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ABSTRACT

The purpose of the research is to review how artificial intelligence is
integrated into the education of employees, emphasizing that the rapid
application of artificial intelligence significantly affects the development
of the workforce and the achievement of sustainability goals. The
European Commission also continuously monitors changes in the field of
digitization and artificial intelligence. Among other things, the European
Union uses ESG (environmental, social, governance) aspects to measure
sustainability performance, relying on domestic and international
literature to reveal how education, investments and international
cooperation can lead to social development and market competitiveness.
As a research method, we use the analysis of annual reports, training and
conference reports, company websites, and databases on corporate ESG
commitment, employee development, and digitalization. Based on the
decision of the European Commission, the continuous and rapid progress
of the development of digitization and artificial intelligence is an issue to
be monitored with reporting obligations. Analyzes of ESG reports help to
understand the sustainability practices and environmental effects of a
given organization, help to reveal social responsibility, interpret the
company's long-term value creation potential and risks, measure and
compare the sustainability performance of different companies and
organizations. Analyzing ESG reports is key to promoting transparency
and responsible business practices. Based on the developments, in
addition to the economic results, the realization of the sustainability goals
is becoming more and more tangible in the context of the ESG framework,
the investigation of digitalization and artificial intelligence, as well as the
labor market and education.

KEYWORDS: new aspect of CSR; digital innovation; sustainability;
artificial intelligence; educational technology
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ABBREVIATIONS

Al, artificial intelligence; ESG, environmental, social, governance; OECD,
Organization for Economic Co-operation and Development; EU, European
Union; SME, small and medium-sized enterprises; SDG, sustainable
development goals; CSRD, corporate sustainability reporting directive;
CSR, corporate social responsibility; EdTech, education technology; CAGR,
compound annual growth rate; AR, augmented reality; VR, virtual reality;
GDPR, general data protection regulation; MOOC, massive open online
course; UNESCO, United Nations Educational, Scientific and Cultural
Organization; ESRS, European Sustainability Reporting Standards; STEM,
science, technology, engineering and mathematics; LLM, large language
models; Cedefop, European Centre for the Development of Vocational
Training

INTRODUCTION

The study does not contain an in-depth analysis of a single company or
event, nor does it focus exclusively on market and economic data. Rather,
an exploratory scientific study combines data and perspectives from
multiple sources, formulates research questions, draws conclusions, and
makes suggestions for future research directions. The study examines
companies’ compliance with social sustainability for the sake of future
employees, in relation to digitized education and the application of
artificial intelligence (AI). The rapid development of Al has a clear impact
through the workforce factor on economic results and the realization of
sustainability goals [1]. Due to the reporting obligations imposed by the
decision of the European Commission, the realization of sustainability
goals, digitalization and the application of AI have become factors
designated for monitoring [2]. The perspectives of ESG as the means of
measuring sustainability are increasingly prestigious evaluation criteria
for investors and financial actors during risk analysis studies, and
education for the sake of development, investments and international
cooperation overall motivate the social development and market
competitiveness [3-5]. Legislation is a central element in addition to
financial capital, it is a base for changing lifestyles, increasing
opportunities for equal opportunities, and combined with education, it has
a significant impact on the development of the workforce [6]. Based on the
expectations, the growth of educational investments and the
transformation of traditional classrooms can be predicted, instead of the
further training of the own workforce, retraining is manifested due to the
shortened time interval, and international partnership can also help to
catch up with the results achieved in the field of the knowledge-based
society [7]. Al has emerged as a fundamental element of knowledge
sharing, a chance to increase productivity and improve living standards

[8].
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The purpose of the study is to explore educational technology efforts
embedded in sustainable and responsible AI applications used by
companies, which represent a new path for future workers [9]. The study
focuses on Al applications, as this technological development can provide
a solution for further productivity growth, efficiency gains, and positive
financial performance in the future. Al is now a systemic transformational
force, identified as a catalyst for its profound labor market shaping impact,
automation potential, personalized learning opportunities, efficiency-
enhancing potential, and both risk and opportunity potential [10].

The Research method is based on analyses of annual reports, training
and conference reports, company websites, and company ESG reports on
employee development, digitalization and Al database analyzes [11-17].
The World Economic Forum, Eurostat, OECD, European Commission,
UNESCO reports are complemented by statements from Audi, Bosch, IBM,
BDO, Piac&Profit, Eurofound, Cedefop, Grand View Research, W3Tech,
WebTechnology Surveys, typically covering the period 2019-2024. During
the data collection, 18 company analyses, 12 international policy studies
and 6 statistical databases were processed. The quantitative research
approach was also assisted by database research and index research. The
companies were selected based on size, sector and level of Al application
in order to compare SMEs and large companies. Company reports can also
be used for marketing purposes, so unfortunately, positive distortion of
the data cannot be ruled out.

Based on the decision of the European Commission, digitalization and
the use of Al are part of the reporting obligation of companies. The analysis
of ESG reports is authoritative from the point of view of promoting
transparency and responsible business practices, based on the
developments, economic results and the realization of sustainability goals
can be verified [18,19].

According to the 1987 report of the World Commission on Environment
and Development, we must meet the needs of the present so that the next
generation can their own needs. Based on this, the companies are
compared objectively not from a financial and economic point of view, but
from a sustainability point of view [20]. In 2015, the basic idea of the
United Nations was added to the objectives of the European Union (EU) to
be achieved by 2030 through the formulation of 17 sustainable
development goals, together with the discussion of the issues of innovation,
equal opportunities, job creation and education, the universality of
“leaving no one behind” following its principle [18,21,22].

Based on Hungarian surveys, 83% of the surveyed companies claim
that ESG will be important to them because of their reputation and
expectations. 40% of the respondents would spend more, 50% would
spend the same amount. Energy efficiency appears as the most frequented
area (77%), in the case of SMEs, employee welfare, education, training and
human rights are more prominent [23]. Solution diversities can provide
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an opportunity to avoid the homogenizing effect of institutional pressure
on organizations [24].

In order to strengthen environmental awareness, based on the EU’s
corporate sustainability reporting directive (CSRD), since January 2023,
companies have been obliged to publish and report on the fulfillment of
the standards based on reporting standards (European Sustainable
Reporting Standards—ESRS) [25]. The reporting of non-financial
information applies to all large companies and SMEs present in the
markets, and supports the measures of the European Green Deal aimed at
overcoming the climate crisis [15,26]. Corporate social responsibility (CSR)
can generate decisive advantages for collaborators due to competitiveness.
Based on the 2011 CSR strategy of the European Commission, cooperation
is integrated into the basic strategies in social, environmental, ethical,
human rights and consumer issues [27]. CSR practices can become suitable
for raising the company’s reputation, attracting high-quality workforce
and young talents, so organizations should pay special attention to this
area [28].

Throughout history, the acceptance of new technologies, innovation,
and the acquisition of new knowledge have always appeared as defining
issues, which is how the issue of education was included among the 17
sustainability goals [29]. Responsible educational technology steps include
the development of educational systems, the search and recognition of
possible learning bases, and their transmission to students [30].
Sustainable and responsible educational technology efforts and AI work
together effectively for the benefit of the workforce of the future.
According to Bill Gates’ forecast, Al will induce significant changes even in
everyday life within five years, but the IMF is concerned about the rapid
evolution of Al, according to which approximately 40% of jobs may be
affected by the extremely rapid development. It is clear that successful
economies cannot exist without the widespread diffusion of digital
capabilities. According to the founder of Microsoft, similar to the increase
in agricultural productivity in the 1900s, Al can represent a chance to
improve the standard of living, also for education, it can help remedy the
shortage of teachers, it can start the process of realizing equal
opportunities, but in the opinion of the doubters, it contributes even more
to the increase of inequalities [31,32].

Research questions: What opportunities can digitalization bring to
achieve sustainability goals? How do the labor market and education
respond to this Al breakthrough? What impact does Al-based educational
technology have on the skill level of employees? How sustainability is
reflected in educational technology ESG reports? What factors influence
the success of Al implementation in labor market-oriented education
[11,12]?
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MATERIALS AND METHODS

A mixed methodological approach was applied during the research,
combining qualitative and quantitative analysis techniques. A multi-stage
criteria system was followed when analyzing the data sources. Regarding
the relevance of the study, only company websites that are directly related
to the topics of artificial intelligence, educational technology, ESG, and the
labor market were examined. In terms of temporal validity, the analyzed
documents originate from the period 2019-2024, thus providing an up-to-
date picture of current trends. From a geographical perspective, the
sources focus primarily on Europe, including Hungary, Germany, and the
Nordic countries, but international comparisons were also made when
examining OECD, UNESCO, and EU documents. We used two basic
theoretical models for the analytical framework. The TAM (Technology
Acceptance Model) was applied to examine the application of AI in
education, with particular attention to the factors influencing acceptance
(usefulness, usability, attitude), while SDG4 goal (Quality Education) was
used to measure the contribution to the sustainable development goals. In
order to ensure methodological rigor in data analysis, triangulation and
comparison of multiple types of data sources were carried out when
examining statistics from international organizations, corporate ESG
reports, market research studies, and academic articles. Index-based
analysis was performed to compare ESG performances. We applied
filtered database analysis based on structured data collection tables, in
which we used key indicators, such as the extent of education investments,
the level of AI use, and digital skills development strategies. We also took
into account the marketing biases of corporate reports and the reliability
limitations of publicly available sources.

An overview of sustainable and responsible educational technology
efforts with the application of AI research for the workers of the future
reveals the most important educational technology and labor market
opportunities and results in order to realize them. As a market-leading
solution in the field of education, the study discusses the opportunities
offered by products associated with cloud services, machine learning and
natural language processing, the implementations are completed with the
help of cooperative learning and healthy collaboration. The exploration of
educational technology innovations is justified by the intense industry
competition, where the strengthening of traditional education with the
position of distance education, the knowledge of emerging content
languages, and the use of Al position the chances of competitiveness to a
significantly higher level. The labor market and education represent a
common line of sustainability, in which the most dynamically growing
elements are technology, digitization and sustainability. How would
companies change their ESG spending in the future? The future of work is
the acquisition of new technologies, the correction of expected basic skills
through education, lifelong learning, improving the employment rate of
young people, and the practical application of AI. The explosive expansion
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of the study’s research area means research limitations, so data is not yet
available in some areas. The findings of mixed-method research are valid
within the time interval of the research and require continuous updating,
as Al, digitalization, and educational technology are rapidly changing
fields. However, the conclusions drawn from the available data are useful,
especially for identifying trends and defining primary frameworks. The
study communicates these limitations transparently, which increases its
scientific credibility. The study analyzes the introduction of Al in the
educational context using the Technology Acceptance Model (TAM) and
the SDG framework. In addition to the government reports, the data of the
educational technology studies are independent technological reports of
the service providers Grand View Research, W3Techs, Web Technology
Surveys, International Labor Organization, and BDO Hungary,
secondary sources are other educational technology and labor market
documents and publications. The collected data were explored to identify
educational technology and labor market trends and opportunities. The
formulation of the market, the normalization of the data, and the data
representation were made only based on validated data. The purpose of
sharing the reports is to understand the dynamics of the educational
technology and labor market and global market forecasts. The individual
regional prospects required a short-term, up to 2030, and long-term
forecast interpretation, primarily compared to the Al and sustainability
segment prospects. The limited database of reports may result in a
percentage deviation of the results, but it is suitable for detecting market
trends. The validity of the trends is limited at the time of writing the study;
the data require continuous updating in case of further research. Although
the limited data, geographical and organizational limitations of the
research require future expansion of the research, even in its current state
it can serve as a basis for comparison in an international context. Due to
the broad outlook, triangulation was applied by involving scientific and
policy sources (Figure 1).
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Figure 1. Methodological logic scheme of the research. (Source: Compilation of authors.)

RESULTS AND DISCUSSION

Answering the research question, the first one is: What opportunities
can digitalization bring to achieve sustainability goals? In order to
eliminate inequalities, the 2030 development framework tries to use all
innovation tools to achieve the 17 development goals. In order to achieve
the goals, lifelong learning is necessary for the individual, which will
become available in the future with new educational technology solutions,
e-books, micro-training, intelligent classroom training and other
developments that are still in their infancy [3]. Innovation tools pervade
the examined modernized education system and changes in the labor
market, their development is also supported by official follow-up reports
[33,34]. The possible distortion of the results of the empirical research,
which is the basis of the study, stems from the depth of immersion and the
limitations of data availability, so the reference to various reports serves
to illuminate and strengthen the data in several directions. The fourth
Development Goal, the process of realizing quality education, is supported
by market expansion in the field of education, the appearance of typically
North American development-led digital classrooms, and the latest game-
based learning [9].

AI has already appeared in the field of personalized education and
catch-up. By using quality educational basic data, it is able to provide
assistance in the segment of education and the labor market connection
and in order to achieve sustainability goals. The use of this support
significantly affects the reputation and economic results of the given
company, especially in the case of SMEs, the issue of education and the
appropriate fulfillment of employee expectations is emphasized [23].
Based on the summary report of Cedofop [7], the joint work of vocational
training, quality education, and educational technology developers
generates catch-up in the knowledge-based society. According to the
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report of the World Economic Forum [35], the use of Al in the relationship
between workplaces and the future of work is the key to increasing
efficiency and competitiveness, as it is suitable, among other things, for
the immediate sharing of technological knowledge. From the corporate
reports of BDO, Audi Hungaria, IBM and NOKIA, it is possible to report on
already implemented ESG steps and digitalization experiences, in which
the importance of new essential employee skills, retraining, innovations,
and the injection of the industrial application of AI with conditions can be
seen [13,16,23,26].

In Europe, the evaluation of the workplace is an extremely important
workplace expectation. The emergence of Al also significantly influenced
the need for workplace stability. With the fourth industrial revolution, the
direction of automation, the application of Al, new types of work appear,
the rapid acquisition of which can be achieved with quality education,
adaptability, a positive employee attitude, and retraining. Al still poses
certain risks for the industrial environment, it needs further development,
but it can also serve as a future solution to labor shortages. European
Commission reports [15,36-38] report on EU ESG activities, steps taken in
ESG ratings, reveal a coordinated plan for artificial intelligence, and
convey a strategy for the transition to a sustainable economy. The results
show that training platforms integrated with AI significantly support
lifelong learning and corporate tracking of ESG objectives [39]. The
W3Techs database, as a reliable source of information independent of
service providers, presents us with a new emerging order of server usage,
in which the leading role of English is not threatened now, but in addition
to Spanish, German and Japanese, Russian and French also appear as
content languages of increasing importance [40]. Many corporate ESG
reports paint an overly optimistic picture of Al integration in education
and retraining. These reports often emphasize innovation and
productivity while neglecting ethical and equal opportunities challenges,
or even practical application challenges, while current OECD and UNESCO
reports highlight digital divides, algorithmic biases, and access barriers in
low-income regions. These divergent realities highlight the gap between
corporate ambitions and actual readiness.

Education Technology

How do the labor market and education respond to this AI
breakthrough? What factors influence the success of Al implementation in
labor market-oriented education? In the near future, EdTech (education
technology) will undergo a complete transformation under the influence
of AJ, skills and competencies essential for the labor market will change
[41]. Its success precludes short-term thinking during digitization
processes, cooperative cooperation and a unified collaborative intention
are emphasized expectations [42]. Among the market-leading solutions in
the education technology of the future are products associated with cloud
services, machine learning, and natural language processing [43].
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Learning the benefits of flexibility, digital routine, personalized,
motivating education, and group, cooperative learning is justified. We
need transformative competences and the ability to compromise. In a
knowledge-based economy, the acceptance of lifelong learning, even with
the use of micro training, is essential for systemic thinking [44].

Cloud services, machine learning and natural language processing are
becoming the number one application among the tools that support
education, and accordingly, a vigorous increase in value can be forecast in
the field of the educational technology market. The market worth 123.40
billion dollars in 2022 and 142.37 billion dollars in 2023 is expected to grow
at a compound annual growth rate (CAGR) of 13.6% between 2023-2030
and reach 348.41 billion dollars by 2030 [45].

The popularity of e-books is also increasing, as they are available
anywhere, can be translated into different languages, and the possibility
of tutoring online is becoming more and more popular [46]. The Texthelp
Ltd’s new development result—documents available in OrbitNote-pdf
format with voice notes, also available for the visually impaired—
represents an opportunity to create equal opportunities [32].

The “Intelligent Classroom” project is a digitization experiment, during
which new technologies are used with virtual learning. The development
and impact of interactive parts, augmented reality (AR) and virtual reality
(VR), as well as Al and IoT (Internet of Things) are motivating. The
concentration of the educational technology market and the prominence
of its characteristics are illustrated in Figure 2, which shows the high level
of innovation and the significant impact of technology on the change of
education, as it can already serve individual needs. There is an increase in
investment in the sector, and traditional classrooms are being
transformed. The business share rate in the area is high, reaching 68.55%
of global revenue. Concentration, partnerships between institutions and
content developers represent new potential for digitization, industry
competition in the field of educational technology market is becoming
more intense [45] (Figure 2).

Figure 2. Educational Technology Market—Industry Competition. (Own editing, based on [45].)

A problematic point, the data protection of the students participating in
the training, is also guaranteed by law, due to EU regulations, EdTech is
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subject to the GDPR (General Data Protection Regulation). During the
Smart Classroom project, advanced technologies based on virtual learning
are used [45]. The use of Al in education raises several ethical and data
protection issues, such as excessive collection of student data, algorithmic
bias, and lack of transparency in automated decision-making. Although
the EU GDPR regulation contains strict requirements, many EdTech
systems do not fully comply with these principles. The ownership and
management of data collected by Al is a particularly sensitive issue, which
also affects student rights and equal opportunities in education [46,47].

Open online courses (MOOC—Massive Open Online Course) that
provide the opportunity for mass participation are mostly free and may
require registration. These interactive forums appeared in the Anglo-
Saxon areas in 2008 and spread from there in the field of distance
education. The MOOC became really popular in 2012, and the reason for
this is the quality of the material covered, the commitment of the
instructors and the interaction between the participants in the training,
but the issue of ethical use and free access is becoming an increasing
problem [45,48,49] (Figure 3).

Figure 3. Traditional education—distance-learning position. (Compilation of authors, based on [45].)

As a result of digitization, digital classrooms play an increasingly
important role in the education segment. In 2022, 36.64% of the profits of
the EdTech sector were controlled by North America and according to the
forecasts, it will maintain its primacy, the new trend will be game-based
learning [45]. EdTech investors came from China, the United States,
Europe and the United Kingdom, and the amount of their investments
already reached 20 billion dollars in 2021 [48,50]. Since the server is
essential for digitization, the popularity of server locations will also affect
the technical development of the given country. According to the
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popularity ranking based on server usage, in 2024, 1st is the United States
with 33.8%, second Germany with 11.3%, and 3rd France with a value of
5.5%. Where the most popular content languages are tied?

Based on the February 2024 survey of the World Wide Web Technology
Surveys, among the content languages, 1st English 51.2%, 2nd Spanish
5.6%, 3rd German 5.0%, 4th Japanese 4.6%, and 5th Russian with a usage
value of 4.4%. The fastest growing content language since February 1, 2024
is German. As of June 1, 2024, French replaced Russian in the 5th place [40]
(Table 1).

Table 1. Emerging content languages.

Most Popular ) Most Popular .

] Change Since 1 . Change Since
Server Locations 1 Usage Server Locations 1 Usage

February 2024 1 June 2024

February 2024 June 2024
English 51.2% -0.5% English 49.9% -0.2%
Spanish 5.6% +0.1% Spanish 5.9% +0.1%
German 5.0% +0.1% German 5.4% +0.1%
Japanese 4.6% +0.1% Japanese 4.9% +0.1%
Russian 4.4% -0.1% French 4.3%

(Source: Own editing, based on [40].)

The intersection of education and AI has countless possibilities,
including personalized education and catch-up, but the risk factors are
currently unknown [51]. Visualization according to individual needs can
be created with the help of the Education Databot Al-enhanced data
visualization tool, which uses SDG 4 data in order to present educational
data with a higher quality. The data visualization of OpenAI GPT-3.5 Turbo
and Azure OpenAl API is also specially based on UNESCO statistical data,
using the data of the fourth sustainability goal (quality education) during
its operation [52].

According to international research, educational technology
developments related to SDG 4 objectives have produced a number of
measurable results. In countries where Al-based, personalized learning
platforms have been introduced to develop basic skills, students’ reading
comprehension and mathematics performance have improved by up to
12%-20% compared to traditional teaching methods [53]. Another positive
result is that distance-learning programs supported by digital tools, for
example in Nigeria, have increased access to education for disadvantaged
students, thereby reducing learning inequalities [54]. These results show
that well-designed EdTech interventions actually contribute to the global
advancement of quality education. Although market research data (e.g.,
Grand View Research, W3Tech) predict rapid growth in the sector, they do
not sufficiently address the issue of regulatory and pedagogical
integration. There is little information available on how these technologies
will actually be implemented in educational practice, or how their impact

] Sustain Res. 2025;7(2):e250039. https://doi.org/10.20900/jsr20250039



Journal of Sustainability Research

12 of 26

will be measured beyond financial indicators. Despite the goal of quality
education, studies on educational innovation rarely address ESG
frameworks, while sustainability-focused research does not address the
technological and pedagogical aspects of Al-based education. This is a
significant interdisciplinary gap and may support the need for integrated
models. The importance of SDG4 is emphasized by many sources, but few
studies discuss the long-term risks, such as the decline of the teacher role,
the lack of transparency in data collection for educational purposes, or
even the suppression of critical thinking. These undervalued aspects
reinforce the need to evaluate technological developments according to
normative, value-based criteria, not just economic performance.

Labor Market-Employees

What impact does Al-based educational technology have on the skill
level of employees? How sustainability is reflected in educational
technology ESG reports? The intertwining of education and the labor
market is not new, the formulation of a common sustainability direction
is essential. The sustainable financing package adopted by the European
Commission in 2021 is ESG tries to capture non-financial risks and
opportunities through reporting obligations [37]. The EU's Corporate
Sustainability Reporting Directive, which entered into force in 2023, and
the Sustainability Reporting Standards, which govern reporting
requirements, require companies to regularly disclosing information on
the environmental and social impacts of their activities, sustainability
operations and performance [55]. According to a survey conducted by BDO
Hungary's financial consulting group, companies in the region believe that
ESG points of view cannot be avoided either, but compliance is still in its
infancy, although 83% of the surveyed companies predict that it will have
a major impact on their business results and reputation. 40% of the
regionally surveyed companies would be happy to spend even more
money to achieve ESG goals. 77% of large companies focus on energy and
green energy investments, SMEs focus more on social areas and 15% more
consider education and further training to be more important areas [23]
(Figure 4).
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Figure 4. How would companies change their ESG spending in the future? (Own editing, based on [23].)

Al tools suitable for sharing the latest knowledge have also become
unavoidable from the point of view of the labor market. ChatGPT is
already suitable for increasing global GDP. The rate of growth can reach
up to 7%, since ChatGPT can simultaneously replace up to 300 million full-
time workers. Al greatly threatens the jobs of employees in higher
positions, while previous forecasts clearly predicted the mechanization of
physical jobs. Automation can appear only as a supplement to the
workforce, it can increase demand and generate jobs, and the increase of
capital and workforce stimulates modernization. Technical scientific
possibilities are not equivalent to technological reality, the quantified
value of human work will be determined by the entry limits of the given
role, which are generated by education and training [56]. The AI designed
by Artisian Al is already able to integrate into the work of human teams,
and in the future, the “Ava” development, which is an improved version
of Chatbots, is suitable for replacing what people call boring jobs,
including sales jobs [57].

Market competitiveness can only be improved by rapid adaptation to
new trends. In a world dominated by Al interpersonal skills, empathic and
creative skills are becoming more and more important, making the given
employee valuable. Christopher Pissarides [17] in connection with the
research of science, technology, engineering and mathematics (STEM)
subjects warns that the summarization, comparison and innovative
application of data will make AI even more advanced, so that developers
will soon become indispensable for the first time. With the development
of Al, the need to fill areas that cannot be replaced by Al may increase,
since creativity, managerial approach; empathy cannot be replaced with
technical solutions [55,58].

In order to create a competent layer of employees in the workplace, a
quick reaction is necessary, further training is replaced by retraining,
which requires a much shorter time [59]. Retraining must be included in
the company's strategy, since efficiency and productivity can be increased
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together with raising the qualification level of the workforce. During
mentoring, Generation Z expects individual talent management and
challenges during international projects, research, and professional
internships [60]. The management of the process, which is also a
compulsion for employees, can only be achieved through effective
cooperation between the state apparatus, companies, businesses and the
education sector [61].

According to experience, company managers most often ask employees
about workplace development, training, and digitalization through
surveys and questionnaires [62]. Based on the results of the surveys, the
company's commitment to the development of its employees becomes
measurable, possible shortcomings and areas to be developed in the
adaptation of new technologies are also revealed. Staff training and
development programs, their efficiency and participation rate in the field
of new technologies can be monitored. Most of the information can be
found on the companies' websites, in their annual reports, in reserved
places. It is of informational value what kind of training, training or other
development opportunities companies offer to their employees in the
fields of innovation, and it is also worth considering the opinions and
research of industry analysts and experts [63].

According to Randstad's market survey (Employer Brand Research), the
most important employee expectations in 2024 are wages and other
benefits, work-life balance, workplace stability, workplace atmosphere,
fairness initiatives, fair development and career opportunities. Based on
the data, the content of the work and the general perception of the
company are more important in Europe than in Hungary [64]. The
transformation of the labor market is indicated by the fact that, as a result
of the application and advance of the fourth industrial revolution, Al,
every fifth job will disappear in the future. This tendency must be
responded to quickly due to the macroeconomic trends, the increase in the
cost of living, the lack of supply, rising input costs and the process of slow
economic growth. It can be a solution that the most dynamically growing
function is performed by technology, digitalization and sustainability [65].
By 2025, almost 50% of jobs will be automated if the given conditions are
created, and 65% of students still studying in the education system today
will work in a new type of work [35] (Figure 5).
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Figure 5. The future of work. (Compilation of authors, based on [35].)

In the future, due to the important role of mastering new technologies
and the skill defect of the workforce, a 10% increase in the education
division can be forecasted in vocational education and in the university
and higher education segment. Analytical and creative thinking, flexibility,
motivation and self-awareness, curiosity and lifelong learning will become
indispensable for the employees of the future. Adaptability, reliability,
analyzing details, technical literacy, cooperation with others, empathy,
leadership and quality control complete the top 10 list of expected basic
skills, the level of the most important skills can be improved with
education. Developing the workforce and attracting talent are definitely
management tasks. The role of young workers in the economy would show
enhanced value, but currently their potential lack of employment can be
monitored. Negative values can still be detected in Eastern Europe, while
a positive shift is already visible in Northern, Southern and Western
Europe [65]. Compared to 2019, the employment deficit in Northern,
Southern and Western Europe improved from -5.5% in 2020 to 1.0% in
2022, and in Eastern Europe, it changed from -7.2% to -5.3% in 2020. The
above data are estimates until 2021 and forecasts for 2022. Young people
represent the age group 15-24. The values show a favorable process, but
the improvement is not yet at a sufficient level [66] (Table 2).
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Table 2. Employment deficit of young people (15-24 years old) compared to 2019, 2020-2022, by region of

Europe.
Sub Region 2020 2021 2022
Eastern-Europe -7.2 -6.4 -5.3
Northern, Southern and Western Europe -5.5 -0.7 1.0

(Source: Own editing, based on [66].)

According to the latest forecasts, the earth's population is expected to
peak at 9.73 billion people by 2064, by 2100 it will decrease to 8.79 billion
people, and by 2050, a third of the 15-24-year-olds will be of African origin,
who will enter the labor market as employees [67]. Productivity is
declining worldwide, which the use of AI can improve. Due to the aging of
the population, the peculiarity of young people, the fluid intelligence
necessary for creative problem solving, is also decreasing, digitization can
be the solution to replacing the workforce and increasing efficiency [68].
In the past, aging already played a 35% role in the use of robots, especially
in the extremely aging societies of Germany, South Korea and Japan,
because demographic changes entail faster technological change [69].
Currently, AI may emerge as a strategic solution to alleviate labor
shortages and sustain economic growth. There are regional differences in
the impact of AI on the labor market. In North America, AI has been
rapidly adopted, dominated by technology companies, and the survival of
intellectual jobs is at a higher risk, while in Europe, the pace of Al adoption
is slower and is implemented in a regulated environment. In China and
Asia, Al operates with strong state support and plays a major role in
manufacturing and education, while in the Global South and developing
regions, the introduction of AI has been mostly delayed, and we can only
talk about digital remote work [70-72].

The adoption of technological development fundamentally affects
workplaces. Based on the analyzes of the Future of Jobs Survey, by 2023-
2027 Digital platforms and applications are likely to be used by 86.4%,
Education and workforce development technologies 80.9%, Big-data
analysis 80%, and Artificial intelligence 74.9%, based on feedback [65]. The
technological transformation of the workplace is not a future possibility,
but a rapidly approaching reality. For companies and workers,
technological adaptation is becoming an inevitable competitive factor,
redefining the way work is done, organizational structures, and the skills
required.

The appearance of large language models (LLMs), is the next significant
innovation change. Generative artificial intelligence (genAl), which will be
important for businesses with new data generated based on previously
created data, can increase productivity, but many people feel it is
dangerous for society. According to Jensen Huang, the CEO of Nvidia, the
development of artificial intelligence is reaching such a scale that within
five years it will be able to pass tests that correspond to human thinking
[73]. ChatGPT 4.5 may even surpass humans in the near future [74].
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According to Nobel Prize-winning economist Christopher Pissarides,
previously urbanization, then the entry of women into work, and now, on
the threshold of the fourth industrial revolution, the emergence of a new
resource (AI) are once again generating changes. First the power of steam,
then electricity, the advent of computers and now automation, Al, which
affects the transformation of the labor market. At the moment, robots
cause an improvement in productivity, so the most sought-after employees
will need IT skills, they must understand data processing, operations,
logistics, and have engineering expertise. The reliable, creative employee
who has sufficient self-discipline, but at the same time critical thinking,
and thanks to his good communication skills can easily share his opinion
with his colleagues and managers, continuous development and learning
are valued, the love of new technology becomes indispensable [17,75].
Based on the interpretation of this forecast, education definitely forms the
basis of economic growth due to higher productivity, innovation skills, and
the diffusion of innovation, but a diploma is an increasingly less desirable
condition. The attitude, ability to perform, potential inherent in the person,
which is authoritative [76].

The application of Al in practice is no longer just a modernization tool,
but a strategic tool for solving the most complicated problems [36].

Currently, however, Al is not yet suitable for the standards of industrial
control systems (OT—operational technology), as it is not always accurate,
which can be particularly risky for the industrial environment. Nokia’s MX
Workmate, an industrial AI application developed for this problem, is able
to perform an interpreter function, where, using the Generative Al Large
Language Model technology, it will be able to translate technical language
into common language and vice versa, colloquial expressions can also
become suitable for control with its help, employees they will be able to
control more complex systems even with lower professional knowledge.
This factor can become one of the solutions to the labor shortage [16].
Although AI could potentially displace millions of jobs, it is more likely to
play a primarily complementary role, as its introduction may be
associated with high costs, social resistance, and ethical dilemmas. The
issue of youth employment also requires significant regional studies based
on the assumption of heterogeneous competence levels and employee
diversity.

CONCLUSIONS

The primary aim of this study was to examine sustainable and
responsible educational technology efforts and the cooperation of
artificial intelligence for the sake of future workers. The study helps to
introduce new thinking frameworks, even if it does not offer strong
statistical analysis. The empirical foundation was strengthened through a
comparison of ESG strategies among Hungarian, German and Nordic
companies. According to the results of this research, digital
transformation fundamentally transforms the labor market. This is
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supported by Audi Hungaria’s annual report [13], which identifies
flexibility, openness to new knowledge, lifelong learning, and the ability
to adapt quickly as the most valued employee attributes in the production
sector. In the organizational system, development is stimulated by
employees who train themselves from internal motivation and motivate
their environment, the role of retraining and further training is enhanced
compared to traditional educational frameworks. Several practical
proposals aim to stimulate development: the introduction of modular,
micro-accredited training systems (e.g., EU DigComp, IBM SkillsBuild); Al-
assisted learning path planning (Skill Navigator); the integration of
technological and cultural practices (Tech+Humanity Labs); learning
through practical experience (e.g., Al coaching), joint innovation
incubators bridging education and industry (dual-innovation labs); Al
mentoring programs for young people and early-career professionals; and
the implementation of digital portfolio-based assessment (e.g., project
work, blogs). The transformation of the educational technology market is
also fundamentally influenced by regulations. Recognizing the influencing
factors in the transformation is the company’s responsibility by creating
organizational charts, using organizational network analysis, interactive
joint work, and corporate synergies. As practical implications we can
conclude, that the key to competitiveness is the ability to innovate,
improve the portfolio, control efficiency, community engagement, and
continuous motivation. Diversity is a key element of sustainability, and
successful transformation requires flexibility, lifelong learning, the
practical application of knowledge, and effective recruitment strategies
within organizational development.

It is in the self-interest of companies that wish to maintain their
competitiveness to think about recruitment, primarily to develop with the
help of dual training, even in the field of adult training and higher
education, but important factors are the development of retraining,
professional competences, soft skills, and shortened training programs.
Universities are primarily looking for solutions and development results
from a scientific point of view, while companies prioritize economic and
industrial aspects. According to the research results, the theoretical
process of digitization, Al, can make previous automated processes more
efficient. From 2025, the report on ESG indicators will be verified by
external auditors for compliance with CSRD. If the CSRD data is connected
with the financial and production data, the formulation of correlations
and directions in the primary stage will be successful. With the use of ESG
data, it becomes necessary to localize the data points, connect the data, use
Al, and then integrate the conclusions and measurement results into the
planning processes.

The most important research result of the study is that the fourth goal
of the SDG (Quality Education), is compared with the latest educational
technology, labor market, and Al-related current issues and the answers
are supported by the latest practical data. The study provides evidence,
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supported by statistical data that the educational technology market is
growing dynamically, the labor market is undergoing significant
transformation, training is becoming shorter and more digitalized, and
soft skills are gaining value. However, these developments alone are not
sufficient. The literature review reveals additional challenges, such as the
impact of Al on the workforce, the role of ESG in education, data
limitations, regulatory lags, gaps in provision, skill shortages driven by AI,
the digital divide, the ongoing need for educational reform, and new
directions for research.

The limitations of the research are that the results of the analyzes are
specific to a narrow geographical area and only to specific organizations,
and the data revealed for processing can accordingly only affect a small
segment of the investigated areas. While the primary data reflect Central
European trends, they can form the basis for broader comparative
international studies.

The future research direction is to expand the geographical boundaries
of the research and the number of studied organizations in order to
establish the most well founded conclusions. If we compare the test results
with the existing literature, the novelty and the theoretical implication of
the research is that the role of digitization is supported by a new, unique
justification, which includes further innovative thinking and development
ideas. Al is becoming an integral part of everyday life, but its use must be
underpinned by responsible and ethical conduct from both developers
and society.

In the spirit of preparation for approaching full employment, effective
competitiveness requires digitization developments, as well as the
effective cooperation of innovative companies, educational institutions,
and government agencies [60]. Developments designed to increase
production volume are replaced by the management of labor shortages
and the reduction of energy costs, the shift towards technological
innovations, and the importance of retraining increases. Productivity
within production can also provide a motivating force. Following the
possession of system data suitable for the industrial use of Al conclusions
can be drawn and injected into the management process. Efforts
concerning sustainable and responsible educational technology and labor
market supply can become effective in cooperation with the use of
artificial intelligence for the benefit of the workers of the future [11].
Future research should explore the long-term effects of AI on educational
equity and corporate responsibility in different regions. In 2024, Al
systems accounted for approximately 1%—1.3% of global electricity
consumption, a figure projected to rise to 3% by 2030. This underscores
the needs to explore energy efficiency and develop green Al strategies [77].

The study’s interdisciplinary approach to the future of education and
he labor market transformation aims to address an existing research gap.
Empirically, the critical comparison of secondary sources and the
mapping of the literature all contribute to setting the direction of future
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research and point out the existing theoretical and practical shortcomings,
according to which the full-scale introduction of Al has regional, industry,
ethical, technological, and budgetary limitations, and the introduction of
young people into the labor market may have varying results despite
appropriate mentoring due to employee diversity and different levels of
competence.

DATA AVAILABILITY

All data generated from the study are available in the manuscript.

AUTHOR CONTRIBUTIONS

Conceptualization and methodology, ZK, VGK and MKS writing—
original draft preparation, ZK; writing—review and editing, VGK and MKS;
visualization, ZK; supervision, VGK and MKS; All authors have read and
agreed to the published version of the manuscript.

CONEFLICTS OF INTEREST

The authors declares that there is no conflict of interest.

REFERENCES

1. Boncz B, Szabd RZ. Labor market effects of artificial intelligence: How to
prepare? Manag Sci Budapest Manag Rev. 2022;53(2):68-80.

2. European Commission. A Sustainable Europe by 2030. Available from:
https://commission.europa.eu/publications/sustainable-europe-2030_en.
Accessed on 09 Jun 2024.

3. European Commission. ESG Rating Activities. Available from:
https://finance.ec.europa.eu/sustainable-finance/tools-and-standards/esg-
rating-activities_en. Accessed on 09 Sep 2024.

4. Runde DF, Bandura R, McLean M. Investing in Quality Education for
Economic Development, Peace, and Stability. Available from: https://csis-
website-prod.s3.amazonaws.com/s3fs-public/2023-
12/231220_Runde_Investing_Education.pdf?Versionld=n_FLsZ472BYCHGLpA
e0G6JnLgMCQ5ely. Accessed on 22 Sep 2024.

5. Zanten v], Tulder vR. Analyzing companies' interactions with the Sustainable
Development Goals through network analysis: Four corporate sustainability
imperatives. Bus Strat Env. 2021;30:2396-2420.

6. Eurofound. Labor and Social Regulation. Available from:
https://www.eurofound.europa.eu/en/topic/labour-and-social-regulation.
Accessed on 04 Sep 2024.

7. Cedefop. The Future of Vocational Education and Training in Europe:
Synthesis Report. Available from:
https://www.cedefop.europa.eu/en/publications/3094. Accessed on 04 Sep
2024.

] Sustain Res. 2025;7(2):e250039. https://doi.org/10.20900/jsr20250039



Journal of Sustainability Research

21 of 26

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

US Department of Education, Office of Educational Technology. Artificial
Intelligence and the Future of Teaching and Learning: Insights and

Recommendations. Washington, DC, US. Available at:
https://digital.library.unt.edu/ark:/67531/metadc2114121/m1/1/. Accessed on
20 May 2024.

Tuomi I. The Impact of Artificial Intelligence on Learning, Teaching, and
Education. Policies for the future. Luxembourg: European Union; 2018.
Analysis Center. The Economic and Capital Market Effects of Artificial
Intelligence (AI). Available from: https://elemzeskozpont.hu/mesterseges-
intelligencia-ai-gazdasagi-tokepiaci-hatasai. Accessed on 09 Apr 2025.

OECD. Artificial Intelligence. Available from:
https://www.oecd.org/en/topics/policy-issues/artificial-intelligence.html.
Accessed on 04 Sep 2024.

Xiaowen W, Mingyue C, Nanxu C. How artificial intelligence affects the labor
force employment structure from the perspective of industrial structure
optimization. Heliyon. 2024;10(5). doi: 10.1016/j.heliyon.2024.e26686

Audi Hungary. Annual Report 2023. Available from:
https://audihungaria2023.audiportal.hu/en/transformation/. Accessed on 25
Apr 2024.

BDO. Large Companies Are Not Yet Ready for the New ESG Reporting
Requirements. Available from: https://www.bdo.lt/en-gh/insights/featured-
insights/large-companies-are-not-yet-ready-for-the-new-esg-reporting-
requirements-4139e3092aa7e6elecf5207f827388af. Accessed on 25 Feb 2024.
European Commission. Corporate Sustainability Reporting. Available from:
https://finance.ec.europa.eu/capital-markets-union-and-financial-
markets/company-reporting-and-auditing/company-reporting/corporate-
sustainability-reporting_en. Accessed on 14 May 2024.

NOKIA. Nokia Launches MX Workmate, First OT-Compliant GenAI Solution
for Connected Workers. Available from: https://www.nokia.com/about-
us/news/releases/2024/02/14/nokia-launches-mx-workmate-first-ot-
compliant-gen-ai-solution-for-connected-workers/. Accessed on 19 May 2024.
Pissarides C, Beckett C, Gentile G. Is AI Coming for Our Jobs? Available from:
https://www.lse.ac.uk/lse-player?id=6c2dafdd-b3d3-4825-9bcf-9fe4594293€0.
Accessed on 12 May 2024.

EUR-LEX. Sustainable Development. Luxembourg: European Union. Available
from: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=LEGISSUM%3Asustainable_development. Accessed on
02 Mar 2024.

Sanseverino A, Gonzalez-Ramirez ], Cwik K. Do ESG progress disclosures
influence investment decisions? Int J Discl Gov. 2024;21(3):107-126.

Xidonas P, Essner E. On ESG Portfolio Construction: A Multi-Objective
Optimization Approach. Comput Econ. 2022;63:21-45.

Kanie N, Biermann F. Governing through Goals. Sustainable Development
Goals as Governance Innovation. Cambridge (US): The MIT Press; 2017.

J Sustain Res. 2025;7(2):e250039. https://doi.org/10.20900/jsr20250039



Journal of Sustainability Research

22 of 26

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Stuart E, Samman E. Defining 'Leave No One Behind'. ODI Briefing Note.
London (UK): Overseas Development Institute; 2017. Available from:
https://odi.org/en/publications/defining-leave-no-one-behind/. Accessed on 14
May 2025.

BDO Hungary. ESG Education Is Key for Companies to Prepare for
Sustainability Reporting. Research of Central and Eastern European BDO
Offices. Available from: https://www.bdo.hu/getattachment/1556c160-2f72-
4375-a118-d5c7c1eb6083/BDO_ESG_kutatas_eredmenyek.pdf. Accessed on 14
May 2024.

Chelli M, Gendron Y. Sustainability ratings and the disciplinary power of
number ideology. ] Bus Ethics. 2013;112(2):187-203.

Baumdiiller ], Grbenic SO. Moving from non-financial to sustainability
reporting: Analyzing the EU Commission's proposal for a Corporate
Sustainability Reporting Directive (CSRD). Facta Univ. 2021;18(4):369-81.
IBM. What Is the Corporate Sustainability Reporting Directive (CSRD)?
Available from: https://www.ibm.com/topics/csrd. Accessed on 04 Sep 2024.
EUR-LEX. Corporate Social Responsibility. European Union. Available from:
https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=LEGISSUM%3Acorporate_social_responsibility.
Accessed on 07 Feb 2024.

Tien Thanh P, Thu Ha N, Thi Hong Ngoc P, Thuy Ha LT. Corporate social
responsibility, corporate reputation and intention to apply for a job: evidence
from students in an emerging economy. Int ] Organ Anal. 2024;32(1):17-34.
Pradhan P, Costa L, Rybski D, Lucht W, Kropp JP. A Systematic Study of
Sustainable Development Goal Interactions. Earth’s Future. 2017;5(11):1169-
79.

Antal P, Forgd S. ICT Basics of the Teaching Profession. Available from:
http://okt.ektf.hu/data/forgos/file/tananyag/forgo/index.html. Accessed on 04
Sep 2024.

Cazzaniga M, Jaumotte F, Li L, Melina G, Panton JA, Pizzinelli C, et al. Gen-Al:
Artificial Intelligence and the Future of Work. Available from:
https://www.imf.org. Accessed on 30 Sep 2024.

Valinsky ]. Bill Gates Explains How AI Will Change Our Lives in 5 Years.
Available from: https://edition.cnn.com/2024/01/16/tech/bill-gates-ai-gps-
interview/index.html. Accessed on 20 Feb 2024.

Eurostat. Sustainable Development in the European Union: Monitoring
Report on Progress towards the SDGs in an EU Context-2024 Edition. Available
from: https://ec.europa.eu/eurostat/web/products-flagship-publications/w/ks-
05-24-071. Accessed on 04 Sep 2024.

Waris A, Frynas ]G, Mahmood Z. Determinants of Corporate Social
Responsibility Disclosure in Developed and Developing Countries: A
Literature Review. Corp Soc Responsib Environ Manag. 2017;24(4):273-94.

J Sustain Res. 2025;7(2):e250039. https://doi.org/10.20900/jsr20250039



Journal of Sustainability Research

23 of 26

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

46.

47.

48.

World Economic Forum. Jobs and the Future of Work—3 Ways to Disrupt
Education and Help Bridge the Skills Gap. Available from:
https://www.weforum.org/stories/2021/08/3-ways-disrupt-education-bridge-
skills-gap/. Accessed on 07 Mar 2024.

European Commission. Coordinated Plan on Artificial Intelligence. Available

from: https://eur-lex.europa.eu/legal-
content/EN/TXT/HTML/?uri=CELEX:52018DC0795&from=ES. Accessed on 18
May 2024.

European Commission. Strategy for Financing the Transition to a Sustainable
Economy. Available from: https://finance.ec.europa.eu/publications/strategy-
financing-transition-sustainable-economy_en. Accessed on 26 Apr 2024.
European Commission. The EU and the United Nations—Common Goals for a
Sustainable Future. Available from: https://commission.europa.eu/strategy-
and-policy/sustainable-development-goals/eu-and-united-nations-common-
goals-sustainable-future_en. Accessed on 08 May 2024.

World Economic Forum. The Future of Jobs Report. Available from:
https://www.weforum.org. Accessed on 09 Apr 2025.

Web Technology Surveys. Available from: https://w3techs.com/. Accessed on
20 May 2024.

Weller M. Twenty Years of Edtech. Educause Rev Online. 2018;53(4):34-48.
EUR-LEX. Opinion of the European Committee of the Regions—Digital
Education Action Plan. European Union. Available from: https://eur-
lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52018IR2710. Accessed
on 13 Sep 2024.

EdTech Summit Hungary. Everything WE Know—The Possibilities and
Dangers of Artificial Intelligence in Education. The Educational Technology of
the  Future. Available from:  https://www.elte.hu/content/a-jovo-
oktatastechnologiaja.e.16963. Accessed on 20 Sep 2024.

OECD. Reimagining Education, Realizing Potential. Available from:
https://www.oecd.org/en/publications/reimagining-education-realising-
potential_b44e2c39-en.html. Accessed on 07 Mar 2024.

Grand View Research. Education Technology Market Size & Share Report,
Education Technology Market Size, Share & Trends Analysis Report by Sector,
by End-user, by Type, by Deployment, by Region, and Segment Forecasts,
2024-2030. Available from: https://www.grandviewresearch.com/industry-
analysis/education-technology-market. Accessed on 11 Sep 2024.

Williamson B, Eynon R. Historical threads, missing links, and future
directions in AI in education. Learn Media Technol. 2020;45(3):223-35.
European Council. The General Data Protection Regulation (GDPR). Available
from: https://www.consilium.europa.eu/en/policies/data-protection-
regulation/. Accessed on 10 Apr 2025.

Piac & Profit. Artificial Intelligence Is Completely Transforming Education
and the Labor Market. Available from:
https://piacesprofit.hu/cikkek/gazdasag/teljesen-atalakitja-az-oktatast-es-a-
munkaeropiacot-a-mesterseges-intelligencia.html. Accessed on 15 Sep 2024.

J Sustain Res. 2025;7(2):e250039. https://doi.org/10.20900/jsr20250039



Journal of Sustainability Research

24 of 26

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

39.

60.

61.

62.

Pappano L. The Year of the MOOC. Available from:
https://www.nytimes.com/2012/11/04/education/edlife/massive-open-online-
courses-are-multiplying-at-a-rapid-pace.html. Accessed on 22 Apr 2024.
Davies HER, Komljenovic ], Williamson B. Investigating the financial power
breaks behind EdTech. In: Livingstone S, Pothong K, editors. Education Data
Futures: Critical, Regulatory and Practical Reflections. London (UK): Digital
Futures Commission; 2022. p. 81-92.

Patrovi H. Education Meets AL Available from:
https://www.weforum.org/events/world-economic-forum-annual-meeting-
2024/sessions/turbocharging-learning-while-mitigating-risks/. Accessed on 10
May 2024.

UNESCO Institute for Statistics. Education Databot: An Al-enhanced Data
Visualization = Tool Using SDG 4  Data. Available from:
https://feducationdatabot.streamlit.app/. Accessed on 12 May 2024.

UNESCO, UNICEF, World Bank Group. The State of the Global Education Crisis.
The Path to Recovery. Available from:
https://www.worldbank.org/en/topic/education/publication/the-state-of-the-
global-education-crisis-a-path-to-recovery. Accessed on 09 Apr 2025.

Simone ME, Tiberti S, Mosuro W, Manolio F, Barron M, Dikoru E. From
Chalkboards to Chatbots: Transforming Learning in Nigeria, One Prompt at a
Time. World Bank Blogs. Available from:
https://blogs.worldbank.org/en/education/From-chalkboards-to-chatbots-
Transforming-learning-in-Nigeria. Accessed on 09 Apr 2025.

European Commission. A Look to the Future. Keynote Lecture. European
Employment & Social Rights Forum 2023. Available from:
https://www.eusocialforum.eu/. Accessed on 11 May 2024.

Muro M, Maxim R, Whiton J. Automation and Artificial Intelligence: How
Machines Are Affecting People and Places. Available from:
https://www.brookings.edu/articles/automation-and-artificial-intelligence-
how-machines-affect-people-and-places/. Accessed on 16 May 2024.

Becker S. AI-Powered Digital Colleagues Are Here. Some 'safe' Jobs Could Be
Vulnerable. Available from: https://www.bbc.com/worklife/article/20231128-
ai-powered-digital-colleagues-are-here-some-safe-jobs-could-be-vulnerable.
Accessed on 15 Apr 2024.

IT Business. Generation Z Received a Nobel Prize-Winning Warning.
Available from: https://itbusiness.hu/itb-today/itb-today-02-05-nobel-dijas-
figyelmeztetes-erkezett-a-z-generacionak/. Accessed on 05 Jun 2024.

Vass E. Al has transformed the way of working. New corporate challenge:
retraining and jobs. IT BUSINESS. 2024;22(1):60-1.

Bosch. A New Wave of Innovation. Available from:
https://www.boschmediaservice.hu/sajtokozlemeny/bosch_boschxrichterinn
ovatorok_2024-417.html. Accessed on 10 Mar 2024.

Sadun R. Reskilling in the Age of Al  Available from:
https://hbr.org/2023/09/reskilling-in-the-age-of-ai. Accessed on 22 Apr 2024.
Huang J, Rust RT. Artificial Intelligence in Service. ] Serv Res. 2018;21(2):155-
72.

J Sustain Res. 2025;7(2):e250039. https://doi.org/10.20900/jsr20250039



Journal of Sustainability Research

25 of 26

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Eisenberger R, Stinglhamber F. Perceived organizational support: Fostering
enthusiastic and productive employees. Washington (US): American
Psychological Association; 2011. doi: 10.1037/12318-000

Randstad. Randstad Employer Brand Research 2024. Available from:
https://www.randstad.hu/hr-kutatasok/employer-brand-research/employer-
brand-research-hungary-2024/. Accessed on 11 May 2024.

World Economic Forum. The Future of Jobs Report 2023. Available from:
https://www.weforum.org/publications/the-future-of-jobs-report-2023/.
Accessed on 28 Mar 2024.

International Labor Organization. Global Employment Trends for Youth—
Investing in transforming futures for young people. Geneva (Switzerland):
International Labor Organization; 2022. doi: 10.54394/QSMU1809

Vollset AND, Goren E, Yuan CV, Cao J, Smith AE, Hsiao T. Fertility, mortality,
migration, and population scenarios for 195 countries and territories from
2017 to 2100: A forecasting analysis for the Global Burden of Disease Study.
Lancet. 2020;396(10258):1285-306.

The Economist. It's not Just a Fiscal Fiasco: Graying Economies also Innovate
Less. Available from: https://www.economist.com/briefing/2023/05/30/its-not-
just-a-fiscal-fiasco-greylisting-economies-also-innovate-less. Accessed on 19
Apr 2024.

Acemoglu D, Restrepo P. Demographics and Automation. Cambridge (US):
National Bureau of Economic Research; 2018. doi: 10.3386/w24421

Autor DH, Mindell DA, Reynolds EB. The work of the future: Building better
jobs in an age of intelligent machines. Cambridge (US): MIT Press; 2022. doi:
10.7551/mitpress/14109.001.0001

European Commission. Proposal for a Regulation on a European Approach
for Artificial Intelligence (AI Act) (COM/2021/206 final). EUR-Lex. Available
from: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX:52021PC0206. Accessed on 11 Apr 2025.

UN Trade & Development. AI's $4.8 Trillion Future: UN Trade and
Development Alerts on Divides, Urges Action. Available from:
https://unctad.org/news/ais-48-trillion-future-un-trade-and-development-
alerts-divides-urges-action. Accessed on 11 Apr 2025.

Nellis S. Nvidia CEO Says AI Could Pass Human Tests in Five Years. Available
from: https://www.reuters.com/technology/nvidia-ceo-says-ai-could-pass-
human-tests-five-years-2024-03-01/. Accessed on 05 Jul 2024.

Justin V. ChatGPT Is One Year Old, It Turned the World upside down. Available
from: https://itbusiness.hu/technology/aktualis-lapszam/technology-aktualis-
lapszam/1-eves-a-chatgpt/. Accessed on 15 Jul 2024.

Trieu HDX, Nguyen PV, Tran KT, Vrontis D, Ahmed Z. Organizational
resilience, ambidexterity and performance: the roles of information
technology competencies, digital transformation policies and paradoxical
leadership. Int ] Organ Anal. 2024;32(7):1302-21.

J Sustain Res. 2025;7(2):e250039. https://doi.org/10.20900/jsr20250039



Journal of Sustainability Research 26 of 26

76. Tuzes I. These Degrees Are Currently the Most Sought after on the Labor
Market in 2024. Available from: https://www.profession.hu/hrfeed/ezek-a-
diplomak-a-legkeresettebbek-jelenleg-a-munkaeropiacon/. Accessed on 02
Apr 2024.

77. Greendex. How Much Energy Do Al-Chatbots Use? Available from:
https://greendex.hu/energia-ai/. Accessed on 11 Apr 2025.

How to cite this article:

Kaszalik Z, G6si Kovecses V, Konczos Szombathelyi M. Overview on the sustainable and responsible educational
technology efforts using artificial intelligence for the workers of the future. ] Sustain Res. 2025;7(2):e250039.
https://doi.org/10.20900/jsr20250039.

J Sustain Res. 2025;7(2):e250039. https://doi.org/10.20900/jsr20250039



