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Abstract: In light of the declarations of key Al economies and experts (USA, China) to accelerate Al adoption, including in the area of so-
called home Al, this article discusses the factors contributing to the broader application of artificial intelligence (Al) in improving existing
and developing entirely new market technologies. This applies particularly to automating routine tasks to increase efficiency, reduce human
error, and improve access to products and services, especially personalized ones. Ethical issues are addressed, particularly those related to
algorithmic bias, transparency of decision-making, and accountability for these decisions. The article concludes by highlighting the
multifactorial reasons for the potential success of implementing new Al solutions, including consideration of sustainability and
interdisciplinary collaboration and regulatory frameworks to ensure responsible and effective integration of Al with existing solutions.
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CZYNNIKI TECHNOLOGICZNE, EKONOMICZNE, SPOLECZNE, ETYCZNE
| PRAWNE KLUCZOWE DLA ROZWOJU NOWYCH TECHNOLOGII
OPARTYCH NA SZTUCZNEJ INTELIGENCJI

Streszczenie: W swietle deklaracji gospodarek i ekspertéw kluczowych dla AI (USA, Chiny) o przyspieszeniu zastosowania Al, w tym
w obszarze tzw. domowego Al artykul omawia czynniki szerszego zastosowania sztucznej inteligencji (AI) w ulepszaniu dotychczasowych
i wypracowaniu zupeinie nowych technologii rynkowych. Dotyczy to zwlaszcza automatyzowania rutynowych zadan w celu zwigkszenia
wydajnosci, zmniejszenia liczby bledow ludzkich i poprawy dostepu do produktow i ustugzwlaszcza spersonalizowanych. Poruszane sq
kwestie etyczne, w szczegolnosci dotyczgce stronniczosci algorytmicznej, przejrzystosci podejmowanych decyzji i odpowiedzialnosci za
podjete decyzje. Artykul konczy sie podkresleniem wieloczynnikowych przyczyn potencjalnego sukcesu we wdrazaniu nowych rozwigzan w
obszarze A, w tym uwzglednienia perspektywy zréwnowazonego rozwoju i interdyscyplinarnej wspélpracy i ram regulacyjnych w celu
zapewnienia odpowiedzialnej i skutecznej integracji Al z dotychczasowymi rozwigzaniami.
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1. Introduction making Al development more accessible to startups,
researchers, and small businesses. Al implementation

Rapid advances in computing power and specialized increases economic productivity by automating tasks and
hardware, such as graphics processing units (GPUSs), enable streamlining  decision-making across industries [2].
the creation of increasingly complex artificial intelligence Socially, Al is transforming labor markets, creating new job
(Al) models. The availability of massive data sets fuels the roles while simultaneously displacing routine or repetitive
training of advanced algorithms and supports data-driven ones. The widespread use of Al systems is impacting daily
innovation [1]. The falling costs of cloud computing are life through personalized services, automation, and digital
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assistants. Ethical concerns arise about fairness, bias,
transparency, and the potential for Al to exacerbate existing
social inequalities. Ensuring responsible Al requires robust
privacy safeguards, especially when systems rely on
sensitive personal data [3]. Legal frameworks are evolving
to regulate Al accountability, security standards, and the
rights of individuals affected by automated decisions.
International cooperation is increasingly necessary to
harmonize Al regulations, prevent abuses and foster safe
global innovation [4].

2. Observed gaps

From a technological perspective, there is a research gap
in developing Al systems that are both highly efficient and
reliably interpretable, especially for complex deep learning
models. Current research insufficiently considers Al's
resilience to adversarial attacks and failures in real-world,
risky environments. There is limited empirical research on
the actual impact of Al on productivity, long-term growth,
and macroeconomic inequality [5]. Economic research often
overlooks the needs and constraints of small and medium-
sized enterprises (SMES) in implementing and integrating
Al. Social science research lacks comprehensive
longitudinal studies of how Al is transforming labor
markets, social norms, and human well-being [6]. There is
also a lack of sufficient analysis of Al's impact on
marginalized groups, especially in countries in the Global
South, characterized by diverse cultural and infrastructural
conditions. Ethics research often focuses on principles
rather than practical, scalable methods for implementing
fairness, transparency, and accountability in real-world
systems [7]. There remains a gap in understanding how to
implement ethical guidelines in organizations with limited
resources or technical expertise. From a legal perspective,
research is still ongoing on how to create enforceable and
flexible Al regulations that keep pace with rapid
technological change. There is a particular lack of cross-
border legal research, especially on the harmonization of Al

standards, liability rules, and user protection in an
international context [8].
3. Technological factors

The technological advancement of  Al-based

technologies is primarily driven by the rapid increase in
computing power, including GPUs and specialized Al
accelerators. Advances in deep learning architectures, such
as transformer and diffusion models, significantly expand
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the range of tasks that Al systems can perform [9]. The
availability of large, high-quality datasets enables the
creation of more accurate and generalizable Al models.
Advances in machine learning frameworks and tools, such
as PyTorch and TensorFlow, lower the barriers to
experimentation and implementation. Edge computing and
on-device Al improve real-time processing, privacy, and
energy efficiency for Al applications. Improvements in data
processing pipelines support faster learning cycles and more
scalable Al development [10]. Research in model
compression and optimization helps reduce the
computational costs associated with running large models.
Advances in multimodal learning enable Al systems to
process and integrate text, images, audio, and other types of
data. Better simulation environments and synthetic data
analysis tools make it easier to train Al systems in complex
or rare scenarios [11]. Advances in human-Al interaction
technologies allow Al systems to communicate with users
more naturally and effectively.

4, Economic factors

Economic factors influencing the development of Al-
based technologies include increasing global investment
from governments, corporations, and venture capital funds,
which accelerates innovation and commercialization. Al-
based automation promises significant cost savings for
companies, motivating them to implement and integrate Al
into their operations [12]. Al's potential to increase
productivity and efficiency across various sectors fosters
competition and ongoing technological advancement.
Differences in access to financial resources create
disparities in Al adoption between large enterprises and
small and medium-sized enterprises. Al technologies are
contributing to the emergence of new markets, products,
and business models, stimulating economic growth [13].
Al-induced changes in labor demand are impacting wages,
employment structures, and workforce planning. The
growing demand for Al skills is driving investments in
education, training, and talent acquisition. Economic
incentives are driving companies to prioritize data
collection and digital transformation to support Al
development. Reducing the costs of cloud computing and
Al tools is making advanced technologies more accessible
to a wider range of users. Global competition for Al
leadership is shaping national economic strategies,
influencing policy decisions and innovation priorities [14].

5. Social factors
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Societal factors influencing the development of Al-
based technologies include changing public attitudes toward
automation and digitalization, which shape the degree of Al
adoption in everyday life. Al's impact on the workforce,
including job cuts and the creation of new roles, influences
social stability and expectations for job retraining. The
widespread use of digital platforms increases familiarity
with Al-based services, fostering further adoption [15].
Demographic trends, such as aging populations, are driving
demand for Al solutions in healthcare, caregiving, and
accessibility. Cultural differences influence how societies
perceive the risks and benefits of Al, shaping adoption rates
in different regions. Education levels and digital literacy
determine how effectively people can use and benefit from
Al technologies. Concerns about privacy, surveillance, and
the misuse of personal data affect public trust in Al systems
[16]. Social inequalities can be exacerbated or alleviated by
Al, depending on how access to the technology is
distributed. The integration of Al into communications,
media, and social networks is influencing public discourse
and information ecosystems. Societal expectations for
transparency, security, and ethical behavior are putting
pressure on software developers and policymakers to ensure
responsible implementation of Al [17].

6. Ethical factors

Ethical considerations in the development of Al-based
technologies begin with the need to ensure fairness,
ensuring that Al systems do not reinforce or amplify
existing societal biases. Transparency is essential because
users and stakeholders must understand how Al systems
make decisions that impact their lives. Accountability is a
priority, requiring clear mechanisms for determining who is
responsible when Al systems cause harm or make mistakes.
Protecting user privacy is crucial, especially when Al uses
sensitive personal data for training and decision-making
purposes [18]. Developers must consider the potential for
Al to be wused for malicious purposes, including
surveillance, manipulation, or disinformation. Ethical
design requires minimizing unintended consequences by
anticipating risks and auditing system behavior throughout
the development process. Human oversight remains a key
ethical principle to ensure that Al does not act
autonomously in ways that violate human rights or safety
[19]. Inclusivity is important because Al should be designed
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to serve diverse populations, not to exclude marginalized
groups from its benefits. Ensuring informed consent is
crucial when Al interacts with users or collects data in
contexts where individuals may not fully understand the
technology [20]. Ethical development of Al requires
ongoing reflection, interdisciplinary collaboration, and
ongoing evaluation as the technology evolves.

7. Legal factors

Legal factors influencing the development of Al-based
technologies begin with the need for clear regulations that
define acceptable uses of Al and set standards for safety and
reliability.  Liability frameworks are essential for
determining who is liable when Al systems cause harm,
make poor decisions, or fail [20]. Data protection
regulations, such as privacy laws, shape how organizations
can collect, store, and use personal data for Al training and
deployment. Intellectual property laws influence how Al-
generated content is owned, shared, and commercialized.
Compliance requirements force companies to document Al
development processes, risk assessments, and decision-
making procedures. Cross-border legal differences create
challenges for global Al deployment, as companies must
navigate multiple regulatory environments. Regulations
governing automated decision-making aim to ensure
transparency and protect individuals from unfair or
discriminatory consequences. Regulations for high-risk Al
applications—such as those in healthcare, transportation, or
law enforcement—impose stricter oversight and testing
requirements. Standards and certification frameworks help
ensure that Al systems meet technical, ethical, and safety
criteria before being released to the market. The evolving
regulatory framework aims to balance innovation with
public protection, guiding the responsible and accountable
use of Al technologies.

8. Directions for further research

Future technological research should focus on
developing Al models that are not only efficient but also
explainable, robust, and energy-efficient. Developing secure
and privacy-preserving Al methods, such as federated
learning and differential privacy, will be essential for
trustworthy systems. Economic research should seek more
accurate models for predicting the long-term impact of Al
on productivity, employment dynamics, and global



competitiveness. Further work is needed to understand how
companies of all sizes can effectively implement Al and
overcome financial and organizational barriers. Social
research should analyze how Al affects human behavior,
social cohesion, and cultural norms, especially in diverse
populations [21]. Research assessing the role of Al in
shaping future skills and developing reskilling strategies
will be crucial for managing workforce transitions. Ethics
research must strive for practical tools and frameworks that
enable developers to measure, mitigate, and monitor bias
and fairness issues in Al systems. Additional efforts are
needed to integrate ethical risk assessment into
organizations' daily Al development processes. Legal
research should strive to create adaptive and enforceable
regulatory frameworks that balance innovation with safety
and accountability. Cross-jurisdictional research will be
crucial to harmonizing global Al standards, ensuring
consistent protection, and preventing regulatory gaps and
abuses.

9. Conclusions

In summary, the development of Al-based technologies
is being shaped by rapid technological advances that
continually  expand system capabilities  while
simultaneously posing new challenges in reliability and
governance. Economically, Al promises significant
productivity gains, but its benefits depend on sustainable
investment, widespread adoption, and thoughtful
management of market disruptions. Societally, Al's impact
on work, behavior, and social structures underscores the
need for inclusive strategies that support all groups in this
process of constant change. From an ethical perspective,
ensuring fairness, transparency, and accountability remain
crucial to maintaining public trust and preventing harmful
or biased outcomes. From a legal perspective, evolving
regulatory frameworks will play a crucial role in guiding
responsible innovation, clarifying accountability, and
protecting individual rights in an Al-driven world.

References

1. Witkowski A., Wodecki A. An exploration of the
applications, challenges, and success factors in Al-
driven  product development and management.
Foundations of Management, 2024, 16(1).

2. Lada S., Chekima B., Karim M.R.A., Fabeil N.F., Ayub
M.S., Amirul S.M., Zaki, H.O. Determining factors
related to artificial intelligence (Al) adoption among

38

Malaysia's small and medium-sized businesses. Journal
of Open Innovation: Technology, Market, and
Complexity, 2023, 9(4), 100144.

3. Westenberger J., Schuler K., Schlegel D. Failure of Al
projects: understanding the critical factors. Procedia
computer science, 2022, 196, 69-76.

4. Wan, Z. Text Classification: A Perspective of Deep
Learning Methods. arXiv 2023, arXiv:2309.13761.

5. Rojszczak, M. Prawne aspekty systemOw sztucznej
inteligencji - zarys problemu. Sztuczna inteligencija,
blockchain, cyberbezpieczenstwo oraz dane osobowe.
Wydawnictwo C.H Beck 2019, s. 1-22.

6. Wierczynski, G., Wiewiérowski, W.R. Prawne aspekty
informatyki, (w:) Informatyka ekonomiczna: teoria
i zastosowania, red. S. Wrycza, J. Maslankowski,
Wydawnictwo Naukowe PWN, Warszawa 2019.

7. Wiewidrowski W. Kwanty informacji o osobie. Prawne
aspekty przetwarzania danych o osobach i ,obiektach”
pochodzacych z rozproszonych zbioréw [w:] P., Z. Rau,
M. Wagrowski [red.:] Nowoczesne systemy tacznosci
i transmisji danych narzecz bezpieczenistwa. Szanse
i zagrozenia, LEX Wolters Kluwer, Warsaw 2013, p. 8.

8. Simmons R. Big Data, Machine Judges, and the
Legitimacy of the Criminal Justice System. SSRN,
2018, 52 (2), 1067-1118.

9. Wiewidrowski W.R. Profilowanie 0sdb na podstawie
ogolnodostepnych ~ danych  [w:] A, Mednis
[red.:;] Prywatno$¢  a ekonomia. Ochrona  danych
osobowych w obrocie gospodarczym, Wyd. WPIA
Uniwersytetu Warszawskiego, Warszawa 2013, s. 16.

10. Macko, M., Szczepanski, Z., Mikotajewski, D.,
Mikotajewska, E., Listopadzki, S. The Method of
Artificial Organs Fabrication Based on Reverse
Engineering in Medicine. In: Rusinski, E., Pietrusiak, D.
(eds) Proceedings of the 13th International Scientific

Conference RESRB 2016. Notes in Mechanical
Engineering. Springer, Cham 2017.
11. Wiewiorowski ~ W.R.  Prawna ochrona danych

biometrycznych ~ w systemach  teleinformatycznych
pracodawcy. Cele przetwarzania a zakres ochrony [w:]
A. Nerka, T. Wyka [red.:] Ochrona danych osobowych
podmiotow  objetych  prawem  pracy i prawem
ubezpieczen spolecznych. Stan obecny i perspektywy
zmian, Wolters Kluwer Polska, Warszawa 2012, s. 10.

12.Gryz, J., Rojszczak M. Black box algorithms and the
rights of individuals: No easy solution to
the"explainability" problem. Internet Policy Review 10
(2), 1-24.


https://scholar.google.pl/citations?view_op=view_citation&hl=pl&user=5_KrS6wAAAAJ&citation_for_view=5_KrS6wAAAAJ:YOwf2qJgpHMC
https://scholar.google.pl/citations?view_op=view_citation&hl=pl&user=5_KrS6wAAAAJ&citation_for_view=5_KrS6wAAAAJ:YOwf2qJgpHMC
https://scholar.google.pl/citations?view_op=view_citation&hl=pl&user=5_KrS6wAAAAJ&citation_for_view=5_KrS6wAAAAJ:YOwf2qJgpHMC

Studia i Materialy Informatyki Stosowanej, Tom 17, Nr 3, 2025

13. Wegrzyn-Wolska, K., Rojek, 1., Dostatni, E.,
Mikotajewski, D., Pawlowski, L. Modern approach to
sustainable production in the context of Industry 4.0.
Bulletin Of The Polish Academy Of Sciences Technical
Scienes 2022, 70(6), e143828.

14. Veziroglu, M., Veziroglu, E., Bucak, 1.0. Performance
Comparison between Naive Bayes and Machine
Learning Algorithms for News Classification. In
Bayesian Inference—Recent Trends; IntechOpen:
London, UK, 2024.

15. Lukaniszyn, M., Majka, L., Grochowicz, B.,
Mikotajewski, D., Kawala-Sterniuk, A. Digital Twins
Generated by Artificial Intelligence in Personalized
Healthcare. Appl. Sci. 2024, 14, 9404.

16. Tabany, M.; Gueffal, M. Sentiment Analysis and Fake
Amazon Reviews Classification Using SVM Supervised
Machine Learning Model. JAIT 2024, 15, 49-58.

17.Liu C.F., Huang C.C., Wang J.J., Kuo, K.M., Chen, C.J.
The critical factors affecting the deployment and scaling
of healthcare Al: viewpoint from an experienced
medical center. Healthcare 2021, 9, 6, 685.

18. Mikotajewska, E., Mikotajewski, D. Neurorehabilitacja
XXI  wieku. Techniki teleinformatyczne. Impuls,
Krakow 2011.

19. Ashley, K. A Brief History of the changing roles of case
prediction in Al and Law: Law in context
Socio-Legal Journal, 2019, 36 (1), 93-112.

20.Rojek, 1., Kotlarz, P., Kozielski, M., Jagodzinski, M.,
Kroélikowski, Z. Development of Al-Based Prediction of
Heart Attack Risk as an Element of Preventive
Medicine. Electronics 2024, 13, 272.

21.Bhilare,  P.,Parab, N, Soni, N., Thakur, B.
Predicting outcome of judicial cases and analysis using
machine learning. International Research Journal in
Engineering Technology, 2019, 6, 326-330.

39

str. 35-39



35





