

than authentic self-experience ï a dynamic that Erikson would interpret as 

symptomatic of role confusion, marked by an absence of genuine integrity (Ibid). 

At the core of modern identity lies the dynamic interplay between digital social 

presence and authenticity ï between the cultural framework of performativity that 

constitutes the subject and his internal striving for coherence and self-development. 

However, this striving cannot be understood in isolation from the broader moral and 

meaningful horizon within which the subject seeks to structure their life. It is precisely 

within this context that philosophical conceptions of identity as a narrative and 
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ethically engaged process prove especially fruitful for understanding contemporary 

digital subjectivity. 

Charles Taylor (1992) conceptualizes identity as a temporally unfolding 

configuration of moral orientations through which the subject imparts meaning to their 

existence. Within this framework, the self does not exist as a fixed structure but as a 

narrative whole that requires integrity, coherence, and internal motivation. Paul 

Ricoeur (1992) deepens this perspective by distinguishing between ipse (the self as 

presence, as trust in oneself) and idem (identity as the persistence of characteristics), 

emphasizing narrative and memory as conditions for ethically engaged selfhood. 

What disintegrates in the digital environment with regard to self-determination 

is precisely the narrativity of the self. When time fragments into streams of fleeting 

images and social evaluation becomes algorithmic, the subject loses the capacity to 

weave their identity as a coherent narrative. Instead, a series of display masks oriented 

toward external gaze emerges, depriving identity of the depth and intimacy necessary 

for self-realization. Erich Fromm specifically warns about this collapse: when identity 

is constituted entirely through social approval, the individual becomes a reflection of 

market logic and loses access to their own deep-seated motivations, desires, and values 

(Fromm 1994). Consequently, the subject alienates themselves and falls into a state of 

ñautomated conformity.ò 

The psychoanalytic perspective offers a deeper understanding of this 

disindividuation. D. Winnicott demonstrates how the subject is formed in the interplay 

between an internal psychic reality and a ñsufficiently goodò external world (Winnicott 

1990). If this world becomes a field of constant performance expectation rather than a 

secure space for experimenting with authentic impulses, the so-called ñfalse selfò is 

constructed ï a mask that serves adaptation but lacks vitality. Heinz Kohut adds that 

for the narcissistic organism to develop into a mature identity, it requires a ñselfobjectò 

capable of recognizing and stabilizing the self-image (Kohut 1971). However, the 

algorithmically mediated environment offers a simulated rather than substantive 

reflection ï it provides signals but not symbols, and in this sense remains deaf to the 

subjectôs inner life. 

In accordance with the described socio-psychological transformations of the 

individual, Lacan urges us to understand identity not as a fixed given, but as a function 

of the Desire of the Other (Lacan 2007). In the digital realm, where the Other 

increasingly takes the form of an algorithmic model rather than a face, desire is 

programmed rather than articulated. The subject is left without symbolic support ï the 

ñmissing signò (objet petit a) that structures their psychic world. This absence generates 

anxiety and hinders desire from functioning as a vector of self-realization (Ibid). 

It is precisely within this framework that digital platforms ï TikTok serving as a 

particularly symptomatic example ï unfold as spaces where identity becomes a 

simulacrum (a copy without an original), performativity devoid of depth, and self-

realization transforms into an aesthetics of adaptation (Baudrillard 1994). The subject 

no longer constructs the self over time but reacts to the moment. This shift from 
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narrative to reflex arguably constitutes the central hallmark of the identity crisis of the 

digital age. 

 

3. ñThe Pharmakon of Technicsò: Symbolic Collapse and Digital Individuation 

The digital is not merely a tool; it constitutes a condition of existence. The 

commonplace and simplistic notion of ñtechnological adoptionò masks a deeper 

ontological reconfiguration: the migration of psychic, social, and symbolic processes 

into exosomatic infrastructures that not only extend human capabilities but transform 

the very horizon within which subjectivity acquires meaning. 

The concept of the pharmakon offers a lens through which this ambivalence can 

be apprehended. In its Platonic origin, pharmakon designates that which 

simultaneously heals and poisons; both a means of remembrance and a threat to 

memory (Plato 2005). In Derridaôs poststructuralist reading, this duality is radicalized: 

every meaning (sens), every identity, every symbolic structure is already unsettled by 

a supplement ï an external element that presents itself as secondary but proves 

structurally necessary (Derrida 1997) This supplement adds to the original but also 

exposes its lack, its dependence on the exterior. Thus, meaning itself does not exist in 

a ñpureò form ï it is always mediated by technics, by the mediatory, that which 

simultaneously sustains and destabilizes it. A profile picture or a social media status, 

for example, appear as external ñpresentationsò of the self, yet in fact begin to shape 

the subjective self-understanding. Thus, the mediatory ï the interface, the visual frame, 

the algorithmic feedback ï becomes a structural element of identity itself. 

Bernard Stiegler (2010), however, is the thinker who rewrites the pharmakon in 

the realm of technics: technology, in his interpretation, is not external to the human but 

the very environment of its becoming ï prosthetic, temporal, and constitutive. The 

question is not whether technology alienates or enables but what kind of individuation 

it engenders. 

To speak of digital subjectivity, then, is to speak of a subject constituted through 

tertiary retentions ï traces of memory externalized into technical systems. Unlike 

primary and secondary memory, which remain intrapsychic, tertiary memory deposits 

experience in material forms: writing, films, algorithms, databases. These are not 

passive archives; they construct the temporal structure of the self. They determine what 

can be remembered, what can be forgotten, and what can be thought. 

Psychoanalysis insists that the subject emerges through a symbolic rupture ï a 

splitting of the self from its immediate experience, creating a void around which 

subjectivity organizes. The unconscious, according to Lacan, is structured like a 

language, and language implies delay, differentiation, and interval between stimulus 

and response (Lacan 2007) This very space of the symbolic, where subjectivity arises, 

is lost in the digital environment, where responses are instantaneous and meaning 

forms through continuous circulation of signifiers ï words, images, emoticons, signs ï 

that fail to stabilize into enduring significations. Thus, the symbolic reduces to a short 

circuit with immediacy, losing its capacity to mediate between the internal and the 

external. The Other ï locus of law and desire ï ceases to be interpretive and becomes 
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an ñalgorithmic modulatorò directing desires via probabilistic models rather than 

through lack and interpretation. 

In such a setting, the libidinal (psychic) economy is reprogrammed. Drives no 

longer return to the body; they circulate through interfaces. Enjoyment is extracted not 

through transgression but via quantification ï likes, loops, watch time. The subject 

becomes simultaneously consumer and product, caught in a topology where 

individuation is neither fully psychic nor fully collective, but fragmented through 

machine codes. 

Simondon offers a crucial counterpoint. For him, individuation is not the 

unfolding of a pre-given self but a process of resolving unstable configurations within 

a metastable field (a dynamic state where psychic, social, and technological interact 

and rearrange) (Simondon 2017) The digital environment introduces new dynamics ï 

affective saturation, multiplicity of identity, attention deficit. These demand semiotic 

integration ï i.e., work to ascribe meaning, symbolic connection, and internal 

comprehension. Whether digital platforms permit or hinder such activity remains an 

open and central question. Do TikTok, Instagram, or YouTube sustain a space for 

symbolic integration, or do they merely produce affective exhaustion, fragmentation, 

and automated reactivity? Is there time and place for delay, interpretation, and 

expression ï or do algorithms skip the symbolic, replacing it with immediate 

stimulation? 

In this context, the pharmakon is not metaphor but a condition for critique: a 

lens through which the indeterminate effects of technical systems on subject 

transformations can be apprehended without resorting to moralism or nostalgia. 

From this perspective, theoretical analysis functions as a navigational 

framework ï tracing where and how processes of individuation are obstructed, 

interrupted, or restructured in the digital world. The digital subject is not ontologically 

lost but rather disoriented ï placed in conditions that destabilize its symbolic supports. 

Hence, contemporary critique must seek possibilities for restoring forms of care, 

temporal delay, and symbolic articulation ï elements without which the integration of 

subjectivity remains unstable and fragmentary. 

 

3. TikTok as an Algorithmic Stage of Subjective Experience 

Platforms like TikTok, with their algorithmic mechanisms and format, constitute 

a cornerstone for understanding contemporary ñdigital subjectivity.ò The formats 

popularized by TikTok ï such as #dayinmylife, #dopaminecleanse, #healingjourney, 

and others ï reveal more concretely how the digital pharmakon integrates into everyday 

practices of subjectivation. Such a digital environment can stimulate a continuous need 

for social recognition and engagement, leading to cycles of repetition and identification 

fragmentation (Montag et al., 2021; Roberts & David, 2020) Trends like #dayinmylife 

function as rituals of self-construction: repeatable visual scenarios through which the 

subject builds an observable and socially validated self. Here, personal life is 

theatricalized through visual conventions and cyclically reproduced within an 

algorithmic selection that rewards recurring patterns. 
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At the same time, TikTok serves as a space for creativity, freedom of sharing, 

and community building ï especially for younger users experimenting with various 

roles, aesthetics, and narrative models. Features like Duets and Stitch activate modes 

of digital dialogue, while personalized content streams enhance the sense of individual 

recognition. Movements such as #dopaminecleanse and #healingjourney demonstrate 

the pursuit of psychic homeostasis ï attempts at symbolic reintegration through digital 

narratives aimed at restoring internal order amidst chronic overstimulation. 

This very ambivalence defines TikTok as a pharmakon in the sense of Stiegler 

(2010) ï a technological environment where possibilities for subjective expression 

intertwine with risks of psychic vulnerability. It is simultaneously a platform for 

expression and an instrument of psychic dysregulation, where temporal delay of 

symbolic processing is replaced by permanent affective stimulation. 

Particularly telling for TikTok is the paradox of ñFor You Pageò (FYP) identity, 

where self-formation happens through mirroring: ñI am what I am offered to beò. As 

Lacan describes the mirror stage of development (2007), the subject builds its self-

image through external reflection ï an image that is both its own and alienated. On the 

digital platform, this process is radicalized: the subject identifies not with the mirror 

reflection but with a stream of images generated by an algorithm ï the Other is 

displaced by statistical prediction, and desire is structured around what has already 

been shown and confirmed. In this sense, TikTok functions like a ñpersonalized media 

machine,ò in which the FYP algorithm ï through mechanisms such as viral loops and 

repetitive clips ï anticipates and often preempts the subjectôs desires. The user becomes 

an object of automated ñmoderationò (of identity) rather than a subject of autonomous 

expression. 

 

4. Between Play and Trauma: The Ambivalence of TikTok as a Pharmakon 

TikTok unfolds as a paradigmatic pharmakon ï a digital scene where psychic 

processes are externalized, aestheticized, and subjected to algorithmic modulation. It 

is neither a neutral platform nor a mere instrument of entertainment; rather, it functions 

as an exosomatic environment that actively intervenes in the formation of libidinal 

attachments, symbolic relations, and ego structures. 

The platformôs algorithmic core ï its opaque and adaptive FYP ï constitutes a 

machinic apparatus of anticipation. Desire is short-circuited by prediction, and 

subjectivation is increasingly prefigured by statistical resemblance rather than 

symbolic mediation. What is shown precedes what is wanted. In this sense, TikTok 

mirrors the Lacanian gaze (le regard), not as the eye that sees, but as the point at which 

the subject is seen, interpolated, and scripted (Lacan 2007). The subject operates within 

a recursive loop of visibility, affect, and algorithmic reinforcement rather than actively 

producing meaning. 

Within this digital dispositive ï Foucaultôs term for the network of power and 

technology shaping subjectivity ï repetition loses its symbolic weight and becomes an 

empty circuit of behavioral mimicry (Foucault 1980). Trends, sounds, and aesthetic 

codes go beyond shaping content; they actively structure identity 
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Rather than revealing a fixed self, the user constructs identity through iterative, 

choreographed interactions. This aestheticization of identity often leads to a psychic 

flattening: a reduction of internal differentiation in favor of externally modulated 

coherence. 

Drawing from Stieglerôs conception of tertiary retention (2010) TikTok operates 

as a prosthetic memory system that colonizes attention and temporalizes experience in 

micro-loops. The symbolic delay necessary for psychic digestion is suspended. Instead 

of being metabolized, the content is consumed and simply repeated, lacking 

integration. In Freudian terms, the compulsion to repeat resurfaces within algorithmic 

design, manifesting as a psychic economy recalibrated to maximize user engagement 

and retention. 

Yet TikTok is not solely a site of disindividuation. It contains within itself scenes 

of symbolic struggle, of subjective reinvention. Performative genres like #dayinmylife 

and #healingjourney reproduce norms while also carrying traces of resistance and 

efforts to re-symbolize experience within the platformôs pharmaco-logic. This 

represents a mutation rather than a return to the pre-digital subject: a fragmented, yet 

affectively charged self operating in a liminal space between trauma and play. 

In such a milieu, the therapeutic and the toxic merge as modalities of the same 

apparatus. The pharmakon reveals the instability of symbolic structures under digital 

saturation. The emphasis is on the conditions that allow individuation to occur, beyond 

the question of self-authenticity. 

 

5. Conclusion 

Digital technologies establish novel conditions for the constitution of 

subjectivity by integrating psychic processes within technical environments, wherein 

memory, attention, and desire are reconfigured through algorithmic operations. 

Platforms such as TikTok introduce a distinct modality of self-experience: the subject 

is actualized within the rhythmic flow of visual and informational stimuli, where 

content not merely registers perceptually but actively structures the formation of 

identity. 

The algorithm functions as a form of technical mediality that mediates the 

individualôs relation to the collective psychotechnics of desire. Within this framework, 

image, rhythm, and repetition serve as principal instruments for the aesthetic and 

affective organization of subjective experience. The digital milieu, far from being a 

passive instrument, directly intervenes in the process of individuation by engendering 

novel schemas of perception, memory, and relationality. 

Consequently, technology assumes the status of pharmakon ï a conceptual 

framework that captures its inherent ambivalence as both transformative and 

disruptive. It simultaneously affords possibilities for symbolic reintegration, creativity, 

and affective circulation, while engendering conditions of oversaturation, 

fragmentation, and accelerated repetition. These dynamics recalibrate the psychic 

economy by eroding the temporal delay requisite for symbolic assimilation. 
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Algorithmic mediation supplants the traditional figure of the Other with a system 

of predictive models that do not articulate desire but rather classify probabilistic 

outcomes. Subjectivity is thereby recast as a network of automated reflections, wherein 

desire circulates devoid of stable symbolic anchors. This engenders a novel mode of 

disindividuation characterized not by a wholesale loss of identity but by the dissolution 

of sustained symbolic and deferral processes. 

Notwithstanding these transformations, the digital environment retains a 

potential for psychic regulation and reconstruction. When technological mediation is 

situated within an ethics of attention, symbolic reflexivity, and critical distance, it may 

become a terrain for the restoration of subjective coherence. TikTok, accordingly, 

emerges as a paradigmatic pharmakon ï an arena wherein desire, gaze, and repetition 

are coded, modulated, and exposed, simultaneously generating risks and enabling 

novel modalities of psychic transformation. 
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Abstract. This study undertakes an interdisciplinary psychoanalytic and philosophical 

investigation into the concept of ñcollective dream narcissismò and its role in the 

continuous development and reshaping of modern technological imagination. It 

approaches imagination not only as a cognitive and creative faculty but also as a moral 

and vulnerable resource, increasingly shaped and challenged by pervasive narcissistic 

fantasies within contemporary digital communication ï particularly in relation to 

artificial intelligence. Through a synthesis of psychoanalytic theory, cultural analysis, 

and philosophy of technology, the study explores how unconscious collective desires 

and fantasies contribute to the shaping of technological imaginaries, often blurring the 

boundaries between reality and idealized digital projections. This work underscores the 

psychological and ethical complexities embedded in technological innovation, calling 

for a critical reflection on the ways in which imagination is mobilized, exploited, and 

at times distorted within the digital-technological ethos. 

Keywords: Collective Narcissism, Ethics, Artificial Intelligence, Narcissistic 

Fantasies, Cultural Critique. 

 

1. Introduction 

Technologies are often perceived as almost magical solutions to social, 

economic, and personal problems ï universal saviors promising to create a utopian 

future without limitations. This idealization carries a strong narcissistic charge ï a 

belief in the infallibility of human progress and in our own significance through 

technology. It provokes the creation of visual, narrative, and conceptual images of the 

future, encompassing autonomous vehicles, artificial intelligence, virtual worlds, and 

so forth. These images influence public attitudes, policies, and investments, often 

independently of actual technological capabilities or ethical constraints. They 

encompass both rational expectations and deeper unconscious dreams and fears. 

The complex of these collective representations ï both conscious and 

unconscious ï can be termed a ñtechnological fantasy.ò It includes not only 

mythologizations but also anxieties and unconscious desires that significantly affect 

the development, perception, and ethics of technological innovations. Within this 

mailto:bilinic@tu-sofia.bg
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fantasy, a key role is played by what we call the ñcollective dreaming narcissismò ï a 

term denoting the systematic construction of idealized images and phantasms grounded 

in narcissistic desires for omnipotence, recognition, and infallibility, which are 

projected onto technologies and the future. 

These processes are accompanied by complex psychological and cultural 

changes, whose nature remains difficult to explain and calls for critical examination. 

How do these dynamics influence the perception, ethics, and development of 

technologies today, especially in the context of artificial intelligence? How do these 

collective fantasies and unconscious desires shape the technological future? 

Answering these questions requires an interdisciplinary approach that integrates 

psychoanalytic, philosophical, and cultural perspectives. The notion of the ñcollective 

dreamò or ñcollective fantasyò proves crucial for revealing the mechanisms through 

which the group unconscious structures technological reality. This concept is rooted 

both in the psychoanalytic theories of S. Freud (1921) and J. Lacan (2006), who analyze 

the formation of group identities and narcissistic phantasms on a psychological level, 

and in Carl Jungôs (1959) ideas of the collective unconscious ï a universal layer of 

archetypes and symbols present in all cultures that influence the collective psyche. M. 

Foucault (1980) and B. Stiegler (2010) contribute critical readings of technological and 

media discourses that reproduce and transform these collective images. 

From this theoretical framework follows the central thesis of the present study: 

collective unconscious fantasies, constructed upon narcissistic models of identity and 

desire, play a key role in the constitution and transformation of technological society. 

This phenomenon redraws the boundaries between the real and the idealized in the 

digital world and poses serious ethical and psychological challenges. 

 

2. Contemporary Technological Fantasy and the Interweaving of the Real and the 

Digital 

Contemporary technological fantasy merges the real world with digital 

projections, combining these layers to create new hybrid spaces in which human 

representations and identities intertwine and mutually constitute each other. This 

fantasy is linked to aspirations for perfection, control, and recognition, reflecting both 

collective and individual narcissistic desires ï for instance, in the popular mythology 

of artificial intelligence as the ultimate projection of human intelligence and power, 

symbolizing human superiority and domination over nature and the social world. 

Thus, technologies serve as stages upon which psychological conflicts play out, 

generating new forms of interaction, self-expression, and social communication, 

alongside numerous ethical challenges. 

To illustrate this dynamic, let us consider several indicative examples: 
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¶ Social Networks. Platforms such as Facebook, Instagram, and TikTok provide 

spaces for creating and managing digital identities, which are often idealized versions 

of the real ñself.ò This process reflects the narcissistic drive for recognition and social 

approval but also leads to increased anxiety, fear of rejection, and feelings of alienation. 

Furthermore, the algorithms governing content construct and amplify certain fantasies 

of social success and harmony, sidelining the complexity and conflicts of real life. 

¶ Virtual and Augmented Reality. These technologies expand the boundaries of 

perception, allowing users to experience alternative realities and identities. They create 

opportunities to escape physical limitations and raise questions about the authenticity 

of experiences and moral responsibility for actions in digital spaces. For example, 

virtual worlds may serve both therapeutic purposes and reinforce narcissistic fantasies 

of control and perfection. 

¶ Artificial Intelligence. Often perceived as the ultimate projection of human 

intellect and power, AI symbolizes both hopes for technological solutions to complex 

social problems and fears of losing control and autonomy. The development of 

intelligent systems poses ethical dilemmas related to transparency, accountability, and 

fairness, while simultaneously generating mythology around the possibility of a 

ñperfectò intellect that overcomes human limitations. 

 

3. Theoretical Foundations of the Concept of Collective Dreaming Narcissism 

Psychoanalysis plays a defining role in understanding narcissism, its impact on 

group identities, and the mechanisms underlying the formation of collective fantasies 

and their role in technological imagination. The key concept here is narcissism ï 

originally described by Freud (1914) as a stage in individual development associated 

with identification with the self and striving for personal perfection. Freud also 

examined group narcissism as a psychological phenomenon that can be extended to 

broader social and cultural structures (Freud, 1921). 

These ideas were further developed by Jacques Lacan, who analyzed narcissism 

not only as a psychological dynamic but also as a structural principle of subjectivity. 

For Lacan, the ñIò is always divided, and narcissistic fantasies serve as means to 

assemble a fragmented identity through images and mirrors that constitute the illusion 

of wholeness (Lacan 2006). This process is observable at the collective level, where 

groups construct idealized images of themselves, projecting them onto external objects 

ï in this case, technologies and their potential. 

Carl Jung contributes the concept of the collective unconscious - a foundational 

layer of the psyche containing universal archetypes and symbols common to all 

humanity. These archetypes manifest as universal motifs in fantasies and mythologies, 

including those related to technological futures (Jung 1959). They shape the deep, often 

unconscious structures of the collective psyche upon which contemporary 

technological fantasy is built. Archetypes appear in modern technological fantasies as 
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well ï for instance, images of divine creators, mythical heroes, and transcendental 

beings transform into mythologies surrounding artificial intelligence, virtual worlds, 

and digital avatars. Jungôs approach helps us understand how collective archetypal 

structures intertwine with individual and group narcissistic projections. The collective 

dream, as conceptualized in this study, represents this very network of unconscious 

desires, fears, and phantasms that groups experience and co-construct. It functions as 

a ñmirrorò reflecting both social realities and idealized representations, forming the 

basis for the narcissistic charge in technological mythologies. 

In addition to classical psychoanalysts, social psychologists such as E. Goffman 

(1959) offer concepts of ñself-presentationò in social life, supporting the idea that 

identity and collective images are constantly constructed and reconstructed. These 

dynamics are highly relevant in the digital era, where social networks and virtual spaces 

function as stages for projecting collective and individual narcissistic fantasies. 

H. Arendt (1951), on the other hand, warns of the dangers of mass psychology 

and the loss of critical thinking, which may be exacerbated in the context of 

technologically accelerated and manipulated collective fantasies. 

Within this context, the philosophy of Jean Baudrillard and his concept of the 

ñsimulacrumò (Baudrillard 1981) is especially significant. According to Baudrillard, 

contemporary culture is flooded with images and signs that no longer refer to real 

objects but create a hyperreality ï a world of simulacra where the boundary between 

the real and the copy becomes blurred. This is particularly applicable to digital 

technologies and their idealized projections of the future, where fantasies of 

technological perfection and control often appear more real than reality itself. 

More recent philosophical studies on artificial intelligence, such as those by N. 

Bualini (2022) and K. Crawford (2021), emphasize the ethical and social consequences 

of technological utopias. Bualini approaches AI not only as a technical phenomenon 

but also as a cultural construct reflecting and amplifying human biases and power 

structures. Crawford highlights the dangers of automation and algorithmic control, 

which may deepen social inequalities and erode human rights. These contemporary 

critiques underscore the necessity of ethical awareness and responsibility in the 

development and implementation of technologies. 

On this conceptual basis, collective dreaming narcissism should be understood 

both as a psychological phenomenon and as a socio-cultural construct inseparably 

linked to technological development. It provides the motivational and emotional 

energy behind utopian technological visions but can also lead to distortions of reality 

and neglect of ethical and social consequences. 

 

4. Technological fantasies and their manifestations in contemporary culture 

Contemporary technological fantasy finds its most vivid expressions in social 

networks, virtual and augmented reality, and the development of artificial intelligence 
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(AI). These technologies, beyond serving as communication tools, actively shape our 

conceptions of self-identity, social belonging, and even affect mental health. 

¶ Social Networks: Beauty Filters and the ñEchoò of Collective Narcissism 

Social platforms such as Instagram, TikTok, and Facebook act as arenas for 

expressing and constructing idealized digital identities. Particularly significant are 

ñbeauty filtersò ï digital tools that modify and enhance usersô appearances. These filters 

not only support the pursuit of perfection and recognition but also function as 

narcissistic triggers, intensifying unconscious desires for social approval (Huang & 

Leung 2023). 

Empirical research shows that the use of such filters correlates with increased levels 

of anxiety, depression, and low self-esteem, especially among youth (Fardouly et al. 

2018). The ñechoò of collective narcissism manifests in the widespread dissemination 

of these idealized images, which mutually reinforce each other and constitute the social 

norm of a ñperfectò appearance. Platform algorithms, designed to maximize user 

engagement, select and amplify content that evokes emotional responsesðoften 

admiration or envyðcontributing to the creation of highly polarized and frequently 

unrealistic social images (Andrejevic 2020). 

¶ Virtual and Augmented Reality: Boundaries of Authenticity and Narcissistic 
Fantasies 

Virtual (VR) and augmented reality (AR) technologies expand possibilities for 

creating alternative realities and identities. They allow users to escape the constraints 

of the physical world and experience controlled, often idealized versions of themselves. 

Studies indicate that VR can have therapeutic effects in treating phobias and post-

traumatic stress but may also deepen dependencies and reinforce narcissistic tendencies 

by providing a ñstageò for endless self-construction and social comparison (Riva et al. 

2019). 

Augmented reality, used in apps and social platforms, blurs the boundaries between 

the real and virtual, creating hybrid spaces where identity representations are plastic 

and constantly reprojected. This phenomenon raises ethical questions about the 

authenticity of experiences and responsibility for actions in the digital environment. 

¶ Artificial Intelligence: Generative Models and Technological Narcissism 

Artificial intelligence, especially generative models like GPT, introduces new 

dimensions to technological fantasy. These systems can create text, images, and audio 

resembling human creativity but are algorithmically generated. This inevitably blurs 

the line between originality and imitation, human and machine creativity, resonating 

with Baudrillardôs ideas of simulacra. 

Generative AI models also reflect and amplify existing human biases and fantasies, 

as they are trained on large datasets containing both positive and negative social 

patterns (Bualini 2022). This creates a risk of deepening collective narcissism on both 
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individual and societal levels. Conversely, AI offers new opportunities for creativity 

and social transformation as a potential tool to expand human imagination and 

empathy. 

¶ Algorithms, the Attention Economy, and Political Effects 

Algorithms managing social networks and digital platforms act as amplifiers of 

narcissistic fantasies, optimizing content for maximum engagement. This generates an 

ñattention economyò in which user attention is commodified and exploited. 

Consequently, there is a tendency toward polarization, the spread of fake news, and 

populist politics, which often operate by appealing to collective fears and idealizations 

(Tufekci 2017). 

This dynamic has serious implications for public discourse and democratic 

processes, suppressing critical thinking and promoting emotional manipulation. 

 

5. Ethical and Social Implications of Collective Dreaming Narcissism 

The concept of the "ethics of imagination" in this study is presented as an 

evolving notion, which already has its foundations in contemporary philosophy and 

critical theory, although it is not yet widely established as a strictly defined term (e.g., 

Heidegger, Lacan, Bualini, Shapiro, Stiegler). It offers a perspective for critically 

reflecting on and transforming technological fantasies, which often carry unrealistic 

and narcissistic ideals. This ethics encourages not only a rational but also a moral and 

emotional dialogue about the possibilities and limitations of technologies, as well as 

their social and psychological consequences. 

Critical reception of technological fantasies requires understanding their origin, 

the mechanisms of their formation, and their role in constituting collective identities. 

Only through this awareness can we prevent manipulations, utopian and dystopian 

delusions, as well as abuses of technologies in the name of power and control (Stiegler 

2010; Bualini 2022). 

The impact of collective dreaming narcissism in technological contexts entails 

several ethical and social challenges: 

Distortion of Reality and Neglect of Social Consequences 

The idealized images produced and circulated by technological fantasies often 

obscure the real problems and complexities of society. For example, utopian visions of 

AI solving all social problems may divert attention from structural inequalities, 

environmental degradation, and political power imbalances. 

The narcissistic dimension here is connected to a refusal or inability to recognize 

the limitations and vulnerabilities inherent in human and technological systems. 

Mental Health and Identity Issues 
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The intensification of narcissistic fantasies through digital media can exacerbate 

psychological issues such as anxiety, depression, and identity fragmentation. The 

pursuit of social approval through idealized digital images may undermine authentic 

selfhood and social trust (Twenge et al. 2020). 

Moreover, the constant exposure to curated and algorithmically selected content 

generates pressures toward conformity and self-censorship. 

Ethical Responsibility and Governance 

There is a growing need for ethical frameworks addressing the development and 

deployment of technologies that embody and amplify collective narcissistic fantasies. 

This includes transparency of algorithms, accountability of tech companies, protection 

of privacy, and promotion of digital literacy. 

Policies should balance innovation with social justice and psychological well-

being, fostering technologies that enhance rather than distort human flourishing. 

 

6. Conclusion 

The concept of collective dreaming narcissism provides a fruitful lens through 

which to analyze the complex interrelations between psychology, culture, and 

technology. It reveals the unconscious desires and anxieties shaping our technological 

imagination and highlights the ambivalence of technological progress ï simultaneously 

promising empowerment and posing risks of alienation and distortion. 

Understanding these dynamics is essential for developing a critical and ethical 

approach to technology, particularly artificial intelligence. Future research should 

deepen the interdisciplinary dialogue, integrating psychoanalytic insights with 

empirical socio-cultural studies and technological critique. 

By recognizing the narcissistic underpinnings of technological fantasies, society 

can better navigate the challenges of the digital age, fostering technologies that respect 

human dignity, promote social cohesion, and encourage genuine creativity and 

responsibility. 
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Abstract. The human factor plays a critical role in the process of auditing quality 

management systems (QMS). The competence, objectivity, and communication skills 

of auditors are decisive for the effectiveness of the audit, while the level of engagement 

and resistance from staff influence the quality of the information provided. This paper 

analyzes the impact of the human factor on quality audits, drawing on existing 

scientific literature, statistical data, and empirical research. 
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1. Introduction 

Quality audits represent systematic, independent, and documented processes 

aimed at evaluating the conformity of a given system to specific international 

standards, such as ISO 9001, ISO 19011, and others, as well as the internal 

requirements and procedures of a particular organization. They serve as tools for 

continuous improvement, identifying non-conformities, enhancing operational 

efficiency, and providing assurance in an organizationôs ability to meet stakeholder 

requirements. In this context, the human factor is not just a participant but a key 

element determining the effectiveness and actual value of the audit process. The quality 

of the audit is not solely determined by the strict application of formal methodologies 

and standardized procedures but also by the competence, analytical thinking, 

communication skills, and ethical standards of the auditors. Moreover, the behavior 

and engagement of the audited staff also significantly affect the openness of the process 

and the quality of the gathered information. Therefore, the human factor is regarded as 

critical to the objectivity, consistency, and effectiveness of quality audits, especially in 

complex industrial and organizational settings (Borisova, 2020). According to a study 

conducted by  (Ivanova, 2020) among 250 companies in Bulgaria, 74% of the audited 

organizations emphasize that the quality of the audit largely depends on the competence 

of the auditors. Additionally, 65% of participants highlight the importance of effective 

communication between auditors and company staff, as shown in Figure 1. This 

information illustrates that human relationships play as important a role as the technical 

aspects of the audit process. 
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Figure 1 

 

2. Exposure 

The competence of auditors is a primary factor influencing the quality of audits. 

They must possess in-depth knowledge not only of audit methods and standards but 

also of the specific requirements of the industry in which they operate. According to 

the international standard ISO 9001, auditors are required to possess the necessary 

training, experience, and qualifications that enable them to conduct audits in 

accordance with the internal characteristics of the organization. Auditor training can be 

structured at various levels. Basic training includes studying the principles of quality 

management and specific standards, such as ISO 9001 and ISO 14001. This provides a 

foundational knowledge base for auditors. Furthermore, certification programs play a 

crucial role in validating auditors' skills and knowledge. Certifications issued by 

organizations such as the International Register of Certificated Auditors (IRCA) are 

globally recognized and ensure that auditors are up-to-date with the latest changes in 

standards and legislation. In a dynamically changing business environment, it is critical 

for auditors to engage in continuous professional development. This can be achieved 

through seminars, webinars, conferences, and hands-on training (Borisova, 2020). 

According to a study by the Bulgarian Association for Quality, companies that provide 

auditors with at least 20 hours of training annually report 40% fewer findings and non-

conformities during audits. These data highlight the importance of investing in training 

and development, which leads to increased audit effectiveness. The quality of the audit 

process largely depends on the human factor, specifically the preparation, 

communication skills, and professional ethics of the auditors. Insufficient training and 

incomplete qualification often lead to incorrect interpretation of audit standards, 

erroneous judgments regarding process conformity, and gaps in identifying critical 

non-conformities. Auditing requires continuous professional adaptation to the dynamic 
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demands of standards, which cannot be achieved without regular knowledge 

enhancement. 

Inadequate preparation leads to the use of inappropriate inspection methods, limited 

application of risk assessment approaches, and superficial data analysis. All of this 

compromises the quality of audit results. Moreover, poorly prepared auditors 

negatively affect the employees involved in the process. Stress and uncertainty caused 

by poorly conducted audits can lead to decreased motivation and resistance to future 

internal improvements. Practice shows that in organizations where regular simulations 

and hands-on training, such as ñTEST AD,ò are conducted, there is a significant 

increase in the confidence and effectiveness of newly appointed auditors. One of the 

most effective mechanisms for improving professional preparation is feedback, 

combined with mentoring by more experienced colleagues. As Borisova (2021) notes, 

this allows for continuous refinement of approaches and better adaptation to the 

specific organizational culture. Methods such as self-assessment, internal rotation, and 

observation of real audits provide an objective basis for evaluating competencies and 

identifying the need for additional training (Marinov, 2022). 

Communication, as a central aspect of human interaction, plays a key role in the 

successful conduct of audits. Research indicates that 70% of audit effectiveness is 

determined by the communication skills of the auditor (Dimitrova, 2020). Clear and 

bidirectional communication between the auditor and the audited is crucial for building 

trust, correctly understanding issues, and achieving constructive outcomes. In addition 

to formal communication channels, which include scheduled meetings, reports, and 

presentations, informal interactions are of substantial importance, as they often provide 

additional, unforeseen information. Prof. Todorova (2021) notes that 40% of critical 

observations during audits are based on data obtained through informal channels. Non-

verbal communication also plays a significant role. The way auditors use body 

language, tone of voice, and facial expressions often influences the perception of their 

conclusions and recommendations. Dr. Nikolov (2021) calculates that over 50% of 

communication during audits occurs non-verbally, which necessitates special attention 

to training in communication techniques. The corporate culture of the organization is 

an additional determining factor. In environments where openness and collaboration 

are encouraged, audits are perceived as a tool for improvement rather than a control 

mechanism. This highlights the need for ethical codes, standardized methodologies, 

and external oversight. 

There are also several challenges in managing the human factor. These include 

the lack of systematic training, resistance from staff towards the audit process, and 

cultural differences between levels within the organization. According to Marinov 

(2022), 30% of auditors in Bulgaria have not undergone additional training in the past 

three years, compromising their readiness to adequately assess complex processes. 

Moreover, Dimitrov (2021) notes that in 40% of cases, employees fear sanctions when 

non-conformities are discovered, leading to the concealment of information or limited 

cooperation. The most successful strategies for overcoming these barriers include the 



ñéffШfŰƣĲƖŰċƣŔŸŰċũШÉĦŔĲŰƣŔǯĦШ9ŸŰŉĲƖĲŰĦĲШљEр]§éEÅ   9EШ  ?ШEр9§~~Ö f9 Ñf§ ÉњШ 
ыΞΟрΞΡЮΜΣЮΞΜΞΡЯШÉŸǍŸƓŸũЯШ7Öx] Åfь 

 

ΞΡΞ 
 

implementation of continuous professional development programs, internal assessment 

systems, and fostering a culture of openness. A statistical study conducted by the 

Institute of Quality Management (2023) shows that the competence of the auditor 

(78%), effective communication (70%), and the independence of the evaluation (65%) 

have the greatest impact on audit quality. According to Dimitrov (2025), the integration 

of digital technologies into quality audit processes marks a significant transformation 

in the role of the human factor, which increasingly faces the need to combine expert 

judgment with algorithmic precision. In this new paradigm, the human contribution is 

not diminished; on the contrary, it becomes even more crucial, as it is the auditor who 

interprets, controls, and guides the application of modern technologies in the context 

of specific quality requirements. As Andreeva and Yolova (2020) emphasize, the digital 

transformation of the audit activity is not merely a replacement of tools, but a 

comprehensive evolution of the methodology in which human analytical capability 

plays a leading role.In the era of automation and artificial intelligence, auditors must 

not only possess technical skills but also critical thinking, ethics, and decision-making 

abilities in highly complex situations. New technologies enable the processing of vast 

data sets and enhance the precision of audits, but it is the human factor that ensures 

their interpretation in the context of organizational goals and cultural 

specifics.Simultaneously, when analyzing digitalization in the industrial sector and the 

cultural and creative industries (CCI), auditors focus on the role of humans as 

intermediaries between technology and real business needs. Audit evaluations of 

European Union initiatives in this field indicate that the strategic integration of digital 

solutions requires not only technical but also human adaptability and engagement. 

Thus, the human factor is firmly established as an indispensable component in ensuring 

quality and sustainability in the age of digitalization. In this context, digital 

transformation in the economic sphere is becoming a key driver of changes in auditing 

practices. The implementation of innovative technological solutions not only optimizes 

processes and enhances the reliability of audits but also requires a comprehensive 

reform in the professional identity of auditors. To adequately respond to the challenges 

of the digital age, professionals in the field need to develop a new set of competencies 

related to both technological tools and analytical skills. At the same time, institutions 

and regulatory bodies are faced with the need to ensure the maintenance of ethical 

standards and high professional norms. It is this adaptability and strategic orientation 

that will allow the auditing profession to maintain its relevance and contribution to the 

sustainable functioning of an increasingly digitalized global economy. 

 

3. Conclusion  

In conclusion, the analyses presented make it clear that the human factor is a 

fundamental element and plays a pivotal role in the effective conduct of quality audits. 

The qualification, communication skills, ethical principles, and cultural awareness of 

auditors not only shape the audit process but also determine the long-term effectiveness 

of quality management systems. The implementation of targeted training policies, the 
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development of communication competence, and the maintenance of high ethical 

standards are prerequisites for building sustainable organizational practices. For audits 

to be more than just a tool for control but a means for strategic development, 

organizations must invest in their human capital with vision and responsibility. In this 

context, the auditor is established not only as an expert but also as a leader of change, 

capable of guiding organizations towards continuous improvement and sustainable 

success. 
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Abstract. The report examines the working environment at ñDanim ï 96ò Ltd., a 

company specializing in the dairy sector. Its primary objective is to assess employee 

satisfaction via a questionnaire survey. The analysis reveals that, despite satisfactory 

safety standards and clearly defined responsibilities, staff members suffer from 

excessive workloads, low pay, and insufficient breaks ï factors that negatively affect 

both motivation and performance. Recommended measures include introducing a 

bonus system, hiring younger personnel, and organizing team-building events; these 

steps could improve the workplace climate, boost productivity, and reduce staff 

turnover. 

Keywords: satisfaction, motivation, work environment, workload, compensation, 

survey, safety, human resources. 

 

1. Introduction 

In modern manufacturing firms, human resources and job satisfaction are critical 

to organizational success. Numerous studies emphasize that people ï their labor, 

knowledge, and motivation ï are any organizationôs most valuable assets (Vasilev, 

2022). Job satisfaction, reflecting how content employees are with their work and 

conditions, correlates directly with lower turnover and absenteeism, higher 

engagement and productivity, and better physical and mental well-being 

(HRconsultant.bg, 2023). 

Human resources management treats satisfaction as a cornerstone of 

effectiveness. Ensuring the right personnel and maintaining their motivation is a 

primary HR goal (HRconsultant.bg, 2023). Companies deploy satisfaction surveys to 

pinpoint issues and guide improvements; high satisfaction levels, in turn, reduce 

turnover, help retain talent, and foster employee belonging (Popova, 2022). 

Small manufacturers face particular challenges. In Bulgaria, over 53% of 

workers are employed by firms with up to 50 staff (Zahariev, 2023). In food production 

ï often physically demanding and staffed by older workers ï three intertwined factors 

shape the work environment: physical load, age profile, and sense of purpose. Limited 

rotation options can lead to overload and exhaustion; in 2023, over one-third of 

workplace accidents in the food sector were due to fatigue, falls, machinery hazards, 

and inadequate breaks (Manager News, 2023), underscoring the need for ergonomic 

and technological improvements. 
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Bulgariaôs rapidly aging workforce ï whose average age is steadily rising ï often 

comprises loyal but physically strained employees (BSK, 2019). ñActive agingò 

policies recommend adapting workloads through regular breaks, flexible hours, and 

reduced physical strain; older staff tend to compensate limitations with loyalty and 

experience, showing lower absenteeism and turnover (Marinova, 2018). 

Finally, a sense of meaning in work sustains motivation and resilience. In 

routine, monotonous settings, understanding how oneôs effort contributes to a quality 

end product helps guard against burnout; workers who see this connection maintain 

motivation even under heavy loads (Alexandrova, 2024). 

Overall, job satisfaction arises from the interplay of physical, organizational, and 

psychological factors. In small manufacturers like ñDanim ï 96,ò these manifest 

through worker overload, an aging workforce, and the need for meaningful work. This 

study will analyze their interactions and offer targeted recommendations to enhance 

the work environment and staff retention. 

 

2. Exposition 

2.1. Objective of the study 

The present study aims to explore in depth the factors that significantly affect 

job satisfaction among employees of ñDANIM ï 96ò Ltd. It focuses on key dimensions 

ï work process organization, working conditions, interpersonal relations, professional 

development opportunities, and motivation ï that directly or indirectly shape staff 

attitudes and behavior. Building on Dragolovaôs framework, it considers personal traits, 

hygiene factors, intrinsic motivators, operational management, and organizational 

culture as the main determinants of satisfaction (Dragolova, 2023). Through this 

analysis, the study will pinpoint the primary obstacles limiting employee satisfaction 

and performance. 

To achieve these objectives, a questionnaire survey was administered across all 

staff levels to gather representative empirical data on employeesô perceptions of work 

processes and company culture. The survey comprised exclusively closed-ended 

questions with predefined response options. 

Survey findings will be examined to identify both problem areas and strengths within 

the work environment. Based on the data, the study will propose targeted 

recommendations to improve task organization, optimize workplace conditions, foster 

positive communication, and ultimately enhance overall employee satisfaction and 

engagement at ñDANIM ï 96ò Ltd. 

2.2. The staff in Danim ï 96  

The enterprise employs a total of six people ï three men and three women. The average 

age of the staff is approximately 58 years. The youngest employee is 37, and the oldest 

is 73. The others are 42, 45, 49, and 65 years old, respectively. Educational 

qualifications vary by position: some hold a secondary-school diploma, while others 

have a university degree in specialties such as ñMilk and Dairy Product Technology,ò 

ñBiotechnology,ò and ñFood Technology.ò The positions within the enterprise are: 

technical organizer and HACCP system manager, milk receiver, general worker, 
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machine operator, and driver. Figure 1 presents a chart displaying the employeesô ages 

according to their respective positions. 

Figure 1 Age of the staff by position 

 

Despite certain challenges and a heavy workload in the production process, the 

company enjoys low staff fluctuation. This may be due to several factors. For the older 

employees, it is a matter of security and stability, as they have been long-standing 

workers in the enterprise and possess significant experience in dairy production. The 

remaining staff are comparatively younger individuals who lack the necessary 

educational qualifications and are thankful simply to have the opportunity to work. 

2.3. Survey on job satisfaction at Danim ï 96 

The questionnaire (Figure 2) shows seven ñYes/Noò items that examine essential 

aspects of the work environment and employee satisfaction, including working 

conditions, pay adequacy, workplace safety, physical workload, opportunities for rest 

and recovery, clarity of assigned duties, and overall job satisfaction. A ñYesò response 

denotes contentment or agreement with the aspect in question, while a ñNoò response 

highlights a potential problem or dissatisfaction. This straightforward approach enables 

rapid, clear identification of trends and areas requiring improvement. 

 

Figure 2 Summary data for satisfaction analysis 

 

The analysis of the survey results provides valuable insight into the employeesô 

subjective perceptions at ñDANIM ï 96ò Ltd. regarding various aspects of the work 

process and organizational environment. The aim of the analysis is not only to record 
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the quantitative responses but also to derive qualitative conclusions that can serve as a 

basis for formulating management measures and recommendations. 

The first important indicator concerns physical workload (Figure 3). Only two 

of the six surveyed employees report that they do not feel physically overburdened, 

representing just one third of the staff. The remaining four employees ï that is, two 

thirds of the participants ï indicate that they experience significant physical strain 

during the work process. This reveals a potentially risky workload that can lead to long-

term fatigue, stress, and even health problems. In the context of limited human 

resources, this result underscores the need to reassess work intensity and explore 

opportunities for its more even distribution. 

 

Figure 3 Distribution of responses regarding physical workload 

 

Secondly, the question regarding the opportunity for rest (Figure 4) also 

highlights existing issues. Four of the respondents report that they do not have enough 

time for rest and recovery during the workday. This may be attributed both to the heavy 

work schedule and to the limited number of employees, who are compelled to perform 

multiple different functions. Insufficient rest negatively impacts not only physical 

health but also employeesô concentration, productivity, and motivation. Furthermore, 

Dragolova notes that social support plays a crucial role in achieving higher satisfaction: 

when a person works with pleasure, they enhance their own qualities and work 

capacity, carry out their tasks with ease, and thereby contribute to the organizationôs 

well-being (Dragolova, 2023). 

 

Figure 4 Distribution of responses regarding opportunities for rest 

 

The result related to satisfaction with compensation (Figure 5) is even more 

critical. Only one of the surveyed employees believes that the salary they receive is 

adequate for the work performed. Five employees, an overwhelming majority ï clearly 
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express dissatisfaction with the level of their remuneration. This is a clear indicator of 

the need to review the companyôs pay policy, as well as to introduce both non-material 

and material incentives to offset the sense of underappreciated labor. 
 

Figure 5 Distribution of responses regarding satisfaction with compensation 

 

Despite the problems described above, the survey also reports positive trends. 

Five of the employees state that workplace safety (Figure 6) is at a good level. This 

result can be explained by the implementation of the HACCP system ï an international 

standard that guarantees safety and quality in the food industry. This indicates a strong 

organizational culture with respect to regulatory compliance and the protection of 

employee health. 
 

Figure 6 Distribution of responses regarding workplace safety 
 

Regarding hygiene and general working conditions (Figure 7), four employees 

express satisfaction, while two indicate they are not entirely content. This reflects a 

predominantly positive appraisal but also reveals areas for improvement, likely linked 

to specific work zones or equipment. 
 

Figure 7 Distribution of responses regarding hygiene and working conditions 
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