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Abstract. Educational systems operate under growing uncertainty and crisis conditions, where 

traditional deterministic management approaches lose effectiveness. This paper explores the shift 

toward resilience-oriented educational management based on mathematical optimization. It 

highlights the application of stochastic, robust, and fuzzy optimization methods to resource 

allocation, scheduling, and student retention. The study emphasizes the Smart Predict-then-Optimize 

paradigm, integrating machine learning and operations research through digital twins, data-driven 

and multi-criteria optimization. Key limitations related to data quality and ethical risks are also 

identified. Mathematical optimization is thus positioned as a strategic tool for sustaining educational 

systems in crisis environments. 
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Introduction. 

Modern educational ecosystems operate in conditions characterized by high 

turbulence and unpredictability, which in modern management theory is described by 

the concept of BANI (Brittle, Anxious, Non-linear, Incomprehensable). Exogenous 

shocks [1, 2], such as global pandemics, geopolitical conflicts economic crises and 

forced migration processes, lead to a significant increase in entrophy in management 

processes [4, 5]. In such conditions classical determenistic approaches to planning, 

based on extrapolation of historical data, lose their effectivness [6, 7]. The relevance 

of the application of mathematical optimization methods in this context is due to the 

need to transition from the efficiency paradigm (cost minimization at fixed parameters) 

to the resilence paradigm - the ability of the system to maintain functionality under the 

influence of destabilizing factors [8]. Mathematical modeling is transformed from an 

operational planning tool into a stategic framework for decision-making in conditions 

of incomplete information [9].  

Results. 

1. Transformation of mathematical management paradigms.  

In conditons of stable functioning, educational management relied on 

deterministic linear programming models, where key parameters (student contingent, 

budget allocations, classroom fund ) were considered as constants. Crisis phenomena 

translate these parameters into the category of stochastic variables or uncertain 

quantites, which requires the use of a more complex mathematical apparatus.  

1.1. Stochastic Programming - this approach involves modeling system 

parameters as random variables with known probability distribution functions. In the 

educational context, this allows taking into account risks that have a probabilistic 

nature. For example, when planning the workload of a scientific and pedagogical 

employee, not fixed availability is taken into account, but the probability of his working 

capacity or the avalability of technical access to the network. The objective function in 

such problems often consists of optimizing the mathematical expectation of the result.  

1.2. Robust Optimization - unlike stochastic methods, robust optimization does 

not rely on exact probability distributions which are often impossible to establish in a 

crisis. Instead, it operates on sets of uncertanty, looking for a solution that remains 

admissible for any implementation of uncertein parameters within a given set. This is 

the so-called "worst-case scenario " approach, which allows guaranteeing the basic 

level of functioning of an educational institution even under extreme external 

influences, such as a complete lockdown or a sharp reduction in funding.  

1.3. Fuzzy Logic. In conditions where quantitative measurements are complicated 

or delayed, the fuzzy logic apparatus is used. It allows you to formalize qualitative, 

linguistic variables (for example, "high level of student anxety", "average quality of 

distance communication" ) and integrate them into mathematical decision-making 

models. This is especially relevant for assessing the psycho-emotional state of 

participants in the educational process and the quality of knowledge acquisiton in non-

standard conditions.  
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2. Applied aspects of optimization in crisis conditions.  

2.1. Dynamic resource allocation. In conditions of resource shortage and growing 

needs, the budget allocation problem takes the form of a combinatorial optimization 

problem, in particular variations of the Knapsack Problem with fuzzy weight 

coefficients. Since the cost and value of resources can change dynamically, uncertainty 

coefficients are introduced into the model. This allows you to algorithmically 

determine the priority of expenses, balancing between capital investments (for 

example, equipment for energy independence) and operating expenses (cloud 

services), ensuring the maximization of the coverage of educaton seekers.  

2.2. Adaptive Timetabling. The classical task of scheduling is NP-hard, and in 

crisis conditions it is complicated by the need for dynamic restructuring. Instead of 

static algorithms metaheuristic methods such as genetic algorithms or ant colony 

algorithms are used. These approaches allow real-time response to changes in the 

availablity of teachers and classrooms, automatically generating new scheduling 

options. The objective function includes not only minimizing "windows" or conflicts, 

but also compliance with sanitary standards and optimizing the flow of people (network 

flow optimization) to ensure social distancing.  

2.3. Contingent management and predictive analytics (Student Retention).  

To minimize student dropout, predictive analytics methods are used in 

combination with Markov decision processes (MDP). The system analyzes the 

dynamics of success and behavioral paterns, calculating the probability of expulsion 

for each student. Based on this, the task of optimizing management influences is 

solved: the system recommends personalized interventions (financial support, 

academic leave, tutoring), which maximize the probability of retaining a student in the 

system with minimal resource costs.  

3. Promising directions - Smart Predict-then-Optimize (SPO).  

The most promising direction of development is hybridization [10], i.e. the 

integration of machine learning (ML) methods and operations research (Operations 

Research) within the Smart Predict-then-Optimize (SPO) paradigm. Firstly, this is the 

development of the technology of digital twins (Digital Twins) of educational 

institutions. Creating a full mathematical copy of the university allows for scenario 

modeling and stress testing of the system. This allows management to assess the 

resilience of the financial and academic model to hypotetical shocks (for example, a 

40% reduction in enrollment ) even before the crisis. Secondly, the transition to data-

driven optimization (Data-Driven Optimization). Modern algorithms are able to 

independently detect hidden limitations and patterns in historical data, formulating the 

constraints of the optimization problem without direct human interventon. Thirdly, the 

widespread use of multi-criteria optimization (Multi-Criteria Decision Making – 

MCDM). In crisis situations management goals are often in conflict (for example, 

safety versus the quality of education). Methods for searching for a set of Pareto-

optimal solutions allow finding balanced compromises where improving one indicator 

is impossible without critically worsening the other.  
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4. Limitations and implementaton risks.  

It is worth noting the significant limitations of the application of mathematical 

methods in crisis conditions. The key problem is the quality of input data (GIGO 

principle – Garbage In, Garbage Out). In conditions of rapid change, the phenomenon 

of concept drift is observed, when models trained on historical data of stable periods 

give incorrect forecasts in new realities. A separate aspect is the ethical component of 

algorithmic management. Optimization solely by the criterion of "efficiency" can lead 

to discrimination against vulnerable groups of education seekers, which requires the 

introduction of additional "fairness constraints " into mathematical models.  

Conclusions.  

Summing up the above, it should be stated that in conditions of global uncertainty, 

the role of mathematical optimization in education management is undergoing 

fundamental changes. It is transformed from a tool for tactically improving indicators into 

a tool for strategically ensuring the viability of the system. The transition to robust and 

adaptive models allows educational institutions to form "immunity" to external shocks. At 

the same time, mathematical models act as a decision-making support system that 

enhances, but does not replace, managerial intuition and value orientatons of management. 
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Abstract. The article analyzes the main challenges faced by the methodology of teaching literature 

in institutions of general secondary education in the conditions of distance learning. The specifics of 

literature as an educational subject, which involves emotional and aesthetic perception, dialogicity 

and interpretation of artistic works, are considered. The key problems were identified: a decrease in 

the motivation of students, the difficulty of organizing interactive interaction, limited opportunities 

for the development of oral speech and critical thinking. Ways to overcome these challenges through 

the integration of digital tools, the adaptation of methodological techniques and the creation of an 

interactive educational environment are proposed. 
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