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This article is devoted to the problem of uncertainty in the behavior of EdTech
market agents in the context of COVID-19. The relevance of the work is explained
by digital transformation, which affects the conditions for the existence and
development of EdTech sector agents (corporations and holding companies),
as well as the growing need for new knowledge, skills and abilities to study the
behavior of such agents during a pandemic. The aim of the work is to study the
behavior of educational corporations and holding companies for the provision of
educational services, which is described using an indicator of the value of the shares
of these EdTech market agents in the context of COVID-19. To achieve this goal,
a database was formed, the behavior of the dynamics of the selected time series
was analyzed, and its type, the presence of a trend or randomness in the behavior
of the time series, was determined. This process is implemented in the software
environment for processing, mathematical modeling and graphical visualization
of data R. The practical value of the study lies in determining the nature of the
behavior of the time series during the pandemic, which will allow using these
results when forecasting on the stock market of educational technologies to
improve the accuracy of the forecast.
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Jlana ctarTs npucBsiueHa nmpooseMi HeBu3HaYeHOCTI B moBeinii areHtiB EdTech
puaky B ymoBax COVID-19. AxryanpHiCTh poOOTH HOSICHIOETHCS LH(POBOIO
TpaHc(opMalli€ro, sSKka BIUIMBAE Ha yMOBM ICHYBaHHS Ta PO3BHUTKY arcHTIB
EdTech cexropy (kopropariiif Ta XOIIHHTOBHX KOMITaHii), a TAKOX Y 3pOCTaHHI
moTpeOr B HOBMX 3HAHHIX, YMIHHSX Ta HABHYKAX U JOCTIKCHHS MOBEHIHKH
TAaKUX areHTiB B Mepiox mnaHjaeMii. Mera poOOTH TONSATaE y JOCIHIIKEHHI
MOBE/IIHKM OCBITHIX KOPIIOpAIii Ta XOJAMHIOBUX KOMITIaHIW 3 HaJlaHHS OCBITHIX
MOCIIYT, sIKa ONHMCYEThCSI Ha OCHOBI BaprocTi akuii nux arentiB EdTech punky
B ymoBax COVID-19. ns peamizamii mocraBieHoi metd c(hopMOBaHO 0Oa3y
JaHUX, MPOAHATI30BAHO IOBENIHKY IHHAMIKM OOpaHOIrO YacoBOro psay Ta
BU3HAYEHO i1 THUII, HASBHICTb TPEHAY UM BHIIAJKOBICTh B IIOBODKEHHI YacCOBOTO
psaay. Llelt mporec peaji3oBaHO B IPOTPaMHOMY CEPEIOBHIIN it OOPOOKH,
MareMaTHYHOro MOJEeNIOBaHHs Ta rpadidnoi Bizyasizauii nanux R. IIpakruuna
LIHHICTD JOCIIKSHHS I0JIrae y BU3HAUEHHI XapakTepy MOBEAIHKH YacoBOIO
psimy B mepion mMaHjaeMii, IO 03BOJIMTh BHKOPHUCTOBYBATH IIi PE3yJbTaTH IpU
MMPOTHO3YBaHHI Ha (OHAOBOMY PHHKY OCBITHIX TEXHOJIOTIH IS IiIBHIICHHS
TOYHOCTI TIPOTHO3Y.

Digital

Statement of the problem growing need for new knowledge, skills and abilities and

transformation affects

the increasing integration of education with various sectors

the processes of of the economy.

social life, provides new opportunities and ways of In the context of the COVID-19 pandemic, new living
communication, changes the conditions of work, training,  conditions draw attention directly to the model of our
and everyday activities. The consequence of this is the behavior, determine that the issues of adhering to the rules
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of safe interaction and the possibility of developing within
the new established boundaries are priority basic goals
for each of us. All over the world, offices and educational
institutions have been forced to close and go online. New
challenges and updated values have actualized the demand
for specific goods and services that provide a solution to
complex issues of the socio-economic security of everyone
in a pandemic, have led to a fundamental change in the
behavior of subjects in all online and offline markets of
educational services. At the moment, timely monitoring
of changes in the behavior of corporations and holding
companies that manage educational institutions or provide
educational services leads to the formation of a new quality
of management, faster business adaptation, changes in the
basic principles of interaction and functioning of subjects
in all areas, explanation of current trends and prediction of
the formation of new trends of key indicators.

Digital technologies are the basis for new ways of
obtaining knowledge (both in educational institutions and
outside them). In modern conditions of life, the concept of
«lifelong learning» becomes relevant, since information and
knowledge quickly become obsolete. As a result, there is an
active development of educational technologies (EdTech),
in particular online courses, mobile applications, etc. [1].

The most popular areas in the EdTech sphere are [2]:
educational marketplaces (online courses, interactive
textbooks, webinars) for self-study of educational material;
programs and platforms for communication between
participants in the educational process; technology and
learning aids to detect plagiarism and identify online
learners; learning bots to help you get assignments and check
them. In a pandemic, educational technologies (EdTech)
are developing especially actively, and the widespread
use of such methods of obtaining knowledge provides an
opportunity for participants in the EdTech sphere to choose.

Analysis of recent studies and publications

Modern means of the educational process (information
and communication and interactive methods, distance
learning methods) have gained wide popularity in the
world due to the variability of the structure of educational
technologies. The tutorial [3] reveals the theoretical aspects
of the technologization of education, analyzes the most
common educational technologies of modern educational
institutions in Ukraine and Poland. The authors of the
tutorial characterize educational, educational, social and
educational, information technologies and management
technologies. Particular attention is paid to the ways of
formation of media literacy of students and protection from
harmful informational influences.

The complexity of the EdTech system and the
rationale for a systematic approach to EdTech research are
discussed in the article [4]. The authors propose a network
view of EdTech to provide insight into stakeholder
roles, interactions, and influence points that can lead to
significant improvements in learning outcomes. Building
a robust EdTech knowledge graph can be a valuable tool
for understanding and researching EdTech.

The creation of EdTech startups favors the development
of online education. The article [5] is devoted to the study
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of the directions and prospects for the development of
online education as a powerful accumulator of educational
innovative technologies, namely, the analysis of the features
of the global EdTech market, the study of global trends in
the sphere of education, the diagnosis of problems in the
Ukrainian development of educational startups and the
study of educational technologies in terms of investment
attractiveness. The research identified the main inhibitory
factors for the active use of educational technologies
in Ukraine, such as the lack of a sufficient number of
customers, limited resources in educational institutions
and insufficient state interest in innovative projects. It
was also proposed to economically stimulate Ukrainian
developers, actively popularize AR / VR technologies and
form ecosystems (fast track), the task of which is to help in
the development and rapid growth of educational startups.

Technology allows students to be more involved in the
learning process and remember more. Also, educational
technologies (EdTech) increase motivation for learning
and promote better academic performance due to factors
such as ease of use, psychological satisfaction and interest
in new learning tools [6]. Promoting motivation to learn is
especially important during the COVID-19 pandemic.

A significant number of publications have been
devoted to the development of EdTech in the context of
the COVID-19 pandemic in recent years. Indian researcher
Damini Dutta [7] describes the role of business intelligence
in EdTech organizations to adapt to regular changes.
Porter’s five forces analysis is the basis of the study of
the influence factors on EdTech of the organization and
competitors. The use of skills and different roles of business
analysts determines the competitiveness and positioning of
educational organizations.

The authors of the article [8] consider how the
coronavirus crisis and broad quarantine rules boost online
education or help the system prepare for the next crisis. The
example of Learning Management Systems and Language
Learning Platforms illustrates how EdTech companies can
adapt their business models to changing market conditions
and situational customer needs. In addition, with the help
of user behavior data, the company has the opportunity to
constantly innovate in existing EdTech systems.

The article [9] considers the problems associated with
learning foreign languages during the lockdown during
COVID-19. The authors conducted a SWOC analysis to
identify possible strengths, weaknesses, opportunities
and challenges associated with online learning during
a pandemic. Based on the results of the content analysis, it
was concluded that the flexibility of the time and location of
students, the reach of a wide audience and quick feedback
are the strengths of educational technologies. The weak
side is the lack of eye contact and technical shortcomings
in students. But the development of EdTech and academic
flexibility are opportunities for distance learning under
quarantine restrictions.

The problems that arise when commercial decisions are
made too quickly for digital learning in the context of the
COVID-19 pandemic are discussed in [10]. The authors
state that an urgent task in the context of the COVID-19
pandemic is to actively engage people, networks, projects,
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research and public discussions to promote the critically and
reflexively informed practice of digitalization of education.

The impact of COVID-19 on business model
innovation in EdTech startups is discussed in [11]. Since
the pandemic was quick and unexpected, companies have
had little time to change their own strategy. The authors
found that EdTech startups focused their marketing efforts
on the benefits of distance learning and the convenience of
using products at home. Also, the parents of students and
the formation of tariff plans for them became a new goal.
Most of the EdTech startups have continued to offer their
services free of charge, which has increased the awareness
of the tools and the user base.

The research of the nature of structural changes in the
behavior of digital agents in the financial market based
on the use of recurrence quantification analysis was
considered in the article [12]. The behavior of EdTech
market agents is also subject to structural changes under
quarantine restrictions, so the practical value of the study
is to determine the characteristics of the behavior model of
EdTech market agents before and after the introduction of
quarantine restrictions due to COVID-19.

Objectives of the article

The purpose of the article is to study the behavior
of EdTech market agents in the context of COVID-19,
therefore, the dynamics of changes in the value of shares
of educational corporations and holding companies for
the provision of educational services is analyzed using
recurrence diagrams. The object of the study is the time
series of the value of shares of educational corporations
and holding companies for the provision of educational
services according to Google Finance. The subject of the
study is the methods of nonlinear dynamics.
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The main material of the research

Consider the stock price performance of three EDTech
companies before and during the COVID-19 pandemic:
Chinese holding company that offers after-school education
and tutoring services to elementary and high school students
TAL Education Group (NYSE: TAL), Chinese private
education provider New Oriental Education & Technology
Group Inc. (NYSE: EDU) and Adtalem Global Education
Inc. from the USA, which operates commercial institutions
of higher education (NYSE: ATGE). The dynamics of stock
prices of these companies based on data from the Google
Finance service [13] for the period from October 22, 2010
to April 07, 2022 (weekly data) is shown in Figure 1.

The imposition of a lockdown in connection with
the COVID-19 pandemic with the complete closure of
educational institutions [14] (January 23, 2020 in China
and March-April 2020 in the USA) caused an active growth
in the value of shares of companies in the EdTech sector.
The sharp drop in the value of shares of Chinese companies
in May 2021 is due to the introduction of restrictions by
the Chinese authorities on online educational platforms
and companies that provide tutoring services as part of
the school curriculum. According to the new rules, all
companies in this sector must be registered as non-profit
organizations. They will no longer be able to conduct IPOs
and attract foreign capital, as well as provide tutoring
services to the detriment of public holidays, weekends and
school holidays.

American company Adtalem Global Education Inc. is
associated with medical schools, so the drop in the value
of the shares of this company is caused by an increase
in the number of students in medical institutions in the
3rd quarter of 2021 and the emergence of the Omicron
COVID-19 strain in February 2022.
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Fig. 1 — Stock quotes of EdTech companies for the period from October 22, 2010 to April 07, 2022
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Even before the COVID-19 pandemic, the global
education industry was facing a chain of challenges,
including limited educational infrastructure, lack of
qualified teachers, low public spending and high dropout
rates, especially in less developed countries. The pandemic
has only exacerbated these problems as most schools
closed and uncertainty about the future increased.

The study of the time series of the stock of shares of
EdTech companies was carried out by means of recurrence
analysis. For the generated database of incoming data,
the indicators of the first local minimum of the mutual
information function (AMI) and the dimension of the time
series (using the false nearest neighbor algorithm) are
calculated, on the basis of which the recurrence diagram
is built [15]. The calculation of the optimal delay time
of the time series, the nearest false neighbors and the
construction of the recurrent diagram were performed
in the R environment using the tseriesChaos and fractal
libraries. The analysis of the statistical characteristics of
the recurrence diagram makes it possible to determine the
measures of complexity of the structures of the recurrent
diagrams [12]: recurrence rate (RR), percent recurrence
(REC%), percent determinism (DET%), average diagonal
line length (ADL) and maximum diagonal line length
(MDL) of the recurrent diagram.
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Based on the analysis of the statistical characteristics
of the recurrence diagram, it is possible to determine the
presence of homogeneous processes with independent
random values; processes with slowly changing parameters;
periodic or oscillating processes corresponding to nonlinear
systems. Thus, the analysis of the recurrence surface makes it
possible to evaluate the characteristics of a nonlinear object on
relatively short time series, which makes it possible to make
prompt decisions regarding the management of the object.

Based on the results of the analysis of the value of
shares of selected EdTech companies for 599 weeks in
2010-2022, recurrence diagrams were obtained (Figure 2),
the topological analysis of which allows us to determine
the structure, type, change in the behavior of the object of
study, the boundaries of phase transitions, and establish the
sensitivity of quantitative measures.

The topology of recurrence plots for Chinese EdTech
stocks traded on the New York Stock Exchange (NYSE:
TAL and NYSE: EDU) shows abrupt changes in system
dynamics, which causes white areas or stripes to appear.
There is a gradual change in the behavior of representatives
of the EdTech sphere, a drift of the attractor (white lower
and upper corners of the diagram, a diagonal line) and the
formation of a new structure during the period of influence
of the consequences of COVID-19.
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Fig. 2 — Recurence plots of the stock of shares of educational corporations and holding companies providing educational
services for the period from October 22, 2010 to April 07, 2022: A) NYSE: TAL, B) NYSE: EDU, C) NYSE: ATGE
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Topology of the recurrence diagram for the value of
shares on the New York Stock Exchange of the American
Adtalem Global Education Inc. (NYSE: ATGE) contains
short diagonal stripes, which indicates the stochastic
behavior of the company in the EdTech market and the
return of the trajectory to the same region of phase space at
different time periods.

Quantitative characteristics of recurrence diagrams are
given in Table 1.

Since the value of the percent recurrence (REC%) for
all charts of stock prices of EdTech companies is more than
5%, we can conclude that the time series behavior of the
stock prices of these companies is irregular. For NYSE:
EDU stocks, the average percent recurrence is moderate,
while for NYSE: TAL and NYSE: ATGE it is high.

The percent determinism (DET%) characterizes the
level of predictability of the time series. Diagonal structures
show the time during which a segment of the trajectory
passes very close to another segment of the trajectory. For
all three time series considered, the level of predictability
is over 90 %.

The average diagonal line length (ADL) characterizes
the average time during which two sections of the trajectory
pass close to each other and can be considered as the
average predictability time of the series. According to the
results of calculations, the shortest average predictability
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time has the time series NYSE: ATGE (7.024 points), and
the longest — NYSE: TAL (67.181 points).

The maximum diagonal line length (MDL) characterizes
the length of the trend. The shortest trend has a time series
NYSE: EDU (315 points), and the longest — NYSE: ATGE
(519 points).

Recurrence quantification analysis (RQA) can be used
not only to quantify the dynamics of the entire time series,
but also to study changes in the dynamics of the series.
Windowed recurrence quantification is potentially a very
powerful tool for detecting changes in subsets of a time
series. To study the time structure, the series were divided
into two adjacent windows that do not intersect, 128 data
points each, and the statistical characteristics of each of
them were calculated. The windows are chosen in such
a way as to analyze the behavior of EdTech companies
before and after the introduction of quarantine restrictions.
The first window covers the period from May 19, 2017
to October 25, 2019, and the second window covers the
period from November 1, 2019 to April 07, 2022.

Recurrence plots for the windows of the TAL Education
Group shares are shown in Figure 3, and the statistical
characteristics of these plots are shown in Table 2.

Values of the percent recurrence (REC%) in the periods
before the start of the pandemic and after did not change
much and indicate the irregular behavior of the time series.

Table 1 — Statistical characteristics of recurrence plots of stock prices of EdTech companies in 2010-2022

Measures of the recurrence plot NYSE: TAL NYSE: EDU NYSE: ATGE
REC% 25.800 8.261 16.098
DET% 99.255 94.634 92.902
ADL 67.181 8.191 7.024
MDL 458 315 519
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Fig. 3 — Recurence plots of the stock of shares of NYSE: TAL for the period:
A) May, 19, 2017 — October, 25, 2019, B) November, 01, 2019 — April, 07, 2022

Table 2 — Statistical characteristics of recurrence plots of stock prices of NYSE: TAL

100

Measures of the recurrence plot May, 19, 2017 — October, 25, 2019 November, 01, 2019 — April, 07, 2022
REC% 8.52 8.53
DET% 84.31 90.23
ADL 5.48 9.01
MDL 44 28
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After the start of quarantine measures, the predictability
of the time series increased from 84.31% to 90.23 %. The
average predictability time also increased from 5.48 points
to 9.01 points.

Windowed recurrence diagrams for the stock price of
New Oriental Education & Technology Group Inc. are
presented in Figure 4, and the statistical characteristics of
these plots are shown in Table 3.

Values of the percent recurrence (REC%) in the periods
before and after the onset of the pandemic indicates the
irregular behavior of the time series. After the start of
quarantine measures, the predictability of the time series
increased from 79.87 % to 86.81 %. The average predictability
time also increased from 3.67 points to 8.91 points.
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Windowed recurrence plots of Adtalem Global Education
Inc stock prices are presented in Figure 5, and the statistical
characteristics of these plots are shown in Table 4.

Values of the percent recurrence (REC%) in the
periods before and after the start of the pandemic indicate
the irregular behavior of the time series. After the start
of quarantine measures, there is a slight decrease in the
predictability of the time series from 96.40% to 93.69 %.
The average predictability time also decreased from
11.39 points to 6.80 points.

The presence of black strips in Figure 5.B indicates the
non-stationarity of the behavior of the shares of Adtalem
Global Education Inc., which means the formation of
a transition period. Periodic patterns characterize the

Recurrence plot
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Fig. 4 — Recurence plots of the stock of shares of NYSE: EDU for the period:
A) May, 19, 2017 — October, 25, 2019, B) November, 01, 2019 — April, 07, 2022

Table 3 — Statistical characteristics of recurrence plots of stock prices of NYSE: EDU

Measures of the recurrence plot May, 19, 2017 — October, 25, 2019 November, 01, 2019 — April, 07, 2022

REC% 10,97 6,74

DET% 79,87 86,81

ADL 3,67 8,91

MDL 37 27
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Fig. 5 — Recurence plots of the stock of shares of NYSE: ATGE for the period:
A) May, 19, 2017 — October, 25, 2019, B) November, 01, 2019 — April, 07, 2022
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Table 4 — Statistical characteristics of recurrence plots of stock prices of NYSE: ATGE

Measures of the recurrence plot May, 19, 2017 — October, 25, 2019 November, 01, 2019 — April, 07, 2022
REC% 46.4 51.59
DET% 96.40 93.69
ADL 11.39 6.80
MDL 111 100

cyclicality of certain changes in the value of shares, the
distance between which determines the period. Black
isolated dots characterize random interest in the value of
shares of this company, its rapid change.

Conclusion

The research revealed the nature of the behavior of
educational corporations and holding companies for
the provision of educational services in the context of
COVID-19. New York Stock Exchange share recurrence
plots were plotted for a Chinese holding company that
offers post-secondary education and tutoring services to
elementary and high school students TAL Education Group
(NYSE: TAL) and Chinese private education provider New
Oriental Education & Technology Group Inc. (NYSE:
EDU). For this, weekly data for 599 weeks from 2010-2022
were selected. The dynamics of the value of the shares of
both companies has a similar behavior — the time series are
non-stationary, but the NYSE: EDU time series has a lower
level of predictability than the NYSE: TAL time series. This
can be explained by the fact that post-secondary education
and tutoring services for primary and secondary school
students were less affected by quarantine restrictions than
language courses for adults and courses for preparing for
professional exams inside China and abroad.

A windowed recurrence analysis was also performed
for periods of 128 weeks before and after the introduction
of quarantine restrictions. In accordance with its results, it

was revealed that the introduction of quarantine restrictions
led to an increase in the level of predictability of the time
series by 7% for the shares of TAL Education Group and
by 8.7% for the shares of New Oriental Education &
Technology Group Inc.

In the research, a recurrence plot of the value of shares
of Adtalem Global Education Inc. (USA, NYSE: ATGE)
on the New York Stock Exchange was built (weekly data
for 599 weeks in 2010-2022). This company operates
commercial higher institutions. An analysis of the topology
of the recurrence plot indicates that the time series of the
value of the shares of this company is non-deterministic
and has a stochastic character, and the trajectory returns to
the same area of the phase space at different times.

Windowed recurrence analysis of Adtalem Global
Education Inc. stock price for periods of 128 weeks
before and after the introduction of quarantine restrictions
indicates a decrease in the predictability of the time series
by 2.8% after the introduction of quarantine restrictions
in the USA in March-April 2020. Also, this is due to the
fact that Adtalem Global Education Inc. manages medical
schools that have experienced an increase in demand for
medical education during the pandemic.

The behavior of EdTech sector agents in the context
of COVID-19 requires further research, since the EdTech
sector in the financial market is represented not only by
companies that provide educational services, but also by
educational technology companies, scientific publishers, etc.
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