responsible regulation, especially under conditions of crisis. Ensuring a balance between technological
development, security and human rights protection remains a key challenge for modern governance.
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DATA MINING FOR FORECASTING ACADEMIC SUCCESS AND ARCHITECTING
PERSONALIZED TRAJECTORIES

Y cmammi 0ocnioscyromecs MOANCIUBOCTE 3ACMOCYBAHHS MemOOi8 IHMeNeKmYaibH020 aHdli3y
oanux (Educational Data Mining) y cucmemax ynpaeninHs HABUAHHAM OJisl NPOCHO3YBAHHS
aKademiuHux OO0cCsicHeHb CmyOdeHmie ma QOopMy8aHHs NePCOHANIZ08AHUX OCBIMHIX MPAEKMOPIIL.
Posensanymo aneopummu mawunnoeo nasuanns — Random Forest, k-Nearest Neighbors ma wmyuni
HEUPOHHI Mepexci — AK THCMPYMEHMU PAHHbO20 BUSIGNIEHHS CHYOeHMI8 3 PUSUKOM 8IOpAXYEAHHA HA
ocHo8i nogedinkosux oaunux 3 naamgopm Moodle ma Canvas. Ilpoananizoeano sacmocysamnms
epaghosux 320pmKOBUX Mepexc I MYIbMUMOOAIbHUX OAHUX Oas aO0anmueHoi peKomeHoayii
HABYANILHO20 KOHMEHM) 8ION0GIOHO 00 IHOUBIOYANbHO20 pieHs 3HaHb. OKpemMo po32NaHymo NPaKmuKy
enposadcennsi EDM-nioxoodie 6 ykpaincbkux ynieepcumemax 6 yMo8ax 60€HHO20 CMAHY, 30Kpemd
0oceio HYbill Vkpainu ma Jlvsiscvkoi nonimexuixu. Obrpynmosano, wo inmezpayis npeOuKmueHux
aneopummié 3 a0anmueHUMU OCGIMHIMU CcUCmeMamu O0038011€ Mpancgopmyeamu ocgeimy 8io
PEaAKmuBHO20 OYIHIO8AHHS 00 NPOAKMUBHOT NIOMPUMKU 3000Y8a4i6 U0 0CEIMIU.

Knrouoei cnoea: inmenexmyanonuii amaniz OaHux, NepCcoOHANI308aHA OCGIMHSA MPAEKMOPIs,
MAwuHHe HABYAHHS, NPOSHO3VBAHHS AKAOEMIUHOI YCHIWHOCMI, cucmemu YNpAaeiiHHA HAGUAHHIM,
aoanmueHe Ha84yaHHs.

This paper investigates the application of Educational Data Mining (EDM) methods within
learning management systems for predicting students’ academic outcomes and constructing
personalized educational trajectories. Machine learning algorithms — including Random Forest, k-
Nearest Neighbors, and Artificial Neural Networks — are examined as tools for early identification of
at-risk students through behavioral data collected from platforms such as Moodle and Canvas. The
use of Graph Convolutional Networks and multimodal data for adaptive content recommendation
aligned with individual skill levels is analyzed. Special attention is given to the practical
implementation of EDM approaches in Ukrainian universities under wartime conditions, with
reference to the experience of the National University of Life and Environmental Sciences of Ukraine
and Lviv Polytechnic National University. The study concludes that integrating predictive analytics
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with adaptive learning systems enables a paradigm shift from reactive grading to proactive student
support, reducing late-stage dropout rates and enhancing educational effectiveness.

Keywords: educational data mining, personalized learning trajectory, machine learning,
academic performance prediction, learning management systems, adaptive learning.

Education keeps leaving behind the old days of uniform curricula that treat every student the
same. In today’s digital classrooms, every click, quiz answer, and moment spent watching a video
creates a rich digital trace. Educational Data Mining (EDM) serves as the powerful tool that turns all
this raw information into useful knowledge.

Modern algorithms do not just passively observe students but actively forecast their academic
outcomes and automatically tailor educational paths to fit individual cognitive needs. By leveraging
these tools, institutions go from reactive grading to proactive support. Before a system can guide a
student, it must understand their current trajectory. Students generate massive amounts of behavioral
data within Learning Management Systems (LMS) like Moodle and Canvas. By analyzing metrics
such as time spent on specific modules, attendance, and forum interactions, machine learning models
can predict if a student is struggling long before the final exam. Algorithms like Random Forest, k-
Nearest Neighbors, and Artificial Neural Networks are exceptionally good at finding hidden patterns
in this data.

A good example comes from the Polytechnic Institute of Portalegre in Portugal, where these
same algorithms successfully identify students facing a high risk of dropping out. In such early-
warning systems, the focus stays on high recall so that fewer struggling students slip through
unnoticed. It is much better to offer extra help to someone who turns out fine than to miss a student
who quietly leaves.

Knowing a student needs help is only half the battle, the next step is providing a customized
route forward. Instead of forcing everyone through the exact same sequence of textbook chapters,
advanced systems use Graph Convolutional Networks and multimodal data to recommend content that
matches a student's real-time skill level. The algorithm strengthens digital educational pathways that
lead to high student comprehension. If a specific sequence of topics causes students to fail, that path
quickly deletes from the system. This allows the educational platform to continuously adapt based on
collective success. Additionally, process mining analyzes event logs to spot moments where students
struggle with difficult courses, often repeating them. By identifying these obstacles, curriculum
designers can fix issues with course prerequisites.

EDM applications must always adapt to local realities and constraints. While global
assessments like TIMSS and PISA provide massive datasets for understanding general, worldwide
learning trajectories, local implementation requires highly customized solutions. Despite severe
challenges like underfunding and infrastructure damage during the ongoing war, Ukrainian universities
demonstrate massive technological resilience. At the National University of Life and Environmental
Sciences of Ukraine, Moodle data is actively mined to match course content with specific individual
learning styles. Furthermore, Lviv Polytechnic National University integrates Al and 10T to predict
outcomes, effectively bridging the gap between big data analysis and personalized learning
environments. Consequently, educational continuity is maintained even under the most extreme crisis
conditions.

In the end, current situation shows that data mining is far more than an administrative sorting
tool, it is the foundation of a living, breathing educational ecosystem. By combining predictive
algorithms with adaptive, swarm-optimized trajectories, education transforms into a highly
personalized experience. Therefore, academic institutions can foster deeper student success, drastically
reduce late-stage dropout rates, and prepare learners for the dynamic complexities of the modern
digital economy.

References:
1. Fahd K., Miah S. J. Enhanced predictive performance: A comparative analysis of ML
and DL models using on augmented LMS interaction data. Contemporary Educational Technology.
2025. Vol. 17, No. 4. ep606. DOI: https://doi.org/10.30935/cedtech/17453.

76



https://doi.org/10.30935/cedtech/17453

2. Bondar K., Shestopalova O., Hamaniuk V., Tursky V. Ukraine higher education based
on data-driven decision making (DDDM). CTE Workshop Proceedings. 2023. Vol. 10. P. 346-365.
URL: https://acnsci.org/journal/index.php/cte/article/view/564 (nara 3Bepuenns: 25.03.2026).

3. Salazar-Fernandez J. P., Sepulveda M., Munoz-Gama J., Nussbaum M. Curricular
Analytics to Characterize Educational Trajectories in High-Failure Rate Courses That Lead to Late
Dropout. Applied Sciences. 2021. Vol. 11, No. 4. 1436. DOI: https://doi.org/10.3390/app11041436.

YAK 811.111
Maprapsau /L.E.
MapkoBcbka A.B.

CONSERVATION TILLAGE AS AN ALTERNATIVE TO TRADITIONAL PLOWING
IN MODERN AGRICULTURE

Y cmammi pozenamymo 6e36i08anvHuii 00poOIMOK IPYHMY AK eQeKmusHy aibmepHamusy
MpaouyiuHitl opanyi 8 ymosax cyuachozo zemiaepoocmea. Ilpoananizoeano ocnosHi nepesazu yiei
MeXHON02Il, 30KpeMa 30epedCceHHs CMPYKMypu IPYHMY, RNIOBUWEHHs DI6HA B0J02U, 3MEHUIeHHs
epo3iuHUX npoyecié ma payioHalbHe BUKOPUCMAHHS eHepeemuyHux pecypcis. Buceimieno ponb
CY4acHOI CibCbKO20CNO0APCHLKOI MEXHIKU Y BNPOBAONCEHHI IPYHMO30epieatoyux mexHoN02Il.

Knrouoei cnosa: 6e3siosanvruili 06poOIimoK Ipywmy, mpaouyiliHa OpaHKa, epo3isi IPYHmMY,
30epexcents 80102U, pOOIOYICMb TPYHMY, PECYPCO30EPeNCeH s, CYUACHA aePOMexHIKdA.

The article considers non-moldboard tillage as an effective alternative to traditional plowing
in modern agriculture. The main advantages of this technology are analyzed, including preservation of
soil structure, moisture retention, reduction of erosion processes, and rational use of energy
resources. Particular attention is paid to the role of modern agricultural machinery in the
implementation of soil-conserving technologies.

Keywords: non-moldboard tillage, traditional plowing, soil erosion, moisture conservation,
soil fertility, resource saving, modern agricultural machinery.

Due to the deterioration of the ecological condition of agriculture, studies and tests of new soil-
protective technologies were conducted in many countries as early as the 20th century. Their basis
consisted of minimizing the number and depth of soil tillage operations, regulating the runoff of rain
and meltwater, and leaving part of the stubble on the field surface in order to increase the soil's
resistance to erosion. However, studies have shown that not all new technologies can completely solve
the problem of the ecological optimization of agriculture. Mechanical tillage, which is the basis of
most agricultural technologies, has a dual impact on the soil. On the one hand, it contributes to the
creation of favorable conditions for plant growth and ensures optimal crumbling and structure of the
cultivated layer. On the other hand, intensive mechanical tillage can lead to the destruction of soil
structure, disturbance of air and water balance, especially when tilling excessively wet or overly dry
soils, as well as to the intensification of the mineralization of organic matter. Thus, depending on the
method, depth, and frequency, mechanical tillage can act both as a factor improving the soil
environment and as a cause of its degradation.

In the cultivation of grain, industrial, and forage crops, most farms seek to optimize costs while
treating the land carefully by applying scientifically based crop rotations, organic fertilizers, soil
protection from erosion, and other important agrotechnical measures. Every year, the issue of
accumulating and conserving moisture in the soil becomes more acute. Under such conditions, soil
tillage plays a leading role both in crop formation and in preserving and increasing soil fertility. Only
through mechanical influence on the soil by the working elements of various machines and
implements can optimal conditions for the development of the root system of cultivated plants be
created and the efficient use of fertilizers and plant protection products ensured. It is known that up to
30-35% of fuel in the technological chain of growing field crops is spent on soil preparation. This is
where a significant reserve for resource savings exists, which, together with the need to preserve soil
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