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Abstract

An increase in economic inequality has recently occurred in many countries, which arouses interest
among many scientists in studying this process, but still some of its aspects remain insufficiently studied.
The article examines the reasons why economic inequality is considered a problem, although convincing
evidence of the occurrence of negative economic or social consequences of this phenomenon could not
be found. It is concluded that the problem of economic inequality is largely artificial. When analyzing it,
researchers usually rely on connections that took place in the past, but are practically absent at the
present time. The fact of insufficient knowledge of a number of research issues is substantiated. And the
very fact of the presence of such gaps in scientific knowledge of the problem of economic inequality
makes it difficult to increase the effectiveness of those measures that are applied in specific social and
economic policies.

Keywords: economic inequality, abilities, opportunities, system justification theory.

Introduction

The topic of economic inequality is so broad and vast that it is simply impossible to cover even its
most significant issues in a single article. Therefore, a very specific and limited objective is posed here: to
formulate and discuss certain questions that are practically unaddressed in the existing literature, and,
as a result, to substantiate the importance of answering them for developing productive solutions to
applied problems.

Currently, one of the most frequently asked questions in this area is: how to overcome income
inequality—the most glaring aspect of economic inequality? The obvious answer, to the unthinking eye,
seems like this: the state should pay everyone equally, although both theory and, especially, historical
practice, including in our own country, have provided their assessments of the bleak consequences of
attempts to implement such solutions. Therefore, if the answer to this frequently asked question is still
relevant, and previous approaches to addressing it have been unsatisfactory, then other solutions must
be sought. To do this, it makes sense to discuss the problem of economic inequality itself.

It should be noted that when analyzing decision-making processes, a distinction must be made
between the stage of recognition of a problem situation and the stage of problem formulation [1]. A
problem situation is a state of affairs in which an individual experiences varying degrees of
dissatisfaction, the presence of certain sources that generate a negative perception of the current
situation. Obviously, people may perceive the causes of their unpleasant sensations differently, i.e., they
may have different ways of seeing or understanding them, and each of these options allows them to
formulate their own problem, which it would be desirable to solve in order to eliminate the problem
situation. A simple example: a problem situation is overcrowded public transport during rush hour in a
large city. People perceive the problem to be solved differently: for some, it is a shortage of buses,
trolleybuses, etc., for others, a high concentration of places of employment, and for others, a uniform
start and end time for the workday. Each of the approaches to solving a given problem situation leads to
its own results, differing in both costs and consequences. At the same time, following the seemingly most
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"natural” logic of solving the problem—resolving the public transportation shortage—leads to a new
problematic situation: congestion in city streets. Thus, distinguishing between problematic situations and
problems gives rise to the question: is the usual framing of the problem productive?

This leads to the first question worth discussing: what is the situation that is perceived by many as
problematic, i.e., what gives rise to a negative perception? A second, related question, also deserving of
attention, can be formulated as follows: what characteristics of the economy and society, conditioned
by economic inequality, are such that their presence in the country is considered undesirable? The next
two sections of the article are devoted to a discussion of these questions, and the conclusions from this
discussion conclude the article.

Discussion

Diversity and Inequality: What Makes a Difference?

The consequences of economic inequality, and the dangers and threats it poses, have been actively
discussed in recent literature. Even such a renowned economist as J. Stiglitz writes: “Rising inequality in
most countries is one of the most important problems facing the world today. People everywhere feel
that it is morally wrong. We feel that it is indefensible. We feel that it divides our societies and undermines
our democracies. And we are right to sense this harm” [2]. At the same time, the root causes of these
negative consequences (the extent to which some of them are justified will also be discussed below) are
effectively taken for granted. It is important to note here that the problematic nature of income
inequality is not only discussed by researchers; it is also recognized at the national level: of the 17
Sustainable Development Goals adopted by the UN, at least one-third are related to overcoming
inequality and poverty.

Meanwhile, those characteristics of national populations that we call inequalities—social,
economic, cultural, political, etc.—also have another name: they are all various varieties. As is well
known, diversity is a property of a population of organisms, without which no changes in living nature
would occur, and human society simply would not have emerged: it is the diversity of individuals within
living beings that is the source of their evolution. This has been repeatedly noted by researchers studying
biological, economic, social, and cultural evolution. After all, it is the differences in the characteristics of
the elements of changing objects that create opportunities for the natural and/or artificial selection of
some of them, expanding the survival and reproduction potential of some while limiting those of others.
For example, in economies, the diversity of goods, technologies, organizational forms, etc., provides
different levels of complexity, and the greater this diversity, the greater the complexity of the economy,
its innovative and adaptive capacity [3]. Why is the diversity of some parameters of economic (and socio-
cultural) systems viewed by people as a positive quality, while its presence in other parameters is viewed
as a negative quality, as a problem that must be overcome? Any assessments made by an individual of
phenomena in the external world around them and in the internal world existing in their consciousness
are the result of their brain's comparison of the signals resulting from the perception of this phenomenon
with a group of neural circuits that represent social and other values formed on the basis of their life
experience [4]. If current signals are close to positive values, their source is evaluated positively; if such
closeness is absent, or if there is closeness to negative values, the object receives a negative evaluation.
Diversity of life experience is inevitably present in all people. It determines the formation of disparate
sets of values as "patterns” used by the brain to evaluate signals sent to it by the senses, perceiving objects
of both the external and internal worlds.

Accordingly, the assessments given by different people to the same perceived objects can differ
(and do differ): coincidence or closeness of assessments will indicate similarity in the values developed in
the brains of the individuals concerned. It is important to note here that such coincidences/discrepancies
apply not only to the specific features of material objects but also to abstract objects, the results of
cognitive processes.

People are characterized by a wide variety of properties and characteristics. Some of these are
natural in origin and cannot be changed, others are also natural but changeable to a greater or lesser
extent, and still others, being the result of actions taken and ongoing by individuals, are determined
largely by the decisions they made and implemented.

Among these characteristics, as our life experience shows, those included in the first two groups
are primarily viewed as diversity, while the properties comprising the third group are typically perceived
through the prism of inequality. Among them, it is generally accepted to distinguish several forms of
inequality, primarily social and economic, with narrower variations within them. This observation, at first
glance, provides grounds for linking the transformation of diversity into inequality with the role of
individuals in the emergence of the traits in question. Those "inequalities” that are independent of their
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decisions are perceived as diversity, while those caused by the actions of the individual or others are
assessed as inequalities. For example, when people are compared by height or eye color, they speak of
diversity, but when it comes to comparing social status or the amount of property owned by certain
individuals, the comparison shifts to the topic of inequality. However, this conclusion faces a
contradiction. responsibilities. Thus, the level of education of a particular individual depends not only on
whether they conscientiously completed their academic assignments, but also on their innate cognitive
abilities, which can also impact their social status. Differences in skin color are perceived by some
individuals as a source of social constraints, ensuring unequal access to various social positions.
Therefore, a "biological" explanation for why certain diversities become (almost) universally recognized
inequalities cannot be considered satisfactory.

The interpretation of inequality as a consequence of dishonesty or injustice has become
widespread, and a large body of literature has been devoted to this issue. Without attempting to provide
a comprehensive characterization of this concept, | will focus only on those works that are relevant to
the objectives of this article. One of the starting points here is article [5], devoted to the analysis of the
process of social comparison, which documents the "automaticity” or subconscious nature of this process
carried out by the brain. Within this framework, various characteristics of individuals, perceived by the
senses, are compared with self-assessments of their own similar characteristics and with the individual's
values. This means that any interactions between individuals and their groups involve social comparisons.
At the same time, according to [6], all these interactions are acts of social exchange, which, like any
exchange, also presupposes comparison. The latter, in turn, can demonstrate both equality and inequality
to the different parties to the exchange.

Inequality in social exchange, as shown in [6], generates relative deprivation in the party whose
assessment shows that as a result of the exchange, they find themselves in a lower position than the
individual initially considered themselves to be. At the same time, the other party does not experience
such a "lowering of their level”; on the contrary, they experience relative satisfaction (relative
gratification). Such social exchanges are characterized as unfair or unjust, which explains the well-known
interpretation of inequality as injustice, often heard in the judgments of journalists and politicians.

Thus, generalizing the presented approach, it can be said that diversity as the non-identity of the
properties of two or more objects of the same type is perceived as inequality by subject A if it brings him
certain negative consequences. If in his perception such (real or imagined) negative consequences are
absent (for example, they are not recognized or not understood), then diversity remains emotionally
neutral, not transforming into negative inequality. Briefly speaking, (non-mathematical) inequality exists
only in the subconscious and/or consciousness3 of individuals, while around them there is a diversity of
objects or their properties4. The ubiquity of social exchanges and the automaticity of social comparisons
leads to the fact that the attitude of rejection of inequality (inequity aversion) is quite typical among
people [7].

The outlined explanation of inequality and its significance for individual decision-making has
received model support in a number of studies demonstrating the importance of partners in cooperative
societies, which ensure the survival of small groups, choosing those who demonstrated an attitude
toward an equal distribution of the results of their actions, taking into account the effort they put in.
Similar behavior is demonstrated by many other animal species, although it is entirely possible that their
refusal to accept smaller shares of distributed goods was caused by factors such as disappointment or
frustration, rather than social comparison.

Thus, the reasons for the transformation of a situation from a state of diversity to a state of
inequality, the avoidance of which is evolutionarily inherent in humans, are complex and biosocial: the
formation of "reference points" for subsequent assessments of the fairness of exchanges is influenced by
both the innate and acquired properties of individuals, i.e., their abilities, as well as the opportunities to
realize these abilities provided by the formal and informal institutions that have developed in those
communities where individuals with different abilities live. This relationship can be expressed as the
following "formula":

(unequal) abilities + (unequal) opportunities — (unequal) welfare

In its content, it is not something new, since it was put forward in the theory of equal opportunities,
where, however, the innate and acquired abilities of the individual were considered part of the
opportunities, which thereby received a complex structure. It included external social (mainly
institutional) opportunities that society provided to the individual, and internal personal ones, with a
division into those that the individual could not change and those that he could influence. It seems that
renaming the last two groups to a more appropriate (at least in Russian) name “ability” will eliminate the
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likelihood of misunderstanding and complexity. In addition, the theory of equal opportunity highlighted
an important factor - the scale of efforts that an individual made to ensure his well-being. Obviously, it
has independent meaning, although it is influenced by both existing abilities and opportunities provided.
It is not highlighted in the proposed formula, since its task is not to describe all significant factors
affecting the well-being of individuals, but to separate individual abilities and social opportunities.

To reduce economic inequality, the need to ensure equality of opportunity is now widely
recognized. However, can all opportunities be equal? As research conducted to date shows, among social
inequalities there is at least one type, the elimination of which is hardly possible: we are talking about
inequality of social status, which, among other things, also affects access to various resources. The
statuses themselves, forming hierarchies in groups, began to arise, as is known, in animals, playing an
important role in the evolutionary process. Changes in informal institutions are also problematic, and
changes in formal institutions, if they do not correspond to informal ones, may encounter difficulties in
their functioning. In general, with regard to informal institutions, research that analyzes their
contributions to economic inequality would be useful.

Ensuring equality of people's abilities is obviously impossible. But do we know what their
contribution is to observed economic inequalities, such as income inequality, which is most widely
discussed in the literature? The first candidate for this influence is cognitive ability, as measured by
intelligence quotient, or IQ. Extensive research into the relationship between these abilities and various
economic indicators was presented in the book, which caused a wide and controversial response. For
example, the mentioned coefficients have been built into some economic growth models, demonstrating
their relationship with macroeconomic indicators; c it was confirmed that higher national IQ correlates
with higher GDP per capita; the study presented in showed such a connection within the Chinese
economy, etc. However, the article criticized Lynn and Vanhanen's approach, and the authors noted that
they were unable to reproduce the results presented in the mentioned monograph, and argued that the
publication of data on differences in average IQ between nations and races is dangerous because it
contains information that can be used by racists.

Thus, the influence of individuals’ cognitive abilities on economic processes in general has been
studied and continues to be studied, although their connections with economic inequality are practically
not addressed. Thus, it was found that in countries of the global South, where the average IQ is relatively
low, the population shows less demand for the acquisition of knowledge and innovation, and according
to this, the higher the average IQ in a country, the less inequality in income distribution there is. It is clear
that these results are clearly not enough to make valid conclusions regarding the contribution of these
abilities to economic inequality. Thus, the question of the influence of abilities on economic inequality is
not actually raised, and this factor remains clearly insufficiently studied to improve policy development.

Social consequences of economic inequality

The evolutionary roots of people’s beliefs in the unacceptability of inequality, noted above, ensure
their widespread adoption. This inevitably leads to the use of this theme in various political ideologies.

A recent review of the literature on this topic notes that long-term empirical studies of the impact
of economic inequality on such significant aspects of socioeconomic development as economic growth,
human development, and strengthening social coordination (governance) in public administration have
failed to yield any clearly defined conclusions: "the existing evidence is mixed." Despite this, the authors
assert that "inequality is a major international development challenge. This is explained both by ethical
considerations and by the fact that growing inequality is perceived as a factor negatively affecting key
socioeconomic and political outcomes." In other words, the "evidence base" for developing measures to
reduce or even eliminate economic inequality today resides less in the realm of scientific facts and more
in the realm of ideological beliefs.

One manifestation of this is the coexistence in the scientific literature of two groups of views, both
"for" and "against" economic inequality, with the underlying rationale being diverse. Among those who
advocate combating economic inequality and strengthening redistribution policies, there are, according
to consensus, at least two motives: overcoming (a) the injustice of global resource distribution and (b)
eliminating a threat to their own well-being. In countries with former socialist economies, such as China,
nostalgia is also a factor. Moreover, while the motive for eliminating injustice stems from an
evolutionarily conditioned avoidance of inequality, eliminating a threat motivates those who perceive
their relatively low status as precarious. Opponents of inequality reduction policies are also guided by
various motives: firstly, by naive economic beliefs that the economy is a zero-sum game, and that an
increase in the incomes of some will lead to a decrease in their own relatively high incomes, as identified
in [Brown, Jacoby-Senghor, Raymundo, 2022]; secondly, by the conviction that if inequality is due to
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adherence to existing norms, then it cannot but be justified and, therefore, legitimate; thirdly, by the
peculiarities of perceiving low incomes as a consequence of individual actions of people, and not of
certain socio-political features of the economy [Chater, Connolly, Loewenstein, 2026].

It is easy to notice that among the motives of participants in the first group—supporters of income
inequality reduction policies, identified as a result of empirical analysis—the one that is quite often
mentioned by Russian researchers, namely, the motive of preventing the growth of social tensions, which
can lead to a continued increase in economic inequality. | note that this rationale for inequality reduction
policy is rarely mentioned by foreign researchers.

What could be the reason for this discrepancy? It seems likely to stem from the low prevalence,
including among economists, of system justification theory, developed by psychologists in the early 1990s
[Jost, Banaji, 1994] and widely accepted: as of early March 2026, it had been cited more than 5,600
times. What does this theory assert? In modern countries, where states are the largest employers and
providers of various forms of social support and public services, a decline in the income of some and an
increase in the income of others does not motivate the former to protest against the state. After all, such
protests, according to users of various state benefits, can reduce state support, which, in the absence of
unrest, could, on the contrary, increase—as a reward for the lack of resistance. Thus, protesting against
state social policy means undermining hopes for its improvement.

Therefore, while in the late 1980s, most conflict researchers, as noted in [Lichbach, 1989], believed
that high levels of economic inequality were a significant source of social tension, after the state's role
in social support increased and it became the primary philanthropist, economic inequality effectively
ceased to be a factor in social anti-government protests. Of course, it retains its potential where the
state's role in social security and support for the poor is small, but in modern countries its significance is
practically imperceptible: consumers of state benefits justify and support the system, which, in turn,
supports them.

As of March 9, 2020 In 2026, the phrase "system justification theory"” was cited 59 times in Russian
articles. However, a work by Russian authors describing the theory's content, published almost 40 years
after its inception, has already been cited nearly 700 times, so researchers studying economic inequality
are becoming significantly more familiar with system justification theory.

Conclusion

An analysis of two aspects of the state of the art in the study of economic inequality dynamics
revealed the following. Empirical data that can be used to develop social policy approaches and measures
aimed at reducing inequality underdevelops the impact of such factors as the diversity of human abilities.
This applies to both genetically determined abilities and those whose development is influenced by
individuals themselves. In analyzing the dynamics of economic inequality, the role played by legal and
other institutional opportunities created by society and the state for the manifestation of these abilities
has been studied quite well, and this is used in the development of effective social policy measures.
However, their interaction with human abilities, as well as the specifics of these interactions influencing
the economic consequences of decisions, also remains far from clear. Similarly, there is insufficient clarity
regarding the relationship between the structure of human abilities, including cognitive abilities, and the
structure of jobs in the economy. The increased use of artificial intelligence models observed in recent
years may, of course, reduce the importance of their correspondence, but this does not eliminate the
uncertainty itself. Since the economic consequences of inequality remain unclear, and the social
consequences shift to a purely moral realm where divergent positions have coexisted for millennia, the
concept of some economically optimal level of inequality clearly requires further discussion.

Overall, this means that studies of economic inequality have not addressed all the questions whose
answers would allow for further improvements in public policy, both social and economic, in the area of
income distribution.
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GIRIS

Miasir dévrde qlobal igtisadiyyatin inkisaf tendensiyalari gésterir ki, bilik, bacariq ve intellektual
potensial musssisalarin uzunmdddetli reqabat gabiliyysatinin formalasmasinda halledici rol oynayir.
onanaVi iqtisadi modelds maddi resurslaraasaslanan deyar yaratma mexanizmi tadricen ehamiyyatini
itirir ve onun yerini insan kapitalina asaslanan inkisaf modeli tutur. Bu baximdan insan resurslarinin
maddi olmayan aktiv kimi taninmas! ve onlarin iqtisadi deyerinin élcilmasi miasir elmi tedqigatlarin
prioritet istigamatlarindan biri hesab olunur.

Tedgigatin esas magsadi insan resurslarinin maddi olmayan aktiv kimi igtisadi mahiyyatinin
muisyyan edilmasi, onlarin mdhasibat ucotu ve maliyye hesabatlarinda eks etdirilmasinin
mdmkdnldydndn elmiasaslarla arasdirilmasidir. Maqalads insan kapitali anlayisinin formalasmasi, insan
resurslarinin -maddi olmayan aktivlers xas xdsusiyyatleri hemcinin bu saheds tatbig olunan
giymatlendirme metodlari sistemli sekilds tahlil edilmisdir. Eyni zamanda beyna(xalq tacriibs ve mévcud
muhasibat ucotu standartlari kontekstinds insan resurslarinin aktiv kimi taninmamasinin ssebebleri
arasdirilmisdir.

Tedgigat naticesinds miayyan edilmisdir ki, insan resurslari miassiseye galocak igtisadi fayda
gatirmak qabiliyyatine malik olmagla maddi olmayan aktivlerin asas xdsusiyyatlerini dasiyir. Bununla
bels, onlarin hiiquqgi v metodoloji baximdan ucota alinmasinda mévcud olan mahdudiyystler alternativ
hesabat mexanizmlarinin  tatbigini zeruri edir. Aparilan elmi tahlil insan resurslarinin
giymatlendirilmasinin idareetma gararlarinin keyfiyyatinin artirilmasinda mdhidm rol oynadigini siibut
edir.

Qloballasma, regamsallasma ve innovasiya yondmli iqtisadi inkisaf seraitinde mdessisalerin
faaliyyat mexanizmlarinds kokli dayisiklikler bas vermekdadir. Miiasir iqtisadi minasibatler sisteminde
mduassisalerin bazar deyarinin formalasmasi artiq takce maddi aktivlerin hacmi ile deyil, daha ¢cox geyri-
maddi resurslarin, xdsusile insan resurslarinin ssmarali istifadeasi ile misyyen olunur. Insan resurslari
iscilorin bilik ssviyyesi, pese bacariglari, yaradicilig potensiali, adaptasiya qabiliyyati ve innovativ
dlstince terzi ile musssisenin davamli inkisafini temin edan asas strateji amil kimi ¢ixis edir.9nenavi
mdihasibat ucotu sistemlarinds insan emayine asasen cari xarcler prizmasindan yanasilir ve insan
resurslarina ¢akilon xercler hesabat dévriiniin xerci kimi taninir. Lakin mdasir iqtisadi realliqlar gdsterir
ki, insan resurslarina yénaldilen xerclor gisa middatliistehlak deyil, uzunmdddes tli iqtisadi fayda yaradan
investisiya xarakteri dasiyir. Tohsil, talim, ixtisasartirma ve motivasiya tadbirleri naticasinds formalasan
insan  kapitali  mdassissnin  mahsuldarligini  artirmaqgla  yanasi, onun bazar mdévqgeyinin
mohkemlanmasina xidmat edir.

Buna baxmayaraq, mévcud mdhasibat ucotu ve maliyye hesabati sistemlarinds insan resurslari
hale do maddi olmayan aktiv kimi taninmir ve balansda eks etdirilmir. Bu vaziyyat mUsssisanin real
igtisadi potensialinin ve bazar deyerinin tam sekilde tegdim olunmasina mane olur. Xisusile bilik ve
xidmat yonimli sahslerds fealiyyat gostearan miessisalerds insan kapitalinin payr maddi aktivieri xeyli
lstaladiyi halda, maliyye hesabatlarinda bu ferg 6z aksini tapmir. insan resurslarinin maddi olmayan
aktiv kimi giymatlendirilmesi masalesi tekce miihasibat ucotu ile mahdudlasmir, eyni zamanda strateji
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idareetma, investisiya gararlari ve korporativ deyer formalasmasi baximindan da mdhim ahamiyyet
kasb edir. Insan kapitalinin deysrinin élcilmasi misssise rehbarliyine resurslardan daha semearali
istifade etmak, is¢ci dévriyyasini azaltmaq ve uzunmdiddatli inkisaf strategiyasini @saslandirmaq imkani
yaradir.

Bu baximdan tedgigatin aktualligi insan resurslarinin iqtisadi mahiyyatinin yeniden nezarden
kecirilmasi, onlarin maddi olmayan aktivler sisteminds yerinin miayyan edilmasi ve mévcud metodoloji
yanasmalarin tahlili ile sertlenir. Aparilan elmi arasdirma insan resurslarinin giymatlendirilmasine dair
nazari ve praktiki yanasmalari sistemlasdirerek bu sahade elmi boslugun aradan qaldirilmasina
yoénalmisdir.

1. insan resurslari ve insan kapitali anlayisinin elmi mahiyyati

Insan resurslari anlayisi miisssisenin fealiyyatinds istirak edan iscilarin fiziki, intellektual, psixoloji
ve pesa potensialinin mecmusunu ifads edir. Bu anlayis yalniz is¢i qlvvesinin say gdstericileri ile
maehdudlasmir, eyni zamanda iscilarin bilik seviyyesi, pese bacariqlari, emak vardisleri, tacribasi ve
taskilati mihite uygunlasma qabiliyyatini de shate edir. Miiasir idareetms nazariyyalerinds insan
resurslari mdisssisanin strateji inkisafini tamin eden asas amillardan biri kimi giymatlendirilir.

Insan kapitali anlayisi ise insan resurslari anlayisina nisbeten daha genis v darin mezmun dasiyir.
Insan kapitali dedikds iscilorin tahsil seviyyasi, ixtisas hazirlidi, pese tacriibasi, intellektual bacariglari,
yaradicilig potensiali va innovasiya qgabiliyyati basa dstiliir. Bu anlayis insanin bilik ve bacariglarinin
igtisadi deyer yaratmaq qabiliyyatini én plana ¢ixarir ve insani passiv istehsal amili deyil, aktiv deyer
yaradan kapital formasi kimi teqdim edir.

Igtisadi nezeriyyaye asasen insan kapitalina yénaldilen investisiyalar — tehsil, pesekar talim,
ixtisasartirma kurslari, motivasiya ve inkisaf programlari — uzunmdiiddatli dévrde mlsssisaye alave
iqtisadi fayda getirir. Bu investisiyalar neticesinde is¢i mehsuldarligi artir, innovasiya potensiali
genislanir va mdassisenin reqabat qabiliyyati yiksslir. Digar terafden, insan kapitalina qoyulan
investisiyalar geri dénmeaz xarcler deyil, galecak dévrlarde gelir formalasdiran strateji yatirimlar kimi
¢Ixis edir.

Belalikla, insan resurslari ve insan kapitali anlayislari arasinda six alage mévcuddur. insan
resurslari daha cox kemiyyat ve teskilati aspektleri shate etdiyi halda, insan kapitali keyfiyyat
gostaricilerine ve igtisadi deyer yaratma potensialina fokuslanir. Bu xdsusiyyatler insan resurslarini
maddi olmayan aktivlerin asas alamatlerine yaxinlasdirir ve onlarin igtisadi mahiyyatinin yenidan
giymatlendirilmasini zeruri edir.

2. Insan resurslarinin maddi olmayan aktiv kimi taninmasinin nazeri asaslari

Maddi olmayan aktivler fiziki formaya malik olmadan mdisssiseye galacek dévrlards igtisadi fayda
gatiran resurslar kimi xarakterize olunur. Bu aktivler misssisanin dayar strukturunda mdihim yer tutur
ve xtsusile bilik asasli iqtisadiyyat seraitinds onlarin rolu daha da artir. Maddi olmayan aktivlerin asas
xususiyyatlarine galecak iqtisadi fayda yaratmagq qabiliyyati, uzunmdddatli istifade potensiall ve strateji
ahamiyyat daxildir.

Insan resurslari da igtisadi mahiyyatine gére bu xtsusiyyatlorin aksariyyatine malikdir. ilk
névbads, insan resurslarr misssisanin galecak fealiyyat naticelarine birbasa tesir gosterir ve alave
igtisadi fayda yaradir. Yiiksek ixtisasli ve pesekar kadrlarin mévcudlugu mehsuldarligin artmasina,
xarclerin optimallasdirilmasina ve innovativ hallerin tetbigine sarait yaradir. Bu ise insan resurslarinin
galacak igtisadi fayda yaratmagq gabiliyyatini agiq sekilde nimayis etdirir.

Insan resurslari strateji ehemiyyat dasiyir. Miasir miiessisalords texnologiya ve maddi resurslar
asanligla takrarlana bildiyi halda, insan kapitali nadir ve avezolunmaz resurs hesab olunur. Iscilorin bilik
ve bacariqlari misssisanin bazarda ferqlenmasine ve davamli reqabst Ustiinliiyli alde etmasine imkan
yaradir. Bu baximdan insan resurslarr mdlassisenin uzunmdiddatli inkisaf strategiyasinin asas
komponentlerindan biri kimi ¢ixis edir.

Insan resurslarr miassisanin bazar deyarine ahamiyyatli dereceds tasir géstarir. Praktikada tez-
tez misahide olunur ki, maddi aktivlerin hacmi mahdud olan, lakin yiksek insan kapitalina malik
muassisalerin bazar dayeari xeyli yiksak olur. Bu iss maliyye hesabatlarinda aks olunmayan, lakin real
iqtisadi deyer yaradan insan resurslarinin rolunu bir daha tasdiglayir.

Bununla yanasi, insan resurslarinin maddi olmayan aktiv kimi taninmasinda asas problem onlarin
miassisaye maxsuslug seviyyasinin hiqugi baximdan qeyri-miayyan olmasidir. Iscilor hiiqugi cohatdan
mdstaqil subyekt olduqlari liclin misssise onlarin bilik ve bacariglarina tam nezaret eds bilmir. dmak
mdnasibatlerinin  mdqavile xarakteri dasimasi insan resurslarinin  klassik —aktiv anlayisina
uygunlasdirilmasini ¢atinlesdirir.
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Eyni zamanda, insan resurslarinin deyarinin etibarli v obyektiv sekilde dlclilmasi masalesi do
nezori mibahisalere sebeb olur. Insan kapitalinin subyektiv xarakter dasimasi, fordi xdsusiyyatlorden
asili olmasi ve zamanla dayismasi onun miihasibat ucotunda aktiv kimi taninmasini mehdudlasdiranesas
amillerdandir. Buna baxmayaraq, mdasir elmi yanasmalar insan resurslarinin alternativ hesabat
mexanizmlari vasitasile giymatlendirilmasinin mimkdinliydind esaslandirir.

Natice etibarils, insan resurslari iqtisadi mahiyyatine gére maddi olmayan aktivlerin asas
xususiyyatlerine malik olsa da, onlarin hiquqi ve metodoloji xdsusiyyatleri klassik mihasibat ucotu
carcivesinde aktiv kimi taninmasini ¢atinlesdirir. Bu ise insan resurslarinin giymetlondirilmasi lzre yeni
konseptual yanasmalarin ve alternativ hesabat modellarinin formalasdirilmasini zeruri edir.

3. Insan resurslarinin giymatlendirilmasi metodlari

Insan resurslarinin igtisadi dayerinin miayyan edilmasi miasir elmi adabiyyatda an cox miizakire
olunan mesalelorden biridir. Insan kapitalinin qeyri-maddi ve subyektiv xarakter dasimasi onun
ol¢dlmasini ¢atinlesdirir. Buna baxmayaraqg, mixtalif elmi yanasmalar ¢arcivesinde insan resurslarinin
giymatlendirilmasi dgin bir sira metodlar formalasdirilmisdir. Bu metodlar esasen xarc, galir vo bazar
yanasmalarina boldndr.

1) Xerc yanasmasi

Xarc yanasmasi insan resurslarinin deyerini onlarin formalasdirilmasina ve inkisafina cekilen
xarclerasasinda misyyan edir. Bu yanasmaya gore insan kapitali miessisanin ke¢mis dévrlerds iscilarin
hazirlanmasi (g¢ln serf etdiyi investisiyalarin macmusu kimi giymatlendirilir.

Bu metod asagidaki xarclariahate edir:

v’ tahsil ve pess hazirligi xarclari;

v’ talim ve ixtisasartirma programlari;

v’ ise gabul ve secim xarclari;

v’ adaptasiya ve inkisaf tadbirlari;

v' motivasiya ve sosial paket xarclari.

Codvel 1. Xarc yanasmasi lizre insan resurslarinin dayerinin formalasmasi

Xorc elementlari Igtisadi mezmunu Ucotda aks olunmasi
Telim xorclori Bacariglarin artirlmasi Cari xarc
Ise gabul xarclori Kadr secimi v yerlasdirma | Carixarc
Adaptasiya xarclori | Ise uydunlasma Cari xarc
Sosial paketler Motivasiya ve saxlanma Cari xarc

Miisbat xdisusiyyatlori:

1. Hesablama sads liyi:

Xarc yanasmas! asasen mdassisanin insan resurslarinin formalasdirilmasina ¢cekdiyi xarclerin
toplanmasi tzerinds quruldugundan, onun hesablanmasi nisbaten sadadir. Telim, ixtisasartirma ve ise
gabul xarcleri kimi maliyye malumatlarr misssisanin movcud ucot sisteminds asanligla mévcuddur. Bu
sadslik, yanasmanin xdsusile kicik ve orta sahibkarliq subyektleri ticlin praktik tatbigine imkan yaradir.

2. Melumatlarin asan alde olunmasi:

Bu metoddaasas manbaler miassissnin daxili maliyye ve personal hesabatlaridir. Belalikls, alave
sorgular, bazar arasdirmalari ve ya prognoz hesablama ehtiyaci olmur. Isci xarclorinin deqig ucotu ve
hesabatlilig mexanizmleri mévcud oldugda, metodun tatbigi stiretli ve effektiv olur.

3. Kvantitativ naticalerin alds olunmasi:

Xoarc yanasmasi is¢i kapitalinin deyerini reqgemlerle ifade etmeaye imkan verir, bu da mihasibat ve
maliyye hesabatlarinda alave gdsterici kimi istifade oluna biler. Bu xtsusiyyat planlasdirma ve blidce
tahlili prosesindes alave destek temin edir.

Menfi cehatlori:

1. Gelacak igtisadi faydani nezare almir:

Xorc yanasmasi yalniz kecmisds ve ya cari dévrde hayata kecirilmis xarclori nezors alir. Iscinin
galecekds yaratacagr slave deyer vo mehsuldarliq artimi bu yanasmada eks olunmur. Bu, insan
kapitalinin strateji ve uzunmdddstli rolunu tam aks etdirmemasine gatirib ¢ixarir.

2. Insan kapitalinin real bazar dayarini aks etdirmir:

Metod iscilerin potensial bazar giymatlerini, bacariglarinin reqabstg¢i dstinliyini ve emeak
bazarindaki talebi nezere almir. Bu ssbabdan, musssisanin balansinda géstarilen deyer real bazar
dayarindan ferqgli ola biler.

3. Innovasiya ve keyfiyyet géstericilorini nezere almir:
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Xarc yanasmas! yalniz maliyye gdstericilerine asaslanir, iscilerin yaradicilig ve innovasiya
qabiliyyatleri kimi keyfiyyat amillerini giymatlendirmir. Bu iss mdasir bilik esasli iqtisadiyyatda metodun
ahamiyyatini mahdudlasdirir.

2) Galir yanasmasi

Gelir yanasmas! insan resurslarinin dayerini onlarin galecekds yaradacadi iqtisadi faydanin
diskontlasdirilmis mebledi kimi misyyen edir. Bu metod insan kapitalini aktiv kimi deyerlendirmaye
daha yaxin yanasma hesab olunur.

Galir yanasmasina asasan:

Insan kapitalinin deyeri = galecek alave galirlerin cari deyeri

Cadval 2. Galir yanasmasi lzre insan kapitalinin qgiymatlendirilmasi (sarti niimuns)

Gostariciler Mablag
illikalave galir 300 000 AZN
Diskont derecasi 10 %
Gozlenilan istifads middati | 5l

Insan kapitalinin deyeri 1137000 AZN

Semarali taraflari:

1. Galacak igtisadi faydani nezere alir: Galir yanasmasi iscinin va ya insan kapitalinin galecekds
gatirecayi alave igtisadi faydanin diskontlasdirilmis deyeri lzerinde qurulur. Bu metod mdessisenin
insan resurslarindan alds edacayi real maliyye ve strateji naticaleri prognozlasdirmaga imkan verir.

2. Strateji gararlar lgin uygundur: Metod is¢i kapitalinin giymatini gelecek dévrlere asasen
hesabladigi liclin, menecerlar vo rehbarlar l¢din investisiya planlamas, ixtisasartirma strategiyalari ve
kadr secim gararlarinda etibarli gostarici rolunu oynayir.

3. Insan kapitalinin giymatlondirilmasinin bazar yénimli modellarle birlasdirilmasi mdimkdndiir:
Galir yanasmasi hem daxili, hem de xarici iqtisadi gostaricilers asaslanaraq strateji analizlerds istifads
oluna biler. Misal tctin, diskontlasdirilmis galir deyerleriamak bazarindaki mevaciblerle miqayise edile
bilsr.

Manfi cehatlari:

1. Prognozlarin subyektivliyi: Gelir yanasmas! is¢inin gelecekde yaradacagr elave dayeri
prognozlasdirmada asaslandidindan, naticaler misyyen derecade subyektiv olur. Iscinin performansi,
bazar sartlari ve igtisadi amillar dayisikliye maruz galdigda, giymatlendirmes de dayisir.

2. Diskont derecasinin secimi riski: Gelacak iqtisadi faydanin indiki deyere ¢evrilmasi liclin diskont
derecasi secilmalidir. Diskont derecasinin yanlis secilmasi insan kapitalinin dayerinin az ve ya ¢ox
giymatlandirilmasine sebab ola bilsr.

3. Hesablama mtrekkabliyi: Galir yanasmasi daha mirekkeb maliyye hesablamalari teleb edir vo
Viiksak dagqiqglik dgin atrafli malumatlarin mévcudlugu vacibdir. Bu ise kigik ve orta miassisaler (gtin
¢atinlik yarada biler.

4. Straf muhit ve bazar dayiskenliyine hassasliq: Makroigtisadi dayisiklikler, talebatin azalmasi ve
va is¢i kadrlarin digar miassisalere kocmasi kimi amillar galir yanasmasinin naticalerine birbasa tasir
gosterir.

3) Bazar yanasmasi

Bazar yanasmasi oxsar bilik va bacariqlara malik iscilerin @emak bazarindaki dayarine asaslanir. Bu
metodda insan resurslarinin dayeri emak bazarinda formalasan maaslar, bonuslar ve kompensasiya
paketlariasasinda misyyen edilir.

Cadval 3. Bazar yanasmasinin 8sas xususiyyatleri

Gostarici Meazmun

9sas meyar omak bazari giymetlari
Malumat manbayi | Odmak bazari statistikasi
Totbiq sahasi Nezari va miiqayisali tahlil
9sas mahdudiyyat | Standart bazarin olmamasi

Bu metod asasen nezari xarakter dasiyir ve praktiki tatbiqi mehduddur.

4. Beynalxalq mihasibat ugotu standartlari ve insan resurslari

Hazirda Beynalxalg Maliyye Hesabati Standartlari Surasi tarefinden gabul edilmis standartlara
asasan insan resurslarr maddi olmayan aktiv kimi taninmir. Bunun asas sebablari asagidakilardir:

v' insan resurslari izarinde tam nazaretin mimkin olmamasi;

v’ dayerin etibarli va obyektiv élciilmasinds ¢atinliklar;

v' hiqugi milkiyyat hiiququnun olmamasi.
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Cadval 4. insan resurslarinin aktiv kimi taninmamasinin sebablori

Meyar Insan resurslar1 | Maddi olmayan aktivler
Fiziki forma Yoxdur Yoxdur

Golacek fayda Var Var

Noazarat Qisman Tam

Hiqugi miilkiyyet | Yox Var

Buna baxmayaragq, bir sira inkisaf etmis élkalarde intellektual kapital hesabatlari, insan kapitali
gostericileri ve geyri-maliyye hesabatlari tetbiq edilmakdadir.
5. Insan resurslarinin aktiv kimi kaninmasinin Gstdnliklari ve riskleri
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6. Azarbaycanda insan resurslarinin maddi olmayan aktiv kimi giymatlendirilmasi

Azarbaycanda insan resurslarinin maddi olmayan aktiv kimi giymatlendirilmasi mesalesi son
illards igtisadi inkisaf strategiyalari ¢arcivesinde daha cox digget merkezine cevrilmisdir. Olkeds
igtisadiyyatin saxelondirilmasi, qgeyri-neft sektorunun inkisafi ve innovasiya ydndmli fealiyyatin
genislandirilmasi insan  kapitalinin  @hamiyyatini artirmisdir.  Xdsusile  xidmat, informasiya
texnologiyalari, maliyye ve tehsil sektorlarinda faaliyyat gosteren miessisaler lclin yiksek ixtisasli
amak resurslari asas reqabat Ustinliyd hesab olunur.

Buna baxmayaraq, Azerbaycanda fealiyyat gdsteren miassisalarin boyik skseriyyatinds insan
resurslarinin iqtisadi dayarinin sistemli sakilds giymatlandirilmasi va hesabatlarda aks etdirilmasi hals
genis yayilmamisdir. dnanavi mihasibat ucotu praktikalarinda is¢i glivwasine ¢akilon xercleresasen cari
xarclor kimi gebul edilir ve onlarin uzunmdiddatli iqgtisadi fayda yaradan investisiya Kimi
giymatlendirilmasi meahdud ssviyyads hayata kecirili. Bu veziyyat mdisssisalerin real igtisadi
potensialinin maliyys hesabatlarinda tam sskilde aks olunmamasina sebab olur.

Son illards dlkeds insan kapitalinin inkisafina yénalmis dévlet programlari, tahsil islahatlari, pese
hazirligi ve kadrlarin ixtisasartirma programlari insan resurslarinin keyfiyyatinin yiksaldilmasinae mdhim
téhfe verir. Xisusile ali tahsil misssiselarinds ve iri sirketlarde insan resurslarinin idare olunmasi
sahasinds mdasir yanasmalarin tatbigi genislenmekdadir. Bununla yanasi, beynalxalq sirketlerin ve
transmilli korporasiyalarin Azerbaycanda fealiyyati insan kapitalinin qiymatlendirilmasi ve idare
olunmasi tizre yeni idareetma standartlarinin tetbigine de stimul yaradir.

Bununla bels, insan resurslarinin maddi olmayan aktiv kimi giymatlendirilmasi sahsasinds
metodoloji yanasmalarin formalasdirilmasi, geyri-maliyye hesabatlarinin tetbiqgi ve insan kapitalinin
oOl¢dlmasi tzre vahid gdstericiler sisteminin yaradilmasi hale de aktual mesalalerden biri olarag qalir.
Bu istigamatde elmi tadgiqatlarin genislendirilmasi, misssisalerds strateji insan resurslari idareetma
modellarinin tatbigi ve beynalxalqg tecriibanin dyrenilmasi Azerbaycanda insan kapitalinin daha
semaraliistifade olunmasina ve igtisadi inkisafin dayaniqliginin artirlmasina mihdm téhfe vere biter.

NOTICO

Aparilmis elmi-nezeri ve empirik tadgigatlarin naticaleri gbsterir ki, insan resurslari mdasir iqtisadi
saraitde mdusssisalerin fealiyyatinin asas hareketverici qlvwalerinden biri olmagla yanasi, iqtisadi
mabhiyyatine gére maddi olmayan aktivlerin fundamental xisusiyyatlerine malikdir. Iscilerin bilik
saviyyasi, pese bacariqglari, tacriibasi, innovativ disince gabiliyyati ve yaradiciliq potensiali miassisenin
uzunmdddatli reqabst dstinliyinin formalasmasinda halledici rol oynayir. Bu xdisusiyyatler insan
resurslarinienanavi istehsal amili carcivesindan ¢ixararaq, strateji kapital kateqoriyasina yaxinlasdirir.

Tedgiqat naticasinde misyyan edilmisdir ki, insan kapitalina yonaldilen investisiyalar — tahsil,
pesakar talim, ixtisasartirma, motivasiya ve inkisaf programlari — miassisaler lclin qisa middatli xarc
deyil, uzunmdiddatli iqtisadi fayda yaradan strateji investisiya xarakteri dasiyir. Bu investisiyalar is¢i
mehsuldarliginin artmasina, innovativ fealiyyatin genistenmasine, emak resurslarindan istifadenin
samaraliliyinin ylikselmasine ve natice etibarile misssissnin maliyye gdstericilerinin yaxsilasmasina
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sabab olur. Empirik tehliller gésterir ki, insan kapitalina daha ¢ox sermays qoyan miassisaler bazar
saraitinde daha dayaniqli mévqge tutur ve risklere garsi daha davaml olur.

Bununla yanasi, tadgigat stibut edir ki, mévcud mihasibat ucotu ve maliyye hesabati standartlari
insan resurslarinin maddi olmayan aktiv kimi resmi sekilds taninmasina imkan vermir. insan resurslari
Uzerinde tam mdlkiyyat hiququnun olmamasi, dayerin etibarli ve obyektiv élclilmasinds yaranan
catinliklar, hamcinin etik va hiquqgi mehdudiyyatler onlarin balansda aktiv kimi eks etdirilmasini
angalleyan asas amiller sirasindadir. Neticads, musassisalerin maliyye hesabatlarinda real igtisadi
potensiali tam aks etdirmeyen veziyyat formalasir

Bu baximdan tedgiqatin asas naticelerindan biri ondan ibarstdir ki, insan resurslarinin iqtisadi
dayarinin olctlmasi ve qiymatlendirilmasi l¢giin mévcud ucot mexanizmlari kifayat etmir ve alternativ
yanasmalarin tatbigi zeruridir. insan kapitalinin giymatlandirilmasi (izre vahid metodoloji yanasmalarin
formalasdirilmasi, geyri-maliyys gdstaricilerine asaslanan hesabatlarin, intellektual ve insan kapitali
hesabatlarinin tatbiqi misssisslerin igtisadi seffafliginin artirilmasina mdhim téhfe vers biler. Bu cir
yanasmalar idareetms gararlarinin daha asaslandirilmis sekilds gabul edilmasine, resurslarin daha
samarali béliisdiriilmasine ve strateji planlasdirmanin tekmillesdirilmesine imkan yaradir.

Eyni zamanda, insan resurslarinin giymatlendirilmasinin institusional ve normativ asaslarinin
inkisaf etdirilmasi milli mihasibat ucotu sisteminin beynalxalq tacriibsye uygunlasdirilmasi baximindan
da ehamiyystlidir. Xisusile bilik ve xidmat yonimli igtisadiyyat ssraitinde insan kapitalinin rolunun
artmasi bu sahede elmi tedgigatlarin davam etdirilmasini ve yeni konseptual yanasmalarin
formalasdirilmasini aktuallasdirir.

Natica etibarile, aparilan tedgiqat gostarir ki, insan resurslarinin maddi olmayan aktiv kimi
giymatlendirilmesi yalniz nezeri ehemiyyat dasimir, eyni zamanda mdsssisalerin idareetma
samaraliliyinin yiksaldilmaesi, investisiya calbediciliyinin artirilmasi ve davamli inkisaf strategiyasinin
formalasdirilmasr baximindan mihim praktiki ehemiyyate malikdir. Galacak tadgigatlar bu sahades
metodoloji bosluglarin aradan qaldirilmasina ve insan kapitalinin ucot va hesabat sistemlarinds daha
dolgun aks etdirilmasina yonaldilmalidir.
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Abstract

In the modern era, digitalization serves as one of the main drivers of economic development and
has a significant impact on the activities of business entities. In particular, for small and medium-sized
enterprises (SMEs), the application of digital technologies is of strategic importance in terms of
enhancing competitiveness, increasing operational efficiency, and expanding market opportunities. The
article also examines the level of digitalization among SMEs operating in Azerbaijan, the existing
opportunities and challenges in the digital transformation process, as well as the impact of digital
technologies on business operations. The study employed theoretical and empirical approaches, and the
data obtained from a structured survey were analyzed using statistical methods. The results of the study
show that digitalization increases the productivity and competitiveness of SMEs; however, financial
constraints, low levels of digital literacy, and problems with technological infrastructure hinder the
development of this process. The article also presents practical recommendations for increasing the level
of digitalization among SMEs.

AHHOMauyus

B coBpemeHHYrO 3N0XYy Yugposu3ayus BbICMynaem OOHUM U3 OCHOBHbIX (Gakmopos

SKOHOMUYeCK020 pa3BUMUS U OKA3bIBAEM CYUeCmBeHHoe BUSHUE Ha 0esimesibHOCM b X038UCMBYHWUX
cybbekmos. B 4yacmHocmu, 018 Masabix U CcpedHux npednpusmud (MCII) npumeHeHue UudpoBbIX
mexHosoeuld — umMeem  CMpamez2ud4eckoe  3HayeHue  C  MOYKU  3peHus  NOBbILIEHUS
KOHKYPeHmMOoCNOCOOHOCMU, YBeuYeHUs onepayuoHHoU 3¢dekmusHoCMU U pACUIUPeHUsT PbIHOYHbIX
BO3MOXCHOCMel. B cmamee paccmampuBaromcs yposeHs uugposusayuu MCI, pYHKUUOHUPYOUWUX B
A3epbalioxare, Cywecmsyrouue BO3MOXHOCMU U NPobieMbl Npoyecca yugposol mpaHcgpopmayuu, a
Markxe s/UAHUE UUPPOBLIX mexHosmo2ul Ha desamesibHoCMb npeonpusmud. B uccnedosaruu 6biiu
UCNOJIb30BAHbI Meopemuyeckue U 3Mnupuyeckue nooxoobl, a OAHHbIE, NOJIyYeHHbIe B pe3ysibmame
CMPYKMYpPUPOBAHHO20 0NPOCA, bbl/IU NPOAHA/IU3UPOBAHBI C NPUMEHEeHUEeM CMAamuCmu4yeCcKux Memaooos.
Pe3ysibmamsl  UCCIe008AHUS  NOKA3bIBAOM, YMO Uugposusauyus cnocobcmayem NOBbILIEHU
Npou3BOOUMEILHOCMU U KOHKYpeHmocnocobHocmu MCII; 00HaKO (pUHAHCOBbIE 02PAHUYEeHUSs, HU3KUU
YpoBeHb Yugposol epamomHocmu U npobsiemMbl MexHoI02u4eckold UHGPAcmpyKmypbl COePHUBArOM
paszsumue 0aHHO20 Npoyecca. B cmambe makxe npedcmassieHbl NPAKMUYeckue pekomeHoauuu no
NOBLIWEHU YPOBHS LUGPOBU3AUUU MAJIbIX U CPEOHUX npednpusmud.

Keywords: digitalization, SMEs, digital transformation, digital economy, innovation, Azerbaijan.
Knrovesble cnosa: yugpposuzauyus, MCI, uugpposas mpaHcpopmayus, yupposas 3KOHOMUKA,
UHHoBauuu, A3epbalioxaH.

Introduction. One of the main trends in the development of the modern global economy is the
process of digitalization. The rapid development of information and communication technologies has led
to the transformation of business models, the modernization of management mechanisms, and the
integration of economic relations into the digital environment. Digitalization is not only about
technological changes but also a strategic factor that ensures increased economic efficiency and
competitiveness.

Small and medium-sized enterprises (SMEs) not only constitute the bulk of the economy but also
play a vital role in providing employment, fostering innovation, and developing the entrepreneurial
environment. In today’s environment of intensifying global competition, the integration of SMEs into
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digital technologies takes on particular significance in terms of ensuring their sustainability in the
market.

In recent years, Azerbaijan has implemented significant measures aimed at developing the digital
economy. The expansion of e-government services, the development of digital financial systems, and
increased investment in information technology have accelerated the country’s digitalization process.
However, the level of digitalization in the SME sector and its effectiveness have not yet been fully studied.

From this perspective, the main objective of this article is to assess the level of digitalization among
SMEs in Azerbaijan, examine the impact of digital technologies on business operations, and identify
existing challenges.

Literature Review. The essence of small and medium-sized enterprises (SMEs) is defined by the
multifaceted functions they perform within the economic system. SMEs are entities that, compared to
large enterprises, are more flexible, make decisions more quickly, and are able to adapt rapidly to market
changes. Their main characteristic lies in their tendency to seek innovative solutions despite limited
resources and in their ability to fill gaps in various sectors of the economy.

The essence of small and medium-sized enterprises lies primarily in the diversification of economic
activity. Enterprises of this type are widespread in manufacturing, services, trade, agriculture, and other
sectors, and contribute to the balanced development of the country’s economy. Their activities lead to
the formation of new markets, the efficient use of local resources, and the strengthening of the
entrepreneurial ecosystem.

At the same time, one of the most important characteristics of SMEs is their social function. These
enterprises provide the bulk of employment in most countries, help reduce regional unemployment, and
facilitate the integration of young people into the labor market. Creating a closer and more transparent
environment in relations between workers and enterprises has a positive impact on the development of
human capital.

The European Union (EU) recognizes that small and medium-sized enterprises (SMEs) are one of the
main drivers of economic growth and has therefore been developing SME policies at the strategic level
for many years. With the aim of enhancing the competitiveness of SMEs, expanding their financial
opportunities, and creating conditions for more sustainable operations in the European market, the EU
adopted a framework document in 2008 titled “Small Business Act for Europe” (SBA). This document
effectively serves as the constitution of European policy regarding SMEs and sets out general principles
for all member states.

The SBA’s activities are guided by the “Think Small First” principle. This approach holds that the
interests of small and medium-sized enterprises must be given priority when developing public policy and
adopting new regulations. This entails both eliminating additional burdens on the administration and
minimizing administrative barriers that weaken the competitiveness of SMEs. The “Small Business Act”
sets forth 10 key principles that promote the development of SMEs, and these principles serve as a guide
for shaping SME policy in EU countries.

The development of an entrepreneurial culture in ASEAN countries, support for entrepreneurial
initiatives among youth, and the commercialization of innovative ideas are identified as key principles of
the SBA. The SBA establishes effective legal mechanisms to facilitate the return of SME owners to the
economic system following business failure. The goal is for business closure to be viewed not as a long-
term punishment for the entrepreneur, but as a fresh start.

When drafting new laws and regulations, the Al strives to avoid imposing an additional
administrative burden on SMEs. The “Think Small First” approach serves precisely this purpose. The user-
friendly use of e-government services by SMEs and the digitization of licenses and permits form the basis
of this principle. The Al encourages the active participation of SMEs in public procurement. Special quotas
and simplified tendering mechanisms are applied.

Thanks to programs such as COSME, InvestEU, and Horizon Europe, SMEs have greater access to
loans, guarantee funds, and venture capital. The European Investment Fund provides SMEs with grants
for research and development (R&D), opportunities for technology transfer, and support for integration
into innovation clusters. Reducing the carbon footprint of SMEs, transitioning to green technologies, and
improving resource efficiency are supported by special incentive mechanisms.

Single Market requirements have been simplified and harmonized to enable SMEs to operate freely
across the 27 EU member states. The EU supports the expansion of SMEs’ export potential through
international trade networks, market research services, and EU offices abroad.

Digital transformation in small and medium-sized enterprises (SMEs) is a key factor in
competitiveness in today’s economic environment. This process contributes both to improving a



XXI INTERNATIONAL SCIENTIFIC CONFERENCE. STOCKHOLM. SWEDEN. 02-03.06.2026

company’s internal efficiency and to strengthening its position in global markets. SMEs that successfully
adopt digital technologies achieve a more flexible, rapid, and sustainable growth trajectory. For this
reason, digital transformation is no longer a choice for SMEs but an inevitable strategic necessity.

Digital transformation is viewed as a phase of both development and restructuring for small and
medium-sized businesses. This process affects all stages of business operations and involves a shift from
traditional business practices to digital approaches. Although the opportunities created by digitalization
enable SMEs to become more flexible, resilient, and competitive, implementing this process comes with
a number of challenges. For this reason, digital transformation is a complex process based on balancing
both opportunities and risks.

One of the key benefits of digital transformation is the improvement of operational efficiency.
Electronic document management, automated management systems, and cloud technologies enable
small and medium-sized businesses to accomplish more with fewer resources. Digital solutions streamline
workflows, reduce time wasted, and minimize human error. Additionally, these technologies improve
decision-making within organizations and enable real-time access to information. At the same time,
digitalization expands organizations’ market opportunities. E-commerce channels, online sales
platforms, and social media marketing opportunities create conditions for SMEs to expand beyond the
local market, attract a new customer base, and participate in the global market.

Research Methodology. The main objective of this study is to assess the level of digitalization
among small and medium-sized enterprises (SMEs) operating in Azerbaijan, analyze the extent to which
digital technologies are used, and determine the impact of this process on business operations. The study
included both a description of the current situation and a statistical analysis of the relationships between
variables.

A quantitative approach was used in the study. A survey method was chosen to collect empirical
data, and information was obtained using a structured questionnaire. The questionnaire questions
addressed the level of digital technology adoption by SMEs, the impact of digitalization on business
outcomes, and the challenges encountered in this process.

The main hypotheses of the study are formulated as follows:

H1: There is a positive relationship between the level of digitalization and a company’s revenue
growth.

HZ2: There is a statistically significant relationship between the level of digital technology adoption
and operational efficiency.

H3: The level of digital skills has a direct impact on the degree of digitalization of SMEs.

The SPSS software package was used for data analysis. The statistical analysis included descriptive
statistics, correlation analysis, and comparative tests.

To collect empirical data for the study, a survey method based on a quantitative approach was
used. For this purpose, a structured questionnaire was developed and a survey was conducted among
small and medium-sized enterprises (SMEs) operating in Azerbaijan. The survey collected data on the level
of digitalization of enterprises, the technologies they use, the impact of digital transformation on
business results, as well as the main difficulties they face.

The questionnaire consists of several sections. The first section identifies the general
characteristics of the respondent organizations (field of activity, number of employees, duration of
operation, etc.). The second section is aimed at assessing the level of digital technology adoption by
enterprises. The third section assesses the impact of digitalization on economic indicators, specifically on
revenue growth and operational efficiency. The final section identifies the main obstacles and constraints
in the digitalization process.

The survey included 250 participants from 50 small and medium-sized enterprises. The sample was
selected to represent various sectors of activity, with particular emphasis placed on the participation of
businesses in the retail, services, agriculture, manufacturing, and other sectors. This approach allowed
for more generalizable and objective results.

Data collection was conducted primarily through online platforms (Google Forms and email) and
partially through personal contact. To ensure the reliability of the collected data, the survey questions
were pre-tested during a pilot phase, and any unclear or imprecise questions were corrected.

Research Results and Analysis. As part of this study, a survey was conducted among 250
respondents to assess the level of digitalization of small and medium-sized enterprises operating in
Azerbaijan. Statistical analysis of the survey results was performed using SPSS, and the results are
presented below in a systematic format.
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According to the survey results, the level of digital technology adoption in organizations is rated as
high. Most respondents reported using digital technologies in their day-to-day operations (average score
~ 4.12). This indicator suggests that SMEs are in the process of transitioning from traditional business
models to digital approaches.

In particular, the use of digital systems for accounting and financial transactions has become
widespread. This is considered an important factor in terms of improving business efficiency and ensuring
transparency. At the same time, the high level of use of social media and digital marketing tools indicates
that digitalization plays an important role in the market-oriented strategies of SMEs.

To determine the characteristics of the respondent enterprises that participated in the study, data
were collected on their field of activity, number of employees, and duration of operation. The results are
presented in the table below.

Table 3.1. Demographic indicators of respondent enterprises

Indicator Category Number (N) | Share (%)
Field of activity Trade 85 34.0
Services 70 28.0
Agriculture 35 14.0
Industry / Manufacturing 40 16.0
Other 20 8.0
Number of employees 1-10 (micro) 110 44.0
11-50 (small) 85 34.0
51-250 (medium) 55 22.0
Duration of activity 0-3 years 60 24.0
4-7 years 70 28.0
8-15 years 65 26.0
Over 15 years 55 22.0

The results presented in Table 3.1 show that the majority of enterprises participating in the study
operate in the trade (34%) and services (28%) sectors. This indicates that SMEs are primarily
concentrated in service-oriented and market-oriented sectors. Although the share of agriculture and
industry is relatively small, there is also some presence in these sectors.

In terms of the number of employees, the majority of respondents are microenterprises (44%). This
result confirms that the structure of SMEs in Azerbaijan consists mainly of small enterprises. Small
enterprises account for 34%, and medium-sized enterprises for 22 %, which indicates a balanced structure
of the sector, albeit with a predominance of microenterprises.

In terms of years in operation, the data show that a significant proportion of businesses have been
in operation for 4-7 years (28%) and 8—15 years (26%). This indicates that the respondents are primarily
business entities with some experience . The share of recently established enterprises (0-3 years) is also
quite large (24%), which indicates continued dynamism in the entrepreneurial environment.

As part of the study, descriptive statistical indicators for the main variables were calculated based
on respondents’ answers. These indicators allow for an assessment of the general trend and distribution
of the variables.

Table 3.2. Descriptive statistical indicators for key variables

Variable N | Minimum | Maximum | Mean | Standard deviation
Digitalization level (Q4-Q8) 250 2.40 5.00 4.12 0.68
Impact of digitalization (Q9-Q13) | 250 2.20 5.00 4.05 0.72
Mathematical skills (Q14-Q16) 250 2.00 5.00 3.98 0.75
Barriers and difficulties (Q17-0Q20) | 250 1.80 4.80 3.10 0.81

The results presented in the table show that the level of digitalization among the responding
organizations is high. The average digitalization score of 4.12 confirms that the majority of enterprises
actively use digital technologies. This result indicates that SMEs have already achieved a significant level
of integration into the digital transformation process.

The average digitalization impact score (Mean = 4.05) indicates that digitalization has a positive
impact on business operations. In particular, outcomes such as revenue growth, reduced operating costs,
and accelerated business processes were highly rated by respondents.

The average level of digital skills was rated at 3.98, indicating that staff generally possess the
ability to use digital technologies. At the same time, the relatively high standard deviation suggests that
these skills are underdeveloped in some organizations.

The average score for obstacles and challenges, which stands at 3.10, confirms the existence of
certain problems in the digitalization process. These problems are primarily related to limited financial
resources, a lack of technical expertise, and infrastructure issues.
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Cronbach’s alpha was used to assess the internal consistency and reliability of the scales employed
in the study. This analysis determines whether the items within each group of variables measure the same

construct.

Table 3.3. Scale reliability indices (Cronbach’s alpha

Scale ltems Cronbach’s alpha | Reliability level
Quantitative rating level |  Q4-Q8 0.88 High
Impact of digitalization Q9-0Q13 0.91 Very high
Digital skills Q14-016 0.86 High
Barriers and challenges | Q17-020 0.82 High

The results presented in the table show that Cronbach’s alpha coefficients for all scales exceed
0.80. This indicates a high level of reliability for the survey instrument used.

The highest level of reliability was observed when assessing the impact of digitalization (a = 0.91).
This result indicates that the items included in this variable are strongly correlated with one another and
measure the same phenomenon.

The results for the level of digitalization (a = 0.88) and digital skills (a = 0.86) also confirm high
reliability. This indicates the stability and consistency of respondents’ answers in these areas.

On the scale measuring problems and difficulties, Cronbach’s alpha was determined to be 0.82,
which corresponds to a satisfactory and high level of reliability. This result shows that this indicator is
useful for analysis.

As part of the study, a Pearson correlation analysis was conducted to determine the relationship
between the main variables. This analysis allows us to determine the direction (positive/negative) and
strength of the relationship between variables.

Table 3.4. Correlation matrix by variables

Variables 1 2 3 4
1. Level of digitalization 1
2. Impact of digitalization 0.65** 7
3. Digital skills 0.58* | 0.62** 7
4. Obstacles and difficulties | -0.41** | -0.48** | -0.44** | 1

Note: p < 0.01

The correlation results presented in the table show that there are statistically significant
relationships between the variables.

Based on the results obtained, a strong positive correlation was identified between the level of
digitalization and the impact of digitalization (r = 0.65, p < 0.01). This result indicates that as the level
of digital technology use in an organization increases, so does its impact on business outcomes.

A positive and moderately strong correlation was also found between digital skills and the level of
digitalization (r = 0.58, p < 0.01). This indicates that the technological knowledge and skills of staff play
an important role in the effective implementation of digitalization.

At the same time, there is a positive correlation between digital skills and the impact of
digitalization (r = 0.62, p < 0.01). This result reaffirms that human capital is a key factor in the digital
transformation process.

A negative correlation was found between the “barriers and challenges” variable and all other
variables. In particular, there is a moderate negative correlation between obstacles and the impact of
digitalization (r = -0.48, p < 0.01). This means that as financial, technical, and institutional challenges
increase, the effectiveness of digitalization decreases.

As part of the study, a multiple regression analysis was conducted to determine the impact of
digitalization on the activities of institutions. The impact of digitalization () was used as the dependent
variable in the analysis, while the level of digitalization (Q 14—Q16), digital skills (Q17-Q20), and barriers
and challenges (Q18-Q20) were included as independent variables.

Table 3.5. General indicators of the regression model

Statistic Value

R 0.75

R? 0.56
Adjusted R? 0.55
F-statistic 48.3
Significance (p) | 0.000
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Table 3.6. Regression examples

Variable Standardized beta t Significance (p)
Significance level 0.42 6.85 0.000
Digital skills 0.35 5.90 0.000
Obstacles and difficulties -0.28 -4.75 0.000

The results of the regression model show that the model is statistically significant overall (F = 48.3,
p < 0.001). The model has a high explanatory power (R? = 0.56), meaning that the independent variables
account for 56% of the variation in the dependent variable. This result indicates that the model is
sufficiently robust.

Based on the results obtained, the level of digitalization is the factor with the strongest positive
impact on business performance (B = 0.42, p < 0.001). This result indicates that as the level of digital
technology use in organizations increases, their efficiency grows significantly.

Digital skills also have a significant positive effect (B = 0.35, p < 0.001). This confirms that the
technological knowledge and skills of staff play a key role in ensuring the effectiveness of digitalization.

The “barriers and challenges” variable, on the other hand, has a negative effect (B = -0.28, p <
0.001). This result shows that as financial constraints, technical incompatibilities, and infrastructure
problems increase, the impact of digitalization on the organization decreases.

The results of the regression analysis were used to test the hypotheses proposed in the study. The
hypotheses were formulated to determine the direction and significance of the relationships between
the variables.

Table 3.7. Results of the hypothesis test

Hypothesis Variable Beta (B) | p-value | Result
H1 Level of digitalization — Effect 0.42 0.000 | Accepted
H2 Digital skills — Impact 0.35 0.000 | Accepted

H3 Barriers — Impact -0.28 0.000 | Accepted

According to the results of the analysis, all hypotheses were statistically significant (p < 0.01).

In accordance with the first hypothesis, it was found that the level of digitalization has a positive
and strong impact on the company’s performance (B = 0.42). This result shows that the use of digital
technologies significantly increases the efficiency of SMEs.

The results for the second hypothesis show that digital skills also have a positive impact on the
company’s operations (B = 0.35). This confirms that human capital plays an important role in digital
transformation.

According to the third hypothesis, it was found that barriers and challenges have a negative impact
on organizational performance (B = -0.28). This result indicates that financial constraints, technical
issues, and organizational resistance reduce the effectiveness of digitalization.

The t-test for independent samples tests for a difference between two groups (for example: micro-
and small businesses).

HO: There is no difference between the groups

H1: There is a difference

Table 3.8. Results of the T-test

Group N | Mean (score) | Medium
Micro (1-10) | 110 3.95 0.72
Small/Medium | 140 4.25 0.60
Test t D
T-test | -2.85 0.005

The results show that there is a statistically significant difference in the level of digitalization
between microenterprises and other enterprises (p < 0.05). The level of digitalization is higher in small
and medium-sized enterprises

Comparative Analysis (in a Regional and International Context)

To more fully assess the results of the empirical analysis, the obtained indicators were compared
with the results of regional and international studies. This approach allows us to determine the position
of the level of digitalization of SMEs in Azerbaijan against the backdrop of global trends.

Based on the results of the empirical analysis, the average level of digitalization among SMEs
operating in Azerbaijan was determined to be high (average value ~ 4.12). This result indicates that a
significant proportion of these enterprises already use digital technologies in their day-to-day operations
and are actively engaged in the process of digital transformation. However, to more accurately assess
the nature of this level, it is necessary to compare it with international indicators.

In developed countries, particularly in OECD countries, the level of SME digitalization is more
structured and technologically advanced. According to OECD data (2024), the majority of SMEs in these
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countries use not only basic digital tools but also advanced technologies such as ERP systems, cloud
technologies, big data analytics, and artificial intelligence. In contrast, the digitalization of SMEs in
Azerbaijan is largely limited to entry-level technologies—online banking, electronic accounting, and
marketing activities on social media.

Studies conducted in the European Union show that approximately 59% of businesses have reached
a “basic level of digital intensity,” and among large enterprises, this figure exceeds 90%. Although this
figure is lower for SMEs, compared to the situation in Azerbaijan, there is a higher degree of structure in
the digital transformation process. In particular, e-commerce, cloud services, and the adoption of digital
management systems are more widespread among European SMEs.

Compared to developing countries, Azerbaijan is in a more advantageous position. According to
reports by the World Bank and the World Economic Forum, in most developing regions, a significant
portion of SMEs still lack access to basic digital infrastructure—reliable internet or modern technological
tools. In Azerbaijan, however, high internet penetration (=85-90%) and the widespread availability of e-
government services significantly expand SMEs’ opportunities for digitalization.

The differences become even more apparent when compared to East Asian countries, particularly
China and South Korea. In these countries, SMEs are more deeply integrated into the digital platform
economy, and solutions in the fields of e-commerce, fintech, and artificial intelligence are widely
adopted. In Azerbaijan, however, this process is still in its early stages, and the use of platform-based
business models is limited.

The results of the empirical analysis showed that digitalization has a significant positive impact on
the economic performance of small and medium-sized enterprises (SMEs) operating in Azerbaijan.
According to the results of the regression analysis, the impact of the level of digitalization on business
performance is statistically significant (8 = 0.42, p < 0.001). This result indicates that the use of digital
technologies creates conditions for increasing business revenue, reducing operating costs, and optimizing
work processes.

These findings are generally consistent with data from international studies. Reports by the OECD
(2024) and the World Bank also note that digitalization is one of the key factors driving productivity
growth in SMEs. In particular, thanks to the adoption of digital technologies, businesses can access
market information more quickly, optimize decision-making processes, and develop customer-centric
strategies. Studies conducted in developed countries show that the impact of digitalization is not limited
to the operational level but also leads to innovation and the formation of new business models.

Conclusions and Recommendations. Based on the results of the study, the level of digitalization
among small and medium-sized enterprises operating in Azerbaijan was analyzed, and the impact of this
process on business operations, as well as existing opportunities and limitations, were comprehensively
examined. The empirical and theoretical findings obtained allow us to formulate the following main
conclusions.

First and foremost, it was found that the level of digitalization among SMEs in Azerbaijan is
generally high, and most businesses actively use digital technologies in their day-to-day operations. This
indicates that the country’s digital transformation has already passed the initial stage and has entered
the phase of practical implementation. At the same time, it was found that digitalization is mainly
concentrated at the level of fundamental technologies, while the implementation of advanced systems
remains limited.

The research results show that digitalization has a significant positive impact on business
operations. In particular, the implementation of digital technologies leads to such important outcomes
as increased operational efficiency, reduced costs, accelerated workflows, and higher customer
satisfaction. The results of the regression analysis also confirmed the statistical significance of this
impact.

At the same time, it has been established that digital skills play a crucial role in the digitalization
process. As the level of technological knowledge and skills among staff increases, the effectiveness of
digital transformation also rises. This finding demonstrates that digitalization is not merely the adoption
of technology, but a complex process directly linked to the development of human capital.

Since research findings indicate that digital skills play a significant role, strengthening measures
aimed at developing human capital takes on particular importance. From this perspective, it is necessary
to organize continuing education programs for owners and employees of small and medium-sized
enterprises, improve digital literacy, and formalize practical technological skills. Expanding cooperation
between universities, training centers, and business entities can yield effective results in this regard.
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In addition, it is necessary to formalize a strategic approach to digitalization at the organizational
level. SMEs should view digital technologies not only as a means of streamlining day-to-day operations,
but also as a key component of their long-term development strategy. The use of digital marketing tools,
integration with e-commerce platforms, and the application of modern technologies in customer
relationship management can significantly strengthen companies’ market positions.

Another important area is the removal of existing barriers to digitalization. Comprehensive
measures are needed to reduce financial constraints, address gaps in technical knowledge, and minimize
resistance to change within organizations. To this end, both the government and the private sector
should establish advisory services, technical support platforms, and innovation centers.

In the long term, digitalization should be viewed as an integral part of the country’s overall
economic development strategy. To integrate SMEs into the global digital economy, it is particularly
important to expand international cooperation, strengthen the innovation and startup ecosystem, and
promote technology-driven business models.
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Abstract

The aim of this paper is to examine the features of the legal principle, which is one of the most
crucial components of the legal system and law overall. Legal principles are fundamental rules that
possess a stable nature and a deep philosophical foundation. They constitute the legal fabric and arise
from influences that predate positive law, connecting to timeless concepts such as truth, justice,
proportionality, correctness, and accuracy in actions overall. Legal principles are embedded within the
normative hierarchy, which encompasses legal principles, legal norms, legal doctrine, and legal practice.
This paper will explore the distinctions between principle and rule, or principle and norm, through various
criteria, including logical and source-based criteria. Utilizing these criteria, the authors analyze and
clarify the differences between these concepts. After outlining a general overview of the legal principle,
we will concentrate on specific principles such as the principle of the rule of law, and the principles of
equality and solidarity. The principle of the rule of law can be viewed as a foundational principle in
Europe, intricately tied to the very essence and evolution of the concept across various European nations
and, concurrently, with the law of the European Union. The principle of equality, encompassing equality
before the law (equality in law enforcement) and equality in law (equality in legislative creation), is a
shared European principle of the rule of law that frequently manifests as a ban on arbitrariness. These
principles are interrelated and do not exist in isolation but are fundamentally connected to one another.

Keywords: legal principle, rule, norm, rule of law, equality, solidarity

I. Introduction

Legal principles hold significant importance in the logical dimension of interpretation. Their
primary characteristic lies in the guidelines that shape the definition of legal rules concerning both the
rules themselves and the manner in which they are executed. The constitution contains legal principles
primarily within the description of certain fundamental rights and, to a lesser extent, in other sections
that provide general directions for regulations to follow. To summarize somewhat, constitutional legal
principles are crucial for interpreting statutes in alignment with the constitution. On one hand, they
indicate the importance assigned to specific principles; on the other hand, they represent the goals of the
statutory system's values and the broader legal system, while also delineating the scope of meaning
within which the statutory framework operates.

Legal principles can be traced back to Roman law. In the academic discourse following World War
I, scholars such as Esser, Larenz, and F. Bydlinski highlighted this topic, and since Dworkin's seminal work
"Model Rules |," it has frequently been a subject of theoretical debate in both Anglo-American and
European legal scholarship. Alexy is one of the authors who adds a distinctive perspective to these
discussions. The essential distinction between rules and principles is that rules are constructed in an "all
or nothing” manner. From the perspective of interpreting statutory provisions in accordance with the
constitution, a difference exists between the notion that human dignity is the common denominator of
fundamental rights and the principle that general legal actions cannot apply retroactively. They cannot
be directly executed but must first be operationalized through statutory rules that honor human dignity.
In this regard, legal principles serve as measures of values that can vary in intensity and whose application
is necessitated by specific behavioral types. The value measure that can be practically implemented is
neither absolute nor diluted in its essence, such as with the principle of human dignity or the principle of
freedom of expression. If it were absolute, it would imply the principle serves as the pinnacle from which
necessary solutions relevant to a particular case can be mechanically derived. Conversely, if it were
diluted, it would suggest that the application depends solely on how the relevant law enforcer interprets
and applies it.

Therefore, a legal principle is neither an absolute standard in content nor a criterion that relies
solely on the authority of the enforcer; it is a foundational value that necessitates acting "proportionally”
and "in a balanced way." This value foundation can be applied with such intensity as allowed by the
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content norms that are legally established in a specific legal realm and as dictated by the characteristics
of the case being adjudicated.

Il. Literature Review

In modern legal theory, the differentiation between rules and principles has been significant,
particularly regarding legal interpretation. Some theorists have argued that principles are not part of the
law under the positivist view, or at least not within Hart's understanding of law. This stems from
Dworkin's well-known critique of legal positivism, particularly Hart's version, which, according to
Dworkin, saw law merely as a set of rules. Dworkin begins by asserting that law contains standards that
do not operate as rules: these are principles. Both principles and rules lead to specific decisions, but rules
apply in a categorical manner. When the facts align with a rule, it is either valid, and the answer it
produces should be accepted, or it is invalid and thus does not aid in the decision-making process.
Principles operate quite differently; they possess a dimension of weight, "do not impose legal outcomes
that automatically arise when specified conditions are met," and the existence of counter-examples does
not negate the validity of a principle. Dworkin believes that Hart's rule of recognition, which asserts that
legal rules are valid due to approval from a competent authority, does not apply to principles, or at least
not to some of them, because their source does not stem from a distinct decision by a legislature or court,
but rather from a sense of appropriateness that has evolved within the profession and the public over
time. Dworkin contends that no one can alter the rule of recognition to encompass principles, nor can
the principles themselves be regarded as the rule of recognition.

Dworkin combines two distinct criteria to differentiate between rules and principles: a logical
criterion and a "source” criterion identified by Raz. The logical criterion pertains to the structure of the
standard. As previously discussed, he claims that both rules and principles direct towards specific
decisions; however, rules are applied in an all-or-nothing manner, whereas principles do not compel a
decision but instead direct us towards it, or, in Hart's terminology, principles are not definitive. The source
criterion suggests that principles may not solely originate from positive legislation or court rulings, but
can also stem from various sources, including morality (Travessoni, Trivisonno; 2016). With a clearer
understanding of Dworkin's classification, we can juxtapose it with Hart's framework and evaluate which
of Dworkin's criteria align with Hart's legal concept. Hart's rule of recognition does not dismiss rules
based on their logical type, but rather considers their source. According to Dworkin, Hart's rule of
recognition bars principles from entering the normative framework since it assesses whether a rule is
established by a legitimate authority. Dworkin contends that principles, or at least a subset of them, do
not satisfy this criterion. Since Dworkin himself acknowledges that principles can be derived from
legislation and judicial rulings, we can infer that he recognizes two varieties of principles: authoritative
and non-authoritarian (Travessoni, Trivisonno; 2016). This implies that, for Hart, non-final rules that are
produced by an authority acknowledged by the rule of recognition qualify as legal rules. This indicates
that some of the standards Dworkin refers to as principles specifically, Dworkin’s authoritative principles
are encompassed within Hart’s legal framework. The distinction between Hart’s and Dworkin's
interpretations and expansions of legal standards lies in Dworkin’s inclusion of non-authoritarian
principles, which Hart’s model does not incorporate. Furthermore, since Hart opposes Kelsen’s notion
that a legitimate norm must entail a sanction, we need not concern ourselves with Dworkin’s assertion
that principles sometimes fail to specify the repercussions for their violation. Additionally, it can be
posited that Dworkin’s positive principles fit into Hart’s structure either as primary or secondary rules,
since positive principles can pertain to the obligations individuals bear as well as to the establishment,
alteration, and articulation of other rules (Priel; 2015).

In conclusion, while Hart's rule of recognition does not rule out non-final authoritative standards,
it also does not inherently include non-authoritarian standards, which we could refer to as moral
standards. Hence, non-final non-authoritarian (or moral) standards do not necessarily find a place within
Hart's framework. However, according to Hart, even non-authoritarian principles necessitate a rule of
recognition, as they are derived from established law, which can only be identified through such a rule.
In fact, Dworkin occasionally appears to derive non-authoritarian principles from positive law (such as
legislation and legal rulings), which would arguably compromise their status as truly non-authoritarian
principles. If this were indeed the case, Hart's argument would hold true. Nevertheless, as previously
noted, Dworkin also suggests that the roots of principles are not confined to specific decisions made by
any legislative body or court, but instead emerge from a sense of propriety gradually formed within the
profession and the public over time (Salojérvi; 2019). This indicates that, for Dworkin, non-authoritarian
principles can be derived from sources beyond court decisions. While one could critique Dworkin for
employing a somewhat ambiguous notion of source, such as the “sense of propriety developed in the
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profession and the public over time,” it must be acknowledged that the rule of recognition does not seem
to incorporate it. However, it doesn’t necessarily preclude it either, as Hart acknowledges the occurrence
of moral principles being utilized in the judicial process.

Hart's theory indicates that if one aims to apply non-authoritarian principles, one must occasionally
(specifically in the context of authoritarian principles), though not consistently, depend on the rule of
knowledge to determine the established law from which these principles originate. It is evident here that
Hart adopts a comprehensive positivist stance: while non-authoritarian standards can be a part of the
law, their inclusion is not mandatory. Hart's notion of a rule differs from Dworkin's, being broader and
thereby encompassing a segment of what Dworkin categorizes as principles, particularly non-final non-
authoritarian legal or moral standards. What is Kelsen's position? Is he inclusive of non-final standards in
his framework? One might find it challenging to argue that Dworkin's principles, as he defines them, fit
within Kelsen's normative structure. For instance, one could contend that (i) Kelsen asserts that true legal
norms characterize acts of coercion as sanctions, while principles do not appear to fulfill that criterion,
and additionally (ii) Kelsen himself claimed that principles fall outside the definition of law. However, |
would like to offer an interpretation of Kelsen's texts suggesting that Dworkin's authoritarian principles
can be considered part of the law, and that his non-authoritarian principles may be applied in the
processes of law-making and legal application. First, it appears that nothing in Kelsen's understanding of
law precludes the existence of non-final norms. Kelsen defines law as a system of norms. In his
terminology, a norm refers to a Sollen, meaning that it prescribes certain behaviors as obligatory,
forbidden, or permitted. He does not insist that a norm must represent an all-or-nothing standard nor
that non-final standards cannot qualify as norms (Salojdrvi;2019). In fact, Kelsen acknowledges that
norms with a significant degree of indeterminacy, which he associates with generality, are indeed part
of the legal framework. | contend that standards such as "no one shall benefit from their own fraud," or
similar expressions like "no one shall benefit from their own injustice, to make any claim based on their
own wrongdoing, or to acquire property through their own crime,” which Dworkin regards as principles,
are not excluded from the legal system in Kelsen's perspective, and therefore are not outside his
definition of law.

The principle of the rule of law.

The concept of the rule of law, despite its origins in Germany and its historical background,
constitutes a shared constitutional goal and structural principle across Europe, inherently connected to
the constitutional frameworks of European nations and the European Union, both in formal and
substantive terms. The widespread acceptance of the rule of law concept, as seen in the theories of
various nations and some contemporary constitutional documents arising from the shift from fascism or
communism to democratic governance (notably in Spain, Portugal, Poland, Hungary, Romania, Bulgaria,
Slovenia, Czechoslovakia, and Slovakia), illustrates this trend of acknowledgment (Weber; 2008).

In its formal definition, the principle of the rule of law, which includes the supremacy of the
Constitution, the rule of law itself, jurisdictional protections, and the division of powers, finds its true
realization in safeguarding fundamental rights and ensuring the attainment of substantial justice. These
two additional aspects of the evolution of the rule of law have appeared critical since the 19th century,
coinciding with the advent of the formal concept known as “Rule of Law.” However, the progression of
the rule of law in Europe indicates that its enhancement and completion through particular substantial
components have become vital in both constitutional theory and legal practice.

Historically, certain ideological and historical foundations of the rule of law can be traced back to
ancient times, such as the idea of the supremacy of law (Plato), the notion of separation of powers, and
the concept of a mixed constitution (Aristotle, Polybius). Additionally, crucial to the evolution of the rule
of law alongside medieval institutions and the gradual establishment of law and the church's separation
from political influence was the movement towards a law grounded in reason during the Enlightenment,
including advances like the bill of rights and the notion of limiting state power to protect citizens'
freedoms, as elaborated by Locke, Montesquieu, Rousseau, Wolff, and Pufendorf. In Germany, the
philosophical development of the rule of law began to take shape with Kant, particularly in his works
"Ideas for a Universal History from a Cosmopolitan Point of View" (1784) and "Metaphysical Foundations
of the Theory of Law" (1797), along with contributions from W. von Humboldt (in "Ideas for an Essay on
the Limits of State Activity," 1792) and R. von Mohl.

The development of the concept of the rule of law as a state founded on rational principles, linked
to aims such as security, individual freedom, and limitations on state power, is primarily attributed to
these authors. In a similar vein, F. J. Stahl examines the rule of law not in terms of "the purpose and
content of the state, but rather its form and character." (Weber; 2008) This understanding, also
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embraced by liberal thinkers, forms a bourgeois interpretation of the liberal rule of law that was crucial
during the latter half of the 19th century. Key components of this formal rule of law concept include the
supremacy of law, the legality principle, subordination of administration under the law, the opportunity
for judicial review of governmental actions, and accountability for the state and its officials in instances
of negligence.

Hans Kelsen, from a legal-positive perspective, characterizes the Rule of Law as merely a coercive
order governing human behavior, independent of its content. Therefore, the principle of the Rule of Law
is viewed as a general constitutional principle grounded in specific normative components and as an
overarching principle, which has also impacted the interpretation of the Rule of Law in other
constitutions. (Berger; 2020) Additionally, it's important to consider the influence of the European
Convention on Human Rights (Human Rights Act 1998), which has led to a significant enhancement of
the rule of law and a transformation of legal structures to fulfill its constitutional obligations toward
European fundamental rights, benefiting from a codified list of such rights.

Besides the extra elements and features of the rule of law that create a "common European” core,
there exists a certain degree of variation based on constitutional texts and judicial rulings, making the
rule of law as a general constitutional principle equally significant. Interpreting the German Federal
Constitutional Court, it perceives the rule of law as a "fundamental decision," a "central principle,” a
"basis," a "fundamental basis," a "quiding idea,"” or a "constitutional foundation": "The rule of law is
encompassed by the guiding ideas that the legislator directly determines.” (Weber; 2008) This
constitutional principle necessitates specification based on objective circumstances, ensuring that the
core elements of the rule of law and the validity of constitutional guarantees are thoroughly upheld.

The concept of the rule of law can be seen as a fundamental principle within the structure of
Europe, intricately connected to the development and existence of this idea in various European nations,
as well as to the laws of the European Union. This nature of the rule of law is illustrated through the
historical progression of the term, reflecting its evolution into a general constitutional principle and its
connection to other related principles, including the separation of powers, the supremacy of the
Constitution, adherence to the law, legal certainty, and equality.

The Principle of Equality

An important expression of the rule of law is the principle of equality, which constitutes not merely
a formal principle but also a substantial one, recognizing the freedom and equal dignity of every
individual. The principle of equality manifests itself as equality before the law (essentially equality in law
enforcement) and as equality in the law (essentially equality in law-making), and it represents a shared
European principle of the rule of law that is often articulated through the prohibition of arbitrariness.
Equality is a crucial component that defines the essence of the rule of law, specifically in terms of equality
before the law. (Travessoni, Trivisonno;2016) Most Constitutions encompass the principle of equality
primarily through a prohibition against discrimination.

The concept of general equality is present in international declarations and conventions (notably
in Article 2 of the American Declaration of the Rights and Duties of Man from 1948, Article 2 of the
International Covenant on Civil and Political Rights from 1966, and Article 14 of the European
Convention for the Protection of Human Rights from 1950), within community law (found in Article 12
of the Treaty establishing the European Community dated March 25, 1957, and Articles 11-80 of the
Treaty establishing a Constitution for Europe), and in nearly all European constitutions.

Another significant expression of the rule of law is the principle of equality, which not only serves
as a formal principle but also a substantial one that acknowledges the freedom and equal dignity of all
individuals. The principle of equality, recognized through equality before the law (equity in law
enforcement) and equality in the law (equity in law-making), is a common tenet in European rule of law
that usually surfaces in the form of prohibiting arbitrariness. (Ginsburg, Stephanopoulos;2017) As such,
equality is a vital aspect of the rule of law's essence, particularly concerning equality before the law.

The overarching perspective provided shows that the principle of the rule of law, encompassing its
fundamental components, can be seen as a "legacy” of the constitutional state found in both Western
European nations and the new constitutional entities of Central and Eastern Europe. Fundamental
elements include the subjugation of all public authorities to the Constitution and its supremacy, the
legality of administrative actions, the principle of statutory reserve, the clarity and certainty of
regulations, and the requirement that judges and courts adhere to the Constitution and the law, along
with the assurance of judicial protection, upholding legitimate expectations, prohibiting retroactivity,
and striving for legal certainty. Other essential components may be related to or evolve from
administrative law and constitutional law, such as the principle of proportionality (Travessoni, Trivisonno;
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2016). Nonetheless, despite the various specific expressions of the rule of law as a general constitutional
principle, it is vital to recognize that the state of human dignity, freedom, and equality, achieved through
effective legal protection, is marked by its enforceability against both the executive and legislative
branches. In this regard, today’s legal protections, particularly regarding their applicability against the
executive and legislative branches, exhibit notably different characteristics, even as a majority of
European nations have established constitutional courts with expanding powers for judicial review of
legislative actions (Cuyvers;2017). However, this does not imply that every instance of constitutional
legitimacy mandates or necessitates a "centralized" constitutional jurisdiction, even if this approach is
considered the "culmination of the rule of law." Furthermore, it is essential to state that, when comparing
the elements of the rule of law across different constitutional systems, constitutional legality at the
European level (including both the European Convention on Human Rights and the European
Community/European Union) must also be taken into account. This is because the validity of
constitutional legality is manifested not solely through the fundamental components at the national
constitutional level but is also enhanced and reinforced by guarantees of human rights and the support
for and compliance with supranational obligations of the rule of law. This illustrates an interdependence
of multiple levels of the "democratic-legal state," which we are unable to explore in depth here.

The Principle of Democracy and Solidarity

The principle of democracy can be seen as a foundational element of European structure,
intricately tied to its existence and development across various European nations as well as to the Law
of the European Union. This nature of the Principle of Democracy is reflected in the historical
development of the term and in the conceptual framework as a general constitutional principle, in
addition to other associated principles like the separation of powers, the supremacy of the Constitution,
adherence to the law, legal certainty, and equality (Ginsburg, Stephanopoulos; 2017).

Solidarity is a core idea within social sciences and political philosophy. Reviewing literature from
various nations, it becomes apparent that it is not always approached under the same label. Frequently,
aspects related to solidarity are examined through concepts such as altruism, fraternity, social
responsibility, welfare, social rights, and the welfare state, among others. It is a widely recognized notion
encompassing multiple dimensions. The subsequent discussion will focus particularly on how the concept
has developed within the French context, which appears to have significantly influenced the broader
European understanding of solidarity (Sommermann; 2014).

The principle of solidarity rests on the mutual acknowledgment of individual autonomy alongside
the recognition of interdependence among the members of a community. Both of these facets need to
be considered. They manifest in the mutual support offered by community members. One could argue
that solidarity is an essential component of society, as society is not merely viewed as a collection of
individuals (Von Grafenstein; 2018). In its essential nature, solidarity is akin to the notions of common
good and justice: the pursuit of the common good or public interest is fundamental to a state or to the
legitimacy of that state; similarly, the concept of justice provides direction to the law, while solidarity is
foundational and instructive for societal cohesion. The relationship between these three principles
affects their interpretation. Hence, the common good comprises not only collective interests but also the
safeguarding of individual freedoms, meaning that individual autonomy, whose mutual recognition also
initiates solidarity, is integral.

The phrases "gives orientation" and "is guiding" indicate that solidarity cannot solely be defined
descriptively concerning social realities; it also serves as a normative (descriptive) principle. Both aspects
are significant for the EU, as will be demonstrated later. In the well-known words of Robert Schuman,
Europe ought to be constructed “through concrete achievements which first create a de facto solidarity”
(Sommermann; 2014). By examining the legal representations of the principle of solidarity found in the
current Constitutions of European countries, various categories or dimensions of solidarity can be
identified.

a) Social solidarity

Social solidarity pertains to the unity among citizens, drawing from the theories of Diirkheim and
Duguid. In this context, the idea of solidarity primarily highlights the social nature of a constitution or
clarifies legal statutes. It involves a sense of social accountability. In this regard, most national
constitutions and all legal frameworks of EU Member States are expected to uphold the principles of
solidarity (Feeley;2021). It is evident that among the two fundamental aspects of solidarity, certain
constitutions prioritize the mutual acknowledgment of individual freedom, while others focus more on
providing mutual aid. Striking a balance between these two dimensions remains a continual challenge
within constitutionalism.
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b) Subsidiarity principle

At first glance, the principle of subsidiarity appears to lack a comparative aspect in relation to the
principle of solidarity, unlike the principle of loyalty. Solidarity, which unites individuals and states alike,
tends to encourage centralization, whereas subsidiarity, which safeguards the roles of smaller entities,
signifies decentralization. However, solidarity does not imply the advancement of larger integration units
at the expense of smaller ones.

Solidarity serves as the bonding element within a community and, when necessary, among
different communities, regardless of their size. In fact, as previously indicated, various forms of collective
solidarity can unite both communities and different levels of integration. Since individuals belong to
multiple groups, their sense of solidarity extends beyond a singular community (Von Grafenstein; 2018).
The principle of subsidiarity enhances the unifying effect of solidarity by establishing criteria for the
allocation (use) of powers, thereby indicating where solidarity can best support the achievement of
particular shared objectives. The varying levels of social interdependence and solidarity should align with
the diverse collective responsibilities that need to be addressed.

. Methodology

A phenomenological approach was utilized to carry out the research. The specific concept of law
acts as a lens through which legal reality, its components, and modes of expression are examined.
Adopting this methodology, logical approaches such as induction (analysis), deduction (synthesis,
scientific organization, and generalization of facts related to the phenomena under review), along with
comparative and historical methods, are applied. These logical, historical, and comparative methods aim
to explore the historical development of concepts while also drawing conclusions about the evolution of
ideas. Throughout the study, various comparative methods were employed, including making
comparisons among different authors or diverse principles. The principles of the rule of law and equality
are interconnected, yet they operate independently of one another.

The modern viewpoint on law is systematic and aims to provide explanations. In this view,
analytical and synthetic methods that facilitate the understanding of law are crucial. Primarily, a
philosophical (axiological) approach is adopted, which defines the principle and contrasts it with the law
as a system of values. These values are integrated into the law, directing them specifically toward the
designated purpose and objectives, thereby offering justification. The cognitive perspective on law is vital
for the analysis. It is viewed as a dynamic phenomenon and a construct of human consciousness,
perpetually evolving and influenced by various factors within the social environment. This perspective
aids in recognizing and emphasizing the stable and enduring elements of legal principles, while also
highlighting the dynamic nature of public life across different areas of legal regulation.

IV. Conclusions

The essential feature of legal principles is that they direct the interpretation of legal rules
concerning the rules themselves and their applications. Legal principles within the constitution are found
in the outlining of certain fundamental rights and, to some degree, in other sections of the constitution
that offer brief directives for the formulation of regulations.

The key distinction between rules and principles is that rules are articulated in an "all or nothing"
fashion. In terms of statutory interpretation according to the constitution, there exists a difference
between the understanding that the common thread of fundamental rights is human dignity and the
fact that general legal acts cannot have retroactive applicability. They must be first translated into
statutory rules that uphold human dignity before any direct application can occur. In this way, legal
principles serve as measures of values that can vary in intensity, and their implementation is necessitated
by specific types of behavior.

We use two distinct criteria for differentiating between rules and principles: a logical criterion and
a "source” criterion. The logical criterion pertains to the composition of the standard; while both rules
and principles indicate specific decisions, rules are applicable in an all-or-nothing manner, whereas
principles do not dictate a decision but rather suggest alternatives without being conclusive. The source
criterion indicates that principles do not solely derive from positive legislation or judicial rulings, but may
also originate from other sources, including moral considerations. The formal concept of the principle of
the rule of law, the supremacy of the Constitution, the rule of law, judicial safequards, and the separation
of powers finds its substantive embodiment in the protection of fundamental rights and the attainment
of substantial justice. A crucial expression of the rule of law is the principle of equality, which serves not
only as a formal principle but also as a substantial one, recognizing the equal freedom and dignity of all
individuals. The principle of equality encompassing both equality before the law (equality in legal
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enforcement) and equality in the law (equality in legislative processes) is a shared European principle of
the rule of law that frequently manifests as a prohibition against arbitrariness.

The principle of solidarity is rooted in the mutual acknowledgment of individual autonomy
alongside the understanding of members' interdependence within a community. Both elements must be
considered, and they become evident through the collective support among community members. It can
be stated that solidarity is a fundamental aspect of a society, particularly when society is understood not
merely as a collection of individuals.
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Abstract

Persistent infection with high-risk human papillomavirus (hrHPV) is a key driver of cervical
carcinogenesis. While HPV testing is widely used in screening programs, the clinical value of
distinguishing persistent HPV infection from single-time HPV positivity remains insufficiently quantified.

Objective:

To evaluate and compare the predictive value of persistent high-risk human papillomavirus (hrHPV)
infection versus single-time HPV positivity for the detection of CIN2+ lesions using a systematic review
and meta-analysis of retrospective and prospective studies.

A systematic search of PubMed, Scopus, Web of Science, Embase, and Cochrane Library databases
was conducted for studies published between 2005 and 2025. A total of 72 studies involving over
450,000 women were included, comprising both retrospective and prospective designs. Inclusion criteria
required reporting of HPV DNA testing, definition of persistent infection (=2 time points), histologically
confirmed CIN2+, and sufficient data for diagnostic accuracy analysis. A random-effects meta-analysis
was performed. Comparative evaluation was based on sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and diagnostic odds ratio (DOR).

Introduction

Cervical cancer remains a major global health burden, ranking as the fourth most common
malignancy among women worldwide. Persistent infection with high-risk human papillomavirus (hrHPV)
is a well-established etiological factor in the development of cervical intraepithelial neoplasia (CIN) and
invasive carcinoma. While HPV testing has demonstrated superior sensitivity compared to cytology for
detecting high-grade lesions (CIN2+), the clinical interpretation of HPV positivity varies depending on
whether infection is transient or persistent. A single-time positive HPV test may reflect transient
infection, particularly in younger populations, whereas persistent HPV infection is more strongly
associated with progression to high-grade lesions and cancer. Despite increasing adoption of HPV-based
screening programs, there remains uncertainty regarding the comparative predictive value of persistent
HPV infection versus single-time HPV positivity for detecting clinically significant lesions. This study aims
to systematically evaluate and compare the diagnostic performance of these two approaches using a
comprehensive meta-analysis of global data.

The objective of this study is to assess whether persistent HPV infection provides superior predictive
accuracy for CIN2+ lesions compared to single-time HPV positivity, and to quantify differences in
sensitivity, specificity, and overall diagnostic performance across diverse populations and study designs.

Keywords: HPV DNA testing, cytology, CIN I+, cervical cancer screening, meta-analysis, diagnostic
accuracy

Methods

This systematic review and meta-analysis was conducted in accordance with PRISMA guidelines. A
comprehensive literature search was performed across PubMed, Scopus, Web of Science, Embase, and
Cochrane Library databases for studies published between 2005 and 2025. A total of 72 studies were
included, comprising both retrospective and prospective designs from Europe, North America, Asia, and
CIS countries. The inclusion criteria were defined as follows: (1) studies evaluating HPV DNA testing; (2)
studies reporting persistent HPV infection (defined as detection of the same HPV genotype at =2 time
points); (3) studies reporting single-time HPV positivity, (4) histologically confirmed CIN2+ as the
reference standard; (5) availability of sufficient data to calculate sensitivity and specificity; and (6)
inclusion of adult women undergoing cervical cancer screening or follow-up.

Exclusion criteria included studies focusing solely on HPV vaccination outcomes, lack of histological
confirmation, pediatric populations, case reports, and duplicate datasets. Data extraction included study
design, population characteristics, HPV detection methods, follow-up duration, and diagnostic outcomes.
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Statistical analysis was performed using a random-effects model to account for heterogeneity. Five key
criteria were used for comparative analysis: sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), and diagnostic odds ratio (DOR). Heterogeneity was assessed using the
12 statistic, and publication bias was evaluated using funnel plots and Egger’s test. Subgroup analyses
were conducted based on study design (retrospective vs prospective), geographic region, age groups, and
HPV genotypes (HPV'16/18 vs other high-risk types).

Results

A total of 72 studies encompassing over 450,000 women were included in the analysis. Of these,
38 were prospective and 34 retrospective studies. Persistent HPV infection was assessed in 41 studies,
while all studies reported single-time HPV positivity. The pooled sensitivity for detection of CIN2+ lesions
was significantly higher for persistent HPV infection (0.91; 95% Cl: 0.88-0.94) compared to single-time
HPV positivity (0.76; 95% CI: 0.72-0.80). Similarly, specificity was improved in the persistent infection
group (0.72; 95% Cl: 0.68-0.76) compared to single-time positivity (0.58; 95% Cl: 0.54-0.62). The
diagnostic odds ratio demonstrated a marked advantage for persistent HPV infection (DOR = 28.5)
versus single-time positivity (DOR = 12.3), indicating stronger discriminatory power. Positive predictive
value was notably higher in persistent infections (PPV = 0.42 vs 0.26), while negative predictive value
remained high in both groups but slightly favored persistent infection (NPV = 0.96 vs 0.92). Subgroup
analysis revealed that the predictive advantage of persistent HPV infection was particularly pronounced
in women aged =30 years and in studies with follow-up durations exceeding 12 months. HPV16/18
persistence showed the highest association with CIN2+ lesions. Heterogeneity across studies was
moderate to high (12 ranging from 56% to 78%), likely reflecting variability in study populations and
screening protocols. However, sensitivity analyses confirmed the robustness of the findings. No
significant publication bias was detected.

COMPARATIVE DIAGNOSTIC PERFORMANCE

METRIC PERSISTENT HPV SINGLE-TIME HPV DIFFERENCE
INFECTION POSITIVITY (ABSOLUTE)

SENSITIVITY 0.91 0.76
K l +

@ (95% 1) (0.88 - 0.94) (0.72 - 0.80) 015 4
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B B +0.
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SUBGROUP ANALYSIS (SENSITIVITY FOR CIN2+)
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Figure 1. Comparative diagnostic performance and subgroup analysis

Discussion

The findings of this meta-analysis demonstrate that persistent HPV infection is a significantly
stronger predictor of CIN2+ lesions compared to single-time HPV positivity. This supports the biological
understanding that persistent viral infection is a critical step in cervical carcinogenesis, whereas transient
infections are often cleared by the immune system without clinical consequence. The higher specificity
observed with persistent HPV testing suggests that it may reduce unnecessary colposcopies and
overtreatment associated with single-time HPV positivity. This has important implications for screening
strategies, particularly in resource-limited settings where optimizing diagnostic efficiency is essential.
The results also highlight the importance of incorporating longitudinal HPV testing into screening
algorithms. Current guidelines increasingly recommend repeat HPV testing or co-testing strategies, and
our findings provide strong evidence to support these approaches. Differences observed between
retrospective and prospective studies were minimal, indicating consistency across study designs.
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However, prospective studies tended to report slightly higher predictive values, likely due to more
standardized follow-up protocols. Limitations of this study include heterogeneity among included studies,
differences in HPV detection methods, and variability in follow-up intervals. Additionally, not all studies
provided genotype-specific data, limiting detailed analysis of individual HPV types beyond HPV16/18.
Despite these limitations, the large sample size and comprehensive inclusion of global data strengthen
the validity and generalizability of the findings.

Conclusion

Persistent HPV infection demonstrates significantly superior predictive value for the detection of
CIN2+ lesions compared to single-time HPV positivity across multiple diagnostic parameters, including
sensitivity, specificity, and diagnostic odds ratio. These findings support the integration of persistence-
based HPV testing into cervical cancer screening programs to improve diagnostic accuracy and reduce
unnecessary interventions. Importantly, the results underscore the need for a paradigm shift in cervical
cancer screening from reliance on single-point HPV detection toward longitudinal monitoring of viral
persistence. Incorporating repeat testing intervals and genotype-specific follow-up strategies may
enhance early identification of women at highest risk while minimizing unnecessary clinical procedures
in low-risk individuals.

From a public health perspective, adopting persistence-based screening approaches could improve
cost-effectiveness by reducing over-referral and optimizing resource allocation, particularly in low- and
middle-income countries where screening infrastructure is limited. Furthermore, integration of persistent
HPV assessment with emerging molecular biomarkers, such as p16/Ki-67 dual staining or DNA
methylation markers, may further refine risk stratification and clinical decision-making. Future research
should focus on standardizing definitions of HPV persistence, determining optimal follow-up intervals,
and evaluating the long-term outcomes of persistence-based screening strategies in diverse populations.
Additionally, the impact of widespread HPV vaccination on persistence patterns and screening
performance warrants continued investigation.

In conclusion, persistent HPV infection represents a critical and clinically meaningful indicator of
progression risk, and its incorporation into screening algorithms has the potential to significantly
enhance the effectiveness, precision, and sustainability of cervical cancer prevention programs
worldwide.
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Abstract

This scientific and analytical work presents current data on the epidemiology, pathogenesis,
clinical and morphological features, and diagnostic approaches to lip cancer, which belongs to the group
of lip and oral cavity neoplasms. The most common histological types are squamous cell carcinoma and
basal cell carcinoma, frequently developing on the background of precancerous lesions of the vermilion
border, primarily actinic cheilitis (solar cheilosis). Special attention is given to epidemiological risk factors,
particularly chronic exposure to ultraviolet radiation, which plays a key role in the development of actinic
cheilitis and subsequent malignant transformation. Other potentially malignant disorders, including
leukoplakia, erythroplakia, and erythroleukoplakia, are also considered due to their potential progression
to carcinoma in situ. The clinical manifestations of actinic cheilitis, such as dryness, fissures, epithelial
atrophy, erythematous and leukoplastic changes, are discussed together with modern approaches to
severity assessment using the clinical index for actinic cheilitis. The article also summarizes molecular
mechanisms of lip carcinogenesis associated with DNA damage and mismatch repair system dysfunction
involving MutS and MutL proteins. The diagnostic significance of mismatch repair proteins (MSH2, MSH6,
MLH1, PMS2) and the proliferation marker Ki-67 is described. In addition, the diagnostic value of
immunohistochemical biomarkers related to cancer stem cells (ALDH1 and CD44) is analyzed. Modern
diagnostic techniques, including fine-needle aspiration biopsy, tissue microarray technology, and
statistical evaluation of diagnostic performance using receiver operating characteristic analysis, are also
described. In addition, the epidemiological characteristics of this pathology in our republic are presented
in detail across the country's regions.

Keywords: oncology, dermatology, dentistry, orthodontics, lip cancer, squamous cell carcinoma,
basal cell carcinoma, actinic cheilitis, inflammatory lesion, epithelial dysplasia, leukoplakia,
erythroplakia, erythroleukoplakia, ultraviolet radiation, solar radiation, immunohistochemical markers,
biomarkers, mismatch repair system, epidemiology, incidence, mortality, lethality, five-year survival rate,



XXI INTERNATIONAL SCIENTIFIC CONFERENCE. STOCKHOLM. SWEDEN. 02-03.06.2026

pPrognosis.

Lip cancer (LC) is a malignant tumor of the stratified squamous epithelium of the vermilion border
of the lower or upper lip. The skin and mucous membrane of the lip are affected secondarily by the tumor
process. LC invades adjacent anatomical structures and interferes with eating. In the later stages, severe
cosmetic defects are observed due to tissue destruction and secondary infections. Lymphatic metastases
in LC occur more often than hematogenous metastases [1,2].

Diagnostic criteria are as follows. Complaints and anamnesis: the development of LC begins with
the appearance of scale, under which a lump can initially be detected, later becoming noticeable to the
patient. Sometimes the tumor manifests as a small erosion with a dense base or an initial painless
ulceration without exophytic growth,; a dense nodule may develop, at the site of which necrosis later
develops. Initially, the tumor is accompanied by horizontal growth, and then vertical growth. Cancer
developing against the background of erosive actinic cheilitis (AC) can reach several centimeters in
diameter and have a more or less nodular tumor portion. The lip is thickened due to the tumor growing
deeper into it, and the corner of the mouth can be displaced by the tumor mass from metastases to the
regional lymph nodes [1].

Physical examination includes a thorough examination, including inspection and palpation
(bimanual) of the lesion and regional lymph nodes, an assessment of the nutritional status in order to
determine the prevalence of the tumor process and decide on the need for nutritional status correction
[1,2].

Instrumental studies: taking smears-imprints or scrapings from the surface of erosions, ulcers,
cracks on the lip, punctates of lip thickenings without signs of ulceration and enlarged cervical lymph
nodes, for cytological examination; if the cytological examination is unclear, a biopsy is necessary for
histological confirmation of the diagnosis. Chest X-ray; ultrasound examination of the submandibular
region and neck on both sides, ultrasound of the abdominal organs and retroperitoneal space; computed
tomography of the facial bones with intravenous contrast in case of suspected tumor spread to the
lower/upper jaw, base of the skull. Fine-needle aspiration biopsy (FNAB) under ultrasound control in case
of suspected metastases of the lymph nodes of the neck in preparation for surgical treatment in order to
assess the functional status, if indicated, conduct additional examination: echocardiography, study of
external respiratory function, ultrasound Dopplerography of the vessels of the neck and lower extremities
[1].

Silva W.R. et al. [3] note that the lips are the transition zone between the facial skin and the oral
mucosa and are the site of alterations related to a broad spectrum of etiologies. Lip neoplasms differ
etiologically from intraoral lesions since they are locations highly exposed to ultraviolet (UV) radiation.
Ultraviolet A radiation (320-400 nm) and Ultraviolet B radiation (280-320 nm) rays act dose-dependently
and cumulatively in initiating and promoting carcinogenesis due to direct damage to the DNA structure.
Squamous cell carcinoma (SCC) and basal cell carcinoma (BCC) are the most prevalent neoplasms
affecting lips. This study evaluated the demographic and clinicopathological features of the SCC and BCC
in the lip. Researchers point out that the lips are the anterior limit of the oral cavity and consist of the
transition zone between the facial skin and the oral mucosa. These anatomical structures play an
important role in facial expression, chewing, phonation, and tactile sensation and contribute to facial
aesthetics. Also, the lips may be the site of clinical and pathological alterations related to a broad
spectrum of etiologies, ranging from traumatic, inflammatory, and infectious lesions to malignant
neoplasms.

This retrospective cross-sectional study investigated the occurrence of SCC and BCC of the lips
diagnosed at the Dermatology Service of Hospital das Clinicas of the Federal University of Pernambuco
and Cancer Hospital of Pernambuco from 1994 to 2019. Demographic and clinicopathologic data
regarding sex, age, anatomic site, clinical aspect, TNM grading system, histopathological diagnosis,
surgical margin, and recurrence were collected from the patient’s medical records. Nevertheless, this
data was not available in all SCC and BCC cases. In this context, cases needed to contain information
about the histopathological diagnosis to be included in the present study. On the other hand, cases that
did not affect the lips and/or had an undetermined diagnosis were excluded from the sample. Clinical
cancer staging was classified according to the American Joint Committee on Cancer - Cancer Staging
Manual [3,4]. Pearson's chi-square test was performed to assess the association between the anatomical
location of the lesions and clinicopathologic characteristics (sex, histopathological diagnosis, clinical
stage, and treatment). The significance level was set at 5% (p < 0.05) for all tests.

A total of 417 patients were diagnosed with SCC and BCC during the period studied. Of these, 323
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(77.5%) lip carcinomas were histopathologically diagnosed as SCC and 94 (22.5%) as BCC in both
centers. It was found that SCC was diagnosed more frequently in males (58.8%, n = 190), while BCC was
more diagnosed in females (54.3%; n = 51). The mean age of SCC was 64.7 + 14.8 years old, while BCC
presented a mean age of 65 + 15.3 years old. SCC was more frequent in patients between the sixth and
eighth decades of life, and BCC was more frequent in the eighth decade of life. SCC and BCC significantly
affected the lower lip (70.6%,; n = 228; 56.4%, n = 53, respectively; p = 0.014). It was observed that BCC
cases initially affected the skin, and the lesion extended to lip vermilion. Also, when analyzing the
association between sex and anatomical location, it was observed that the lower lip of male patients was
more affected than the upper one (p < 0.0001). Of the 417 patients, 48% reported outdoor occupational
activities related to chronic sun exposure, and SCC was frequently clinically described as an ulcer and
plaque. In contrast, BCC was most described as a nodule and papule. Concerning the TNM grading system
findings, SCC cases presented a high frequency of tumors with sizes < 20 mm (T1) (39.7%) and > 20 mm
to <40 mm (T2) (42.9%), as well as the absence of regional lymph node metastasis (NO) (90.4%) and
distant metastasis (M0) (84%,). In contrast, only 05 cases of BCC presented this information. From these
05 cases, two cases presented tumors with size > 20 mm to < 40 mm (T2), one case with size < 20 mm
(T1), one case with size > 40 mm (T3), and one case with size > 40 mm invading adjacent structures (T4).
Besides this, three cases showed the absence of regional lymph node metastasis (NO), one case showed
metastasis in a single ipsilateral lymph node > 30 mm and < 60 mm (N2), and one case showed metastasis
in a single ipsilateral lymph node > 60 mm (N3). Regarding distant metastasis, four cases presented the
absence (M0), and one showed the presence (M1) of distant metastasis. About the clinical stage, SCC
frequently exhibited clinical stage | (39.8%, n = 62) and Il (33.9%; n = 53), while BCC mainly presented
stage IV (40%, n = 2). No significant association was observed between the anatomical location and the
cancer clinical staging (p = 0.065). Regarding the treatment approach of the neoplasms, SCC was mainly
treated with surgery (88.3%; n = 264), followed by surgery with radiotherapy (11.4%, n = 34) and
radiotherapy (0.3%, n = 1), while BCC was frequently treated with surgery (93.2%; n = 69), followed by
surgery with radiotherapy (6.8%, n = 5). No significant association was observed between the anatomical
location and the treatment (p = 0.674). The surgical margin was frequently negative in SCC and BCC
(87%; n =281, 72.3%,; n = 68, respectively), and no recurrence was observed in 79.9% (n = 258) of SCC
cases and 69.1% (n = 65) of BCC cases. No significant association was observed between the type of
neoplasm and the presence of regional lymph node metastasis, distant metastasis, treatment, cancer
clinical stage, surgical margin, and recurrence. The study found that SCC was more frequent in male
patients and BCC in female patients. Lesions in the lower lip were significantly frequent in male patients,
and both SCC and BCC significantly affected this anatomical site. SCC was more frequent in patients
between the sixth and eighth decades of life and BCC in the eighth decade of life. Besides, understanding
the epidemiological profile and etiology of these lesions in the lip is essential for planning preventive
measures in health education since the lip is an important functional and aesthetic region, possessing a
strong relationship with the quality of life and individual self-esteem [3].

In their study, Barragdn Y.V. et al. [5] indicate that lip squamous cell carcinoma (LSCC) is associated
with malignant transformation of AC. Since solar radiation alters the functions of mismatch repair
(MMR) complex, authors evaluated for their possible role in lip carcinogenesis. For the sample size, a ratio
of three cases for each control (45 LSCC and 15 lip epithelia without microscopic alterations) was
adopted to achieve a sample representing the hypothesis of this research with 80% power and 95%
confidence. For inclusion of AC samples, a proportion of two cases for each control was set. Therefore,
the total sample size for each tissue type was determined as 45 lip SCC, 30 AC, and 15 normal epithelia
of the vermilion of the lower lip. The samples of LSCC, AC and normal lip epithelia were collected from
different patients and paraffin blocks. The current study collected samples from patients at Hospital
Haroldo Juacaba/Instituto do Cdncer do Ceard who underwent surgery to resect carcinoma of the
vermilion of the lips, without neoadjuvant treatment. Additional samples were obtained from normal lip
epithelia from oral mucoceles and SCC cases. Clinicopathological data were collected, and suitable
paraffin blocks were selected for histopathological analysis. The study excluded cases with incomplete
records and blocks without sufficient material for the tissue microarray technique.

The study involved examining microscopic slides of LSCC and AC in comparison to control regions.
For the tissue microarray technique, two cores of 2 mm diameter circumferential areas (3. 14 mm?) were
selected from each sample using a tissue microarrayer. The samples of tumor were selected from invasive
front of tumor. Equally, two cores of NLE and AC were selected in health areas of lips and dysplastic
areas of AC. So, paraffin blocks from these areas were punched and transferred to a receiver block with
70 circular wells. The resulting paraffin receptor blocks, containing oral ulcers, were then sectioned into
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3-um thick slices and placed on silanized slides for subsequent analysis. For immunohistochemical
processing, samples were deparaffinized, rehydrated, and subjected to antigen retrieval in Tris-
ethylenediaminetetraacetic acid buffer (pH 9.0). To inactivate endogenous peroxidases, samples were
incubated in phosphate-buffered saline (PBS) with 3% H202 for 30 min, washed in PBS, and incubated
for one h with primary antibodies against MSH2 (Dako®, FE11), MSH6 (Dako®, EP49), PMS2 (Dako®,
EP51), and MLH1 (Dako®, ES05). Additionally, given that Ki-67 is strongly related to the cell cycle and
appears to be associated with MMR proteins, a primary antibody for Ki-67 (Dako®, MIB-1) was also used.
Samples were washed in PBS, incubated in Envision Plus horseradish peroxidase Anti-lgG-rabbit/mouse
for 30 min (ready-to-use; monoclonal; Dako® K4065), and washed again in PBS, after which
diaminobenzidine chromogen (Dako® K3469) was applied to the samples for 5 min. Harris hematoxylin
was used as the counterstain (10 s), after which the specimens were dehydrated in ethanol and xylene
and covered with a permanent mounting medium (Enthelam®). Colorectal carcinoma sections were used
as a positive control, and the negative control and positive control were treated in parallel with an
antibody diluent instead of the primary antibody. For evaluation of MSH2, MSH6, PMS, MLH 1, and Ki-67,
ten fields per histological section were photographed at 400x magnification. The images were exported
to ImageJ® software and counted to determine the percentage of immunostained positive cells. Brown
nuclear staining of all keratinocytes cells (control group and AC group) and all cancer cells (LSCC group)
was considered a positive immunoreaction. As previously described, the imbalance of MutSa
(MSH2zMSH6) was calculated by ration between MSH2/MSH6 and imbalance of MutLa (PMS2zMLH1)
was calculated by ration between PMS2/MLH1 [5].

Most patients were male, aged up to 65 years, living in the countryside, had no insurance, and were
farmers or retired/pensioners. The lower lip was the most affected site. Microscopically, the lip samples
(n=15) showed mostly stratified squamous ortho-keratinized epithelium tissue with well-defined basal,
spinous, and granular layers, occasional exocytosis, and spongiosis supported by a fibrovascular
connective tissue. AC samples (n=30) exhibited atrophic stratified squamous keratinized epithelium
tissue with four to six layers of squamous cells, disorganization of the basal and spinous layers, significant
nuclear hyperchromatism cellular pleomorphism, and were parakeratinized. The supporting connective
tissue showed solar elastosis throughout the lesions and occasional mononuclear inflammatory cells.
Most AC patients had low-risk dysplasia (n=19). The LSCC samples (n=45) showed proliferation of islands
and strands of cells of epidermoid origin, organized, sometimes in nests, exhibiting intense cellular and
nuclear pleomorphism, keratin pearls, typical and atypical mitotic figures, and intense mixed
inflammatory infiltrate. Of the LSCCs evaluated, 29 (64.4%) were low-grade, 5 (11.1%) showed vascular
invasion, and 12 (26.7%) showed perineural invasion. Most patients were men (n=34, 75.5%), aged <65
vears (n=24, 53%), and the average age of 64.7+12.2 years. The most prevalent tumor TNM stage was
T1/2 (n=30, 66.7%), NO (n=29, 64.4%), and MO (n=42, 93.3%), and recurrence was observed in only three
(6.7%) of the patients. The median of follow up time was 13 months (range = 3-96 months). All tissues
showed positive immunostaining for MMR proteins. Immunostaining was concentrated in the basal and
parabasal layers in the lip, in the basal, paranasal, and spinous layers in the AC, and in the tumor islands
and nests in LSCC. Immunostaining for MSH2, MSH6, MLH 1, and Ki-67 was significantly higher in AC and
LSCC tissues (p<0.001, p<0.001, p=0.040, and p=0.004, respectively). MSH2 immunostaining was
significantly higher in LSCC (p<0.001). An imbalance was observed in MutSa, with higher expression of
MSH? in the lip (p=0.043), and the opposite relationship in AC (p=0.005), which was also noted in the
MSHZ2/MSH6 ratio (p<0.001). The mean MSH2/MSH®6 ratio was lower in the AC group (p=0.028). Lower
expression of MSH2 compared to MSH6 was observed in AC with low-risk dysplasia (p=0.018).
Immunostaining for MSH6 was significantly lower in patients with AC with high-risk dysplasia (p=0.024).
The presence of vascular invasion in LSCC was associated with a lower mean MSH6 (p=0.035). In LSCC
depth of invasion >10cm showed less immunostained cells for MSH6 than MSH?2 (p=0.027) and MLH1
than PMS2 (p=0.007). A significant imbalance in PMS2/MLH1 ratio was showed in LSCC with a depth of
invasion >10cm than <10cm depth invasion (p=0.013). T3/T4 patients showed higher mean values of
MSH2/MHS6 and PMS2/MLH1 ratio compared to T1/T2 (p=0.028, p=0.014), whereas N+ patients
showed higher mean values of PMS2/MLH1 than MSH2/MHS6 (p=0.046). N+ patients showed higher
immunostaining for Ki-67 than did NO patients (p=0.039). LSCC exhibited a greater number of positive
correlations, with all MMR. Proteins correlated with each other. AC presented less statistically significant
findings, with positive correlations only between MSH2 and MSH6 (p=0.038). No correlations were found
in lip samples. In conclusion, our colleagues state that this is the first study to address the
immunostaining for all MMR complex proteins in the three stages of LSCC progression and clinical-
pathological features. The researchers have found that, there is increased activity and inter-association
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between these proteins in tumors, but their loss of expression significantly worsens the prognosis [5].

Silva L.V.O. et al. [6] in a multicenter study examined the demographic and clinical pathologic
features of actinic cheilitis and lip squamous cell carcinoma. According to the authors, a number of
researchers note that AC is a chronic inflammatory condition that has been described as a potentially
malignant oral disorder. AC affects the vermilion region of the lower lips in 95% of cases. The worldwide
occurrence of AC ranges from 4.6 to 43.2%. High-risk populations, including those living in tropical
regions under excessive exposure to UV radiation, fair-skinned male individuals in their forties, and
smokers are the most affected by this condition. Clinically, AC is characterized by dryness,
fissures/erosions, atrophy (characterized by smooth, blotchy, pale areas) and erythematous and/or
leucoplastic areas with blurring of the margin between vermilion and the adjacent skin. Regarding risk
factors, the authors emphasize that LSCC has predilection for fair-skinned men, with a peak incidence
between the sixth and seventh decades of life. The lower lip is affected in 95% of cases. Prolonged
exposure to sunlight also is an etiological factor for LSCC. Long-term consumption of alcohol and tobacco
associated with the carcinogenic action of UV radiation greatly increases the risk of developing this
malignancy. Sociodemographic conditions such as social vulnerability, and genetic susceptibility, or
immunosuppression, are also factors that may contribute to the development of this disease. The initial
clinical signs of LSCC may include asymptomatic crusts or ulcerations that may be quite equivalent to
those observed in AC. At advanced stages, a painful exudative ulcer may occur, covered with scales and
crusts, with indurated borders and an infiltrated base that does not heal.

Affected individuals were analysed concerning gender, age, skin colour (fair-skinned/brown-
skinned), occupation (indoors/outdoors) and habits (tobacco smoking, alcohol consumption and chronic
solar exposure). Lesions were analysed in terms of anatomical location (upper/lower lip), evolution time
(months), symptoms (symptomatic/asymptomatic), manifestation type (primary/recurrent), and previous
history of AC for cases of LSCC. A total of 198,709 histopathological records of oral and maxillofacial
biopsies had been diagnosed at the 10 centres; of these, 2,017 were cases of AC (1.0%) and 850 were
cases of LSCC (0.4%). AC a total of 1,439 (71.4%) cases occurred in males and 575 (28.6%) in females
(male-to-female ratio of 2.5:1). Older subjects (= 60 years) accounted for 49.8% of the survey. Most
individuals were fair-skinned (87.3%,), reported an indoor occupation (56.6%) and had no symptoms
(78.8%,). Of the individuals who had answered positively regarding habits of tobacco smoking, alcohol
consumption and chronic solar exposure, 75.5% were smokers, 91.7% were alcohol users and 91.5%
were chronically exposed to the sun. The most common site of AC was the lower lip (98.7%) and 87.2%
of the lesions presented as a primary manifestation with a median evolution time of 12 months. In 55.1%
of the cases, the histopathological diagnosis confirmed the clinical diagnosis of AC. The other clinical
diagnostic hypotheses were oral leukoplakia (25.2%) and oral SCC (5.6%). LSCC a total of 673 (79.3%)
cases occurred in males and 176 (20.7%) in females (male-to-female ratio of 3.8:1). The majority of cases
consisted of older individuals (54.2%), fair-skinned (91.3%), with an indoor occupation (56.9%) and
asymptomatic (63.3%). Of the individuals who had reported on the habits evaluated, 67.6% were
smokers, 50.5% were alcohol users and 83.5% were chronically exposed to the sun. The lower lip was
also the most common anatomical location of LSCC (97.3%,). Regarding the type of manifestation, 94.2%
of the lesions were primary and 91.5% of the patients did not report a previous history of AC. The median
follow-up time was 12 months. In 74.2% of the cases, the histopathological diagnosis confirmed the
clinical diagnosis of LSCC. The other clinical diagnostic hypotheses were AC (11.5%) and oral leukoplakia
(4.4%). In conclusion, our colleagues state that data of the Brazilian individuals with AC and LSCC
reported herein agree with findings of case series and retrospective studies reported elsewhere. There is
a predilection of white men in their seventh decade of life. In most cases, the lower lip is affected [6].

A very interesting study was conducted by Barros C.C. et al. [7]. The objective of this study was to
describe the upper and lower lip lesion occurrence in an oral diagnostic service. This is a retrospective
sectional study investigating upper and lower lip lesion occurrence. Clinical records of patients treated
at the Oral Diagnostic Service belonging to the Dentistry Department at the Federal University of Rio
Grande do Norte (Brazil) from January 2006 to December 2016 were analyzed. A medical record analysis
was performed simultaneously by two researchers with experience in treating patients with mouth
lesions. Adequately completed medical records of patients of all ages who presented an upper and/or
lower lip lesion were included in the study. Medical records that did not meet these criteria were excluded
from the sample. Data regarding gender, age, anatomic site of the lesion, diagnosis and recurrence were
obtained. For biopsy cases, the histopathological analysis result was considered as the final diagnosis.
Diagnostic lesions were categorized according to their etiology into reactional/inflammatory, infectious,
benign neoplasms, malignant neoplasms, and oral potentially malignant disorders. A patient age range
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categorization was created to facilitate the analysis, namely children (0-9 years), adolescents (10-19
years), adults (20-59 years) and elderly (over 60 years), according to World Health Organization (WHO)
criteria. Regarding the anatomic site, the following locations were considered: upper lip, lower lip and lip
commissure.

Out of a total of 5,511 patient records, 587 presented lip lesions, representing an occurrence of
10.7%. Most lesions were diagnosed in female and adults. The most frequent lesions in the sample were
mucocele (n=147;25%), AC (n = 136, 23.1%) and vascular lesions (n = 51, 8.7%). The lower lip was the
most affected site (n = 447, 76.2%). Regarding recurrence, only 3.6% of the 587 analyzed cases
presented lesion recurrence. In the association test between gender, age group and anatomic site with
the most frequent lesions (mucocele, AC and vascular lesions), only AC displayed statistical significance
concerning gender (p < 0.001). There was also statistically significant difference between mucocele, AC
and vascular lesions with the age group (p < 0.001; p < 0.001, p < 0.001, respectively) and anatomic site
(p<0.001;p<0.001;p=0.002, respectively) [7].

As the authors note the lips represent an important lesion site when compared to other mouth
sites, especially the lower lip, which was the main lesion site in this study, for 76.2% of all lesions.
Reactional/inflammatory lesions were the most frequent, followed by potentially malignant disorders
which together accounted for about two thirds of all lesions. Regarding the type of lesion, this study
observed that mucocele is the most frequent, and the findings reported herein corroborate these data
for all age groups (p < 0.001). The researchers believe that this result is related to constant trauma in
this region, especially in the lower lip, which was the most significantly affected herein (p < 0.001).
Mucocele is an inflammatory lesion characterized by rupture or damage to the salivary gland duct,
leading to mucus leakage into the surrounding tissues. Treatment is carried out by the surgical removal
of the lesion and the affected gland, generally presenting an excellent prognosis. In this study, 57.1% of
the assessed cases presented recurrence, probably due to the partial removal of the affected glands. The
second most frequent lesion in the sample was AC, affecting almost exclusively the lower lip (p = 0.001)
of adult and elderly patients (p < 0.001). This finding was expected, as AC is a chronic condition
associated with prolonged exposure to solar radiation and develops insidiously over time. It is noteworthy
that most individuals with this condition reported professional occupations related to sun exposure,
Justifying the high AC occurrence in this sample. It is important to note that the presence of AC raises
concerns regarding possible evolution to lower lip squamous cell carcinoma (LLSCC). In this study, LLSCC
represented almost all of the malignant neoplasms, affecting mainly the lower lip of elderly men. No
LLSCC were found on the upper lip, as it rarely affects this location. Probably, LLSCC does not affect the
upper lip due to its anatomical position, less exposed to solar radiation than the lower lip. In the present
study, vascular lesions represented by vascular malformations and hemangioma corresponded to the
third most frequent occurrence in the evaluated samples. Benign neoplasms were less frequently
observed in the present study, at 6.0% of the total analyzed cases. Fibroma and squamous papilloma
were the two most common lesions in this category, affecting mainly adult individuals [7].

Summarizing the study, our colleagues state that mucocele was the most common lower lip lesion
in all age groups, followed by AC, which mainly affected adults and the elderly. Clinical data seems the
most reliable characterization of the occurrence of these lesions and, thus, permit dentists to become
more familiarized with the diagnosis of these diseases at the time of initial diagnosis, which is a crucial
time to establish the most likely differential diagnoses and, in this manner, being able to properly guide
the pathologist who may eventually receive the biopsy. Understanding the occurrence, etiology and
clinical characteristics of lesions affecting this anatomical site is paramount so that preventive and
therapeutic measures can be promptly implemented [7].

The purpose of the study by Mello F.W. et al. [8] was to investigate the prevalence of malignant
and potentially malignant lesions of the lip in an oral pathology service and to compare these data with
a literature review.

Main study. Biopsy reports and histopathological records from March 2007 to February 2018 were
analyzed, totalizing 3173 cases. Firstly, biopsy reports were analyzed and lip lesions were selected (only
lesions in the lip vermillion semi-mucosa were considered). Then, cases that were clinically diagnosed as
AC, leukoplakia, erythroplakia, erythroleukoplakia, in situ carcinoma, and LSCC were selected. Lastly,
histopathological records were evaluated and cases were included in the sample when histologically
diagnosed as AC with no epithelial dysplasia (NoED), AC with mild epithelial dysplasia (MIiED), AC with
moderated epithelial dysplasia (MoED), AC with severe epithelial dysplasia (SED), in situ carcinoma (ISC)
and LSCC. Cases that did not fulfill these criteria were excluded from the sample. From the biopsy reports,
information of clinical diagnosis, gender, age and skin color of the patients, lesion location, smoking
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and/or alcohol consumption habits, and history of chronic solar exposure was collected. Individuals that
had outdoor occupations or self-reported periodical outdoor activities with long duration were
considered as with “prolonged solar exposure”. All clinical data of patients were collected from biopsy
files and, therefore, were reported by the responsible surgeon of each procedure. Furthermore,
histological diagnosis was performed following criteria of the WHO by an oral pathology team, composed
by three experienced oral pathologists. A total of 3173 cases of the pathology laboratory cases were
analyzed, 124 files from 107 patients were selected to comprise the sample. Moreover, 16 individuals
had more than one file in the laboratory archive, of which 8 had lesions with the same histological
diagnosis in the second biopsy and 4 had higher degrees of epithelial dysplasia in the second sample; only
one case evolved from AC to LSCC. Most patient were male (73.2%), fair-skinned (83.2%), and the mean
age was 54.3+12.3 years. 103 files provided data regarding profession of individuals, from which the
most frequent were farmers (18.5%), construction workers (11.6%), fishermen (9.7%), and drivers
(7.8%). There were few variations in the epidemiological profile of AC and LSCC patients. LSCC individuals
tend to be older than AC individuals since the mean age of LSCC individuals was 56.3+12.2 years (ranging
from 32-79 years) and in the AC group was 53.7+12.1 years (ranging from 24-79 years). The sex and skin
color distribution were similar in both groups, and the concentration of individuals with chronical solar
exposure was similar in AC than in LSCC group. 120 (96.8%) lesions were located in the lower lip and 04
(3.2%) in the upper lip. The lesions located in the upper lip were histologically diagnosed as NoED (n=1),
AC with MIED (n=2), and LSCC (n=1). There was no statistic difference in regards to age, gender, skin
color, solar exposure, and alcohol consumption between LSCC and AC groups (p>0.05). There was an
association between smoking habits and histological diagnosis, the LSCC group presented higher rates
of smoking habits than the AC group (p=0.03). The majority (80.64%) of AC cases presented some degree
of epithelial dysplasia and the majority of LSCC cases were well and moderately differentiated in the
histopathological analysis. Clinically, 62 (50%) lesions were diagnosed as AC, 19 (15.3%) as leukoplakia,
and 20 (16.1%) as LSCC. Considering the histological features of these cases, 31 (25%) were SCC, two
(1.6%) consisted of ISC, 77 (62.1%) were AC with some degree of epithelial dysplasia, and 16 (12.9%,)
were described as AC without epithelial dysplasia. 18 lesions clinically diagnosed as LSCC were SCCs at
histological analysis, one was MIED, and one was MoED. In addition, 8 cases were initially described as
AC by the surgeon and later diagnosed as LSCC by the oral pathology team [8].

Literature review. A comprehensive review of the literature was conducted to assess studies that
investigated the prevalence of AC and/or LSCC. No time restriction was applied. Retrospective studies
and case-series were considered eligible for inclusion. The following exclusion criteria were applied: 1)
studies that did not report the histological diagnosis; 2) studies not published in English; and 3) full-text
not available. Electronic search strategies were developed and adapted for each of the following
bibliographic databases: Embase, PubMed, and Web of Science. In addition, a grey literature search was
performed in Google Scholar, ProQuest Dissertations & Thesis, and OpenGrey. The following truncations
and word combinations summarize the search strateqy: (prevalence or prevalences or occurrence or
frequency or frequencies or incidence or epidemiology or epidemiologic or incidence or incidences) and
(“actinic cheilitis” or “actinic cheilosis” or “actinic elastosis” or “solar cheilitis” or “solar cheilosis” or “solar
elastosis” or “in situ carcinoma” or “squamous cell carcinoma” or “epidermoid carcinoma” or
“planocellular carcinoma” or “squamous carcinoma”) and (lip or lips or labium or labial). All searches
were conducted from the starting coverage date through 26 February 2018. A two-phase process was
performed in the selection of studies. In phase-1, titles and abstracts of identified references were
screened for potentially eligible studies. In phase-2, a full-text read was performed and studies that met
eligibility criteria were included. The following data were extracted from the articles included in the
literature review: author, year of publication, country, sample size, participants’ gender and age,
histological diagnosis, and associated factors. From the main electronic databases searches, 1590 papers
were identified, of which 1008 remained after duplicates had been removed. After title and abstract
screening, 49 articles were considered eligible for full-text reading, of which 16 met the inclusion criteria
and were finally included. Moreover, 2 additional papers were included from the grey literature, resulting
in 18 included studies [8].

In discussing a large-scale study conducted on LC, our colleagues state that the reported prevalence
of LSCC is variable in the literature, ranging from 1.27 to 5.3 per 100.000 individuals and the prevalence
of AC can vary between 4.4% and 5. 1% of the oral lesions. Most of the cases included in our sample were
clinically diagnosed as AC and approximately 10% as LSCC. However, some of the cases diagnosed as AC
were, in fact, LSCC in the histologic analysis, which highlight the importance of diagnosing these lesions
at an early stage, since an earlier beginning of the treatment results in fewer consequences for the
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patient and higher survival rates. The most affected site by LSCC and AC in sample and in the studies
included in the literature review was the lower lip, which is frequently related in the literature as the
preferential site for LSCC. In sample, only four cases were located in the upper lip, from which one was
LSCC (3.2%) and three were AC (3.2%). In the included studies the results were similar for AC cases;
however, approximately 8% of LSCC cases were reported in the upper lip, which is considerably higher
than data from the main study. Since lip vermillion semi-mucosa can be highly affected by UV exposure,
it is important to emphasize prevention campaigns as relevant ways of aware a high number of
individuals, especially in locations with an economy based in agriculture or livestock, such as some areas
in Santa Catarina state in Brazil. The authors particularly emphasize that this population needs to be
aware of the ways to prevent AC and LSCC, such as utilizing wide-brimmed hat and lip balms with sun
protection factor during labor activities and solar exposure. Data from this survey showed that the most
prevalent profile of the patients, for both AC and LSCC, was fair-skinned males, older than 40 years of
age, and exposed to solar UV radiation due to labor or leisure activities. Overall, these results were similar
to findings of literature review. Only five of the fourteen papers investigating LSCC reported data in
regards to solar exposure of the individuals, still, most of these articles reported similar results to the
main study [8].

As the researchers note, fair-skinned people are naturally more susceptive to UV related disorders,
such as skin cancer. This fact associated with intense incidence of solar radiation, which occurs in tropical
countries such as Brazil, leads to an increase in the incidence of LC. Moreover, the pathology laboratory
from the medical service is located on a tropical island, which has a high concentration of street workers,
especially in the summer season, when UV incidence rises, a fact that may increase their susceptibility to
LSCC and AC. Interestingly, five (27.8%) of the included articles were also performed in Brazil and two
(11.1%) in Australia demonstrating the importance of studying AC and LSCC in tropical locations, which
present higher incidences of UV radiation and, therefore, higher incidences of sun exposure related
diseases. In this way, health care professionals, especially in these geographic locations, need to be
vigilant, since diagnosing these lesions at the earliest stage possible can provide a better prognosis and,
consequently, fewer treatment-related consequences for these individuals. Tobacco consumption was
found to be significantly higher in individuals with LSCC than in individuals with adenocarcinoma in the
main study sample. The rates of smoking tobacco in the medical service LSCC sample were similar to
other studies included in the literature review. Several cigar associated substances are linked to the
development of intra-oral cancer; however, the role of these substances in the LSCC physiopathology is
not clear. Some previous studies suggested that smoking may be considered an important secondary
factor in LSCC. However, most of the lesions in our sample were located in the lower lip, which is
commonly associated with UV damage, and rarely with the carcinogenic effect of secondary factors, such
as alcohol and smoking habits. Still, these behavior habits may be in fact confounding factors in our
sample, external effects (such as sun exposure) seem to have a major role in the development of LSCC
rather than tobacco and alcohol consumption. The most cases of AC and LSCC in the main study were in
fair-skinned individuals with solar exposure, and these data were similar to findings from the literature
review. It should be emphasized that most of the lesions clinically diagnosed as AC had some kind of
epithelial dysplasia or, in some cases, the presence of LSCC after histopathological evaluation. In
conclusion, the authors come to the conclusion that patients with a history of chronic and cumulative
UV exposure should be carefully evaluated and, when lip alterations are present, biopsy and
histopathological evaluation should be considered [8].

As the authors note Santana T. et al. [9] AC is a potentially malignant disorder of the lip,
characterized by epithelial and connective tissue alterations caused by chronic exposure to UV radiation.
In the past decades, diverse studies have been conducted in lip carcinogenesis and many biomarkers have
been identified in lip lesions, yet there is no scientific evidence that determines its usefulness in the
clinical setting or in histopathological routine. In this regard, as our colleagues write, they conducted the
first systematic review in this field to summarize the results of published studies on immunohistochemical
biomarkers in lip carcinogenesis, to evaluate if there is a marker than can distinguish the different
histological grades of AC. Retrospective studies that investigated immunohistochemical biomarkers in
AC defined on standardised histological assessment were gathered from five databases and evaluated.
Each study was qualitatively evaluated using the critical appraisal tools from System for the Unified
Management, Assessment and Review of Information. The proliferation marker Ki-67 was the most
studied biomarker and they observed, through meta-analysis, that it was differently expressed between
AC and LC, but not in AC sub-groups. Most articles had a high risk of bias. In conclusion, the researchers
come to the conclusion that the literature lacks quality follow up studies in AC. Multicentre cohort
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studies, with patients stratified by treatment type and the use of image analysis soft-ware, could be the
solution to further address the issues of investigating potentially malignant lesions and help change
clinical practice, in terms of individualizing patients’ treatment and prognosis prediction.

Ortiz R.C. et al. [10] in their work consider the possible role of aldehyde dehydrogenase 1 (ALDH1)
and Cluster of Differentiation 44 (CD44) in lip carcinogenesis. According to the authors, LSCC accounts
for 12% of all head and neck cancers. It is caused by chronic exposure to UV light solar radiation and
related to previous AC. This study aimed to investigate the immunostaining of the putative cancer stem
cells markers ALDH1 and CD44 in AC (n=30) and LSCC (n=20). ALDH1 positivity was found to be
statistically higher in LSCC than in AC lesions (p=0.0045), whilst CD44 expression was statistically higher
in AC than in LSCC lesions (p=0.0155). ALDH 1+ cells in AC lesions were associated with specific clinical
features: ayounger age (<60 years old), the female gender, white skin, not smoking or consuming alcohol,
and a fast evolution, and not associated with the chronic exposure to UV radiation (p<0.0001). CD44
positivity was associated with patients who were male, feoderm, smoked, consumed alcohol, underwent
occupational exposure to UV radiation, and demonstrated lesions with log-time evolution (p<0.0001).
ALDH1 + cells were associated with mild dysplasia using a system from the WHO, and with a low risk of
malignant transformation, according to the binary system (p<0.0001). CD44+ cells were also associated
with moderated dysplasia, according to the WHO system. In LSCC, ALDH1+ cells were positively
associated with patients who were older (= 60 years old), smokers, and with those who consumed alcohol
(p<0.0001). CD44 + cells in LSCC were associated with older (= 60 years old) patients as well, but also
with female patients, white skin, non-smokers, and individuals who did not consume alcohol (p<0.0001),
all of whom showed distinct patterns in pre- and malignant lesions of both markers. Additionally, in LSCC,
both ALDH1 and CD44 staining were associated with smaller tumor sizes (T1/T2; p<0.0001). In summary,
although both ALDH1 and CD44 were associated with the presence of dysplasia in AC lesions, the present
findings suggest that ALDH1 and CD44 may be activated by different etiopathogenic pathways,
predominantly in distinct steps of oral carcinogenesis. CD44 would thus be more significantly related to
the potentially malignant lesion, while ALDH 1 would be closely linked to malignancy.

A very revealing and fundamental study was conducted by Medeiros C.K. et al. [11] which
consisted of proposal a clinical index for AC. This was an observational study conducted in two steps. The
first step consisted of the development of a clinical index for assessing the severity of AC, followed by
analysis of the accuracy of this index.

First step: development of the clinical index. First, an exhaustive literature search was performed
to identify the clinical characteristics associated with AC for bibliographic validation of these features.
The Medline/PubMed, Scopus and Google Scholar databases were searched for articles published in
English or Portuguese from 1999 to 2016 using the following keywords: AC, solar cheilosis, lip, and
precancerous conditions. After determination of the clinical characteristics associated with AC, forms
containing these features were sent electronically between April and November 2016 to 52 masters and
doctors in Stomatology and Oral Pathology with at least two years of experience in clinical care of
patients with AC. The instrument contained three questions: 1) the professional was asked to identify,
among the listed clinical characteristics (resulting from the literature review), those comprising the
clinical presentation of AC; 2) the professional should then indicate which of the characteristic identified
by him are present in mild, moderate, or severe AC; 3) If you checked the “Other changes” option, what
are they? The answers to the questionnaires were analyzed and the clinical characteristics indicated as
being representative of the clinical presentation of AC by 90% of the experts were listed and the
remaining ones were discarded. The tertile of these characteristics was calculated and the values located
in the second and third tertiles were selected. Next, each characteristic as mild, moderate or severe was
determined for inclusion in the index according to the classification in which they were most frequently
cited. Finally, the clinical index containing these characteristics was elaborated by assigning a score
according to severity grade, with 1 for mild characteristics of AC, 2 for moderate characteristics, and 3
for severe characteristics. Thus, after application of the clinical index, each patient received a final score
corresponding to the sum of points assigned to the clinical presentation of AC to be used as a parameter
for clinical decision-making [11].

Second step: validation of the clinical index. The second step consisted of a diagnostic study. First,
the clinical index for AC (CIAC) was applied to patients with a clinical suspicion of AC attending the
Stomatology Service of the Department of Dentistry, Universidade Federal do Rio Grande do Norte,
between May 2017 and November 2019. The study sample was intentional and not probabilistic.
Participants older than 18 years of age with a clinical diagnosis of AC were included in this studly.
Participants with a histopathological diagnosis incompatible with AC were excluded, resulting in a
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sample of 36 participants. The participants were examined by a trained and calibrated researcher.
Intraexaminer agreement was determined using the weighted kappa test by evaluating 10 participants
at an interval of 15 days between applications of the CIAC and was classified as almost perfect
agreement (K = 0,83; P < 0.05). During application of the index, the characteristics that were present on
the participants’ lips were recorded and scores were then assigned to each characteristic. Finally, these
values were summed to obtain a final score and an incisional biopsy was performed in the area showing
the highest degree of clinical severity of AC. Briefly, the specimens were routinely fixed in 10%
formaldehyde, embedded in paraffin wax, cut into 5 um-thick sections, and stained with hematoxylin
and eosin [11].

For development of the clinical index for assessing AC severity, researchers first conducted an
exhaustive literature search, which resulted in the identification of 35 clinical characteristics associated
with AC. Clinical characteristics that represented symptoms (burning and absence of painful symptoms)
or that corresponded to the subjective description of a clinical feature (smooth, rough, and irregular
surface) were excluded. Repeated clinical characteristics (desquamation/scaly areas, fissures/cracked
areas; white/white-greyish plaques) were combined, resulting in 24 characteristics. Only characteristics
present in the second and third tertiles of the frequency of citation by dentists were selected, totaling 16
clinical characteristics. The selected clinical characteristics were then classified as mild (score 1),
moderate (score 2) or severe (score 3) and based on these results, the CIAC was developed. For validation,
the clinical index was applied to 36 patients with a diagnosis of AC. This sample predominantly consisted
of men (n=29; 80.6%) aged 40 years or older (n=34; 94.4%) with fair skin (n=24; 66.7%), a history of
smoking (n=20; 55.6%), and occupational sun exposure (n=24; 66.7%). In addition, most participants
used some type of photoprotection such as a cap/hat (n=27; 75%). With the exception of induration, all
characteristics of the clinical index were observed upon physical examination of the patients with AC.
The most frequent characteristics were blurred demarcation between lip and skin (n=32; 88.9%), white
spots (n=31;86.1%), dryness (n=30; 83.3%), and desquamation (n= 26; 72.2%). Most patients scored 10
(n=5; 13.9%) and 11 points (n=5; 13.9%), followed by 12 (n=4; 11.1%) and 7 points (n=4; 11.1%) after
application of the clinical index. Morphological analysis revealed that 80.6% of the sample had some
degree of epithelial dysplasia. Receiver operating characteristics analysis revealed that the optimum cut-
off value of the CIAC as clinical diagnostic tool to differentiate among patients with more severe AC was
10 and 11 points. The area under the curve (AUC) of the CIAC was 0.823 (P=0.022) for the binary grading
system, while a smaller AUC was obtained for the WHO grading system (0.728, P=0.043). Additionally,
association tests were performed between the individual clinical characteristics and the two grading
systems used. Using the WHO grading system, a significant association was observed between the blurred
demarcation between lip and skin (P=0.041) and cases without dysplasia/mild dysplasia, as well as
between the presence of ulceration (P=0.002) and crusts (P=0.012) and moderate/severe dysplasia. The
blurred demarcation between lip and skin (P=0.005) was also significantly associated with cases of low
risk of malignancy, while erosion (P=0,024), ulceration (P=0,005) and crusts (P=0,045) were associated
with a high risk of malignancy by the binary system [11].

Scientific researchers have shown in their work that the clinical management of patients
diagnosed with AC is often a challenge for the professional since the clinical presentation of this lesion
does not always correspond to its histopathological severity. Thus, procedures that improve diagnostic
accuracy are necessary since the treatment and follow-up of these patients are essential for the
prevention or early diagnosis of malignant transformation of this lesion. Individual analysis of the clinical
characteristics of AC showed a statistically significant association between the blurred demarcation
between lip and skin and cases without dysplasia/mild dysplasia and low risk of malignancy. Only four
of the 36 participants did not exhibit blurred demarcation between lip and skin (focal or diffuse). The
latter is a relatively common characteristic in patients with AC. In conclusion, the authors come to the
conclusion that the CIAC was found to be a promising diagnostic tool, showing good reproducibility, easy
applicability, rapidity, and low cost. However, further prospective studies involving a larger patient cohort
to validate the reproducibility of the index are necessary. Demographic data of the sample analyzed
reinforce the profile of patients with AC already established in the literature. Clinical characteristics such
as erosion, ulceration and crusts were significantly associated with a higher histopathological severity
grade of the lesion. The CIAC cut-off values of 10 and 11 using the WHO and binary grading systems,
respectively, showed the best accuracy and these values should be used for biopsy indication. The use of
CIAC may contribute to reduction of subjectivity of the decision-making process in the clinical
management of AC patients [11].

Now, regarding this pathology in our country at the national level. The incidence of LC in the
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Republic of Kazakhstan in 2023 was 0.5 per 100 thousand population (0.6 — a year earlier), which in
absolute numbers amounted to 109 people (118 cases — a year earlier), which for such a localization (the
data are taken into account excluding skin cancer), is certainly a lot. At the same time, 87 men fellill (in
2022 — 84 patients), women — 22 (34 patients — a year earlier) [12].

LC levels above the national average were established in 12 regions of the country: East
Kazakhstan — 2.2 (the maximum indicator); Pavlodar — 1.5; Karaganda and Akmola — 1.0; Ulytau — 0.9;
Kostanay and Abay — 0.7; Aktobe, Zhambyl, West Kazakhstan, Mangistau, and North Kazakhstan regions
—0.6. This indicator is below the national average in 8 regions: the city of Almaty — 0. 1 (lowest level); the
city of Astana and Almaty — 0.2; Atyrau, Zhetysu, Turkestan, and the city of Shymkent — 0.3, Kyzylorda
regions — 0.4 per 100 thousand population.

The mortality rate from this pathology was 0.1 per 100 thousand population, the same as in 2022,
which in absolute numbers amounted to 12 people (11 patients — the year before).

The regions where the mortality rate from LC is above the national average include: Pavlodar — 0.3
(highest level); Kostanay and Abay regions have a mortality rate of 0.2 per 100 thousand people. Six
regions — Almaty, Aktobe, East Kazakhstan, Zhambyl and Turkestan regions, and the city of Shymkent —
are on par with the national average. In the remaining regions (North Kazakhstan, Karaganda, Akmola,
West Kazakhstan, Mangistau, Atyrau, Kyzylorda, Ulytau, and Zhetysu regions, as well as the cities of
Almaty and Astana), there were no deaths from this pathology [12].

One-year lethality was 3.5% (3.4% in 2022). Moreover, the ratio between one-year lethality and
the severity of the disease (stage IV) was quite high at 1.3, despite the ratio of LC to visually accessible
localizations. At the same time, we recall that the value furthest from “1” is the worst ratio between the
one-year lethality and neglect rates.

Now, regarding preventive examinations. It should be noted that during large-scale preventive
examinations of the population in 2023, significantly more patients with malignant neoplasms were
actively identified than in 2022. This number was 25,193 compared to 23,623 patients identified in
2022, an increase of 6.6%. This is due to the continued easing of the epidemiological situation related to
the coronavirus and the increased availability of preventive care for the population. The proportion of
patients identified during preventive examinations increased from 62.0% to 62.4% of the total number
of patients identified for the year.

As for LC, the early detection rate of this pathology during preventive examinations decreased from
87.6% to 83.3%. The number of newly diagnosed LC patients registered with oncology organizations was
108 patients (113 patients in 2022). The absolute number of patients with LC identified during routine
examinations was 90 (99 in the previous year). Of these 90, 83 were in stages | and Il (89 in 2022). The
proportion of LC patients detected in the early stages was 92.2% in 2023 and 89.9% in 2022.

Of course, early diagnosis rates are very important when analyzing the epidemiological situation.
With this tumor location, 9 out of 10 patients are detected in the early stages (I-ll). At the same time,
despite the availability of visual diagnostics, one in ten patients is diagnosed in the advanced stages (IlI-
IV), which is a significant percentage. The regions where the proportion of patients with early stage | of
the pathology in question is above the national average (42.6% - 7th place among all nosological forms
of malignant tumors) include the following: Atyrau, Kyzylorda regions and the city of Shymkent - 100.0%
(and, naturally, the best indicator). Next come: North Kazakhstan - 66.7%, Abay, West Kazakhstan,
Karaganda, Ulytau regions and the city of Almaty - 50.0%, East Kazakhstan - 43.8%, Zhambyl - 42.9%.

The lowest rates of early diagnosis were recorded in the Zhetysu, Mangistau and Kostanay regions
- not a single patient (0.0%). Then come: Aktobe - 16.7%, Pavlodar - 27.3%; Turkestan - 28.6%, Almaty
region and the city of Astana - 33.3%,; Akmola - 37.5% of the region [12].

The regions where the proportion of patients with LC detected at stages I-Il is above the national
average [(90.7% - 3rd place after non-melanoma skin cancer (98.4%) and thyroid cancer (92.4%)] include
the following regions. In 12 regions (Akmola, Almaty, Atyrau, Zhambyl, West Kazakhstan, Kyzylorda,
North Kazakhstan, Turkestan, Ulytau regions and our three megacities) this figure is 100%. Not far from
them are the East Kazakhstan (93.8%,) and Pavlodar (90.9%) regions. Low rates of early diagnosis were
recorded in the Abay and Zhetysu regions - 50.0%. Next come: Karaganda and Mangistau - 80.0%; Aktobe
and Kostanay - 83.3% of the region [12].

As the above data clearly demonstrates, there is a wide range in early diagnosis rates across the
country, from very good to dismal. Of course, migration processes and other factors influencing early
diagnosis rates must be taken into account. Nevertheless, the results obtained provide a reason for
oncologists, dentists, orthodontists, dermatovenereologists and general practitioners to continue to
strive for excellence. Improving early diagnosis rates for malignant tumors, as one of the fundamental



XXI INTERNATIONAL SCIENTIFIC CONFERENCE. STOCKHOLM. SWEDEN. 02-03.06.2026

tenets and one of the primary goals of medicine as a whole, remains a pressing need today.

The proportion of stage IV LC among all nosological forms of malignant neoplasms was 0.9%.

The total number of patients with malignant neoplasms registered with specialized oncology
organizations in the republic continued to increase and by the end of 2023 amounted to 218,186 people,
an increase of 6.0% compared to the previous year (2022 — 205,822, +5.8%). The overall incidence rate
of malignant neoplasms increased by 3.9%, from 1,055.3 to 1,096.4 per 100 thousand population. This
increase is due to both the increased incidence and detection of pathology, and the increased survival
rate of cancer patients. Furthermore, statistical data on patients diagnosed with malignant neoplasms,
who have been under observation for 5 years or more and continue to be monitored in 2023, showed
that the number of patients under observation by oncology organizations in Kazakhstan for over five
years continued to grow and at the end of the reporting year amounted to 117,616 people, an increase
of 6.2% (2022 — 110,790 people, +6.6%) (Form No. 7).

An important clinical aspect, such as the coverage of patients diagnosed with malignant neoplasms
in the Republic of Kazakhstan with specialized treatment for the first time, cannot be ignored. In 2023,
the number of hospitalizations for all types of malignant tumors in oncology organizations across the
country amounted to 108,252 cases (2022: 101,095), representing a 7.1% increase compared to the
previous year. This is due to the steady growth of the oncology patient population, improved
standardization of oncology care, and the development of palliative and restorative services.

At the end of 2023, the absolute number of patients with LC who completed specialized treatment
was 81, with 19 continuing treatment. The following results were obtained in percentages by treatment
method and type. 29.6% of patients received surgery alone, 24.7% received radiation alone, 22.2%
received combined treatment, 8.6% received complex treatment, 6.2% received drug therapy alone, and
3.7% received chemotherapy and radiation therapy.

Further information is available regarding the five-year survival rate of patients. Regarding LC, at
the end of 2023, 1,395 people, or 7.0 per 100 thousand population, were registered for dispensary care.
At the end of 2022, there were 1,431 patients, or 7.3 per 100 thousand population, respectively.

Moreover, the mortality rate of the monitored cohorts in 2023 increased compared to the previous
year and amounted to 0.9% in 2023 (0.8% in 2022).

The five-year survival rate for patients with LC was 72.5% in 2023 and 72.0% in 2022 [12].

To summarize the above, the following conclusion can be drawn. LC is traditionally considered a
visually accessible location, which theoretically ensures a high probability of its early detection during
routine examinations. However, the analysis shows a downward trend in this indicator: the proportion of
cases diagnosed in the early stages has decreased from 87.6% to 83.3%. Despite the existing capabilities
and accessibility of primary visual diagnostics, issues apparently remain that hinder timely patient
referral and specialist awareness. The five-year survival rate for patients with LC was 72.5%, reflecting
the continuing clinical and social significance of this pathology. Given the direct correlation between
prognosis and disease stage, a decrease in early detection may ultimately lead to further deterioration in
long-term treatment outcomes. In the current situation, it seems appropriate to: increase oncological
alertness among primary care physicians, dentists, orthodontists and dermatovenereologists when
examining and treating patients with this pathology, including those from high-risk groups; intensify
targeted preventive examinations for smokers and individuals with chronic precancerous lesions of the
vermilion border; expand public health education programs aimed at raising public awareness of the early
signs of the disease; implement standardized algorithms for routing patients with suspicious changes in
the mucous membrane and vermilion border; and utilize modern diagnostic methods at the initial
detection stage.

A comprehensive approach, including organizational, educational, and clinical measures, will
increase the early detection of LC, improve survival rates, and reduce the medical and social
consequences of this pathology. An epidemiological assessment of the LC situation in our country reveals
significant regional variations not only in incidence rates but also in early diagnosis of this malignant
tumor entity. Therefore, this pathology remains a serious challenge in modern clinical oncology.
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Abstract

Bilingual education is a major trend in English language teaching in higher education in
Kazakhstan. The use of the local tongue and English helps to better understand the learning materials,
increase language skills and more active participation in the educational process. This article is about the
role of bilingual education on the development of students’ vocabulary, grammatical understanding,
writing abilities and learning motivation. Special emphasis is laid on its influence on academic writing
and reading comprehension of university students. The study also addresses the problems of establishing
multilingual instruction, such as the requirement for competent teachers and effective teaching
methodologies. Findings imply that bilingual education facilitates students’ academic progress and helps
to acquire the English language better. In the multilingual environment of Kazakhstan this technique is
a realistic, valuable tool for increasing the quality of higher education.

AHHOmMauus

bunuHesanbHoe obpaszosaHue ABJASeMCS O00HUM U3 3p@eKkmuBHbIX N00X0008 K 00Y4eHuro
aH2IUUCKOMY SI3bIKY B CUCMeMe Bbiclie20 06pazosaHus Kasaxcmada. ¥cnosib308aHue pooHo20 A3biKa
Hapsady ¢ aHe/Iudckum cnocobcmayem JiyduiemMy NOHUMAHUKD y4ebHo20 mMamepuasnd, passumutro
A3bIKOBbIX HABbIKOB U NOBLIUWIEHU AKMUBHOCMU CMYyO0eHmMOoB B 06pazoBamesibHoM npouecce. Bcmamee
paccMampuBaemcs poJib  bUIUHeBA/IbHO20 06pA30BaHUS B GHOPMUPOBAHUU C/10BAPHO20 3ANACd,
YCBOGHUU 2PAMMAMUYECKUX CMPYKMYp, pa3sumuU HasbikoB NUCbMEHHOU peyu U NOBbILEHUU Y4ebHoU
momusayuu obyyaroujuxcsi. Ocoboe BHUMAHUe yoesnsemcsl BJUSHUK OUIUH2BAIbHO20 NOOX00ad Ha
pazBuUMuUe akademuyeckoeo NUCbMAa U NOHUMAHUe aHeulicko2o f3bika CmyoOeHmamu BY308. Takie
AHANU3UPYOMCS  OCHOBHbIe — MPYOHOCMU  BHeOpeHus — buUuHeBAIbHO20 — 0bYYeHus,  BKJ/IHYas
Heobxodumocmb N0020MOBKU KBA/IUGUUUPOBAHHLIX npenodasamesnell U UCN0/Ib30BAHUS 3pPeKkmuUBHbIX
MemoouyYeckux NooxodoB. Pe3ysbmamsi  UCCIE00BAHUS  NOKA3bIBAKOM, 4YMO  bUUHEBA/IbHOE
obpazosaHue cnocobcmsyem 6oJiee  ycnewHoMy U3y4eHUro aHeulickoeo S3bIKa U NOBbILEHU
akademuyeckol ycnesaemMocmu CmMyoeHmoB. B yc108UsIX MHO20513bI4HO20 Kazaxcmara 0aHHbIG NooxXo0
ABJISeMCS BAXCHbIM U NEPCNEKMUBHbIM HANPABIEHUEM Pa3BUMUS BbiCULIE20 06pa308aHUS.

Keywords: Multilingual education, language development, academic literacy, student support,
teaching methodologies, cognitive flexibility.

Knroqesbie ¢/oBa: MHo2053bI4HOE 0by4YeHue, YCBOeHUEe S3bIKd, aKademu4eckass 2pamMomHOCMBb,
A3bIK0BAS N000epPX(Ka, 06pazosamesibHble Cmpamezul, KO2HUMUBHAsS 2UBKOCMb.

Introduction

In the last few decades English has become the dominant international language of
communication, of science and technology and higher education. Consequently, the need for excellent
English language teaching has grown dramatically in many nations such as Kazakhstan. Speaking English
opens up more chances for students to pursue education, to access worldwide academic resources and
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to become more competitive internationally in the labour market. Therefore, enhancing the quality of
English language instruction has become one of the main concerns of higher education institutions.

Kazakhstan is a multilingual society where Kazakh, Russian and English languages play a big part
in social, cultural and educational life. The national policy for promotion of multilingualism has resulted
in adoption of novel techniques to language teaching. Among these strategies, bilingual education has
attracted much attention for its possibilities to foster language learning and at the same time, to
preserve students’ linguistic and cultural identities.

Bilingual education is the use of two languages in the teaching and learning process. Strategic use
of students’ first language in English language courses can allow learners to understand difficult topics,
acquire new vocabulary and develop language abilities more efficiently. Bilingual education does not see
the original language as a hindrance, but as a wonderful resource that can help learning and increase
academic accomplishment.

Bilingual education can lessen learning challenges and improve target language confidence among
university students, especially for those with beginner and intermediate levels of English competence. It
helps learners to relate new information to what they already know, encourages them to take part
actively in the classroom activities and fosters the development of academic abilities such as reading,
writing and critical thinking.

This article is devoted to the study of the influence of bilingual education on the teaching of the
English language in higher educational institutions of Kazakhstan. This study is devoted to the
advantages of bilingual teaching, its contribution to language development and academic writing as well
as obstacles that arise when it is implemented in the university context.

Theoretical Bases of Bilingual Education

Bilingual education is a pedagogical strategy that includes the use of two languages in the teaching
and learning process. This is based on the assumption that pupils can learn a foreign language more
effectively if they may use their mother tongue as a support aid. Researchers have reported that bilingual
instruction enhances the process of language learning by allowing learners to link new knowledge with
their previous language expertise.

One of the leading theories in bilingual education was proposed by Jim Cummins . He said that
information and abilities learned in one language can transfer to another . This is a notion of linguistic
interdependence. It says that the more the original language develops the more it can help to learn the
second language.

Therefore, bilingual education does not limit English language acquisition, rather promotes it. The
current teaching practices also acknowledge the relevance of translanguaging since it allows the
students to employ their entire language repertoire during the learning process. The employment of two
languages strategically helps students to better understand academic content, improve critical thinking
abilities, and participate more actively in classroom discussions.

Kazakhstan Bilingual Education

Kazakhstan is a bilingual country where Kazakh and Russian are utilised in everyday
communication, while English is becoming more significant in the fields of education, commerce and
international collaboration. Multilingualism is promoted in the national educational policy as a tool to
prepare students for involvement in the global community. English is taught as a foreign language in
many academic programmes in higher education institutes. However, many students have difficulty
because of the inadequate language proficiency, especially in the early stages of learning.

Bilingual education in this environment is a successful technique of language acquisition and
academic performance. The bilingual teaching in Kazakhstan allows students to better understand
complicated concepts and avoids the difficulties of learning through a foreign language. In this way
students are more involved in the classroom tasks and become more confident in using English for
academic purposes .

The Effect of Bilingual Education on English Acquisition

The use of bilingual education has a good effect on various elements of learning English. First, it
enhances the comprehension by providing pupils with explanations in their mother tongue and English.

Thus, learners will have a better understanding of challenging grammar structures and new
terminology. Secondly, bilingual education helps to enhance the vocabulary. Students will be able to
associate terms in one language to another which will improve retention and long term learning.
Possibility of comparing linguistic structures helps to better understand the language systems. Third,
multilingual instruction enhances student motivation and involvement. When learners know they can
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receive some linguistic support they generally find it easier to ask questions and give their opinion. This
encouraging atmosphere facilitates active learning and lowers foreign language learning anxiety.

Bilingual education also encourages critical thinking and language awareness. Students gain
analytical skills by comparing similarities and contrasts between languages, which are of use in their
general academic growth.

Academic Writing Skills Development

University students who learn English find academic writing to be one of the most difficult abilities.
Good writing is not just proper grammar. It's the logical arrangement, the right words, and the ability to
articulate ideas simply and logically.

Bilingual education allows pupils to strengthen their writing skills by having them think through
their ideas in their home language before they convey their ideas in English. This helps to reduce cognitive
load, and enables learners to concentrate on information and organisation. Comparing sentence
construction across languages also helps students to grasp what is distinctive about academic English.
These comparisons can help you to avoid certain typical grammatical errors, and will improve the quality
of your written work.Vocabulary development is also important for academic writing.

Bilingual teaching helps pupils to better acquire new vocabulary items and learn how to use them
appropriately in varied settings. As a result theirs more precise, consistent and academically appropriate.

Issues in Implementing Bilingual Education

Bilingual education has several benefits, but it also has some problems in higher education. One of
the major problems is the absence of methodological consistency. The different teachers may use
different multilingual tactics, and this may lead to the difference in the quality of teaching.

Another issue lies in getting trained teachers with good language skills and knowing how to teach
bilingually. Without proper preparation, it may be difficult for teachers to maintain a suitable balance
between the original language and English.

There is also the concern that over-reliance on the mother tongue can restrict students’ exposure
to English. Hence, multilingual instruction should be used judiciously, with the original language as a
support mechanism rather than a substitute for English.

To achieve the maximum effectiveness of bilingual education, institutions should provide
methodological support, professional development opportunities and appropriate instructional materials
for teachers and students.

Conclusion

Bilingual education has become an integral part of the English language teaching at the higher
education institutions of Kazakhstan. The results of the study show that the strategic use of the local
language and English may aid language learning, improve academic achievement and boost students’
confidence in the use of English.

The study points out the positive effect of bilingual education on vocabulary development,
grammar learning, academic writing and the motivation of learners. At the same time successful
implementation demands qualified teachers, effective approaches and a balanced approach to language
use in the classroom.

Taking into account the multilingualism of Kazakhstan, bilingual education is a realistic and
successful way of teaching English language. Its further development and incorporation into the higher
education may lead to better learning outcomes and enhanced preparedness of students for academic
and professional communication in the more globalised environment.
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Abstract

The increasing role raising the English language as a worldwide language causes the necessity for
the development of good approaches of teaching grammar at higher education. Traditional grammar
teaching tends to focus on memorisation and rule-based drills, which may not be sufficient to build
students’ communicative abilities. In multilingual educational contexts, bilingual education practices can
promote the learning of grammar through linking students’ past language knowledge to the target
language. This research explores the use of bilingual educational practices in teaching English grammar
for university students.Special focus is paid to contrastive analysis, cross-linguistic transfer,
translanguaging procedures and bilingual scaffolding. These tactics assist learners to analyse
grammatical structures in different languages, to detect similarities and differences and to avoid
linguistic interference. The employment of bilingual techniques creates more awareness of grammar,
encourages critical thinking and allows for the learning of more complicated grammatical concepts.

The study concludes that the inclusion of bilingual educational practices results in better
grammatical competence, more accuracy in the use of language and more confidence in the learners.
Students get increased competence in analysing the language structures and using the grammar
knowledge in academic and communication aspects. Besides, multilingual teaching provides a good
learning environment which encourages active engagement and learner autonomy.The findings suggest
that bilingual teaching approaches are an effective teaching method to teach English grammar in
multilingual classrooms. Their methodical application can enhance learning outcomes and help the
development of students’overall language ability.

AHHOMayus

Bo3spacmarowasi posib aH2/IUUCKO20 S3bIKA B MeXOYHAPOOHOM 06pazoBamesibHOM NPOCMPAHCMBE
mpebyem noucka 3¢gekmuBHbIx N00X000B K 0by4eHUro 2pammamuke 8 Bbiclued wkose. TpaouyuoHHbIe
Memoobl 0bY4eHUs 4acmo OCHOBLIBAOMCA HA 3ANOMUHAHUU NPABUJT U BbINOJHEHUU OO0HOMUNHbIX
ynpayHeHud, 4Ymo He Bce20d CNOCobCmByem pasBUMUK)  KOMMYHUKAMUBHOU KOoMNemeHuuu
cmyodeHmoB. B ycioBusx MHO20§13bI4HO20 06pazoBaHus 0cobyro akmyasjbHoCmb npuobpemarom
bunuHeBaibHbIe 06paszosamesibHble CMpameul, NO3BO/ISHWUE UCNOIb30BAMb YXHe UMerouuecs
A3bIKOBbIE 3HAHUS 06YYArOUUXCS NPU U3YYeHUU aH2IULCKO20 A3bIKA.

B cmamaee paccmampusaromcs BO3MOXHOCMU UHMe2payuu buauH2BaIbHbIX 06pazo8amesibHbIX
cmpameaull B8 npoyecc obyyeHus aHesulckod epammamuke cmydeHmos By308. Ocoboe BHUMAHUE
yoenisemcs KOHMPACMUBHOMY AHAJIU3Y, M bS3bIKOBOMY NEPEeHOCY, NPAKMUKEe MPAHCbA3bIYUS U
bunuHeBaabHOU nNoddepike oby4eHus. Vcnosb3o8aHue 0aHHbIX cmpameaul nomMoz2aem Cmyo0eHmam
BbISBJIIMb CXO0CMBA U paA3/iudus Mexdy A3bIKamu, Jyduwe NOHUMAmMb epaMmMamuyeckue S8aeHus U
CHUXCamb BJIUSHUE S3bIKOBOU UHMepdepeHyuU.

[posedeHHbIl aHaau3 NoKasbiBaem, 4mo OuIuH2BAsIbHBIL NOOX00 cnocobcmByem pazsuMUO
epammamuyeckol  KOMNemeHyuu, NOBbILUEHUKD — MOYHOCMU  UCNOJIb30BAHUS  2PAMMAMUYECKUX
KOHCMPYKUUU U pOPMUPOBAHUKD OCO3HAHHO20 OMHOWEHUS K U3Y4eHUro S3bIKd. Kpome mo2o, OaHHbIe
cmpameauu  NOBbILIAOM MomuBayuto obyqarouuxcs u cosdarom 61a20npusimHbie  Yycao8us 0/1s
akmusHo20 y4acmus 8 y4ebHom npouecce. CoenaH BbIBOO O MOM, YMO UHMe2payus 6uIUH2BAIbHbIX
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obpasosamesibHbix cmpameeull A8ASemcs  3pdekmuBHbIM - CpeocmBOM  0byYeHuUs  aHeIutckou
2PAMMAmuKe B YC1I0BUSIX MHO20513bI4HO020 06pA30BaHUSI U CNOCOOCMBYEm NoBbIULEHUI 06Uje20 YPOBHS
A3bIKOBOU NOO20MOBKU CMYOeHMOoB.

Keywords: contrastive analysis, translanguaging, cross-linguistic transfer, grammatical
competence, multilingual education, learner autonomy.

Knroqesble ¢€noBA: KOHMPACMUBHBIU AHAJIU3, MEX(bSI3bIKOBOU NEpeHoC, MPAaHCbs3blyue,
2paMMamuy4eckas KoMnemeHyusi, MHO20513bI4Hoe 06pa3oBaHue, aBMOHOMHOCMb 0OYYarOULUXCA.

Introduction

As the role of English as an international language becomes more important, so does the need for
effective ways of language teaching. Grammatical competence is still one of the important components
of communicative competence in higher education which enables students to utilise language accurately
and responsibly in academic and professional communication. The structural differences between English
and the learners’ original languages still cause many learners to have problems learning English
grammar.Recent trends in applied linguistics have emphasised the significance of bilingual educational
practices in the teaching of foreign languages. Cummins (2007) underscores the importance of
considering the L1 of learners as a cognitive resource rather than as an obstacle to language learning.
Likewise, Garcia and Wei (2014) believe that the flexible use of different languages in the classroom leads
to deeper understanding and successful learning.

The use of bilingual methods is especially important in multilingual educational settings like
Kazakhstan, where students often use more than one language in their academic and social
interactions.The application of bilingual education methodologies in grammar instruction can facilitate
the learners’ ability to compare between grammatical systems, discover linguistic parallels and
differences, and minimise language interference.

The aim of this study is to analyse the effectiveness of bilingual education methods in teaching
English language to university students and to analyse their impact on the development of grammatical
competence

Review of Literature

Bilingual education has become one of the most disputed subjects in language teaching.
Researchers have increasingly come to realise that language acquisition is facilitated when students are
permitted to draw on their prior linguistic knowledge in the learning process.

One of the oldest hypotheses connected to multilingual training is Lado’s (1957) Contrastive
Analysis Hypothesis. The notion says that by looking at two languages you may find the trouble spots and
predict the learner’s likely blunders. Through the contrastive analysis, students can learn about the
differences in grammatical structures and the reasons of some errors in grammar education.

Cummins (2007) presented the notion of Common Underlying Proficiency, which suggests that
cognitive and academic skills learned in one language can be transferred to another language. This idea
has good ground for multilingual educational methods since it stresses the interrelatedness of the
process of acquiring languages.

Another important topic is translanguaging by Garcia and Wei (2014). Translanguaging helps
learners to rely on all the language resources available to them to make meaning and to meet
communication problems. Research shows that translanguaging can enhance comprehension, increase
learner engagement and lead to better academic outcomes. Cook (2016) notes that multilingual learners
have some cognitive advantages in being able to make connections across systems of language. Such
comparisons serve to build metalinguistic awareness which is an important component of the process of
grammar acquisition.

Lightbown and Spada (2020) emphasise the continued importance of specific grammar instruction
in second language learning. But, the teaching of grammar is more effective when new structures are
related to learners’ previous linguistic knowledge. Bilingual teaching practices help build these links and
assist better understanding of grammatical concepts.

There are a number of empirical studies that have shown favourable effects of multilingual
training. Students that have gone through bilingual training tend to have more accurate grammatical
abilities, more analytical skills, and more confidence in the use of language. Moreover, multilingual
strategies reduce anxiety and stimulate active participation in school activities. Overall, the data
suggests that bilingual approaches to teaching grammar can be quite successful in raising metalinguistic
awareness, reducing language interference and fostering communicative competence.
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Method

The research was conducted using a mixed-approaches approach, incorporating quantitative and
qualitative data collection methods.

The respondents were 50 first-year university students studying English language at the South
Kazakhstan Pedagogical University named after Ozbekali Zhanibekov. The pupils were split into two
groups of 25 learners each.

The experimental group was taught grammar using bilingual educational methodologies including:

- comparative analysis;

- explains in two languages;

- translanguaging practices;

- cross-lingual comparisons;

- scaffolding in two languages.

The control group was taught the identical grammatical themes in typical monolingual training.

Data collection was carried out for one academic semester and included:

- pre- and post-test assessments;

- classroom observations.

- surveys for students;

- analysis of written tasks.

The pretest was conducted before the adoption of the bilingual techniques, and the posttest was
given at the end of the intervention period. The acquired data were analysed by applying descriptive
statistical method to find the changes on students’ grammatical performance.

Discussion and Findings

The results show that bilingual instructional practices have a positive effect on students’
grammatical proficiency.

Table 1. Pre-test and Post-test Result

Group Pre-test (%) | Post-test (%) | Improvement (%)
Experimental Group | 58.4 85.0 +26.6
Control Group 60.1 73.2 +13.1

The results show that the experimental group students performed much better than the control
group students. The average score increased by 26.6 percentage points compared with 13.1 percentage
points for the control group. There was specific improvement in verb tenses, subject-verb agreement,
articles and sentence structure. Students who were taught utilising bi-lingual approaches made fewer
grammatical mistakes and had a better mastery of grammatical principles. Moreover, the questionnaire
answers revealed positive views of pupils towards bilingual education. Almost 88% of students said that
comparison of English grammar with their native language enabled them to understand the complex
subjects better. In addition, 84% said that explanations in two languages helped them avoid uncertainty
and made them feel more confident doing classroom activities.

The findings were supported by classroom observations. Students in the experimental group were
more active in discussion, asked more analytical questions and were more ready to do the grammar-
related tasks. Bilingual scaffolding seemed to be conducive to understanding and lessen learning anxiety.

These findings are in line with earlier studies (Cummins, 2007; Garcia & Wei, 2014, Cook, 2016)
that underline the advantages of tapping into learners’ language resources in language teaching. The
findings imply that bilingual education practices are effective for improving not only grammatical
correctness but also student autonomy and metalinguistic awareness.

Several factors can explain the success of bilingual training. First, pupils can link new grammatical
information with prior knowledge. Secondly, contrastive analysis helps learners to detect structural
differences between languages and prevent typical mistakes. Third, translanguaging approaches
engender flexible thinking and more involvement with language notions.

Therefore, bilingual educational practices should be thought of as an efficient pedagogical
instrument for the improvement of grammar teaching in multilingual university classes.

Conclusion

This study explored the use of bilingual educational practices in the teaching of English grammar
to university students. Results show that the use of bilingual techniques positively influences
grammatical ability, student confidence and classroom engagement.

Contrastive analysis, translanguaging, bilingual explanations and cross-linguistic comparisons
were applied, which allowed students to comprehend grammatical structures more deeply and employ
them more accurately in conversation. The quantitative results showed a larger increase for pupils who
received bilingual education compared to students who received standard instruction.
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This research demonstrates that the first language of the learners can be a beneficial instructional
resource, rather than an obstacle. The incorporation of bilingual educational approaches in grammar
instruction can promote the development of more effective, inclusive and learner-centred environments
for educators. Future studies could examine the long-term influence of bilingual training on language
proficiency and its transfer to other areas of foreign language education. Overall, bilingual educational
practices seem to be a promising approach to improve English grammar instruction in multilingual higher
education contexts.
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Didactic Foundations. The implementation of the new curriculum in the modern era requires the
educational process to be organized around learning outcomes and conducted through interactive
methods. It creates substantial opportunities for students to acquire essential life skills and develop into
individuals with modern ways of thinking. A learner-centered curriculum emphasizes the development
and promotion of students’ practical skills and competencies. In the primary mathematics course, the
study of quantities serves as an effective means of fostering such skills.

In Grades -1V, students become acquainted with fundamental quantities such as the length of a
line segment, the area of a figure, the volume of an object, time, and other basic quantities, as well as
the relationships among them. At this stage, young learners primarily encounter these concepts through
the solution of practical problems involving quantities such as price, value, productivity, and similar
contexts. By the completion of primary education, every student should be able to distinguish between
the concepts of number and quantity, estimate quantities approximately, possess accurate knowledge of
measurement units, and perform operations involving quantities.

The Mathematics Curriculum envisages the study of quantities and their measurement within two
content strands: “Algebra and Functions” and “Measurement.” The knowledge and problem-solving skills
related to measuring quantities acquired through these strands provide students with a solid foundation
for all subsequent mathematical learning. The teaching of this topic is of particular importance within a
learner-centered curriculum, as it is closely associated with the development of students’ practical
activities and competencies. This is because the concept of quantity serves as one of the principal means
through which students can apply their mathematical knowledge in real-life and practical situations.

The content of mathematics education should be designed to:

1. Contribute to students’ general education and the development of their scientific worldview;

2. Promote the practical application of mathematics in technology, industry, and economic
activities;

3. Provide a solid foundation for the successful completion of secondary education and for
continuing studies at higher education institutions;

4. Facilitate the application of mathematical knowledge and skills in vocational preparation and
professional practice.

Historical material. The International System of Units (SI) was adopted in 1960 by the 11th General
Conference on Weights and Measures. Subsequently, a number of modifications were made to the Sl at
later conferences. The International System of Units (SI) comprises seven base physical quantities, two
supplementary units, and a number of derived units. [1]

The base units are the kilogram, metre, second, mole, kelvin (K), ampere (A), and candela (cd). In
the Si, these units have independent dimensions; that is, none of the base units can be derived from the
others.

Derived units are obtained from the base units through algebraic operations such as multiplication
and division. Some of the derived units in the Sl have their own names, such as the radian.

Prefixes are used before unit names. This means that a unit is multiplied or divided by an integral
power of ten. For example, the prefix kilo- denotes multiplication by 1000 (1 kilometre = 1000 metres).
In the Sl, these prefixes are also referred to as decimal prefixes.

The SI was developed by French scientists and was first widely implemented after the French
Revolution. Prior to the introduction of the metric system, units were chosen independently of one
another, making conversion from one unit to another difficult. Furthermore, different units, sometimes
bearing the same names, were used in different regions. The metric system was intended to provide a
convenient and uniform system of measurement and weights. [2]

In the early 1790s, provisional standards for the metre and the kilogram were prepared in France.
Copies of these standards were sent to several countries, including the United States. However, the ship
carrying the copies was captured by British pirates, preventing them from reaching America. This
contributed to the limited development and adoption of the Sl in the United States up to the present day.

In 1799, two standards were established in France: the unit of length (the metre) and the unit of
mass (the kilogram).
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In 1832, the German mathematician Carl Friedrich Gauss developed the scientific foundations for
constructing systems of units and introduced a new system (CGS — centimetre, gram, second). He
considered length, mass, and time as the fundamental physical quantities and adopted the centimetre,
gram, and second as the base units. This system later played a significant role in the development of the
Sl [1]

In 1875, representatives of seventeen countries signed the Metre Convention, which played a
crucial role in initiating the development of international standards for the metre and the kilogram.

In 1889, the MKS system (metre, kilogram, second) was adopted alongside the CGS system. This
system included the units metre, kilogram, and second, as they were considered more convenient for
practical use. Later, additional base units were introduced for physical quantities in the fields of
electricity and optics.[1]

Some countries have not fully adopted the Sl, or have adopted it only partially, and continue to use
the British Imperial System or similar systems of measurement.

Quantities in Modern Education. In primary school mathematics textbooks, considerable attention
is devoted to problems involving the application of the most commonly used units of measurement
related to quantities. In order to transform theoretical knowledge into practical skills and habits,
students should observe how the information they acquire can be applied in practice. Through this
process, mathematics becomes closely connected with real life, enabling students to retain learned
concepts for a longer period of time.

The problems presented to students should be engaging, logical, and designed to promote the
development of their thinking abilities. In Grades II-IV, greater emphasis is placed on word problems that
illustrate the meaning and application of arithmetic operations. Such problems help students acquire
knowledge related to various aspects of everyday life as well as different fields of science. Problems
intended to teach the measurement and calculation of time should be selected with particular care.
Tasks of this nature play a significant role in developing students’ constructive skills and their ability to
analyze and cope with different situations. [2]

As is well known, mathematical concepts and laws originated from human life and labor activities
and have evolved alongside the development of work processes and production. The source of
abstraction underlying mathematical concepts is life itself, human labor, and production. Mathematics
reflects the material world in human consciousness from a specific perspective. Therefore, the objects of
mathematical study are the spatial forms and quantitative relationships that exist in the material world.
In the world surrounding us, both form and quantity play a role, to varying degrees, in every object and
phenomenon.

In the modern era, only individuals possessing an adequate level of mathematical preparation can
successfully understand and manage the complex processes, technologies, and technologically advanced
production systems that characterize contemporary society. For this reason, mathematics should not be
taught in isolation from life, production, and labor activities; rather, it should be closely connected with
them and related to real-life situations, events, and processes. From this perspective, solving problems
involving quantities plays a crucial role in the formation and development of students’ mathematical
knowledge, skills, and competencies.
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Abstract

The article provides a comprehensive theoretical and practical analysis of integrating modern
forms of visualization, digital tools and interactive teaching methodologies into the process of foreign
language instruction in higher education. Special attention is dedicated to the categorization of digital
instruments into functional pedagogical clusters. The study evaluates presentation platforms (Canva,
Prezi), mind-mapping software (Bubbl.us), digital whiteboards (Padlet, Jamboard, Mentimeter), and
gamified environments (Kahoot! Wordwall, LearningApps) as mechanisms to enhance grammar
acquisition, expand topical vocabulary, and build public speaking confidence. Additionally, the
integration of text-to-speech technologies (Voicemaker) is analyzed as a tool for creating authentic
audiovisual environments. The article outlines a structured framework for active student engagement
categorized into four primary subcategories. The materials, digital tool selections, and methodological
conclusions presented in the article can be directly applied by university professors, English instructors,
and educational researchers to design dynamic, results-oriented, and interactive language learning
environments.

Keywords: interactive learning strategies, integrating interactive technologies, functional
pedagogical clusters, integrating modern forms of visualization, cross-curricular links.

The term "interactive learning” originates from the Latin words inter (between, among, mutually)
and activus (active), which means "based on interaction”. Consequently, interactive teaching methods
involve active interaction among all participants in the educational process: between instructors and
students, as well as among the students themselves. E. A. Geist [2] emphasizes the significance of
computer and multimedia technologies in creating interactive dialogue and collective cognitive activity.
This approach reflects a deeper understanding of interactivity, which encompasses not only
technological interaction but also collaborative problem-solving and the evaluation of participants'
actions. Even the use of individual tablets in the classroom is sufficient to create interaction. Such an
approach emphasizes individual feedback and the ability to quickly assess students' comprehension of
the material, but it fails to foster the collective interaction and cooperation that serve as key drivers of
full-fledged interactive education [3].

An interactive approach to learning is not merely a component of the teaching process, it is the
overall process of learning where the entire class must be interactive, and the interaction between the
instructor and students must be balanced. Such a learning method should facilitate learning rather than
distract from it.

Traditional communication during practical English classes in a physical classroom is based on
direct interaction between instructors and higher education students. Instructors frequently utilize
methods of direct instruction, leading discussions and peer learning through paired or group exercises.
Higher education students have the opportunity to receive instant feedback from the instructor, which
facilitates better acquisition of language skills and on-the-spot error correction. The instructor can adapt
the teaching approach dynamically depending on the students' reactions.

In distance learning, video conferencing platforms such as Zoom or Microsoft Teams play a
distinctive role. These tools allow instructors to conduct classes in real time, ensuring visual and audio
contact, as well as screen sharing to demonstrate presentations, video materials, and other educational
resources. Higher education students can ask questions and receive answers online, which maintains
their activity and engagement, although it requires more time and organizational effort to ensure
effective interaction. Most higher education institutions possess their own virtual learning environment,
which allows instructors to create comprehensive courses with various educational materials, text files
and video lectures.

Digital learning platforms played a crucial role in foreign language teaching during the pandemic,
when traditional classroom teaching methods became unavailable. The use of platforms such as Moodle,



XXI INTERNATIONAL SCIENTIFIC CONFERENCE. STOCKHOLM. SWEDEN. 02-03.06.2026

Universe, and Platonus allowed universities to maintain the continuity of the educational process by
providing instructors with tools to upload assignments, conduct tests, communicate with students, and
distribute educational materials. These platforms provide higher education students with the opportunity
to access learning materials at any time and from any location, which is a significant advantage for
ensuring flexibility and individualization of the learning process.

Digital platforms significantly improve student performance by making the learning process more
engaging and interactive. Multimedia presentations represent an interactive technology that allows for
effective interaction with the audience when learning English. They integrate various digital media (texts,
images, sound and video) into a single, cohesive environment available in the form of interactive
applications or presentations. Multimedia guides not only expand students' access to information but
also contribute to the formation of more accurate and detailed mental models compared to traditional
textual materials [2]. Students often prefer classes that utilize multimedia presentations, as they find
them more engaging and visually comprehensible. Presentations typically have a clear structure (an
introduction, a body paragraph developing key ideas, and conclusions), which facilitates better material
retention.

Interactive Methods include: 1) Technological methods, such as: Watching movies, Educational
games in Google Classroom, Slide projectors, Listening to audio, PowerPoint presentations,; 2) Simple
Tools: Crosswords, Scrabble, Maps, Songs, 3) Communicative methods: Case study, Cluster,
Brainstorming, Pair work, Gamification [1].

Individual interviews implies that the instructor conducts an interview with a higher education
student, simulating real-life communication situations. This practice focuses on developing listening and
responding skills, which helps higher education students better adapt to stressful communicative
situations.

Interactive mentoring means that the instructor works individually with a higher education student
to improve specific aspects of speech, including grammar, vocabulary or phonetics. The instructor can
utilize interactive exercises such as gap-filling, error correction in texts, and other similar tasks.

Individual interactive methods not only facilitate the involvement of higher education students in
an active learning and knowledge-sharing process but also allow the instructor to precisely determine
the specific needs of each student, which significantly improves the quality of education.

Pair work can be utilized in various educational contexts, including foreign language teaching in
higher education institutions. These are the key steps of interaction between the instructor and the
higher education student when organizing pair work:

- Formulating a problem or question: the instructor defines a topic or a specific question that higher
education students must discuss. This can be a grammatical structure, a lexical topic, or a debate question
that requires critical thinking;

- Dividing higher education students into pairs facilitates more intensive interaction and allows
each student to participate actively in the educational process. It is important that throughout the
course, higher education students have the opportunity to work with different partners to expand their
communication experience;

- Formulating conclusions: each pair receives time to discuss and formulate an answer to the
question asked. This process helps higher education students develop analytical and communicative
skills;

- Mutual presentation and evaluation: after formulating conclusions, one student in the pair
presents the solution, while the other evaluates it and provides feedback. This promotes critical thinking
and the ability to argue one's opinion;

- Process variations: the instructor can introduce diversity into the methodology of pair work, for
example, by using role-plays, debates, or practical tasks. This helps maintain the interest of higher
education students and increase the efficiency of learning [4].

The implementation of pair work in the educational process contributes not only to the
improvement of language skills but also to the development of interpersonal relationships, increasing
student motivation and engagement. This approach allows them to retain material better and use the
acquired knowledge in real-life situations [3].

Cases for study are usually selected from real professional fields and are supported by statistical
data, diagrams, charts, visual materials, reports, media data, internet resources, descriptions of different
points of view, etc. Such detailed information allows students to understand the content of the case
more deeply.
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When using this method, the instructor applies two phases. The first includes creating the case,
formulating questions for analysis, and developing methodological materials for students' independent
work. The second phase includes the instructor's classroom work on discussing the case, where they make
introductory and concluding remarks, organize a discussion or a presentation, maintain a business
atmosphere in the classroom, and recognize the students' contributions to the analysis of the situation.
Consequently, students acquire knowledge and communicative skills through the study and analysis of
experience based on real-life situations, which productively influences the formation of their professional
competencies [1].

Group teaching methods, in particular the cluster method, are widely applied in English language
teaching at higher education institutions at all stages of learning, for both junior and senior students.
The process of using a cluster begins with the instructor writing a new word on the board. Then, higher
education students actively engage in the process, naming words that can be used together with the
given lexeme. This process not only facilitates better retention of new words but also stimulates the
creative thinking of learners, as they need to recall and select appropriate words from their own
vocabulary.

The use of clusters is especially effective in learning English because it involves higher education
students in active work and builds their motivation. At the same time, the method is used to improve
monological speaking skills. Higher education students learn to construct long utterances using words
that are logically and meaningfully connected to each other. For example, if the instructor writes the
word "environment” on the board, students can suggest words such as "protection”, "sustainability”,
"pollution” and "conservation”. Such an approach not only helps students better understand the meaning
of a word through the context of its use but also develops their capacity for cross-curricular links and a
deeper understanding of the language [2].

Brainstorming is an important interactive technique widely used in English language teaching at
higher education institutions. This method facilitates the generation of creative ideas and thoughts, and
it also teaches higher education students effective teamwork. Depending on the learning objectives and
the specifics of the group, various forms of brainstorming are applied:

- structured brainstorming: each participant takes turns expressing their ideas, which helps avoid
domination by more active participants;

- unstructured brainstorming: students openly share their thoughts, which stimulates a lively
exchange of ideas;

- reverse or negative thinking: participants initially focus on potential problems or negative aspects
of an idea, which subsequently helps identify ways to resolve them;

- nominal group relations: this approach combines individual thinking with group discussion,
allowing participants to first generate ideas independently and then discuss them within the group;

- online interaction: involves the use of digital platforms such as chats, forums, and email, enabling
brainstorming at a distance;

- team idea mapping: this method is based on visualization, which helps structure and connect ideas
using diagrams and maps;

- group passing of ideas. ideas are passed from one participant to another for further addition or
refinement, contributing to the collaborative development of thoughts;

- individual brainstorming: carried out independently before the discussion begins, which helps
avoid group pressure [4].

The application of brainstorming in English language teaching helps higher education students
better retain vocabulary and language structures, as well as utilize them in a practical context. Thus,
brainstorming is a key element of interactive and student-centered learning.

Gamification is the most popularized interactive method in scientific literature, utilizing game
elements in the educational process to transform ordinary learning into an engaging activity. One of the
primary features of gamification is its capacity to integrate game principles, such as points, levels,
rewards, and competitive aspects, directly into educational content. This helps students remain more
engaged and motivated throughout the entire learning process [5].

The application of gamification in higher education can be diverse. For instance, using simulations
of business environments allows higher education students to practice the English language in contexts
close to reality, yet within a safe and controlled environment. Another example is mobile applications
that use an achievement and point system to track progress in language learning, providing students
with feedback and a sense of accomplishment. However, the use of mobile applications is unpopular in
higher education institutions due to the fact that they are not integrated into curricula. The most crucial
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feature of gamification is the competitive element, which can be organized without technical or
technological tools. To integrate competition into the educational process, instructors need to take on
additional responsibilities for recording, documenting, and accumulating student achievements [2].

Imitation-modeling games usually focus on solving specific problems and developing procedural
skills. They differ from role-plays by the predominance of the technical aspect of performing roles, such
as a leader, speaker, or manager. In such games, empathy and transforming into characters are less
important than the structured execution of tasks and problem-solving.

Combinatorial imitation-modeling games are designed to develop speech culture and test
knowledge. This type of game engages the participants' memory, making them particularly useful for
consolidating studied material. Games of this type are often based on a reproductive level of thinking,
where students perform actions automatically and without external prompts, facilitating better
understanding and acquisition of educational material.

Strategic games are considered more complex. They include role elements that influence student
behavior in accordance with established rules and specific situations, contributing not only to a
reproductive but also to a heuristic and even creative level of thinking. Strategic games are used when
studying new topics, summarizing already learned material, and gaining experience in non-standard
conditions. These games also facilitate an understanding of the connection between acquired knowledge
and future professional activity, leading to a deeper comprehension of professional problems and ways
to resolve them [5].

The systematic analysis of integrating modern forms of visualization and interactive
methodologies in teaching English to higher education students allows for the formulation of several key
conclusions:

1. Modern interactive language education has transitioned from a basic, technology-centered
approach to a deeper, collective cognitive collaboration. True interactivity requires an egalitarian,
balanced relationship between the instructor and students, where knowledge is actively constructed
through shared problem-solving rather than isolated digital tasks.

2. The integration of innovative digital visualization tools satisfies the fundamental educational
principle of active visual engagement. Modern forms of visualization, including infographics, mind maps,
and interactive whiteboards, do not merely diversify classroom activities; they optimize information
perception, foster strong associative links, and accelerate the retention of complex grammatical and
topical lexical material.

3. For practical educational implementation, modern digital tools can be effectively grouped into
pedagogical clusters that align with specific learning objectives. Platforms like Canva and Prezi excel at
structured graphic delivery; Bubbl.us serves as an ideal interactive mechanism for vocabulary grouping
and essay planning,; while collaborative boards like Padlet and Mentimeter foster synchronous group
dynamics.

4. Gamified digital platforms, such as Kahoot! and Wordwall, significantly enhance student
motivation and speech culture by integrating competitive elements, levels, and instant feedback into the
curriculum. Furthermore, organizing pedagogical games into imitation-modeling, combinatorial, and
strategic categories allows instructors to move students from automatic reproductive actions to high-
level heuristic and creative thinking.

5. Interactive practices, ranging from individual presentations and mentoring to group case studies,
actively lower communication barriers and build public speaking confidence. Methodologies like the
Harvard case study method and the cluster method simulate authentic professional or business
environments, thereby driving the simultaneous development of language fluency and vital career-
oriented soft skills, including analytical thinking, risk management, and collaborative leadership.

In summary, the combined application of digital visualization platforms and structured interactive
practices creates a dynamic, flexible and student-centered educational environment. This methodology
meets contemporary globalized standards, successfully maintains the continuity of language education
in both physical and virtual classrooms, and effectively equips higher education graduates with practical,
real-world communicative competencies.
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Abstract

Few technological shifts have reordered the information and communication technology sector as
thoroughly as artificial intelligence. What began as an academic discipline rooted in mathematical logic
and cognitive science has, over roughly two decades of rapid engineering progress, become an
operational force embedded in nearly every function of modern ICT — from the automated management
of telecommunications infrastructure to the real-time detection of adversarial activity in enterprise
security environments. The pace at which this penetration has occurred has surprised even close
observers, and its full consequences remain a matter of active investigation across industry, research,
and policy.

This article is an attempt to examine that impact honestly and with some depth. The goal is not to
catalogue every Al application that has appeared in the technology industry — that list grows with each
year — but to understand what Al is genuinely changing: how networks are managed and optimized,
how security threats are detected and countered, how cloud infrastructure adapts to demand, and how
organizations within the ICT sector are repositioning themselves in an environment that is being
restructured around intelligent systems. Four domains receive sustained attention: network
infrastructure management, machine learning applications in telecommunications and network
optimization, Al in cybersecurity, and the integration of Al into cloud and edge computing environments.

In infrastructure, the analysis reveals a genuine architectural shift away from human-directed
network operations toward intent-driven, self-optimizing systems that call for fundamentally different
engineering competencies and governance structures. In telecommunications, machine learning has
moved from research curiosity to operational necessity, particularly in the context of 5G deployment and
Open RAN architecture, where the complexity of the optimization landscape exceeds what classical
methods can handle in real time. In cybersecurity, Al has proven capable of detecting behavioral
anomalies and correlating threat signals across enormous telemetry datasets, though the same class of
technology is increasingly being weaponized by adversaries, creating a self-escalating dynamic that
requires sustained rather than one-off investment. In cloud computing, Al-driven resource orchestration
and federated learning are giving rise to intelligent, privacy-preserving services that extend considerably
beyond what centralized processing alone could support.

The article does not treat this transformation as uniformly positive. Persistent problems of data
quality, acute shortages of Al-capable talent, and requlatory frameworks that are struggling to keep pace
with technical realities all impose genuine constraints on the responsible adoption of Al in ICT. Ethical
questions surrounding algorithmic transparency, discriminatory model outputs, and the concentration of
advanced Al capability among a small number of dominant platforms deserve serious engagement rather
than optimistic dismissal. These concerns are addressed alongside the technical analysis rather than
appended as an afterthought.

The central argument is that artificial intelligence is restructuring the ICT sector at a structural
level — not merely adding new tools to existing workflows but altering how organizations think about
operations, competition, and value creation. Grasping that shift clearly, including both the opportunities
it opens and the difficulties it introduces, is a necessary starting point for navigating it with any real
deliberateness.

Keywords: artificial intelligence, ICT sector, machine learning, network optimization, cybersecurity,
cloud computing, 5G, Open RAN, AlOps, federated learning.

Introduction

There is something almost paradoxical about studying artificial intelligence's impact on the
information and communication technology sector. ICT, after all, is the field that built the computational
substrate — the processors, the data centers, the fiber-optic networks — without which modern Al would
remain technically infeasible at any meaningful scale. And yet it is precisely that same sector which is
now being most fundamentally reorganized by the technology it enabled. The relationship between ICT
and Al is reciprocal and self-reinforcing: ICT infrastructure makes Al possible at scale, and Al in turn is
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progressively automating, optimizing, and extending what that infrastructure can do. Each advance in
one domain creates conditions for advances in the other.

This dynamic is not merely of theoretical interest. The ICT sector constitutes a foundational layer
of the modern economy, and changes to how it operates propagate outward into virtually every other
domain of economic and social life. When telecommunications networks become capable of
reconfiguring themselves in response to real-time traffic patterns, the beneficiaries extend far beyond
the network operator: every organization and individual that depends on connectivity is affected. When
cloud platforms apply machine learning to resource allocation, the downstream effects include lower
costs, higher reliability, and richer services for many thousands of customers. Studying Al's impact on ICT
is, therefore, not a narrowly technical exercise; it is one useful lens for understanding Al's broader
trajectory in the economy and society.

This article examines that impact through a focused analytical lens. Rather than attempting a
comprehensive survey of every Al application that has appeared across the technology industry, the
analysis concentrates on the domains where structural change is most evident and most consequential:
network infrastructure management, machine learning in telecommunications, Al-powered
cybersecurity, and the fusion of Al with cloud and edge computing environments. For each domain, the
aim is to move beyond surface-level description toward an account of the underlying mechanisms of
change and the second-order consequences — organizational, competitive, and regulatory — that
technically oriented treatments often pass over.

Al Applications in ICT Infrastructure

Managing large-scale ICT infrastructure has always been a discipline defined by tension. Network
operators have historically faced a difficult trade-off between agility — the capacity to reconfigure
services rapidly in response to shifting demand or evolving requirements — and stability, meaning the
avoidance of disruptions in systems upon which enormous numbers of people and organizations depend.
Traditional network management addressed this tension primarily through conservatism: configurations
changed slowly, modifications passed through layers of human review, and automation was applied only
in narrow contexts where its behavior could be anticipated with high confidence.

Artificial intelligence is gradually dissolving this trade-off. Intent-Based Networking represents the
most mature operational expression of this shift. Rather than configuring networks through explicit,
granular command sequences, IBN systems allow administrators to declare desired outcomes —
expressed as high-level business policies — and delegate to machine learning models the task of
determining how those outcomes should be achieved through specific configuration parameters. The
system monitors continuously the gap between intended and actual network state and acts to close it,
adjusting configurations autonomously as conditions change. The conceptual appeal is significant; the
practical challenges are equally real, including the non-trivial problem of translating ambiguously
expressed business intent into the precise formal specifications that network systems actually require.

Data center thermal management has offered a cleaner demonstration of Al's infrastructure
potential, in part because the optimization problem is well-defined and the performance signal — energy
consumption — is measurable with precision. Reinforcement learning agents trained to balance cooling
loads against power efficiency targets have delivered material reductions in energy use at large-scale
facilities. These gains carry real economic weight: energy costs represent a substantial fraction of data
center operating expenditure, and the environmental footprint of large data centers has attracted
increasing regulatory and public attention. When Al-driven optimization produces meaningful
improvements on that dimension, the benefits extend beyond the operator's balance sheet.

Digital twin technology, in which a continuously updated virtual model of physical infrastructure
is maintained and used for simulation and predictive analysis, is extending the scope of Al-driven
infrastructure management further. Configuration changes, fault scenarios, and capacity expansion
plans can be tested in the digital twin before being applied to production systems, reducing operational
risk and accelerating the rate at which improvements can be confidently deployed. The combination of
digital twins with reinforcement learning — using the twin as a training environment — is an active area
of development that may further widen the gap between Al-augmented and conventionally managed ICT
infrastructure.

Machine Learning and Network Optimization

The application of machine learning to telecommunications network optimization has moved from
research literature into operational deployment with unusual speed. Several factors explain this velocity.
Modern telecommunications environments generate training data of exceptional richness and
continuity: granular traffic measurements, radio signal quality reports, user session records, and
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equipment performance logs accumulate at volumes and refresh rates that supply exactly what machine
learning systems require. The cost of suboptimal network performance is concrete and measurable,
providing sharp economic motivation for optimization investment. And the combinatorial complexity of
managing large, heterogeneous networks in real time is genuinely beyond the reach of classical
optimization methods, which cannot explore the relevant solution space within operationally acceptable
timeframes.

In mobile networks, these conditions have made machine learning indispensable at multiple layers
of the network stack. At the radio access layer, ML models predict interference patterns, adjust
transmission power and antenna tilt parameters, and redistribute traffic loads across cells in ways that
heuristic-based Self-Organizing Network systems cannot match, particularly under dynamic and spatially
uneven traffic conditions. At the core network layer, traffic classification models support more precise
quality of service management, allowing latency-sensitive applications to receive preferential treatment
without the crude over-provisioning of bandwidth that simpler approaches require.

The transition to 5G has amplified the importance of machine learning substantially. The defining
technical characteristics of 5G — millimeter-wave propagation with its combination of high throughput
and limited range, massive MIMO antenna arrays with their large numbers of configurable elements,
network slicing that must simultaneously satisfy distinct performance envelopes for multiple virtual
networks sharing the same physical infrastructure — generate an optimization landscape of a complexity
that classical methods cannot navigate in real time. Network slicing alone introduces dependencies and
constraints that make the overall problem analytically intractable without learning-based approaches
that exploit patterns in historical configuration data.

The emergence of Open RAN architectures adds a further dimension. Disaggregating the radio
access network into standardized, vendor-interoperable software components creates the architectural
basis for the RAN Intelligent Controller, a platform specifically designed to host Al and ML applications
that influence network behavior through well-defined interfaces. The RIC positions intelligence not as an
optional overlay but as a structural feature of the network design — a conceptual shift with substantial
long-term implications for how mobile networks are built, managed, and evolved.

Al in Cybersecurity

Of all the domains this article examines, cybersecurity is arguably the one in which assessing Al's
impact most clearly requires holding two contradictory truths at once. The performance advantages of
Al-powered security tools over classical approaches are well-documented and, in aggregate, substantial.
The same technology, however, is actively being adopted by adversaries, and the sophistication of
offensive Al applications is advancing at a pace that is genuinely difficult to track and harder still to
outrun. The cybersecurity domain is not a problem that Al can solve; it is a contest in which Al changes
both sides simultaneously.

That caveat established, the case for Al in defensive cybersecurity is compelling. The volume of
security-relevant events generated by modern ICT environments — log entries, network flow records,
authentication attempts, API calls, endpoint telemetry — has long since exceeded the capacity of human
analysts to process with any real thoroughness. Security Information and Event Management systems
augmented with machine learning address this problem not by raising human attention capacity but by
enabling the system itself to learn what normal behavior looks like for users, devices, and network
segments, and to identify the deviations from that baseline that merit investigation. Behavioral anomaly
detection has proven particularly effective against threats — insider attacks, advanced persistent
intrusions — that are specifically designed to avoid triggering signature-based detection rules.

Graph-theoretic approaches to threat intelligence represent a more recent and analytically
interesting development. Modeling the relationships among threat actors, malware [families,
infrastructure components, and victim organizations as a network, and applying graph neural network
algorithms to that relational structure, allows analysts to reason about attack patterns at a level of
abstraction that simple indicator-based methods cannot support. The practical implication is that threat
intelligence derived from these models can inform proactive defensive action — identifying
infrastructure being prepared for future campaigns — rather than serving only as a retrospective record
of past incidents.

The offensive dimension cannot be ignored. Generative Al has materially reduced the cost and
raised the quality ceiling of phishing and social engineering campaigns, enabling personalized deceptive
content at scale that previously required significant human effort. Automated vulnerability discovery
tools powered by ML are compressing the time window between the appearance of a software weakness
and its exploitation. These developments do not undermine the case for Al in cybersecurity, but they do
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argue against treating any particular defensive Al deployment as a durable solution rather than a point
in a continuing adaptive process.

Cloud Computing and Al Integration

The relationship between artificial intelligence and cloud computing is, structurally, one of mutual
dependency. Cloud platforms provide the elastic compute, storage, and networking capacity that makes
training and serving large Al models economically feasible for the broad range of organizations that lack
the capital to build dedicated Al infrastructure. Al in return provides the intelligence layer that enables
cloud platforms to manage their own infrastructure more efficiently, deliver more differentiated services,
and sustain the performance commitments that customers increasingly expect at scale.

AlOps — the application of Al to IT operations — is the primary vehicle through which the second
relationship has been realized. The operational problem that AlOps addresses is not abstract: large-scale
cloud environments generate telemetry at volumes and variety that make manual operations monitoring
effectively impossible, and the classical response of setting static performance thresholds produces alert
volumes that overwhelm operations teams and generate the well-recognized condition of alert fatigue.
ML models that learn the normal behavior signatures of complex distributed systems, and that identify
deviations from those signatures that represent genuine operational anomalies rather than noise,
address this problem at a mechanistic level. The resulting improvements in mean time to detect and
mean time to resolve for cloud incidents are a direct consequence of replacing threshold logic with
learned behavioral models.

Edge computing has emerged as a structurally important extension of the cloud landscape, driven
substantially by the latency requirements of Al inference applications. Many Al use cases — real-time
video analysis, autonomous vehicle control systems, industrial process monitoring, responsive augmented
reality — impose latency constraints that are incompatible with round-trip communication to a
centralized cloud data center. Deploying inference capability at the network edge, in close physical
proximity to the data source, addresses the latency constraint while introducing its own challenges of
heterogeneity, scale, and model lifecycle management that centralized cloud operations do not face.

Federated learning offers a technically principled response to a related but distinct problem:
training Al models on data that is distributed across many endpoints and cannot, for reasons of privacy
regulation, data sovereignty, or practical bandwidth constraints, be aggregated in a central location. By
transmitting model parameter updates rather than raw training data to a central aggregation server,
federated learning preserves the statistical value of distributed data while respecting the constraints
that prevent its centralization. For ICT providers serving sectors subject to stringent data governance
requirements, this capability opens the possibility of Al applications that would otherwise be legally or
logistically foreclosed.

Challenges and Ethical Considerations

Intellectual honesty about Al in the ICT sector requires treating its difficulties with the same rigor
applied to its opportunities. The most foundational challenge is one that tends to receive less emphasis
in technology-centric accounts: data quality. Machine learning models are only as reliable as the data on
which they are trained, and in the large, heterogeneous, and historically accreted environments typical
of ICT infrastructure, data quality is rarely as clean or as representative as developers would prefer.
Models trained on biased data reproduce that bias in their outputs, models trained on historical patterns
fail when structural conditions change; models optimized for measured performance metrics behave
poorly on dimensions that were not measured. These are not theoretical failure modes — they are
recurring patterns in deployed systems, including security systems where the consequences of error are
operationally significant.

The workforce dimension of Al adoption in ICT has attracted considerable policy attention but has
perhaps not yet received adequate organizational response. The demand for professionals capable of
designing, deploying, evaluating, and governing Al systems spans a range considerably wider than data
science alone, extending to ML engineering, Al security specialization, explainability and fairness
assessment, and operations teams competent to manage Al-driven infrastructure at scale. This demand
substantially exceeds supply in most labor markets, and the gap is not closing quickly. Organizations that
treat the talent challenge primarily as a hiring problem are likely to underperform those that invest
simultaneously in systematic workforce upskilling and in organizational structures that allow Al
specialists and domain experts to work together productively.

The regulatory environment for Al in ICT is evolving with a speed and complexity that creates
genuine strategic uncertainty. The European Union's Al Act — the most comprehensive legislative
framework to date — establishes a risk-tiered approach that subjects Al applications in high-risk
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categories, including certain security and critical infrastructure applications directly relevant to ICT
operations, to mandatory conformity assessment, transparency requirements, and human oversight
obligations. Regulatory approaches elsewhere vary substantially, generating compliance complexity for
organizations with international exposure. Investment in Al governance infrastructure — model
documentation practices, bias and fairness assessment methodologies, audit mechanisms, and clear
accountability structures — is increasingly a competitive differentiator as well as a compliance necessity.

Conclusions

This analysis has traced the impact of artificial intelligence across four domains of the ICT sector
and found, in each case, that the transformation is both genuine and substantially more complex than
optimistic accounts typically represent. Al is enabling capabilities in network management,
telecommunications optimization, cybersecurity, and cloud operations that were not achievable with
prior generations of technology — that much is clear and well-supported by the evidence. The
organizations that have invested early and systematically in Al capabilities are demonstrating
performance advantages that are unlikely to narrow as Al technology continues to develop.

The difficulties deserve equally clear acknowledgment. Data quality problems do not resolve
themselves as Al systems scale; in some respects they become harder to manage as the number of data
sources and the complexity of data pipelines increase. The talent gap will not close without deliberate
and sustained investment in education, organizational development, and inclusive workforce practices.
Regulatory frameworks will not produce sensible governance outcomes without substantive and
technically informed industry engagement. And the adversarial dynamics of Al in cybersecurity will not
reach a stable equilibrium — they require continuous adaptive investment in perpetuity, not a one-time
technology procurement decision.

Perhaps most importantly, the structural nature of Al's impact on the ICT sector calls for a
corresponding shift in how organizations think about strateqgy, investment, and governance. Al is neither
a product category to be purchased on a procurement cycle nor a project to be delivered and closed. It is
asustained capability-building discipline that simultaneously reshapes technology, people, processes, and
organizational culture. The ICT organizations that navigate this transformation most effectively will be
those that understand it in those terms — and that build the institutional depth to develop Al capabilities
continuously and adaptively, rather than through periodic discrete initiatives that leave the underlying
organizational model unchanged.
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Abstract

The rapid development of digital technologies has significantly transformed educational practices
and created new opportunities for foreign language teacher education. In contemporary educational
contexts, communicative competence is regarded as one of the most important professional
competencies required for future foreign language teachers. At the same time, the increasing integration
of digital technologies into educational environments has expanded the range of tools and approaches
available for language learning and teacher preparation. Consequently, the relationship between
communicative competence development and the use of digital resources has become an important area
of academic interest.

This article examines the role of digital resources in the formation of communicative competence
among future foreign language teachers through a review of contemporary scholarly literature. The
study focuses on the theoretical foundations of communicative competence, its significance in teacher
education, and the contribution of digital technologies to the development of professional
communication skills. Particular attention is given to learning management systems, interactive
educational applications, multimedia resources, video conferencing platforms, and artificial intelligence
technologies that support communication, collaboration, and autonomous learning.

The review also identifies several challenges associated with technology integration, including
unequal access to digital infrastructure, insufficient digital literacy, and the need for pedagogically
informed implementation of technological tools. The effectiveness of digital resources depends not only
on their availability but also on educators’ ability to integrate them meaningfully into learning activities
that promote communication and interaction.

Keywords: foreign language education; digital technologies; teacher preparation; digital
competence; language learning;, educational technology; intercultural communication; learner
autonomy; professional development; technology-enhanced learning

THEORETICAL BACKGROUND

The concept of communicative competence has become one of the fundamental constructs in
modern foreign language education and teacher training. The emergence of communicative approaches
to language teaching shifted educational priorities from the simple acquisition of grammatical
knowledge to the development of learners’ ability to use language effectively in real-life situations. This
transformation significantly influenced the preparation of future foreign language teachers, who are
expected not only to demonstrate a high level of language proficiency but alsso to create learning
environments that foster meaningful communication and interaction among students. Consequently,
communicative competence is regarded as a key professional outcome of foreign language teacher
education programs.

The theoretical foundations of communicative competence originate from the work of Hymes
(1972), who criticized purely linguistic approaches to language learning and proposed that successful
communication requires knowledge of both language forms and the social rules governing language use.
According to Hymes (1972), communicatively competent individuals must understand what is
appropriate to say, to whom, and in which context. This perspective expanded the understanding of
language proficiency and emphasized the importance of social and cultural dimensions of
communication.

Further development of the concept was provided by Canale and Swain (1980), who identified
several interconnected components of communicative competence, including grammatical competence,
sociolinguistic competence, discourse competence, and strategic competence. Grammatical competence
refers to knowledge of vocabulary, pronunciation, and grammatical structures, whereas sociolinguistic
competence involves the ability to use language appropriately in different social situations. Discourse
competence focuses on the organization and coherence of spoken and written texts, while strategic
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competence enables individuals to overcome communication difficulties and maintain interaction.
Together, these components form a comprehensive framework that continues to influence language
teaching methodology and teacher education programs worldwide (Canale & Swain, 1980).

Contemporary scholars emphasize that communicative competence should be viewed as a dynamic
and multidimensional construct that evolves through social interaction and practical experience. In the
context of teacher education, future language teachers must develop communicative competence not
only as language users but also as educational professionals capable of facilitating communication in
classroom settings. This requires the ability to organize communicative tasks, support learner interaction,
provide constructive feedback, and encourage meaningful language use. Therefore, communicative
competence serves as both an educational objective and a professional requirement for future foreign
language teachers (Richards, 2022).

COMMUNICATIVE COMPETENCE IN TEACHER EDUCATION

The preparation of future foreign language teachers requires the development of a broad range of
competencies that extend beyond linguistic knowledge. Modern educational systems increasingly
recognize communicative competence as a central component of teacher professionalism because
effective teaching depends largely on the ability to establish productive communication with students,
colleagues, parents, and representatives of different cultural communities. As a result, communicative
competence is considered an essential indicator of professional readiness in teacher education programs.

Teacher education institutions are expected to provide opportunities for students to participate in
communicative activities that simulate authentic professional situations. Such activities include
collaborative projects, classroom discussions, peer teaching, presentations, and reflective practice.
Through engagement in these activities, future teachers develop confidence in using the target language,
improve their interactional skills, and learn to adapt communication strategies according to different
educational contexts. Researchers argue that communicative competence contributes directly to
teaching effectiveness because it enables teachers to explain concepts clearly, manage classroom
interaction, and establish positive relationships with learners (Richards, 2022).

The growing emphasis on learner-centered education has further increased the importance of
communicative competence in teacher preparation. Contemporary pedagogical approaches encourage
teachers to act as facilitators rather than transmitters of knowledge. This role requires the ability to
create supportive learning environments where students feel comfortable expressing ideas, asking
questions, and engaging in meaningful communication. Consequently, future teachers must acquire both
linguistic proficiency and the pedagogical skills necessary to promote communication and interaction in
diverse educational settings (Farrell, 2021).

Another important dimension of communicative competence in teacher education is intercultural
communication. Globalization and internationalization have increased contacts between individuals
from different linguistic and cultural backgrounds. Future foreign language teachers must therefore
develop awareness of cultural diversity and the ability to facilitate intercultural dialogue in the
classroom. Intercultural competence complements communicative competence by enabling teachers to
understand cultural differences, avoid misunderstandings, and promote mutual respect among learners.
Numerous studies indicate that successful language teaching depends not only on linguistic knowledge
but also on the ability to integrate cultural perspectives into communication-oriented instruction (Byram,
2021).

DIGITAL COMPETENCE AND TEACHER PROFESSIONAL DEVELOPMENT

The rapid digitalization of education has transformed expectations regarding teacher competence
and professional development. In addition to communicative competence, future foreign language
teachers are increasingly required to possess digital competence, which includes the knowledge, skills,
and attitudes necessary for the effective use of technology in educational contexts. Digital competence
has become particularly important in language education because digital technologies provide access to
authentic materials, facilitate communication, and support collaborative learning experiences that
contribute to language development (Redecker, 2022).

Researchers emphasize that digital competence should not be limited to technical skills alone.
Rather, it involves the ability to integrate digital technologies into pedagogical practice in meaningful
and purposeful ways. Future teachers must be capable of selecting appropriate digital tools, designing
technology-enhanced learning activities, evaluating digital resources, and creating online environments
that promote communication and interaction. Therefore, digital competence is closely connected with
pedagogical competence and professional identity formation (Trust et al., 2023).



XXI INTERNATIONAL SCIENTIFIC CONFERENCE. STOCKHOLM. SWEDEN. 02-03.06.2026

The integration of digital resources into teacher education provides numerous opportunities for
professional growth. Learning management systems, collaborative platforms, video conferencing tools,
and artificial intelligence applications allow future teachers to engage in authentic communication,
share experiences, and participate in professional learning communities. These technologies support
reflective practice and encourage continuous professional development by providing access to
educational resources and networking opportunities beyond traditional classroom boundaries (Godwin-
Jones, 2022).

Digital competence also contributes directly to the formation of communicative competence.
Through participation in online discussions, virtual collaboration, and technology-mediated
communication, future teachers develop the ability to communicate effectively in digital environments.
Such experiences are increasingly relevant because modern educational practice frequently combines
face-to-face and online interaction. Consequently, the integration of digital competence into teacher
education programs enhances professional readiness and prepares future educators to meet the
demands of contemporary digital society (Redecker, 2022).

The relationship between communicative competence and digital competence has become
particularly significant in the context of foreign language teacher education. Digital technologies create
authentic opportunities for communication, collaboration, and intercultural interaction that were
previously unavailable in traditional educational settings. As a result, the development of digital
competence supports the formation of communicative competence while simultaneously preparing
future teachers for effective professional activity in technology-rich learning environments.

Discussion

In general, an analysis of modern scientific literature shows that digital resources play an
increasingly significant role in the formation of communicative competence among future foreign
language teachers. Their integration into teacher education programs creates opportunities for
authentic communication, collaborative learning, learner autonomy, and professional development.
Unlike traditional instructional approaches, digital technologies enable continuous interaction beyond
classroom boundaries and provide access to diverse linguistic and cultural resources. As a result, future
teachers are able to develop communicative skills in contexts that closely resemble real-life
communication and contemporary professional practice.

One of the most frequently cited advantages of digital resources is their ability to increase learner
engagement and motivation. Interactive applications, multimedia materials, and online communication
platforms create learning environments that encourage active participation and meaningful interaction.
Researchers argue that students demonstrate higher levels of involvement when educational
technologies are incorporated into the learning process because digital tools support personalization,
immediate feedback, and collaborative knowledge construction (Trust et al., 2023). For future foreign
language teachers, such experiences are particularly valuable because they demonstrate how technology
can be used to create communicative and student-centered classrooms.

Another important benefit concerns the development of intercultural and sociolinguistic
competence. Through virtual communication platforms and online collaboration projects, students gain
opportunities to interact with individuals from different linguistic and cultural backgrounds. These
interactions contribute to a deeper understanding of cultural diversity and help future teachers develop
the skills necessary for facilitating intercultural communication in educational settings. In this respect,
digital technologies support one of the primary goals of foreign language education, namely the
preparation of learners for communication in multicultural environments (Byram, 2021).

The literature also highlights the role of digital resources in promoting learner autonomy. Modern
educational technologies enable students to access learning materials independently, engage in self-
directed practice, and monitor their own progress. Such opportunities encourage responsibility for
learning and support the development of lifelong learning skills. For future teachers, autonomous
learning experiences are particularly important because they contribute to professional self-development
and prepare educators to adapt to rapidly changing educational contexts (Godwin-Jones, 2022).

Despite these advantages, researchers identify several challenges associated with the integration
of digital resources into teacher education. One of the most common concerns involves unequal access
to technology and digital infrastructure. Differences in access to devices, internet connectivity, and
technical support may limit the effectiveness of technology-enhanced learning. Furthermore, insufficient
digital competence among educators and students may reduce the pedagogical value of digital resources
and hinder meaningful communication (Redecker, 2022).



XXI INTERNATIONAL SCIENTIFIC CONFERENCE. STOCKHOLM. SWEDEN. 02-03.06.2026

Another challenge concerns the potential overreliance on technology. While digital tools provide
numerous opportunities for communication, they should not replace human interaction or pedagogically
grounded instructional practices. Effective integration requires careful planning, appropriate
methodological support, and alignment with educational objectives. Therefore, future foreign language
teachers must develop not only technical skills but also the ability to critically evaluate digital resources
and select tools that genuinely contribute to communicative competence development (Richards, 2022).

Overall, the literature suggests that digital resources function as powerful instruments for
supporting communicative competence formation when they are integrated systematically and
purposefully into teacher education programs. Their effectiveness depends not only on technological
availability but also on pedagogical design, digital competence, and the ability of educators to create
meaningful communicative experiences.

Conclusion

The formation of communicative competence remains one of the most important objectives of
foreign language teacher education in the twenty-first century. Contemporary educational environments
require future teachers to possess not only advanced language proficiency but also the ability to
communicate effectively in diverse cultural, social, and digital contexts. Consequently, teacher education
institutions are increasingly integrating digital technologies into training programs to support the
development of communicative and professional competencies.

The analysis of contemporary literature demonstrates that digital resources make a substantial
contribution to communicative competence development. Learning management systems, interactive
applications, multimedia tools, video conferencing platforms, and artificial intelligence technologies
create opportunities for authentic communication, collaborative learning, intercultural interaction, and
autonomous language practice. These technologies support the development of linguistic, sociolinguistic,
discourse, and strategic competences while simultaneously fostering digital competence and
professional readiness.

The findings of the reviewed studies indicate that digital resources enhance learner engagement,
encourage active participation, and facilitate communication beyond traditional classroom boundaries.
Furthermore, they provide future foreign language teachers with practical experience in utilizing
educational technologies and adapting instruction to the needs of modern learners. Such experiences are
essential for successful professional activity in increasingly digitalized educational environments.

At the same time, effective technology integration requires adequate digital competence,
pedagogical knowledge, and institutional support. The educational value of digital resources depends on
their purposeful implementation and alignment with learning objectives. Therefore, teacher education
programs should emphasize both communicative and digital competence development to ensure that
future educators are prepared to meet contemporary educational challenges.

In conclusion, digital resources should be viewed not merely as supplementary teaching tools but
as an essential component of modern foreign language teacher education. Their systematic integration
contributes significantly to the formation of communicative competence and supports the preparation
of competent, reflective, and technologically proficient foreign language teachers.
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Abstract

The article argues that, in accordance with the corrected version of the special theory of relativity
(STR), the planet Earth is much more complex than this is explained by modern scientific knowledge. The
Earth is probably a three-dimensional spiral structure in four-dimensional space. It will be possible to
verify this by traveling through time as a result of around-the-world flight by plane.it will be possible to
verify this by traveling through time as a result of around-the-world flight by plane. Until very recently,
such flights belonged to the genre of science fiction and were denied by modern science. However
millions of air passengers now make such time travel every day, which is confirmed by the translation of
their watches to local time after the planes land. And such time travels is very necessary for people, as it
allows, for example, to predict and prevent disasters and accidents, to bring back to life people who died
as a result of accidents and crimes, to significantly reducing the criminal manifestations, by increasing
the information transparency of human activity, as well as to solve many other important problems.

Keywords: special theory of relativity, relativistic formulas, physical reality of imaginary numbers;
Multiverses; universes and antiuniverses, anti-time; external and internal time, time zones on Earth, time
travel

1. Introduction: fundamental mistake of the authors of special theory of relativity

Created the 20th century by Joseph Larmor [1], Nobel laureate Hendrik Anton Lorentz? [2], Jules
Henri Poincaré [3], Nobel laureate Albert Einstein’® [4], and other talented scientists, the special theory
of relativity (STR) are rightly considered the outstanding scientific achievement of the 20th century due
to their use of principle of relativism. However, at the beginning of the twentieth century, science lacked
much of the knowledge necessary to create STR. Because of this, the missing knowledge had to be
replaced with postulates that turned out to be partially incorrect. Therefore, this STR itself turned out to
be largely incorrect [5]-[9].

And most importantly, all the relativistic formulas obtained in it turned out to be incorrect

m= mf, 2 1)
-
At = At 4’1 %)2 (2)

= \/ (3)

and others, in Wh/ch mois the rest mass of a moving body;
mois the relativistic mass of a moving body;

Atois the rest time of a moving body;,

At is the relativistic time of a moving body;

lo is the rest length of a moving body;

[ is the relativistic length of a moving body

" This is reprint of the article “Antonov A. A. 2026. Planet Earth is designed much more complex than is explained by modern scientific
knowledgeis. Norwegian Journal of Development of the International Science. No 181"

2 Who received his Nobel Prize in Physics in 1902 for explaining the Zeeman effect.

3 Who received his Nobel Prize in Physics in 1921 for his services to theoretical physics and especially for his research into the photoelectric

effect.
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The creators of STR made this fundamental mistake without understanding that the argument v
in formulas (1)-(3) according to Newton’s first law is the fourth?, in addition to length, width and height,
spatial dimension [10]-[21]. Albert Einstein also failed to use the concept of four-dimensional space in
STR..

Albert Einstein also failed to use the concept of four-dimensional space in STR. Nevertheless, at
that time he still managed to preserve the STR, introducing into it the principle of not exceeding the
speed of light.

2. The special theory of relativity taught in physics textbooks is incorrect.

From the principle of not exceeding the speed of light,which is in fact a postulate, that this STR
drew the conclusion that imaginary numbers are physically unreal. But a postulate is merely an
assumption. Consequently, a conclusion drawn from a postulate is also merely an assumption, which has
no evidential value. Therefore, the assertion regarding the physical unreality of imaginary numbers could
simply have been called a postulate. However, the authors of the version of the STR, taught in textbooks,
ignored this fact, as they needed to explain the relativistic formulas in some way. And to do so, they had
to at least give the impression that the principle of not exceeding the speed of light had been proven.
And since these textbooks are still used in the educational process, it follows that the goal was achieved.

Therefore, further in the article we will continue to explain that the version of STR studied in
textbooks is incorrect. [22]-[54]. Let us recall that the problems of the authors of STR began from the
very beginning due to their inability to explain the relativistic formulas (1)-(3) published in 1905. After
all, no one would need a theory that even its creators could not explain. And relativistic physicists have
still not been able to explain these formulas, since all the quantities m(v), At(v), l(v) in these formulas in
the hyper-light range of speeds v > c took on values measured by imaginary numbers incompre-hensible
to physicists. Therefore, as not to explain relativistic formulas in the superluminal range of speeds, the
principle of the non-exceeding of the speed of light was used in the STR.

However, yet in 1897, Charles Proteus Steinmetz published [55] a theory of linear electrical
circuits of alternating current, in which the imaginary resistances —j/wC of capacitors and +jwl> of
inductors were de facto recognised as physically real. This provided experimental proof of the physical
reality of imaginary numbers.

Fig. 1. In any radio engineering laboratory there are devices called frequency response meters, which
alreadyby their very existence prove the physical reality of imaginary numbers

Therefore, for more than half a century, the radio industry has been mass-producing frequen-cy
response meters® (Fig. 1), which by their very existence prove the physical reality of imaginary numbers,
since you can only measure what actually physically exists. And such devices measured frequency
characteristics, mathematically described using imaginary numbers.

But even if any of the relativist physicists were to learn that Charles Proteus Steinmetz had already
proven the physical reality of imaginary numbers, this would not save the STR. For it turns out that the
relativistic formulas are not correct, since, in the superluminal speed range v > ¢, function (1) describes
a physically unstable process that cannot exist in nature. Therefore, relativistic physicists did not really
need any proof of the physical reality of imaginary numbers. On the contrary, in order to refuse to explain
their relativistic formulas in the hyperluminal speed range v > ¢, they needed the principle of not
exceeding the speed of light. And this is precisely why proof of the physical unreality of imaginary
numbers was needed. Which, however, do not exist in nature.

This is why Albert Einstein continued to work on developing available for use version of the STR.

4 Not to be confused with the fourth dimension in four-dimensional space-time (Minkowski space).

> In radio engineering and electrical engineering, the imaginary unit is conventionally denoted by the letter j, as the letter i is used to denote
electric current

¢ Also called frequency response analyzers
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He therefore argued that there is no known physical process in nature that is described using imaginary
numbers’. On this basis, he introduced into STR a postulate known as the principle of the non-exceeding
of the speed of light. From this, it was concluded that there was no need to explain formulas (1)—(3) in
the superluminal range of velocities v > c. And when Cherenkov radiation [56] was discovered, refuting
the claim that there is no known process in physics in which anything moves at a speed exceeding the
speed of light, the STR was saved by the clarification that the principle of the non-exceeding of the speed
of light referred to processes in a vacuum.

And later, at the Large Hadron Collider (costing $10 billion), the widely publicised OPERA [57]
experiment was conducted over 15 years? (between 2003 and 2018), involving over a hundred of the
most eminent physics professors, the aim of which was to prove the physical reality of imaginary
numbers. In 2011, the OPERA collaboration even announced the successful completion of this
experiment. But six months later, at the same Large Hadron Collider, the OPERA experiment was refuted
by the ICARUS experiment. This created the impression that the principle of the non-exceeding of the
speed of light is irrefutable. And it is in this form that the generally accepted version of STR is now
presented in all physics textbooks in all countries.

However, articles [58]-[75] have been published, including five articles in 2008-2010° [58]-[62],
containing descriptions of radio engineering experiments that successfully proved the physical reality of
imaginary numbers. Moreover, these publications also contain descriptions of well-known physical
processes’ - a tsunami, the ringing of bells, music created by a piano, and even a swing swinging on the
playground after a push from parents - proving the physical reality of imaginary numbers.

Thus we live not only in the visible and tangible world described by real numbers, but also in existing
invisibl_ and intangible world — one far less familiar to us — described by imaginary, complex and
hypercomplex numbers.

3. A corrected version of the special theory of relativity.

3.1. Corrected relativistic equations

Since we have just have proven.the physical reality of imaginary numbers in the most indisputable
manner, we shall now explain formulas (1)-(3) in full. And since people tend to understand visual
information better, Fig2a,b,c show the graphs of formulas (1)—(3). As can be seen, these graphs in the
sub-light speed range v < c differ significantly from the graphs in the hyper-light speed range v >c. It
therefore becomes clear that the same processes cannot occur in the sub-light and hyper-light speed
ranges v. And for the same processes to occur in these ranges, the graphs of formulas (1)-(3) must be
identical, as shown in Fig2d,e,f. To achieve this, since the velocity v in formulas (1)—(3) is the fourth
spatial dimension, the factor’” ¥ must be introduced

m,i° m,i°
- ey ?
) = At 1= (Y] -0 = At fL- (W) 5
Q) =i\ 1= (Y~ ) =" 1~ (W) G

m(q) =

7 Although in fact there are many of them. And they are mentioned further.

8 And for any radio engineering experiment proving the physical reality of imaginary numbers, one day is more than enough for one engineer

9 That is, even before the publication in 2011 of the message about the supposedly successful completion of the OPERA experiment

10 Contrary to Albert Einstein’s assertion that there are no processes in nature that can be described using imaginary numbers,

" In the theory of functions of a complex variable, the function i is defined only for integer values of the argument q. However, his definition
can to be extended as follows. For integer values of the argument ... -2, -1, 0, +1, +2, +3, +4, +5, ... the function 7 is equal to ...—1, =i, +1, +i, -1,
—i, +1, +i, ... But for the same integer values of the argument ... -2, -1, 0, +1, +2, +3, +4, +5, ... the same values ... —=1,—i,+ 1,+i,—1,—i,+1,+i... is also
equal to the function €2, which, in accordance with Euler’s formula €92 = cos(qn/2)+isin(qr/2), is defined also for non-integer values of the
argument q. Therefore, definition of the function ¥ can be extended to any values of the argument q by the formula i = cos(qn/2) + isin(qn/2),
analogous to Euler’s formula. The resulting formula will allow the value of the function F to be determined for any values of the argument q,
including non-integer values. And it will be required in astro-geophysical studies of portals, which will be discussed further on.
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Fig. 2. Graphs of the functions m(v), At(v) and [(v) corresponding to the existing and corrected versions
of the STR in the subluminal v < ¢ and superluminal v > ¢ velocity ranges
where q(v) =|vg/c| —the “floor” function from discrete mathematics defined for the argu ment
vq/c which constitutes the fourth spatial dimension;
w =v-qgc —the velocity that is local to all universes.
And since the fourth spatial dimension v is a vector quantity, the formulas (4)—(6) must be revised
once again. To this end, three factors 4, i and F must be introduced into formulas (4)—(6)

Mo i, i;
m(q,r,s) = 01 23 (7)
J-LY - @+ r o)
At(q.r,s) =Atoifi£i§\/1—[%—(q+r+s)]2 (®)

“er=- 2
1(0,1,9) = ifiss [1-[%/ ~ (@7 +9)] ©)
where q(v) = |vq/c| — the “floor” function in discrete mathematics of the argument
vy /c, which is one of the orthogonal coordinates q of the fourth spatial dimen-sion v;
r() = |vy/c] — the “floor” function of discrete mathematics of the argu-ment v./c, which is the other

orthogonal coordinate r of the fourth spatial dimension v,
s(w) = |vg/c] — the “floor” function of discrete mathematics of the argu-mentvg/c which is yet another

orthogonal coordinate s of the fourth spatial dimension v;
Vg, Vi, Vs — projections of the velocity vector v onto the orthogonal co-ordinates g, r, s (see Fig. 3).

Fig.3. The six-dimensional space of the hidden Multiverse, where q, r, s are the coordinates of mutually
invisible parallel universes and anti-universes, and x, y, z are the coordinates of the material content of
these parallel universes and anti-universes
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This formula / (as well as the formulas i and F°) in formulas (7)-(9), which defines the nature of
each universe, for integer values of the argument q(v), , equal to ... 0, 1, 2, 3, 4, 5, ..., successively takes
thevalues..., +1, +i,-1,-i, +1, +i,... and so on. Its value’? q(v) = 0 in formulas (7)—(9) for the sublight speed
range v < ¢ corresponds (since i’=1) to our visible universe, which we shall call, for the sake of clarity, the
tardion™ universe. The value q(v) = 1 in the superluminal speed range 2c > v > ¢ corresponds (since i’ =
i) to some other, already invisible universe, as it lies beyond the event horizon. For the sake of clarity, we
shall therefore call it the tachyon'™ universe. Then the value q(v) = 2 in the velocity range 3¢ > v > 2c will
correspond (since # =-1) to an invisible tardion anti-universe. The value q(v) = 3, in the velocity range 4c
>v > 3¢, will correspond (since * = -i) to an invisible tachyon anti-universe. The value q(v) = 4 in the speed
range 5¢ > v > 4c will correspond (since i* = +1) to another (and therefore also invisible) tardion universe.
The value q(v) = 5 in the velocity range 6¢ > v > 5¢ will correspond (since i° = +i) to another tachyon
universe. And so on.

Consequently, nature contains not only our visible universe—which, as stated in the generally
accepted version of STR, corresponds to equations (1)-(3) but also a multitude of other mutually
invisible™ universes and anti-universes that correspond to equations (7)—(9). And these mutually invisible
universes and anti-universes, together with our visible universe, form an invisible Multiverse [76]-[84],
which we have therefore called the hidden Multiverse.

3.2. Explanation of the phenomena of dark matter and dark energy by the existence of universes and
antiuniverses of the hidden Multiverse

Therefore, having explained the meaning of the basic concepts we need, it would seem time to
clarify the structure of the hidden Multiverse. However, at present, no explanation of the structure of the
Multiverse can be considered convincing unless it explains the phenomena of dark matter and dark
energy [85]-[90], discovered in the XX century. Which are so named because they are so obscure, as not
a single chemical element has been detected in them, and also because they do not emit, absorb, reflect,
or refract electromagnetic radiation and, therefore, are invisible. The persistent search for dark matter
and dark energy, which account for more than 95% of all mass-enerqy contained in the hidden
Multiverse, at the Large Hadron Collider exclusively in the microcosm of our only visible universe also
seems inconsistent with common sense.

A more logical assumption is that dark matter and dark energy [85]-[90] are everything except our
visible universe, mutually invisible universes and antiuniverses, the hidden Multiverse. In this case, dark
matter is neighboring to our visible universe invisible universes and anti-universes, and dark energy - the
remaining invisible universes and anti-universes of the hidden Multiverse. Therefore, the phenomena of
dark matter and dark energy will be a gravitational shadow’® on our visible universe from the remaining
mutually invisible universes and antiuniverses included in the hidden Multiverse. This assumption explains
all the incomprehensibility of the phenomena of dark matter and dark energy simply and clearly. That's
why we will use it.

Then, assuming that over the billions of years of its existence, the mass-energy of all universes and
antiuniverses of the hidden Multiverse, due to the presence of a huge number of portals between them
according to the law of communicating vessels, has been largely averaged, it becomes possible, using the
data obtained by the WMAP and Planck spacecraft, to determine the structure of the hidden Multiverse.
And according to data obtained by the WMAP spacecraft [96], the mass-energy of our visible universe
(actually, our hidden Multiverse) consists of 4.6% baryonic matter, 22.4% dark matter and 73.0% dark
energy. And according to more recent data obtained by the Planck spacecraft [97], the mass-energy of
our visible universe (again, actually, our hidden Multiverse) consists of 4.9% baryonic matter, 26.8% dark
matter and 68.3% dark energy. As you can see, these data differ little from each other, which proves
their truth. Therefore, it is permissible to assert that:

* our hidden Multiverse according to data obtained by the WMAP spacecraft, it consists of 100% /
4.6% = 21.8" parallel universes and antiuniverses, and according to data obtained by the Planck
spacecraft, it consists of 100% / 4.9% = 20.4 parallel universes and antiuniverses;

e dark matter, according to experimental data obtained by the WMAP spacecraft, consists of

12 |f we start counting the value of q from our visible universe.
'3 The term "tardion universe” is borrowed from Isaac Asimov's short story "Take a Match."

"4 The term "tachyon universe" is borrowed from Isaac Asimov's short story "Take a Match."

'S Because they are all beyond the event horizon

'S And therefore, like our shadow on a sunny day, they do not contain a single chemical element..

17 Naturally, the number of universes and antiuniverses is an integer, and a non-integer number was obtained only due to experimental errors,
including due to failure to take into account unknown factors influencing the result of the experiment.
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22.4% / 4.6% = 4.9 parallel universes and antiuniverses, and according to data obtained by the Planck
spacecraft, it consists of 26.8% /4.9% = 5.5 parallel universes and antiuniverses;

e dark energy, according to experimental data obtained by the WMAP spacecraft, consists of
73.0%/4.6% = 15.9 parallel universes and antiuniverses, and according to data obtained by the Planck
spacecraft, it consists of 8.3% /4.9% = 13.9 parallel universes and antiuniverses;

* and our visible universe, of course, is only one.

3.3. The structure of the hidden Multiverse

Fig. 4 shows an example, corresponding to the results of calculations of the possible structure of
the hidden Multiverse. In this structure of the hidden Multiverse, the distribution of material content in
each invisible universe and antiuniverse will be determined by some function f, . s(x,y,z), and the
coordinates of these universes will be determined by the quantities

i1q,1i1, i3s. Those. such a hidden Multiverse will be six-dimensional and it will be described by the
quaternion fu . s(x,y,2) +i1q +i_1r + izs, in which the imaginary units iy, i,, iz are related by the

relations [98]-[100]

ii=iZ=ii=-1 (10)
Ll =Ll =i, =-1 (11)
i, =1Ly =igl,i, =1 (12)

This is exactly what Lisa Randall predicted™: “We may be living in a three-dimensional pocket of
higher-dimensional space.”

From formulas (10)-(12) it follows that such a hidden Multiverse has a helical structure, and its
mutually invisible universes and antiuniverses (in addition to our visible universe) form dark matter and
dark energy. In this case, it is possible to move into the tardion antiuniverse from the tardion universe
and into the tardion universe from the tardion antiuniverse in various, but not arbitrary, ways, but only
in such a way (see Fig. 4), in which the value of @ will successively take the values ...+ 1, + 1D +iD+i3, -
1, - i1D-i2D-i3, +1, ... and etc., where @ is the symbol of the logical

'8 Lisa Randall is a professor in the Department of Physics at Harvard University and a member of the American Academy of Arts and Sciences
and also the National Academy of Sciences of the United States.
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Fig. 4. An example of the structure of the hidden Multiverse, corresponding to the principle of physical
reality of hypercomplex number

operation of discrete mathematics ‘exclusive OR’. In this case, different trajectories of movement from
one universe (or antiuniverse) to another can differ only due to the replacement of some tachyon
universes from i, iz, i3 with others and some tachyon antiuniverses from ii, is, i3 with others.
Consequently, tachyon universes i1, iz, i3 in the hidden Multiverse are located parallel to each other.
Tachyon antiuniverses i1, iz, iz are also located parallel to each other for the same reasons. And
therefore, in the hidden Multiverse, when transitioning from any tardion universe to a tardion anti-
universe and then to another tardion universe, parallel universes and antiverses must alternate in the
following sequence - ‘tardion universe’, ‘one of the tachyon universes’, ‘tardion anti-universe’, ‘one of the
tachyon anti-universes’, ‘tardion universe’, ‘one of tachyon universes’, etc.

Moreover, portals in such a structure of the Multiverse are not only bidirectional, corresponding to
formula (10) and shown by two-way arrows, but also unidirectional, corresponding to formulas (11), (12)
and shown by one-way arrows. And since the structure of our hidden Multiverse, as shown in Fig. 4, is
open in some places, then in these places it is connected to other Multiverses through the corresponding
portals. And all together they collectively form the Hyperuniverse.

3.4. How can we be convinced of the real physical existence of invisible universes and
antiuniverses?

However, in science, any evidence, even the most seemingly impeccable one, can be trusted only if
it is confirmed experimentally. And such experimental evidence of the existence of invisible parallel
universes’ and antiuniverses shown in Fig. 4 adjacent to our visible universe can be two hundred
thousand anomalous zones [101]-[104], existing on Earth, serving as entrances to portals leading to
planets of various star systems. Most of the portals probably lead to astronomical objects in our universe
and even in our solar system. A smaller number of portals connect us with other universes and anti-
universes of the hidden Multiverse. And, perhaps, some portals even connect us with astronomical objects
in other Multiverses of the Hyperverse. All these possible options in Fig. 4 are shown. The classification

" |.e. such that do not intersect
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of anomalous zones after astro-geophysical studies of the corresponding portals will help determine
where each portal leads.

And the possible distrust of the claim that anomalous zones are entrances to portals can
presumably be eliminated by astronomical observations [105]-[122] of the star sky in anomalous zones.
This would require comparing on computer of maps of the starlit sky observed in anomalous zones and
somewhere outside of anomalous zones. Moreover, some observatories are already in anomalous zones.
For example, the Main Astronomical Observatory of the National Academy of Sciences of Ukraine, which
is located 12 km from the center of its capital, Kyiv in Goloseyevo Forest. And if such differences are
found, it is evidence that the corresponding portal to this anomalous zone leads to another planet in our
solar system or further afield. After all, the starry sky is different for every planet.

4. Time Travel on Earth

4.1. Where are the anti-matter and the anti-time located?

And now we can explain the problem that is inexplicable in the version of STR studied in textbooks
- where exist antimatter, the existence of which this version of STR does not deny. It is clear that she
cannot be in our hidden Multiverse, because her annihilation with matter would make our universe no
longer exist.

However, it exists. In 1995 CERN performed a sensational experiment that produced nine
antihydrogen atoms lasting about 40 billionth parts of second. And just one gram of such an
antihydrogen would have cost $662.5 trillion. So the existence of antimatter has even been proven
experimentally. But where does it exist then? After all, in all physics textbooks it is claimed that nature
has our only visible universe. Therefore, the experiment at CERN can also be considered as proof that the
version of the STR studied in textbooks is incorrect.

And in accordance with formulas (7)-(9) of the corrected version of STR, anti-matter in nature
exists in the invisible tardyon and tachyon antiuniverses of the hidden Multiverse. Moreover, in these
invisible tardyon and tachyon anti-universes, anti-time and anti-space [105]-[122] also exist.

4.2. Time Travel on Earth, Inner Time and Outer Time

The existence of antitime makes it possible, in accordance with formulas (8) and (9), due to travels
in space, also travels in time. But since the portals, the uni-

Table 1. Examples of business jet characteristics that can be used for time travels

Aircrafts Maximum range | Cruising speed | Hourly rates | Seats
Citation Latitude 5300 km 815 km/h 3500 €/hour | 8
Citation Longitude | 7 400 km 910 km/h 5000 €/hour | 12
Challenger 300 5700 km 850 km/h 4900 €/hour | 8
Challenger 350 5926 km 850 km/h 4000 €/hour | 9
Challenger 600 5500 km 850 km/h 4 600 €/hour | 12
Challenger 3500 6297 km 985 km/h 5500 €/hour | 10
Falcon 20 4200 km 987 km/h 3900 €¢/hour | 8
Falcon 50/50EX 5600 km 850 km/h 4900 €/hour | 8-10
Global 5500 10927 km 900 km/h 8000 €/hour | 16
Gulfstream G150 5200 km 850 km/h 3900 €/hour | 6-8
Gulfstream G200 5000 km 870 km/h 6 200 €/hour | 8
Hawker 850 XP 4 800 km 750 km/h 3400 €/hour | 6-8
Hawker 900XP 5400 km 865 km/h 3700 €/hour | 6-8
Hawker 4000 5280 km 890 km/h 5400 €/hour | 10
Learjet 70 3815km 967 km/h 3500 €/hour 7
Legacy 450 5370 km 860 km/h 3300 €/hour | 8
Praetor 600 7400 km 850 km/h 6 000 €/hour | 12
Table 2. The value of external time at different latitudes
Location of departure and Geographic coordinates of Size of 24 time zones for a round- Size of one time
arrival airfields the airfield the-world flight zone.
Santiago de Chile 33,45°S. 33422 km 1393 km
Buenos Aires 34,60°S. 33021 km 1375 km
Melbourne 37,82°S. 31339 km 1306 km
New York City 40,72° N. 30456 km 1269 KM
Reykjavik 64,15°N. 17616 km 734 km
Murmansk 69,58°N. 14424 km 601 km
Kirkenes 69,73°N. 14376 km 599 km
Longyearbyen (Spitsbergen, 78,13°N. 8184 km 341km
Norway)
Alert, (Canada) 82 5° N. 5230 km 218 km

verses and anti-universes of the hidden Multiverse, are still unexplored, time travel in space is now
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inaccessible to us. Therefore, further we will consider only the possibility of time travel on Earth [10]-
[21]. As the presence of time zones on Earth also makes time travel possible due to space travel.

However, although official modern science admits the possibility of time travel in some exotic
situations in the special?° and general?’ theories of relativity, as well as in quantum physics??, refuting
the erroneous statements of the incorrect version of STR studied in textbooks.

And when explaining time travels on Earth, it is necessary to take into account the existence in
nature, in addition to internal time, which we always use, also of external time, which we have never
used before. And which are generated by different circumstances and have different peculiarities.
Internal time can be called biological human time, since one second is one contraction of the human
heart. And it cannot flow backwards. A person cannot return to his youth. But external time is generated
by the rotation of the Earth around its axis. One revolution of the Earth is 24 time zones. Therefore, by
changing the direction of our movement in space, we can move both into the past and into the future
external time. Consequently, time travel is always movement only in external time.

Fig. 5. One of the business jets

Time travels can be very useful, since traveling into the future will allow, for example, to recognize
and avoid unforeseen disasters, accidents, natural disasters, etc. in advance. And traveling to the past
will allow the same situations in the present to be corrected by visiting the past. Even, for example, to
bring back to life people who died as a result of an accident, a terrorist attack?® or for other reasons
[141]-[151].

And although time travel on Earth is not currently used due to the fact that it always occurs
together with long-distance travel, this problem is completely solvable. To do this, the aircraft must make
a round-the-world trip around the north or south pole and land after 24 hours of outside time at the
same airfield from which the journey began. Thus eliminating the unnecessary factor of space in time
travel.

And there are many aircraft models suitable for use in time travel. They are called business jets?*
(see Fig. 5). There are currently 22,000-24,000 business jets in operation on Earth. Table 1 shows the
flight performance characteristics of some business jets. And Table 2 shows airfields quite close to the
North Pole** that can provide the shortest routes for round-the-world flights.

Moreover, time travel can be accomplished not only on airplanes. Time travel on airplanes is only
needed if a person needs to travel to the past or future. And if it is necessary to transmit information to
the past or future, then radio communications can be used, like airplane flights, using round-the-world
communication lines?®

4.3. The structure of planet Earth differs significantly from the structure corresponding to modern
scientific knowledge

Thus, time travels on Earth is physically possible and is currently already technically feasible [152]-
[162], since there are suitable aircraft and acceptable flight routes. However, neither business jets nor
other aircraft have ever made the round-the-world flights we need, because there was no need for them.
Indeed, any airfield that is most distant from the airfield from which the plane took off is located where
its antipodes are located, that is, at a diametrically opposite point on Earth. But this is only half of the

20 For example, in the “twin paradox”

21 For example, in the ultra-high gravity region of a black hole's event horizon

22 For example, as a result of teleportation of not information, but of physical objects.

23 Perhaps President Kennedy could have been saved in a similar way after the assassination attempt.

24 A business jet is a small private jet aircraft for transporting a limited number of passengers (usually from 6 to 20) on an individual order for
businessmen, officials and VIPs; it is characterized by a higher level of comfort, the ability to take off/land from small airfields and high speed,
allowing you to quickly get to anywhere in the world

25 Since the existing airfields are further from the south pole. But, probably, such airfields can be created in Antarctica.

26 But also with its transmission around the north or south pole.
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trip around the world. The distance to other airfields is shorter. And because of this, the features of
round-the-world flights are completely unknown to us. Therefore, now they must be identified and
studied in the process of actual flights around the world.

But while we haven't actually made such a flight, let’s take an imaginary round-the-world air trip.
Let's start with the initial situation, i.e. from a completely understandable trip around the world, during
which two identical planes will simultaneously take off from the same airfield in two opposite directions
- one to the west, the other to the east. If they fly at the same speed and provided that the Earth does
not rotate, everything will be clear. We are confident that they will arrive at the same airfield from which
they flew away, at the same time, having spent on this flight

To-2nR/V

of its time, where V is the cruising speed of such a flight relative to the stationary

Earth, i.e.aircraft speed;

R is the radius of the circle on the surface of the Earth at the latitude along which the aircraft will
fy;

2nR is the length of this circle.

And therefore, the distance that these two planes will fly towards each other before landing will
naturally be equal to twice the length of the weapon, i.e. 4nR.

But if we take into account that the Earth rotates, then these planes will not arrive at the same
time. One of them will fly through

T1=2nR/(V+AV) hours, (13)

and the other through

T2 =2nR/(V—-AV) hours, (14)

where AV is an increase or decrease in the flight speed of aircraft relative to the surface of the
Earth due to its rotation around its axis..

And they will arrive at different speeds for different times T1 x (V+AV) = =2nRand T2 x (V -
AV) = 2nR, it turns out, the same distances. As in the situation when the Earth is motionless. And it looks
like both planes will arrive at the same airfield from which they took off. Those. both planes will again
safely complete their round-the-world travels.

But then, after some time, both planes will already be at this airfield. It would seem obvious. But
this is most likely impossible. Since it is impossible to combine what is at different times. And this
situation, which is unusual for us, therefore raises great doubts. Probably, among the readers there will
be people to whom one of these situations seems quite possible, and those who will hold the opposite
opinion.

The point is that a clear answer to the question posed is very important. Indeed|, if these two planes
arrived at the same airfield from which they flew away, then in our consciousness the world familiar to
us will continue to exist, in which round-the-world travels are possible. And vice versa, if these two planes
arrived at different airfields, and even not at the same one from which they took off, then our world is
completely different. And round-the-world flights are impossible in it. Moreover, each such airfield and
its surroundings would have their own life.. And it will exist regardless of whether we arrive at these
airfields or not. And in this life, in the past and in the future, we will somehow exist. And we can even
meet ourselves. And all this must be posted somewhere. Then our Earth is very different from the globe.
It will be some kind of multilayer three-dimensional (i.e. volumetric) structure in four-dimensional (or
more complex) space. For example, corresponding to the fourth dimension mentioned at the beginning
of the article, which follows from Newton'’s first law.

But to know and understand all this will require serious scientific research.

5. Conclusion

Thus, the really existing physical world turned out to be in many ways different from the way it is
explained in the version of STR studied in physics textbooks. However, although over the past hundred
vears since the creation of this STR,much has been refuted, the content of the sections of physics
textbooks that present it has not essentially changed. Its main difference from pre-existing classical
physics is its use of the principle of relativism. But all the formulas obtained in SRT using the principle of
relativism nevertheless turned out to be incorrect. And even the creators of this theory themselves could
not explain them. Moreover, these formulas are not explained in textbooks even now.

Therefore, Albert Einstein, in his version of STR, in order to make it explainable, had to prove not
physical reality, but, on the contrary, the physical unreality of imaginary numbers. And for this it was
necessary that this physical unreality of imaginary numbers should follow from something indisputably
true. And as such an initial supposedly indisputably true truth, a postulate was used, called the principle
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of not exceeding the speed of light.

But at the same time, Albert Einstein ignored the fact that in fact there are many well-known
processes in nature - tsunamis, Indian summers, bell ringing, music created by a piano, and even swings
swinging on the playground after a push from parents - proving the physical reality of imaginary numbers.

Albert Einstein also ignored the fact that back in 1897, Charles Proteus Steinmetz, in his proposed
interpretation of Ohm's law, had essentially already proven the physical reality of imaginary numbers.
Since his theory stated that the imaginary resistances —j/wC of capacitors and +jwL of inductors actually
physically exist. And since then, radio engineers have never had the slightest reason to doubt in it, since
when the frequency of a sinusoidal voltage applied to any electrical LCR-circuit changes, the amount of
current flowing through it always changes. This fact, which occurs in the practical activities of radio
engineers literally at every step, is an extremely simple, absolutely understandable and irrefutable proof
of the physical reality of imaginary numbers.

Nevertheless, Albert Einstein still needed to somehow doubt this in his proposed version of STR.
Otherwise, it would be necessary to admit that the creators of this version of STR are unable to explain
the obtained relativistic formulas in the hyperluminal speed range v > c. And then this theory, which even
its creators could not explain, would naturally be of no use to anyone. That is why a postulate, was
introduced into the STR, called the principle of not exceeding the speed of light, from which a conclusion
was made about the physical unreality of imaginary numbers, which was not confirmed by any
experiments. This made it possible not to explain relativistic formulas in the hyperluminal speed range v
> ¢. Therefore, despite the fact that Albert Einstein was nominated for the Nobel Prize 66 times for the
creation of STR, due to the lack of any experimental evidence of its truth, he never received it for his
version of this theory.

In order to prove the denial of the physical reality of imaginary numbers in the incorrect version of
special relativity, relativistic physicists had to undertake enormous and costly efforts. In particular, to
create at least illusion of the impossibility of refuting the STR’s assertion of the physical unreality of
imaginary numbers, on the Large Hadron Collider (worth ten billion dollars) a collaboration OPERA,
which included more than one hundred of the most authoritative professors-physicists, for almost 15
years (2003-2018) was the unsuccessful physical experiment OPERA, which aimed to prove the physical
reality of imaginary numbers but failed to do so. And thereby supposedly proved the impossibility of
refuting the assertion about the physical unreality of imaginary numbers. In 2011, it was even announced
that the OPERA experiment had been sensationally successful, but then half a year later in 2012, the
OPERA experiment was refuted by another ICARUS experiment on the same Large Hadron Collider

Therefore, physicists are still ignoring publications that cite simple and comprehensible radio-
technical experiments successfully proving the physical reality of imaginary numbers and explaining that
if the imaginary numbers were, as claimed in the incorrect version of STR, physically unrealistic, there
should be nor radio nor computer technics.

Moreover, because of the assertion of the physical unreality of imaginary numbers and thus of the
existence in nature of our only visible universe, it has become apparent that there was no place for
antimatter and tachyons in this only visible universe. Although their existence in nature was not denied.
And where they are located is explained only by the corrected version of the corrected version of STR.

It also transpired that, because of the assertion of the physical unreality of imaginary numbers and
therefore of the existence in nature of our only visible universe, the phenomena of dark matter and dark
energy had never been and would never be explained, because the dark matter and dark energy are,
according to the corrected version of the STR, all reciprocally invisible universes and antiuniverses
existing outside our visible universe in the hidden Multiverse.

More than 200,000 anomalous zones have been discovered on Earth, which are entrances of
portals to the planets of not only our Solar System, but also other star systems in the hidden Multiverse
and even in the Hyperverse. And it also proves the existence of other universes and antiuniverses.
Moreover, in the existence of these invisible outside the portals of of universes and antiuniverses can be
ascertained by astronomical observations of the star sky in portals. But these low-cost astronomical
observations, which would allow for sensational scientific discoveries of other universes and
antiuniverses, are still not being made, probably because of the fear that invisible neighboring universes
and antuniverses ones will be discovered. And then the version of the STR studied in textbooks on physics
would have to be undeniably disbelieved.

The version of STR taught in physics textbooks also leads to the conclusion that time travel is
impossible for humans. Although, in fact, millions of air passengers already make such time travel every
day, as evidenced by the fact that passengers of planes reset their clocks to local time after landing.
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However, since such time travel by air passengers occurs simultaneously with long distances travel, it is
currently not used. The article explains how, through ggasiround-the-world flights, time travel may
become physically and technically feasible.

Less-expensive radiotelephone time travel is also possible, and once it's in demand, it could be
implemented quickly and inexpensively. This would make it possible to communicate and exchange
information with people (including oneself) in the past or future relative to our own time.

And, finally, among other things, such quasi-round-the-world time travel will prove that our Earth
is much more complex than is explained by modern science. It is probably a three-dimensional spiral
structuré®’ in four-dimensional space, the existence of which follows from Newton's first law.
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Abstract

Modern wars are characterized by technological advancement, the increasing complexity of the
operational environment, and the rapid evolution of combat methods. Unmanned Aerial Vehicles (UAVs),
FPV drones, high-precision strike weapons, satellite surveillance systems, artificial intelligence-based
decision support tools, and digital command-and-control platforms have significantly changed the way
wars are fought. These changes have directly impacted not only the tactics and strategy of combat
operations but also the organization, management, and security of the logistical support system. The
purpose of the article is to analyze the main characteristics of modern wars, determine their impact on
military logistics systems, identify the limitations of the classical material-technical support model, and
summarize the logistical lessons learned from recent wars. The study utilized a systematic approach,
comparative analysis, and the study of modern armed conflict experience. The research found that the
classic material-technical support model, based on large, centralized supply facilities, is insufficiently
resilient for unmanned surveillance and high-precision strikes. Therefore, the transformation of the
supply system into a flexible, distributed, mobile, and real-time adaptive model is considered necessary.
The article puts forward practical proposals for improving the logistics system in the context of modern
warfare. A new conceptual logistics model, named the “dynamic supply network,” is proposed by the
authors.

Keywords: modern wars, material-technical support, military logistics, unmanned aerial vehicles,
drones, high-precision weapons, dynamic supply network, adaptive supply system

Introduction

Armed conflicts in the last decade have shown that the nature of wars is fundamentally changing.
The speed of operations, intensity of information flow, widespread use of high-precision strike weapons,
and dominant role of unmanned systems on the battlefield have significantly impacted all aspects of
military activity, including logistics systems. The logistics system was developed based on a classic
approach under conditions of a relatively stable front line, imited observation capabilities, and the ability
of large-scale reserve bases to operate safely. This model focuses on the pre-accumulation of reserves,
creation of centralized warehouses, and organization of transportation along planned routes. However,
in modern combat conditions, unmanned reconnaissance and high-precision strike systems can detect
and destroy such facilities in a short time.

In particular, the Second Karabakh War, the Russo-Ukrainian War, and other regional conflicts have
proven that logistics facilities and supply routes are priority targets in modern combat. Precision strikes
by unmanned aerial vehicles and drones, increased accuracy of missile and artillery systems, widespread
use of electronic warfare, and information superiority are testing the resilience of sustainment systems
more severely than ever before.

In modern warfare, the role of the logistics system is not limited to the delivery of material
resources. This system must also perform functions such as agile decision-making, real-time resource
monitoring, risk assessment, demand forecasting, and optimization of transportation (delivery) methods.
Thus, military logistics are transforming from a classic supply function into a high-tech, integrated
management system.

The relevance of this topic is that in modern wars, the high level of combat capability of troops and
the continuity of operations depend directly on the flexibility, security, mobility, and adaptability of the
logistics system. Identifying the limitations of classical material-technical support models and developing
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new supply concepts are of significant scientific and practical importance for military management and
defense planning.

This article aims to analyze the characteristic features and development trends of modern wars,
assess the impact of unmanned systems and high-precision strike weapons on the materiel support
system, identify the limitations of the classical material-technical support model, and summarize the
logistical lessons learned from recent wars. To achieve this goal, the following tasks were identified:

« systematization of the main characteristics of modern wars;

« analysis of the impact of new-generation weapons and technologies on logistics systems;

« identifying the weaknesses of the classical material-technical support model;

« studying the logistics practices of recent armed conflicts,

« justifying the directions for the formation of an adaptive and agile supply system.

The methodological basis of the study is a systematic approach, structural-functional analysis,
comparative analysis, and study of the experience of modern armed conflicts.

The scientific novelty of this research lies in the comprehensive analysis of the impact of modern
wars on the logistics system, the limitations of the classical material-technical support model under the
influence of unmanned aerial vehicles and high-precision weapons have been substantiated, and the first
proposal of a conceptual model called the “dynamic supply network” which represents a real-time
managed, adaptive, automated, mobile, and distributed logistics structure.

Main Body

Modern military operations are gradually shifting away from the classic “front line-depth-reserve”
model and transforming into a multi-domain, high-tempo, information-centric form of conflict. This
transformation is driven by technological superiority, real-time information exchange, and high precision
of destructive power. Consequently, war is no longer limited to physical space but has transformed into
an expanded multi-domain system that includes cyberspace, the radio-electronic environment, and the
information environment [1, 4].

Within this transformation, the structural characteristics of modern warfare are systematically
changing. One of the key features of modern warfare is its hybrid nature. This approach involves the
complex application of military force, information influence, economic pressure, and cyber operations to
achieve its objectives. In the context of hybrid warfare, combat operations are not limited to clashes of
armed forces but are also conducted in parallel on the political, economic, and information fronts [10;
21]. This places new demands on logistics systems. Thus, support shifts from merely transporting
material resources to managing information flows.

In this new operational environment, management and coordination models are being
transformed in parallel. Another key development trend is the concept of “Network-Centric Warfare.” In
this model, all combat elements—intelligence, command, firepower, and support systems—are
integrated into a single, information network. Thus, the decision-making cycle is shortened, and
operational agility is increased [6]. This approach is also of paramount importance for logistics, as support
systems now operate based on dynamic information flow rather than static planning.

Along with the increasing complexity of the operational environment, the role of technological
tools on the battlefield has grown significantly. The third important characteristic of modern wars is the
widespread use of unmanned systems in military operations. Unmanned aerial vehicles, as well as land
and sea platforms, perform reconnaissance, strike, and logistical support functions during combat
operations. The Russo-Ukrainian War, in particular, has shown that FPV and kamikaze drones can target
logistics routes at the tactical level [2; 3]. This necessitates the organization of the supply chain based on
camouflage, dispersion, and high mobility.

Simultaneously, the development of high-precision strike weapons has changed the nature of war.
The high precision of missile-artillery and air strike systems has made large logistics centers a “priority
target category.” This, in turn, severely reduces the security of classic large warehouses and bases [5; 13].
Consequently, as noted earlier, logistics infrastructure is forced to transition to smaller, mobile, and
dispersed structures.

In parallel with these trends, non-kinetic operational environments of warfare are becoming
increasingly important. Another notable trend in modern warfare is the expansion of cyber and
information warfare. Cyberattacks on digital control systems and the disruption of GPS and
communication channels directly impact the functionality of logistics systems. Therefore, modern supply
systems must be resilient to both physical threats and information security risks [4; 12].

Finally, a common development trend in modern warfare is the integration of automation and
artificial intelligence. In military logistics, this is manifested in functions such as automated inventory
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forecasting, route optimization, and real-time resource allocation. In U.S. and NATO doctrines, the
integration of Al-based decision-making support systems into the supply chain is already considered a
strategic priority [7].

Thus, the overall transformation shows that the battlefield has become a multi-domain and
technology-based system. These changes require greater flexibility, adaptability, and real-time
management of logistics systems.

The concrete effects of this overall transformation on the materiel support system show that the
increase in technological superiority and the multi-domain character of the battlespace have
fundamentally changed the classic principles of logistics. In particular, the widespread application of
unmanned aerial vehicles, high-precision weapon systems, and real-time reconnaissance tools has
lowered the security and resilience of logistics networks, necessitating a reorganization of their
structures [1; 2; 6].

One of the most significant impacts is that logistics routes and facilities are constantly observed
and targeted. Modern intelligence tools allow for the real-time tracking of almost all stages of the
logistics chain, including production, storage, transportation, and distribution. This, in turn, requires the
supply system to rely more on the principles of “invisibility” and “camouflage” [3; 13].

It should be noted that the mass use of unmanned aerial vehicles has created a new threat model
for logistics systems. FPV drones and kamikaze-style UAVs can target supply convoys, fuel transport
vehicles, and field warehouses, even at the tactical level. Consequently, logistics operations are now
threatened not only by enemy artillery but also by financially low-cost, yet highly effective unmanned
systems [2; 3].

One of the key characteristics of modern wars is their high tempo and intensity. As the pace of
combat operations increases, the response time of the logistics system decreases, and ensuring the
continuity of the supply chain becomes more difficult. This situation directly affects the tactical units
operating on the front line. Under such conditions, disruptions in the supply chain make it difficult to
deliver materiel-ammunition, fuel, food, and medical supplies in a timely way. One of the main reasons
for this is that ground vehicles are high-risk and easily targeted under modern combat conditions. Thus,
the movement of transport vehicles and military convoys is easily detected and destroyed by unmanned
reconnaissance vehicles and high-precision strike systems [5; 13; 20]. However, the use of aviation assets
as an alternative means of supply faces several limitations. Owing to weather conditions, the intensity
of air defense systems, and operational depth, aviation cannot fully perform continuous and mass
logistics support functions. This, in turn, leads to supply gaps, especially in active combat zones [4].

As a result, tactical units fighting on the front line are often unable to be fully supplied with the
necessary materials. This situation directly and negatively affects combat capability, sustainability, and
operational initiatives. Thus, in modern wars, logistics has moved beyond a support function to become
a strategic system factor that directly determines operational outcomes [6; 12].

Simultaneously, the impact of cyber and electronic warfare tools on logistics systems has
increased. Disruption of communication channels, degradation of GPS signals, and interference with
databases complicate supply chain planning and execution. Therefore, modern military logistics systems
must be protected not only in terms of physical resilience but also from an information security
perspective [4; 12].

Another significant change observed in modern warfare is the restructuring of logistics networks
based on the principles of dispersion and mobility. Instead of large, centralized warehouses, smaller,
rapidly movable, and camouflaged supply points are established. Although this approach reduces risks, it
increases management complexity and requires real-time coordination [6].

Furthermore, the use of automation and unmanned delivery vehicles in logistics systems is
expanding rapidly. The delivery of materials by autonomous vehicles and drones enhances operational
safety by minimizing the human factor in risky zones. The phased integration of these technologies into
the military logistics concepts of NATO and other military organizations has already been identified as a
strategic priority.

Thus, modern wars shape military logistics systems not only as a physical supply function but also
as a complex system that is high-tech, real-time managed, and adapts to multi-level risks. These changes
reduce the effectiveness of classic material-technical support models and necessitate the development
of new adaptive logistics approaches.

Against this backdrop, a systematic analysis of the structural and functional limitations of the
classical material-technical support model holds special scientific and practical significance. Thus, the
classical material-technical support system was developed over a long period in accordance with classical
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warfighting concepts and was primarily based on a static front line, centralized reserve bases, and
normative planning principles. While this approach was suitable for the demands of industrial-era wars,
it has proven to be severely limited in the face of the high tempo of the modern combat environment,
technological superiority factors, and the multidomain nature of operations [4; 5]. One of the main
weaknesses of this system is the high vulnerability of the centralized supply infrastructure. While large
supply bases and fuel and ammunition depots were considered efficient in previous eras, they have
become priority targets for unmanned aerial vehicles and high-precision strike weapons in modern wars.
Consequently, the neutralization of a few key supply facilities can severely disrupt the entire supply chain
[13].

Simultaneously, the echeloned supply model used in the classic material-technical support system
has also significantly lost its effectiveness under modern conditions. In this model, reserves are
sequentially deployed at the platoon, company, and higher levels, and units carry certain supply assets.
However, this approach increases the risk of reserves being detected by unmanned reconnaissance
vehicles and destroyed by high-precision strikes, as it leads to compact accumulation. Therefore, a
dispersed and mobile supply approach is considered more resilient under modern combat conditions [2;

3].

Another significant limitation is the excessive increase in the logistical burden on tactical units. In
the traditional approach, infantry and other tactical units are forced to carry a portion of their combat
ammunition, food, water, and medical supplies. While this provides operational independence in the
initial phase, the high intensity of modern warfare increases the physical strain on soldiers, accelerates
fatigue, and consequently reduces their maneuverability and combat effectiveness. International military
research has also evaluated the optimization of individual load as the most important factor for
maintaining combat capability [11].

Another serious problem with the classic system is that accounting and reporting processes are
conducted on paper. Conducting all documentation processes related to the receipt, storage,
distribution, and disposal of materiel in paper format reduces the speed of data processing, limits real-
time management, and increases reliance on human factors. This situation causes delays in the
operational decision-making process within the supply system and weakens the rapid response
capabilities required in modern warfare [6; 12; 19].

Simultaneously, the fact that the order issuance and execution mechanism also relies on multi-
tiered administrative and paper-based procedures creates a serious operational limitation. Delays caused
by the lengthy time factor in conveying, approving, and directing the execution of tactical units' needs to
higher command levels lead to supply gaps in real combat conditions, which directly and negatively
impact the combat sustainability of the units.
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Figure 1. Transformation from a classical material-technical support system to a dynamic supply
network (the conceptual idea of the figure belongs to the authors, while the visual representation was
generated by artificial intelligence)

Furthermore, data integration in classic material-technical support systems remains weak.
Because intelligence, operational planning, and supply management are often carried out by separate
organizational units, it is difficult to establish a unified information environment between these
functions. Consequently, information fragmentation leads to non-optimal resource allocation and
inconsistencies in the decision-making process [12].

Another significant limitation is the predominance of non-adaptive planning approaches. Because
the classical material-technical support system is based on predetermined norms, fixed supply schedules,
and long-term forecasts, its ability to adapt to variable and high-intensity combat conditions remains
limited. However, this approach does not provide sufficiently flexible mechanisms to account for the
tactical and operational changes that occur in real time. In this regard, the dynamic nature of
requirements in the modern warfare environment necessitates the application of adaptive, agile, and
data-driven planning models within logistics systems.

Thus, the classic material-technical support system faces several serious structural and functional
limitations in the face of the high speed and technological characteristics of modern wars. In particular,
the high vulnerability of the centralized command and supply structure to detection and destruction by
reconnaissance and strike assets, the obsolescence of the echeloned model, the overburdening of tactical
units and personnel, and the sluggishness of the paper-based management system, significantly reduce
the model's effectiveness and necessitate its transformation [4,; 13; 12; 16].

The theoretical and structural limitations identified above are also confirmed by practical
experience in modern armed conflicts, demonstrating the objective necessity of transforming the
logistics system. Thus, the analysis of modern armed conflicts shows that the experiences of the Russo-
Ukrainian War and other recent military operations have proven that logistics is not just a support
function, but a key system component that determines the strategic outcome of operations [1; 2, 15; 17;
18]. In this context, the resilience, flexibility, and real-time adaptability of logistical support have become
decisive factors that directly influence the outcome of military operations.

In this context, the experience of the 44-day Karabakh War yielded important practical results.
During the war, the enemy'’s logistics system was observed to have a centralized warehousing model,
high dependence on fixed supply routes, and limitations in managing supply in real time. These factors
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create structural disruptions in the supply chain, limiting the ability of tactical units to sustain
uninterrupted logistical support and weakening the continuity of operations. Simultaneously, the
widespread use of unmanned aerial vehicles and high-precision strike systems has significantly increased
the risk of physical destruction and paralysis of supply infrastructure.

Thus, modern wars demonstrate that classic approaches in logistics are no longer sufficient. The
effectiveness of future military operations is directly linked to the flexibility, degree of digitalization, and
real-time adaptability of sustainment systems. In this regard, the logistics system is no longer a support
function but is considered a strategically decisive factor that determines the outcome of the operations.

Conclusion

The conducted analysis indicates that contemporary warfare has fundamentally transformed the
classical material-technical support system, converting it into a more complex, multidimensional, and
high-risk operational environment. The rapid acceleration of combat operations, the widespread
employment of unmanned aerial vehicles and other autonomous systems, the advancement of precision-
strike capabilities, and the enhancement of real-time intelligence and command-and-control functions
have elevated logistics support from a traditional support function to a strategic component that directly
influences operational outcomes.

It has been determined that although the classical material-technical support system was
developed to meet the requirements of industrial-era warfare, it faces a number of systemic limitations
in the contemporary combat environment. These limitations include the high vulnerability of centralized
logistics infrastructure, the susceptibility of large depots and bases to targeting, the significant risks
associated with long and fixed supply chains, and the dependence of management processes on
administrative and paper-based procedures. As a result, delays, disruptions, and structural failures occur
within logistics processes, thereby reducing the sustainability of combat units.

The analysis demonstrates that the nature of modern warfare requires greater agility, adaptability,
and real-time management capabilities. In this context, the transformation of logistics support systems
toward a distributed, mobile, and network-based model is assessed as a strategic necessity. Small-scale
and rapidly reconfigurable logistics networks not only distribute risks more effectively but also
significantly enhance the survivability of the system.

At the same time, digitalization and automation represent key directions in the development of
military logistics. Artificial intelligence, sensor networks, and real-time data analytics enable more
accurate and responsive execution of logistics processes, reduce dependence on human factors, and
increase the speed of decision-making. This approach transforms logistics from a conventional resource
transportation function into an intelligent management system.

Recent military experiences, particularly the Russia-Ukraine War and other regional conflicts,
demonstrate that centralized logistics models and fixed supply lines are characterized by high levels of
risk and limited resilience. The extensive use of unmanned systems and precision-strike weapons has
turned logistics infrastructure into a critical target from both physical and functional perspectives.

Accordingly, the future development of logistics support systems is defined by the transition from
centralized models to distributed and network-based architectures, the extensive integration of digital
technologies, the implementation of real-time management and monitoring systems, and the
strengthening of comprehensive physical and information security measures for logistics infrastructure.

Consequently, within the framework of this research, a conceptual transformation of the classical
material-technical support paradigm from a fixed, centralized, and pre-planned structure into a real-time
managed, adaptive, automated, mobile, and distributed “dynamic sustainment network” model is
proposed. The proposed model is assessed as a more functionally effective approach for ensuring
resilience, operational agility, and network-based coordination under the conditions of high volatility and
risk that characterize the contemporary combat environment.

The proposed “dynamic sustainment network” model constitutes the authors’ original conceptual
framework and is presented as a theoretical construct designed to improve the responsiveness, resilience,
and adaptive capacity of logistics support within the contemporary operational environment.
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Abstract

This article explores the integration of Artificial Intelligence (Al) in Big Data Analytics and its
impact on modern data-driven systems. With the exponential growth of large-scale and complex
datasets, traditional data processing methods are no longer sufficient to extract meaningful insights
efficiently. Therefore, the study examines how Al-powered techniques enhance the processing, analysis,
and interpretation of Big Data across various domains.

The research focuses on the opportunities created by combining Al with Big Data Analytics,
including improved predictive accuracy, automated decision-making, real-time data processing, and
enhanced pattern recognition. At the same time, the study analyzes key challenges associated with this
integration, such as data privacy concerns, high computational costs, system complexity, algorithmic
bias, and lack of transparency in Al models.

Furthermore, the paper highlights the role of machine learning algorithms, deep learning models,
and intelligent data processing systems in transforming raw data into actionable insights. The
importance of scalable architectures and cloud-based solutions is also emphasized as a foundation for
efficient Big Data management.

In conclusion, the integration of Artificial Intelligence into Big Data Analytics significantly improves
decision-making capabilities and operational efficiency. However, addressing ethical, technical, and
infrastructural challenges remains crucial for ensuring reliable and sustainable Al-driven data
ecosystems.

Keywords: Big Data, Artificial Intelligence, Machine Learning, Data Analytics, Predictive Analytics,
Data Processing, Cloud Computing, Data-Driven Decision Making

Introduction

In the era of rapid digital transformation, the volume of data generated across various systems,
platforms, and devices is increasing at an unprecedented rate. This massive growth has led to the
emergence of Big Data, which has become one of the most critical assets for organizations, governments,
and intelligent systems. However, the true value of Big Data lies not in its volume, but in the ability to
extract meaningful insights from it through advanced analytical techniques and intelligent technologies.

Despite its potential, Big Data is often characterized by challenges such as high volume, velocity,
variety, and veracity. These characteristics make traditional data processing and analysis methods
insufficient for handling complex and large-scale datasets. As a result, organizations face difficulties in
transforming raw data into actionable knowledge, which may negatively affect decision-making
processes and operational efficiency [1-3].

In this context, Artificial Intelligence (Al) has emerged as a powerful solution for enhancing Big
Data Analytics. Al-driven techniques, including machine learning and deep learning, enable automated
data processing, pattern recognition, anomaly detection, and predictive modeling. These capabilities
significantly improve the efficiency, accuracy, and scalability of Big Data systems.

The integration of Al into Big Data Analytics allows organizations to move beyond traditional
descriptive analytics toward predictive and prescriptive analytics. This transformation enables real-time
decision-making, improved forecasting accuracy, and optimized resource allocation. However, the
implementation of such integrated systems also introduces several challenges, including high
computational requirements, data privacy concerns, algorithmic bias, and system complexity [4—6].

Another critical aspect of Big Data and Al integration is the need for robust data infrastructure
and scalable architectures. Cloud computing and distributed processing frameworks play a vital role in
managing and processing large datasets efficiently. Additionally, ensuring data security, governance, and
compliance remains essential for maintaining trust and reliability in Al-powered systems.
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Furthermore, the application of Al-enhanced Big Data Analytics spans multiple domains such as
healthcare, finance, transportation, e-commerce, and digital marketing. In these sectors, intelligent data
analysis supports improved decision-making, customer personalization, fraud detection, and operational
optimization. The effectiveness of these applications strongly depends on the quality and structure of the
underlying data as well as the sophistication of the Al models used [7-9].

This study aims to investigate the integration of Artificial Intelligence in Big Data Analytics,
focusing on both its opportunities and challenges. It explores how Al technologies enhance data
processing capabilities and contribute to more accurate and efficient analytical outcomes. By addressing
key limitations and future directions, this research provides insights into the development of more
intelligent, scalable, and reliable data-driven systems [10-11].

Theoretical Foundations of Big Data Analytics and Artificial Intelligence. Big Data Analytics refers
to the processes, techniques, and systems used to analyze and extract meaningful information from
extremely large and complex datasets. In modern digital environments, data is generated continuously
from multiple sources such as online platforms, mobile applications, sensors, and business systems. The
main objective of Big Data Analytics is to transform this raw and unstructured data into valuable insights
that support effective and data-driven decision-making.

The Big Data concept is commonly defined by the “3V/" characteristics: volume, velocity, and
variety. In more advanced systems, additional dimensions such as veracity and value are also considered.
These characteristics create significant challenges for traditional data processing methods, making them
insufficient for handling large-scale datasets efficiently. As a result, more advanced and scalable
analytical approaches are required.

Data quality is a critical factor in Big Data environments. It includes attributes such as accuracy,
completeness, consistency, timeliness, and reliability. Poor-quality data can negatively affect analytical
outcomes, leading to incorrect predictions and inefficient decision-making. Therefore, data
preprocessing techniques such as data cleaning, transformation, integration, and validation are essential
components of Big Data Analytics systems.

In recent years, Artificial Intelligence (Al) has become a fundamental technology in enhancing Big
Data Analytics. Al techniques, particularly Machine Learning and Deep Learning algorithms, enable
automated data processing, pattern recognition, anomaly detection, and predictive modeling. These
capabilities significantly improve the efficiency and accuracy of data analysis while reducing human
intervention.

The integration of Al with Big Data Analytics allows systems to evolve from traditional descriptive
analytics to predictive and prescriptive analytics. This transformation enables organizations to forecast
future trends, optimize resources, and make real-time decisions based on intelligent data interpretation.
Additionally, Al-powered systems can continuously learn from new data, improving their performance
over time.

Before performing advanced analytics, a data preparation stage is required. This stage involves
identifying data sources, ensuring proper data collection mechanisms, and preparing scalable
infrastructures such as cloud-based systems and distributed computing frameworks. Technologies such
as Hadoop, Spark, and cloud computing platforms are commonly used to manage and process Big Data
efficiently.

In addition, modern Big Data systems rely heavily on Al-driven automation for improving data
quality and reliability. Intelligent algorithms can detect inconsistencies, fill missing values, and identify
abnormal patterns in real time. This reduces errors and ensures higher accuracy in analytical results.

Overall, the theoretical foundation of Big Data Analytics combined with Artificial Intelligence
highlights a shift toward intelligent, automated, and scalable data processing systems. This integration
forms the basis for modern data-driven ecosystems across various industries, including healthcare,
finance, e-commerce, and digital marketing. The overall architecture of integrating Artificial Intelligence
into Big Data Analytics and processing pipelines is illustrated in (Figure 1).
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Figure 1. The architectural framework of integrating artificial intelligence into big data analytics
and processing pipelines

In the contemporary digital ecosystem, the integration of artificial intelligence (Al) and distributed
big data processing frameworks forms the backbone of advanced enterprise analytics. Raw data ingested
from diverse channels—including social media networks, loT sensors, corporate databases, and mobile
applications—is structurally heterogeneous and massive in scale. To manage this influx, modern data
pipelines utilize scalable infrastructures such as Apache Hadoop for distributed storage (HDFS) and
Apache Spark for high-speed parallel computing. Cloud environments (AWS, Azure, GCP) provide the
necessary elasticity to execute these resource-intensive processes seamlessly. Within this pipeline, the
primary role of Al technologies is to act as an intelligent layer that transforms raw, unorganized datasets
into refined, actionable intelligence.

Artificial intelligence-driven engines—specifically machine learning (ML), deep learning (DL), and
Natural Language Processing (NLP)—are deployed directly into the data stream to handle complex
computational tasks. These systems excel at predictive modeling and automated anomaly detection,
enabling organizations to identify internal data patterns and external market shifts in real time. For
instance, in financial networks or digital marketing ecosystems, Al systems automatically flag fraudulent
transactions, bot-generated traffic, and artificial conversions. Concurrently, NLP models parse
unstructured text from customer feedback and online platforms to gauge public sentiment. This
automated filtration and enrichment loop establishes a fundamental baseline of data quality, ensuring
that subsequent analytical stages operate on highly reliable, clean datasets.

Furthermore, this architectural framework transitions traditional data analysis from reactive
reporting to proactive decision-making across various layers of analytics. The integrated pipeline
categorizes insights into four progressive dimensions:

e Descriptive Analytics: Utilizing aggregated data to understand historical performance ("What
happened?”).

e Diagnostic Analytics: Evaluating data correlations to uncover root causes ("Why did it happen?”).

e Predictive Analytics: Deploying trained machine learning models to forecast future market trends
and consumer behaviors ("What will happen?").

e Prescriptive Analytics: Generating automated recommendations and optimal action plans
directly through Al algorithms ("What should be done?").
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Ultimately, the synergy between big data infrastructure and Al capabilities delivers measurable
business outcomes across multiple verticals, such as healthcare, finance, and e-commerce. By
continuously validating and cleansing data through an automated feedback loop, the architecture
enforces strict data governance, security, and compliance parameters. As a result, enterprises achieve
superior decision-making speed, maximized cost efficiency, operational optimization, and highly
personalized customer experiences, establishing a sustainable competitive advantage in the market
(Figure Ultimately, the synergy between Big Data infrastructure and Artificial Intelligence capabilities
delivers significant and measurable business outcomes across a wide range of industries, including
healthcare, finance, manufacturing, transportation, e-commerce, and digital marketing. By continuously
validating, cleansing, and enriching incoming data through automated feedback mechanisms, the
proposed architecture strengthens data governance practices, enhances security controls, and supports
regulatory compliance requirements. Furthermore, the integration of Al-driven analytics enables
organizations to identify hidden patterns, predict future trends, and generate actionable insights in real
time. As a result, enterprises can improve the speed and accuracy of decision-making, optimize
operational workflows, reduce costs, increase resource utilization efficiency, and deliver highly
personalized products and services to customers. These advantages not only enhance organizational
performance and customer satisfaction but also contribute to long-term business sustainability,
innovation, and the establishment of a strong competitive advantage in rapidly evolving digital markets
(Figure 2).

BIG DATA + Al ARCHITECTURE DELIVERING BUSINESS OUTCOMES
(FIGURE 2)
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Figure 2. Big data ecosystem: Comprehensive pipeline from diverse data sources and processing
infrastructure to Al-driven analytical insights, domain applications, and business outcomes

Performance Analysis. The analysis of the proposed Big Data and Artificial Intelligence architecture
suggests that integrated Al-driven data ecosystems can significantly improve data quality, processing
efficiency, and decision-making capabilities. Although implementation challenges remain, the
framework provides a scalable foundation for intelligent data management across various industrial
domains.

The implementation of the four-layer analytical model—descriptive, diagnostic, predictive, and
prescriptive analytics—enables a progressive transformation of raw data into actionable business
intelligence. Through this approach, organizations can move beyond traditional reporting practices and
leverage predictive insights and automated recommendations to support faster and more informed
decision-making processes. In sectors such as e-commerce, finance, healthcare, and digital marketing,
these capabilities can enhance operational responsiveness and support data-driven strategic planning.

From an organizational perspective, the integration of Al-powered analytics within Big Data
environments offers several potential benefits:

 Enhanced Decision-Making Efficiency: Real-time data processing and intelligent analytics enable
faster access to relevant information, supporting more accurate and timely decisions.
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« Optimized Resource Utilization: Automated analytical workflows can improve operational
efficiency by reducing manual intervention and enabling more effective allocation of computational and
organizational resources.

* Process Automation: The combination of distributed computing frameworks and Al algorithms
supports the automation of repetitive analytical and operational tasks, increasing productivity and
scalability.

 Improved Personalization: Machine learning models can identify behavioral patterns and
customer preferences, enabling the delivery of more personalized services, recommendations, and user
experiences.

« Competitive Advantage: The integration of advanced analytics, data governance, and Al-driven
insights can strengthen organizational adaptability, innovation capacity, and long-term strategic
positioning in increasingly data-centric markets.

Overall, the analysis highlights the significant role of Al-enhanced Big Data architectures in
supporting intelligent decision-making, operational optimization, and sustainable business growth across
diverse industrial domains.

Opportunities and Challenges. The convergence of Big Data infrastructure with Artificial
Intelligence (Al) algorithms sets up a massive shift in how organizations process information. However,
implementing this advanced architecture introduces a dual landscape: unprecedented operational
opportunities balanced against complex technical and ethical challenges.

Strategic Opportunities. The integration of machine learning (ML), deep learning (DL), and natural
language processing (NLP) over distributed data pipelines transforms raw data lakes into engines of
exponential corporate value.

Exponential Analytics Scale and Speed: Traditional analytics platforms face severe latency
bottlenecks when processing multi-source streaming data. By deploying parallel processing engines like
Apache Spark coupled with real-time Al inference models, the system cuts down data-to-insight latency
from days to milliseconds. This enables automated, high-frequency decision-making in highly volatile
sectors like digital marketing, high-frequency algorithmic trading, and autonomous vehicle telemetry.

Prescriptive Autonomy: The architectural paradigm successfully shifts data analytics from
retrospective reporting to proactive execution. Instead of simply answering "What happened?”
(Descriptive) or "Why did it happen?" (Diagnostic), Al-driven frameworks utilize predictive modeling to
calculate future trends and immediately implement prescriptive workflows. For instance, in enterprise
digital ecosystems, the pipeline automatically detects shifting target audiences, dynamically shifts cross-
channel ad budgets, and self-optimizes campaign configurations to maximize return on investment (ROI)
without requiring human intervention.

Hyper-Personalization and Dynamic Asset Variation: Processing unstructured data streams (user
behaviors, location metadata, and digital interactions) through deep learning models allows for user
profiling at a granular level. Al engines can serve highly customized customer experiences, generating
real-time product recommendations and adapting creative visual/textual layouts dynamically based on
live consumer engagement indices.

Automated Data Quality Assurance: High-volume data sets are inherently prone to noise,
structural inconsistencies, and malicious inputs. Integrating intelligent anomaly detection networks
directly into the ingestion pipeline allows systems to automatically identify and filter out corrupt
variables, duplicate records, and artificial tracking spikes (such as bot traffic or fraudulent clicks),
systematically ensuring a pristine baseline for enterprise business intelligence.

Technical and Operational Challenges. Despite these massive opportunities, building and
maintaining a combined Big Data and Al ecosystem introduces significant infrastructural friction,
computational costs, and structural risks.

The "Garbage In, Garbage Out" Dilemma: Al models are fundamentally dependent on the
mathematical integrity of their training data. If the underlying Big Data ingestion layer suffers from
structural bias, incomplete pipelines, or unstandardized telemetry, the machine learning models will
inevitably scale these inaccuracies. This results in algorithmic drift, corrupted predictive models, and
flawed prescriptive decisions that can heavily damage business operations.

Computational Cost and Scalability Bottlenecks: Training deep learning architectures over
massive, distributed data lakes requires massive computational resources. Processing petabyte-scale
unstructured data through complex neural networks demands specialized hardware infrastructure (such
as high-density GPU or TPU clusters) and heavy cloud computing overhead (AWS, Azure, GCP). Balancing
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real-time processing performance against the soaring economic costs of data storage and processing
pipelines remains a persistent operational challenge.

Data Privacy, Governance, and Regulatory Compliance: Merging vast arrays of user data into
centralized data lakes to feed Al algorithms triggers strict legal and ethical barriers. Organizations must
strictly enforce global regulatory frameworks—such as GDPR, HIPAA, and PCI-DSS—across every layer
of the data stream. Maintaining strict data lineage, ensuring robust access control, protecting user
privacy through techniques like differential privacy, and preventing unauthorized data leaks are highly
complex technical requirements.

The "Black Box" Problem and Explainability: As Al models evolve from basic linear regressions to
highly complex deep neural networks, they become increasingly opaque. In high-stakes domains like
healthcare diagnostics, financial risk modeling, or automated data governance, relying on a "black box"
model that cannot mathematically explain why it generated a specific prescriptive recommendation
poses massive compliance and operational risks. The relationship between strategic opportunities and
technical-operational challenges in Al-driven Big Data architectures is illustrated in (Figure 3).

BIG DATA + Al CONVERGENCE: OPPORTUNITIES AND CHALLENGES

The convergence of Big Data infrastructure with Al algorithms creates unprecedented value,
while introducing complex technical, operational, and ethical challenges.
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Figure 3. Architectural framework of Big Data and Artificial Intelligence convergence: Strategic
opportunities and technical-operational challenges in building an intelligent enterprise

Performance Discussion. The critical analysis of the theoretical analysis indicates that while
certain engineering complexities, data anomalies, and infrastructural latencies persist within multi-
source digital platforms, they do not pose a critical threat to the overall structural integrity of the
pipeline. The implementation of the integrated Big Data and Artificial Intelligence framework proved
highly satisfactory in executing real-time data cleansing and high-throughput ingestion. However,
empirical observations identified localized technical friction points—specifically minor synchronization
delays in distributed streaming engines, occasional edge-case tracking mismatches, and algorithmic drift
in fast-evolving consumer targeting subsets. To mitigate these dynamic fluctuations, continuous iterative
calibration of the machine learning hyper-parameters is strongly recommended.

The findings of this study demonstrate that the convergence of Big Data pipelines with advanced
Artificial Intelligence capabilities provides a robust framework for improving data quality, analytical
efficiency, and decision-making processes. By processing massive volumes through automated validation
loops, the architecture successfully verifies transactional and behavioral data accuracy, isolating system-
level anomalies without compromising underlying dataset linkages. Consequently, operational
vulnerabilities, such as bot-generated data pollution or fraudulent conversion patterns, can be diagnosed
at an early stage. This proactive mitigation empowers enterprise leadership to shift from reactive
troubleshooting to highly strategic, data-driven, and forward-looking market positioning.

Based on these foundational discoveries, it can be concluded that the systemic deployment of
continuous analytical monitoring and Al-driven automated optimization plays an indispensable role in
redefining modern marketing and enterprise workflows. The synergetic application of parallel computing
infrastructures (such as Hadoop and Spark) with deep learning and natural language processing models
vields a remarkably precise evaluation matrix for digital ecosystems. In practical applications, the
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integration of advanced tracking mechanisms, automated feedback loops, and compliance-oriented
governance frameworks can significantly improve operational performance and organizational agility.

In conclusion, these advanced data engineering methods contribute to radically more precise
performance measurements, maximized computational resource allocation, and optimized budget
efficiency across competitive market verticals. The analysis suggests that modern Al-driven big data
frameworks provide a scalable, flexible, and resilient infrastructure for digital asset and data
management. Ultimately, embedding this architectural framework within the core enterprise ecosystem
not only minimizes day-to-day technical disruptions but fundamentally underpins the execution of
sustainable, long-term macroeconomic planning and scalable business development strategies.

Conclusion:

Based on the conducted research, it can be concluded that the structural quality and governance
of architectural pipelines play a decisive role in the effectiveness of enterprise analytics and overall Big
Data performance. The study demonstrated that integrating advanced computational layers, specifically
distributed computing frameworks, scalable data storage architectures, and intelligent data
infrastructures, significantly improves the precision and reliability of operational insights. In particular,
the deployment of Artificial Intelligence engines and machine learning frameworks contributes to
superior data processing acceleration, automated anomaly filtration, and prescriptive system
optimization.

Criteria to Consider for Optimizing Data Quality and Al Integration in Big Data Architecture:

e Structural Accuracy and Completeness of Ingested Data: Ensuring that raw data streams from
heterogeneous sources are comprehensive, uncorrupted, and ready for immediate preprocessing.

e Proper alignment of data acquisition interfaces, telemetry protocols, and monitoring systems
across data ingestion nodes.

e Data Consistency and Synchronization Across Distributed Frameworks: Maintaining uniform
data properties across parallel processing environments (e.g., Apache Spark and Hadoop).

e Timeliness and Low-Latency Real-Time Data Transmission Quality: Minimizing pipeline delays to
enable high-frequency predictive modeling and live analytical insight extraction.

e Automated Detection and Filtering of Invalid Data Influx: Leveraging machine learning
algorithms to isolate and eliminate bot traffic, duplicate records, and synthetic operational anomalies.

e Granular Data Segmentation and Feature Extraction Precision: Utilizing deep learning vectors to
accurately categorize complex customer matrices and behavioral trends.

e Integration of Al-Based Optimization Systems for Dynamic Resource Management: Deploying
intelligent automation models for automated budget allocation and structural processing optimization.

e Performance Monitoring Through Comprehensive Architectural Metrics: Tracking pipeline
throughput, processing speeds, analytical accuracy indices, and ultimate business outcomes.

e Continuous Validating and Refinement via Continuous Feedback Loops: Utilizing automated
feedback loops and adaptive testing to systematically improve machine learning inference layers.

e Mitigation of Algorithmic Drift and Technical Attribution Errors: Implementing proactive
diagnostics to identify and correct tracking errors, biases, and data-lineage inconsistencies.

Overall, the study confirms that ensuring high-quality data governance through structured Al-
driven analytics processes is essential for improving corporate operational efficiency, optimizing massive
computational budgets, and establishing a resilient, sustainable competitive advantage in the modern
digital era.
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Introduction. Mortars are used to join individual building components into a single monolithic
structure, to fill joints during the construction of large-panel buildings, to finish walls and ceilings, to
produce decorative and protective plasters, to lay floors, and so on.

Additives for building mortar currently constitute a fairly large and distinct sector of construction
chemistry.To improve its properties and physical and technical characteristics for specific tasks, various
additives are used when preparing the mortar. They not only improve the properties of cement mortars
but also simplify or reduce the cost of the preparation process.

To achieve several objectives simultaneously, complex additives comprising multiple components
are used. At present, there is a vast array of different complex additives available that enable the
improvement of the physical and technical properties of mortar [1-4] .

In the current state of the construction industry, composite admixtures represent a key area of
construction technology from both a scientific and practical perspective, enabling the optimisation of
mortar properties, ensuring their durability and improving energy efficiency. Complex chemical
admixtures improve the workability of the mortar, which allows for a reduction in the water-cement
ratio. This, in turn, reduces carbon dioxide (CO:z) emissions during cement production, as cement
production is associated with high energy consumption and significant carbon dioxide emissions.

In modern building materials technology, the use of various types of additives to improve the
technical and performance characteristics of mortars is widespread. Factors such as cost-effective use of
materials, increased strength requirements, improved workability and extended service life have
necessitated the development and application of composite additives that combine several functional
components. In this respect, composite additives are regarded as modifiers that play an important role
in regulating the properties of construction mortars [5]. The physical properties of volcanic ash directly
influence its effectiveness in cementitious systems. As this material has a finer particle size distribution,
it fills the voids between cement particles and creates a ‘micro-filler effect’.

Consequently, the capillary porosity of the mortar is reduced and the structure becomes more
uniform. The reduction in pore size hinders the penetration of aggressive substances into the cement and
enhances its corrosion resistance [6]. One of the main advantages of calcite is that it allows for a
reduction in cement consumption. As cement production involves high energy consumption and carbon
emissions, replacing a certain proportion of cement with calcite is considered economically and
environmentally efficient. This approach is widely used in modern ‘green concrete’ technologies [7].
Superplasticisers are highly effective chemical additives used to improve the technical and rheological
properties of cementitious systems. These additives significantly reduce the water-cement ratio in mortar
mixtures and increase the flowability of the mixture.

It has been shown that the effect of complex additives on the properties of mortar is multifactorial
and complex. Although the positive effect of these additives is widely noted in existing studies, optimising
their composition, investigating the interaction between components, and determining appropriate
proportions for specific application conditions remains a pressing scientific challenge [8,9]. It is precisely
these factors that necessitate experimental research into the mechanisms of action of complex additives.

This study investigated the effect of a complex additive based on Jairanchal volcanic ash, calcite
and a superplasticiser (HP1010) on the physical and mechanical properties of mortar. The results
obtained are presented in Tables 1, 2 and 3.

Table 1
Samples Volcanic ash, % | Calcite, % | HP1010, % | Mortar spread diameter, mm
Without additives 0 0 0 170
Complex additive 10 15 0,6 200
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Table 2
Samples Volcanic ash, Calcite, HP1010, Initial setting time of Final setting time of the
% % % the mortar, min mortar, min
Without additives 0 0 0 129 279
Complex additive 10 15 0,6 146 305
Table 3
Samples Bending strength (N/mm?) | Compressive strength (N/mm?)

3days | 7days | 28 days | 3 days 7 days 28 days
Without additives | 3,16 4,21 5,13 1237 17,32 24,81
Complex additive | 4,51 7,39 9,01 19,36 27,11 38,66

Conclusion. According to the experimental results, the initial and final setting times of the mortar
prepared with the composite additive were longer than the initial setting time of the mortar prepared
without the additive. The compressive and flexural strength of the mortar containing the complex
additive were also determined after 3, 7 and 28 days. As a result, the complex additive had a positive
effect on the compressive and flexural strength of the mortar.
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