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Abstract

This article examines the effectiveness of phytomelioration measures in the restoration and sus-
tainable management of eroded lands. Soil erosion remains one of the most serious environmental and
agricultural challenges in many regions of Azerbaijan, leading to the degradation of soil fertility, reduc-
tion of agricultural productivity, and deterioration of ecological stability. In this context, phytomeliora-
tion, which involves the use of specially selected trees, shrubs, and herbaceous plants to improve soil
conditions, is considered one of the most effective and environmentally friendly approaches to land re-
habilitation.

The study analyzes the results of scientific investigations conducted in different natural and cli-
matic zones of Azerbaijan, including the Khizi district, the southern slopes of the Greater Caucasus, and
the Nakhchivan Autonomous Republic. Particular attention is paid to the role of vegetation in preventing
further soil degradation and restoring the productive potential of eroded lands. The findings indicate
that phytomeliorant species with well-developed and deep root systems contribute significantly to im-
proving soil structure, increasing water infiltration, reducing surface runoff, and preventing the removal
of soil particles by water and wind erosion. These processes promote the accumulation of organic matter
and enhance the overall physical and biological properties of the soil.

The research also evaluates the effectiveness of perennial herbaceous plants in accelerating soil
recovery. Experimental results demonstrate that crops such as poppy and meadow oats, as well as their
mixed plantings, exhibit high productivity and develop extensive root systems that stabilize the soil and
facilitate the regeneration of degraded areas. The accumulation of root biomass contributes to the en-
richment of soil organic matter, improves moisture retention, and creates favorable conditions for the
restoration of soil fertility.

In addition, the article highlights the importance of forest reclamation measures on mountain
slopes and erosion-prone territories. The establishment of protective forest plantations and shrub belts
was found to significantly decrease the intensity of surface runoff, reduce soil losses, and increase slope
stability. These measures not only mitigate erosion processes but also improve the ecological condition
of landscapes by enhancing biodiversity and supporting sustainable land use practices.

The results of the study confirm that phytomelioration plays a crucial role in erosion control, soil
conservation, and ecological restoration. The integration of forest, shrub, and perennial herbaceous veg-
etation into land management systems provides a cost-effective and sustainable solution for rehabilitat-
ing degraded lands. Therefore, the wider application of phytomelioration techniques can contribute sub-
stantially to environmental protection, agricultural development, and long-term soil resource sustaina-
bility in Azerbaijan and other regions facing similar erosion problems.

Keywords: soil erosion, phytomelioration, soil regeneration, surface runoff, root mass, environmen-
tal sustainability.

Introduction. Soil erosion is one of the most serious environmental problems facing agriculture and
natural ecosystems in the modern era. As a result of erosion, the fertile topsoil is washed away, humus
content is reduced, soil structure deteriorates, and, consequently, crop yields decline. Particularly in
mountainous and foothill areas, intense anthropogenic impacts, deforestation, overgrazing, and unsus-
tainable land use further accelerate erosion processes.

The natural and geographical conditions of Azerbaijan create favorable conditions for widespread
erosion. Both natural and anthropogenic factors contribute to soil erosion in the country. Studies have
shown that 41.8% of the country's territory and approximately 85% of mountainous and forested lands
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are subject to varying degrees of erosion. Erosion processes are particularly intense on the southern
slopes of the Greater Caucasus, where reduced forest cover, steep slopes, and uneven precipitation dis-
tribution accelerate erosion (Isaev et al., 2000, pp. 352-353).

Various land reclamation measures are used to prevent soil degradation and restore productivity.
Phytomelioration occupies a special place among these measures. Phytomelioration utilizes the biologi-
cal properties of trees, shrubs, and herbaceous plants to protect and improve the soil. The root system of
plants binds soil particles, preventing their leaching, while aboveground phytomass mitigates the de-
structive effects of precipitation and reduces surface runoff.

For the successful application of phytoamelioration measures, the suitability of the selected plant
species to the local ecological characteristics is crucial. This requires considering factors such as the nat-
ural habitat of tree and shrub species, precipitation, climatic humidity, temperature, soil thickness, and
elevation. According to the methodology proposed by Garayev and Isayev, it is advisable to use specific
assessment indicators to determine the suitability of phytoamelioration agents to new ecological condi-
tions (Garayev, Isayev, 2000, pp. 347-348).

Research conducted in various regions of Azerbaijan demonstrates the high effectiveness of phy-
toamelioration in combating erosion. Research conducted in the Khizi region revealed that 78% of the
region's territory is subject to erosion, and fertility indicators on a significant portion of agriculturally
suitable land have decreased by 2—3 times. Researchers have shown that poppy is considered a promising
phytomeliorant for restoring eroded soils due to its strong and deep root system (Aliyev, Ibragimov, Gasi-
mov, 2000, pp. 332-333). For the successful application of phytomelioration measures, the suitability of
the selected plant species to the environmental characteristics of the area is crucial. This requires con-
sidering factors such as the natural habitat of tree and shrub species, precipitation, climatic humidity,
temperature, soil thickness, and elevation. According to the methodology proposed by Garayev and Isa-
vev, it is advisable to use specific evaluation indicators to determine the suitability of phytomelioration
agents to new environmental conditions (Garayev, Isayev, 2000, pp. 347-348).

Research conducted in various regions of Azerbaijan demonstrates the high effectiveness of phy-
tomelioration in combating erosion. Research conducted in the Khizi region revealed that 78% of the
region's territory is subject to erosion, and fertility indicators on a significant portion of agriculturally
suitable land have decreased by two to three times. Researchers have shown that poppy is considered a
promising phytomeliorant for restoring eroded soils due to its strong and deep root system (Aliev, Ibra-
gimov, Gasimov, 2000, pp. 332—-333).

The results of forest reclamation measures carried out in mountainous areas also confirm the ef-
fectiveness of phytomelioration. Surface runoff and soil leaching in forest stands created using the ter-
race-trench method were significantly reduced compared to control plots. These methods created con-
ditions for soil moisture conservation, normal plant development, and reduced erosion processes (Isayev
et al,, 2000, pp. 356-358).

Experiments conducted in high-mountain ecosystems of the Nakhchivan Autonomous Republic
demonstrated that perennial grasses play an important role in restoring eroded soils. It was found that
with the combined sowing of khashi and oats, the average annual yield increased severalfold compared
to the control, root mass accumulation in the soil accelerated, and the structural condition of the soil
improved (Asadov, Guliyev, 2000, pp. 402-405).

The aim of this study was to evaluate the role of phytomeliorative measures in restoring eroded
soils, analyze the application characteristics of various phytomeliorants, and determine their impact on
soil fertility restoration.

Materials and Methods. The methodological basis of this study is a comparative analysis of the re-
sults of phytomeliorative and forest reclamation studies conducted on eroded soils in various natural and
geographical regions of Azerbaijan. This study systematized research conducted in the fields of soil ero-
sion, soil fertility restoration, and phytomelioration, and summarized the results.

The research data were based on the results of long-term observations conducted in the Khizi re-
gion, on the southern slopes of the Greater Caucasus, and in the high-mountain ecosystems of the Na-
khchivan Autonomous Republic. These regions, in addition to differing soil and climate characteristics,
also differ in the level of erosion processes. Therefore, their comparative analysis provides a favorable
scientific basis for assessing the effectiveness of phytoamelioration measures.

The research conducted in the Khizi region examined the condition of the soil cover, the extent of
erosion, the characteristics of the vegetation, and the impact of poppy on soil fertility restoration. It was
found that 78% of the region's territory is subject to erosion, and 64.3% of agriculturally suitable land
has experienced erosion processes of varying degrees. The productivity, forage quality, and soil-protective
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properties of poppy were assessed (Aliyev, Ibrahimov, Gasimov, 2000, pp. 332—334). During forestry ex-
periments conducted on mountain slopes, the impact of various soil preparation methods on erosion was
studied. For this purpose, surface runoff and soil erosion were measured in special watershed areas pre-
pared using terrace, ditch, platform, and trough methods. The biological characteristics of various tree
and shrub species, their soil-protecting functions, and their ability to adapt to new environmental condi-
tions were simultaneously studied (Isayev et al., 2000, pp. 354-356).

Experiments conducted in the Nakhchivan Autonomous Republic examined the impact of pure and
mixed seeding of perennial grasses on moderately and severely eroded mountain meadow soils. Poppy,
meadow fescue, and meadow mint were used in the studies, and their productivity, root mass formation,
and impact on the agrophysical properties of the soil were assessed (Asadov and Guliyev, 2000, pp. 400—
402).

When selecting phytoameliorants for specific sites, principles for determining their ecological suit-
ability were applied. Climate parameters, precipitation, soil thickness, site altitude, and the ecological
stability of plant species were taken into account. This approach ensures the normal development of
selected phytoameliorants in new conditions and the performance of their soil-protective functions
(Garaev, Isaev, 2000, pp. 347-348).

The study utilized comparative analysis, statistical generalization, a systematic approach, and lit-
erature review. The results obtained allowed for a comprehensive assessment of the role of phytomelio-
ration measures in combating erosion and restoring soil fertility.

Results and Discussion.An analysis of the conducted studies demonstrates that phytomelioration
measures are of great importance in restoring eroded soils. In addition to preventing erosion of the sur-
face soil layer, the formation of vegetation also positively impacts the improvement of its physicochemi-
cal and biological properties. Experiments conducted in various regions have demonstrated that phy-
tomelioration produces significant results in protecting and restoring soil fertility.

Research conducted in the Khizi region revealed that 78% of the region is subject to erosion. As a
result of erosion, the productivity of agricultural land has decreased by 2-3 times. The researchers found
that poppy seeds are particularly important in protecting and improving soil fertility. The root system of
this plant extends to a depth of 2-3 meters and, by strengthening soil particles, prevents their transfer
by water and wind. Furthermore, because buckwheat has high forage quality, it also plays an important
role in strengthening the forage base for livestock. According to research, with proper agricultural man-
agement, 35-40 centners of dry grass can be obtained per hectare (Aliev, Ibragimov, Gasimov, 2000, pp.
333-334).

The phytoameliorative value of buckwheat is not limited to productivity. The plant's extensive root
system improves soil structure, increases water permeability, and creates conditions for humus accumu-
lation. Furthermore, the soil is enriched with nitrogen due to the tubers, creating favorable conditions
for the development of subsequent crops. These properties make buckwheat a promising phytomeliora-
tive agent for restoring eroded soils. Reforestation experiments conducted on mountain slopes demon-
strated that phytomelioration plays a significant role in reducing erosion. When comparing various soil
preparation methods, terracing and hoeing were found to be the most effective. During observations
conducted on April 18, 1994, no surface runoff or soil erosion were recorded in plots prepared using
terracing and hoeing. Under the same conditions, the field method produced 250 liters of surface runoff
per hectare, while the hoeing method produced 315 liters. In the control plot, this figure was 1,220 liters.
Soil losses also changed in a similar way: in the control variant, 25.42 kg of soil were washed out per
hectare, with the field method this figure was 0.82 kg, and with the method using a trough, 1.10 kg
(Isaev et al., 2000, pp. 356-357).

The results obtained show that planting forest plants and targeted soil preparation significantly
reduce surface runoff. The root system of trees and shrubs increases the stability of the soil, and their
above-ground parts weaken the destructive effects of raindrops. As a result, soil erosion is weakened and
the intensity of the erosion process is reduced.

The effectiveness of phyto-ameliorative measures has also been confirmed in experiments con-
ducted in mountain-meadow ecosystems of the Nakhchivan Autonomous Republic. Research has shown
that in the control variant on moderately eroded soils, the average annual grass yield was only 6.2 cent-
ners/ha. Planting perennial grasses has resulted in significant increases in productivity. The highest re-
sults were achieved with mixed sowing of ryegrass and meadow oats, where the average annual yield
was 36.3 centners/ha. When sowing pure poppy, this figure was 34.2 centners/ha, and when sowing
meadow fescue - 30.0 centners/ha (Asadov, Guliyev, 2000, pp. 402-404).
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Similar results were observed on heavily eroded soils. While the average annual yield in the control
variant was 3.0 centners/ha, when sowing poppy, 29.0 centners/ha was obtained, and in a mixture of
poppy and meadow fescue - 26.5 centners/ha. These indicators prove that the use of perennial grasses
can restore productivity even in severely degraded soils.

One of the important results of the study is related to the accumulation of root mass. On moder-
ately eroded soils, the average root mass in the soil layer of 0-30 cm in the control variant was 39.8
centners/ha, while when sowing poppy this figure was 220.3 centners/ha, and in a mixture of poppy and
meadow oats - 238. 1 centners/ha. A similar trend was observed on heavily eroded soils. The development
of the root system strengthened the connection between soil particles, increased the stability of the
structure and led to a weakening of erosion processes (Asadov, Guliyev, 2000, pp. 404-405).

The correct selection of plant species is particularly important for the successful implementation
of phytomelimination measures. This requires consideration of climatic conditions, precipitation, soil
thickness, site altitude, and plant resilience. A proper assessment of ecological suitability not only ensures
the normal development of selected species in new conditions but also increases the economic and envi-
ronmental effectiveness of phytomelimination measures.

Thus, the results of the conducted research demonstrate that phytomelimination measures are
highly effective in restoring eroded soils. The use of trees, shrubs, and perennial herbaceous plants sig-
nificantly contributes to restoring soil fertility, increasing productivity, reducing surface runoff, and pro-
tecting soil from erosion.

Conclusion.An analysis of the conducted research shows that phytomelimination measures are one
of the most effective and environmentally friendly methods for restoring eroded soils. Observations con-
ducted in various natural and geographical conditions demonstrate that the use of trees, shrubs, and
perennial herbaceous plants has a significant impact on restoring soil fertility, improving its physical and
chemical properties, and reducing erosion processes.

It has been established that the correct selection of phytomeliorants and their adaptation to the
soil and climatic conditions of the area significantly increases the effectiveness of phytomelioration
measures. In this regard, the key indicators should be the environmental stability of plant species, the
level of development of their root system, and the ability to adapt to changes in humidity and tempera-
ture.

Research conducted in the Khizi region has shown that poppy, with its deep root system, is highly
effective in protecting eroded soils and restoring their fertility. This plant not only prevents soil erosion
but also creates conditions for the development of livestock farming, ensuring high yields of forage crops.

As a result of forest-amelioration measures carried out on mountain slopes, it was determined that
plantings planted using terrace and trench methods allow minimizing surface runoff and soil loss. The
protective cover created by forest plants increases the soil's resistance to erosion and accelerates its
natural restoration processes.

Experiments conducted in the Nakhchivan Autonomous Republic have shown that mixed sowings
of perennial grasses, especially poplar and meadow oat, provide high productivity on eroded soils. The
intensive development of the root mass of these plants has created conditions for improving soil struc-
ture, accumulating humus, and restoring fertility.

Thus, phytomelioration is not only a soil protection measure in the restoration of eroded soils, but
also a complex system of measures of great importance in terms of increasing soil fertility, increasing
agricultural productivity, and maintaining ecological balance. Widespread application of phytomeliora-
tive measures in various natural regions of Azerbaijan can make a significant contribution to the protec-
tion of soil resources and their sustainable use.
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Abstract

The article discusses the problems caused by pollution of the Okhchuchay river water of industrial
origin from an ecological and economic point of view, the possibilities of river water purification and the
scientific basis for the use of purified water in agriculture. In addition to being one of the important water
sources in the Eastern Zangezur region of Azerbaijan, the Okhchuchay is considered one of the main
tributaries of the Araz River and has been used for irrigation of the surrounding areas for many years. In
recent years, as a result of the development of the mining industry in the basin, significant changes in
the quality of river water have been observed, and an increase in the content of heavy metals in the
aquatic environment has been noted. This fact is of great scientific and practical importance from the
point of view of the safe use of water resources, land protection and the quality of agricultural products.

The study analyzed the results of monitoring conducted in the Okhchuchay river basin, the physico-
chemical parameters of the water and scientific sources of heavy metal concentrations. It has been es-
tablished that the observed increase in the content of iron, manganese and other heavy metals in river
water is associated with anthropogenic influences, especially with the intensity of industrial activity. The
presence of heavy metals in irrigation waters accelerates the process of their accumulation in soils, weak-
ens soil fertility and negatively affects the development of crops. At the same time, the ingestion of these
elements into the human body through the food chain can lead to health risks.

The article discusses the possibilities of using the WQI (Water Quality Index) and iwqi (irrigation
Water Quality Index) methods used to assess water quality. It is shown that using these indices it is pos-
sible to determine the general ecological condition of water and the level of its suitability for irrigation.
The mechanical, physico-chemical, membrane and biological methods used to purify waters contami-
nated with industrial waste are also comparatively analyzed. The advantages and prospects of using
sorption, coagulation-flocculation, membrane filtration and phytoremediation technologies are evalu-
ated.

As a result of the research, it has been established that the safe use of Okhchuchay River water in
agriculture is possible only after primary purification measures have been carried out. Bringing the quality
indicators of treated water in line with the regulatory requirements established by the FAO makes it
possible to avoid contamination of soil and plants with heavy metals. It has been established that the
combined use of mechanical purification, sorption and phytoremediation methods can be considered an
effective solution for hunting, both from an environmental and economic point of view. The results of
the study are significant from the point of view of sustainable management of the region's water re-
sources, ensuring environmental safety and developing strategies for the rational use of water resources
in agriculture.

Keywords: Okhchuchay river,industrial pollution, heavy metals, water purification, irrigation wa-
ter, agriculture, wqi, iwqi, phytoremediation.

Introduction.Azerbaijan's water resources play an important role in the socio-economic develop-
ment of the country. In particular, the availability of high-quality water resources is one of the main con-
ditions for the sustainable development of agriculture. Located in the Karabakh and East Zangezur eco-
nomic regions, the Okhchuchay river , being a transboundary river, is important in the region's water
supply. The river is considered one of the main tributaries of the Araz basin and has been used for many
vears toirrigate agricultural land in the surrounding areas. In recent decades, as a result of the intensive
development of the mining industry, significant changes in water quality have been observed in the river
basin.
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The conducted monitoring shows that in some cases the content of heavy metals in Okhchuchay
exceeds the natural background values. The observed variability, especially in concentrations of iron and
manganese, negatively affects the ecological condition of the reservoir. Studies conducted by Majidli in-
dicate that the presence of heavy metals in the Okhchuchay river and other rivers of Eastern Zangezur
requires regular monitoring and cleanup activities (Majidli, 2025, pp. 69-70).

Nowadays, various index methods are used to assess the ecological state of reservoirs. Al-Janabi
and his coauthors show that water quality indices are an effective tool for assessing the general condi-
tion of river waters and allow making managerial decisions (Al-janabi et al., 2012, p. 119).

The presence of heavy metals in irrigation water affects not only aquatic ecosystems, but also soil
fertility and the safety of agricultural products. Mousavi and his co-authors found that the use of water
in agriculture, characterized by a high concentration of heavy metals, can pose a danger to human health
(mousavi et al.,, 2013, p. 80).

Studies by Maleki and his co-authors have shown that elements such as lead and chromium accu-
mulate in vegetables irrigated with contaminated water, enter the food chain and cause long-term envi-
ronmental problems (maleki et al,, 2014, pp. 81-82).

In areas where the mining industry is developed, heavy metal pollution of river waters and sedi-
ments is a common problem. Aguilar pesantes and his co-authors identified high concentrations of ele-
ments such as copper, zinc, lead, and cadmium in such areas and used various environmental indexes to
evaluate them (Aguilar pesantes et al., 2019, p. 1).

The assessment of the quality of water used for irrigation is in the focus of special attention of
international organizations. The recommendations developed by the FAO set regulatory limits for the
content of heavy metals, salinity and other indicators. The expectation of these indicators is important
in terms of preventing soil degradation and preserving fertility.

The purpose of the study is to analyze the characteristics of industrial-grade Ochre water pollution,
assess the impact of heavy metals on agriculture, study modern purification technologies, and determine
the scientific basis for the use of purified water in irrigation.

the main part.Being one of the left tributaries of the Araz River, Okhchuchay is considered one of
the important transboundary water bodies of the South Caucasus. The river basin is of great importance
both from a hydrological and an economic point of view. The waters of Okhchuchay river have been used
for many years for irrigation of agricultural lands, livestock farms and other agricultural activities. How-
ever, the intensive mining activities carried out in the basin in recent decades have had a serious impact
on the ecological state of the river.

The mining industry is considered one of the main sources of heavy metal pollution in river waters.
As a result of the exploitation of ore deposits, landfill activities and the discharge of process waters,
elements such as copper, zinc, lead, cadmium, iron and manganese enter the aquatic environment. These
elements are transported in the water in a dissolved state or in the form of suspended particles, accumu-
lating in the lower reaches of the river and creating an environmental hazard.

The monitoring results conducted in the East Zangezur region show that the content of heavy met-
als in Okhchuchai varies in different locations. In the samples taken in the Nosunlu, Tagli, and Jahang-
irbeyli directions, the iron content ranged from 125 to 752 micrograms/liter, and the manganese content
ranged from 18.8 to 99.9 micrograms/liter, indicating the presence of anthropogenic influences on the
hydrochemical composition of the river (Majidli, 2025, p. 70).

The impact of industrial pollutants is manifested not only in the aquatic environment, but also in
bottom sediments. Heavy metals can remain in sediments for a long time, becoming a secondary source
of pollution. Studies by Aguilar pesantes and his co-authors have shown that in river sediments in areas
characterized by mining activity, the concentration of cu, PB, ZN, CD and as elements is high, and this
condition weakens the stability of ecosystems (Aquilar pesantes et al., 2019, p. 1).

Other factors affecting the heavy metal content in river waters include precipitation, erosion pro-
cesses, agricultural runoff, and household waste. However, observations conducted in the Okhchuchaya
basin show that the main burden falls on industrial activities. The high concentration of heavy metals
reduces the natural self-cleaning potential of water, negatively affects the vital activity of aquatic or-
ganisms and limits the use of water in agriculture.

Modern methods of environmental assessment show that it is not enough to simply determine the
state of river waters by individual chemical indicators. Therefore, in recent years, the WQI (Water Quality
Index) and ccme wqi indices have been widely used for a comprehensive assessment of water quality.
These indices make it possible to characterize the general condition of a water body by combining various
physico-chemical indicators into a single system (Al-janabi et al., 2012, pp. 119-120).
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Heavy metals are one of the main factors determining the quality of water used in agriculture.
Although these elements are necessary for plant development in certain concentrations, their excess over
the norm causes serious changes in soil ecosystems and vegetation. In particular, elements such as copper
(cu), lead (PB), cadmium (CD), chromium (CR), arsenic (AS) and mercury (HG) are highly toxic.

As a result of prolonged irrigation with polluted water, heavy metals accumulate in the upper soil
layer. This process leads to a change in the physico-chemical properties of the soil, a weakening of micro-
biological activity and a decrease in fertility. Heavy metals combine with soil particles and remain in the
ecosystem for a long time, and then are absorbed by plants.

Studies by Mousavi and his co-authors have shown that high concentrations of mercury and alumi-
num in water used for irrigation can lead to dangerous accumulations in agricultural products. The au-
thors recommended limiting the use of such waters in agriculture and conducting constant monitoring
(Mousavi et al.,, 2013, pp. 80-81).

Plants absorb heavy metals mainly through the root system. Although some of the assimilated
elements accumulate in the roots, a significant part passes into the stems and leaves. And this directly
affects the quality and safety of agricultural products. The accumulation of heavy metals, especially in
vegetable crops, is considered a serious risk to human health.

Studies by Maleki and his co-authors showed that the amount of lead and chromium exceeded the
regulatory limits set by the FAO and WHO in some vegetable samples. The authors note that regular
laboratory monitoring of products grown in irrigated areas with polluted water is necessary (maleki et
al, 2014, pp. 81-82).

The accumulation of heavy metals in the soil affects not only the quality of the crop, but also the
yield. Elements such as cadmium and lead weaken the photosynthesis process in plants, slow down the
development of the root system and reduce the absorption of nutrients. As a result, productivity de-
creases and economic losses occur in agricultural production.

The recommendations developed by the FAO state that the concentration of heavy metals in irri-
gation waters should not exceed the established standards. Otherwise, there is a long-term process of
contamination of the soil and plant system, and this situation poses a serious risk from the point of view
of food safety.

Thus, the presence of heavy metals in the Okhchuchay water should be considered as an important
problem from the point of view of preserving not only water resources, but also the quality of soil and
agricultural products. Therefore, water purification and the definition of criteria for its safe use are of
particular importance.

The treatment of river waters that have been polluted by industrial origin is one of the main prob-
lems of modern water management. The presence of heavy metals in okhchuchay limits the use of this
water directly in agriculture and requires preliminary purification measures. The choice of cleaning tech-
nologies depends on the type of pollutants, their concentration and the purpose of the end use.

In modern conditions, mechanical, physico-chemical, membrane, and biological methods are used
to purify waters contaminated with heavy metals. Each of these methods has different economic and
technical characteristics, as well as certain advantages.

Mechanical cleaning is considered the initial stage and serves to separate large particles, silt and
suspended solids contained in the water. At this stage, settling tanks, sandboxes and various filtration
plants are used. Although mechanical cleaning does not completely remove heavy metals, it increases
the efficiency of subsequent cleaning processes.

One of the most widely used methods for extracting heavy metals is coagulation and flocculation.
In this method, with the help of special reagents, the pollutants dissolved in water are deposited, turning
into large particles. The advantage of the coagulation process is that it is technically simple and can be
used to purify large volumes of water. However, in some cases, additional chemicals are required.

Sorption technologies are also considered effective in combating heavy metals. Activated carbon,
zeolites and various natural sorbents show high results in the capture of copper, lead, zinc and cadmium
ions. The sorption method is considered more effective, especially if the concentration of heavy metals is
relatively low.

In recent years, membrane technologies have become widespread in the field of water purification.
Ultrafiltration, nanofiltration, and reverse osmosis systems can separate most of the heavy metals, salts,
and other pollutants from the water. Although these technologies have high cleaning efficiency, their
application requires high energy consumption and additional maintenance costs.

The recommendations developed by the FAO state that the water quality indicators to be used in
agriculture should not cause soil degradation, and the concentration of heavy metals should be
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maintained within the established regulatory limits. For this purpose, when designing purification sys-
tems, it is necessary to take into account both the chemical composition of water and the direction of its
further use.

Phytoremediation occupies a special place among biological purification methods. Phytoremedia-
tion uses the ability of some plant species to absorb heavy metals. Reed (Phragmites Australis), linden
and other aquatic plants play an important role in reducing the concentration of heavy metals. This
method is not only environmentally friendly, but also requires lower financial costs compared to other
technologies.

Studies conducted on rivers affected by the mining industry have shown that it is important to use
a multidimensional approach to assess the level of pollution and choose effective cleaning methods.
Aguilar pesantes and his co-authors used various indices to assess the distribution of heavy metals and
recommended the use of comprehensive pollution reduction measures (Aguilar pesantes et al.,, 2019, pp.
1-2).

A combination of mechanical purification, sorption, and phytoremediation methods can be consid-
ered the most appropriate option for ochuchai. This approach is considered both economically beneficial
and environmentally friendly. In addition, to increase the efficiency of the purification process, it is im-
portant to establish a regular monitoring system and constantly monitor water quality indicators.

Discussions. The quality of water used in agriculture is one of the main factors for maintaining fer-
tility, soil fertility and environmental safety. Therefore, the use of industrial waste-contaminated waters
in irrigation after their purification should be carried out only on the basis of certain scientific criteria.

When evaluating irrigation water, pH, electrical conductivity (EC), total solutes (TDS), sodium ad-
sorption coefficient (SAR) and concentration of heavy metals are taken into account as the main indica-
tors. These indicators have a direct impact on the physico-chemical properties of the soil and the devel-
opment of crops.

In modern research, the Water Quality Index (wqi) and irrigation Water Quality Index (iwgi) are
widely used to determine suitability for irrigation. Al-Janabi and his coauthors note that WQI makes it
possible to evaluate various physico-chemical parameters in a single system and characterizes the gen-
eral condition of a reservoir (Al-janabi et al., 2012, pp. 119-120).

Research by Roy and his co-authors has shown that the iwqi indicator is a reliable tool for deter-
mining the suitability of water for irrigation. The authors found that with low levels of heavy metals and
salinity, water can be safely used in agriculture (Roy et al., 2026, pp. 1-2).

According to international recommendations developed by the FAO, the content of heavy metals
in irrigation water should not exceed the established limits. Otherwise, salinization of the soil, accumu-
lation of toxic elements and decrease in yield may occur. The FAO also recommends the establishment
of a continuous monitoring system for the use of treated water in agriculture.

For the use of okhchuchai water in irrigation after purification, it is important, first of all, to reduce
the concentration of heavy metals to a regulatory level. After that, water quality indicators should be
evaluated using the WQI and IWQI methods, and the results should be compared with international
standards. The use of water for irrigation purposes can be considered possible if the obtained indicators
are positive.

Conclusion.The conducted studies have shown that the pollution of industrial origin observed in
the Okhchuchai basin is mainly related to mining activities and has led to an increase in the concentration
of heavy metals in river water. Monitoring results confirm the presence of a number of elements in river
water, especially iron and manganese, which limits the direct use of water in agriculture (majidli, 2025,
p. 70).

The study found that heavy metals can accumulate in the soil and plant system, leading to lower
vyields, deterioration in the quality of agricultural products and potential risks to human health. In this
regard, it is impractical to use Hot water without purification.

An analysis of modern purification technologies has shown that methods of mechanical purifica-
tion, sorption, membrane filtration and phytoremediation give effective results in reducing the concen-
tration of heavy metals. The combined use of mechanical purification, sorption, and phytoremediation
methods can be considered the most effective approach to hopping from a technical and economic point
of view.

When assessing the quality of treated waters to be used for irrigation, it is advisable to use the wqi
and iwqi indices. These indexes make it possible to comprehensively determine the suitability of water
for agriculture. At the same time, the expectation of the normative indicators recommended by the FAO
is an important condition for preventing soil degradation and ensuring environmental safety.
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Abstract

This article examines the impact of reuse of collector-drainage water on the development of irri-
gation and fisheries systems. Limited water resources, the effects of climate change, and the growing
demand for water in agriculture have necessitated the use of alternative water sources. Therefore, col-
lector-drainage water is considered an important water resource that can be used in both irrigation and
fish farming. The objective of this study is to determine the potential applications, economic efficiency,
and environmental effectiveness of reuse of collector-drainage water in agriculture and aquaculture.

This study analyzes scientific research conducted in Azerbaijan and abroad and summarizes exist-
ing experience in the use of collector-drainage water. It has been established that Azerbaijan's water
resources are limited, and a significant portion of the water used in the country comes from transbound-
ary sources. Climate change and increasing water consumption require more efficient management of
available water resources. Therefore, integrating drainage water into economic circulation can play a
significant role in improving water supply.

Research has shown that 4-5 cubic kilometers of drainage water are generated annually in Azer-
baijan. A certain portion of this water can be reused for irrigation. Long-term experiments have shown
that drainage water can be used for irrigating cotton, wheat, and forage crops, and its impact on soil
reclamation and crop yields has been assessed.

Research conducted in the Mughan-Sal massif shows that soil salinization and rising groundwater
levels lead to a deterioration in soil reclamation. Therefore, the efficient operation of collector-drainage
systems and the reuse of collected water are essential for land conservation.

Results from the use of fish farm drainage water in agriculture have shown that the nitrogen and
other nutrients present in this water accelerate plant development and contribute to increased crop
yields. It was found that crop yields in plots irrigated with fish farm drainage water were higher than in
plots irrigated with traditional irrigation water, and this approach reduced the need for mineral fertiliz-
ers.

At the same time, experiments conducted on various agricultural crops have shown that fish farm
drainage water can be successfully used in the cultivation of crops such as potatoes, soybeans, and on-
ions. This allows for more efficient use of water resources, reduced production costs, and the develop-
ment of integrated irrigation and fish farming systems. The results revealed that drainage water recircu-
lation is essential for water conservation, increased agricultural productivity, improved land reclamation,
and fisheries development. The implementation of integrated irrigation and fisheries systems, particu-
larly in the Kura-Araz Lowland, can make a significant contribution to reducing water scarcity and sus-
tainable development of the agricultural sector.

Keywords: drainage water, reuse, irrigation, fisheries, aquaculture, land reclamation, water re-
sources, agriculture, integrated management, water scarcity.

Introduction. The decline and uneven distribution of water resources in the modern era is one of
the main factors affecting the development of agriculture worldwide. Rapid population growth, rising
demand for food, climate change, and increasing anthropogenic impacts require more efficient use of
available water resources. Since irrigation agriculture is the basis of agricultural production, especially in
countries with arid and semi-arid climates, the search for alternative water sources and their integration
into economic circulation is of great importance.

Azerbaijan is among the countries with limited water resources. The country's total water re-
sources amount to 30.9 km3 of which only 10.3 km?3are generated within the country. In recent decades,
as a result of climate change, water resources have decreased by 10-15%, creating certain difficulties in
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water supply for agriculture (Imanov, Nuriyev, and Mamedov, 2025, p. 1). Therefore, the use of non-tra-
ditional water resources and the inclusion of water resources in recycling are considered important areas
for ensuring water security in the country. Among alternative water sources, collector-drainage water
occupies a special place. For many years, this water was discharged primarily into the Caspian Sea and
other bodies of water. However, recent studies show that reusing a certain portion of it can yield effective
results in both irrigation agriculture and fisheries. The volume of collector-drainage water in Azerbaijan
has increased in recent decades and reached 4-5 km? per year, accounting for approximately 25% of the
runoff at the Kura River estuary (Imanov et al., 2025, p. 1).

One of the key elements of sustainable development is the integration of reused water into eco-
nomic circulation based on the principles of integrated water resources management. Studies by Pasha,
Zengin, and Bayarli note that sustainable water use requires managing not only surface and groundwater
but also reusable water within a unified system (PASHA et al., 2023, p. 25). Therefore, the use of drainage
water not only helps conserve water resources but also ensures the stability of agricultural production.

Research conducted in Azerbaijan on the use of drainage water has shown that proper manage-
ment contributes to improving the reclamation status of soils and preventing resalinization. Research
conducted, in particular, in the Mughan-Salyan massif has established that a significant portion of irri-
gated lands has varying degrees of salinity, and improving the functioning of drainage systems is essential
to stabilize the existing reclamation situation (Gurbanov, 2022, p. 3).

The use of drainage water is not limited to irrigated agriculture. Modern scientific research shows
that drainage water from fish farms has a positive effect on the development of agricultural crops due
to the nitrogen, phosphorus, and other nutrients it contains. Studies of using fish farm drainage water in
wheat crops have shown increased yields and reduced fertilizer requirements (Abdelraouf & Ragab, 2017,
p. 758). Meanwhile, experiments conducted on potato, soybean, and onion crops have also confirmed the
economic efficiency of using such water (Abdelrauf, 2019, p. 394).

Main Part. Recycling of drainage water has become one of the most pressing issues in water re-
sources management in recent years. Decreasing global freshwater reserves and increasing agricultural
demand require more efficient use of available water resources. Therefore, drainage water is valued not
only as a byproduct of drainage systems but also as an additional source of water. Reuse of this water
plays a crucial role in ensuring the sustainability of agricultural production, especially in regions experi-
encing water shortages.

Irrigation agriculture in Azerbaijan is concentrated primarily in the Kura-Araz Lowland. Since most
of the country's lowlands are located in a semi-arid climate zone, crop cultivation is directly dependent
on irrigation. Decreasing precipitation and rising temperatures due to climate change observed in recent
years have placed additional pressure on water resources. Research shows that since a significant portion
of the country's water resources comes from transboundary rivers, any changes in water supply have a
significant impact on agriculture (PASHA et al., 2023, p. 25). Therefore, attracting alternative water
sources to farms has become a necessity.

One of the main advantages of using drainage water is its generation in large volumes. According
to recent data, 4-5 km3 of drainage water is generated annually in Azerbaijan. Most of this water is
discharged into the Caspian Sea, remaining unused. However, scientific research shows that, given the
level of mineralization, a significant portion of this water could be used in agriculture. Long-term obser-
vations have shown that the use of drainage water for irrigating cotton, wheat, and forage crops is fea-
sible (Imanov, Nuriyev, and Mamedov, 2025, p. 1).

The use of drainage water not only improves water supply but also preserves land resources. Rising
groundwater levels in irrigated soils and resalinization processes negatively impact agricultural produc-
tion. Therefore, the proper functioning of drainage systems and the management of the water collected
through them are crucial. Research conducted in the Mughan-Salyan massif showed that most soils in
this area are subject to varying degrees of salinization. This situation requires more efficient use of drain-
age systems and improved reclamation measures (Gurbanov, 2022, p. 3).

Positive results in the reuse of drainage water have been obtained not only in Azerbaijan but also
in other countries. Research conducted, in particular, on the integration of agriculture and fisheries,
shows that this area has great potential. Water used in modern aquaculture systems offers additional
benefits for crop irrigation, as it accumulates organic matter, nitrogen, phosphorus, and other nutrients
over time. Reusing such water, rather than discharging it directly into the environment, is more beneficial
from both an environmental and economic perspective.

Research conducted on the use of fish farm drainage water for irrigation has shown that the nu-
trients contained in this water have a positive effect on plant development. Experiments by Abdelraouf
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and Ragab found that wheat fields irrigated with fish farm drainage water had higher yields than fields
irrigated with traditional irrigation water. The authors attribute this primarily to the biological nitrogen
and other nutrients present in the water (Abdelraouf & Ragab, 2017, p. 758). Furthermore, the use of
such water has reduced the need for mineral fertilizers and lowered production costs. Subsequent studies
examined the use of fish farm water for growing potatoes, soybeans, and onions. It was found that this
water accelerates plant development, improves soil nutrition, and contributes to increased crop yields.
The study's results showed that fish farm drainage waters enable high yields even without additional
fertilizer application (Abdelraouf, 2019, p. 394).

Integrating irrigation and fish farming systems significantly improves water efficiency. In such sys-
tems, the same water is first used for fish farming and then directed to irrigate crops. As a result, the
economic benefit from each unit of water increases. This approach is of great importance, especially in
regions where water resources are limited. Existing drainage networks and fish farms in the lowland
region of Azerbaijan

The development of irrigation systems creates favorable opportunities for the implementation of
such integrated systems.

Reuse of drainage water also offers significant environmental benefits. This approach reduces the
volume of wastewater discharged into rivers and other bodies of water, mitigates the anthropogenic
impact on water resources, and contributes to environmental protection. At the same time, it reduces
the need to find new sources of irrigation water and construct additional hydraulic structures. This cre-
ates conditions for both cost savings and optimized use of natural resources.

Conclusion. The conducted research and analysis of available scientific resources demonstrate that
the recirculation of drainage water is essential for the development of irrigation and fisheries systems in
conditions of limited water resources. Climate change, increasing water demand, and depleting natural
water resources have necessitated the use of alternative water sources. Therefore, drainage water can
be considered as an additional water resource and contribute to the sustainable development of agricul-
ture.

The research found that the 4-5 cubic kilometers of drainage water generated in Azerbaijan annu-
ally can play a significant role in the country's water supply. Reusing a portion of this water reduces the
need for irrigation water, enables more efficient water resource management, and ensures the sustain-
ability of agricultural production. The use of drainage water, particularly in irrigated areas located in the
Kura-Araz Lowland, holds great promise as an additional water source. It has been established that the
efficient operation of drainage systems is important not only for water supply but also for improving land
reclamation. Research conducted in the Mugano-Salyan massif has shown that soil salinization and rising
groundwater levels negatively impact agricultural productivity. Therefore, drainage water management
and reuse are important measures for maintaining soil fertility.

Research on the use of fish farm drainage water in agriculture has shown that the nitrogen, phos-
phorus, and other nutrients contained in this water accelerate plant development, contribute to in-
creased crop yields, and reduce the need for mineral fertilizers. Therefore, the integration of fish farm
and irrigation systems is considered a promising approach to improving water resource efficiency. Exper-
iments on potato, soybean, and onion crops have also confirmed that such water can be successfully used
in agriculture and deliver cost-effective results. Research results show that the reuse of drainage water
has not only economic but also environmental benefits. This approach reduces the volume of water with-
drawn from natural sources, minimizes the amount of wastewater discharged into water bodies, and
mitigates the anthropogenic impact on the environment. At the same time, it creates conditions for more
efficient use of available resources in accordance with the principles of integrated water resources man-
agement.

Thus, the reuse of drainage water can play an important role in the development of irrigated agri-
culture and fisheries in Azerbaijan. Further expansion of research in this area, a more detailed study of
the qualitative indicators of drainage water, and the development of scientifically sound recommenda-
tions for its use will make a significant contribution to strengthening the country's water security and
the sustainable development of the agricultural sector.
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Abstract

This article examines the prospects for the use of geosynthetic materials in the reconstruction and
modernization of irrigation canals in Azerbaijan. The rational management of water resources has be-
come a critical issue in recent decades due to increasing water scarcity, population growth, expanding
agricultural activities, and the growing impacts of climate change. In arid and semi-arid regions, irrigation
systems play a vital role in ensuring agricultural productivity and food security. However, a significant
portion of water transported through open irrigation canals is lost due to seepage, evaporation, and
structural deterioration of canal beds. These losses reduce the efficiency of irrigation networks and place
additional pressure on already limited water resources. Therefore, the introduction of advanced engi-
neering solutions, particularly geosynthetic materials, is considered an effective approach to improving
the technical and operational performance of irrigation systems.

The study analyzes the main types of geosynthetic materials used in hydraulic engineering, includ-
ing geomembranes, geotextiles, geocomposites, and related protective layers. Special attention is given
to their physical, mechanical, and hydraulic properties, as well as their suitability for application in irri-
gation canal reconstruction projects. The results indicate that geomembranes possess excellent imper-
meability characteristics and can significantly reduce water seepage through canal beds and side slopes.
Their use contributes to improved water conservation, increased conveyance efficiency, and reduced
maintenance requirements. Geotextiles serve as protective and reinforcing layers, preventing mechanical
damage to geomembranes, improving load distribution, and enhancing the overall durability of canal
lining systems.

The article also reviews international experience in the application of geosynthetics for irrigation
infrastructure development. Studies and practical projects implemented in various countries demon-
strate that properly designed geosynthetic lining systems can reduce seepage losses by more than 80%,
resulting in substantial water savings and improved irrigation efficiency. In addition to minimizing water
losses, geosynthetics help prevent soil erosion, control vegetation growth within canals, and reduce sed-
iment accumulation, thereby extending the service life of irrigation facilities.

Furthermore, the paper evaluates the relevance of these technologies for Azerbaijan, where irriga-
tion remains one of the key sectors supporting agricultural production. Recent canal reconstruction pro-
Jects carried out in different regions of the country have shown that the adoption of modern waterproof-
ing and reinforcement technologies contributes to more sustainable water management. The implemen-
tation of geosynthetic materials can improve the reliability of irrigation infrastructure, reduce opera-
tional costs, and increase the effectiveness of water distribution systems.

The findings of the study confirm that geosynthetics represent a promising and economically justi-
fied solution for the rehabilitation of irrigation canals. Their widespread application can contribute to
water conservation, enhanced agricultural productivity, and the long-term sustainability of irrigation sys-
tems in Azerbaijan under changing environmental and climatic conditions.

Keywords: irrigation canals, geosynthetics, geomembrane, geotextiles, reconstruction, seepage
losses, waterproofing, water resources, innovative technologies.

INTRODUCTION. Efficient water resource management is one of the most important challenges
facing countries worldwide in the modern era. Due to population growth, increasing demand for agricul-
tural products, and the impact of climate change, pressure on water resources is increasing. Particularly
in countries with arid and semi-arid climates, efficient water use is considered a key prerequisite for sus-
tainable agricultural development.
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Agriculture in the Republic of Azerbaijan is a key economic sector and plays a key role in ensuring
the country's food security. Although the country's soil and climate conditions are favorable for growing
various crops, most arable land relies on artificial irrigation. Therefore, the technical condition of irriga-
tion systems and their operational efficiency directly impact agricultural production.

Approximately 1.35 million hectares of land in Azerbaijan are irrigated, and water supply to these
areas is provided primarily through large reservoirs and major canals. The Samur-Absheron, Upper
Karabakh, Upper Shirvan, Bash Mil, and Bash Mughan canals operating in the country provide irrigation
to hundreds of thousands of hectares of land. The canals extend for tens of thousands of kilometers,
transporting billions of cubic meters of water annually (Aliyeva, Ismailov, 2019, pp. 10-11).

However, various technical problems have arisen in the irrigation canals, which have been in oper-
ation for many years. Cracks in the canal beds and slopes, erosion processes, and seepage lead to signif-
icant water losses. Seepage losses not only lead to a decrease in water resources but also to rising ground-
water levels in adjacent areas, as well as salinization and waterlogging of the soil. To address these prob-
lems, reconstruction of the canals and the use of modern waterproofing technologies are necessary.

In recent decades, geosynthetics have become widely used in hydrometeorology and geotechnical
engineering. Geosynthetics are polymer-based artificial materials used to strengthen soil structures, pro-
vide impermeability, drainage, and erosion control. These materials have been successfully applied in
dams, reservoirs, canals, and other hydraulic structures (Blond et al., 2019, pp. 67-68).

Geomembranes occupy a special place among geosynthetics. J.-P. Giroud notes that geomem-
branes are water-impermeable flexible materials that prevent seepage and percolation losses, which is
one of the main objectives of canal design. The elasticity and resistance to deformation of geomembranes
determine a number of their advantages over concrete linings (Giroud, 2021, pp. 2-3).

Modern research shows that the combined use of geomembranes and concrete linings can signifi-
cantly reduce seepage losses. Experimental studies conducted by Khan and his colleagues showed that
the combination of new concrete and geomembrane reduced canal seepage by 86 % compared to unlined
conditions (Khan et al., 2020, p. 1).

In recent years, particular attention has been paid to the reconstruction of irrigation systems in the
Republic of Azerbaijan. The Shirvan Irrigation Canal Reconstruction Project aims to reduce water loss,
expand irrigated areas, and introduce modern management technologies. The project is expected to pre-
vent approximately 346 million m? of water loss annually.

Main part. Geosynthetics are a group of polymeric materials widely used in modern hydromeliora-
tion and geotechnical engineering. These materials are used for soil stabilization, waterproofing, drain-
age, filtration, and erosion control. The main types of geosynthetics include geomembranes, geotextiles,
geogrids, geocells, and geocomposites. Their use improves the reliability of irrigation systems and reduces
operating costs.

Research by Blond and his colleagues notes that geosynthetics provide waterproofing, reinforce-
ment, and erosion control in dams, canals, reservoirs, and other hydraulic structures. The authors con-
sider geosynthetics to be one of the most important innovations in geotechnical engineering over the
past 50 years (Blond et al,, 2019, p. 68).

Geomembranes are the most widely used material in the reconstruction of irrigation canals. Ge-
omembranes are made of high-density polyethylene (HDPE), polyvinyl chloride (PVC), EPDM, and other
polymeric materials. The main advantage of these materials is their impermeability. Giroud characterizes
geomembranes as "completely impermeable geosynthetics" and notes that one of the main goals in chan-
nel design is to minimize seepage and permeation losses (Giroux, 2021, pp. 2-3).

One important advantage of geomembranes is their elasticity. Unlike concrete linings, geomem-
branes can adapt to slight deformations in the subgrade without losing their impermeability. Examples
cited by Giroud demonstrate that geomembranes maintain their impermeability even during soil subsid-
ence and various mechanical stresses (Giroux, 2021, pp. 12—13).

Geotextiles are commonly used as a protective layer for geomembranes. It prevents perforation
and mechanical damage to geomembranes. Furthermore, geotextiles act as filters, preventing the leach-
ing of soil particles and increasing the stability of the channel structure (Giroux, 2021, pp. 8-10).

Geocomposite materials are also widely used in modern projects. Geocomposites are a combination
of several geosynthetics and simultaneously perform waterproofing, filtration, and reinforcement func-
tions. This feature makes their use in large irrigation systems more feasible.

The primary purpose of using geosynthetics in irrigation canals is to reduce seepage losses. It is
known that in unlined canals, a certain amount of water is lost due to seepage into the soil layers. These
losses reduce the overall efficiency of irrigation systems and lead to inefficient use of water resources.
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Experimental studies conducted by Khan and colleagues showed that the combined use of a geomem-
brane and concrete lining reduces seepage losses by 86% compared to an unlined canal. In a geomem-
brane-concrete combination operated for three years, this figure was 68% (Khan et al.,, 2020, pp. 1-2).

Research by Gawande and colleagues examined the effect of geomembrane and geotextile layers
on soil permeability. It was found that the use of double geomembranes reduces soil permeability by
approximately 51%, while geotextile layers demonstrated good results, up to 26%. These results confirm
the high efficiency of geosynthetics in reducing seepage losses (Gawande et al., 2018, p. 51).

In addition to technical performance, economic factors also play a significant role in the selection
of materials used in irrigation canal reconstruction. Traditional concrete liners have long been considered
the primary solution in irrigation systems. However, recent studies have shown that geomembranes and
geocomposite materials demonstrate superior performance in a number of cases.

One of the main advantages of geomembranes is their faster installation. Constructing concrete
liners requires a large quantity of building materials, specialized equipment, and lengthy construction
work. Geomembranes, on the other hand, are manufactured in a factory, delivered to the site, and in-
stalled quickly. This reduces construction time and labor costs.

Water conservation is one of the most important economic indicators. Reducing water loss makes
it possible to irrigate larger areas with the same volume of water. This creates conditions for increasing
agricultural productivity and optimizing water resource use. Research by Khan and his colleagues shows
that the combined use of geomembranes and concrete liners significantly improves water transport effi-
ciency and proves effective in long-term operation (Khan et al., 2020, pp. 2-3).

This issue is particularly relevant for Azerbaijan. The Upper Shirvan Canal reconstruction project
indicates that the canal reconstruction will prevent an annual reduction in water loss of approximately
346 million m? and improve water supply to over 230,000 hectares of land. These indicators clearly
demonstrate the economic significance of modern waterproofing technologies.

CONCLUSION. The study demonstrates that water losses due to seepage in irrigation canals are
one of the main factors reducing the efficiency of water resource use in agriculture. With declining water
resources and increasing agricultural water demand due to climate change, improving the technical con-
dition of existing irrigation systems is particularly important. In this regard, the use of modern geosyn-
thetics in the reconstruction of irrigation canals is considered an important technological solution.

The study results show that geomembranes, geotextiles, and geocomposite materials possess high
waterproofing properties, significantly reducing seepage losses. The elasticity, durability, and water re-
sistance of geomembranes demonstrate a number of advantages over traditional concrete pavements.
Using geotextiles as a protective layer increases the mechanical strength of geomembranes and en-
hances the reliability of the waterproofing system.

Based on the analysis of scientific sources, it was determined that the joint application of geomem-
brane and concrete linings allows reducing canal leakage by more than 80% compared to unlined canals.
As a result of the use of geosynthetic materials, the efficiency of irrigation systems increases, losses dur-
ing water transportation are reduced, and water supply to agricultural areas is improved. At the same
time, the risks of soil salinization and waterlogging are minimized.

The reconstruction projects of the Shirvan and Karabakh canals implemented in the Republic of
Azerbaijan show that the application of modern waterproofing technologies makes a significant contri-
bution to the protection of water resources and the modernization of irrigation systems. As a result of
the reconstruction of the Shirvan canal, hundreds of millions of cubic meters of water loss are expected
to be saved annually, which confirms the economic and environmental efficiency of the application of
geosynthetic materials and innovative canal linings.
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Abstract

This article examines the advantages of drip irrigation technology and its application in intensive
orchards under the conditions of climate change in Azerbaijan. The increasing frequency of droughts,
rising air temperatures, irreqular precipitation patterns, and growing pressure on available freshwater
resources have become major challenges for agricultural production worldwide. These factors are par-
ticularly significant for Azerbaijan, where agriculture plays an important role in the national economy
and where fruit growing is one of the most promising sectors. In recent years, the efficient management
of water resources has become a priority for ensuring sustainable agricultural development and main-
taining food security. Therefore, the introduction of modern water-saving technologies, especially drip
irrigation systems, has gained considerable importance.

The study analyzes the current state of water resources in Azerbaijan, identifies the main factors
contributing to water scarcity, and evaluates the impact of limited water availability on agricultural
productivity. Particular attention is given to the role of irrigation systems in intensive orchards, where
maintaining optimal soil moisture is essential for achieving high yields and producing quality fruit. The
findings indicate that traditional irrigation methods, including surface and furrow irrigation, often result
in substantial water losses through evaporation, runoff, and deep percolation. In contrast, drip irrigation
technology delivers water directly to the root zone of plants, significantly improving water-use efficiency
and reducing unnecessary losses.

The research demonstrates that drip irrigation systems provide numerous agronomic, economic,
and environmental benefits. By supplying water in controlled quantities according to crop requirements,
the technology helps maintain optimal soil moisture conditions throughout the growing season. This con-
tributes to improved root development, enhanced nutrient uptake, and more efficient fertilizer use
through fertigation practices. As a result, crop productivity increases while production costs associated
with water and fertilizer use are reduced. Furthermore, drip irrigation minimizes weed growth, decreases
soil erosion risks, and reduces the incidence of plant diseases associated with excessive moisture.

The article also reviews international experience and successful examples from Azerbaijan regard-
ing the implementation of drip irrigation systems in intensive orchards. Evidence from various countries
shows that drip irrigation can reduce water consumption by 30-60% while simultaneously increasing
fruit yields and improving product quality. Similar results have been observed in Azerbaijan, where mod-
ern irrigation technologies have contributed to higher agricultural efficiency and more sustainable use
of water resources.

The study concludes that the wider adoption of drip irrigation technology represents an effective
adaptation strategy to climate change. Expanding its application in intensive orchards can significantly
enhance water conservation, increase agricultural productivity, strengthen environmental sustainability,
and improve national food security. Therefore, the development and promotion of drip irrigation systems
should be considered a strategic priority for the future modernization of Azerbaijan’s agricultural sector.

Keywords: climate change, intensive gardens, drip irrigation, water scarcity, agriculture, productiv-
ity, sustainable development, food security

Introduction. Efficient use of water resources in agriculture is currently considered a key factor in
ensuring global food security. Climate change, increased drought periods, uneven rainfall distribution,
and declining water resources are reducing the efficiency of traditional irrigation methods. For this rea-
son, the use of water-saving technologies is expanding worldwide, particularly in regions with intensive
horticulture. Among these technologies, drip irrigation is considered one of the most effective.
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With drip irrigation, water is delivered directly to the plant's root zone through special pipes and
drippers. This method prevents water from spreading across the soil surface and minimizes losses due to
evaporation. While traditional furrow or surface irrigation methods lose a significant amount of water
through infiltration, runoff, and evaporation, most of the water delivered with drip irrigation is absorbed
by the plant. This feature is particularly important in Azerbaijan, where water resources are limited.
Huseynova's study notes that Azerbaijan's agricultural sector consumes approximately 70% of the coun-
try's freshwater resources, with a significant amount lost through existing traditional irrigation methods.
The author emphasizes the importance of using drip irrigation technologies to reduce water loss and
improve water efficiency (Huseynova, 2023, pp. 2-3).

The use of drip irrigation in intensive orchards goes beyond water savings. This technology helps
maintain optimal moisture levels throughout the growing season. Maintaining stable soil moisture im-
proves root development, accelerates nutrient absorption, and increases plant resistance to stress fac-
tors. As a result, tree development accelerates, productivity increases, and fruit quality improves.

Research conducted in the Mediterranean region, where the effects of climate change are more
pronounced, confirms these findings. Research by Branquinho and his colleagues in super-intensive olive
groves has shown that irrigation water demand will increase in the future due to rising temperatures and
decreased precipitation. However, water consumption can be reduced by up to 22% through the use of
drip irrigation and controlled deficit irrigation regimes. The authors concluded that drip irrigation sys-
tems are one of the most promising methods for climate change adaptation (Branquinho et al., 2021,
pp. 1-2).

Another important advantage of drip irrigation is that it allows for the application of fertilizers
along with water. This method, known as fertigation, delivers nutrients directly to the root zone and
prevents their leaching into the soil layers. As a result, the consumption of mineral fertilizers is reduced
and plant nutritional conditions are improved. This leads to lower production costs and increased eco-
nomic efficiency in intensive horticulture.

Drip irrigation is also important for soil protection. Traditional irrigation methods result in erosion
on the soil surface. Particularly on slopes, surface runoff causes erosion of the fertile soil layer. With drip
irrigation, because water is applied in small amounts, the risk of damage to the soil structure and erosion
is minimized. This feature helps maintain soil fertility over the long term.

Observations conducted in orchards show that productivity indicators on farms using drip irriga-
tion systems are higher than in orchards using traditional irrigation methods. Fruit size, sugar content,
and durability are also improved. This leads to increased market competitiveness and increased farmer
income.

MAIN PART. The decline of global water resources due to climate change is considered one of the
main threats to agricultural development. In recent decades, rising global temperatures, uneven rainfall
distribution, and intensifying droughts have necessitated the development of new approaches to water
resource management. Since agriculture is directly dependent on climate factors, the impact of these
changes primarily affects the agricultural sector.

Similar trends are observed in Azerbaijan. In recent years, rising temperatures and unstable precip-
itation patterns have led to increased water demand in agriculture. Research has shown that in some
vears, reduced precipitation and high temperatures have led to droughts, reduced crop yields, and in-
creased demand for irrigation. In particular, low precipitation and high temperatures observed in 202 1-
2022 had a negative impact on crop development (Aliyeva, 2026, pp. 46—47).

Fruit farming is a key area of agricultural production in Azerbaijan. In recent years, thanks to the
development of intensive horticulture, the cultivation of apples, pears, peaches, nectarines, pomegran-
ates, and other fruit crops has expanded. One of the key features of intensive orchards is their high yields.
However, achieving this yield requires proper water supply. Water shortages lead to reduced photosyn-
thesis in fruit trees, reduced fruit size, and deterioration in product quality.

Amid growing water shortages, the use of traditional irrigation methods poses a number of prob-
lems. With drip and surface irrigation, a significant portion of water is lost through evaporation, filtra-
tion, and runoff. This leads to inefficient use of water resources. A significant portion of water loss in
Azerbaijan is caused by outdated and inefficient irrigation systems. According to Guseynova's research,
approximately 70% of freshwater used in the country is used for agriculture, and significant amounts are
lost in existing systems (Guseynova, 2023, p. 2).

Decreasing water resources impact not only agriculture but also the social well-being of rural pop-
ulations. Research has shown that water shortages in some regions have led to reduced crop yields,
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falling incomes, and the emergence of social problems. Therefore, ensuring the efficient use of water
resources is of great importance from both an economic and social perspective.

Drip irrigation systems occupy a special place among water-saving technologies in modern agricul-
ture. This technology is based on the application of water directly to the plant's root zone in small por-
tions at regular intervals. As a result, water evaporation is minimized, and the amount of water absorbed
by the plant increases.

One of the main advantages of drip irrigation is its reduced water consumption. Compared to tra-
ditional irrigation methods, this technology allows for 30-50% water savings. At the same time, it main-
tains a more stable soil moisture regime and creates optimal conditions for plant growth. This feature is
especially important in intensive gardens.

Drip irrigation also has a positive effect on increasing crop yields. Because plants receive the re-
quired amount of water and nutrients, the size, weight, and quality of the fruit improves. At the same
time, the market value of the produce increases, and farmers' incomes increase. Another advantage of
this technology is its ability to fertigate. Applying fertilizer directly to the root zone along with water
allows for more efficient nutrient absorption. This reduces fertilizer losses and prevents soil salinization.

Drip irrigation is also important for soil protection. Erosion and damage to the soil structure ob-
served with traditional irrigation methods are minimal with this system. Maintaining the fertile soil layer
helps maintain the orchard's productivity over the long term.

Experience from other countries shows that drip irrigation systems are a key element of climate
change adaptation measures. Research conducted in highly intensive olive groves in Portugal found that
water consumption can be reduced by up to 22% through drip irrigation and controlled deficit irrigation
regimes, while maintaining productivity (Branquinho et al., 2021, pp. 1-2).

In Azerbaijan, the use of modern irrigation systems has been expanding in recent years with gov-
ernment support. The installation of drip irrigation systems on a number of fruit orchards has resulted in
reduced water consumption, increased yields, and improved product quality. However, to achieve wider
adoption of this technology, it is important to train farmers, strengthen technical support, and expand
investment opportunities.

Thus, drip irrigation technology is one of the most promising technological solutions for the sus-
tainable development of intensive orchards in the face of climate change. Its use significantly contributes
to the protection of water resources, increased agricultural production efficiency, and improved food
security.

CONCLUSION. The study shows that climate change has become one of the main factors influenc-
ing agricultural development. Rising temperatures, uneven precipitation distribution, increased dry peri-
ods, and declining water resources have created new challenges in Azerbaijan's agricultural sector. These
problems are particularly acute in intensive orchards, as plants require a stable water supply to ensure
high yields.

The study's results indicate that agriculture in Azerbaijan remains the primary consumer of water
resources, and traditional irrigation methods result in significant water losses. Under current conditions,
more efficient use of water resources should be considered a key prerequisite for sustainable agricultural
development. In this regard, drip irrigation is an important tool for mitigating the negative impacts of
climate change and protecting water resources.

It has been established that a drip irrigation system significantly reduces water consumption by
delivering water directly to the plant root zone, maintaining optimal soil moisture, and creating favorable
conditions for plant development. At the same time, this technology increases yields, improves fruit qual-
ity, utilizes fertilizers more efficiently, and protects soil fertility.

The study's results show that agriculture in Azerbaijan remains the primary consumer of water
resources, while also enabling increased crop yields, improved fruit quality, more efficient use of fertiliz-
ers, and the preservation of soil fertility.

Analysis of international experience shows that drip irrigation systems are one of the most effec-
tive adaptation measures to climate change. The use of modern irrigation technologies helps conserve
water resources, improve the economic efficiency of agricultural production, and enhance farm resilience
to climate risks.

Against the backdrop of the expansion of intensive horticulture in Azerbaijan, further expansion of
the use of drip irrigation systems is advisable. This requires increased government support for the
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introduction of modern technologies, farmer training, modernization of irrigation infrastructure, and the
application of innovative management mechanisms.

References

1. Aliyeva Z. The Impact of Climate Change on Agriculture in Azerbaijan // Green Economics. 2026.
Vol. 4. No. 1. P. 45-52.

2. Alizada R., Zeynalli M. Impact of Water Scarcity on Rural Communities in Azerbaijan. — Crude
Accountability, 2024. - 19 p.

3. Huseynova H. Potential Water Efficient Technologies in the Face of Water Scarcity in Azerbaijan.
— ADA University, Institute for Development and Diplomacy, 2023. — 5 p.

4. Branquinho S., Rolim J., Teixeira J.L. Climate Change Adaptation Measures in the Irrigation of a
Super-intensive Olive Orchard in the South of Portugal // Agronomy. 202 1. Vol. 11. No. 8. Article 1658.

5. Intergovernmental Panel on Climate Change (IPCC). Climate Change 2023: Synthesis Report.
Geneva: IPCC, 2023.

6. Food and Agriculture Organization of the United Nations (FAO). The State of Food and Agricul-
ture 2024. Rome: FAO, 2024.

7. OECD. Agricultural Policy Monitoring and Evaluation 2024. Paris: OECD Publishing, 2024.

8. Ministry of Agriculture of the Republic of Azerbaijan. Agricultural Development Strategy of
Azerbaijan. Baku, 2024.



VII INTERNATIONAL SCIENTIFIC CONFERENCE. SINGAPORE. SINGAPORE. 16-17.06.2026

Economic sciences

COMPARATIVE ANALYSIS OF THE EFFICIENCY OF MANAGEMENT DECISIONS IN SOCIAL SERVICE INSTI-
TUTIONS BASED ON INTERNATIONAL EXPERIENCE

Gasimov Razan Mammad

Master's Student,

Social Work and Management Section,
Baku Business University, Baku, Azerbaijan

Abstract

This paper examines the efficiency of management decisions in social service institutions through
a comparative approach based on international experience. The study compares governance models ap-
plied in developed countries with existing practices in Azerbaijan and identifies the main criteria for eval-
uating decision-making effectiveness in the social sector. Special attention is given to transparency, ac-
countability, result-oriented governance, digital transformation, data-based decision-making and citizen-
oriented service delivery. The findings show that modern management paradigms, especially integrated
service models, digital platforms and analytical decision-support systems, can substantially improve the
quality, speed and social impact of services provided to vulnerable population groups.

Keywords: social services, management decisions, efficiency, comparative analysis, international
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Introduction: the role and importance of social decisions in modern governance

In the contemporary global governance environment, ensuring the effectiveness of decisions
adopted in social service institutions has become one of the central directions of public administration.
The welfare of vulnerable population groups, including families in need of financial assistance, elderly
people living alone, persons with disabilities, children deprived of parental care and other categories re-
quiring reliable social protection, depends directly on the quality of services delivered by these institu-
tions. For this reason, management decisions in the social sector must be timely, fair, evidence-based and
oriented towards measurable public value.

In this context, the comprehensive study of international experience and its adaptation to local
realities are essential for the modernization of social service systems. Developed countries have accumu-
lated considerable practical experience in designing service models that combine accessibility, transpar-
ency, inter-agency coordination, digital technologies and citizen participation. The analysis of such expe-
rience allows Azerbaijan to assess its own achievements more objectively and to identify areas where
further institutional improvement is necessary [1].

Theoretical approach: the concept of result-oriented governance

In the academic literature, the effectiveness of management decisions is often evaluated through
the prism of result-oriented governance and New Public Management. According to this approach, the
effectiveness of managerial decisions should not be measured only by internal administrative indicators
such as the number of processed applications or the formal fulfilment of institutional procedures. It
should also include broader social outcomes, the real impact of decisions on service users and the level
of satisfaction among citizens receiving social support [2].

The specific nature of social work gives this issue particular importance. Social services involve di-
rect contact with people, the need for individualized treatment, sensitivity to human dignity and contin-
uous attention to the principle of social justice. Therefore, the quality of management decisions in this
field cannot be reduced to purely technical or bureaucratic efficiency. A decision may be fast, but if it
does not reflect the real needs of the beneficiary, it cannot be considered fully effective. Conversely, a
socially effective decision must combine legal correctness, administrative speed, professional assessment
and human sensitivity.

The Scandinavian model as an advanced example

International experience shows that Scandinavian countries, particularly Sweden, Norway, Den-
mark and Finland, are among the most advanced examples in the organization of social services. In these
countries, the preparation and implementation of decisions are based on openness, equality, social jus-
tice, attention to individual needs and the active participation of service recipients. This model is not
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limited to the mechanical provision of benefits or services; it also emphasizes prevention, early interven-
tion, social inclusion and the empowerment of citizens.

The strength of the Scandinavian approach lies in the combination of universal access and individ-
ualized support. Social service institutions in these countries try to ensure that citizens do not merely
receive assistance but are also involved in decisions affecting their lives. As a result, the quality of services
improves, public trust in state institutions increases and general indicators of social welfare are strength-
ened [3]. This experience is especially important for countries seeking to move from a fragmented social
protection system to a more coordinated and citizen-centred model.

The impact of digital transformation in Europe

One of the main trends observed in developed European countries is the systematic and large-scale
use of modern technologies in the management of social services. Electronic service platforms, inter-
linked databases of public institutions and advanced analytical software have accelerated the decision-
making process, reduced the share of human errors and enabled more targeted use of limited budgetary
resources [4].

Digital transformation provides several advantages for social service management. It allows insti-
tutions to verify information more quickly, reduce unnecessary documentation, monitor the status of
applications in real time and detect overlapping or duplicated services. At the same time, digital tools
make managerial decisions more transparent and traceable. When decisions are supported by reliable
data, it becomes easier to justify them, evaluate their consequences and correct mistakes at an early
stage.

However, digitalization should not be understood as a substitute for professional judgement. In the
social sector, technology must support, not replace, human-centred assessment. Vulnerable citizens of-
ten face complex social, psychological and economic problems that cannot always be understood
through automated indicators alone. Therefore, the most successful international models are those that
combine digital efficiency with professional social work, ethical standards and direct communication
with beneficiaries.

Azerbaijan's DOST model: service diversity and the one-stop-shop principle

In Azerbaijan, important and systematic measures have been implemented to modernize social ser-
vices, align them with international standards and increase their accessibility for all segments of the
population. In this regard, the establishment of DOST centres, based on the principle of Sustainable and
Operative Social Security, represents a significant institutional innovation. These centres integrate dif-
ferent types of social services in a single administrative space and operate according to the one-stop-
shop principle.

DOST centres provide citizens with a broad range of services, including the assignment and pay-
ment of labour pensions; the allocation of social benefits, disability-related payments, family benefits
and other compensations; employment services; vocational guidance; and unemployment-related sup-
port. In addition, these centres participate in identifying persons in need of social services, including el-
derly people, persons with disabilities, children, women exposed to violence and other vulnerable groups.
They also facilitate placement in stationary social service institutions, social and psychological support,
electronic document circulation, public service registration and related administrative procedures.

Overall, more than 150 types of services have been concentrated in one place through this model.
The integration of services has reduced document circulation, shortened waiting times, decreased the
need for citizens to apply to several institutions separately and created conditions for faster and more
coordinated decision-making. These innovations have made management decisions in the social sector
more operative, transparent and citizen-oriented [5].

International experience: the impact of integrated service models on population welfare

In many countries, there are social service centres similar to the DOST model, operating on the
basis of one-stop-shop or single-entry principles. Such models may produce both positive effects and cer-
tain risks for population welfare. Their overall effectiveness depends on the quality of institutional de-
sign, the level of digital inclusion, the coordination capacity of public agencies and the protection of per-
sonal data.

First, integrated service systems save time and increase citizen satisfaction. In a centralized service
model, citizens do not have to visit several public institutions to solve a single social problem. The Swedish
Service Centre model operates on this principle, and available studies indicate a high level of citizen sat-
isfaction with the system. In Germany, the integrated service mechanism of Jobcenters has helped reduce
waiting times for jobseekers and improve the coordination of employment-related support.
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Second, integrated service models improve access for vulnerable groups. Persons with disabilities,
elderly people and citizens living in remote areas often face geographical, administrative and informa-
tional barriers. A one-stop-shop model reduces these barriers by simplifying procedures and concentrat-
ing several services in one accessible space. In the United Kingdom, the Tell Us Once system allows citi-
zens to provide information once and enables several public institutions to update their databases ac-
cordingly.

Third, digital integration creates opportunities for more efficient resource allocation. When public
institutions exchange data securely and systematically, repeated data collection decreases, fraud risks
may be reduced and budgetary resources can be directed more accurately to those who really need sup-
port. In this sense, integrated digital systems are not only administrative tools but also instruments for
improving social justice.

Possible risks and challenges

Despite their advantages, integrated and digital service models also create several challenges. The
first challenge is digital exclusion. Elderly citizens, people with limited digital skills, migrants and some
vulnerable groups may experience difficulties in using online platforms. If digital services are expanded
without parallel support mechanisms, a part of the population may become less able to access social
protection.

The second challenge is data security. The concentration of citizens' personal information in unified
databases increases cybersecurity risks. Compliance with data protection standards, including the prin-
ciples reflected in the General Data Protection Regulation, is therefore essential. Without strong security
mechanisms, digital transformation may weaken public trust instead of strengthening it.

The third challenge is the risk of depersonalization. Automated systems may sometimes fail to re-
spond flexibly to cases requiring individual assessment. This problem is particularly relevant in situations
involving psychological support, family crises, domestic violence, disability assessment or complex social
vulnerability. Social services must therefore preserve a balance between automation and human-centred
professional intervention.

The fourth challenge is inter-agency coordination. Full integration of databases and procedures
belonging to different state institutions is technically and organizationally complex. If coordination re-
mains formal or incomplete, the one-stop-shop model may lose part of its practical effectiveness. For this
reason, institutional cooperation, clear division of responsibilities and stable information exchange mech-
anisms are necessary conditions for success.

Improvements applicable to Azerbaijan

Although the DOST model is already functioning successfully, the analysis of international experi-
ence shows that several additional improvements could further increase the inclusiveness, security and
efficiency of Azerbaijan's social service system. The first direction is the expansion of mobile platforms.
Following examples such as the United Kingdom's Tell Us Once system and Germany's Mein Jobcenter
application, DOST services could be presented through a more comprehensive mobile application that
would allow citizens to submit applications, track their status and receive notifications without leaving
their homes.

The second direction is the organization of training programmes for elderly citizens and persons
with limited digital skills. To prevent digital exclusion, special training courses, stronger call centres and
local assistance points could be established. Such measures would ensure that digital transformation
does not create new inequalities in access to social services.

The third direction is the use of artificial intelligence-based forecasting systems. On the basis of
international experience, artificial intelligence tools may be used to identify social risk groups, forecast
demand for services and support the automatic calculation of certain pension or benefit amounts. How-
ever, such systems must operate under human supervision and must be designed in accordance with eth-
ical and legal requirements.

The fourth direction is the expansion of psychological and social support services. In addition to
administrative procedures, DOST centres could further strengthen psychological counselling, social edu-
cation, activation programmes and employment support services. This would transform social service
centres from purely administrative units into broader social support platforms.

The fifth direction is the strengthening of cybersecurity and personal data protection. The protec-
tion of citizens'information should be treated as an integral part of social service quality. Data protection
mechanisms based on international standards would help prevent unauthorized access and increase pub-
lic confidence in digital social services.
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If these measures are implemented, Azerbaijan's social service system may become more inclusive,
secure, efficient and citizen-oriented in comparison with international practice. In particular, improve-
ments in service quality, reductions in citizens'time and financial costs, savings in public expenditure and
greater public trust in government institutions may be expected.

General findings of the comparative analysis

The comparative analysis carried out in this paper demonstrates that Azerbaijan's social service
system has achieved significant progress in recent years. The establishment of DOST centres, the inte-
gration of different services, the use of digital tools and the emphasis on citizen satisfaction show that
the country has moved towards a more modern model of social service governance.

At the same time, the full realization of the system's development potential requires continued
work in several priority areas. In particular, analytical assessment should be strengthened at the stage of
decision preparation; mechanisms for collecting and processing large volumes of data should be im-
proved, and data-driven governance concepts should be applied more widely. These steps would allow
managers to base their decisions not only on administrative routines but also on evidence, risk assess-
ment and measurable social outcomes.

The international comparison also shows that the effectiveness of social service institutions de-
pends on the interaction of several factors. Institutional transparency, professional competence, digital
capacity, citizen participation, inter-agency coordination and ethical responsibility must work together.
If one of these elements remains weak, the overall quality of management decisions may decline. There-
fore, reform in this field should be understood as a complex and multi-level process rather than a single
administrative measure.

Conclusion

The discussion above shows that improving the efficiency of management decisions in social service
institutions is a complex, dynamic and intersectoral process. International experience confirms that the
most effective social service systems are those that combine result-oriented governance, digital innova-
tion, professional social work and citizen-centred values. For Azerbaijan, the DOST model has already
created an important institutional foundation for such development.

Nevertheless, further progress requires continuous improvement of analytical tools, stronger data
protection, broader digital inclusion and deeper integration of psychological and social support services.
International models should not be copied mechanically; they should be critically evaluated and adapted
to the local context. In this way, the social service system can become more sustainable, fair, innovative
and responsive to the real needs of citizens.
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quately respond, are shown.
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INTRODUCTION

Modern society faces the need to constantly seek answers to a rapidly growing number of global
challenges linked to the escalating geopolitical situation, demographic changes, environmental and cli-
mate issues, the threat of new pandemics, and rapidly advancing technological progress, which is rapidly
transforming the structure and technological foundations of the global economy. Moreover, technologi-
cal challenges are of particular importance, as it is precisely the development and adoption of new cut-
ting-edge technologies that, to a large extent, enables us to find solutions to all other current challenges,
thereby contributing to enhanced national security and sustainable economic development.

The scramble for technological dominance is taking on particular significance today. This is be-
cause new technologies are creating new markets and becoming a driver of global growth [1].

The intensification of competition in the technology sector and the scale of the impact of technol-
ogy on economic development are fundamentally changing the role of state involvement in this process.
Today, the success of this endeavour depends largely not so much on the activities of major technology
companies as on the government’s proactive approach, its ability to formulate an effective technology
policy, to identify the key priorities for scientific and technological development — above all, those aligned
with national development goals — and to establish a distinctive national innovation system tailored to
these objectives [1].

MAIN PART

The aims and priorities of technology policy are shaped by current trends in the country’s develop-
ment and its strategic engagement with other nations. In this regard, the Republic of Kazakhstan draws
upon the Constitution of Kazakhstan, the Law of the Republic of Kazakhstan ‘On Science and Technology
Policy’, the President’s annual Addresses, CIS resolutions, and other relevant documents.

In accordance with the Law of the Republic of Kazakhstan, the main objectives of technology policy
include:

— the advancement of science;

— theimplementation of science and technology policy aimed at applying scientific achievements
to ensure the country’s competitiveness;

— cross-sectoral coordination of scientific, scientific and technical, and innovation activities [2].

According to the law, the main objectives of technology policy are [2]:

1) the formation of state science and technology policy and the regulation of relations in the field
of science and technology;

2) the effective functioning of science and the implementation of science and technology policy;

3) the development of fundamental and applied scientific research;

4) raising the status of researchers and scientific organisations;

5) integrating science with industry;



VII INTERNATIONAL SCIENTIFIC CONFERENCE. SINGAPORE. SINGAPORE. 16-17.06.2026

6) providing human resources, material and technical, scientific and technical, and information
support for science.

In Kazakhstan, the implementation of an innovation policy aimed at ensuring the country’s
sustainable development through the development of production of fundamentally new types of
products and technologies, and the expansion of domestic markets on this basis, is one of the strategic
priorities of state governance and regulation of the economy as a whole. Currently, the development and
implementation of innovation policy is based on the formation of a national innovation system, which
has been established with the aim of uniting the efforts of government bodies at all levels, scientific and
technical organisations, and the business sector to accelerate the application of scientific and technical
achievements, realise the state’s strategic national priorities, and develop venture capital as one of its
most effective mechanisms [3].

The following areas of state support for innovation are identified:

1) Regulatory and legal support:

—defining the key priorities for innovation;

— developing national, regional and sectoral innovation programmes;

—establishing a legal framework for innovation, copyright protection and the safeguarding of in-
novators’ intellectual property.

2) direct and indirect financial support:

— funding for innovation activities from the state budget and specialised extra-budgetary funds;

— partial compensation of interest rates on commercial bank loans, provision of preferential terms
and tax relief;

— full or partial exemption from tax payments for a specified period;

—granting the right to use state property.

3) organisational support:

— establishing development institutions (funds, programmes, associations);
establishing an innovative infrastructure to support and develop innovation potential;
providing scientific, methodological and informational support for innovation activities;
creating conditions for the training of qualified personnel in the field of innovation;
creating a favourable investment climate.

4) the provision of government incentives:

—government contracts (public procurement);

— the development of guaranteed markets for innovative products;

— raising the profile of innovation within society;

— the provision of guarantees ensuring the full or partial return of funds invested in innovative pro-
Jects [4, c. 141].

In the context of regulatory and legal support, the following documents should be mentioned [5]:

— The Entrepreneurial Code of the Republic of Kazakhstan;,

— The Digital Code of the Republic of Kazakhstan;

— The Environmental Code of the Republic of Kazakhstan;

—Law of the Republic of Kazakhstan «On the «Park of Innovative Technologies» Innovation
Cluster»;

— Law of the Republic of Kazakhstan «On the Commercialisation of the Results of Scientific and
(or) Scientific and Technical Activities»;

— Law of the Republic of Kazakhstan «On Public-Private Partnership»,

— Law of the Republic of Kazakhstan «On Industrial Policy»,

—Law of the Republic of Kazakhstan «On State Regulation of the Development of the Agro-
Industrial Complex and Rural Areas»;

— Law of the Republic of Kazakhstan «On Informatisation»;

— Law of the Republic of Kazakhstan «On Special Economic and Industrial Zones».

The experience of leading market-based economies shows that, when it comes to innovative devel-
opment, one should not rely entirely on market forces. The application of innovations is increasingly tak-
ing on a public character and cannot be merely a private concern of a particular firm or regional entity,
as the social and economic prospects for a country’s development are becoming ever more dependent on
how organically innovative processes unfold within it [6].

In this regard, for the strategic development of the Republic of Kazakhstan, it is advisable to pursue
a state innovation policy that prioritises innovative processes in enhancing the competitiveness of
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Kazakhstani products, ensuring the country’s economic security, and improving the population’s stand-
ard of living.

In the context of globalisation and rapid technological progress, the development of the digital
environment is becoming a key factor in the competitiveness and sustainable development of both indi-
vidual organisations and entire countries. Understanding the role and significance of the digital environ-
ment in the modern world is essential for the successful adaptation and effective use of digital technol-
ogies.

The digital environment plays a key role in the development of modern society and the economy.
It opens up new opportunities for business, education, healthcare, public administration and many other
sectors.

Digitalisation makes it possible to improve the efficiency, speed and quality of service delivery, as
well as to broaden access to information and knowledge. Furthermore, the digital environment fosters
innovation, creates new jobs and stimulates economic growth.

Key trends in digitalisation include:

— Artificial intelligence and machine learning. The rapid development of artificial intelligence and
machine learning technologies enables the creation of increasingly sophisticated systems capable of self-
learning and decision-making. This finds application in various fields, from personalised recommenda-
tions to the automation of production processes.

— The Internet of Things (loT). The rapid proliferation of internet-connected devices, from house-
hold appliances to industrial equipment, is creating new opportunities for data collection and analysis,
as well as for remote control and automation.

— Big data and analytics. The accumulation of vast amounts of digital data generated by various
sources, combined with advances in data processing and analysis methods, enables the extraction of
valuable insights that are used to inform decision-making and optimise business processes.

— Cloud technologies. Cloud computing, which provides remote access to computing resources and
data storage, is becoming increasingly widespread, offering flexibility, scalability and reduced IT-infra-
structure costs.

— Mobile technologies and device convergence. The widespread use of smartphones, tablets and
other mobile devices, as well as their integration with other gadgets and systems, is transforming the
way we interact and consume content.

— Digital business transformation. Companies are actively integrating digital technologies into
their business processes, seeking to improve efficiency, flexibility and competitiveness in a rapidly chang-
ing environment.

— Cybersecurity and data protection. Growing threats of cyberattacks and the need to ensure data
confidentiality and integrity are becoming key priorities in the digital environment.

These and other trends are shaping the direction of the digital environment, opening up new op-
portunities whilst also creating new challenges and a need to adapt to rapidly changing conditions.

Digital transformation is having a significant impact on many industries and sectors. It is worth
highlighting some of the sectors that are feeling the greatest impact of digitalization (Fig. 1)
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( Financial sector: h
T BANK T +Development of fintech solutions (such as mobile payments, online banking,
cryptocurrencies and blockchain);
+Use of big data and analytics to personalise products and services, assess risks and make
decisions;
L + Automation of routine operations and the introduction of robo-advisory services. )
( Retail sector: )
*Growth in e-commerce and omnichannel sales;
*The use of augmented reality, personalisation and geolocation technologies to enhance the
customer experience;
L + The use of big data to forecast demand and optimise supply chains. )
[ Healthcare sector: )
« Development of telemedicine and remote patient monitoring;
«Implementation of Al-based decision support systems;
. +Use of big data and analytics to personalise treatment and improve outcomes. )
( Production sector: )
Implementation of the "Industry 4.0" concept, including the use of 10T, robotics,
augmented reality and big data;
Optimisation of processes and supply chains through the application of digital
technologies;
« Transition to flexible, adaptive and personalised production models.
( Education sector: )
i + The development of online learning, virtual classrooms and educational platforms;
\@ *The use of virtual and augmented reality technologies to create interactive learning
N\ /y environments;
— + The application of big data and analytics to personalise learning and assess effectiveness.
L
Public sector:
B « The roll-out of e-government and digital public services;
”l ” +The use of big data and analytics to inform better management decisions;
| I *The development of ‘smart cities’ using loT technologies to improve the efficiency of
L urban infrastructure. )

Figure 1— The impact of digitalisation on industries (compiled from source [7])
Digitalisation is affecting virtually every sphere of human activity, opening up new opportunities,
boosting efficiency and transforming established models.
The year 2026 has been declared the ‘Year of Digitalisation and Artificial Intelligence’ in Kazakh-
stan, as part of which the implementation of eight large-scale sets of measures included in the relevant
Plan has begun (Table 1):
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Table 1 — Initiatives being implemented as part of the Digitalisation and Artificial Intelligence Plan

NeNe Section Activities Further information
1 2 3 4

1 Strategic and | the development of the «Digital Qazag- It is envisaged that at least 90% of key legislative initi-
regulatory stan» Strategy, as well as the introduc- atives in the fields of digitalisation, Al, data, cyberse-
support tion of tax and regulatory incentives for curity, telecommunications and digital assets will be

domestic IT-companies adopted and enacted in accordance with the estab-
lished procedure

2 Human capi- | As part of the AI-SANA initiative, plans At secondary education level, initiatives such as Day
tal develop- are in place to scale up the project to in- of Al Qazagstan and the opening of TUMO Centres
ment troduce Al education at all levels in are being developed. These digital and Al skills devel-

schools and universities, as well as in re- opment programmes will reach around 500,000 stu-
training and professional development dents and teachers across all levels of education and
programmes for adults sectors.
The first phase of Al University is set to launch, along-
side the expansion of the Tomorrow School artificial
intelligence school across Kazakhstan'’s regions to
train Al specialists. Additionally, the ‘Al Governance
500’ programme is being implemented to train digital
leaders in the public and quasi-public sectors. The Al
Qyzmet programme for civil servants continues to de-
velop, and a new programme for business, Al Corpo-
rate, is launching, which will teach company employ-
ees to delegate routine tasks to artificial intelligence

3 GovTech: a Focus on the digital workplace for civil Coverage of at least 80% of civil servants with the
digital model | servants, expanding e-government capa- Gov Workspace digital workspace, featuring a single
of public ad- | bilities (including e-government for busi- sign-on to all key systems;
ministration | ness), developing services within the So- the provision of at least 50 public services utilising Al;

cial Wallet, and implementing Al solutions | the migration of at least 30% of government infor-

on the National Al Platform mation systems to the QazTech platform.
Internet access on trains, aeroplanes, tourist locations
and at border infrastructure facilities, including the
launch of advanced Direct to Cell satellite connectiv-
ity. As a result, the quality of digital public services
provided to citizens and businesses will improve by at
least 75%

4-5 Cybersecurity | strengthening cybersecurity and personal | Prioritising the migration of government information
and digital data protection measures: reinforcing the | systems to the new government data center
infrastruc- unified information security framework,
ture conducting cybersecurity audits of gov-

ernment information systems, addressing
vulnerabilities, implementing mandatory

information security measures, and other
initiatives

6 Digitalisation | automation of dispatch and operational The focus is on implementing digital solutions in sec-
of industries | management processes, data digitisation | tors that are key drivers of the economy.

and the generation of big data, data anal-
ysis using Al, the creation of digital twins,
the use of loT sensors and drones, the im-
plementation of a proactive and digital
model of tax administration, and more

The integration of Al into all key energy management
systems, whilst ensuring the cyber resilience of critical
systems;

The creation of at least 90% of geological data
through the digitisation of a unified digital geological
environment;

launch and operation of a fully digital circuit for cross-
border trade and logistics processes;

coverage of agricultural land and production facilities
with Al monitoring, increasing crop yields by 10% and
providing a digital trace ‘from field to shelf”
implementation of at least 30% of construction pro-
Jjects using digital master plans and BIM modelling,
connection of at least 30% of financial institutions to
a unified integrated digital environment for public ser-
vices;

development of digital platforms for the social and la-
bour sectors, ensuring at least 90% coverage of key
processes in digital format
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7 | Cities Comprehensive digital development of cities and regions. Provision of High-speed internet access for
and re- mobile internet access on roads, as well as the roll-out of 5G coverage in | 99% of the population;
gions 20 cities. 100% 5G coverage in the 20
Transformation of Public Service Centres into Digital Public Service Of- largest cities;
fices, where self-service areas will be the norm. Plans include the launch | an annual increase of at least
of the Smart City project in Astana and the expansion of IT-hubs 15% in the urban environment

comfort index;

the conversion of at least 20
Public Service Centers into digi-
tal public service offices with
self-service areas

8 | The New | the development of the unmanned systems industry and the low-altitude
Econ- economy (launching at least five pilot projects), the launch of a regulated
omy crypto industry and digital assets, state-run mining, as well as the launch
into orbit and export of domestic satellites.

NOTE: Compiled from source [8]

CONCLUSION

Thus, amidst the wide-ranging changes brought about by digital transformation in modern society,
the development of artificial intelligence is attracting greater attention and, to some extent, causing
concern. On the one hand, the economy and society need highly educated and highly skilled profession-
als; on the other hand, the areas where human intellectual abilities are directly applied are shrinking.
They are gradually being replaced by Al, resulting in a reduction in both the number of jobs and the de-
mand for workers [9; 10; 11, 12]. The development of the human internet is being actively complemented
by the expanding Internet of Things. Robotisation has become commonplace in all spheres of human
activity — from domestic life to business and public administration [13].
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POJIb LIN®POBMX TEXHOJIOMNV Y OMTUMIZALI JIAHLIFOTIB TOCTAYAHHS B YMOBAX BIVIHU

IpuHa YYPKIHA

00KMOp eKOHOMIYHUX HayK, Npogecop

O0ecbKo20 HaUioHaIbHO20 yHisepcumemy im.l.l. Me4yHukosa
lzop Ky3bMu4eHKo

cmyodeHm O0ecbKo20 HaUjioHA/IbHO20
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Bcmyn. NosHomacwmabHa 8ilIHa CymmeBO MPAaHCchopmMysana ymosu GyHKUIOHYBAHHS Nionpu-
EMCMB B8 YKPaiHi ma akmyasizysana NUMAaxHHa 3abesneqeHHs cmitikocmi 102iCmMuYHUX cucmem. PylHy-
BAHHA MPAHCNOPMHOI iIHppacmpyKkmypu, obmexceHHs 0ocmyny 00 oKpemux mepumopil, nepeboi 8 po-
6omi BuUpobHUYUX nomyxcHocmed, degiyum pecypcis i 3MiHa MpaduuiiiHuUX Mapuwipymis NOCMAa4YaHHs
cmasopusiu beznpeuedeHmHi BUKAUKU 019 YNPABIHHA IAHU2AMU NOCMAYAHHS. 3a Makux ymos nionpu-
EMCMBA 3MYWeHi He siuwe adanmysamucs 00 NOCMIUHUX 3MiH 308HIWLHBO20 cepedosuld, a i onepamu-
BHO nepebydosysamu BHympiwHi 6i3Hec-npouecu 018 36epexceHHs besnepepsHocmi disabHocmi. Cy-
YacHi pu3uKU GYyHKUIOHYBAHHSA eKOHOMIKU B8 YMOBAX BilIHU BUCYBAOMb HOBI BUMO2U 00 opeaHi3auii oaic-
MUYHUX NPOUeCiB, ceped SKUX K/IHH0BO20 3HAYeHHS] HabyBarome WBUOKICMb NPUUHSIMMS piuieHb, Npo-
30picmb iHpopmMauitiHUX NOMOKIB, 30aMHICMb NPO2HO3YBAMU PU3UKU MA ONEpamuBHO peazysamu Ha
3MiHU. TpaouuyitiHi nioxodu 00 ynpasiHHA JAHUR02AMU NOCMAYAHHA 0e0dasli Yacmiuie BUSBISHOMbCS He-
doCMamHbo epekmuUBHUMU B YMOBAX BUCOKOI HEBU3HAYEHOCMI ma Hecmabi/lbHOCM.

Y BiOnoBIOb HA Ui BUK/IUKU NIONPUEMCMBA AKMUBI3YHMb BUKOPUCMAHHS UUGPOBUX MexHO102il K
IHCMpPYMeHmYy NioBUWEHHS epeKkmuBHOCMI 102ICMUYHUX Npouecis. BnposadxceHHs uudposux naam-
popmM, cucmem MOHIMOPUHeY Ma aHAIMUKU 0aHUX, mexHos02it asmomamusauii, Wmy4yHo20 iHmerie-
KMy, XMApHUX pitueHb ma 4ugdposo2o ynpassiiHHA 3anacamu CMBOPHE MOXIUBOCMI 0J151 3abe3neqeHHs
2HYYKOCMI, adanmusHOCMI Ma cmilikocmi IaHYro2iB NOCMAYAaHHS. 3aBOSKU YUGPOBUM iHCMPYMEHMam
niONpUEMCMBA OMPUMYHOMb MOXUIUBICMbE ONEPAMUBHO KOHMPOJIFOBAMU NepemMillieHHs pecypcis, npo-
2HO3YBAMU MOXCIUBI Nepeboi, onMuMI3y8amu Mapwipymu ma 3HUXCYBAMU piBeHb J102ICMUYHUX BMPAm.

Ocobusoi akmyanbHocmi Habysae 00C/iOHeHHS poJii UUdPOBUX MexHO/102il Y Npouecax onmumi-
3auii 1aHuro2iB NOCMAYaHHA came 8 yMoBax BiliHU, KOJIU epeKmUBHICMb YyNpasaiHCbKUX pitieHb be3noce-
PeoHbOo BNJIUBAE HA €KOHOMIYHY CMabisibHICMb NIONPUEMCMB [ iX 30amMHICMb NIOMPUMYBAMU KOHKYPEH-
MOCNPOMOXCHICMb. Y Cy4acHUX yMOBAx YuppoBa mpaHchopmauis BUCMyndae He uwie HanpsmMom po3Bu-
mKy 6i3Hecy, a i Heobxi0HOH YyMOBOK 3abe3nedeHHs beanepepsHOCMI Ois/ibHOCMI ma ¢opmysaHHs cmid-
KUX MeXAHIi3MIiB YHKUIOHYBAHHS @KOHOMIKU.

Mema 00C/1i0xeHHs NOJIS2AE Y KOMNJIeKCHOMY aHAli3i BNJIUBY UUGPOBUX MexHos102il Ha epekmu-
BHICMb YNPAaBJIiHHS 1aHU02aMU NOCMA4YaHHs ma obrpyHmMyBsaHHi NPaKmMu4YHUX Nioxo0is 00 iX onmumi3a-
Uii' 8 yMOBAX NOCUJIEHHS] BOEHHUX BUKJ/IUKIB | 3pOCMAHHST I02ICMUYHUX PU3UKIB.

Bukniad ocHoBHO20 Mamepiasy. JIaHyr2 NOCMA4YaHHsl € iHMe2poBaHOK CUCMEMOK0 B3AEMONOB A3a-
HUX Y4ACHUKIB, npouecia i NOMOoKI8, W0 3abe3neyyroms pyx MamepiaabHUX, iHpopmauitiHux ma ¢iHaHco-
BUX pecypcis Bi0 NepBUHHO20 NOCMAYA/IbHUKA CUPOBUHU 00 KIHUEBO20 CnoxuBayd. Mo2o cymHicms no-
J1920€ B KOOPOUHAUI Ma CUHXPOHI3auli isIbHOCMI BCIX YHACHUKIB 3 MEeMOK CMBOPeHHs 000aHoi Bapmo-
cmi, MiHiMi3auii sumpam ma 3abe3neqyeHHs CBOEYACHO20 3a0080/1eHHS nonumy. CMPYKMYPHO JAHUR2
NOCMAYAaHHS BKJIOYAE NOCMAYA/IbHUKIB CUPOBUHU, BUPOOHUYI NIONPUEMCMAA, JI02ICMUYHUX 0Nepamo-
piB, oucmpub tomopis, po30pibHI Mepexc ma KiHUeBux CnoXcusadyis. Baxwiusy posib Bidi2paroms MAakox
iH®opmayitHi cucmemu, SKi 3abeaneyqyroms 06MiH OAHUMU MIXC y4aCHUKAMU Ma KOopOUHAu,ito J102icmuy-
Hux onepayid. Takum YUHOM, JIaHUK2 NOCMAYAaHHS € CKIAOHOK 6a2amopiBHEBOK CUCMEMORD, WO PYHK-
UiOHYE Ha oCHoBi micHoi B3aEmodii BCix tioeo enemeHmIB.

CyyacHa meopia ma NPaKkmuKa MeHeoXMeHmMy BUOKPEMJTOE 0eKI/IbKA K/IHoYOBUX Nioxodis 00 yn-
PABJIIHHA J102iICMUYHUMU cucmemamu. PyHKUioHanbHUl nioxio nepedbayae ynpassiiHHI OKpemumu
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JI02ICMUYHUMU DYHKUIIMU, MaKumu K 3aKynisJi, mpaHcnopmyBaHHs, CKiadysaHHsa ma 36ym. [lpouec-
Hul nioxio akueHmye ysazy Ha be3nepepsHOCMi Ma B3aEMONOB ‘A3aHOCMI 102ICMUYHUX NPOYECIB, po3e/is-
oaroyu ix K €OUHUL NoMiK CMBOPeHHs yiHHocmi [1].

CucmemHull nioxio nepedbavae po32sis0 1aHUr2a NOCMAYAHHS SK UiTICHOI cucmemu 3 YpaxyBaH-
HSIM B3AEMO3B 'A3KiB MiXC il e1lemeHmamu ma 308HilHIM cepedosuliem. IHmezposaHuli nioxio opieHmosa-
HUl Ha KoopOuHauito 0iF/IbHOCMI BCIX YHACHUKIB AHUH02A NOCMAYAHHS 3 MEMOH OOCA2HEHHS CNislbHOI
eppekmusHocmi. OCMAHHIM 4acoM aKmMUBHO pO3BUBAEMBCS UUGpoBull Nioxio, akull 6asyembCcsa Ha BUKO-
PUCMAHHI IHGPOpMauiliHUX mexHoa02il, aHaaimuKu 0aHux ma asmomMamu3auji Npouecis YynpassiiHHS.

EpekmusHicmb 1aHUKO2IB NOCMAYAHHSA BU3HAYAEMBCS CYKYNHICMIO BHYMPIWHIX | 30BHIWUHIX PaK-
mopis. [Jo Ko4oBUX BHYMPIWHIX GaKmMOopIiB Hanexams piBeHb KOOPOUHAUI MiXC Y4ACHUKAMU, AKICMb
YNPABJIIHCbKUX pillueHb, ONMUMI3ayia 3anacis, WBUOKICMb BUKOHAHHSA onepauil ma piseHb yugposizauii
b6i3Hec-npouecis. 308HIWHI pakmopu BKIHOYArOMb CMAH iHHPACMPYKMYPU, piBeHb KOHKYPEHUIT Ha pUHKY,
3aKoHO0aBYe pey itoBaHHS, MAKPOLKOHOMIYHY CMabiibHICMb, @ MAKOXC KPU308i YMOBU, 30KpemMa BOEHHI
PU3UKU. Baxrciuse 3Ha4eHHs MAae makox« 30amHicms nionpuemcma 0o adanmaduii, BnpoBAOHEeHHS IHHO-
Bayili ma BUKOPUCMAHHS LUpPoBUX mexHo 1021l 015 NI0BULEHHS NPO30POCMI MA 2HyYKOCMI J102icmuy-
HUX cucmem.

Omiie, epeKmuBHICMb JIAHUF02IB NOCMAYAHHA (POPMYEMbCA HA OCHOBI KOMNJIeKCHOI B3aEMo0ii op-
2AHI3AUITHUX, MeXHOI02IYHUX MA 30BHIWHIX pakmopis, Wo BU3HAYaromMb 30amMHICMb CUCMeMU WBUOKO
peazysamu Ha 3mMiHU cepedosula ma sabezneyqysamu cmabisibHe PYyHKUIOHYBAHHS bi3Hecy.

Ljugposizauis € Karo4o8uM 0paliBepomM mpaHchopmMauii' Cy4acHuUX 02ICMUYHUX CUCMEM, OCKI/IbKU
3abe3neyye nepexid 8i0 mpaduuitiHux, ppazmeHmoBaHux mooesed ynpassiHHs 00 iHMe2PoBAaHUX, eHyY-
KUX i adanmusHUX JIGHU02I8 NOCMAYAHHS. BoHa 3MiHIOE camy /102iKy GYyHKUIOHYBAHHS J102ICMUKU. BIO pe-
aKMUBHO20 peazysaHHs Ha npobaemu 0o NPOAKMUBHO20 YNPABIHHS HA OCHOBI OAHUX | NPO2HO3YBAHHS.
3asosKu yugdpoBUM MexHOJI02ISM J102ICMUKA NePemMBOPHOEMbCS HAa NPO30PY CUCMeEMY 3 BUCOKUM piBHEM
KOOPOUHAUJi" MiXC YCiMa y4acHUKAaMU JIaHUr02a NOCMA4yanHs. Lje ocobuso Baxiuso 8 ymosax Hecmaobi-
JIbHOCMI Ma Kpu3, KoJu WBUOKICMb NPUUHIMMSA pilueHb | MOoYHICMb iHpopmauli susHa4aroms cmid-
Kicmb 6i3Hecy. Ljugposizauis makox cnpusie iHmezpayii NOCMa4yaabHUKIB, BUPOOHUKIB, J102[CMUYHUX
0Nepamopis i CNoXuBayis 8 €OUHY iHpopmauiliHy ekocucmemy [2].

CyyacHe ynpasiiHHA 1AHU02AMU NOCMAYaHHs 6a3yembCs HA WUPOKOMY BUKOPUCMAHHI YUGPOBUX
mexHos102il, ceped AKUX K/1ro4oBse mMicye 3almaroma:

1) ERP-cucmemu (Enterprise Resource Planning), uio 3abe3neyyroms iHmez2posaHe YynpassiiHHA pe-
Cypcamu nionpueMcmBa, BKJIOHAro4U GiHaHcuU, 3aKynisi, BUpoObHUUMBO MA CKAAOChKI 3anacu. BoHU ¢o-
pMyroms €0uHy 6a3y 0aHux 07159 NPUUHSIMMS YNPABJIIHCbKUX PillieHb.

2) SCM-cucmemu (Supply Chain Management), ki opieHmoBaHi Ha ynpassiiHH BCiM JIAHUH20M NO-
CMa4yarHs, 3a6esneyyrodu KoopoUHAUito MiX NOCMAYaIbHUKAMU, BUPObHUKAMU ma oucmpub romopamu,
a MAakoxc oNMUMI3Auiro J102iCMUYHUX NOMOKIB.

3) Big Data-aHanimuka, wjo 00380/15€ 06pobasmu BesuKi Macusu 0aHuUX 0J1 NPO2HO3YBAHHS NO-
numy, BUSIBAGHHS pU3UKIB, ONMUMI3AUji 3anacis i NpUtHAIMMS CMpame2iqyHux pitueHs.

4) IoT (Internet of Things) 3a6e3neyye BidcmexceHHs MoBapis y peasibHoMy 4aci 3a 00NOMO20H ce-
Hcopis i nNpUCMpoiB, WO NIOBULULYE KOHMPOJIb HAO JI02ICMUYHUMU NPOUECaMU.

5) LmyyHud iHmenekm (Al), akul BUKOPUCMOBYEMbLCA 07151 NPO2HO3YBAHHS NONUMY, ABMOMAmMu-
3auii NIaHYBAHHA MApWPymis, ONMUMI3AuUli CKi1adis ma ynpassiiHHA pUu3UKamu.

BnpoBadxeHHs 4ugdposux mexHo102it CymmeBO 3MIHIOE K/IHOHOBI XapakmepucmuKu J102iCMUYHUX
npouecis, 30Kpema ix WBeUOKiCMb, NPO30PICMb [ MOYHICMb. LLIBUOKICMb YyNpasaiHHA 3pOCMAEe 3aB0SKU
asmomamusauii onepauit, onepamusHomy docmyny 00 0aHUX MA MOX/IUBOCMI WBUOKO20 NPULUHAMMS
pilleHb Ha OCHOBI AHA/IIMUKU B peasibHOMY 4aci. L{e 00380/18€ CKOpo4yBamu 4ac 00Cmasku, 06pobKu 3a-
MOBJIeHb | pea2yBaHHs Ha 3miHu nonumy abo nepeboi 8 nocmadaHHi. [1po3opicms 3abe3neqyemscs 3a-
BOAKU HACKPI3HOMY BIOCMEXCEHHIO PyXy MOBApis i pecypcis y BCbOMY SAHUO2Y NOCMAYAHHS. Y4acHUKU
ompumyroms 0ocmyn 00 aKmMyasibHoI iHopMauji npo 3anacu, Mapwipymu, Cmamyc 00CMAasKu ma MOX-
JIUBI PU3UKU, WO 3HUMCYE PiBEHb HEeBU3HAYEHOCMI. TOYHICMb /I02ICMUYHUX NPOUECi8 NIOBULLYEMbLCSA 3a
PAXYHOK MiHIMI3aUi Tl00CbK020 (pakmopy, BUKOPUCMAHHSA ABMOMAMU30B8AHUX CUCMEM NJIAHyBAHHS Ma
aHanimuyHux modesed. Lje 003B80/1S€ 3MEHWUMU KilbKICMb NOMUJIOK Y NPO2HO3YBAHHI NoNUMY, ynpas-
JIiHHI 3anacamu ma KoopouHauii nocmadads [3].

B yKpaiHCbKuUX yMoBax, 0cob1uso 8 Nepiod BOEHHO20 CMAHy, UUGPOBI3auis CMaaa KpUMUYHO BAX-
JIUBOKO YMOBOIO be3nepepsHOCmi bi3Hecy. Hanpukiao, KoMnaHia «Hosa nowma» akmusHO BUKOPUCMO-
BYE UUGPOBI pilueHHs 019 asmomamu3sauii CopmyBaHHs, mpekiHay B8i0npassieHs i YynpassiiHHS 102icmuy-
HOKO Mepexcero, Wo 00380/9€ NIOmMpumMysamu cmabiibHiCMb 00CMAsKU HABIMb Y CKAAOHUX YMOBAX.
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IHwut npuknad, ROZETKA, ska iHmezpye yugposi ni1amaeopmu YnpassiiHHS 3aMOBJICHHAMU MA CKAA0Ch-
KO JT02ICMUKOH0, 3abe3neyyroyu wBuoKy 06pobKy BeuKux 0bcs2i8 OHAAalH-3aMoB/1eHb | KOOPOUHAUHO 3
napmHepamu-0ocmasHUKamu. L{e 00380/ Komnaxii'adanmysamucst 00 pi3Kux 3mMiH NONUMY mMa Js1o2ic-
MuyYHUXx obmexceHb. Takox mepexca METRO Cash & Carry Ukraine sBukopucmoBye uugposi cucmemu yn-
PABJIIHHA 3anacamu ma NOCMAa4YaHHAM 019 onMuMi3auii pobomu 3 NOCMAa4YaabHUKamMu ma 3abesneqyeHHs
6e3nepebiliHo20 Nocma4yaqHs moBapis y po3opibHi moyku [4]. ¥3aeanbHeHHs ocobausocmel BnpoBa-
OXHCeHHS UUGPoBUX mexHO02il y 1o2icmuyHy Oif/IbHICMb NPOBIOHUX YKPAIHCLKUX NIONPUEMCMB NOOAHO
8 mabsauui 1.

Tabauys 1
BukopucmarHs yugposux mexHonozil y 1ozicmulyi YKpaiHCbKUX nionpuemcms
lidnpuemcmso Lugposi mexHonoaii Ccdepa 3acmocysarHs OCHOBHI pe3y/ibmamu 8npoBadXeHHs
loT, Big Data, asmoma- . MidBuweHHs wBuOKocmi 00CMAsKU, MoYHe
. . YnpasniHHa 00cmasKoro, . . -
MU30BAHI COpMYBAJIbHI o BIOCMeXeHHS BaAHMAXIB Y peasibHOMY 4dci,
«Hosa nowima» hli mpekiHe 8idnpas/ieHsb, on- o ; . .
cucmemu, MobisibHI 3a- g ; CMIUKICMb JI02ICMUYHOI Mepexi B Kpu308ux
mumi3ayis mapuwpymis
CMOCYHKU ymoBax
SCM-cucmemu, ERP, yug- E-commerce no2icmuka, Ll/BudKa 06pobKa oHAAUH-3aMOBJIeHb, iH-
ROZETKA poai naamgopmu ynpas- CKAa0CbKe YNpasJsiiHHS, Ko- meapauis 3 102ICMUYHUMU NAPMHEPAmMu,
JIIHHS 3aMOBICHHAMU 0pPOUHAYiSi NOCMAYA/IbHUKIB 3MeHWeHHS Yacy BUKOHAHHS 3aMOBJ1eHb
METRO Cash & ERP-cucmemu, yugpose VnpasniHHS 3aKyniBismu, Onmumi3ayis piBHS 3andacis, 3MeHWEeHHS
Carrv Ukraine YNPasJiiHHS 3anacamu, CKIQ0CbKUMU 3aNdcamu, no- Bmpam moaapis, cmabisibHicmb NOCMa-
v aHasimuKka 0aHux CMA4YaHHsIM YaHHS Y MOp208i MOYKU
JlozicmuyHi one- [naHysaHHs mapwipymis, MlioBuLLeHHs MOYHOCMI NPO2HO3IB, 3HU-
pamopu (3aea- Al, Big Data, loT NPO2HO3YBAHHS NONUMY, MO- | JeHHS BUMPAM HA JI02ICMUKY, NiOBULEHHS
Jiom) HIMOPUH2 NOCMABOK NPO30pOCMi IAHU02IB NOCMAYAHHS

lposedeHull aHani3 c8ioYUMsb, WO UUPPOBI MEXHO02IT € K/THHOBUM PaKmMOopoM NiOBULLEHHS ege-
KmUuBHOCMI J102ICMUYHUX CUCMeM YKPAiHCbKUX NIONpUueMcma. Hatbinbuw KomnaekcHUl nioxio 0o yugpo-
Bi3auli 0eMoHCcMpye KoMNaHisi «Hosa nowma, aKa NoeOHYeE loT-pitueHHs, aHanimuky Big Data ma asmo-
Mamu308aHi COpMYBAsIbHI cucmemu, wo 3abesneyye BUCOKY WBUOKICMb i HadildHicmb 00CMAasKu Hasimsb
B YMOBaAx Kpu3osux obmexceHb. Komnaria ROZETKA epekmusHo iHmezpye SCM- ma ERP-cucmemu 018
YNPABJIiIHHA OHIAUH-3aMOB/IEHHAMU Ma KOOPOUHAUI CK/1a0CbKOI U MpaHCnNopmHOI 102iCMUKU, W0 00380-
JISIE 3HAYHO CKOPOYYBAMU YAC BUKOHAHHS 3aMOBJIeHb | NIOBULLYBAMU piBeHb cepsicy 018 KiHueBuUX Cno-
xusayis. Y csoro yepey, METRO Cash & Carry UKraine 0eMoHCMpPYeE pe3ysibmamusHe BUKOPUCMAHHS
ERP-cucmem ma uugposo2o ynpassiiHHI 3anacamu, uio 3abesnedyye cmabiibHicmb NOCMA4YaxHs mosdapia
i oNMUMI3auUiro CKAA0CbKUX NPOUECIB.

3aeanom, pesysbmamu aHanizy niomsepodCytoms, WO BNPOBAOHEHHS UUdPOBUX MexHO102il
CNPUSIE NiIOBUWEHHIO WBUOKOCMI JI02iCMUYHUX onepauit, NOKPAWEHHO iX NPO30pOCMi ma mMoYHoOCmI, a
makoxc 3abesneyye adanmuBHICMb JIAHY02IB NOCMAYaHHs1 00 yMoB Hecmabi/lbHO20 Ma KPU30B020 cepe-
00BUWA, 30KpeMad BOEHHO20 CMAHY.

Bo€HHI 0ii' 8 YKpaiHi cymmeBO MpaHCGhOopMyBaIu YyMosu PYHKUIOHYBAHHS JI02ICMUYHUX cCUCMeM Nio-
NPUEMCMB, CNPUYUHUBWIU 2/TUBOKI CMPYKMYPHI 3MiHU B Op2aHi3auli 1aHuro2i8 NOCMavyaqHs ma ynpas-
JIIHHI MamepiasbHUMU NOMOKamu. lopyuweHHs mpaduuiiHuX IaHU2I8 NOCMAYaHHS CMasao 00HUM i3 ne-
puwUX | HaUbiIb KpUMUYHUX HAC/TIOKIB BIlHU. PyUHYBAHHA MpPAHCcNOpmHoi iHppacmpykmypu, 610Ky-
BAHHSI NOPMIB, 06MeX(eHHs1 asia- ma 3asi3HUYHO20 CNOJTYYeHHsI NpU3BesIU 00 PO3pUBY YCMATEHUX MIXCHA-
POOHUX | BHYMPIWHIX T02ICMUYHUX Mapuipymis. [Tlionpuemcmaa smpamusiu 0ocmyn 00 mpaduyitiHux no-
CMayasabHUKIB [ pUHKIB 36ymy, Wo BUMA2ada0 ONepamuBHo20 Nepezssdy BCIEl 102icmuYHOI apximeKkmypu.
3pocmarHHs 102iCMUYHUX PU3UKIB | HEBU3HAYeHOCMI NPOABJISIEMBLCSA Y NIOBUWEHHI UMOBIPHOCMI 3ampu-
MOK NOCMAYAaHHS, BMPAm BAHMAX B, KOAUBAHb BAPMOCMI MPAHCNOPMYBAHHA Ma HecmabisibHoCmi No-
CMayaabHUUbKUX BIOHOCUH. BOEHHI YMOBU 3HAYHO YCKIAOHUIU NPO2HO3YBAHHS NONUMY MA NAAHYBAHHS
3anacis, Wo NICBULLUIO piBeHb onNepauyitiHoI HeBU3Ha4YeHoOCmi 018 NioNpUEMCMB ycix eanysel. 3mMiHa ma-
pWpymiB, NOCMA4YaabHUKIB | yMoB 00CMABKU CMasad BUMYUWeHUM 3axo0om adanmauii 6izHecy 00 HOBUX
peaid. [ionpueEMCMBA akKmuBHO NEPeopiEHMOBYOMb JI02ICMUYHI NOMOKU HA A/lbMepHAMUBHI BHYMPpI-
WHI Mma MHHApOoOHi Mapwipymu, 3MiHIOHMb 2eo02padito NOCMA4YasibHUKIB, a MAKoM< nepeassioaroms
YMOBU KOHMPAKMIB 3 YpaxyBaHHIM NIOBUWEHUX PU3UKIB | BUMPAM HA MPAaHCnopmysarHs [5; 6].

HeobxioHicmb nidBuweHHs cmitikocmi ma adanmusHOCMI 102ICMUYHUX CUCMEM CMasa KJitoHoB8uUM
cmpamezigyHuUM npiopumemonm. [1ionpueMcmBa BnpoBaoHytoms Uudposi mexHosoeali, dusepcugikyroms
NOCMAYaHHsi, CMBOPHOKOMb Pe3epPBHI KaHaaUu 00CMAsKu Ma NidBUWYHMb 2HYYKICMb YNPasiHCbKUX Pi-
WweHb. Y yux yMmosax cmitkicms IAHU02IB8 NOCMAYAHHS BU3HAYAEMbCA 30aMHICMI0 WBUOKO adanmysda-
mucsa 0o 3miH cepedosuwa ma 3abeszneqysamu be3nepepsHicmb bi3Hec-npouecia Hasims Yy Kpu3oBux
YMOBAX.
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BnposadxeHHa uugposux mexHoi02iti CymmeBO NIOBULLYE epeKkmuUBHICMb YNPABJIIHHS JIAHUHO-
2amMu NOCMAYAHHS, 3MIHIOFOYU AKICHI XapakmepucmuKu 102iCMUYHUX Npoyecis ma 3abesneyyrodu biibu
BUCOKUU piBeHb ix KepoBaHocmi, moyHocmi i adanmuBHOCM.

rlioBuweHHa onepamusHOCMi NPUUHAMMS piteHb 00CS2aEMbCA 3aB80SKU BUKOPUCMAHHO Uuppo-
BUX NJIAMopM, cucmem aHanimuku ma obpobKu 0aHuUX Y pexcumi peasibHo20 Yacy. Lje 00380/5€ Kepis-
HUKAam onepamusHo pea2ysamu Ha 3miHu nonumy, nepeboi' 8 nocmavyaxHi abo 02icmuyYHi pu3uKU, U0
0C0b6J1UBO BAXUIUBO B YMOBAX HECMAbiibHO20 cepedosuld. ABMoMamu3auis iHpopmauilHUX NOmMokis
3MEHWYE Yacosi BUMpamu Ha 36ip ma aHasi3 0aHux, NIOBULYHYU WBUOKICMb YNPasJIIHCLKUX PilleHsb.

Onmumi3auia 3anacis i MpaHcnNopmHUX NOMOKIB 3abe3neyyembCs 3a PaXyYHOK BUKOPUCMAHHS AHA-
JIMUYHUX CUCMEeM, WMYYHO20 IHMeaeKmy ma npo2Ho3Hux modesned. Ljugpposi iHcmpymeHmu 00380/15-
romsb bi/1bLWL MOYHO NIAHYBAMU PiBeHb 3aNdciB, YHUKaAMU HaoIuwWKis abo degiyumy npooyKuii, a Makoxc
oNMUMI3yBamu mMapuwipymu 00CmMasKu. L{e cnpusie 3sMeHWweHHK NPOCMOIB i NIOBULEHHHO epeKkmuBHOCMI
BUKOPUCMAHHS pecypcis.

Mirimizauis sumpam [ 102icmMuYHUX BMPAM € 0OHUM i3 K/TFOHOBUX pe3yibmamis uugposizauii. As-
momMamu3auia NPOUECiB, CKOPOYEHHS PyYHUX onepauit ma nidBUUWEHHS MOYHOCMI NJIaHYBAHHSA 003B80-
JIFOMb 3MEHWUMU onepayitiHi Bumpamu, BUMPamu Ha 36epizaHHs Ma MpPaHcNOPMYBAHHS, A MAKOMC
3HU3UMU PiBEHb NOMUJIOK Y JI02ICMUYHUX ONepauisix.

3abe3neyeHHs beanepepsHocmi bi3Hec-npoyecis Habysae 0cob/IuBO20 3HAYEHHS B YMOBAX KPU3 |
BOEHHUX BUK/IUKIB. Ljugpposi mexHos102ii 00380/15t0Mb CMBOPHOBAMU pe3epBHI CUueHapii ynpassiiHHS, Bio-
CMexyBamu PU3UKU B PEXUMI peasibHo20 Yacy ma WBUOKO NepeHasawmosy8amu J102iCMUYHi NOMOKU.
L{e 3abe3neyye cmabisibHicmb GYHKUIOHYBAHHS NIONPUEMCMB HABIMb 3d YMOB NOPYWEeHHS MpaouyidiHuX
JIGHUr02IB NOCMAavaHHs [7; 8].

BucHoBKu. 3a pe3ysismamamu 00C1ioxeHHs BCMAHOBJIeHO, Wo Ludposi mexHo102ii € KIH4YoBUM
YUHHUKOM NIOBUWEHHSA epekmuUBHOCMI YNPABAIHHA CYy4acHUMU JIAHU02AMU NOCMAYaHHA. IX Bukopuc-
MakHs 3abe3neqye CymmeBe NOKPAULEHHSI OCHOBHUX NAPAMempiB J102iCMUYHUX NPOUECIB, 30Kpema one-
PamuBHOCMI NPUUHAMMSA YNPAs/IIHCbKUX pPilueHb, MOYHOCMI NIAHYBAHHA MA PIBHS KOOPOUHAUTT MiXC
YHYACHUKAaMU J1aHYr02a NOCMAa4YaHHs.

Bu3Ha4yeHo, wo BnpoBaO@EeHHS UUGPOBUX IHCMPYMEHMIB CNPUSE onMuMi3auii 3anacis i mpaHcno-
PMHUX NOMOKIB, W0 00380/19€ NIOBUWUMU PAUiOHA/IbHICMb BUKOPUCMAHHS pecypcis ma 3a2aibHy epe-
KmuBHICmMb J102icmu4Hoi disisibHocmi nionpuemcmas. OKPIiM Ub0o20, yugposizauis 3abe3nedye MiHiMi3auito
BUMPAM | CKOPOYEHHS JI02ICMUYHUX BMPAM 3d PAXyHOK dsmomMamu3auvii npouecia ma nioBuleHHs mo-
YHOCMI AHAJIIMUYHUX PO3PAXYHKIB.

JlosedeHo, W0 8 ymoBax HecmabisibHO20 MaA KPU308020 cepedosuld uugdposi mexHoo2ii Bidizpa-
romb 0cob1UBO Ba}1UBY poJib y 3abe3neyeHHi besnepepsHocmi bi3Hec-npouecis, niosuleHHi cmitikocmi
JIGHU02IB NOCMAYaHHa ma adanmusHOCMi NIONPUEMCMB 00 30BHIUIHIX BUK/IUKIB.

OKpemo ¢/1i0 Bi03Ha4uUMU, W0 0/ YKpaiHu B8 YMOBAxX BOEHHO20 CMAHy UUGPOBI3auia 102icmuKku
Habyna Kpumu4yHo20 3HAYeHHs. BoHa 00380/1u/1a BIMYU3HAHUM NIONPUEMCMBAM wBudwe adanmysa-
mucsa 0o pyUHYyBaHHS MpaocuyitiHUx mMapuwpymis NOCMAa4YaHHs, obMexceHb iHpacmpykmypu ma 3poc-
MAHHS 7102ICMUYHUX PU3UKIB. [TpaKkmuKa nNposioHUX YKPAiHCbKUX KOMNAHIl cB8i04UMBb, W0 came BnpoBda-
OXceHHS yupposux pitieHb 3abesnedye cmilkicms 6i3Hecy, niompumMaHHs onepauitiHoi digibHocmi ma
36epexeHHs1 KOHKYPeHMOCNPOMOXHOCMI HaBiMb Yy HAOCK/IAOHUX YMOBAX. Takum YuHom, yugdposa mpa-
Hcgopmauia Bucmynae 00HUM i3 KIHHY0BUX ¢akmopis cmabiibHOCMi ma po3suUMmKY J02iCMUYHUX CUC-
mem B8 YKDaiHI.

Cnucok nimepamypu

1. Vorobets, Ye. A. Theoretical foundations and essence of logistics operations. 2023. Issue No. 55.
DOI: https.//doi.org/10.32782/2524-0072/2023-55-8 1 [Onyb1ikoBaHo yKpaiHCbKoro]

2. Kryvoviazjuk, I. V. Digital transformation and improvement of integrated planning systems in
supply chains of industrial enterprises. Economic Forum. 2023. Vol. 1, No. 4, pp. 125-133. DOI:
https.//doi.org/10.36910/6775-2308-8559-2023-4-16 [Onybs1ikoBaHO YKpaiHCbKow]

3. Polyanska, A. S., Martynets, V. B., Kaban, O. V. Supply chain optimization at enterprises under
crisis conditions. The Actual Problems of Regional Economy Development. 2022. Vol. 2, No. 18, pp. 112—
127. DOI: https://doi.org/10.15330/apred2 18112-127 [OnybsikoBaHo yKpaiHcbKoro]

4. Kryveshchenko, V. V., Khmurkovskyi, H. V., Liadenko, T. V. Optimization of logistics supply chains
under global crises. Economy and Society. 2024. Issue No. 63. DOI: https://doi.org/10.32782/2524-
0072/2024-63-110 [OnybsikoBaHo YKpaiHCbKOH]



https://doi.org/10.32782/2524-0072/2023-55-81
https://doi.org/10.36910/6775-2308-8559-2023-4-16
https://doi.org/10.15330/apred218112-127
https://doi.org/10.32782/2524-0072/2024-63-110
https://doi.org/10.32782/2524-0072/2024-63-110

VII INTERNATIONAL SCIENTIFIC CONFERENCE. SINGAPORE. SINGAPORE. 16-17.06.2026

5. Vasyltsiv, N. M. Transformation and adaptation of logistics to challenges under martial law.
Economy and Society. 2023. Issue No. 55. DOI: https.//doi.org/10.32782/2524-0072/2023-55-78 [Ony-
6.J1IKOBAHO YKPaiHCbKOHO]

6. Hryniv, N. T., Ravlikovska, A. A. Restructuring logistics under martial law in Ukraine. Academic
Visions. 2022. Issue 13. DOI: http.//dx.doi.org/10.528 1/zenodo.74 11975 [OnybikosaHo yKpaiHCbKoro]

7. Kuziak, V. Management of logistics processes in Ukraine: problems and solutions under martial
law. Economy and Society. 2023. No. 55. DOI: https://doi.org/10.32782/2524-0072/2023-55-13 [Ony-
6.J1IKOBAHO YKPAiHCbKOO]

8. Mamchyn, M. M., Mykhats, A. R., Demko, M. Ya. Impact of martial law on logistics activities in
Ukraine. Efficient Economy. 2024. No. 6. DOI: http;//doi.org/10.32702/2307-2105.2024.6.62



https://doi.org/10.32782/2524-0072/2023-55-78
http://dx.doi.org/10.5281/zenodo.7411975
https://doi.org/10.32782/2524-0072/2023-55-13

VII INTERNATIONAL SCIENTIFIC CONFERENCE. SINGAPORE. SINGAPORE. 16-17.06.2026

Medical sciences

THE IMPACT OF ENERGY DRINKS, CAFFEINE CONSUMPTION, AND SLEEP QUALITY ON COGNITIVE
FUNCTION DURING EXAMS

Daijyrbek Lazzat Bakitbekkizy
Medical Intern, Asfendiyarov Kazakh National Medical University, Almaty, Kazakhstan

Abstract

This study examined the relationship between enerqgy drink and caffeine intake, sleep disturbance,
and specific cognitive performance (focal attention and working memory) during a university final as-
sessment period. Using an empirical approach, 22 student volunteers were observed. Participants were
divided into an active stimulant group (n=12) and a non-stimulant control group (n=10). Assessment data
were collected using digital Schulte grids and short-term memory tasks. Results showed that although
enerqgy drink consumption systematically reduced sleep duration, individual metabolic differences al-
lowed a subset of subjects to maintain optimal cognitive performance. These measures were compared
with validated baseline data from the PubMed repository.

Keywords: cognitive functions, adenosine stimulation, sleep architecture, academic assessment,
psychophysiological characteristics.

Introduction:The final periods of academic semesters subject university students to high levels of
intellectual pressure and mental fatigue. In order to mitigate this workload and artificially enhance
productivity, the level of reliance on synthetic energy supplements and high-concentration caffeine prod-
ucts has increased among undergraduate students. Peer-reviewed data indicates that the criteria for
selecting these products are closely linked to unique psychological motivations. For instance, a large-
scale study tracked by a Korean university indexed in the PubMed system demonstrated that coffee con-
sumption stems primarily from unconscious behavioral habits (B =.345, p < 0.001). Conversely, the usage
of commercial energy drinks is directly motivated by a specific need for alertness (B=.100, p < 0.01) and
the belief that it is beneficial for somatic health (B =.120, p < 0.05) [1]. Furthermore, the same literature
proved that the synergistic effect of nicotine and high-dose caffeine further exacerbates the decline in
subjective sleep quality [1].

Crucially, the neurological activity offered by these synthetic substances is limited in duration. Op-
erating as competitive blockers of central adenosine receptors, they do not facilitate the recovery of the
physical nervous system, but merely suppress fatigue signals. Consequently, shortened sleep duration and
suboptimal rest cycles reduce information processing speed in the brain. The objective of this pilot study
is to evaluate the direct relationship between enerqgy drink dependence, nocturnal rest intervals, and
objective cognitive performance within an official examination environment among a limited cohort of
students.

Methodology:

The clinical sample for this observational study comprised 22 undergraduate volunteers actively
undergoing seasonal academic assessments. Based on their self-reported consumption of commercial
energy formulations during the 24-hour window preceding cognitive evaluation, the subjects were strat-
ified into two mutually exclusive investigation arms:

1. The Facilitated Group (n=12): Undergraduates who routinely integrated taurine and caffeine-
enriched energy beverages into their nocturnal preparation regimens to sustain prolonged mental per-
formance.

2. The Unstimulated Group (n=10): Age-matched academic peers who purposefully sustained ab-
solute abstinence from any chemical alertness-inducing agents throughout the pre-examination
timeframe.

Nocturnal rest longevity was tracked for each individual participant. Directly prior to the official
testing sequence, neural capabilities regarding concentration depth and working memory bandwidth
were captured via digital diagnostic setups:

The Schulte Array Tracking Matrix: Deployed to quantify visual-spatial exploration velocities and
attention allocation dynamics, with parameters recorded precisely in seconds.
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The Digit-Sequencing Memory Test: Implemented to document real-time audio-visual recall thresh-
olds and short-term cognitive retention capacities, with accuracy output calculated on a 100\% stand-
ardized scale.

The resulting numerical datasets were structured, curated, and evaluated utilizing descriptive sta-
tistical models.

Results:Statistical monitoring confirmed a substantial compression of the nocturnal rest window
among a significant majority of the stimulant-consuming cohort. Nevertheless, the internal datasets
within this experimental arm displayed a non-homogeneous pattern, highlighting pronounced idiosyn-
cratic and individual variations.

A total of 22 students aged 18-20 years from Interdent Medical College participated in the study.
The participants were divided into two groups. The first group consisted of 12 students who reported
sleeping between 2:00 and 3:00 a.m. during the examination period and consuming 1-2 enerqgy drinks
per day (Tassay Energy and Gorilla Energy) to remain awake. The second group consisted of 10 students
who reported going to bed at approximately 10:00 p.m. and did not consume energy drinks.

Examination scores and memory test results were evaluated. Among the students who consumed
energy drinks, 58.3% (n=7) demonstrated average or low academic performance, while 41.7% (n=5)
achieved high scores. Among the students who did not consume enerqy drinks and maintained an earlier
sleep schedule, 50% (n=5) achieved high examination scores, whereas the remaining 50% (n=5) showed
reduced memory performance and obtained low examination results.

The findings suggest that the relationship between sleep patterns, energy drink consumption, and
cognitive performance is complex and may be influenced by additional factors such as stress levels, study
habits, individual learning abilities, and psychological well-being. Although some students maintained
satisfactory academic performance despite sleep deprivation and energy drink consumption, others Sta-
tistical analysis

Table 71— Study Results

Variable Energy drink users(n=12) | Non users(n=10)
Age 18-20 18-20

Bedtime 02:00-03:00 22:00

Energy drinks consumption 1-2 cans/day None

High academic performance,n% | 5(41,7%) 5(50%)

Average 7(58,3%) 5(50%)

No statistically significant difference was observed between the two groups regarding examination
performance due to the small sample size. However, students who consumed energy drinks and slept
later tended to demonstrate a higher proportion of average or low academic performance (58.3%) com-
pared with non-users (50.0%).

Conclusion: The findings indicate that energy drink consumption and reduced sleep duration were
associated with a higher proportion of average or low academic performance (58.3%). However, high
academic achievement was observed in both groups, suggesting that examination outcomes and memory
performance are influenced by multiple factors beyond sleep patterns and caffeine intake alone. Further
studies with larger sample sizes are required to establish statistically significant associations.
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Schulte table testing was additionally conducted to evaluate attention stability, concentration,
and psychomotor processing speed among the participants. The results demonstrated clear variability
between the two study groups.

Among students who consumed energy drinks and experienced reduced sleep duration, a tendency
toward prolonged task completion time was observed. This group more frequently demonstrated re-
duced concentration stability, delayed responses, and occasional loss of sequence during the task, indi-
cating decreased attentional efficiency under conditions of sleep deprivation combined with stimulant
use.

In contrast, students who did not consume enerqgy drinks and maintained regular sleep schedules
generally exhibited faster completion times and more stable performance. Nevertheless, inter-individual
differences were still observed within this group, as some participants demonstrated slower processing
speed despite adequate sleep, suggesting the influence of additional cognitive, psychological, and behav-
ioral factors.

Overall, the findings suggest that both sleep patterns and enerqgy drink consumption may influence
attention performance and psychomotor speed. However, these effects are not uniform across individu-
als.
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Group 1 (Energy Drinks & Late Sleep - 12 students): 5 achieved high scores, while 7 demonstrated
average or low performance.

Group 2 (No Energy Drinks & Early Sleep - 10 students): 5 achieved high scores, and 5 showed re-
duced performance.

4. Discussion

The most notable variability observed in this empirical study was the heterogeneous cognitive per-
formance within the energy drink-consuming group (n = 12). Although this group demonstrated an over-
all tendency toward reduced performance in attention-based tasks, a subset of participants (n = 5;
41.7%) still achieved high academic results despite sleep reduction and stimulant intake. This suggests a
possible inter-individual difference in physiological tolerance to caffeine, potentially associated with ge-
netic variability in metabolic enzymes such as CYP1A2, as well as differences in baseline cognitive reserve.

When compared with non-users (n = 10), 50.0% (n = 5) achieved high academic performance, while
the remaining 50.0% demonstrated average or low results. Interestingly, this indicates that adequate
sleep alone did not uniformly guarantee superior cognitive outcomes, further supporting the role of ad-
ditional factors such as stress level, learning efficiency, and psychological state.

Within the energy drink group, 58.3% (n = 7) exhibited average or low academic performance, sug-
gesting that sleep deprivation combined with stimulant use may negatively influence cognitive stability
in the majority of cases. However, the presence of high-performing individuals within the same group
highlights the non-linear and individualized nature of cognitive response to caffeine and sleep restriction.

Overall, the data suggest that sleep quality and energy drink consumption interact in a complex
manner, influencing attention and memory performance differently across individuals.

Conclusion

This pilot study demonstrates that energy drink consumption is associated with a higher proportion
of average or low academic performance (58.3%) among medical students (n = 12). However, a consid-
erable proportion of users (41.7%) still achieved high academic outcomes, indicating significant inter-
individual variability in response to stimulant intake.
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Among non-users (n = 10), performance was evenly distributed, with 50.0% achieving high aca-
demic results and 50.0% showing reduced performance, suggesting that sleep adequacy alone is not the
sole determinant of cognitive efficiency.

Overall, while energy drinks may temporarily enhance alertness, they do not consistently improve
academic performance and may contribute to cognitive instability in a substantial proportion of students.
These findings highlight the multifactorial nature of cognitive performance, emphasizing the roles of
sleep, individual physiology, and psychological factors.

Recommendations:

1. It is recommended to systematically monitor sleep patterns and stimulant (energy drink and
caffeine) consumption behaviors among medical students, as significant inter-individual variability in
cognitive performance has been observed.

2. The implementation of a sleep hygiene—based academic support model is suggested within
educational institutions, including preventive interventions aimed at improving sleep quality, such as
sleep scheduling guidance and behavioral regulation strategies.

3. Theuseof energy drinks as an academic performance enhancer should be limited or regulated,
as the findings indicate that their effects are inconsistent and highly dependent on individual physiolog-
ical responses.

4. Universities are encouraged to introduce screening systems for early detection of cognitive
fatigue, utilizing tools such as the Schulte table and memory recall tests for periodic assessment of cog-
nitive performance.

5. Further research is recommended to investigate the concept of an “individual caffeine sensi-
tivity phenotype,” with particular focus on the relationship between CYP1A2 metabolic variability and
cognitive response to stimulant intake.

6. Additionally, future studies should employ multivariate analytical models, including regression
analysis or machine learning approaches, to evaluate the combined effects of academic stress, sleep dep-
rivation, and stimulant consumption on cognitive performance.
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Abstract

Patients with left ventricular assist devices require lifelong anticoagulation due to the high risk of
thromboembolic complications associated with artificial blood-contacting surfaces; however, the opti-
mal anticoagulation regimen remains controversial because of the competing risks of bleeding and
thrombosis. The aim of this study was to optimize anticoagulant strategies in LVAD recipients through a
synthesis of retrospective multinational data and to develop a prospective cohort model based on pooled
evidence. A total of 55 studies from Europe, Asia, Russia, CIS countries, North America, and Australia
were analyzed, including more than 60,000 patients with continuous-flow LVADs. Data were extracted
on anticoagulation regimens, INR targets, and clinical outcomes including bleeding, thromboembolism,
pump thrombosis, and mortality. The results demonstrated that standard therapy consisting of heparin
bridging followed by warfarin with or without antiplatelet agents remains predominant, although direct
oral anticoagulants are increasingly used in selected populations. DOAC-based regimens were associated
with a lower risk of major bleeding without a statistically significant increase in thromboembolic events.
INR variability was identified as a critical determinant of outcomes, with optimal values ranging between
2.0 and 3.0. Based on these findings, a prospective cohort study model is proposed to validate individu-
alized anticoagulation strategies in LVAD patients.

Keywords: left ventricular bypass devices, thromboembolism, antiplatelet agents, major bleeding,
transplantation, anticoagulation strategies.

Introduction

Left ventricular assist devices have become a cornerstone in the management of advanced heart
failure, serving both as a bridge to transplantation and as destination therapy, significantly improving
survival rates and quality of life; however, despite technological advances in device design, hemocompat-
ibility-related complications remain a major clinical challenge, particularly bleeding and thromboembolic
events, which are directly influenced by anticoagulation strategies. The necessity of continuous antico-
agulation arises from the interaction between blood and artificial surfaces, leading to activation of co-
agulation pathways and platelet aggregation, thereby increasing the risk of pump thrombosis and sys-
temic embolism, while excessive anticoagulation predisposes to major bleeding, especially gastrointesti-
nal and intracranial hemorrhage. Current clinical practice varies widely across regions, including Europe,
Asia, and CIS countries, with most centers using vitamin K antagonists such as warfarin combined with
antiplatelet therapy, although the emergence of direct oral anticoagulants has introduced new potential
alternatives. Despite numerous studies, there is no consensus regarding optimal anticoagulation regi-
mens, INR targets, or the necessity of concomitant antiplatelet therapy, highlighting the need for a com-
prehensive analysis of existing evidence and the development of prospective strategies aimed at improv-
ing patient outcomes.

Methods

This study was designed as a combined retrospective systematic analysis and prospective cohort
modeling study, including 55 published studies identified through PubMed, Scopus, and Web of Science
databases, with representation from Europe, Asia, Russia, CIS countries, North America, and Australia.
Inclusion criteria consisted of studies involving adult patients with implanted continuous-flow LVADs,
clearly defined anticoagulation regimens, and reported clinical outcomes such as bleeding events, throm-
boembolism, pump thrombosis, and mortality, while exclusion criteria included small case series, pediat-
ric populations, and studies lacking sufficient data. Extracted variables included type of anticoagulation
therapy such as vitamin K antagonists, direct oral anticoagulants, and heparin bridging, use of antiplate-
let agents, INR targets, and clinical outcomes. Statistical analysis was performed using a random-effects
meta-analytic approach to account for inter-study heterogeneity, with pooled risk ratios calculated for
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major outcomes and meta-regression analysis conducted to evaluate the relationship between INR levels
and clinical events. Based on pooled retrospective data, a prospective cohort model was constructed to
simulate real-world clinical conditions and to define optimal anticoagulation strategies.

Results

The pooled analysis included over 60,000 patients with continuous-flow LVADs and follow-up du-
rations ranging from 6 months to 5 years, demonstrating that the majority of patients received standard
anticoagulation therapy consisting of initial heparin bridging followed by warfarin, with approximately
40% also receiving antiplatelet therapy, while 10-15% of patients in more recent studies were treated
with direct oral anticoagulants. The incidence of major bleeding ranged from 15% to 45%, with gastro-
intestinal bleeding being the most common complication, and pooled data showed that DOAC-based
regimens were associated with a significant reduction in major bleeding risk compared to warfarin, with
relative risk reductions of approximately 30-35%. Thromboembolic events, including ischemic stroke and
systemic embolism, occurred in 5-15% of patients, with no statistically significant difference observed
between DOAC and warfarin groups, while pump thrombosis occurred in 2-10% of cases and was
strongly associated with subtherapeutic anticoagulation levels. Meta-regression analysis revealed that
INR variability was a key determinant of outcomes, with INR values below 2.0 associated with increased
risk of thrombosis and values above 3.0 associated with increased bleeding risk, and the optimal INR
range identified across studies was 2.0-3.0, although some centers reported acceptable outcomes with
lower targets in selected high-bleeding-risk patients.

The findings of this study highlight the persistent and clinically significant challenge of balancing
thrombotic and bleeding risks in patients with implanted left ventricular assist devices, confirming that
anticoagulation management remains one of the most critical determinants of both short- and long-term
outcomes despite continuous technological improvements in device design and hemocompatibility. The
predominance of warfarin-based regimens observed across Europe, Asia, and CIS countries reflects his-
torical clinical practice and guideline recommendations; however, the growing use of direct oral antico-
agulants in recent studies suggests an ongoing paradigm shift toward more individualized and potentially
safer anticoagulation strategies. One of the key findings of this analysis is the consistent reduction in
major bleeding risk associated with DOAC-based regimens without a corresponding increase in throm-
boembolic events, which may be explained by their more predictable pharmacokinetics, fewer drug and
dietary interactions, and absence of the need for frequent monitoring, in contrast to vitamin K antago-
nists that are highly sensitive to fluctuations in metabolism, comorbid conditions, and patient adherence.
At the same time, it is important to emphasize that current evidence on DOAC use in LVAD patients
remains limited and largely observational, and concerns persist regarding their ability to prevent pump
thrombosis under high shear stress conditions within continuous-flow devices, which may require higher
levels of anticoagulation intensity compared to atrial fibrillation or venous thromboembolism popula-
tions.

Table 1. Baseline characteristics and anticoagulation strategies in pooled LVVAD cohort (n > 60,000)

Variable Value

Total patients >60,000

Regions Europe (36%), Asia (27%), CIS/Russia (18%), North America/Australia (19%)
Mean age 52-64 years

Male (%) 72-78%

LVAD type Continuous-flow (92%)
Follow-up 6 months — 5 years
Warfarin-based therapy 85%

DOAC-based therapy 10-15%

Antiplatelet use ~40%

Target INR (most common) 2.0-3.0

Lower INR strategy (1.5-2.5) | ~20% centers

Table 2. Clinical outcomes by anticoagulation regimen
Outcome Warfarin | DOACs | Relative Effect
Major bleeding 25-45% | 15-30% | | 30-35%
Ischemic stroke 8-15% 6-12% | ~no difference
Pump thrombosis | 3-10% 2-8% ~ no difference
Mortality (1-year) | 20-30% | 18-28% | slight ]

Discussion

The role of antiplatelet therapy remains controversial, as approximately 40% of patients in the
pooled cohort received concomitant antiplatelet agents, yet the overall benefit in reducing thrombotic
events appears limited, while the associated increase in bleeding risk is consistently reported across
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studies. This raises important clinical questions regarding the necessity of dual therapy in all patients and
suggests that a more selective approach based on individual thrombotic risk factors, such as prior pump
thrombosis, device type, or hypercoagulable states, may be more appropriate. Furthermore, regional dif-
ferences identified in this analysis, particularly between European and Asian cohorts, may reflect varia-
tions in clinical protocols, genetic factors affecting coagulation pathways, differences in body mass in-
dex, and healthcare system infrastructure, including access to regular INR monitoring and multidiscipli-
nary LVAD care teams, all of which can influence anticoagulation quality and outcomes.

Another critical observation of this study is the strong association between INR variability and ad-
verse outcomes, confirming that both subtherapeutic and supratherapeutic anticoagulation levels signif-
icantly increase the risk of complications, with INR values below 2.0 predisposing to thrombotic events
such as pump thrombosis and ischemic stroke, while values above 3.0 markedly increase the risk of major
bleeding, particularly gastrointestinal hemorrhage, which is known to be highly prevalent in LVAD pa-
tients due to acquired von Willebrand syndrome and angiodysplasia formation. This finding underscores
the importance of strict anticoagulation monitoring and supports the concept of narrower therapeutic
windows tailored to individual patient risk profiles. Interestingly, several centers reported acceptable
outcomes with lower INR targets in patients at high bleeding risk, suggesting that de-escalation strate-
gies may be safe in selected populations, although such approaches require validation in prospective stud-
es.

The clinical implications of these findings are substantial, suggesting that future anticoagulation
strategies in LVAD patients should move toward personalized medicine approaches that integrate pa-
tient-specific risk factors, device characteristics, and dynamic monitoring of coagulation status, poten-
tially incorporating biomarkers, point-of-care testing, and digital health tools to improve anticoagulation
control. In addition, the development of standardized protocols across regions and centers may help re-
duce variability in clinical practice and improve overall outcomes. Importantly, the proposed prospective
cohort study based on these findings provides a structured framework to validate the safety and efficacy
of alternative anticoagulation strategies, including reduced-intensity warfarin therapy and DOAC-based
regimens.

Conclusion

This study has several limitations that should be acknowledged, including the retrospective nature
of the included data, heterogeneity in study design and patient populations, variability in outcome defi-
nitions, and the lack of randomized controlled trials directly comparing anticoagulation strategies in
LVAD patients, which may introduce bias and limit the generalizability of the findings; however, the large
pooled sample size and inclusion of diverse geographic regions enhance the robustness and external va-
lidity of the results. Future research should focus on well-designed prospective and randomized studies
to establish evidence-based guidelines for anticoagulation in LVAD patients and to further explore the
role of emerging therapies and technologies in optimizing patient care.

Optimization of anticoagulant regimens in patients with implanted left ventricular assist devices
requires a careful balance between preventing thromboembolic complications and minimizing bleeding
risk, with current evidence supporting the continued use of warfarin as the standard therapy while high-
lighting the potential role of direct oral anticoagulants as safer alternatives in selected populations; in-
dividualized anticoagulation strategies based on patient risk profiles, strict INR control, and reconsider-
ation of antiplatelet therapy may significantly improve clinical outcomes, and the proposed prospective
cohort study provides a structured framework for validating these approaches in real-world clinical prac-
tice.
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Abstract

A substantial burden of morbidity and mortality in women worldwide is attributed to cervical can-
cer, with persistent high-risk HPV infection recognized as its principal etiological cause. Timely detection
of high-grade cervical intraepithelial neoplasia (CIN I1+) is essential for effective prevention strategies.
This systematic review and meta-analysis aimed to evaluate and compare the diagnostic performance of
HPV DNA testing and conventional cytology in identifying CIN ll+ lesions. A total of 56 studies from Eu-
rope, CIS countries, North America, Japan, and China were analyzed, including both retrospective and
prospective data. Five principal statistical indicators were assessed: sensitivity, specificity, diagnostic
odds ratio (DOR), area under the receiver operating characteristic curve (AUC), and heterogeneity (12).
The findings indicate that HPV DNA testing provides substantially higher sensitivity but lower specificity
compared to cytology. The pooled sensitivity of HPV testing was 0.94 (95% CI: 0.9 1-0.96), while cytology
demonstrated 0.72 (95% Cl: 0.68-0.76). In contrast, specificity was higher for cytology at 0.94 (95% ClI:
0.91-0.96) compared to 0.86 (95% Cl: 0.82—-0.89) for HPV testing. These results support the use of HPV
DNA testing as a more effective primary screening method, particularly within structured screening pro-
grams.

Relevance and Purpose of the Research

The significance of this study stems from the pressing global demand to enhance cervical cancer
screening strategies, particularly in settings characterized by high disease burden and constrained
healthcare resources. Early and accurate identification of CIN I1+ lesions plays a pivotal role in preventing
progression to invasive cervical cancer, thereby reducing mortality rates and improving overall health
outcomes among women. In light of the known limitations of conventional cytology and the increasing
implementation of HPV DNA testing, establishing robust evidence on their comparative diagnostic effec-
tiveness is of critical importance.

This study aims to deliver a comprehensive and evidence-based assessment of the diagnostic accu-
racy of HPV DNA testing in comparison with cytology. Through the integration of data from diverse in-
ternational studies and the application of standardized statistical methodologies, the analysis seeks to
resolve inconsistencies reported in the existing literature and to inform clinical and public health decision-
making. Ultimately, this research is intended to support the optimization of cervical cancer screening
programs and to facilitate the adoption of more effective, reliable, and accessible diagnostic strategies.

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

Introduction

Cervical cancer remains a substantial global health challenge, with a disproportionate impact in
low- and middle-income countries. According to recent epidemiological estimates, it is among the four
most common malignancies affecting women worldwide. Persistent infection with high-risk human pap-
illomavirus (HPV), particularly genotypes 16 and 18, has been firmly established as the primary driver of
cervical carcinogenesis. Over recent decades, screening approaches have undergone significant develop-
ment, with cytology (Pap smear) traditionally serving as the foundation of early detection programs.
However, its effectiveness is constrained by relatively moderate sensitivity and considerable interob-
server variability.

In recent years, HPV DNA testing has gained recognition as a viable alternative due to its superior
sensitivity in identifying precancerous lesions. Evidence from large-scale clinical trials and longitudinal
cohort studies indicates that HPV-based screening enhances the detection of CIN I+ lesions. Nonetheless,
its comparatively lower specificity raises concerns regarding potential overdiagnosis and the consequent
increase in healthcare utilization.



VII INTERNATIONAL SCIENTIFIC CONFERENCE. SINGAPORE. SINGAPORE. 16-17.06.2026

Although numerous comparative studies have been conducted, heterogeneity in study design, pop-
ulation characteristics, and diagnostic thresholds has resulted in inconsistent findings. Consequently, a
comprehensive synthesis of available evidence is required to generate more reliable conclusions. The pre-
sent study therefore seeks to systematically assess and compare the diagnostic accuracy of HPV DNA
testing and cytology using standardized statistical metrics.

Methods

The present systematic review and meta-analysis was performed in accordance with the PRISMA
guidelines. A total of 56 studies published between 2005 and 2025 were included in the analysis. Litera-
ture was retrieved from PubMed, Scopus, Web of Science, as well as relevant regional medical databases.
Eligibility criteria comprised: (1) studies assessing HPV DNA testing and/or cytology for the detection of
CIN 11+, (2) provision of sufficient data to calculate diagnostic accuracy parameters, and (3) use of histo-
pathological examination as the reference standard. Both retrospective and prospective study designs
were considered.

Data extraction was conducted independently by two reviewers to ensure accuracy and con-
sistency. Collected variables included study design, sample size, geographic location, screening modality,
and diagnostic outcomes. Any disagreements were resolved through discussion and consensus.

For the comparative analysis, five key statistical indicators were evaluated: sensitivity, specificity,
diagnostic odds ratio (DOR), area under the receiver operating characteristic curve (AUC), and heteroge-
neity (12 statistic). Given the anticipated variability across studies, a random-effects model was applied.
Subgroup analyses were additionally performed according to geographic region and study design. Assess-
ment of publication bias was carried out using funnel plots in conjunction with Egger’s test. All statistical
analyses were performed using RevMan and Stata software.

Results

A total of 56 studies involving more than 500,000 women were included in the meta-analysis. Of
these, 32 studies had a prospective design, while 24 were retrospective. The studies were geographically
distributed across Europe (18 studies), CIS countries (8), North America (10), Japan (10), and China (10).

The pooled analysis demonstrated that HPV DNA testing achieved markedly higher sensitivity than
cytology. Specifically, the sensitivity of HPV testing reached 0.94 (95% Cl: 0.91-0.96), compared with
0.72 (95% Cl: 0.68-0.76) for cytological screening. Conversely, cytology showed superior specificity at
0.94 (95% Cl: 0.91-0.96), whereas HPV testing yielded a specificity of 0.86 (95% Cl: 0.82—0.89).

Overall diagnostic performance, as measured by the diagnostic odds ratio (DOR), was greater for
HPV DNA testing. The DOR for HPV testing was 85.2, compared to 42.7 for cytology, indicating enhanced
discriminatory ability. This advantage was further supported by the area under the ROC curve (AUC),
with values of 0.96 for HPV testing and 0.88 for cytology.

Between-study heterogeneity ranged from moderate to high (I? = 65-82%), reflecting variability in
population characteristics, screening protocols, and study methodologies. Subgroup analyses indicated
consistent performance of HPV testing across all regions, whereas cytology demonstrated greater fluc-
tuation, particularly in low-resource settings. Evaluation of funnel plots revealed minimal evidence of
publication bias.
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Figure 1. Summary of Five Key Diagnostic Criteria Identified Across 56 Studies

Discussion

The findings of this meta-analysis confirm that HPV DNA testing offers substantially higher sensi-
tivity than cytology for detecting CIN Il+ lesions, supporting its role as a primary screening modality. The
increased sensitivity facilitates earlier identification of high-grade lesions, which is essential for prevent-
ing progression to invasive cervical cancer. Despite these advantages, the lower specificity associated
with HPV testing represents an important limitation. This may result in a higher rate of false-positive
findings and unnecessary follow-up procedures, potentially increasing the burden on healthcare systems.
Consequently, the implementation of effective triage strategies—such as reflex cytology or HPV geno-
typing—is critical to enhance screening efficiency. The consistency of results across different geographic
regions highlights the broad applicability of HPV-based screening approaches. In contrast, the variability
observed in cytology performance underscores its dependence on factors such as laboratory infrastruc-
ture, clinician expertise, and quality assurance measures.From a clinical and public health perspective,
the shift toward HPV-based screening is in line with current international recommendations, including
those issued by the World Health Organization (WHO). The incorporation of HPV testing into national
screening programs has the potential to significantly reduce both the incidence and mortality of cervical
cancer. This study has several notable strengths, including the large aggregated sample size, inclusion of
both prospective and retrospective studies, and the use of multiple standardized statistical indicators.
However, certain limitations should be acknowledged, particularly the presence of heterogeneity across
studies and potential variability in HPV testing methodologies.

Conclusion

HPV DNA testing demonstrates superior diagnostic accuracy compared to cytology for the detec-
tion of CIN lI+ lesions, primarily due to its high sensitivity and strong overall diagnostic performance.
While cytology maintains higher specificity, its lower sensitivity limits its effectiveness as a standalone
screening tool. The results strongly support the implementation of HPV-based primary screening strate-
gies, particularly within organized national screening programs where quality control and follow-up sys-
tems are well established.

In addition, the integration of HPV testing into routine clinical practice offers opportunities for
extended screening intervals, improved patient compliance, and more efficient allocation of healthcare
resources. The use of triage approaches—such as reflex cytology, HPV genotyping, or biomarker-based
testing—can help mitigate the issue of lower specificity and reduce unnecessary interventions. Im-
portantly, HPV-based screening may be especially beneficial in low- and middle-income countries, where
cytology infrastructure is limited and standardized interpretation is challenging.

Future research should focus on refining screening algorithms, evaluating cost-effectiveness across
different healthcare systems, and assessing long-term outcomes such as cancer incidence reduction and
survival rates. Furthermore, the role of self-sampling HPV tests and digital health technologies should be
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explored to enhance accessibility and participation in screening programs. Overall, the transition toward
HPV-based screening represents a critical advancement in global cervical cancer prevention strategies.
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Abstract

COVID-19 infection has been increasingly associated with long-term cardiovascular complications
that persist beyond the acute phase of illness. This systematic review aims to evaluate long-term cardio-
vascular outcomes following SARS-CoV-2 infection based on international cohort studies conducted over
the past ten years. A comprehensive literature search was performed in PubMed, Scopus, Web of Science,
Cochrane Library, as well as regional databases including Russian and CIS medical sources. The search
initially identified 79 studies published between 2020 and 2025. After removal of duplicates, screening
of titles and abstracts, and full-text assessment based on predefined inclusion and exclusion criteria, 48
studies were included in the final analysis. Eligible studies included cohort and case-control designs with
follow-up duration of at least four weeks after confirmed COVID-19 infection and reporting cardiovas-
cular outcomes. Studies originated from Europe, Asia, North and South America, Australia, Russia, and
CIS countries. Quality assessment was performed using the Newcastle—Ottawa Scale, with most studies
demonstrating moderate to high methodological quality. The findings consistently showed that COVID-
19 survivors have an increased risk of major cardiovascular outcomes including myocardial infarction,
stroke, arrhythmias, myocarditis, heart failure, thromboembolic events, and new-onset hypertension. The
risk was highest in the early post-acute period but remained elevated for up to 12—-24 months in several
cohorts. The strongest associations were observed for myocarditis and thromboembolic complications.
In conclusion, COVID-19 infection is associated with sustained long-term cardiovascular risk, highlighting
the importance of structured cardiovascular follow-up in affected patients.

Keywords: COVID-19, long-term outcomes, cardiovascular disease, myocarditis, stroke, systematic
revie

Introduction

The coronavirus disease 2019 (COVID-19) pandemic, caused by the SARS-CoV-2 virus, has resulted
in a global health crisis with far-reaching consequences beyond acute respiratory illness. While initial
research focused primarily on pulmonary complications and acute mortality, increasing evidence has
demonstrated that COVID-19 also exerts significant long-term effects on multiple organ systems, partic-
ularly the cardiovascular system. Post-acute cardiovascular complications have emerged as an important
component of the post-COVID syndrome, often referred to as “long COVID.” These complications include
myocardial injury, myocarditis, arrhythmias, thromboembolic disease, heart failure, and hypertension,
which may develop or persist months after the initial infection.

Several mechanisms have been proposed to explain the cardiovascular effects of SARS-CoV-2, in-
cluding systemic inflammation, endothelial dysfunction, immune-mediated myocardial injury, hyperco-
aqulability, and autonomic nervous system dysregulation. Viral entry through ACE2 receptors, widely ex-
pressed in cardiovascular tissues, may further contribute to direct myocardial and vascular injury. Despite
growing literature on post-COVID complications, long-term cardiovascular outcomes remain inconsist-
ently reported across different populations, healthcare systems, and geographic regions. Variations in
study design, follow-up duration, and patient characteristics make it difficult to draw unified conclusions.

Therefore, the aim of this systematic review is to synthesize available evidence on long-term cardi-
ovascular outcomes after COVID-19 infection across multiple continents, including Europe, Asia, North
and South America, Australia, Russia, and CIS countries, and to evaluate the magnitude and duration of
cardiovascular risk in post-COVID patients.

Methods

This systematic review was conducted in accordance with PRISMA guidelines to ensure methodo-
logical transparency and reproducibility. A comprehensive literature search was performed across multi-
ple databases, including PubMed/MEDLINE, Scopus, Web of Science, Cochrane Library, and regional da-
tabases containing Russian and CIS medical publications. The search strateqy included combinations of
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keywords and medical subject headings such as “COVID-19,” “SARS-CoV-2,” “long-term outcomes,” “car-
diovascular disease,” “myocardial infarction,” “stroke,” “arrhythmia,” “heart failure,” and “thromboem-
bolism.” The search covered studies published from January 2020 to December 2025.

Studies were included if they met the following criteria: cohort or case-control design, confirmed
diagnosis of COVID-19 infection, assessment of cardiovascular outcomes occurring at least four weeks
after infection, and a minimum follow-up duration of one month. Studies were excluded if they were case
reports, case series with small sample sizes, or lacked clear cardiovascular outcome reporting, as well as
studies limited only to the acute phase of infection.

A total of 79 studies were initially identified. After removal of duplicates and screening based on
titles and abstracts, 21 studies were excluded due to irrelevance. Full-text review led to the exclusion of
an additional 10 studies because of insufficient follow-up duration, incomplete outcome reporting, or
low methodological quality. Ultimately, 48 studies met the inclusion criteria and were included in the
final analysis.

The included studies represented diverse geographic regions, including Europe, Asia, North Amer-
ica, South America, Australia, Russia, and CIS countries. Study quality was assessed using the Newcastle—
Ottawa Scale, with 18 studies rated as high quality, 22 as moderate quality, and 8 as having lower risk
of bias but limited follow-up duration. Due to significant heterogeneity in study designs, populations, and
outcome definitions, a narrative synthesis approach was adopted rather than a formal meta-analysis.
Outcomes of interest included myocardial infarction, stroke, arrhythmias, myocarditis, heart failure,
thromboembolic events, and new-onset hypertension.

Results

The analysis of 48 included studies demonstrated a consistent association between prior COVID-
19 infection and increased long-term cardiovascular risk. Across all regions and study designs, COVID-19
survivors exhibited a higher incidence of major adverse cardiovascular events compared to non-infected
control populations. The increased risk was most pronounced during the first six months following infec-
tion but remained elevated in several studies for up to 12 to 24 months, suggesting persistent cardiovas-
cular vulnerability.

Myocarditis emerged as one of the most strongly associated conditions following COVID-19 infec-
tion, with multiple cohort studies reporting a sustained increase in incidence beyond the acute infection
phase. Thromboembolic complications, including deep vein thrombosis and pulmonary embolism, were
also significantly elevated, particularly among patients who experienced severe acute COVID-19 or re-
quired hospitalization. Stroke risk was increased across several large population-based studies, with the
highest incidence observed within the first three to six months after infection, although some studies
reported persistent long-term elevation.

Arrhythmias, particularly atrial fibrillation and other tachyarrhythmias, were frequently reported
in post-COVID cohorts, suggesting potential long-term electrical remodeling or autonomic dysfunction.
Heart failure incidence was moderately increased, especially in older populations and those with pre-
existing cardiovascular risk factors. Additionally, several studies identified new-onset hypertension fol-
lowing COVID-19 infection, potentially related to endothelial dysfunction and dysregulation of the
renin—angiotensin—aldosterone system.

Regional variations were observed across included studies. North American and European registry-
based studies generally reported higher absolute rates of cardiovascular outcomes, while Asian studies
demonstrated more heterogeneous findings, potentially reflecting differences in population characteris-
tics, healthcare access, and hospitalization criteria. Studies from Russia and CIS countries emphasized
autonomic dysfunction and arrhythmic manifestations in post-COVID patients.
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CARDIOVASCULAR OUTCOMES AFTER COVID-19 INFECTION

No. of Studies  Pooled Effect Risk Increase
Outcome

Reporting (n) (Direction) (Relative Risk, 95% ClI)
Myocardial Infarction 34 1 1.32 (1.15-1.51) F———
Stroke 36 4 1.41 (1.25-1.60) b
@ Arrhythmias 38 4 1.73 (1.50-1.99) e
& Myocarditis 28 4 3.35 (2.49-4.50) —
@ Heart Failure 33 4 1.63(1.37-1.93) —e—
@‘g Thromboembolic Events 32 4 211 (1.72-2.60) — e —

New-onset Hypertension 26 f 1.35 (1.10-1.65) —e—i

r T T T -
0.5 1 2 4 6
Relative Risk (95% Cl)

Figure 1. Cardiovascular outcomes after COVID-19

Discussion

The findings of this systematic review confirm that COVID-19 infection is associated with signifi-
cant and persistent long-term cardiovascular complications across diverse populations. The increased risk
of myocardial infarction, stroke, arrhythmias, myocarditis, heart failure, and thromboembolic disease
highlights the systemic nature of SARS-CoV-2 infection and its prolonged impact on cardiovascular
health. The persistence of elevated risk beyond the acute phase suggests that COVID-19 may act as a
trigger for chronic cardiovascular pathology rather than a transient infectious insult.

Several biological mechanisms may explain these observations. Persistent inflammation and im-
mune activation can lead to chronic endothelial injury and accelerated atherosclerosis. Direct viral in-
volvement of endothelial and myocardial cells via ACE2 receptors may result in structural cardiac dam-
age. Hypercoagulability and microvascular thrombosis observed during acute infection may contribute
to long-term vascular complications. Additionally, autonomic nervous system imbalance may explain the
high prevalence of arrhythmias and blood pressure dysregulation observed in post-COVID patients.

The strongest and most consistent associations were observed for myocarditis and thromboem-
bolic events, suggesting that inflammatory and coagulation pathways play a central role in post-COVID
cardiovascular pathology. Importantly, the risk was not limited to patients with severe acute illness, in-
dicating that even mild or moderate infection may have long-term cardiovascular consequences.

These findings have important clinical implications. Patients recovering from COVID-19 may ben-
efit from long-term cardiovascular monitoring, particularly within the first year after infection. Early
identification of high-risk individuals could allow timely intervention and potentially reduce long-term
morbidity. However, heterogeneity across studies highlights the need for standardized definitions of post-
COVID cardiovascular outcomes and uniform follow-up protocols.

Conclusion

In conclusion, this systematic review demonstrates that COVID-19 infection is associated with sus-
tained long-term cardiovascular risk across multiple global populations. Based on evidence from 48 stud-
ies, survivors of COVID-19 exhibit increased incidence of myocardial infarction, stroke, arrhythmias, my-
ocarditis, heart failure, thromboembolic disease, and new-onset hypertension, with risk persisting up to
two years after infection in some cohorts. These findings underscore the importance of structured cardi-
ovascular follow-up and long-term monitoring strategies in post-COVID patients. Further prospective
studies are required to clarify underlying mechanisms and to develop targeted preventive strategies
aimed at reducing long-term cardiovascular burden after SARS-CoV-2 infection.
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Abstract

The shift toward personalized oncology has increased the importance of imaging biomarkers for
early and accurate prediction of treatment response in patients with solid tumors. Conventional size-
based criteria such as RECIST are often insufficient, particularly in the context of targeted therapies and
immunotherapy, where functional and metabolic changes precede morphological alterations.

This study aimed to systematically evaluate and compare the diagnostic and prognostic perfor-
mance of PET/CT and MRI-derived imaging biomarkers in predicting treatment response in solid tumors,
as well as to assess the added value of combined and radiomics-based approaches. A systematic review
and meta-analysis were conducted in accordance with PRISMA guidelines. A comprehensive literature
search of PubMed, Scopus, Web of Science, and Embase databases identified studies published between
2015 and 2025. A total of 85 studies involving more than 40,000 patients were included. Pooled sensi-
tivity, specificity, diagnostic odds ratio, and area under the curve were calculated using random-effects
models. Study quality was assessed using the QUADAS-2 tool.

This study provides a comprehensive global comparison of PET/CT and MRI biomarkers, integrating
data from multiple regions including Asia, Europe, and CIS countries, and highlights the emerging role of
radiomics and artificial intelligence. Unlike previous reviews, it emphasizes the complementary nature of
these modalities and demonstrates the superior performance of combined imaging approaches, offering
new insights for optimizing personalized treatment strategies. PET/CT and MR/ are complementary and
highly effective tools for treatment response prediction in solid tumors. The integration of hybrid imaging
and radiomics holds significant promise for improving prognostic accuracy and advancing precision on-
cology.

Keywords: PET/CT, MRI-derived imaging biomarkers, solid tumors, oncology, biomarkers, targeted
therapies, immunotherapy, diffusion-weighted imaging.

Introduction

Modern oncology is characterized by a shift from purely morphological tumor response assessment
toward multiparametric evaluation based on imaging biomarkers. Traditional criteria such as RECIST,
which rely on tumor size reduction, have limited sensitivity in assessing the effectiveness of targeted
therapy and immunotherapy, as morphological changes often lag behind functional and metabolic alter-
ations. In this context, hybrid imaging modalities such as PET/CT and MRI play a crucial role, enabling
assessment of both tumor metabolic activity and microenvironmental features, including perfusion, dif-
fusion, and angiogenesis.

PET/CT, particularly using 18F-FDG, is widely applied for evaluating metabolic response to treat-
ment, whereas MRI, including diffusion-weighted imaging (DWI) and dynamic contrast-enhanced (DCE)
techniques, provides detailed anatomical and functional characterization of tumors. In recent years, ra-
diomics and quantitative imaging biomarkers such as SUVmax, metabolic tumor volume (MTV), apparent
diffusion coefficient (ADC), and advanced texture features have gained increasing attention for their
ability to predict treatment response and patient survival.

Despite the widespread use of both modalities, the question of their comparative effectiveness and
the potential benefits of their combined use in predicting treatment response in solid tumors remains
unresolved. The aim of this systematic review and meta-analysis is to evaluate the diagnostic and prog-
nostic value of PET/CT and MRI-derived biomarkers and to perform a comparative analysis of their effec-
tiveness.

Methods

This study was conducted in accordance with PRISMA guidelines. A systematic literature search
was performed in PubMed, Scopus, Web of Science, and Embase databases for studies published between
2015 and 2025. Original studies and meta-analyses investigating the use of PET/CT and/or MRI for
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treatment response assessment in solid tumors were included. The geographic distribution covered stud-
ies from Europe, Asia (China, Japan, South Korea), CIS countries and Russia, North America, and Australia.

Inclusion criteria were: (1) studies involving patients with solid tumors; (2) use of PET/CT and/or
MRI for treatment response evaluation; (3) availability of data on sensitivity, specificity, or prognostic
performance; and (4) minimum sample size of >30 patients. Exclusion criteria included studies with in-
complete data, narrative reviews without meta-analysis, and animal studies.

A total of 85 studies with a combined sample size exceeding 40,000 patients were included. Study
quality was assessed using the QUADAS-2 tool. Statistical analysis was performed using random-effects
models. Pooled sensitivity (SEN), specificity (SPE), diagnostic odds ratio (DOR), and area under the curve
(AUC) were calculated.

Results

The meta-analysis included 85 studies, of which 48 were prospective and 37 retrospective. The
main tumor types included breast cancer, lung cancer, prostate cancer, colorectal cancer, and head and
neck tumors. The analysis demonstrated that PET/CT has high sensitivity in predicting treatment re-
sponse, ranging from 0.83 to 0.88, and specificity ranging from 0.78 to 0.85 across different tumor types.
MRI showed comparable sensitivity (0.79-0.83) but slightly lower specificity (0.68-0.82), particularly
when only morphological criteria were used.

Subgroup analysis revealed that PET/CT outperforms MRI in early response assessment during ne-
oadjuvant therapy, especially in breast cancer, where PET/CT sensitivity reached 0.87 compared to 0.79
for MRI. However, when advanced MRI techniques such as DWI and radiomics were applied, these differ-
ences became less pronounced. Combined imaging approaches, such as PET/MRI, demonstrated the high-
est diagnostic accuracy, with sensitivity reaching up to 0.94 in several studies, particularly in prostate
cancer. Biomarker analysis showed that SUVmax and MTV derived from PET/CT are reliable predictors
of treatment response and survival, while ADC values from MR inversely correlate with tumor cellularity
and treatment effectiveness. Radiomic features further improved predictive accuracy, with AUC values
reaching 0.7 1-0.83.

Regional analysis indicated that studies from Asia more frequently utilized radiomics and artificial
intelligence approaches, whereas European studies focused on standardization of criteria such as PER-
CIST and RECIST. In CIS countries and Russia, most studies relied on conventional PET/CT without ad-
vanced radiomic modeling.

Diagnostic Performance of Imaging Modalities E Forest Plot of Diagnostic Odds Ratio (DOR)
Pooled sensitivity and specificity for treatment response prediction Random-effects model
in solid tumors
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PET/CT demonstrated high sensitivity (86%) and specificity (82%).
MRI showed slightly lower performance. PET/MRI achieved the
highest diagnostic accuracy.

PET/MRI had the highest diagnostic odds ratio, followed by PET/CT and MRI.
Heterogeneity was moderate among studies (I = 62.4%).

Cl = confidence interval, DOR = diagnostic odds ratio, MRI = magnetic resonance imaging, PET = positron emission tomography, CT = computed tomography.

Figure A. Diagnostic performance of imaging modalities. Figure B. Forest plot of diagnostic odds ratio
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Discussion

The findings of this systematic review and meta-analysis reinforce the complementary roles of
PET/CT and MRI in the evaluation of treatment response in patients with solid tumors. The superior per-
formance of PET/CT in early response assessment can be explained by its ability to capture metabolic
alterations at the cellular level, particularly changes in glucose uptake mediated by tumor glycolytic ac-
tivity. These metabolic shifts typically precede anatomical tumor shrinkage, making PET/CT especially
valuable in the early phases of systemic therapy.

In contrast, MR/ provides superior soft-tissue characterization and multiparametric functional in-
formation, including diffusion restriction and perfusion dynamics. Diffusion-weighted imaging (DWI) re-
flects tumor cellularity through ADC values, which inversely correlate with cell density and treatment-
induced necrosis. Dynamic contrast-enhanced MRI (DCE-MRI) further contributes to the assessment of
tumor angiogenesis and vascular permeability, offering additional biomarkers of therapeutic response.

A clinically important finding is the increasing relevance of imaging biomarkers in the era of immu-
notherapy. Conventional size-based criteria (RECIST) are often insufficient in this setting due to phenom-
ena such as pseudoprogression and delayed tumor shrinkage. PET/CT, particularly using metabolic pa-
rameters such as SUVmax and metabolic tumor volume (MTV), has shown improved capability in distin-
quishing true progression from immune-related inflammatory changes. Similarly, MRI-based functional
parameters may help differentiate treatment-related edema from viable tumor tissue. The superior per-
formance of PET/MRI observed in several studies highlights the value of simultaneous acquisition of met-
abolic and multiparametric anatomical data. This hybrid approach reduces inter-modality variability and
allows for more precise tumor characterization, particularly in anatomically complex regions such as the
pelvis and brain. However, its clinical adoption remains limited due to high operational costs, limited
availability, and longer acquisition times.

Another key aspect is the emergence of radiomics and artificial intelligence as powerful tools for
extracting high-dimensional quantitative imaging features. Radiomic signatures derived from both PET
and MRI have demonstrated promising results in predicting treatment response, recurrence risk, and
overall survival. Integration of machine learning models with imaging biomarkers may significantly im-
prove individualized treatment stratification, although external validation across multi-center cohorts is
still limited.

Geographical differences observed in the included studies suggest variability in methodological ap-
proaches. Asian studies more frequently incorporated radiomics and Al-based models, reflecting rapid
technological integration, whereas European studies emphasized standardization of imaging criteria
such as PERCIST and RECIST 1.1. In contrast, studies from CIS countries and Russia predominantly relied
on conventional semi-quantitative PET/CT metrics, indicating a potential gap in advanced computational
imaging adoption.Despite promising results, several limitations should be acknowledged. Heterogeneity
across tumor types, imaging protocols, timing of assessment, and treatment regimens introduces varia-
bility in pooled estimates. Additionally, many included studies were retrospective in design, which may
introduce selection bias. Lack of uniform radiomic feature extraction standards further limits reproduci-
bility.

Future research should focus on the development of standardized imaging protocols, prospective
multicenter validation of radiomic models, and integration of multimodal imaging biomarkers into clini-
cal decision-support systems. The combination of PET/CT metabolic data, MRI functional parameters,
and Al-driven predictive analytics represents a major step toward precision oncology and individualized
treatment adaptation.

Conclusion

PET/CT and MRI represent complementary and highly effective imaging modalities for predicting
treatment response in solid tumors, each contributing unique and clinically valuable information. PET/CT
demonstrates clear superiority in the early assessment of metabolic response, enabling detection of
treatment effects prior to anatomical changes. This is particularly critical in the era of targeted therapy
and immunotherapy, where conventional size-based criteria often fail to reflect true tumor dynamics.
MR, in contrast, provides superior soft-tissue contrast and detailed structural and functional assessment,
making it indispensable for local staging, evaluation of tumor heterogeneity, and long-term follow-up
without radiation exposure.

The integration of advanced MRI techniques, such as diffusion-weighted imaging and dynamic con-
trast-enhanced imaging, significantly enhances its diagnostic and prognostic performance, narrowing
the gap with PET/CT. Moreover, the incorporation of quantitative imaging biomarkers—including SU-
Vmax, metabolic tumor volume, and apparent diffusion coefficient—offers robust, reproducible
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parameters that are strongly associated with treatment response and survival outcomes. Importantly,
hybrid imaging approaches, particularly PET/MRI, demonstrate the highest diagnostic accuracy by com-
bining metabolic, functional, and anatomical data within a single examination. Although currently lim-
ited by cost and availability, these technologies represent a promising direction for the future of onco-
logic imaging. A key emerging advancement is the application of radiomics and artificial intelligence,
which allow extraction of high-dimensional data from standard imaging and facilitate the development
of predictive models for personalized treatment planning. These approaches have shown significant po-
tential in improving risk stratification, predicting therapeutic response, and guiding clinical decision-mak-
ing.

From a clinical perspective, the findings of this study support a multimodal imaging strategy tai-
lored to tumor type, treatment modality, and clinical context. PET/CT should be prioritized for early re-
sponse assessment and systemic disease evaluation, while MRI should be utilized for detailed local as-
sessment and monitoring, especially in radiosensitive populations. Future research should focus on stand-
ardizing imaging protocols, validating radiomic biomarkers in large prospective cohorts, and integrating
artificial intelligence into routine clinical workflows. Additionally, cost-effectiveness analyses and acces-
sibility considerations will be crucial for the broader implementation of advanced hybrid imaging tech-
niques.

In conclusion, the combined use of PET/CT and MRI, enhanced by radiomics and Al-driven analytics,
holds substantial promise for improving diagnostic accuracy, optimizing treatment strategies, and ad-
vancing the paradigm of precision oncology.
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Abstract

This article is about teaching English pronunciation to young learners in primary schools. Pronun-
ciation is one of the most important parts of speaking, but in many schools teachers do not give enough
attention to it. The article explains the main methods that help children learn English sounds in an easy
and interesting way. The author studied scientific works of local and foreign methodologists and ob-
served English lessons in primary classes. The results show that games, songs, drilling and imitation are
the most useful methods for young learners. The article also gives some practical advice for primary
school English teachers.

Keywords: pronunciation, primary school, young learners, imitation, drilling, phonetic exercises,
communicative approach, songs and games.

INTRODUCTION

Today English is taught from the first grade in the schools of Uzbekistan. Because of this, the ques-
tion of how to teach English pronunciation to young children has become very actual. Pronunciation is
the “face” of speaking. If a pupil pronounces words in a wrong way, other people may not understand
him, even if his grammar is correct. That is why teaching correct pronunciation should start from the first
lessons of English.

Young learners have one big advantage: their speech organs are flexible and they can imitate new
sounds very well. Psychologists say that children before the age of ten or eleven can learn the pronunci-
ation of a foreign language almost like native speakers. However, this advantage works only when the
teacher uses correct methods. If the teacher himself makes mistakes in pronunciation, or if he teaches
sounds in a boring way, pupils lose this chance.

The aim of this article is to study the methodological basis of teaching English pronunciation in
primary schools and to find the most effective methods for young learners. The object of the research is
the process of teaching English in primary classes, and the subject is the methods and techniques of
teaching pronunciation.

LITERATURE REVIEW

Many scientists have written about teaching pronunciation. In Uzbek methodology, J. Jalolov gives
a deep analysis of teaching foreign language pronunciation. He writes that pronunciation teaching has
three main parts: sounds, stress and intonation, and that pronunciation skills must be formed together
with speaking, listening and reading, not separately [1: 142]. He also says that the comparison of the
native language and the foreign language helps the teacher to predict pupils’ mistakes.

Among foreign authors, G. Kelly describes practical techniques for teaching sounds, such as drilling,
minimal pairs and using the phonemic chart. He notes that pronunciation is often the most neglected
area of language teaching, although learners themselves want to improve it [2: 11].

M. Celce-Murcia and her colleagues present both intuitive-imitative and analytic-linguistic ap-
proaches. In the intuitive-imitative approach the learner simply listens and imitates, in the analytic ap-
proach the teacher explains how the sound is produced [3: 2]. For young children, of course, the first
approach is more natural.

J. Harmer underlines that pronunciation work should be connected with real communication and
that teachers should not demand “perfect” native-like pronunciation; the main goal is intelligibility,
which means being understood by others [4: 248]. J. Kenworthy also supports this idea and writes that
the teacher’s main roles are to help learners hear the difference between sounds and to give them feed-
back [5: 1].

So, the literature shows that pronunciation teaching needs a special methodology, and for young
learners imitation, games and meaningful practice are the key elements.

RESEARCH METHODS
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In this research the following methods were used: theoretical analysis of scientific and methodo-
logical literature; observation of English lessons in primary classes; comparison of English and Uzbek
sound systems; and generalization of teachers’ practical experience.

First, the works of local and foreign methodologists were studied and compared. Then English les-
sons in the 1st—4th grades were observed. During the observation, special attention was given to how
teachers present new sounds, how much time they spend on phonetic exercises, and which mistakes pu-
pils make most often. The English and Uzbek phonetic systems were also compared in order to find “dif-
ficult” sounds, for example [0], [d], [w] and [n], which do not exist in Uzbek.

RESULTS

The analysis and observation gave the following results. First, pupils make most mistakes in the
sounds that are absent in their mother tongue. For example, they often say [s] or [t] instead of [6] (“sink”
instead of “think”). This proves J. Jalolov’s idea that the native language strongly influences foreign pro-
nunciation [1: 144].

Second, the most effective method for young learners is imitation. Children learn sounds best when
they listen to a good model (the teacher or an audio recording) and repeat it many times. Drilling —
choral and individual repetition — works very well in primary classes, especially when it is done in a
playful form [2: 16].

Third, songs, rhymes, chants and games give the best results. When pupils sing a song or play a
phonetic game, they repeat the same sounds many times, but they do not feel tired or bored. For example,
tongue twisters like “She sells sea shells” help to practice [s] and [[], and the game “Odd one out” helps
pupils to hear the difference between minimal pairs (ship — sheep, bad — bed).

Fourth, pronunciation work must be short but regular. Five or seven minutes of phonetic exercises
at the beginning of every lesson give better results than one long pronunciation lesson once a month.
Also, the teacher should correct mistakes in a kind way, because young children are very sensitive, and
fear of mistakes can stop them from speaking [4: 250].

Finally, the teacher’s own pronunciation is a very important factor. In primary school the teacher
is the main model for pupils, so he or she must constantly work on his or her own phonetic skills and use
authentic audio and video materials in lessons.

CONCLUSION

Teaching English pronunciation in primary schools has its own methodological basis. It is built on
the psychological features of young learners, on the comparison of the native and foreign sound systems,
and on the principles of the communicative approach. The main conclusions of this research are the fol-
lowing: pronunciation teaching should start from the first English lessons, imitation and drilling are the
leading techniques for children; songs, rhymes and games make phonetic work interesting and effective;
phonetic exercises should be short, regular and connected with real speech, and the goal is not “perfect”
pronunciation but clear and understandable speech.

If primary school teachers follow these methodological rules, their pupils will get a strong phonetic
base, and this base will help them in all their future English learning.
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Abstract

Modern international sport is impossible without communication between athletes, coaches, jour-
nalists, referees, and organizers from different countries. English has become the main language of com-
munication at international competitions, especially in Olympic sports and boxing. This article discusses
the practical importance of English for Kazakhstani athletes, particularly boxers, based on personal ob-
servations and experiences during international tournaments and training camps abroad. The paper fo-
cuses not on linguistic theory, but on real communication situations faced by athletes. The study shows
that insufficient English proficiency often creates communication barriers for Kazakhstani sportsmen
during competitions, interviews, press conferences, and interaction with foreign athletes and coaches.
At the same time, even pre-intermediate-level English proficiency helps athletes feel more confident in
the international sports environment and better represent Kazakhstan on the world stage.

Keywords: English, Kazakhstani athletes, communication, sport diplomacy, professional sport

Introduction

Today, international sport is not only about physical training and competition results. It is also
about communication, media interaction, international cooperation, and cultural exchange. English has
become the global language of sport because athletes, coaches, journalists, and organizers from different
countries use it for communication during competitions and official events. According to the Olympic
communication system, English is one of the official languages of the Olympic movement and is widely
used during international sporting events.

For Kazakhstani athletes, especially boxers, English is becoming increasingly important. Kazakh-
stan regularly participates in the Olympic Games, world championships, Asian Games, and international
boxing tournaments. Famous Kazakhstani boxers such as Genadi Golovkin and Bakhtiar Artayev helped
make Kazakhstan known in world boxing. Modern boxing organizations, such as World Boxing, operate
internationally and communicate primarily in English.

However, many Kazakhstani athletes still experience difficulties communicating in English during
competitions abroad. In many sports schools and training systems, foreign language learning is not con-
sidered a priority. Coaches usually focus on physical preparation and tactical training, while communica-
tion skills receive less attention. As a result, athletes may win medals but still feel uncomfortable during
interviews, press conferences, or communication with foreign athletes.

This article is based on practical observations of international competitions and focuses on the real
role of English in the lives of Kazakhstani athletes.

English as a Language of International Sport

International sport requires constant communication between representatives of different coun-
tries. During Olympic Games and world championships, athletes must communicate with referees, vol-
unteers, doctors, media representatives, and organizers. English is usually the common language in these
situations. Researchers and sport communication specialists note that multilingual communication is es-
sential for the successful organization of global sporting events.

The importance of English in sport is also officially recognized by sports organizations in Kazakh-
stan. In 2024, the Athletes’ Commission of the National Olympic Committee of Kazakhstan organized
special English-language courses for athletes because communication skills became necessary for partic-
ipation in international sports organizations and sports diplomacy. According to the National Olympic
Committee of Kazakhstan, English proficiency helps athletes represent the country internationally and
participate actively in global sports communication.

For boxers, English is especially important because boxing competitions involve international
Jjudges, coaches, promoters, journalists, and athletes from many countries. Press conferences before and
after fights are usually conducted in English. Even basic communication in the locker room, at the hotel,
or during training camps often requires elementary speaking skills. Let us consider practical situations
where English is necessary:
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- Communication during competitions is one of the most common situations where athletes need
to understand schedules, official announcements, medical instructions, and competition rules. Some-
times volunteers or organizers speak only English.

During international boxing events, athletes often ask questions about weighing procedures, trans-
portation, accreditation, or training schedules. Without English, athletes depend completely on coaches
or translators. This dependence can create stress and misunderstanding.

Personal observations indicate that athletes with at least B 1-level English proficiency usually adapt
more quickly to international environments. They feel more independent and confident. They can solve
small everyday problems themselves and communicate more actively with other participants.

- Interviews and press conferences are other situations where athletes communicate with journal-
ists. Successful athletes often give interviews after fights or medal ceremonies. International media usu-
ally ask questions in English. Unfortunately, many talented athletes from Kazakhstan avoid interviews
because they fear making mistakes in English. Sometimes they answer very briefly or use translators even
for simple questions. This may negatively influence their international image and media presence.

At the same time, athletes who can communicate in English appear more confident and profes-
sional. They can express emotions directly, thank supporters, and speak about Kazakhstan to an interna-
tional audience. This becomes an important part of sports diplomacy.

Modern sport is closely connected with media communication. International sports media plat-
forms, such as the International Olympic Committee and English-language sports news websites, operate
primarily in English. Therefore, communication skills influence not only personal confidence but also pub-
lic visibility.

- Training camps abroad are areas where English becomes extremely useful. Boxers often train to-
gether with athletes from other countries. Communication helps athletes exchange experiences, discuss
techniques, and build professional connections.

In practice, many international friendships between athletes begin with simple conversations in
English. Communication outside the ring creates a positive atmosphere and strengthens intercultural
understanding.

Athletes with better English proficiency can also understand instructions from foreign coaches
more easily. Sometimes international training camps invite famous specialists who speak only English. In
such situations, language skills directly influence the quality of training. Now let us consider problems
faced by our athletes.

Despite the growing importance of English, many Kazakhstani athletes still have limited language
skills. One reason is the heavy training schedule. Professional athletes spend many hours daily on physical
preparation, leaving little time for language learning.

Another problem is that some coaches still do not consider English important for sports careers.
Young athletes are often told to focus only on training and competition results. However, modern pro-
fessional sport requires more than athletic ability.

The situation becomes especially difficult during long international competitions. Athletes may ex-
perience isolation because they cannot communicate freely outside their own team. This sometimes af-
fects psychological comfort and adaptation.

In addition, a lack of English limits career opportunities after sport. Former athletes often become
coaches, sport officials, or representatives of international organizations. In these positions, communica-
tion skills are extremely important.

Interestingly, the National Olympic Committee of Kazakhstan has already publicly recognized this
issue. Representatives of the Athletes’ Commission stated that insufficient English proficiency limits ath-
letes’ participation in international sports organizations and committees. That is why English should be
included in sports education.

English should not be considered only as an academic subject. For modern athletes, it is a profes-
sional tool. Even basic communicative competence can help sportsmen feel more comfortable interna-
tionally.

Sports universities, colleges, and sports schools in Kazakhstan could offer more practical English
courses tailored to athletes’ needs. Such courses might include:

- sport terminology;

- communication with journalists;

- everyday communication abroad;

- interviews and press conferences;

- interaction with referees and organizers.
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Practical speaking activities would be especially useful because athletes need communication skills
rather than theoretical knowledge of grammar.

Moreover, learning English can motivate athletes by highlighting direct connections between lan-
guage and professional success. When sportsmen understand that English helps them travel, communi-
cate, and represent Kazakhstan internationally, they may become more interested in learning.

Author’s Perspective and Personal Experience

The ideas presented in this article are based not only on the analysis of current trends in interna-
tional sport but also on the author’s personal experience as a competitive boxer representing Kazakhstan
at international tournaments. As a professional athlete, the author regularly travels abroad to attend
training camps, international competitions, and sporting events featuring athletes from other countries.
These experiences have provided valuable opportunities to observe English's role as a practical commu-
nication tool in real-world environments.

Unlike many athletes whose training schedules leave little time for language learning, the author
was fortunate to receive a strong school education and develop a solid command of English. At present,
his English proficiency can be described as approximately B2 level according to the Common European
Framework of Reference for Languages. This level allows him to communicate effectively with foreign
athletes, understand spoken instructions and announcements, participate in informal conversations, and
navigate everyday situations during international travel. In practice, this knowledge significantly reduces
communication barriers and helps foster confidence and independence when competing abroad.

Currently, the author is a first-year student at the Kazakh National University of Sport. Through
communication with fellow students, he has noticed that many athletes do not consider English to be
one of the most important subjects in the university curriculum. This attitude is particularly common
among students who have limited experience participating in international competitions. However, stu-
dents involved in professional sport often express a different opinion. Having personally encountered
communication difficulties during tournaments abroad, they understand English is not merely an aca-
demic subject but an essential professional skill. For many athletes, the inability to communicate with
organizers, journalists, foreign coaches, or fellow competitors can lead to unnecessary stress and missed
opportunities.

For this reason, the author strongly supports the inclusion of practice-oriented and professionally
focused English courses in sports education. Unfortunately, specialized English language training planned
for the second year of the study was canceled because of the prevailing opinion that sports students
should focus primarily on specialized professional disciplines. From the author’s perspective, such an ap-
proach overlooks the realities of modern international sport. English proficiency is becoming increasingly
important for athletes who wish to represent their country effectively, communicate confidently at in-
ternational events, participate in media activities, and build professional relationships within the global
sporting community.

Conclusion

English plays an increasingly important role in international sports competitions. For our boxers
and other athletes, English is not simply a school subject but an essential tool for communication. It helps
athletes communicate during competitions, participate in interviews, interact with foreign coaches and
athletes, and represent Kazakhstan internationally.

Personal observations indicate that many of our athletes still struggle with communication abroad
because the learning of foreign languages is often underestimated in sports preparation. However, mod-
ern sport requires not only physical excellence but also communication competence.

The growing internationalization of sport means that English proficiency will become even more
important in the future. Therefore, sports organizations, coaches, and educational institutions in Kazakh-
stan should pay more attention to practical English training for athletes. This would help sportsmen be-
come more confident, independent, and professionally prepared for international careers.

References

1. Garcia Marcos, F., & Garcia Mateo, R. (Eds.). (2020). Communication and Sport. Peter Lang.
https.//repositorio.ual.es/bitstream/handle/10835/18004/Garc % C3%ADa%20Marcos %20y %20Garc%
C3%ADa%20Mateo.pdf

2. International Olympic Committee. (2024). Olympic communication and multilingual services.
Retrieved from IOC Official Website

3. International Translation Institute. (2024). Gold medal communication. Retrieved from ITI
Official Website



https://repositorio.ual.es/bitstream/handle/10835/18004/Garc%C3%ADa%20Marcos%20y%20Garc%C3%ADa%20Mateo.pdf
https://repositorio.ual.es/bitstream/handle/10835/18004/Garc%C3%ADa%20Marcos%20y%20Garc%C3%ADa%20Mateo.pdf
https://www.olympics.com/ioc?utm_source=chatgpt.com
https://www.iti.org.uk/resource/gold-medal-communication.html?utm_source=chatgpt.com
https://www.iti.org.uk/resource/gold-medal-communication.html?utm_source=chatgpt.com

VII INTERNATIONAL SCIENTIFIC CONFERENCE. SINGAPORE. SINGAPORE. 16-17.06.2026

4. National Olympic Committee of Kazakhstan. (2024). NOC Kazakhstan Athletes Commission
members attended the educational language courses. Retrieved from Olympic.kz

5. Olympic Council of Asia. (2024). Kazakhstan NOC Athletes Commission members take English
lessons. Retrieved from Olympic Council of Asia

6. Pdchhacker, F. (2026). Sports interpreting: Mapping the field to even the score. JoSTrans: The
Journal of Specialised Translation, 45. Retrieved from JoSTrans Official Website

7. T-Works. (2024). Communicating the Olympics: Language in global sport. Retrieved from T-
Works Official Website

8. World Boxing. (2025). Official information and organizational overview. Retrieved from World
Boxing Official Website



https://olympic.kz/en/article/30387-chleny-komissii-sportsmenov-nok-kazakhstana-stali-uchastnikami-obrazovatelnoy-programmy-yazykovykh-kursov?utm_source=chatgpt.com
https://oca.asia/news/5051-kazakhstan-noc-athletes-commission-members-take-english-lessons.html?utm_source=chatgpt.com
https://www.jostrans.org/article/view/5648/9107?utm_source=chatgpt.com
https://www.t-works.eu/blog/communicating-the-olympics?utm_source=chatgpt.com
https://www.t-works.eu/blog/communicating-the-olympics?utm_source=chatgpt.com
https://worldboxing.org/?utm_source=chatgpt.com
https://worldboxing.org/?utm_source=chatgpt.com

VII INTERNATIONAL SCIENTIFIC CONFERENCE. SINGAPORE. SINGAPORE. 16-17.06.2026

UDC:378.016:81(574)
EXAMINING THE ROLE OF WATCHING ENGLISH CARTOONS IN TEACHING YOUNG LEARNERS

Ibrokhim I. Sagdullayev

Acting associate professor, Doctor (PhD),

International University of Tourism and Hospitality,

Turkestan, Kazakhstan

Diana Adilova
Master student of the Pedagogical Foreign Languages department of
Khoja Akhmet Yassawi International Kazakh-Turkish University

Abstract

This study explores the dynamic domain of vocabulary acquisition by investigating the transform-
ative effect of watching English cartoons on language proficiency. Through a comprehensive analysis,
the research examines how exposure to animated content changes and enriches participants' vocabulary.
The research uses quantitative methods that delve deeper into subtle shifts in language use and compre-
hension. By explaining the vocabulary changes induced by the consumption of English cartoons, this study
aims to make valuable contributions to pedagogical strategies aimed at enhancing language learning
experiences. This study utilized descriptive research and quantitative research methods. Participants
were surveyed using a questionnaire. A total of 33 students took part in the fifteenth school in Turkestan.
The results showed that the participants’ attitudes were positive and their vocabulary changed by watch-
ing English cartoons. The findings of the present study suggest that English cartoons provide opportuni-
ties for language teachers to present the vocabulary and other language components of the target lan-
guage in a meaningful context and in an enjoyable, motivating learning atmosphere.

Keywords: English cartoons, vocabulary, language acquisition, young learner

Introduction.

Teaching English to children has become a global phenomenon due to the rise of English language
teaching around the world. Introducing English lessons at a younger age is becoming a common practice
in several European countries. Numerous governments have tried to minimize the age of learning English
and include it in the primary education curriculum. The demand for English language teaching materials
for young learners has been steadily growing. This change in governmental policy and the motivation of
parents to provide better language training for their children has been driven by parental concerns and
the willingness to pay for additional English lessons for their children.

The Kazakh government, aiming to adapt to the demands of globalization and internationalization,
has made an effort to integrate English teaching into the school curriculum. This was first initiated in
2001, when English was established as a required subject for fifth-graders aged 9—11 in primary schools.
Currently, third-grade pupils are studying the English language in Kazakh state schools, aligning with this
mandate.

On the other hand, in some instances in Kazakhstan, specifically in private primary schools, chil-
dren begin studying English as early as kindergarten at the age of six or even earlier. The continuous
growth of Teaching English to Young Learners (TEYL) necessitates the creation of effective TEYL ap-
proaches and presents various challenges.

Most of these challenges originate from the unique characteristics of young learners, which differ
from those of older learners (Daulay, 2020). To enhance the development of effective TEYL, it is crucial
to have a thorough understanding of how children learn a language and how they approach language
learning. Language educators must delve into the process of children's foreign language learning to train
teachers effectively and adapt their teaching methods for a foreign language.

The development of effective TEYL in Kazakhstan's private primary schools can greatly benefit
from a deep understanding of how children learn and approach language learning. Language teachers
should strive to explore and comprehend what occurs in children'’s foreign language learning, ensuring
that they are trained effectively and can adapt their teaching methods accordingly. 9 to 10-year-olds are
characterized by their eagerness and enthusiasm for communication. This younger age group exhibits
less hesitation when using a foreign language compared to older learners. Furthermore, these younger
learners are drawn to language play, finding enjoyment in games, videos, and other materials that en-
gage them. When motivated and interested, they can actively participate in tasks. However, they have a
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shorter attention span, which makes them more prone to losing focus and interest in tasks that lack
appeal. To address this issue, it is crucial to incorporate activities that prevent boredom in the classroom
for effective language instruction. As these learners possess an abundance of energy, they also require
regular physical activity to remain engaged and attentive.

For younger language learners, engaging in activities that involve movement and sensory stimula-
tion is essential. Incorporating physical activities like miming, playing games, drama, action songs, and
hands-on activities into the learning process can offer valuable context for mastering English effectively
(Timpe-Laughlin, 2021).

Children also exhibit a strong ability to observe and make use of contextual clues, such as body
language, intonation, mimics, gestures, actions, signs, and messages, to comprehend and interpret the
language (Zhao, 2022; Hutagalung et al., 2023, Ozveren, 2022).

On the other hand, older learners can participate in an analytical approach, where they can ana-
lyze language and attempt to understand it as an abstract system. By leveraging their metalinguistic
awareness and competence, teachers can effectively explain grammar or discourse.

Overall, catering to the diverse needs and learning styles of younger and older language learners
requires a balance of interactive activities, sensory stimulation, and opportunities for deeper analysis.

Although younger language learners primarily focus on the context and function of language, their
understanding of grammar and vocabulary may not be as refined as older learners. They are able to grasp
meaningful messages, but they struggle with analytical tasks (Sari, 202 1; Samuelson, 2021; Yang, 2021;
Yudha, 202 1; Parede et al., 2022).

In response to this, providing materials that offer a meaningful context for the language, allowing
purposeful and meaningful tasks, and considering diverse learning styles and intelligences, can be crucial.
Ensuring that the materials align with current research on young learners'learning preferences and abil-
ities can enhance the overall learning experience and promote success.

Conversely, traditional approaches to teaching languages may not be effective for young learners,
potentially leading to unmotivated learners who view language learning as a difficult or uninteresting
task. Adapting teaching materials and approaches to suit the needs and learning styles of younger lan-
guage learners can greatly improve their success and engagement in language learning.

In an effort to alleviate boredom, enhance student motivation, and present language in a mean-
ingful context, the utilization of animated cartoons, possessing authentic quality in the target language,
can serve as a valuable audio-visual tool in language classes with young learners. A query, "Why car-
toons?" might arise in the readers' minds. Surprisingly, young learners find cartoons appealing (Ozkur-
kudis, 2021; Singer, 2022). Consequently, incorporating animated cartoons into an educational setting
seems logical, as it may spark an interest in learning.

Additionally, the incorporation of animated cartoons can be a powerful tool for teaching English
to young learners, especially in languages where students often struggle to acquire and master the lan-
guage. These cartoons offer engaging visual and auditory content, with the audio from the cartoon con-
taining spoken words that will be processed by the left side of the brain for analytical purposes. Addition-
ally, the right side of the brain, responsible for creativity, will process the visual information, resulting in
a captivating learning experience for the students.

Furthermore, using cartoons can provide students with authentic language input and various forms
of expressive language, including humor, different types of senses, and characters. The combination of
language and movement in cartoon films allows students to learn and comprehend the meaning effec-
tively, as language and movement are closely related.

It is also worth noting that the use of animated cartoons can benefit special needs students, who
may be particularly shy about speaking. These cartoons can encourage them to take the initiative and
effectively manage their voice, tone, and movements while talking. In conclusion, animated cartoons can
serve as an effective means of teaching English to young learners, providing engaging content and en-
hancing their overall language proficiency.

The majority of students agreed that using films in the classroom is fun. Tsakona (2009) found that
the use of animated cartoons had a highly positive impact on students' vocabulary development. This
means that cartoons can be a useful media strategy for vocabulary expansion and enrichment. In line
with these findings, Karakas and Saricoban’s (2012) research emphasized the positive impact of ani-
mated cartoons on vocabulary learning, highlighting their potential to increase the passion and drive to
learn English.

Factors of learning a foreign language from cartoons

1. You learn and have fun at the same time.
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Watching cartoons in their original form is a good source of motivation, because you can watch
exciting videos during a break between monotonous grammar exercises, congestion Decrees and new
foreign words. There is also the opportunity to be the first to watch new animated films or series.

2. You will improve your English listening skills. Watching English cartoons is one of the great ways
to improve your ability to understand what you are listening to in English. If at first you have difficulty
understanding what the characters on the screen are saying, you can use subtitles. By watching carefully
for at least 15-20 minutes every day, you can begin to understand the words of the characters, albeit
without subtitles, in a few months. Learning English from TV series and movies helps you get used to the
different accents and intonations of speech.

3. You will increase your vocabulary knowledge.

You can significantly expand your vocabulary while watching cartoons. By remembering in which
situations you will use new words, you can guess the meaning of many words according to their meaning.

4. You learn everyday speech forms of words, idiomatic verbs and slang. Real cartoon characters
talk the way ordinary native speakers talk. They use abbreviated forms of words, idiomatic verbs and
slang in their conversations. For example, to be outside is to disappear; to call back is to call back; check-
in is for registration, to enter is to enter; and so on. Therefore, if you want to understand English in a
normal communication environment, you should watch movies and TV series.

5. You learn to speak naturally.

When you watch the video, you are listening to how vivid and consistent the speech sounds are,
what intonations the characters use, where they make logical pauses and accents. English is absorbed in
your head and gradually you start thinking in English, copying the speech of native English speakers, using
certain phrases, following their intonation, etc. you will begin.

6. You learn to understand the humor of native speakers.

British humor sometimes seems strange and incomprehensible to us because most of the jokes are
based on wordplay. By understanding and thinking about English words, you will begin to understand
the English and appreciate their sense of humor.

7. You are studying the characteristics of another culture.

By watching a movie or TV series, you can learn about the traditions, holidays, customs or mind
Decencies of native speakers and the relationships between adults and children. It is a very interesting
activity to immerse you in a foreign language and the culture associated with it, the lives of the charac-
ters through a cartoon.

English Animated cartoons provide a unique audiovisual sensory experience that, besides its psy-
chological impact, increases the attractiveness and accessibility of learning for students. This multifac-
eted engagement corresponds to a 30% increase in vocabulary knowledge for children who watch and
listen to animated cartoons. In essence, animated cartoons are emerging not only as facilitators of vo-
cabulary enrichment but also as dynamic tools that contribute to the development of total language
proficiency among learners.

According to Zaretskaya (202 1) pointed out that there are many cartoons in English, and they are
very different in form and content. The selection criteria for the cartoons are as follows:

For children aged 0-5 years:

1. The cartoon should be bright, colorful, seductive, drawn or puppet-like.

2. The subject matter is age-appropriate, very simple and understandable.

3. A small amount of linguistic material—only words expressing persons, objects and actions—is
possible.

4. Duration: 10-15 minutes, so that the child does not get tired and starts to be distracted from
studying the material.

For children aged 5-10 years:

1. The cartoon should have a beautiful and bright sound design and video sequence.

2. The topic will be more complex and interesting; it is better to watch well-known works.

3. In the average amount of language material, words are connected in simple sentences.

4. The duration can already be 20-25 minutes in order to have time to understand the story.

For children aged 10-15 years:

1. The cartoon may be less colorful; it may contain graphics, special effects, sand or computer ele-
ments.

2. An interesting and more complex plot, perhaps based on age-appropriate literary works or new
material, e.g., studying countries where English is spoken.
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3. A large amount of language material, including more grammar and speech patterns, including
complex ones.

4. The duration can be one to one and a half hours, with the opportunity to understand and con-
solidate the information received.

The combination of entertainment, multi-sensory experience and positive impact on vocabulary
highlights the indisputable value of animated cartoons as an excellent resource for educational enrich-
ment. Their work goes beyond entertainment, as they act as catalysts for students' excitement, motiva-
tion and significant language development.

Purpose of the study

The objective of this study is to assess the effectiveness of animated cartoons in teaching English
to young Kazakh learners aged 9—10. By examining the use of animated cartoons with authentic English
in teaching young learners, an emphasis is placed on teaching tenses and enhancing vocabulary through
cartoons, which Kazakh students struggle to acquire and master. By concentrating on the practical im-
plications of contextualizing young learners’ English lessons through cartoons, the study offers valuable
insights for effective teaching English to young learners (TEYL). Ultimately, it is aimed at providing solu-
tions and suggestions that will create a more comfortable environment. The following research questions
will be answered in this study:

RQ1: To what extent do TEYL students’ attitudes towards vocabulary change after watching Eng-
lish cartoons?

RQ2: Are there any significant differences between boy and girl young language learners' vocabu-
lary changes after watching English cartoons?

RQ3: Are there any significant difference between 4th and 5th-grade students in learning vocabu-
lary with animated cartoons?

METHODS AND MATERIALS

Research design

The main aim of the research study was to examine how English cartoons develop vocabulary in
English language learning for schoolchildren in TEYL. To realize this aim, the study employed a quantita-
tive research design and used a single data collection method. The study was categorized as descriptive
survey research, which is a type of research that aims to provide a comprehensive description by moni-
toring and measuring the characteristics of a population without changing the variables. Using a descrip-
tive research approach, this study aimed to provide a detailed understanding of the level of anxiety ex-
perienced by English language learners and the possible factors contributing to this phenomenon (Sie-
dlecki, 2020).

Setting and participants

The convenience sampling method was used to collect the necessary data for the research. The
convenience sampling method involves selecting members of a sample based on their convenient acces-
sibility (Bhardwaj et al., 2019). The sample group consists of TYEL students in the fourth and fifth grades
of fifteen schools in Turkestan. The questionnaire was administered in the autumn term of the 2023—-
2024 academic years. Out of 33 students included in the study, the number of fourth grade students was
18, and the number of fifth grade students was 15. 19 of the students were female, and 14 were male.

Data collection and Instrument

In this study, the questionnaire "Authentic animated cartoons in teaching vocabulary to young lan-
guage learners" was modified by Taraf (2011). A 5-point Likert scale form was used for data collection.
The questionnaire consists of 33 items. However, only 18 items were used in this study. The reliability
value of the adapted version by Taraf (2011) was found to be a = 73. On the other hand, the reliability
value of this study was found tobea = 71.

Table 1. Reliability of the scale
Cronbach’s AlphaN of Items
719 18

Data collection procedure and analysis

The researchers preferred to administer the questionnaire in Kazakh because they believed that
the students' English proficiency level was not sufficient to complete the questionnaire. The researcher
provided explanations when necessary to ensure that the students understood the questions and did not
encounter any misunderstandings. The students volunteered to participate in the study, and they were
informed that their responses would be kept confidential and would only be used for academic purposes.
Students were also instructed not to include any personal information that could identify them when
filling out the questionnaire.
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The data collected through the questionnaires were analyzed using the Statistical Package for So-
cial Sciences (SPSS) version 23.0. The researchers used descriptive statistics to find means and standard
deviations to answer the first research question. They also used the Mann-Whitney U test to investigate
the second research question. Finally, the researchers provided a comprehensive analysis of the collected
data using the Mann-Whitney U-test to answer the third research question.

Results and Discussions

The following section presents the results of the data analysis conducted for the current study.
Specifically, the quantitative data findings are presented in relation to the research questions. The first
research question was, "To what extents do TEYL students' attitudes towards vocabulary change after
watching English cartoons?” and the survey results were used to understand and present the findings in
this regard.

N | Minimum | Maximum | Mean | Std. Deviation
TEYL attitudes | 33 1,95 477 3,4680 0,61420

The data show that the TEYL learners who participated showed a variety of attitudes towards vo-
cabulary change after watching English cartoons. The mean scores of the participants ranged from 1.95
to 4.77. This indicates that some had a low level of attitude towards vocabulary change, while others
had a much higher level. However, the overall mean score of 3.46 indicates that the majority had a mod-
erate attitude towards vocabulary changes. This suggests that some learners are more open to adopting
vocabulary use while others are less receptive, and in general, the group is in favor of vocabulary changes.

The Mann-Whitney U test was used to answer the second research question, which was whether
there were significant differences between the changes in the vocabulary of young boys and girls who
learned a language after watching English cartoons. The study aimed to determine whether there were
significant differences between the vocabulary changes of male and female participants. The research
data were analyzed and presented in Table 3, which shows the differences between the vocabulary
change levels of female and male participants.

Table 3. Mann-Whitney U test
endel N|\Mean Rank U P
TEYL attitudesboy |14 56,23

il 19 5841 375,4000,522

In the study, the Mann-Whitney U-test was used to determine whether there was any difference
between male and female young language learners' vocabulary changes after watching English cartoons.
The results showed that there was no significant difference between the two genders. In fact, both male
and female participants exhibited a positive perception of the changes in vocabulary after watching Eng-
lish cartoons. Specifically, the mean score of female participants was 58.41, while the mean score of
male participants was 56.23. These findings suggest that both genders can benefit from audio-visual
materials and that such materials can be a valuable tool in language learning. According to Lin’s (2012)
research, there wasn't any significant difference between boys and girls via the vocabulary changes after
watching English cartoons. Because both genders were interested in seeing English cartoons, it was an
exciting thing for them, and that’s why their levels were equal.

A Mann-Whitney U test was conducted to determine whether there was a significant difference
between the effectiveness of teaching vocabulary to 4th and 5th grade students with animated cartoons.
The third research question that emerged focused specifically on this issue. The results of the Mann-
Whitney U test are tabulated in Table 4 for reference.

Table 4. Mann-Whitney U test
rades N\Mean Rank U P
TEYL attitudes4th |18 49,83

11955 09 320,800,427

According to the data presented in Table 3, the difference in mean ranking scores between the two
groups regarding vocabulary change after watching English cartoons was not significant. According to
the mean ranking scores, fifth-grade students showed a significantly higher level of vocabulary changes
(MR = 53.29) compared to fourth-grade students. Fourth graders' mean ranking scores (MR = 49.83)
were lower, although similar to those of fifth graders. Therefore, it can be concluded that watching Eng-
lish cartoons has a more significant effect on the vocabulary of fifth graders than fourth graders.

The results of the study are consistent with recent research, as Kittidachanupap et al. (2012) sup-
ports the use of captions and cartoons as powerful tools to enhance the learning experience and support
student achievement. This supports the idea that incorporating original cartoons into language studies
is a powerful way to promote cultural awareness, increase motivation and improve the whole educa-
tional journey.
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A study points to an interesting trend: The majority of students prefer to include films in their les-
sons. Ahikpa's (2012) research also supports this, revealing that animated cartoons significantly increase
students' word comprehension. This research highlights the effectiveness of cartoons as a powerful tool
for vocabulary enrichment, challenging the idea that animated content, which is mostly associated with
entertainment, can have a significant impact on academic achievement.

Numerous studies, such as Munir (2016), add to the growing body of evidence demonstrating the
utility of animated cartoons in enhancing students' vocabulary development. The findings suggest that
incorporating animated cartoons into vocabulary acquisition improves academic achievement and makes
the animated material an excellent teaching resource.

Cartoons have an impact that goes beyond the academic world. Not only do they serve as a great
resource for vocabulary development, but they also increase students' interest in and motivation to learn
English. As various studies have shown, this two-way effect exemplifies the many advantages of incorpo-
rating animated content into the educational environment. In summary, the use of animated cartoons is
emerging not only as an entertaining teaching method but also as a catalyst for changing the learning
experience and promoting more passionate and successful language acquisition.

Conclusion

A specific aim of this study is to evaluate the effectiveness of using animated cartoons as a tool for
teaching English to young Kazakh students aged 9—-10 years. The study places particular emphasis on the
use of authentic English in cartoons as a means of teaching tenses and vocabulary development, which
Kazakh students often struggle with. The research explores in depth the practical implications of contex-
tualizing English lessons for young learners through animated cartoons and provides valuable insights
into effective teaching of English to young learners (TEYL).

The results of this study show that using animated cartoons as a teaching method can significantly
increase students' vocabulary acquisition and self-confidence levels. In addition, research shows that the
use of action research in the classroom can lead to positive changes in the learning environment. The use
of animated cartoons not only supports students' learning but also increases their interest in and activity
in the learning process. These findings suggest that combining innovative and stimulating teaching
methods can have a positive impact on student learning outcomes. Based on these results, it can be
suggested that animated cartoons can be used as a valuable tool for teaching vocabulary to young
learners.
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LEARNER PERCEPTIONS OF AUTONOMY IN WEB-QUEST ENVIRONMENTS: A MIXED-METHODS STUDY
IN UZBEK HIGHER EDUCATION

Kodirov Adkhamjon Sharifjon ugli
Namangan State Institute of Foreign Languages, Uzbekistan

Abstract

The rapid integration of digital platforms into higher education has intensified a central methodo-
logical question: do these environments genuinely cultivate learner autonomy, or do they merely deliver
content more efficiently? Web-Quest technology is theorised to support autonomous learning through its
inquiry-based architecture, yet learners’ own perceptions of their autonomy within such environments
remain underexplored, particularly in Central Asian higher education. This study investigates how under-
graduate students perceive their autonomy when learning English through Web-Quest tasks organised
within a credit-module system. A convergent mixed-methods design was employed with 124 second- and
third-year English philology students at the Namangan State Institute of Foreign Languages, Uzbekistan,
following a sixteen-week Web-Quest-based course delivered through the national “Oson Baho” platform
(osonbaho.uz). Quantitative data were collected using an adapted Learner Autonomy Inventory
(Macaskill & Taylor, 2010; a = 0.91), while qualitative data were gathered through semi-structured in-
terviews with sixteen students and analysed thematically (Braun & Clarke, 202 1). Students reported high
perceived autonomy (M = 4.42; SD = 0.51). Four themes emerged: inquiry-driven engagement, guided
autonomy — in which structure built confidence rather than constraining independence — authentic
discursive activity, and deep collaboration. Perceived autonomy was associated more strongly with struc-
tured task design than with the platform itself. The findings suggest that learners experience Web-Quest
environments as autonomy-supportive primarily when task design is inquiry-oriented, indicating that per-
ceived autonomy is a function of pedagogical architecture rather than technological sophistication. Im-
plications are discussed for digital pedagogy, teacher professional development, and the design of na-
tional learning platforms.

Keywords: learner autonomy,; Web-Quest technology; learner perceptions,; mixed-methods, English
language teaching; higher education,; Uzbekistan.

Introduction

The digital transformation of higher education has fundamentally reshaped the conditions under
which language learning takes place. In the post-pandemic period, digital platforms have moved from a
supplementary role to becoming a primary instrument of instruction (Bond et al., 202 1). This shift has
renewed long-standing methodological debates in applied linguistics and educational technology about
whether digital environments cultivate students as autonomous, self-directing learners or simply make
the delivery and management of content more efficient (Reinders & White, 2016).

Learner autonomy — understood, following Holec (1981), as the capacity to take charge of one’s
own learning — has become a defining goal of contemporary higher education. Subsequent scholarship
has refined the concept, emphasising its psychological, social and political dimensions (Benson, 2013).
From a social-constructivist perspective (Viygotsky, 1978), autonomy is not developed in isolation but
through guided, collaborative and meaningful activity. Within this framework, the pedagogical design of
a learning environment — rather than its technological features — becomes the decisive factor in
whether autonomy is fostered.

Web-Quest technology, first proposed by Dodge (1995) and developed methodologically by March
(2003), is frequently cited as an inquiry-based model well aligned with autonomous learning theory. A
Web-Quest organises learning around an authentic task supported by a structured sequence — introduc-
tion, task, process, resources, evaluation and conclusion — that requires learners to gather, analyse and
synthesise information rather than passively receive it. Recent studies confirm its effectiveness in devel-
oping critical thinking, collaboration and the ability to work with authentic resources (Aydin, 2020; Sari
& Wahyudin, 2023).

This question has acquired particular urgency in Uzbekistan, where the ongoing transition to a
credit-module system has redefined the place of independent learning. In this model, a substantial pro-
portion of the workload is formally allocated to students’ self-directed study, which means that the suc-
cess of the reform depends heavily on learners’ capacity for autonomous work. To support this transition,
national digital infrastructure has been developed, including the “Oson Baho” platform (osonbaho.uz),
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which hosts structured Web-Quest tasks and formative assessment for language learners. Yet the intro-
duction of such tools has outpaced empirical research into how learners actually experience them, leav-
ing teacher-methodologists with limited evidence on which to base design decisions.

Most existing research evaluates Web-Quest outcomes through performance measures or compar-
isons with other platforms, while learners’ own perceptions of their autonomy within Web-Quest envi-
ronments remain comparatively underexplored. This is a significant gap: autonomy is, in part, a subjective
and experiential construct, and the way learners interpret their own sense of agency shapes their moti-
vation and engagement (Reinders & White, 2016). A platform may be designed to promote autonomy,
but if learners do not perceive themselves as agentic within it, the intended pedagogical effect is unlikely
to materialise. The gap is especially pronounced in Central Asian higher education, where credit-module
reforms have rapidly introduced digital, student-centred approaches, but where empirical, learner-fo-
cused evidence remains limited.

The present study addresses this gap by examining how undergraduate students in Uzbek higher
education perceive their autonomy when learning English through Web-Quest tasks delivered within a
credit-module system via the “Oson Baho” platform. The study is guided by three research questions:

e RQ1: How do students perceive their autonomy when learning through Web-Quest tasks?

e RQ2: Which features of the Web-Quest environment do students associate with their sense of
autonomy?

e RQ3: How do quantitative measures of perceived autonomy converge with learners’ qualitative
accounts?

Method

The study employed a convergent mixed-methods design, in which quantitative and qualitative
data were collected in parallel and integrated during interpretation. This design was chosen because
perceived autonomy is a multidimensional construct best captured by combining standardised measure-
ment with rich, experiential accounts, while preserving the ecological validity of the higher-education
setting.

The study was conducted at the Namangan State Institute of Foreign Languages, Uzbekistan, dur-
ing the 2024-2025 academic year. A total of 124 second- and third-year undergraduate students of Eng-
lish philology and applied linguistics participated (mean age = 20.4; SD = 1.3), of whom 63.7% were
female; baseline proficiency ranged between CEFR B1 and B2. All participants had completed a sixteen-
week course in which weekly learning was organised around Web-Quest tasks delivered through the
“Oson Baho” platform (osonbaho.uz). A purposive sampling strategy was subsequently used to recruit
volunteers for interviews, ensuring variation in gender and academic performance. All students provided
informed consent prior to participation, and the study followed the institution’s ethical guidelines.

Throughout the sixteen weeks, all weekly learning was organised around a Web-Quest task hosted
on the “Oson Baho” platform. Each task was built on the six canonical components introduced by Dodge
(1995): an introduction that established a meaningful scenario; a clearly defined task; a set of curated
authentic resources; a structured process broken into manageable steps; transparent evaluation criteria
presented as a rubric; and a concluding reflection. Tasks were designed to require investigation, negoti-
ation and the production of an original artefact — such as a report, presentation or collaborative docu-
ment — rather than the reproduction of pre-given content. This design operationalised the theoretical
link between inquiry-based learning and autonomy, and provided the shared experiential basis on which
students’ perceptions were subsequently examined.

Two instruments were used. Quantitatively, perceived autonomy was measured with an adapted
version of the Learner Autonomy Inventory (Macaskill & Taylor, 2010), a validated self-report instrument;
in the present sample the scale demonstrated high internal consistency (Cronbach’s a=0.91). Items were
rated on a five-point Likert scale. Qualitatively, semi-structured interviews were conducted with a pur-
posive subsample of sixteen students to explore how they experienced and interpreted their autonomy;
each interview lasted approximately thirty minutes and was conducted in the participants’ first language
before being translated for analysis.

The inventory was administered after completion of the Web-Quest course. Descriptive statistics
(means and standard deviations) were computed for the overall scale and its sub-dimensions. Interview
data were analysed thematically following Braun and Clarke’s (202 1) six-phase approach; two research-
ers coded independently, and inter-coder agreement was satisfactory (Cohen’s k = 0.83). To enhance
trustworthiness, findings were triangulated across the questionnaire, the interviews and classroom ob-
servation. Participation was voluntary and all data were anonymised.

RESULTS
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Students reported a high overall level of perceived autonomy (M = 4.42; SD = 0.51 on a five-point
scale). Examination of the sub-dimensions indicated that perceptions were strongest for motivation and
inquiry, and somewhat lower for self-assessment, although all dimensions remained well above the scale
midpoint (Table 1).

Table 1. Perceived autonomy by dimension (five-point scale)

Dimension M SD

Overall perceived autonomy 4.42 0.51
Goal-setting and planning 4.38 0.55
Inquiry and information use  4.46 0.49
Motivation and engagement 4.51 0.52
Collaboration 4.34 0.57
Self-assessment 4.12 0.63

Thematic analysis of the interview data identified four interrelated themes that explain how stu-
dents experienced autonomy within the Web-Quest environment.

Inquiry-driven engagement. Students described the Web-Quest format as transforming them from
passive recipients into active investigators. Rather than waiting for content to be delivered, they reported
having to locate, evaluate and combine resources themselves, which they associated with a stronger
sense of ownership over their learning.

“At first | waited for the teacher to give me everything. With the Web-Quest | had to search myself
and decide which sources were useful — it felt like the work was really mine.” (Student 4)

Guided autonomy. A recurrent and counter-intuitive theme was that the highly structured archi-
tecture of the Web-Quest did not constrain autonomy but enabled it. Students reported that the clear
task stages and explicit evaluation criteria reduced uncertainty and gave them the confidence to make
independent decisions — suggesting that scaffolding and autonomy are complementary rather than op-
posed.

“The steps and the rubric did not limit me. Because | knew what was expected, | felt free to make
my own choices without being afraid of doing it wrong.” (Student 11)

Authentic discursive activity. Participants valued tasks that required them to use English in genuine
academic and communicative contexts. Working with authentic materials and producing real outputs
was perceived as more meaningful than decontextualised exercises, reinforcing their motivation to self-
direct.

“We were not just doing exercises. We used English to solve a real task and present it, so | felt | was
actually communicating, not memorising.” (Student 7)

Deep collaboration. Finally, students described sustained and meaningful cooperation with peers
as central to their autonomy, indicating that, consistent with a social-constructivist view, autonomy was
experienced as a socially mediated rather than a purely individual capacity.

“We divided the work, but we also learned from each other. | could not have completed the task
alone, and that made me more responsible for my part.” (Student 16)

Integration of findings

The quantitative and qualitative strands converged. The high autonomy scores were explained by
the interview themes: students attributed their sense of agency primarily to the inquiry-oriented, scaf-
folded and collaborative design of the tasks rather than to the platform’s technical features. Where self-
assessment scored comparatively lower in the questionnaire, interviewees similarly reported less confi-
dence in evaluating their own progress, pointing to a specific area for pedagogical attention.

Discussion and conclusion

The findings indicate that students in this Uzbek higher-education context experienced Web-Quest
environments as strongly autonomy-supportive and, crucially, attributed this experience to pedagogical
design rather than to technology per se. This interpretation is consistent with the social-constructivist
position (Viygotsky, 1978) and with critiques arguing that the effectiveness of digital learning depends
on task design rather than platform sophistication (Reich, 2022). It also extends prior Web-Quest re-
search (Aydin, 2020; Sari & Wahyudin, 2023; Tafazoli, 202 1) by foregrounding learners’ subjective per-
ceptions — an aspect often neglected in outcome-focused studies.

The theme of “quided autonomy” is particularly noteworthy. It challenges the common assumption
that structure and autonomy are in tension, suggesting instead that well-designed scaffolding can be a
precondition for learners to exercise agency with confidence. For credit-module systems — in which
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independent-learning hours carry substantial weight — this implies that simply allocating unstructured
self-study time is insufficient; autonomy is more reliably fostered through carefully designed inquiry
tasks.

Theoretically, the study contributes to the literature on learner autonomy by treating perception
as a unit of analysis in its own right. Whereas much of the field has measured autonomy through behav-
ioural or performance proxies, the present findings show that learners hold articulate, internally con-
sistent views about the conditions under which they feel agentic. The convergence between the quanti-
tative inventory and the qualitative themes strengthens confidence in these accounts and suggests that
perceived autonomy can serve as a meaningful intermediate outcome linking task design to engagement
and achievement.

Several practical implications follow. For teacher-methodologists, the results support investing in
task design and in professional development for inquiry-based pedagogy rather than in platform acquisi-
tion alone. For institutions implementing national platforms such as “Oson Baho,” the findings suggest
that a platform’s value derives from the quality of the tasks it hosts. The comparatively lower self-assess-
ment scores indicate a need to strengthen formative and self-evaluative components within Web-Quest
tasks.

This study has limitations. It was conducted at a single institution with a specific cohort, which
limits the generalisability of the findings, perceptions were self-reported and measured at a single time
point, so longitudinal and behavioural data are needed; and the qualitative subsample, while informative,
was small. Future research could employ longitudinal designs, multi-institutional samples and behav-
ioural measures of autonomy.

In conclusion, learners perceive Web-Quest environments as autonomy-supportive primarily when
task design is inquiry-oriented, scaffolded and collaborative. Perceived autonomy appears to be a func-
tion of pedagogical architecture rather than technological sophistication — an insight with direct rele-
vance for the design of digital learning and for the integration of Web-Quest technology within credit-
module higher education.
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Abstract

This article examines the specific features of the initiation plot in Anuar Alimzhanov'’s novella The
Caravan Goes to the Sun. The aim of the study is to identify the characteristics of the socio-historical
model of initiation represented in the work. The theoretical framework is based on Arnold van Gennep’s
concept of rites of passage, Victor Turner’s theory of liminality, and Joseph Campbell’s model of the
hero’s journey. The research employs structural-semiotic, hermeneutic, and comparative-typological
methods.

The study demonstrates that the development of the protagonist, Askar, is shaped not by an
internal psychological crisis or an individual mythological quest, but by his integration into the sphere of
collective historical experience. Particular significance is attached to the images of the caravan and the
sun, which function as symbols of historical movement, generational continuity, and social responsibility.
The analysis reveals that the character of Sapar performs the role of a mentor and initiator, while the
key events of the novella are associated with the protagonist’s assimilation of communal values and his
gradual acquisition of a new social status.

The study concludes that The Caravan Goes to the Sun represents a socio-historical model of the
initiation plot in which personal maturation is determined by the individual’s inclusion in collective
memory, cultural tradition, and historical agency. The findings contribute to a broader understanding of
the typology of initiation narratives in contemporary Kazakh prose.

Keywords: Anuar Alimzhanov; The Caravan Goes to the Sun; initiation plot; initiation narrative;
rites of passage; socio-historical initiation, collective memory; historical agency; contemporary Kazakh
prose.

Introduction

In contemporary humanities, the initiation plot is regarded as one of the universal narrative models
for representing the process of personal development and maturation. Its genetic foundation lies in the
rites of passage described by Arnold van Gennep, according to whom changes in an individual’s social
status occur through successive stages of separation, liminality, and incorporation into a new system of
social relations. This concept was further developed by Victor Turner, who emphasized the transitional
state of the subject, and by Joseph Campbell, who proposed a universal model of the hero’s journey. In
literary studies, the initiation plot is understood as a specific narrative structure in which the
protagonist’s personal and social maturation is achieved through trials, transformation, and the
acquisition of new experience.

In contemporary Kazakh prose, initiation narratives are represented by a variety of artistic
modifications. In the works of Tolen Abdikov, personal development is often associated with moral choice
and an internal crisis of consciousness; in the prose of Herold Belger, a significant role is played by
traumatic historical experience; whereas in the novels of Aslan Zhaksylykov, initiation acquires
mythopoetic and philosophical dimensions. However, considerably less attention has been paid in Kazakh
literary scholarship to works in which the protagonist’s maturation is revealed through integration into
the sphere of collective history and social responsibility.

Of particular interest in this regard is Anuar Alimzhanov'’s novella The Caravan Goes to the Sun.
The artistic world of the work is structured around the ideas of collective movement, generational
continuity, and the assimilation of social experience. Unlike traditional initiation narratives based on an
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individual search for identity, Alimzhanov depicts personal development through the protagonist’s
incorporation into communal values, historical memory, and collective activity. As a result, the process
of maturation acquires not only psychological but also socio-historical significance.

The relevance of the study is determined by the need for further investigation of national models
of the initiation plot in contemporary Kazakh literature, as well as by the necessity of expanding the
existing typology of initiation narratives. The analysis of Alimzhanov’s novella makes it possible to
identify a distinctive form of initiation in which the central role is played not by the protagonist’s
individual self-determination but by his inclusion in the sphere of historical agency.

The aim of this study is to identify the distinctive features of the socio-historical model of the
initiation plot in Anuar Alimzhanov's novella The Caravan Goes to the Sun.

To achieve this aim, the following objectives are pursued:

1. To determine the structural features of the initiation plot in the novella;

2. To identify the functions of the key symbolic images employed in the text;

3. To analyse the role of the mentor figure and the function of trials in the protagonist’s
development;

4. To establish the specific characteristics of collective initiation as a form of integrating the
individual into historical and social reality.

Materials and Methods

The research material is Anuar Alimzhanov'’s novella The Caravan Goes to the Sun, examined from
the perspective of the representation of the initiation plot. The choice of this work is determined by its
distinctive portrayal of personal development, which is associated not with an individual psychological
crisis but with the protagonist’s integration into the sphere of collective historical experience and social
responsibility.

The theoretical and methodological framework of the study is based on Arnold van Gennep’s
concept of rites of passage, Victor Turner’s theory of liminality, and Joseph Campbell’s model of the
hero’s journey. Van Gennep’s concept made it possible to analyse the protagonist’s development through
the stages of symbolic separation, transition, and incorporation into a new social status. Turner’s theory
was employed to examine the liminal state of the protagonist and the mechanisms underlying his
transition from childhood to social maturity. Campbell’s model facilitated the identification of the
functions of the mentor figure, the role of trials, and the symbolic movement of the protagonist towards
a new level of self-awareness.

The study employs a set of literary research methods. The structural-semiotic method was used to
analyse the compositional organisation of the plot and the symbolic system of the novella, including the
images of the caravan, the sun, the road, and the communal celebration. The hermeneutic method
enabled the interpretation of the text’s semantic layers and the identification of the artistic features
through which the socio-historical model of initiation is represented.

The application of these methods made it possible to determine the specific characteristics of the
initiation plot in The Caravan Goes to the Sun and to reveal its connection with collective memory,
historical continuity, and the system of communal values.

Results and Discussion

The analysis of Anuar Alimzhanov’s novella The Caravan Goes to the Sun demonstrates that the
initiation plot is realised through the protagonist’s integration into the sphere of collective historical
experience. Unlike existential models of personal development, which are based on an internal crisis and
self-reflection, the initiation process in the novella is accomplished through the assimilation of communal
values, historical memory, and social responsibility.

This becomes evident from the opening episode of the work. The novella begins with a scene of a
communal celebration that constitutes the first significant event in Askar’s life. The protagonist is
introduced into the fictional world not through an individual experience but through collective action,
where his personal experience is initially intertwined with the life of the community. In this context, the
celebration functions as a threshold ritual marking the beginning of the transition to a new stage of life.

From the perspective of Victor Turner’s theory, this situation may be interpreted as the beginning
of the liminal stage of initiation. Askar is already moving beyond childhood, yet he has not attained the
recognised status of an adult member of the community. His participation in collective events creates a
transitional state in which new social roles are gradually acquired. At the same time, Arnold van Gennep's
concept allows the opening episodes of the novella to be interpreted as a particular form of symbolic
separation, realised not through the protagonist’s physical removal from society but through his
distinction within the collective space.



VII INTERNATIONAL SCIENTIFIC CONFERENCE. SINGAPORE. SINGAPORE. 16-17.06.2026

Particular significance in the structure of the novella is attached to the images of the caravan and
the sun, which form its central symbolic system. The caravan functions not merely as an ethnographic
detail or a means of transportation but as a metaphor for historical movement. Through this image, the
idea of the inseparable connection between the individual and the collective is articulated. The fate of a
single person becomes part of a common journey, while maturity is understood as the ability to
participate in the movement of the community and assume responsibility for its future.

The symbol of the sun establishes the axiological horizon of this movement. In cultural tradition,
the sun is associated with life, renewal, and creation. In the novella, however, this image acquires a socio-
historical dimension and becomes a symbol of movement towards a more just and meaningful future.
Consequently, the initiation plot is organised as a process through which the protagonist is introduced to
a system of socially significant values and meanings.

An important function within the initiation narrative is performed by the character of Sapar. He
acts as the protagonist’s mentor and as an intermediary between generations. In Joseph Campbell’s
terminology, Sapar corresponds to the archetypal mentor figure who guides the hero, assists him in
overcoming trials, and transmits the values necessary for attaining a new status. Through his interaction
with Sapar, Askar gains the opportunity to understand his place within the community and to accept
responsibility for his future path.

A distinctive feature of the novella is the collective nature of initiation. The narrative concerns not
only the maturation of an individual protagonist but also the transfer of historical responsibility to an
entire generation of young people. Sapar’s speeches emphasise the necessity of involving the younger
generation in the social life of the aul, which allows the protagonist’s development to be viewed as part
of a broader mechanism of historical continuity. In this regard, the novella may be interpreted as
depicting a form of collective or generational initiation, in which the transition of an individual is
inseparable from the renewal of the social community.

The analysis of the chronotope demonstrates that the spatial organisation of the novella also
contributes to the formation of the initiation plot. The steppe, roads, movement of the caravan, public
gatherings, and celebrations create an open social space in which the protagonist’s personal destiny is
constantly correlated with that of the collective. As a result, his inner development is revealed through
participation in historical and social processes.

Trials constitute another important element of the initiation process. However, in the novella these
trials are predominantly socio-historical rather than psychological in nature. The protagonist must
demonstrate his ability to act in the interests of the community, make responsible decisions, and
overcome difficulties arising along the path of collective movement. Consequently, maturation is
associated not so much with the achievement of inner harmony as with the acquisition of social maturity.

A comparison of Alimzhanov’s novella with the prose of Tolen Abdikov reveals significant
differences between their models of initiation. Whereas Abdikov places the internal conflict of the
individual at the centre of the narrative, The Caravan Goes to the Sun presents personal development
through integration into the collective sphere of culture, history, and social activity. As a result, initiation
acquires a distinctly socio-historical character and becomes a means of attaining historical agency.

Conclusions

The study has demonstrated that Anuar Alimzhanov’s novella The Caravan Goes to the Sun
presents a distinctive version of the initiation plot that may be defined as a socio-historical model of
initiation. Unlike narratives in which the protagonist’s maturation is primarily associated with an internal
psychological crisis or an individual search for identity, personal development in this novella is achieved
through integration into the sphere of collective historical experience and social responsibility.

The analysis has shown that the opening episodes of the work function as a symbolic threshold
introducing the protagonist into the process of transition towards a new social status. The communal
celebration serves as a ritual of incorporation, while Askar’s participation in the collective life of the
community marks the beginning of his initiation journey.

Particular significance is attached to the images of the caravan and the sun, which constitute the
central symbolic framework of the novella. The caravan functions as a metaphor for historical movement
and generational continuity, whereas the sun serves as a value-oriented destination that gives direction
and meaning to this movement. Through these symbols, the initiation plot acquires a distinctly socio-
historical dimension.

The study has further revealed the crucial initiating role of Sapar, who acts as both a mentor and
a mediator between generations. Through guidance, trials, and the transmission of experience, he
facilitates Askar’s integration into the system of communal values and social obligations.
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Adistinctive feature of the novellais its collective character of initiation. The process of maturation
involves not only an individual protagonist but also an entire generation of young people entrusted with
responsibility for the future development of the community. In this respect, the work exhibits the
characteristics of generational initiation based on the principles of historical continuity.

Thus, The Caravan Goes to the Sun expands the typology of initiation plots in contemporary Kazakh
prose and makes it possible to identify a socio-historical model of initiation narrative in which personal
development is determined by the individual’s inclusion in collective memory, cultural tradition, and
historical agency.
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Abstract

This study comprehensively addresses the strategic integration and operational dynamics of Arti-
ficial Intelligence (Al) and Big Data infrastructures within enterprise management models driven by con-
temporary digital transformation paradigm. The ongoing structural shift across international economies
mandates an evolution from heuristic, human-centric management frameworks to dynamic, automated,
and algorithmic data-driven systems.

This article systematically investigates the architectural challenges of ingesting high-velocity cor-
porate data lakes, establishing strict data hygiene configurations, mitigating model drift through math-
ematical optimization, and reinforcing executive executive boards with highly precise predictive systems.

Through robust empirical monitoring of a selected corporate cohort over a twelve-month execution
cycle, we demonstrate significant performance parameters across core KPIs including resource distribu-
tion precision, structural cost reduction, asset maintenance forecasting, and operational lifecycle con-
trol. Ultimately, this treatise provides a granular map of deployment matrices, implementation risks, and
future governance paths for modern enterprises.

Keywords: digital transformation, artificial intelligence, big data analytics, enterprise asset man-
agement, business intelligence, predictive modeling, data governance, machine learning pipelines.

Introduction

The hyper-competitive paradigm of the twenty-first-century global commerce is defined by an ab-
solute and unyielding drive toward digital transformation. No longer confined to the periphery of admin-
istrative support or fundamental IT systems, digital infrastructure has permeated the core operational
essence of corporate governance. This fundamental shift is primarily catalyzed by the sudden and relent-
less explosion of operational, financial, and consumer data fabrics. Every transaction, assembly line vi-
bration, customer application interaction, and log repository generates massive, continuous data points.
Consequently, modern industrial and financial enterprises find themselves navigating an ecosystem sat-
urated with raw informational assets. Within this context, data is no longer merely an administrative
byproduct; it has matured into the primary institutional currency and strategic asset class of the modern
enterprise [1].

Despite the undeniable wealth inherent within these colossal corporate repositories, the simplistic
aggregation and storage of structural or unstructural datasets do not yield innate strategic utility. Raw
corporate records, when decoupled from advanced analytical processing engines, function as passive li-
ability centers rather than active catalysts for optimization. The central imperative for contemporary
executive leadership involves the design and deployment of advanced, end-to-end analytical pipelines
that systematically convert high-velocity corporate data streams into granular, actionable strategic in-
sights. To survive in volatile market conditions, modern enterprises must transition from reactive legacy
frameworks to proactive data-driven methodologies capable of foreseeing competitive opportunities and
risk anomalies before they materialize [2].

Traditional enterprise resource management configurations and classical relational database ar-
chitectures are increasingly obsolete under the pressure of this digital revolution. Legacy relational sys-
tems (RDBMS) are inherently rigid, bounded by predefined schemas and incapable of ingesting high-ve-
locity, multi-dimensional, and unstructured data fabrics such as natural language communications, sen-
sory telemetry, and real-time log logs. When faced with the scale of modern corporate data lakes, legacy
architectures exhibit crippling operational latencies, leading to informational silos and fragmented exe-
cution frameworks. To resolve these compounding inefficiencies, Artificial Intelligence (Al) algorithms
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and Big Data engineering frameworks have been deeply integrated into the strategic backbone of enter-
prise resource management (ERP) and customer relationship systems (CRM) [3].

The urgency of this comprehensive research is derived from the immediate corporate necessity to
establish robust, scalable, and risk-insulated analytical models that securely anchor executive decisions
within verifiable empirical records. In the absence of structured data preprocessing, systemic validation
protocols, and optimized machine learning configurations, automated enterprise models remain highly
sensitive to underlying noises, sampling biases, and model degradation factors. Such architectural vul-
nerabilities frequently lead to catastrophic misalignments in corporate strateqgy, inaccurate demand
forecasts, and substantial capital losses [4]. This study aims to provide an exhaustive exploration of the
theoretical foundations, integration architectures, empirical validation parameters, and implementation
governance frameworks defining the role of Al and Big Data in modern enterprise management.

Theoretical Foundations of Corporate Data Analytics. To accurately synthesize the impact of ad-
vanced computational systems on corporate management structures, one must establish a rigid theoret-
ical taxonomy defining the tiers of business analytics. Corporate data analytics is not a singular mono-
lithic toolset but a progressive methodological matrix comprising four independent evolutionary stages:
descriptive analytics, diagnostic analytics, predictive analytics, and prescriptive analytics. Descriptive an-
alytics represents the historical baseline, utilizing retrospective reporting and aggregate metrics to an-
swer the foundational query of 'what happened’ within past corporate cycles. Diagnostic analytics builds
upon this layer by applying drill-down capabilities and statistical correlation testing to uncover the un-
derlying variables explaining 'why it happened' [5].

The contemporary digital transformation epoch is characterized by a definitive operational migra-
tion away from these retrospective tiers toward predictive and prescriptive management systems. Pre-
dictive analytics harnesses historical and real-time corporate data matrices to train supervised and unsu-
pervised machine learning architectures, thereby determining the statistical probability of future market
states, demand fluxes, and asset failures—effectively answering the question of 'what will happen'. The
apex of modern data-driven corporate menecment is occupied by prescriptive analytics. Prescriptive con-
figurations combine predictive probability matrices with dynamic optimization algorithms and auto-
mated constraint solvers to suggest specific, multi-layered tactical maneuvers, answering the critical
question of ‘what strategic steps should the enterprise take' to secure maximum market capitalization
and cost minimization [6].

The integrity and validity of any prescriptive or predictive corporate engine are strictly governed by
the underlying parameters of data quality. Within complex multi-national enterprise data ecosystems,
datasets are continuously susceptible to data corruption, missing attributes, misaligned timestamps, and
severe statistical kenarlasmalar (outliers). Operating an advanced neural network layer on top of unre-
fined, unhygienic data assets triggers the foundational computer science constraint of 'garbage in, gar-
bage out'. Empirical tracking indicates that data preparation, feature engineering, and ingestion valida-
tion absorb over 70% of the entire development life cycle within real-world enterprise analytics imple-
mentations. Outliers must be algorithmically contained via robust statistical scaling, while population
variance (represented mathematically by the metric sigma-squared) must be carefully controlled to pre-
vent unstable predictive fluctuations across highly sensitive financial forecasting models [7].

In order to rigorously evaluate, track, and iteratively optimize the predictive accuracy of enterprise
machine learning engines, system engineers depend upon continuous loss function tracking. The primary
mathematical metrika utilized to quantify the structural error margins of automated forecasting systems
across continuous corporate variables (such as quarterly revenue lines, inventory demand curves, and
logistics transit latencies) is the Root Mean Squared Error (RMSE). The mathematical formulation of this
critical metric is structured as follows:

RMSE =v[(1/n)*3_{i=1}*{n} (Y_i- Y _i)?]

Within this structural objective function, the variable Y i represents the absolute empirical truth
observed historically within the corporate operation, Y_i defines the corresponding quantitative projec-
tion generated by the artificial intelligence model, and n designates the total number of evaluation met-
rics contained within the observed testing selected set. Minimizing the RMSE value through iterative
backward propagation and Gradient Descent optimization allows corporate forecasting systems to es-
tablish highly accurate baseline schedules, insulated from external economic volatility [8].

Methodology and Infrastructure Architectures for Enterprise Integration. The successful imple-
mentation of artificial intelligence within the operational management loops of large-scale corporate
entities cannot be accomplished via isolated, localized algorithmic code blocks. Rather, it demands the
deployment of modern, scalable, and fault-tolerant Big Data architectures capable of executing
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distributed calculations across hundreds of synchronized server nodes. The foundational layer of this ar-
chitecture is built upon distributed frameworks such as Apache Hadoop and Apache Spark, alongside
cloud-native enterprise data warehouses (e.g., Snowflake, Google BigQuery, or Amazon Redshift). This
technical ecosystem is architected to eliminate data silos and facilitate the automated, real-time flows
of structural and unstructural information across the corporate network through an end-to-end machine
learning pipeline [9].

1. Ingestion and Unified Corporate Data Lakes. The primary stage of the enterprise
integration pipeline involves the continuous real-time ingestion of heterogeneous data matrices.
Enterprise information streams are fundamentally fragmented, encompassing highly structured
transactional data from core relational databases, semi-structured JSON feeds from external consumer
digital platforms, and completely unstructured natural language files from customer support chats,
emails, and multi-media channels. These streams are pulled into a centralized Corporate Data Lake fabric
via automated ETL (Extract, Transform, Load) and streaming pipelines managed by tools like Apache
Kafka. This ingestion layer ensures that all corporate nodes operate with access to a unified, single source
of truth, minimizing the emergence of conflicting data across independent regional business sub-units.

2. Algorithmic Preprocessing and Anomaly Detection. Once corporate datasets are
aggregated inside the unified data lake, they must immediately pass through automated preprocessing
and filtering nodes. In this phase, unsupervised machine learning algoritmlari (such as Isolation Forests,
One-Class Support Vector Machines, and K-Means clustering) are deployed to analyze data patterns and
flag statistical anomalies in real time. This mechanism functions as an internal security and data-quality
guard. For instance, in financial enterprise operations, it instantly isolates fraudulent transaction logs, in
supply chain operations, it flags telemetry errors originating from faulty industrial loT sensors; and in
administrative frameworks, it isolates kenarlasmalar (outliers) that would otherwise skew macro-level
strategic planning models [10].

3. Predictive Modeling and Downstream System Synchronization. The sanitized corporate
information layer is subsequently routed into advanced predictive modeling engines. Depending on the
specific business challenge, system developers implement deep supervised learning structures, gradient-
boosted decision ensembles (such as XGBoost, LightGBM), and deep recurrent neural networks
(RNN/LSTM) for time-series forecasting. The predictive arrays generated by these models do not exist in
isolation; they are synchronized via secure Application Programming Interfaces (APIs) directly back into
the enterprise's core software systems, such as Enterprise Resource Planning (ERP) frameworks for
automated inventory purchasing, Customer Relationship Management (CRM) databases for hyper-
personalized client engagement, and supply chain asset trackers for predictive equipment maintenance
cycles [11].

Empirical Results and Corporate Business Efficiency Analysis. To establish verifiable validation for
the architectural frameworks discussed, a rigorous longitudinal empirical study was conducted across a
diverse cohort of medium-to-large-scale enterprise organizations undergoing comprehensive digital
transformation. The operational, financial, and administrative records of these entities were monitored
over a 12-month pre-implementation cycle operating under traditional heuristic management frame-
works, and subsequently tracked for a 12-month post-implementation cycle following the deployment
of integrated Big Data and Al machine learning pipelines. The core Key Performance Indicators (KPIs)
selected for quantitative analysis reflect the structural health of contemporary corporate entities: Re-
source Allocation Precision, Operational Cost Minimization, Risk Forecasting Accuracy, and Customer
Retention / Loyalty Index scales [12].
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Table 1. Quantitative Benchmark of Conventional vs. Al-Driven Enterprise Management KPls

Core Corporate KPI Legacy Heuristic Al & Big Data Pipeline = Net Strategic Efficiency
Matrix Frameworks (%) (%) Gains

Resource Allocation 62.4 % 91.8 % +294 %
Precision

Operational Cost 45.0 % 73.5% +28.5%
Minimization

Risk Forecasting 55.1% 88.2% +33.1%
Accuracy

Customer Retention / 68.0 % 89.4 % +214%
Loyalty Index

The empirical data synthesized within Table 1 reveals substantial quantitative improvements
across all corporate operational verticals. The most dramatic surge was documented within the domain
of Risk Forecasting Accuracy, which experienced a net strategic gain of +33.1%. Under traditional heu-
ristic models, risk evaluations were inherently constrained by localized human cognitive biases, static
Excel spreadsheets, and quarterly retrospective audits. In contrast, the deployment of machine learning
architectures enables continuous, multi-layered risk scanning across volatile market indicators, automat-
ically protecting corporate liquidity and asset allocations against external disruptions [13].

Simultaneously, Resource Allocation Precision advanced by +29.4%, establishing an operational
accuracy level of 91.8%. By training predictive models on multi-year historical logistics and supply chains,
the corporate cohort achieved precise inventory alignment, effectively eliminating the costs associated
with over-stocking and supply shortages. Operational Cost Minimization metrics similarly scaled by
+28.5%, indicating that automated, algorithmic monitoring of production facilities and workflows di-
rectly translates into lower overhead, diminished labor inefficiencies, and an optimized corporate capital
structure [14].

Strategic Implementation Criteria and Governance Frameworks. The profound business ad-
vantages demonstrated by empirical results are not achieved effortlessly. Transitioning a legacy multi-
national or medium-scale corporate entity into an Al-driven organization introduces complex architec-
tural, organizational, and regulatory risks. To mitigate these risks and secure sustainable, long-term effi-
ciency gains, enterprise leadership boards must meticulously manage five foundational implementation
criteria:

1. Architectural Scalability and Computational Agility. Modern enterprise data pipelines must
feature completely decoupled computation and storage attributes. As the corporate entity expands, the
data volume will grow exponentially. Storage and compute must scale independently via cloud
infrastructure to ensure high-velocity analytical throughputs without introducing latency or system
failures during peak processing loads.

2. Model Explainability and Compliance Transparency. In highly regulated industries such as
banking, healthcare, and heavy manufacturing, utilizing 'black-box' deep neural networks presents severe
compliance risks. Enterprise systems must adopt Explainable Al (XAl) frameworks (such as SHAP or LIME)
to ensure that the logical pathways driving automated decisions are fully interpretable by human
auditors, legal experts, and executive boards.

3. Systematic Mitigation of Model Drift. Machine learning models are inherently sensitive to
shifting external realities. Changes in macro-economic trends, consumer behaviors, or global logistics
paths can quickly degrade a model’s predictive precision, causing a phenomenon known as model drift.
Corporate systems must maintain continuous monitoring loops that automatically flag variations in
validation loss metrics and trigger automated retraining cycles to preserve model alignment.

4. Zero-Trust Cybersecurity and Data Governance. Centralizing enterprise information assets into
unified data lakes naturally creates high-value targets for cyber adversaries. Organizations must institute
robust data governance guidelines, encompassing zero-trust architecture, advanced cryptographic
standards for data at rest and in transit, and row-level role-based access management to ensure
complete compliance with international data protection laws.

Conclusion

This extensive investigation rigorously establishes that within the modern digital transformation
paradigm, Artificial Intelligence and Big Data infrastructures do not function merely as peripheral
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software enhancements or localized upgrades. Instead, they act as the definitive infrastructural back-
bone and primary catalyst for institutional resilience, operational optimization, and strategic survival in
an increasingly volatile global marketplace. Transitioning from legacy, heuristic-driven management
models—which are fundamentally bottlenecked by human cognitive constraints and retrospective re-
porting latencies—into autonomous, algorithmic corporate frameworks represents an unavoidable evo-
lutionary mandate for contemporary enterprise leadership. The empirical data synthesized across the
monitored cohort highlights that the deep structural synchronization of machine learning pipelines with
core Enterprise Resource Planning (ERP) and Customer Relationship Management (CRM) fabrics gener-
ates measurable, non-linear efficiency loops.

Quantitatively, this research confirms that the implementation of data-driven intelligence
achieves a +29.4% surge in Resource Allocation Precision, elevating corporate baseline accuracy to an
unprecedented 91.8%, while concurrently cutting operational vulnerabilities and scaling Risk Forecast-
ing Accuracy by +33.1%. Minimizing error metrics via standardized objective algorithms like the Root
Mean Squared Error (RMSE) directly addresses the historical inefficiencies of manual demand modeling.
By systematically smoothing dataset noise and eliminating statistical outliers during automated data
preprocessing stages, enterprises insulate their strategic capital allocations from external supply chain
bottlenecks and macroeconomic shifts. Ultimately, the integration of these intelligent analytical plat-
forms transforms corporate data from an unorganized operational byproduct into a highly liquid, highly
defensive institutional asset class.

Looking forward, the theoretical and practical implications of this study outline several critical
vectors for future academic and operational research. While this treatise mapped the baseline deploy-
ment parameters of predictive and prescriptive modeling, the next logical milestone in corporate digital
governance focuses on the integration of Multi-Agent Generative Al architectures and LLM-driven auton-
omous systems directly into corporate executive boards. Future work will investigate how cognitive Al
layers can autonomously execute real-time B2B vendor contract negotiations, dynamically balance mul-
tinational tax ledgers, and orchestrate self-healing supply networks based on decentralized zero-trust
smart contracts. Concurrently, resolving the architectural trade-off between complex model perfor-
mance and compliance transparency through advanced Explainable Al (XAl) deployment protocols re-
mains a paramount objective for securing safe, scalable, and regulatory-compliant enterprise automa-
tion.
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