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Abstract: The spread of coronavirus has caused the shutdown of businesses and classroom participa-
tion to enable social distancing. It has led to the promotion of digitalization in societies and online
activities. This manuscript presents an overview of the measures education systems could take to
present appropriate courses in accordance with the present movement toward digitalization, and
other requirements of societies in the (post) crisis period.

Keywords: COVID-19; digitalization; education system; innovation

MSC: 97B10

1. Introduction

The COVID-19 pandemic emerged initially in the city of Wuhan in China and then
spread to other major cities in different countries [1]. Since the contagion rate initially was
high and there was no known vaccine at the beginning of the pandemic, governments
imposed various restrictions to reduce the risk of infection and strongly urged citizens to
uphold social distancing. Consequently, much administrative work was achieved remotely,
and meetings were recommended to take place online. Since then, the restrictions have
been lowered.

Researchers believe that although the COVID-19 crisis can be compared to other crises
in the history of humanity [1–4], many differences make the COVID-19 crisis unique. Firstly,
World War I (1914), the Spanish Flu (1918), and World War II (1939) affected directly only
some parts of the world; however, the impact of COVID-19 is global and has affected
almost all the regions in the world. On the other hand, although the Financial Crisis (2008)
and Terror Attacks in the USA (2001) had an impact on businesses globally, the level of
impact has been different for citizens of different ages. Currently, social distancing and
using masks are recommended for citizens of differing ages, from kindergarteners to the
elderly [2,3]. Moreover, most of the crises mentioned have been the result of a big event
(e.g., the collapse of a number of financial institutions including Lehman Brothers, or the
Terror Attacks on 9/11). However, the COVID-19 crisis is the consequence of a rise in the
number of infections that are repeated in second or third waves. Unfortunately, we are now
witnessing new waves of coronavirus and its impacts in different countries, e.g., Spain [4,5],
Germany [6,7], Australia [8], Italy [9,10], Japan [2], Singapore [11], Malaysia [12], India [13],
South Africa [14], Norway [15], Sweden [16], Pakistan [17], and The Philippines [18], to
name a few. No-one knows where the pandemic will lead us and when the pandemic and
the consequent crisis will finish in the world. Although vaccines have been provided to
many populations, there are still many open questions regarding vaccination at the global
level. At the time of redaction of the manuscript (28 September 2022) only 68 percent of the
population worldwide has been fully vaccinated [19].

The strategy that many governments recommend is to follow the regulations and
uphold social distancing to avoid the risk of person-to-person infection (which mostly
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takes place from encounters in close proximity) [20,21]. Therefore, digital-based meetings
offer the best preventative solution until governments relax restrictions or the appropriate
vaccine is distributed globally. However, the recommendation of scientists and govern-
ments to continue the current practice of virtual meetings and remote working should
be considered [22–26]. The benefits gained by employers range from lower monthly bills
for electricity and other operational costs, up to their freedom in firing some employees,
without the fear of the legal consequences [24,27,28].

The recent practice of remote working has also impacted universities and educa-
tional organizations. Hence, classes have been shifted toward virtual meetings, remote
instructions, and distant mentoring [15,20,29–34]. Therefore, on the one hand, while faculty
members and teachers needed to put into place a new scheme of distance teaching and
mentoring [35–39], on the other hand, the students were also required to adopt the skills
of using new technologies in order to learn the contents of their courses, relying on Moo-
dle [40–42] and other digital devices [17,27,43–46], alongside the difficulties in dislocation
from their classmates that semester [2,27,47].

The overall impact of the COVID-19 crisis for educational centers is estimated to
include the loss of internship, clinical and laboratory practices that downgrades education
quality [22,30–32,48–51], mental difficulties and stress [45,52,53], difficulty in promoting
digital skills [5,14,26,35,36,54–56] and the extension of visas for international students.
These have all resulted in loss of revenue for the private institutes [27,57–59]. Some issues
at the administration level are still unclear, e.g., the selection procedure for entrance to the
universities and the mismatch of the skills of graduates and the market which would create
different risks and opportunities and make the financial stability of the universities more
uncertain in the future [5,11,26,49].

Some researchers have indicated the marginal outperformance of the online learn-
ing process for students and proposed that blended learning methods are more fruitful
and satisfactory [2,60–64]; such results are useful when online learning is a choice for
the teacher [7,65–69] and the students have access to digital devices. What we are wit-
nessing is that the move to online practice has put the education of 2/3 of students at
risk globally [70,71], due to their restricted access to the internet and digital inequali-
ties [2,3,17,72], or that graduate students suffer from the risk of losing their visas to stay
in the developed countries where they have chosen to study and immigrate for greater
employment opportunities [11,27]. Hence, the success of students in online classes and
the mental health of the current students in the aftermath of COVID-19 might be ques-
tioned [3,70,72–77]. On the other hand, the parallel risk of unemployment has put the
mental health of the employees of the universities at risk [5,15,61,78–80].

Due to the transformation in class participation during 2019–2020 with the spread
of the pandemic, students needed to adjust to the imposed restrictions [64–66,81,82] in a
short time. Likewise, long-term planning by universities was required urgently to restrict
further loss in the middle of the crisis [83–86]. However, the administration and faculty
members also are part of the society impacted by the risk of contagion and not separated
from the core crisis. In the case of private universities, the risk of closure of the center and
unemployment of staff will intensify the urgency for appropriate remedies [66,67,87,88] to
maintain revenue generation [6,9,35,59,89,90].

In the current circumstances, as businesses have decided to prioritize remote working
plans for their employees, universities have started to take the opportunity to devise
appropriate curricula for the preparation of students for the job market through embedding
the required digitalization and internet-based working skills [23,27,57,58,88,91,92].

Therefore, the present manuscript aims to study the impact of the coronavirus crisis
on education systems, and the leading role digitalization can play in multidisciplinary
education by universities. The immediate impact of the coronavirus crisis has been the
higher attention given to software programming, AI development, automation, online
marketing-related skills, biomedical, digitalization skills, and smart devices in educational
systems [31,35]. Reports [35] demonstrate that, for instance in the UK in 2018, about



Mathematics 2023, 11, 259 3 of 14

4.5 percent of the total jobs were in the digital sector, its highest level since 2011, and within
this 49.7 percent were in “Computer programming, consultancy and related activities”.

The strategies of different countries have been differed, ranging from the “Kursbuch”
provision in Germany as Digitalstrategie der Bundesregierung to the strategies proposed
by Department for Education of the UK for education providers and the technology indus-
try [35,36], however, this paper will not focus on the detailed description of a particular
country in the digitalization plan for education. Yet, it will provide a review of the digital-
ization of the education systems at the time of the pandemic and tries to summarize the
dominant spirit in the digitalization process of the education systems and industries in the
world due to the impact of the coronavirus crisis, which will apply to a great number of
schools and institutes. Hence, the interested reader wishing to understand the digitalization
plan of every particular country should refer to the related cited references.

The research method utilized in the paper is that we first review the literature on the
impact of the pandemic crisis on education programs, and then focus on the subject from
the viewpoint of operational policy at the centers—as a choice of the administration for
revenue generation and attraction of new students, and also from the viewpoint of industry
demands. Both of the above factors imply a transformation in learning schemes and
demand for a higher level of IT-based connections to continue the provision of education,
which results in financial burdens. Given the pressures of the demands for stronger IT
infrastructures, the demand of revenue generation and attraction of new students in the face
of travel restrictions, etc. (particularly at the private institutes), reduction in (or pause of)
the government’s support at the time of the pandemic, the educational centers developed
resilience through course (re-)design, AI-based innovation and emphasis on the continuity
of education (even at this most difficult time and with the presence of obstacles). We
have tried to support the premise of our research with examples of the different fields
and explain how digitalization has assisted in the resilience plan. In each case, interested
readers are referred to the related publication for deeper study of the proposed strategy.
However, we have tried to cite some examples within the limited space of the current paper.

As the spread of the pandemic is impacting different industries and work routines
in businesses and the medical care sector [22,30–32,49–51], higher attention is paid to the
computer science and digital skills in society, which will impact the career planning of
students to pivot in the direction of the post-coronavirus ICT-based society.

Therefore, we will try to present a global overview of the impacts of the pandemic on
education systems with a special focus on the digitalization process and the roles it can
play to assist job creation for graduated students in small- and medium-sized businesses
or prepare them for industry or clinical work. We also will preview how the adminis-
trators and executives in different departments and schools can pilot the proper plans to
balance the number of interested students for entrance with graduates in all the fields
of study, with a direct focus on the current wave of digitalization (i.e., computer science,
programming, electrical engineering). Some instances of market-oriented privatization
have been reported in [88].

2. The Coronavirus Crisis Makes Changes to Educational Programs

In order to present an overview of the transformations in education systems in the
(post) coronavirus crisis (in the next section), initially we study the concerns of the admin-
istrative positions of the universities in the coronavirus crisis. The information has been
obtained through the survey conducted by Inside Higher Education [93] across presidents
and chancellors at key American universities. The survey represents the first study of the
concerns in academia after the emergence of the COVID-19 pandemic. The majority of
the participants declared that the classes and meetings were transferred online, staff were
working remotely, the majority (or all) the buildings were closed, and the international
travel of the students, staff, and faculty was suspended [93].

Other researchers have confirmed that in the closure period, the first concern was
the mental health of the students, teachers and employees [3,5,15,70,72,75–80]. The men-
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tal health concerns and related stresses resulted either from the fear of contagion, fear
of unemployment or loss of salary (or for the students, delay in receiving scholarship
funding), and other kinds of short-term financial crises inside the organization [26,70,88].
The second concern was the decline in student enrollment and the increase in student
attrition [6,9,35,89]. The overall result of the study urges planning for the appropriate
transformation of educational centers to guarantee the financial survival of the university
within the current crisis, plus the promise of useful course planning and management of
the educational programs for the mutual benefit of the students, faculty members, other
employees and society [2,12,94–96]. In the following, some guidelines for the appropriate
transformation within education systems will be presented (Figure 1).
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2.1. Transformation of Operational Policy of the Centers

The emergence of the COVID-19 crisis has produced disruption in the common
practice of universities. Hence, many of the educational classes, short courses, busi-
nesses and industrial practices have been delivered online since the Spring semester of
2019–2020 [15,20,22–26,30–34]. However, there are great concerns over a loss of interest of
the students and learners in in-person participation during coming semesters [6,9,35,89],
which will cause substantial financial concerns for the presidents and chancellors of uni-
versities [26,70,88]. With the emergence of the new practice of online classes, the busi-
ness model of revenue generation in the universities has evolved toward providing more
technology-based solutions to the learners and students as the customers of their ser-
vices [6,9,28,35,57,59,88–90]. In the new business model, the educational centers would
need to invest in the new logic of attracting customers (i.e., the learners) interested in paying,
while the governmental relief plans for the crisis period seem uncertain [23,27,58] (The inter-
ested reader is referred to [97–99] for further reading on the dominant logic of businesses.)
In general, the new logic of business should encompass the following characteristics:

(1) The universities started to focus on value generation for the students and learners
through the provision of online courses and agility in course planning. Hence, they
modified the old common practice of long-term courses and prioritized short-term
courses of digital skill learning [54,57,59,90]. Studies [35] demonstrate that online
courses on digital education, especially technology re-skilling and up-skilling for
adults, were much in demand in recent years due to learners’ lack of time, the com-
petitive labor market, and their caring responsibilities, etc. For instance, in the 2018
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Autumn Budget, the Government of the UK announced £100 million of new funding
to continue the testing and development of the National Retraining Scheme, to re-skill
and up-skill adults.

(2) Differentiate properly the practices of academic teaching and assessment from skill-
learning courses for older students and value generation for learners, practitioners, and
non-paying audiences. In many cases, value generation for learners is accomplished by
certification, to broaden the recruitment potential of higher-age learners [24,100].

(3) The role of the faculty members, mentors, and advisers should be modified for service
provision to the whole of society at different ages and of different backgrounds
(instead of a focus on academic students) [88]. It has been recommended in [36] (p. 6)
that three groups be distinguished: working people, university learners and 15–18s.

(4) Seeking new streams of revenue generation to compensate for the reduction of the
number of students from overseas and uncertainties in the financial support of the
governments [27,57,59,88,90]. The long-term sustainability plans and the management
of the programs suggest the need for longer-term horizon scanning and a “Digital
Skills Observatory” to assess and anticipate skills gaps and build up the bases of
research, analysis and intelligence according to a mapping of society [36].

(5) The reduction of operational costs (e.g., building rent costs, building maintenance, costs
of heating systems, dormitories) [24,27] for the higher profit of the education centers.

The points mentioned above are fairly generic for the management of the departments
and their financial survival. However, since the COVID-19 crisis has stimulated a rad-
ical transformation in the digitalization of businesses and society as a whole [64,81,82],
therefore, it will bring a special focus to the role of online and distance-learning courses of
universities in digital skills for leading the digital revolution in the aftermath of the COVID-
19 crisis [87,101]. Therefore, we highlight some new values that need more attention for
course planning, curriculum design, and revenue generation.

2.1.1. AI-Based Solutions Will Teach More

In the aftermath of COVID-19 and the spread of the new scheme of online classes, many
AI-based solutions for teaching and technology-based learning methods have been pre-
sented by different universities and private educational centers [31,100,102,103]. Therefore,
the students and learners have started to have more access to information and advanced
algorithms. They will learn more in broader aspects in comparison to the traditional
learning schemes [24,33,68,104]. An example of the case where an AI-based solution
is expected to remain in place is the use of a 3D visualization system to supplement
more traditional laboratory-based lessons on anatomy and dissection at the University of
Wolverhampton [35].

2.1.2. Assessment Will Be the Tool of Value Delivery and Innovation

With the progress in online methods of learning and the higher demand for AI-
based skills, assessment practice and the resulting certification will be considered as a
main method of value delivery and revenue generation of universities [13,48]. The high-
est emphasis will be on the digital skills of the students and learners for job-seeking in
the post-coronavirus period. The departments can establish different short-term skill-
based programs and long-term educational courses in novel fields such as digital psy-
chology, motivational courses for remote employees, and digital management, to name
a few [1,2,11,20,22,40,56,104,105]. In particular, in some fields such as medical education
new competencies will be expected from the graduates [30,32,48,106,107].

2.1.3. The Importance of Personal Preference

With the expansion of online methods of teaching, students will have more choice in
selecting their field of study and the pathway toward their career. Besides, various streams
of education will become more available to students, and the same topic will be available to
study through different channels, e.g., animation, virtual reality, video, online teaching, and



Mathematics 2023, 11, 259 6 of 14

in-person teaching. Therefore, the learner will have more freedom to follow their personal
preference in their learning endeavor [31,32,106]. An example of a case where an AI-based
solution is used for enabling personal preference can be found at Bolton College where
IBM Watson is employed as a virtual assistant and helps delivering on-demand to requests
by students for information, advice and guidance [35].

2.1.4. The Importance of an Ethical Foundation and Customized Learning

With the growing importance of customized learning and the availability of new
learning tools, competition between universities will grow to attract students and learners
from a wider spectrum of backgrounds and deliver value for revenue generation. Therefore,
an ethical foundation and customized learning will be more critical in diversifying study
plans and attracting more learners to the offered programs [2,100,104]. An example where
an AI-based solution is offering customized learning can be found at the Highfurlong School
in Blackpool in the UK, where the assistive technologies are employed for communication
with students who need special care [35].

2.1.5. Education as a Service

Studies in the UK, Australia and the USA [36] show those studying computing courses
with industrial collaboration—generally under the umbrella of “sandwich courses” (or
studying similar courses with the same Code)—will have the lowest level of unemploy-
ment and are more likely to earn more [36] (p. 5). With the digitalization of industries
and businesses, greater digitalization skills will be required for the citizens to survive in
the market [27,57–59,90]. Therefore, the demand for educational programs in the digital
fields and related skills will increase. In light of that, computing departments will pro-
mote their activities for the delivery of higher service to society and expand their value
chain [26,38,48]. The domain of an educational program at computing departments can
vary from digitalization of entertainment and communication, where “algorithms” are
influencing search engines and news broadcasting channels through to health and social
care and innovation in public services [35,36] (p. 1). It is worth mentioning that the Institute
of Coding is one of the UK Government’s responses to the “digital skills challenge” as it
aims to bring together a consortium of research- and teaching-focused universities, large
corporations, small- and medium-sized enterprises (SMEs), established industry groups,
experts in the delivery of distance/non-traditional learning and professional bodies [36].

2.2. Transformation of the Industries

With the current high level of attention on social distancing, the application of in-
dustrial automation, AI solutions, data analysis, and risk optimization in many processes
will grow in the future. Therefore, a partnership of electrical engineering and computing
departments will establish the foundation for offering novel AI-based skills in various
fields of science, technology and medical care [30,31,48,49]. The contents of such new
courses will be in accordance with the demands of the industries and the digitalization
process of businesses in the various fields of the coming future and with the consideration
of the superiority of the face-to-face classes compared to the distance learning, especially in
skills-based fields of studies or medical care [22,32,50,51].

2.2.1. Widespread Remote Working Practices

At the beginning of the COVID-19 crisis, when businesses started sending employees
home for remote working, they had concerns about the efficiency of the work processes.
However, after a short while, reports declared the same level of efficiency of the employees
working from home, or even higher productivity [108]. Although initial studies have
shown it was the fear of losing their jobs that provoked employees to sustain the level of
efficiency, and concerns of balancing their private life and work are still present, many firms
have announced their intention of keeping employees at home even after the lessening
of the coronavirus crisis [24,27]. Given this prospective work environment, universities
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should plan properly to prepare their students for the dominant scheme of telework,
distant collaboration, and team working, besides their remote employee management
schemes [2,4,18,23,26,51,76,93,106].

2.2.2. New Schemes of Process Optimization and Integration

The higher level of digitalization of industries will ensure a higher level of integration
of work processes. Therefore, the gaps and weak points will be resolved, and there will not
be a single point of weakness for possible failure [11,51,100]. The higher level of process
integration will require higher technical skills in either machine-to-machine interaction or
in the interpersonal skills of engineers and managers for their business relationships with
distant coworkers and partners [5,12,68].

2.2.3. Funding Resources Move to the New Fields

The COVID-19 crisis will stimulate new demands on the engineer’s skills and technical
innovation [8,20,52,55,77,104,109]. Therefore, it opens up new fields of research and will
lead to the emergence of new spinoffs, start-ups, and app development [31,48]. Recent stud-
ies have been carried out to find out why different groups of people choose (or not) to learn,
work or train in the digital skills [36] (p. 6). It is expected that new pipelines of revenue
generation, with tailored and inclusive curricula, will be developed according to the gender,
ethnicity and diversity of the students and learners. Participation of the government in
such plans will impact positively on the development of the digital economy [36].

2.3. Transformation in Learning Schemes

The emergence of COVID-19 saw confusion among the students, administrators, and
faculties in the Spring semester of 2019–2020. The starting date, quality, and conditions of
the future academic semester are still uncertain in many countries, and many questions
are unsolved [3,36]. Universities and their departments need to study the value chain and
answer the new open equations related to value generation to find the best practices for the
coming semesters and the longer-term future [11]. However, it is clear that the transforma-
tion is not just about the course plan of the current semester, yet, the educational program
of the consequent semesters of the future years will go through a digital transformation, as
well. Some features of the transformation will be as follows.

2.4. Education Is Going Online Globally

The coronavirus crisis has caused uncertainties and difficulties in travel and immigra-
tion. Not only would parents prefer to have their children study close to their home given
the risk of infection by the coronavirus, but some countries have also started new policies
for granting student visas [81,84,87]. The private universities have advanced further in the
internationalization of activities and they offer online programs for students abroad [11,57].
Therefore, this can be an excellent opportunity for universities to commence global virtual
educational programs and increase the admission of students, to off-set to the reduction of
their tuition fees for virtual educational programs [1,11,14,22,48].

2.5. More Attention to Mental Health of Learners and Alumni

With the expansion of telework schemes, the opportunities for networking and social-
ization of the current members of education programs and research groups are limited.
Therefore, there should be appropriate programs in place to promote socialization and
networking between colleagues [5,15,77–80]. Also, the universities should dedicate more
attention to the teamwork spirit of the faculty members and colleagues [3,70,72,75,76].

2.6. Innovative Methods of Mentoring and Planning

The application of different AI-based methods and digitalization plans have
been considered for the automation of work processes and upholding of social
distancing [2,30,32,40,48,106,107]. It will be necessary to focus on the application of AI
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methods for career planning and consulting with students and fostering their decision-
making. The application of the improved methods of offering distant personalized guid-
ance will be able to replace the lack of real social experience and the “skill mismatch
problem” [1,20,22,36,104]. The skill mismatch problem in the UK may be summarized as
“students aren’t industry ready” [36]. A higher level of innovative methods of mentoring
will equip students for a career rather than a specific job [11,56,105]. Also, it is expected
that some fields of study and research such as AI-based psychology will appear in the
future [22,104,105].

3. The Demand for Higher IT-Based Connections

The expansion of the IT-based services of the universities, on the one hand, requires
promoting the IT infrastructures of the universities. On the other hand, it will facilitate the
reach of online courses to a broader spectrum of participants. Normally, the expansion of
IT connections is not highly cumbersome. However, it requires a dedication of time and
cost for the infrastructures to be updated and personnel trained.

4. How to Overcome the Financial Constraints?

The cost of the IT-based educational program updates in universities may be recovered
by the possibility of a higher number of participants accessing the required digital skills
courses [6,9,35,59,89,90], according to the economy of scale. Additionally, the savings
made by reductions in the costs of building maintenance, parking lots, etc. will lead to
greater financial stability [24,27]. The agility of the decision makers for commercialization
of the activities will assist highly in new revenue generation and leadership in the global
competition for the survival in the (post) period of crisis [23,27,57,58,88,93].

5. An Overview of the Road Map

In this manuscript, it has been discussed that the COVID-19 crisis and the demand
for upholding social distancing have started to transform social life and work in our
societies, and calls for online methods of socialization and remote working. Alongside
this, the teaching and learning practices of universities are becoming largely virtual and
online. Therefore, educational programs will face new challenges and opportunities in the
digitalization and smart working of society (summarized in Figure 2).Mathematics 2023, 11, x FOR PEER REVIEW 9 of 15 
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The first and principal concern that the departments should pay attention to is the com-
mitment to the continuity of education for the students and learners [2,22,27,32,93,95,96]. This
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is important to avoid the limitation of face-to-face class participation as an excuse for the lack
of access of the students and learners to learning opportunities [4,15,34,68,83,89,110–112]. Yet,
this is an opportunity to create value and strengthen the mutual and bilateral relationships
between universities and educational centers with the distant students and learners—for
the establishment of a robust ecosystem of education and value chain optimization enabling
the delivery of educational service and well-being to all [27,39,58,59,90].

This method of thinking will help the decision-makers devise new schemes for long-term
planning of capacity building in a younger generation facing many challenges [113–119].
Special attention should be paid to the ”skill mismatch” problem and national priorities
(e.g., data science and cybersecurity [36] (p. 5)) The coronavirus crisis can be used as the
driver for bringing equality in digital access to education for all. Hence, the development
plans in many countries such as the UK [36] (p. 6) aim to give factors such as gender,
diversity and ethnicity special consideration. Besides, they can bring valuable experience
and benefit society in the ending the current crisis and also other possible crises in the
future [117–119].

The second challenge is the endeavor for proper course design and modification of
the curriculum to deliver coherent capacities and skills to students and learners given the
requirements of the upcoming digitalized industries and practices [24,42,104,111]. It is
believed that during the eight weeks of the COVID-19 crisis emergence, the world advanced
in technology adoption at a rate that previously took years. Therefore, universities should
focus with the same level of intensity on implementing the digital methodologies and skills
toward the development of a digital context in educational programs and enabling access
to the required tools and simulators for the advancement of online classes and virtual
laboratories [26,30,31,36,112].

The effectiveness of digital tools and simulators should be studied in parallel to
the lack of internship opportunities (at the industries or medical practices) during the
coronavirus crisis and the limited access to laboratories [22,50,51]. Studies demonstrate that
the professional development of medical educators through the digital methods impacts
the collaborative spirit at the work place, and communication and interaction with the
patients, which are considered to be threats to distant medical education [51].

Such great movements parallel the call for a higher level of AI-based innovation
to enable the practitioners, instructors, faculties, students, and learners to engage with a
digitalized engineering experience. We are witnessing the assistance of AI-based algorithms
and digital methods in pedagogical tasks, which might lead to the dependence of human
technicians on robots and smart devices in many industrial fields and practices. It is
estimated that, in the near future, and with the huge movement toward digitalization in
the aftermath of the coronavirus pandemic, AI-based algorithms will dominate the role
of professors in many educational programs, and human technicians will be replaced by
robots and smart devices in many fields [1,37]. However, there are still debates whether
the educational task regarding the key foundation topics and threshold concepts can be
achieved without in-person interactions [4].

6. Conclusions

The emergence of COVID-19 has changed social life and industrial processes at a
global level. Scientists have recommended the upholding of social distancing, which
provoked higher applications of artificial intelligence, automation, and machine learning in
our societies. Since the education systems are assumed to be committed to the requirements
of society and industrial demands, it is expected that the educational systems and course
planning in the current circumstances will reshape themselves. Also, the possible reduction
in financial support of governments is the other factor that may provoke educational
systems to modify their course planning for further digital learning programs and smart
educational courses for students and learners of different backgrounds.

The present manuscript tried to predict the possible plans of the educational systems
to adapt to the current reality and trace the possible trajectory for their transformation
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in society toward a higher level of digitalization and smart working. On the one hand,
the curriculum and course plans for teaching digital skills will assist in upholding social
distancing and lowering the risk of the coronavirus spreading, preventing the fear of
financial loss and unemployment. On the other hand, based on recent experience, the
educational centers will utilize the service-based dominant logic of marketing to place
a focus on digital skills and attract more students as the customers of their services to
maintain their cash flow.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing is not applicable to this article.

Conflicts of Interest: There is no conflict of interest between the author and any other party.

References
1. Zhu, G.; Yu, X.; Liu, Y.; Yang, Y.; Xie, X. Challenges and innovations in online teaching during the outbreak of COVID-19 in

China. In Proceedings of the 2020 IEEE Frontiers in Education Conference (FIE), Uppsala, Sweden, 21–24 October 2020; pp. 1–6.
[CrossRef]

2. Kang, B. How the COVID-19 Pandemic Is Reshaping the Education Service. In The Future of Service Post-COVID-19 Pandemic;
Springer: Singapore, 2021; Volume Voulme 1, pp. 15–36. [CrossRef]

3. Vijayan, R. Teaching and Learning during the COVID-19 Pandemic: A Topic Modeling Study. Educ. Sci. 2021, 11, 347. [CrossRef]
4. Barlovits, S.; Jablonski, S.; Lázaro, C.; Ludwig, M.; Recio, T. Teaching from a Distance—Math Lessons during COVID-19 in

Germany and Spain. Educ. Sci. 2021, 11, 406. [CrossRef]
5. Prieto-Ballester, J.-M.; Revuelta-Domínguez, F.-I.; Pedrera-Rodríguez, M.-I. Secondary School Teachers Self-Perception of Digital

Teaching Competence in Spain Following COVID-19 Confinement. Educ. Sci. 2021, 11, 407. [CrossRef]
6. Zawacki-Richter, O. The current state and impact of COVID-19 on digital higher education in Germany. Hum. Behav. Emerg.

Technol. 2020, 3, 218–226. [CrossRef] [PubMed]
7. König, J.; Jäger-Biela, D.J.; Glutsch, N. Adapting to online teaching during COVID-19 school closure: Teacher education and

teacher competence effects among early career teachers in Germany. Eur. J. Teach. Educ. 2020, 43, 608–622. [CrossRef]
8. Scull, J.; Phillips, M.; Sharma, U.; Garnier, K. Innovations in teacher education at the time of COVID19: An Australian perspective.

J. Educ. Teach. 2020, 46, 497–506. [CrossRef]
9. Quattrone, F.; Borghini, A.; Emdin, M.; Nuti, S. Protecting higher education institutions from COVID-19: Insights from an Italian

experience. J. Am. Coll. Health 2020, 70, 1354–1355. [CrossRef]
10. Tagiletti, A. The big acceleration in digital education in Italy: The COVID-19 pandemic and the blended-school form Digital

teaching as the new normal? Eur. Educ. Res. J. 2021, 21, 423–441. [CrossRef]
11. Tan, S.; Rudolph, J.; Crawford, J.; Butler-Henderson, K. Emergency remote teaching or andragogical innovation? Higher education

in Singapore during the COVID-19 pandemic. J. Appl. Learn. Teach. 2022, 5, 64–80.
12. Hamzah, N.H.; Nasir, M.K.M.; Wahab, J.A. The Effects of Principals’ Digital Leadership on Teachers’ Digital Teaching during the

COVID-19 Pandemic in Malaysia. J. Educ. e-Learn. Res. 2021, 8, 216–221. [CrossRef]
13. Saxena, K. Coronavirus Accelerates Pace of Digital Education in India. EdTech Review, 17 April 2020.
14. Stiegler, N.; Bouchard, J.-P. South Africa: Challenges and successes of the COVID-19 lockdown. Ann. Med. Psychol.

2020, 178, 695–698. [CrossRef] [PubMed]
15. Langford, M.; Damsa, C. Online Teaching in the Time of COVID-19: Academic Teachers’ Experience in Norway; Centre for Experiential

Legal Learning (CELL), University of Oslo: Oslo, Norway, 2020.
16. Olofsson, A.D.; Lindberg, O.J.; Fransson, G. Swedish upper secondary school teachers’ experiences with coping with emergency

remote teaching (ERT)—Emerging pedagogical issues in pandemic times. Educ. North 2021, 28, 85–99.
17. Qamar, T.Q.; Bawany, N.Z. Impact of COVID-19 on Higher Education in Pakistan: An Exploratory Study. IJERI Int. J. Educ. Res.

Innov. 2020, 15, 503–518. [CrossRef]
18. Joaquin, J.J.B.; Biana, H.T.; Dacela, M.A. The Philippine Higher Education Sector in the Time of COVID-19. Front. Educ.

2020, 5, 576371. [CrossRef]
19. Data Collection. Available online: https://ourworldindata.org/ (accessed on 23 September 2022).
20. Tuma, L.A.; Stanley, C.; Stansbie, P. Teaching Innovation Grant COVID-19 Online Social Distance Teaching Project & Virtual

Event. J. Teach. Travel Tour. 2020, 20, 395–401. [CrossRef]
21. Cabero-Almenara, J.; Romero-Tena, R.; Palacios-Rodríguez, A. Evaluation of Teacher Digital Competence Frameworks Through

Expert Judgement: The Use of the Expert Competence Coefficient. J. New Approaches Educ. Res. 2020, 9, 275–293. [CrossRef]

http://doi.org/10.1109/fie44824.2020.9274272
http://doi.org/10.1007/978-981-33-4126-5_2
http://doi.org/10.3390/educsci11070347
http://doi.org/10.3390/educsci11080406
http://doi.org/10.3390/educsci11080407
http://doi.org/10.1002/hbe2.238
http://www.ncbi.nlm.nih.gov/pubmed/33363276
http://doi.org/10.1080/02619768.2020.1809650
http://doi.org/10.1080/02607476.2020.1802701
http://doi.org/10.1080/07448481.2020.1791885
http://doi.org/10.1177/14749041211021246
http://doi.org/10.20448/journal.509.2021.82.216.221
http://doi.org/10.1016/j.amp.2020.05.006
http://www.ncbi.nlm.nih.gov/pubmed/32836300
http://doi.org/10.46661/ijeri.5645
http://doi.org/10.3389/feduc.2020.576371
https://ourworldindata.org/
http://doi.org/10.1080/15313220.2020.1793259
http://doi.org/10.7821/naer.2020.7.578


Mathematics 2023, 11, 259 11 of 14

22. Succar, T.; Beaver, H.A.; Lee, A.G. Impact of COVID-19 pandemic on ophthalmology medical student teaching: Educational
innovations, challenges, and future directions. Surv. Ophthalmol. 2021, 67, 217–225. [CrossRef]

23. COVID-19 Community Response-Co-Funded by the European Union. Available online: https://eithealth.eu/covid-19
-community-response/ (accessed on 23 September 2022).

24. Crick, T. COVID-19 and Digital Education: A Catalyst For Change? Itnow 2021, 63, 16–17. [CrossRef]
25. Lewin, C.; Smith, A.; Morris, S.; Craig, E. Using Digital Technology to Improve Learning: Evidence Review; Education Endowment

Foundation: London, UK, 2019.
26. Crick, T. The Impact of COVID-19 and “Emergency Remote Teaching” on the UK Computer Science Education Community. In

Proceedings of the United Kingdom & Ireland Computing Education Research Conference, Glasgow, UK, 3–4 September 2020;
pp. 31–37. Available online: https://cronfa.swan.ac.uk/Record/cronfa55012/Download/55012__17980__387760573b1f47ba8
585a9e9122f579a.pdf (accessed on 5 May 2022).

27. Ewing, L.-A. Rethinking Higher Education Post COVID-19. In The Future of Service Post-COVID-19 Pandemic; Springer: Singapore,
2021; Volume 1, pp. 37–54. [CrossRef]

28. Pedersen, C.L.; Ritter, T.; Di Benedetto, C.A. Managing through a crisis: Managerial implications for business-to-business firms.
Ind. Mark. Manag. 2020, 88, 314–322. [CrossRef]

29. Hargreaves, A.; Fullan, M. Professional capital after the pandemic: Revisiting and revising classic understandings of teachers’
work. J. Prof. Cap. Community 2020, 5, 327–336. [CrossRef]

30. Woolliscroft, J.O. Innovation in Response to the COVID-19 Pandemic Crisis. Acad. Med. 2020, 95, 1140–1142. [CrossRef] [PubMed]
31. Iwanaga, J.; Loukas, M.; Dumont, A.S.; Tubbs, R.S. A review of anatomy education during and after the COVID-19 pandemic:

Revisiting traditional and modern methods to achieve future innovation. Clin. Anat. 2020, 34, 108–114. [CrossRef] [PubMed]
32. Hoernke, K.; McGrath, H.; Teh, J.Q.; Salazar, O. Virtual Learning Innovations for Continuing Clinical Education during COVID-19.

Med. Sci. Educ. 2020, 30, 1345–1346. [CrossRef] [PubMed]
33. Romero-Ivanova, C.; Shaughnessy, M.; Otto, L.; Taylor, E.; Watson, E. Digital Practices & Applications in a COVID-19 Culture.

High. Educ. Stud. 2020, 10, 80–87.
34. Esposito, C.P.; Sullivan, K. Maintaining Clinical Continuity Through Virtual Simulation During the COVID-19 Pandemic. J. Nurs.

Educ. 2020, 59, 522–525. [CrossRef]
35. Hinds, D. Realising the Potential of Technology in Education. Secretary of State for Education, Department of Education,

Government of the UK. 2019. Available online: https://dera.ioe.ac.uk/33172/1/DfE-Education_Technology_Strategy.pdf
(accessed on 5 May 2022).

36. Davenport, J.H.; Crick, T.; Hourizi, R. The Institute of Coding: A University-Industry Collaboration to Address the UK’s Digital
Skills Crisis. In Proceedings of the 2020 IEEE Global Engineering Education Conference (EDUCON), Porto, Portugal, 27–30 April
2020; pp. 1400–1408. [CrossRef]

37. Lewin, C.; Smith, A.; Morris, S.; Craig, E. Using Digital Technology to Improve Learning: Guidance Report; Education Endowment
Foundation: London, UK, 2019; Available online: https://d2tic4wvo1iusb.cloudfront.net/eef-guidance-reports/digital/EEF_
Digital_Technology_Guidance_Report.pdf?v=1635355216 (accessed on 5 May 2022).

38. Williamson, B.; Eynon, R.; Potter, J. Pandemic politics, pedagogies and practices: Digital technologies and distance education
during the coronavirus emergency. Learn. Media Technol. 2020, 45, 107–114. [CrossRef]

39. Brown, N.C.C.; Sentance, S.; Crick, T.; Humphreys, S. Restart. ACM Trans. Comput. Educ. 2014, 14, 1–22. [CrossRef]
40. Mayo-Cubero, M. Teaching Innovation Experience for COVID-19 Times: A Case Study on Blended Learning of Television

Journalism Courses with Moodle. Asia Pac. Media Educ. 2021, 31, 178–194. [CrossRef]
41. Arora, M.; Goyal, L.M.; Chintalapudi, N.; Mittal, M. Factors affecting digital education during COVID-19: A statistical modeling

approach. In Proceedings of the 2020 5th International Conference on Computing, Communication and Security (ICCCS), Patna,
India, 14–16 October 2020; pp. 1–5. [CrossRef]

42. Banerjee, D.; Das, D.; Pal, S.; Paul, S.R.; Debnath, A.; Reza, M. Effect of COVID-19 on digital transformations in teaching learning
methodology and its consequences in society: A review. J. Physics: Conf. Ser. 2021, 1797, 012066. [CrossRef]

43. McMaster, D.; Veremu, M.; Santucci, C. COVID-19: Opportunities for professional development and disruptive innovation. Clin.
Teach. 2020, 17, 238–240. [CrossRef]

44. Perifanou, M.; A Economides, A.; Tzafilkou, K. Teachers’ Digital Skills Readiness During COVID-19 Pandemic. Int. J. Emerg.
Technol. Learn. 2021, 16, 238–251. [CrossRef]

45. Parker, M.; Alfaro, P. Education during the COVID-19 Pandemic: Access, Inclusion and Psychosocial Support; Studies and Perspec-
tives series; ECLAC Subregional Headquarters for the Caribbean, No. 104 (LC/TS.2021/211-LC/CAR/TS.2021/6); Economic
Commission for Latin America and the Caribbean (ECLAC): Santiago, Chile, 2022.

46. Kuncahyono, I.Z. Development of Digital Sway Teaching Materials for Online Learning in the COVID-19 Pandemic Era. In
Proceedings of the KnE Social Sciences, International Research Conference on Economics and Business, Malang, Indonesia, 26–27
October 2020; pp. 200–209. Available online: https://knepublishing.com/index.php/KnE-Social/article/download/9359/15672
(accessed on 22 September 2022). [CrossRef]

47. Radu, M.-C.; Schnakovszky, C.; Herghelegiu, E.; Ciubotariu, V.-A.; Cristea, I. The Impact of the COVID-19 Pandemic on the
Quality of Educational Process: A Student Survey. Int. J. Environ. Res. Public Health 2020, 17, 7770. [CrossRef] [PubMed]

http://doi.org/10.1016/j.survophthal.2021.03.011
https://eithealth.eu/covid-19-community-response/
https://eithealth.eu/covid-19-community-response/
http://doi.org/10.1093/itnow/bwab005
https://cronfa.swan.ac.uk/Record/cronfa55012/Download/55012__17980__387760573b1f47ba8585a9e9122f579a.pdf
https://cronfa.swan.ac.uk/Record/cronfa55012/Download/55012__17980__387760573b1f47ba8585a9e9122f579a.pdf
http://doi.org/10.1007/978-981-33-4126-5_3
http://doi.org/10.1016/j.indmarman.2020.05.034
http://doi.org/10.1108/JPCC-06-2020-0039
http://doi.org/10.1097/ACM.0000000000003402
http://www.ncbi.nlm.nih.gov/pubmed/32282372
http://doi.org/10.1002/ca.23655
http://www.ncbi.nlm.nih.gov/pubmed/32681805
http://doi.org/10.1007/s40670-020-01090-0
http://www.ncbi.nlm.nih.gov/pubmed/33020725
http://doi.org/10.3928/01484834-20200817-09
https://dera.ioe.ac.uk/33172/1/DfE-Education_Technology_Strategy.pdf
http://doi.org/10.1109/educon45650.2020.9125272
https://d2tic4wvo1iusb.cloudfront.net/eef-guidance-reports/digital/EEF_Digital_Technology_Guidance_Report.pdf?v=1635355216
https://d2tic4wvo1iusb.cloudfront.net/eef-guidance-reports/digital/EEF_Digital_Technology_Guidance_Report.pdf?v=1635355216
http://doi.org/10.1080/17439884.2020.1761641
http://doi.org/10.1145/2602484
http://doi.org/10.1177/1326365X211048619
http://doi.org/10.1109/icccs49678.2020.9277370
http://doi.org/10.1088/1742-6596/1797/1/012066
http://doi.org/10.1111/tct.13175
http://doi.org/10.3991/ijet.v16i08.21011
https://knepublishing.com/index.php/KnE-Social/article/download/9359/15672
http://doi.org/10.18502/kss.v5i8.9359
http://doi.org/10.3390/ijerph17217770
http://www.ncbi.nlm.nih.gov/pubmed/33114192


Mathematics 2023, 11, 259 12 of 14

48. Dua, A.B.; Kilian, A.; Grainger, R.; A Fantus, S.; Wallace, Z.S.; Buttgereit, F.; Jonas, B.L. Challenges, collaboration, and innovation
in rheumatology education during the COVID-19 pandemic: Leveraging new ways to teach. Clin. Rheumatol. 2020, 39, 3535–3541.
[CrossRef] [PubMed]

49. Egarter, S.; Mutschler, A.; Brass, K. Impact of COVID-19 on digital medical education: Compatibility of digital teaching and
examinations with integrity and ethical principles. Int. J. Educ. Integr. 2021, 17, 1–19. [CrossRef]

50. Vatier, C.; Carrié, A.; Renaud, M.-C.; Simon-Tillaux, N.; Hertig, A.; Jéru, I. Lessons from the impact of COVID-19 on medical
educational continuity and practices. Adv. Physiol. Educ. 2021, 45, 390–398. [CrossRef]

51. Beltran-Sanchez, J.A.; González-Treviño, I.M.; Dominguez, A. Digital Education in Times of COVID-19: The Experience of Medical
Educators. In Proceedings of the ICDTE 2020: 2020 The 4th International Conference on Digital Technology in Education, Busan,
Republic of Korea, 15–17 September 2020; pp. 26–31. Available online: https://dl.acm.org/doi/abs/10.1145/3429630.3429633
(accessed on 22 September 2022). [CrossRef]

52. Miguel, C.; Castro, L.; dos Santos, J.M.; Serrão, C.; Duarte, I. Impact of COVID-19 on Medicine Lecturers’ Mental Health and
Emergency Remote Teaching Challenges. Int. J. Environ. Res. Public Health 2021, 18, 6792. [CrossRef]

53. Jakubowski, T.D.; Sitko-Dominik, M.M. Teachers’ mental health during the first two waves of the COVID-19 pandemic in Poland.
PLoS ONE 2021, 16, e0257252. [CrossRef]

54. Händel, M.; Stephan, M.; Gläser-Zikuda, M.; Kopp, B.; Bedenlier, S.; Ziegler, A. Digital readiness and its effects on higher
education students’ socio-emotional perceptions in the context of the COVID-19 pandemic. J. Res. Technol. Educ. 2020, 54, 267–280.
[CrossRef]

55. Pérez-Sanagustín, M.; Kotorov, I.; Teixeira, A.; Mansilla, F.; Broisin, J.; Alario-Hoyos, C.; Jerez, Ó.; Pinto, M.D.C.T.; García, B.;
Kloos, C.D.; et al. A Competency Framework for Teaching and Learning Innovation Centers for the 21st Century: Anticipating
the Post-COVID-19 Age. Electronics 2022, 11, 413. [CrossRef]

56. Adu, K.O.; Badaru, K.A.; Duku, N.; Adu, E.O. Innovation and Technology: A Panacea to Teaching and Learning Challenges
during the COVID-19 Lockdown in South Africa. Res. Soc. Sci. Technol. 2022, 7, 69–89. [CrossRef]

57. Merola, R.H.; Coelen, R.J.; Hofman, W.H.A.; Jansen, E.P.W.A. Through the Looking Glass: How the COVID-19 Pandemic
Changed International Branch Campuses’ Academic Experience and Home Campus Relationship. J. Stud. Int. Educ. 2022,
10283153211070112. [CrossRef]

58. Guilbault, M. Students as customers in higher education: Reframing the debate. J. Mark. High. Educ. 2016, 26, 132–142. [CrossRef]
59. Guilbault, M. Students as customers in higher education: The (controversial) debate needs to end. J. Retail. Consum. Serv.

2018, 40, 295–298. [CrossRef]
60. Means, B.; Toyama, Y.; Murphy, R.; Baki, M. The Effectiveness of Online and Blended Learning: A Meta-Analysis of the Empirical

Literature. Teach. Coll. Rec. 2013, 115, 1–47. [CrossRef]
61. Krishnamurthy, S. The Future of Business Education: A Commentary in the Shadow of the COVID-19 Pandemic. J. Bus. Res.

2020, 117, 1–5. [CrossRef] [PubMed]
62. Almendingen, K.; Morseth, M.S.; Gjølstad, E.; Brevik, A.; Tørris, C. Student’s experiences with online teaching following

COVID-19 lockdown: A mixed methods explorative study. PLoS ONE 2021, 16, e0250378. [CrossRef] [PubMed]
63. Li, M.; Yu, Z. Teachers’ Satisfaction, Role, and Digital Literacy during the COVID-19 Pandemic. Sustainability 2022, 14, 1121.

[CrossRef]
64. Pozo, J.-I.; Echeverría, M.-P.P.; Cabellos, B.; Sánchez, D.L. Teaching and Learning in Times of COVID-19: Uses of Digital

Technologies During School Lockdowns. Front. Psychol. 2021, 12, 656776. [CrossRef]
65. Azorín, C. Beyond COVID-19 supernova. Is another education coming? J. Prof. Cap. Community 2020, 5, 381–390. [CrossRef]
66. Harris, A. COVID-19—School leadership in crisis? J. Prof. Cap. Community 2020, 5, 321–326. [CrossRef]
67. Zhao, Y. COVID-19 as a catalyst for educational change. Prospects 2020, 49, 29–33. [CrossRef] [PubMed]
68. Aditya, D.S. Embarking Digital Learning Due to COVID-19 Are Teachers Ready? 2021-04 OmniaScience, Open Access. Available

online: https://dialnet.unirioja.es/servlet/articulo?codigo=7954480 (accessed on 5 May 2022).
69. Fahrurrozi; Hasanah, U.; Dewi, R.S.; Ratnaningsih, S. Effectiveness of Digital Teaching Materials Based on Google Classroom to

Improve Digital Literacy Competencies during the COVID-19 Pandemic Period. In Proceedings of the 2020 6th International
Conference on Education and Technology (ICET), Malang, Indonesia, 17 October 2020; pp. 59–63. [CrossRef]

70. Chaturvedi, S.; Purohit, S.; Verma, M. Effective Teaching Practices for Success During COVID 19 Pandemic: Towards Phygital
Learning. Front. Educ. 2021, 6, 646557. [CrossRef]

71. Maity, S.; Sahu, T.N.; Sen, N. Panoramic view of digital education in COVID-19: A new explored avenue. Rev. Educ.
2020, 9, 405–423. [CrossRef]

72. Davis, C.R.; Grooms, J.; Ortega, A.; Rubalcaba JA, A.; Vargas, E. Distance Learning and Parental Mental Health During COVID-19.
2020 Brief Report. Educ. Res. 2021, 50, 61–64. [CrossRef]

73. Al-Samarrai, S.; Gangwar, M.; Gala, P. The Impact of the COVID-19 Pandemic on Education Financing; World Bank: Washington, DC,
USA, May 2020.

74. OECD. Education at a Glance 2020: OECD Indicators. Research in Learning Technology, March 2020. Available online:
https://meyda.education.gov.il/files/MinhalCalcala/EAG2020.pdf (accessed on 5 May 2022).

75. Santos, G.M.R.F.D.; Silva, M.E.D.; Belmonte, B.D.R. COVID-19: Emergency remote teaching and university professors’ mental
health. Rev. Bras. Saúde Mater. Infant. 2021, 21, 237–243. [CrossRef]

http://doi.org/10.1007/s10067-020-05449-x
http://www.ncbi.nlm.nih.gov/pubmed/33067772
http://doi.org/10.1007/s40979-021-00084-8
http://doi.org/10.1152/advan.00243.2020
https://dl.acm.org/doi/abs/10.1145/3429630.3429633
http://doi.org/10.1145/3429630.3429633
http://doi.org/10.3390/ijerph18136792
http://doi.org/10.1371/journal.pone.0257252
http://doi.org/10.1080/15391523.2020.1846147
http://doi.org/10.3390/electronics11030413
http://doi.org/10.46303/ressat.2022.5
http://doi.org/10.1177/10283153211070112
http://doi.org/10.1080/08841241.2016.1245234
http://doi.org/10.1016/j.jretconser.2017.03.006
http://doi.org/10.1177/016146811311500307
http://doi.org/10.1016/j.jbusres.2020.05.034
http://www.ncbi.nlm.nih.gov/pubmed/32501309
http://doi.org/10.1371/journal.pone.0250378
http://www.ncbi.nlm.nih.gov/pubmed/34464386
http://doi.org/10.3390/su14031121
http://doi.org/10.3389/fpsyg.2021.656776
http://doi.org/10.1108/JPCC-05-2020-0019
http://doi.org/10.1108/JPCC-06-2020-0045
http://doi.org/10.1007/s11125-020-09477-y
http://www.ncbi.nlm.nih.gov/pubmed/32836421
https://dialnet.unirioja.es/servlet/articulo?codigo=7954480
http://doi.org/10.1109/icet51153.2020.9276590
http://doi.org/10.3389/feduc.2021.646557
http://doi.org/10.1002/rev3.3250
http://doi.org/10.3102/0013189X20978806
https://meyda.education.gov.il/files/MinhalCalcala/EAG2020.pdf
http://doi.org/10.1590/1806-9304202100s100013


Mathematics 2023, 11, 259 13 of 14

76. Palma-Vasquez, C.; Carrasco, D.; Hernando-Rodriguez, J. Mental Health of Teachers Who Have Teleworked Due to COVID-19.
Eur. J. Investig. Health Psychol. Educ. 2021, 11, 515–528. [CrossRef]

77. Aperribai, L.; Cortabarria, L.; Aguirre, T.; Verche, E.; Borges, Á. Teacher’s Physical Activity and Mental Health During Lockdown
Due to the COVID-2019 Pandemic. Front. Psychol. 2020, 11, 577886. [CrossRef]

78. Roman, T. Supporting the Mental Health of Teachers in COVID-19 through Trauma-Informed Educational Practices and Adaptive
Formative Assessment Tools; Society for Information Technology & Teacher Education: Waynesville, NC, USA, 2020; Volume 28,
ISSN 1059-7069.

79. Corell-Almuzara, A.; López-Belmonte, J.; Marín-Marín, J.-A.; Moreno-Guerrero, A.-J. COVID-19 in the Field of Education: State
of the Art. Sustainability 2021, 13, 5452. [CrossRef]

80. Baker, C.N.; Peele, H.; Daniels, M.; Saybe, M.; Whalen, K.; Overstreet, S. Trauma-Informed Schools Learning Collaborative The
New Orleans The Experience of COVID-19 and Its Impact on Teachers’ Mental Health, Coping, and Teaching. Sch. Psychol. Rev.
2021, 50, 491–504. [CrossRef]

81. van der Keylen, P.; Lippert, N.; Kunisch, R.; Kühlein, T.; Roos, M. Asynchronous, digital teaching in times of COVID-19: A
teaching example from general practice. GMS J. Med. Educ. 2020, 37, Doc98. [CrossRef]

82. Tolks, D.; Kuhn, S.; Kaap-Fröhlich, S. Teaching in times of COVID-19. Challenges and opportunities for digital teaching. GMS J.
Med. Educ. 2020, 37, Doc103. [CrossRef]

83. Lockee, B.B. Shifting digital, shifting context: (Re)considering teacher professional development for online and blended learning
in the COVID-19 era. Educ. Technol. Res. Dev. 2020, 69, 17–20. [CrossRef]

84. Nuere, S.; de Miguel, L. The Digital/Technological Connection with COVID-19: An Unprecedented Challenge in University
Teaching. Technol. Knowl. Learn. 2020, 26, 931–943. [CrossRef]

85. Rodríguez-Muñiz, L.; Burón, D.; Aguilar-González, Á.; Muñiz-Rodríguez, L. Secondary Mathematics Teachers’ Perception of
Their Readiness for Emergency Remote Teaching during the COVID-19 Pandemic: A Case Study. Educ. Sci. 2021, 11, 228.
[CrossRef]

86. Trust, T.; Whalen, J. Should Teachers be Trained in Emergency Remote Teaching? Lessons Learned from the COVID-19 Pandemic.
J. Technol. Teach. Educ. 2020, 28, 189–199.

87. Sánchez-Cruzado, C.; Campión, R.S.; Sánchez-Compaña, M. Teacher Digital Literacy: The Indisputable Challenge after COVID-19.
Sustainability 2021, 13, 1858. [CrossRef]

88. Williamson, B.; Macgilchrist, F.; Potter, J. COVID-19 controversies and critical research in digital education. Learn. Media Technol.
2021, 46, 117–127. [CrossRef]

89. Pérez-Sánchez, L.; Lavandera-Ponce, S.; Mora-Jaureguialde, B.; Martín-Cuadrado, A.M. Training Plan for the Continuity of
Non-Presential Education in Six Peruvian Universities during COVID-19. Int. J. Environ. Res. Public Health 2022, 19, 1562.
[CrossRef] [PubMed]

90. Govindarajan, V.; Srivastava, A. What the Shift to Virtual Learning Could Mean for the Future of Higher Ed. Harvard Business
Review. 2020. Available online: https://hbr.org/2020/03/what-the-shift-to-virtual-learning-could-mean-for-the-future-of-
higher-ed (accessed on 5 May 2022).

91. Norris, D.M.; Lefrere, P. Transformation through expeditionary change using online learning and competence-building technolo-
gies. Res. Learn. Technol. 2011, 19, 61–72. [CrossRef]

92. Sousa, M.J.; Carmo, M.; Gonçalves, A.C.; Cruz, R.; Martins, J.M. Creating knowledge and entrepreneurial capacity for HE students
with digital education methodologies: Differences in the perceptions of students and entrepreneurs. J. Bus. Res. 2019, 94, 227–240.
[CrossRef]

93. Turk, J.; Soler, M.C.; Vigil, D. Responding to the COVID-19 Crisis: A Survey of College and University Presidents. Inside Higher
Education. March 2020. Available online: https://www.acenet.edu/Research-Insights/Pages/Senior-Leaders/College-and-
University-Presidents-Respond-to-COVID-19-April-2020.aspx (accessed on 5 May 2022).

94. Letheren, K.; Russell-Bennett, R.; Whittaker, L. Black, white or grey magic? Our future with artificial intelligence. J. Mark. Manag.
2020, 36, 216–232. [CrossRef]

95. Bogdandy, B.; Tamas, J.; Toth, Z. Digital Transformation in Education during COVID-19: A Case Study. In Proceedings of the 11th
IEEE International Conference on Cognitive Infocommunications (CogInfoCom), Mariehamn, Finland, 23–25 September 2020.
[CrossRef]

96. Datta, P.; Nwankpa, J.K. Digital transformation and the COVID-19 crisis continuity planning. J. Inf. Technol. Teach. Cases
2021, 11, 81–89. [CrossRef]

97. Sadjadi, E.N. Service dominant logic of marketing in smart grids. Electr. J. 2020, 33, 106797. [CrossRef]
98. Sadjadi, E. Service-dominant logic as a foundation for business model innovation in smart grids. Electr. J. 2020, 33, 106737.

[CrossRef]
99. Vargo, S.L.; Lusch, R.F. Evolving to a New Dominant Logic for Marketing. J. Mark. 2004, 68, 1–17. [CrossRef]
100. Sestino, A.; Prete, M.I.; Piper, L.; Guido, G. Internet of Things and Big Data as enablers for business digitalization strategies.

Technovation 2020, 98, 102173. [CrossRef]
101. Hodges, L.C.; Harrison, J.M.; Kephart, K.; Swatski, S.; Williams, T.H. Supporting academic continuity by building community:

The work of a faculty development center during COVID-19. J. Cent. Teach. Learn. 2020, 12, 26–45.

http://doi.org/10.3390/ejihpe11020037
http://doi.org/10.3389/fpsyg.2020.577886
http://doi.org/10.3390/su13105452
http://doi.org/10.1080/2372966X.2020.1855473
http://doi.org/10.3205/zma001391
http://doi.org/10.3205/zma001396
http://doi.org/10.1007/s11423-020-09836-8
http://doi.org/10.1007/s10758-020-09454-6
http://doi.org/10.3390/educsci11050228
http://doi.org/10.3390/su13041858
http://doi.org/10.1080/17439884.2021.1922437
http://doi.org/10.3390/ijerph19031562
http://www.ncbi.nlm.nih.gov/pubmed/35162589
https://hbr.org/2020/03/what-the-shift-to-virtual-learning-could-mean-for-the-future-of-higher-ed
https://hbr.org/2020/03/what-the-shift-to-virtual-learning-could-mean-for-the-future-of-higher-ed
http://doi.org/10.3402/rlt.v19i1.17105
http://doi.org/10.1016/j.jbusres.2018.02.005
https://www.acenet.edu/Research-Insights/Pages/Senior-Leaders/College-and-University-Presidents-Respond-to-COVID-19-April-2020.aspx
https://www.acenet.edu/Research-Insights/Pages/Senior-Leaders/College-and-University-Presidents-Respond-to-COVID-19-April-2020.aspx
http://doi.org/10.1080/0267257X.2019.1706306
http://doi.org/10.1109/coginfocom50765.2020.9237840
http://doi.org/10.1177/2043886921994821
http://doi.org/10.1016/j.tej.2020.106797
http://doi.org/10.1016/j.tej.2020.106737
http://doi.org/10.1509/jmkg.68.1.1.24036
http://doi.org/10.1016/j.technovation.2020.102173


Mathematics 2023, 11, 259 14 of 14

102. Ibrahim, F.; Susanto, H.; Haghi, P.K.; Setiana, D. Shifting Paradigm of Education Landscape in Time of the COVID-19 Pandemic:
Revealing of a Digital Education Management Information System. Appl. Syst. Innov. 2020, 3, 49. [CrossRef]

103. Faridah, I.; Sari, F.R.; Wahyuningsih, T.; Oganda, F.P.; Rahardja, U. Effect Digital Learning on Student Motivation during
COVID-19. In Proceedings of the 2020 8th International Conference on Cyber and IT Service Management (CITSM), Pangkal,
Indonesia, 23–24 October 2020; pp. 1–5. [CrossRef]

104. Pilkington, L.I.; Hanif, M. An account of strategies and innovations for teaching chemistry during the COVID-19 pandemic.
Biochem. Mol. Biol. Educ. 2021, 49, 320–322. [CrossRef]

105. Ahmad, T.B.T. Teaching Remotely During COVID-19: Opportunities for Creativity and Innovation. IIUM J. Educ. Stud. 2020, 8, 1–3.
[CrossRef]

106. Botto, M.; Federici, B.; Ferrando, I.; Gagliolo, S.; Sguerso, D. Innovations in geomatics teaching during the COVID-19 emergency.
Appl. Geomat. 2022, 1–14. [CrossRef]

107. Muirhead, K.; Macaden, L.; Smyth, K.; Chandler, C.; Clarke, C.; Polson, R.; O’Malley, C. Establishing the effectiveness of
technology-enabled dementia education for health and social care practitioners: A systematic review. Syst. Rev. 2021, 10, 1–26.
[CrossRef] [PubMed]

108. Economic Bulletin of the European Commission. Available online: https://www.ecb.europa.eu/pub/economicbulletin/focus/
2021/html/ecb.ebbox202107_04~{}c9050e1d70.en.html (accessed on 23 September 2022).

109. Patnaik, S.; Gachago, D. Supporting departmental innovation in eLearning during COVID-19 through eLearning champions. In
Proceedings of the 2020 IFEES World Engineering Education Forum—Global Engineering Deans Council (WEEF-GEDC), Cape
Town, South Africa, 16–19 November 2020; pp. 1–4. [CrossRef]

110. Gamage, K.A.A.; Wijesuriya, D.I.; Ekanayake, S.Y.; Rennie, A.E.W.; Lambert, C.G.; Gunawardhana, N. Online Delivery of Teaching
and Laboratory Practices: Continuity of University Programmes during COVID-19 Pandemic. Educ. Sci. 2020, 10, 291. [CrossRef]

111. Rasiah, R.; Kaur, H.; Guptan, V. Business Continuity Plan in the Higher Education Industry: University Students’ Perceptions of
the Effectiveness of Academic Continuity Plans during COVID-19 Pandemic. Appl. Syst. Innov. 2020, 3, 51. [CrossRef]

112. Watermeyer, R.; Crick, T.; Knight, C.; Goodall, J. COVID-19 and digital disruption in UK universities: Afflictions and affordances
of emergency online migration. High. Educ. 2020, 81, 623–641. [CrossRef] [PubMed]

113. Auf der Suche nach dem “digitalen Aufbruch”. Available online: https://www.tagesschau.de/inland/digitalstrategie-
bundesregierung-101.html (accessed on 22 September 2022).

114. COVID-19 Weltweit Coronavirus-Zahlen im Überblick, undAktualisierungszeitpunkte Kann es für die Fallzahlen in Deutschland
zu Abweichungenvon den Zahlen des Robert Koch-Instituts Kommen, Stand: 28.11.2022. Available online: https://www.
tagesschau.de/ausland/coronavirus-tabelle-103.html (accessed on 28 November 2022).

115. Null-COVID—“In der Realität Nicht Umzusetzen”. Available online: https://www.tagesschau.de/wissen/gesundheit/china-
corona-null-covid-101.html (accessed on 28 November 2022).

116. Null-Covid-Politik in China Polizei Verhindert Weitere Proteste. Available online: https://www.tagesschau.de/ausland/proteste-
china-korri-101.html (accessed on 28 November 2022).

117. Nach Zwei Jahren Corona-Pause Philippinische Schulen Öffnen Wieder. Available online: https://www.tagesschau.de/ausland/
asien/philippinen-schulen-oeffnung-101.html (accessed on 28 November 2022).

118. Was, Wenn Omikron Die Schulelahmlegt? Available online: https://ed.spiegel.de/bildungs-news/corona-in-deutschland-was-
wenn-corona-die-schule-lahmlegt (accessed on 28 November 2022).

119. Chaos in Den Klassen. Available online: https://www.sueddeutsche.de/politik/schulen-und-corona-chaos-in-den-klassen-1.55
07030 (accessed on 28 November 2022).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3390/asi3040049
http://doi.org/10.1109/citsm50537.2020.9268843
http://doi.org/10.1002/bmb.21511
http://doi.org/10.31436/ijes.v8i1.314
http://doi.org/10.1007/s12518-022-00416-4
http://doi.org/10.1186/s13643-021-01781-8
http://www.ncbi.nlm.nih.gov/pubmed/34548101
https://www.ecb.europa.eu/pub/economicbulletin/focus/2021/html/ecb.ebbox202107_04~{}c9050e1d70.en.html
https://www.ecb.europa.eu/pub/economicbulletin/focus/2021/html/ecb.ebbox202107_04~{}c9050e1d70.en.html
http://doi.org/10.1109/weef-gedc49885.2020.9293653
http://doi.org/10.3390/educsci10100291
http://doi.org/10.3390/asi3040051
http://doi.org/10.1007/s10734-020-00561-y
http://www.ncbi.nlm.nih.gov/pubmed/32836334
https://www.tagesschau.de/inland/digitalstrategie-bundesregierung-101.html
https://www.tagesschau.de/inland/digitalstrategie-bundesregierung-101.html
https://www.tagesschau.de/ausland/coronavirus-tabelle-103.html
https://www.tagesschau.de/ausland/coronavirus-tabelle-103.html
https://www.tagesschau.de/wissen/gesundheit/china-corona-null-covid-101.html
https://www.tagesschau.de/wissen/gesundheit/china-corona-null-covid-101.html
https://www.tagesschau.de/ausland/proteste-china-korri-101.html
https://www.tagesschau.de/ausland/proteste-china-korri-101.html
https://www.tagesschau.de/ausland/asien/philippinen-schulen-oeffnung-101.html
https://www.tagesschau.de/ausland/asien/philippinen-schulen-oeffnung-101.html
https://ed.spiegel.de/bildungs-news/corona-in-deutschland-was-wenn-corona-die-schule-lahmlegt
https://ed.spiegel.de/bildungs-news/corona-in-deutschland-was-wenn-corona-die-schule-lahmlegt
https://www.sueddeutsche.de/politik/schulen-und-corona-chaos-in-den-klassen-1.5507030
https://www.sueddeutsche.de/politik/schulen-und-corona-chaos-in-den-klassen-1.5507030

	Introduction 
	The Coronavirus Crisis Makes Changes to Educational Programs 
	Transformation of Operational Policy of the Centers 
	AI-Based Solutions Will Teach More 
	Assessment Will Be the Tool of Value Delivery and Innovation 
	The Importance of Personal Preference 
	The Importance of an Ethical Foundation and Customized Learning 
	Education as a Service 

	Transformation of the Industries 
	Widespread Remote Working Practices 
	New Schemes of Process Optimization and Integration 
	Funding Resources Move to the New Fields 

	Transformation in Learning Schemes 
	Education Is Going Online Globally 
	More Attention to Mental Health of Learners and Alumni 
	Innovative Methods of Mentoring and Planning 

	The Demand for Higher IT-Based Connections 
	How to Overcome the Financial Constraints? 
	An Overview of the Road Map 
	Conclusions 
	References

