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Abstract. This research focuses on summarizing statistical data on the total number of
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a general decrease in the number of students is determined. This trend can be associated
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authors suggest introducing lean technologies into the learning process as a means to increase
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Annorammsga. Hacrosiee ucciaegoBaHue MpeacTaBisgeT co0oii aHalIu3 0000IIEeHbIX CTATUCTU-
YECKMX JaHHBIX, OTPaXalollUX COBOKYITHYIO YMCJIEHHOCTb CTYIEHTOB, OOyYarolIUXCsS IO Mpo-
rpaMmam OakajaBpuaTta, crieuuanuteTa, Maructpatypsl ¢ 2005 nmo 2021 roa. OnpenenéH od1Mit
TPEH]T CHIDKEHUSI YUCIIEHHOCTH CTYACHTOB, KOTOPBIA MOXET OBITh CBSI3aH ¢ TAKMMM (paKTOpamMu
KaK M3MEHEHUSI B AeMOorpacduu, COINAIBHO-3KOHOMHYECKON M 00pa30BaTeIbHON TMOJMTHKE.
IIpennoxeHsl BapyaHTHl BHEIPEHUS B IIPOIIeCC OOYUCHMST OSPEXIMBBIX TEXHOJOTMI C 1IeJbIO
MOBBIILIEHUS KOJMYECTBa IPUBJIeKaeMbIX K 00pa3oBaHUIO Jtojaeil. DpdekT cTabunmsanuu, po-
SIBJISIIOLLEICA B MOCJIEIHWE TOAbl JAHHOIO BPEMEHHOIO psijfia, CBMIETEIbCTBYET O BO3MOXHBIX
nepeMeHax B 00Opa3oBaTeIbHONM cdepe, MOoTUepKMBas BaKHOCTh JAJIBHEHIINX WCCIIeIOBaHWI
B paccMmaTpuBaemoit obiactu. MHTerpamst OepesXIMBLIX MPaKTUK B BBICIIEE OOpa3oBaHUE HE
TOJBKO OTBEYACT HA TEKYIIWE BBI3OBHI, HO M CO3MaeT YCJIOBUS IJII YCTOMYMBOTO Pa3BUTHUS 00-
pa30BaTE€IbHOM CUCTEMBL B JOJTOCPOYHON MEPCIEKTUBE.

KmoueBble cjioBa: 4YKMCIEHHOCTb CTYACHTOB, SKOHOMMNYCCKHNEC (baKTOpBI, JUHaMMKa CHWXKEC-
HHA, 6ep€)K.TlI/IBI>Ie TEXHOJIOTNH, Z[eMO]"pa(i)I/IH

Jlnga muruposanusa: TypueBa A., bpeuman A. IlepcrieKTUBBI BHEAPEHUST OCPEKIUBBIX TEX-
HOJIOTMM B TpOILlECC OOYYeHMs: MyTh CTAaOWJIM3AlMKU B YCJIOBUSX COLIMATBHO-3KOHOMUYE-
ckux uameHeHuit // TexnoakoHommka. 2023. T. 3, Ne 4 (11). C. 79—89. DOI: https://doi.
org/10.57809/2024.3.4.11.7

DTO cTaThsl OTKPHITOTO AOCTyMa, pacrpoctpaHseMas no guueH3uu CC BY-NC 4.0 (https://
creativecommons.org/licenses/by-nc/4.0/)

Introduction

In recent decades, education systems have had to face rapid economic, scientific, and
technological changes, which required the adaptation of learning processes to new conditions
(Fedotova, 2020; Gergalo, 2016; Krasnova, 2015). Lean technologies, which have proven their
effectiveness in industry and other sectors, have become especially important in the context of
limited funding, high-quality requirements, and the growing need for individualized approach
in learning. Lean technologies are able to reduce costs, minimize wastage, and ensure more
efficient resource use. According to research, implementing these methods can reduce the costs
of administrative and training processes, allowing funds to be reallocated to innovative training
programs and increasing student satisfaction overall.

Lean production methods in the form of Lean and Six Sigma systems are widely used in
companies and daily prove their effectiveness in boosting productivity and quality. At the same
time, the application of these methods in education is relatively new and, therefore, has great
potential for optimization.
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Materials and Methods

This research invites the methods of collection and analysis of information, comparison and
description. The information base of the study is represented by a wide range of publications on
innovative technologies in the energy supply, food industry and agriculture. The tabular method
was used to present the results of the study.

Results and Discussion
Analyzing the indicator of change in the number of students in Russia in the period from
2005 to 2021, it is possible to identify some statistical regularities (Krasnova, 2015).

Table 1. Indicator of change in the number of students in Rus-
sia (2005-2021) (based on the Rosstat data)

Year The number of students enrolled in Bachelor, Specialist i
and Master degree programs (total, min.)
2005 7.065 1
2006 7.301 2
2007 7.461 3
2008 7.513 4
2009 7.419 5
2010 7.065 6
2011 6.49 7
2012 6.075 8
2013 5.647 9
2014 5.209 10
2015 4.767 11
2016 4.4 12
2017 4.246 13
2018 4.162 14
2019 4.068 15
2020 4.049 16
2021 4.044 17
Average 5.70

As we can see from the table the beginning of the period (2008-2021) is marked by a de-
creasing trend in the total number of students; absolute and relative growth became negative.
Primarily, it may have resulted from the demographic changes. According to Rosstat, the birth
rate in the country decreased from 1.61 million children in 2008 to 1.46 million in 2021, which
could lead to a decrease in the number of potential students and, thus affect the total number
of university students.

The economic factors could have turned out to be another fundamental prerequisite. Accord-
ing to the report of the Ministry of Labor and Social Protection of the Russian Federation, the
unemployment rate in the country fluctuated between 5.5% in 2008 and 5.8% in 2021. Logically
enough, it contributed to the rising unemployment and instability of the labor market, which
could have influenced the family's decision whether now is the right time for higher education.

And yet another factor is changes in the education system. Introduction of new standards
and requirements, as well as optimization of educational programs could have created addition-
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al barriers for applicants (Bogdanova, 2018; Alekseeva, 2022).
Growth rates are mostly negative from 2009 to 2015. Figure 1 graphically represents this
trend.

Fig. 1. Chain growth rates (designed by the authors).

Starting from 2009, we can observe a negative impact of external factors, which is reflected
in negative values of Kc (chain growth rates) and Kb (base growth rates) (Table 2).

Table 2. Indicators of changes: 2005-2010 (based on the Rosstat data)

Yt, Number of students enrolled
Year in Bachelor, Specialist and APRc | APRb | TRc TRb Kc Kb | TPRc | TPRb | Al
Master programs (total, min.)

2005 7.065 - - - - - - - - -

2006 7.301 0.24 0.24 1103.34 | 103.34 | 1.033 | 1.033 | 3.34 3.34 | 0.07
2007 7.461 0.16 0.40 |102.19 | 105.61 | 1.022 | 1.056 | 2.19 5.61 | 0.07
2008 7.513 0.05 0.45 | 100.70 | 106.34 | 1.007 | 1.063 | 0.70 6.34 | 0.07
2009 7.419 -0.09 0.35 | 98.75 | 105.01 | 0.987 ] 1.050 | -1.25 | 5.01 | 0.08
2010 7.065 -0.35 0.00 | 95.23 | 100.00 | 0.952 | 1.000 | -4.77 | 0.00 | 0.07
2011 6.49 -0.58 | -0.58 | 91.86 | 91.86 | 0919|0919 | -8.14 | -8.14 | 0.07
2012 6.075 -0.42 | -0.99 | 93.61 | 85.99 | 0.936 | 0.860 | -6.39 | -14.01 | 0.06
2013 5.647 -0.43 | -1.42 | 9295 | 79.93 [ 0.930 | 0.799 | -7.05 | -20.07 | 0.06
2014 5.209 -0.44 | -1.86 | 92.24 | 73.73 10.922]0.737 | -7.76 | -26.27 | 0.06
2015 4.767 -0.44 | -2.30 | 91.51 | 67.47 | 0915 0.675| -8.49 | -32.53 | 0.05
2016 4.4 -0.37 | -2.67 | 92.30 | 62.28 | 0.923 ] 0.623 | -7.70 | -37.72 | 0.05
2017 4.246 -0.15 | -2.82 | 96.50 | 60.10 | 0.965 | 0.601 | -3.50 | -39.90 | 0.04
2018 4.162 -0.08 | -2.90 | 98.02 | 58.91 | 0.980 | 0.589 | -1.98 | -41.09 | 0.04
2019 4.068 -0.09 | -3.00 | 97.74 | 57.58 | 0.977 [ 0.576 | -2.26 | -42.42 | 0.04
2020 4.049 -0.02 | -3.02 | 99.53 | 57.31 | 0.995]0.573 | -0.47 | -42.69 | 0.04
2021 4.044 -0.01 | -3.02 | 99.88 | 57.24 | 0.999 | 0.572 | -0.12 | -42.76 | 0.04

Average 5.705 202 072
-019 0.966 -0.034
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The first observation from the table is a steady decline in the number of students from 2008
to 2021, which is reflected in the negative values of APRc and APRb. A particularly sharp de-
crease is witnessed in 2011 and is confirmed by the negative values of APRc (absolute chain
growth), APRb (absolute base growth), TRc (chain growth rate), and TRb (base growth rate),
indicating the presence of a negative trend.

Subsequently, from 2010 to 2015, the oppsite trend becomes apparent, K¢ and Kb become
positive, indicating a change in the direction of the influence of external factors on student
enrollment. This coefficient reflects the change in the number of students compared to the
previous year in percentage terms. Positive values of Kc indicate an increase in the number of
students, while negative values indicate a decrease. It is important to note that Kc decreases
over time, which may be interpreted as a slowdown in the rate of change in the number of
students (Figure 1).

Thus, positive values of Kc at the beginning of the period represent an active growth of the
population, while closer to the end of the period, when Kc becomes closer to zero or negative,
we can assume the onset of saturation or even a decrease in the population.

In the following years, from 2015 to 2021, Kc and Kb remain positive, emphasizing the
stable positive impact of external factors on the level of student population at the university
(Kuprina, 2016; Kupriyanova, 2012; Savelyeva, 2005; Bukharina, 2023).

Kb compares the current year with the base year (2005). Positive values of Kb before 2010
indicate an increase in student population compared to 2005. Negative values after 2010 indi-
cate a decrease in the number of students in relation to the base year. It is important to note
that closer to 2021, Kb values get closer to zero, which may represent the achievement of a new
level stabilization within the education system itself (Chuks, 2022; Moe, 2021).

Joint analysis of K¢ and Kb allows interpreting the dynamics of changes in the number of
students much better. For example, if Kc is positive but Kb is negative, a temporary increase
may take place, however, not leading to a sustainable increase in enrollment. A decrease in both
coefficients may shape the grounds for concerns. (Figure 2).

Fig. 2. Growth coefficients (designed by the authors).
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The growth of Kc and Kb in the first half of the timeline may be explained by the economic
development, since this period saw an increase in economic activity and improvement of the
socio-economic situation in the country. GDP growth, higher incomes, and lower unemploy-
ment rates created favourable conditions for higher education; demographic changes (a tempo-
rary increase in the birth rate led to an increase in the number of young people in the following
years, and subsequent number of students enrolled in universities. Another significant matter
of the given time was the expansion of educational opportunities, including state support pro-
grams, infrastructure improvement, expansion of the university network, and optimization of
study programs. A decrease in these coefficients in the second half of the period may indicate
saturation or changes in the education policy.

Summarizing the trends mentioned above it is possible to derive the following:

— 2005-2010 — relative stability in the number of students, with a slight decrease in 2010;

— 2011-2014 —visible and rapid decline in student enrollment, reaching almost a 19% annual
decline;

— 2015-2017 — continued decline in student numbers, however with a lighter decrease of a
7% annual,

— 2018-2021 — relative stabilization of the student population.

In 2000, about 1.567 million newborns were registered in Russia, but by 2010 this figure
had fallen to 1.218 million, indicating a decline in the birth rate of about 22% (Brykin, 2020).
The decline in the number of students in the early 2010s could be related to the demographic
decline (Rupietta, 2021).

Economic challenges, especially during the 2011-2014 crisis, could have affected the acces-
sibility of education as well as students' intension to continue their studies. During the crisis,
Russia faced with an increase in inflation, a reduction of currency reserves, and a slowdown of
economic growth, which led to the deterioration of the financial situation of the population.
Students and their families had to deal with rising prices for goods and services, as well as grow-
ing unemployment and declining incomes (in 2010, 25.000 rubles; 2014 it fell to about 23.000
rubles, on average) (Dillinger, 2022).

Stabilization in the late 2010s may indicate the adoption of measures to adapt to demograph-
ic and economic changes, possibly with improved education conditions and financial support
(Yu, 2022; Gruchmann, 2020).

In order to achieve high accuracy and minimize the impact of random fluctuations on the
results, the authors employed the polynomial moving averages. This approach allows mitigat-
ing irregular oscillations and highlight the underlying trend. What is more, the application of
polynomial moving averages as a filtering method helps eliminating short-term spikes that may
distort data interpretation. Instead, it becomes possible to focus on long-term trends, which is
particularly important for economic or managerial analysis.

As can be seen from the Table, the moving average method helped smoothing out short-
term fluctuations and reveal the overall trend. The number of students has been decreasing over
time, which may indicate long-term changes in the education system. The use of 5- and 7-term
moving averages helped reducing the impact of random fluctuations and emphasizing more
stable trends. Moving averages with 5- and 7-term components, by displaying averaged values,
contribute to a better visualization of the overall stability of the trend in student population dy-
namics. These findings should be considered within the context of general trends in the higher
education system, accounting for potential factors influencing student enrollment in Russia.
The analysis of moving averages enhances the perception of student population dynamics by
providing average values and highlighting more stable trends in the data.
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Table 3. Implementation of the moving average method (designed by the authors)

Year i mastr's programs. total million peeple MAS MA7
2005 7.065 - -
2006 7.301 - -
2007 7.461 7.352 -
2008 7.513 7.352 7.188
2009 7.419 7.190 7.046
2010 7.065 6.912 6.810
2011 6.49 6.539 6.488
2012 6.075 6.097 6.096
2013 5.647 5.638 5.665
2014 5.209 5.220 5.262
2015 4.767 4.854 4.929
2016 4.4 4.557 4.643
2017 4.246 4.329 4.414
2018 4.162 4.185 4.248
2019 4.068 4.114 -
2020 4.049 - -
2021 4.044 - -

Fig. 2. Graphical representation of the original data overlaid with data obtained

using the moving average method (designed by the authors).
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A graphical display of the original data overlaid with the data obtained using the moving
average method (Figure 3) provides a clearer representation of the difference in accuracy. In the
moving average graph, periods can be identified in the point where the moving averages shift
direction. These points may indicate potential changes in the dynamics of student population
trends.

Conclusion

Currently, the government of the Russian Federation is taking measures to increase the
number of available state-funded positions. According to the Ministry of Science and Higher
Education of the Russian Federation, in 2021, the number of state-funded students in Russian
universities increased by 5.4% compared to the previous year (Przybylek, 2021). In addition,
the government allocates significant funds to the development of educational infrastructure,
including the construction of new and modernization of existing educational premises. In 2021
alone, more than 1000 new higher education facilities were built (Ansheles, 2020; Alami, 2022).

The introduction of lean technologies into education will significantly improve the scale of
attracting and retaining new students. Analysis of trends over the last few years shows the num-
ber of learners remains stable at the level of 85-90%. Lean technologies shape a more flexible
and learner-centred environment, making the learning process more engaging and adaptable to
changing conditions.

An example of successful application of lean technologies in the education sector is the in-
troduction of lean methods in STEM education in the United States. A study conducted by the
Lean Enterprise Institute in 2022 showed that educational institutions that implemented lean
principles were able to reduce the time spent on administrative processes by an average of 20-
30%, increasing the focus on learning. By streamlining the processes of preparing and revising
assignments, as well as reducing non-core teacher load, the average performance of STEM
classes increased from 85% to 95%, while teachers' time spent on organizational activities was
reduced by 15% (Wahl, 2022).

A key aspect of the application of lean technology is the reduction of non-core operations
and the optimization of teaching resources. For example, schools and colleges that have im-
plemented Just-In-Time have been able to reduce the costs of purchasing and refurbishing
teaching equipment by 10 percent. This accomplishement enabled them to plan the needs and
requirements more accurately, thus ensuring that students have access to up-to-date equipment
and materials without overstocking. Another example of success is represented by the approach
to continuous improvement through regular surveys among students and lecturers on the quality
of the educational process.

To implement these improvements, it is important to develop and implement the concept of
continuous improvement with the support of staff and management, which means engaging all
employees in the process of optimization and reallocation of resources. Studies in other indus-
tries have shown that similar approaches (e.g., Kaizen) can improve performance by an average
of 10-15% and can be adapted to the education sector.

In addition, methods of process visualization and standardization, such as value stream map-
ping or VSM, can be used to identify and eliminate bottlenecks in an organization.

Analyzing the student population in the context of the above mentioned factors emphasizes
the importance of systematic research, considering the long- and short-term impact of different
factors on student dynamics. Subsequent research could aim to better interpret the dynamics
and reasons of fluctuations in the student numbers, as well as to identify tools to improve the
overall performance of universities.
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