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Abstract: The paper presents the results of the research on the influence of the COVID-19 pandemic
on the dissemination of innovative e-learning tools in higher education. Research was carried out
in Poland in December 2021 on a sample of 621 students. The main issue that was the subject of
the author’s analysis was the influence of the COVID-19 pandemic on the change in the use of
innovative e-learning tools in university education. After conducting the research and discussing this
and related research about e-learning during the pandemic, it was concluded that the percentage of
students familiar with the analyzed e-learning tools has increased significantly during the pandemic.
There has been a visible rise, especially in the usage of the following tools: MS Teams, Zoom, and
Google Classroom. The most frequently used e-learning tools during the COVID-19 pandemic
have been mainly videoconferencing tools such as MS Teams and Zoom. However, students also
have used e-learning platforms and e-mails. The author’s research identified three hidden factors
(categories) of the used e-learning tools. They include the following categories: popular services
and applications adapted to e-learning; popular applications for synchronous meetings adapted
to e-learning; and other synchronous and asynchronous e-learning methods. The familiarity with
information technology, as well as an interest in innovative e-learning tools, have positive influence
on the ease of acquiring content in e-learning. Having the proper resources also positively influences
the absorption of e-learning content. On the basis of the achieved results, the authors prepared a
model of relations between students’ interest in innovative e-learning technology and the resources
they possess to participate in e-learning classes. This model enables us to assess which method—e-
learning, traditional or hybrid—should be used in the given situation. The developed model can be
useful for universities. They can assess the students’ interest in innovative e-learning technologies
and their level of technical resources using questionnaires and on this basis divide students into
groups to prepare the optimal learning way—e-learning, traditional or hybrid.

Keywords: innovation; COVID-19 pandemic; e-learning; traditional education; synchronic education;
innovative education

1. Introduction

The COVID-19 pandemic outbreak has resulted in different changes for mankind in
many spheres. In the latest literature from 2020 to 2022, the authors discuss and analyze
the world economic [1–3], social [4,5], psychological [6,7], demographic [8], market [9] and
many more consequences of the pandemic. There is also an opinion that the effects of
lockdowns caused by the pandemic will be more severe than those of the times of the Great
Depression [10]. The pandemic has also had an enormous influence on education. Out-of-
the-blue educational institutions around the world have had to face teaching according to
the provided restrictions that were assumed to prevent the spread of the COVID-19 disease.
Most of these institutions were not prepared for huge changes in the way and method of
teaching. Despite the fact that e-learning tools were available long before the pandemic [11],
learning institutions have mostly used traditional ways to provide knowledge to students.
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E-learning tools were not used on a large scale before the COVID-19 pandemic [12,13]. The
outbreak of the pandemic forced education to undergo major changes in teaching.

It should be highlighted that the youngest generation of students often has problems
with focusing for a longer time during lectures which are given in a traditional way (oral
presentations or blackboards). For this reason, education should also strive to use mod-
ern technologies and apply them to teaching and thus involve students in lectures [14].
Currently, many articles describe the usage of innovative technology for teaching pur-
poses. Mobile education and fragmentation of education become new trends. Popular new
research domains include, for example, artificial intelligence [15], virtual reality [14,16], aug-
mented reality [17,18], and many more. Naturally, the use of remote work methods [19–21]
and digital tools [22–25] is observed not only in education, but also in different work areas.

Based on analysis of the literature [19–21,26–40], the authors have found the research
gap in the case of the influence of the COVID-19 pandemic on the use of innovative e-
learning tools in high education. The main problem that was analyzed in the paper was the
influence of the COVID-19 pandemic on the change in the usage of innovative e-learning
tools in university education.

In our research, we have stated the following goals:

• G1: to assess the increase in familiarity with innovative e-learning tools due to forced
remote education (due to the COVID-19 pandemic);

• G2: to assess the level of use of remote working tools in higher education;
• G3: to compare the ease with which students learn content in traditional and

remote education;
• G4: to investigate the relationship between the level of familiarity with innovative

technologies and the use of remote working tools;
• G5: to build the model of using innovative technologies among students.
• To realize these goals, we formulated the scientific hypotheses. On the basis of goal 1,

we prepared hypothesis H1. Hypotheses H2 to H4 were prepared on the basis of
goal 4. The process of formulating the hypotheses was also supported by the literature
review. The hypotheses are as follows:

• H1: Due to forced remote education (due to the COVID-19 pandemic), there has been
an increase in knowledge of innovative educational tools;

• H2: Familiarity with information technology has a positive impact on learning through
e-learning;

• H3: Interest in innovative e-learning technologies positively influences the learning
experience through e-learning;

• H4: The resources required for participation in e-learning positively influence e-learning.

The value of the study is connected with the analysis of the factor influencing the
effectiveness of the usage of innovative e-learning tools. On the basis of the analysis,
we prepared a model which can be useful for universities to analyze what educational
approach will be best suited for them—e-learning, traditional or hybrid. The model of
using innovative e-learning tools for a group of students was prepared on the basis of
correlational analysis, which is the main contribution of the paper. The analysis on the
student’s preferences regarding e-learning and traditional learning can be used to assess
the usage of e-learning tools and as a basis for improving the effectiveness of innovative
e-learning tools use.

2. Literature Review

As far as nine years ago, scientists were looking for new methods to transfer knowledge
and teach practical skills [41]. Universities were searching for solutions that were believed
to revolutionize higher education. Thanks to smartphones, immersive gaming software,
and other rapidly evolving technologies, the learning process could become more effective,
available, and progressive than the traditional one. In the article published 14 years
ago [42], it was claimed then that virtual schools were increasing in popularity and presence.
However, the authors noted that at that time there was a relative lack of research related
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to teaching and learning in virtual schools. They analyzed the Michigan Virtual School
(MVS). Currently, it can still be confirmed that there is not enough research, and thus
practice, on online, virtual, and remote teaching methods. The pandemic has shown that
many universities were not prepared to successfully transition from traditional learning
to e-learning [34,43,44]. On the other hand, the authors of [45] indicated that although
the online teaching experience was unplanned and had a high potential for anxiety and
resistance, positive emotions were higher than negative ones. It is also worth noting that
the sense of emergency of the COVID-19 outbreak forced lecturers to take on the task of
continuing to teach and maintaining routine, for their own benefit and in the service of
their students [46]. According to the author of [47], such a change in education would
probably have raised more resistance in regular times and evoked more negative emotions.

The COVID-19 pandemic has changed the rules of modern education. Many universi-
ties, for example [35,36,48,49], due to pandemic conditions, have started to use and spread
a new, innovative e-learning approach to the education process. It has completely changed
the conditions of modern education and may have long-lasting effects on the possibility
and use of innovative solutions in modern high education [50].

The first economist to draw attention to the importance of innovation was Joseph
Schumpter [51]. He distinguished five types of innovation, which include the following [52]:

• Introduction of a new product or a qualitative change in an existing product;
• Process innovation new to an industry;
• The opening of a new market;
• Development of new sources of apply for raw materials or other inputs;
• Changes in industrial organization;
• Innovation is any new or substantially improved [53]:
• Good or service which has been commercialized;
• Process used for the commercial production of goods and services.

Innovation in product is the introduction of a new or significantly improved good
or service on the market, while innovation in process is the implementation of a new or
significantly improved production process, distribution method, or support activity for
goods or services [53].

The innovative solutions are used in many areas of business activities today. Especially
important among them is open innovation. This solution can be used for example to ana-
lyze the cryptocurrency market [54–56]. The increase in organizations where technological
activity is dominant should lead to the development of a new technological solution and
its use [57]. Currently, innovation is the basis for business development. There is research
on new models of open innovation for businesses [58–62], especially for digital compa-
nies [63], which are an achievable direction in Industry 4.0 [64]. Business models have also
recently been a subject for research related to the pandemic; for example, they refer to the
COVID-19 crisis [65], mobile market during COVID-19 [13], COVID-19 transformation of
an urban public transport system [66], management after COVID-19 [67], and identifica-
tion of digital transformation paths in the business model of SMEs during the COVID-19
pandemic [68,69]. When it comes to Industry 4.0 and innovations, many scientists are
carrying out studies on the competitiveness and effectiveness of an open business model
in Industry 4.0 [70–74], enhancing creative intensity and profit on the open-source digital
platforms [75,76], evolution of technology [77,78], expanding technology acceptance [79],
and many more topics—also referring to responsible research and innovation [80]. Open
innovation in education has also been the preferred field of research in recent years [81–83].
In addition, open innovations are widespread nowadays [84–88]. Many of the innovative
e-learning tools described in the paper can be seen as open innovations which can be used
for free in education activities [89,90].

The innovation in the education system should be a vital part of improving university
efficiency in the current century. The implementation of innovative tools in universities
can bring many benefits to students and can help the university to produce knowledgeable
and skilled students to fulfil existing and future needs on the job market [91]. Accord-
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ing to researchers [92,93], the innovation should make a desirable and valuable change.
This educational innovation should be able to improve the current situation. Mykhai-
lyshyn [94] defined the term innovation in education as educational, scientific, social,
technological, administrative and other innovation. In this paper, the authors concentrated
on the technological innovations in education. According to Mykhailyshin, technological
innovation in education is the result of intellectual property transfer into implementation
and applications [94].

Nowadays in education, technology is the main driver for innovation [95–97]. Accord-
ing to Serdyukov [98], innovation in education is not merely connected with adopting the
latest technology. The usage of new technology in education should concentrate on the
facilitation of the learning process to save time and resources compared to the traditional
way of learning [99,100].

Innovative teaching should incorporate technology into learning activities to create
a new and rich learning experience for students [30,31]. This, according to Khairnar,
can lead to increased effectiveness of teaching processes [29]. Nowadays, the changing
education condition and the globalization of education lead to the implementation of
many innovative solutions because educators are required to have the ability to adapt to
technological changes and solve complex problems [32].

One of the innovative teaching methods described in the literature is the usage of
multimedia tools in education. The usage of various digital media, such as audio, images
and video, can be an effective approach to knowledge transfer [33]. Innovative e-learning
tool can be defined as an innovative technological solution—mainly a computer application
that can be used in e-learning and can add new value to the learning process. In this
division, the tool is a part of the method. An innovative learning method is e-learning, and
the tool is a part of it.

E-learning, as an innovative method in education, was implemented largely because
of the increased access to the Internet [101]. As schools explore online learning, new and
more effective e-learning models are being proposed. Online learning tools are being
developed and practiced in an innovative way. According to [102] the most effective
e-learning models have a well-balanced combination of synchronous and asynchronous
sessions. They provide more desirable ways to learn. Instead of teaching online all the
time, it is recommended to conduct inquiry-based learning. This means that students
receive instructions from online resources or synchronous meetings. Then they conduct an
inquiry, create products (individually or in small groups), and make presentations in class
synchronous meetings. Instead of just lecturing, teachers can create videos of lectures or
find videos made by others and share them. The fundamental point is that there is minimal
benefit and student engagement with teachers giving long lectures all the time—more
interesting and challenging instructional models can be developed.

In the literature, many benefits of e-learning can be found. They include
the following [27,28,103]:

• The use of the multimedia material;
• No need for visiting the university every day;
• The possibility of joint communication with other course takers;
• Elimination of anxiety which can be created by the prospect of oral expression in

public situations;
• More convenient deadlines for task completion using e-learning platforms;
• Reduction in anxiety which can be created by face-to-face contact between students

and lecturers.

3. Methodology

Research on the use of innovative e-learning tools was carried out in Poland in Decem-
ber 2021 on a sample of 621 students at Polish universities. An internet questionnaire was
used for the study. The survey was conducted using a Google questionnaire web form. The
questionnaire was sent using social media pages of Polish technical universities students
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on social networks, such as Facebook, where a link to the survey was posted. Google
Forms offers survey administration, which means that despite the possibility of creating a
form with questions, it allows to automatically collect data and save them to an MS Excel
file. Therefore, the research used a quantitative data collection method. Subsequently, the
collected data were subjected to statistical analysis. The study is descriptive; it describes
the results of the conducted survey and of the statistical analysis, and also discusses them
in the context of the results of other studies.

According to the calculator of the minimum research sample, for an unknown popula-
tion size and the assumed statistical significance α = 0.05, the sample is 386 students. The
number of questionnaires obtained meets the conditions of the minimum research sample.
In the questionnaire, a five-point Likert scale was used for all questions.

The authors prepared the list of the management faculties of technical universities in
Poland. Subsequently, they found the students’ forums of those faculties in Facebook. They
uploaded links to the questionnaires in all those forums. Moreover, the authors uploaded
links in each forum three times over a one-week interval. The sample (621 questionaries)
was bigger than the calculated minimum sample that was calculated using the special
calculator of the minimum sample. The first sample was 629 questionnaires; however,
incompletely filled questionnaires were rejected.

To achieve the validity and reliability of results, Cronbach’s alpha test was used for
the questionnaire. The results of Cronbach’s alpha test were higher than 0.9.

The questionnaire was based on the literature about tools used in e-learning. To prepare
the questionnaire, papers from Scopus and Web of Science database were used [19,20,34–39,104].
On the basis of the analyzed papers, a list of the mainly used tools was prepared, and next,
the pilot studies to check out the correctness and clarity of the questionnaire for students
were conducted.

The first part of the survey was devoted to the knowledge and frequency of use of
e-learning tools. The research included, among others, the following tools: e-learning
platforms, MS Teams, Zoom, Facebook, Discord, Click Meeting, Google Classroom, Skype,
YouTube, and e-mail. The next part concerned the usefulness of devices, such as laptops,
desktop computers, tablets, and smartphones in e-learning. The respondents were then
asked to determine the ease of acquiring the material for traditional classes and for e-
learning activities.

The analysis of the papers connected with the e-learning widespread in
university [26–29,39,40,101,103,104] give an insight that the knowledge of the student about
information technology and the access to resources can have an impact on e-learning usage.
However, those were only suppositions, and what is more, there was no paper with the
proper correlation analysis about the relation between these factors and the effectiveness of
e-learning usage. Additionally, because e-learning is an innovative solution, it was sup-
posed that the interest of students in the usage of innovative e-learning technology could
also affect the effectiveness of e-learning. Another group of questions referred to the knowl-
edge of and access to appropriate technology. They consisted of the following aspects:

• Knowledge of information technology;
• Interest in innovative e-learning technologies;
• Access to the resources necessary to participate in e-learning.

The last two questions of the questionnaire were related to the innovation of e-learning
and the possibility of the future use of it in higher education.

The STATISCICA-13.3 software was used to analyze the collected data.
The construction of the questionnaire is the limitation of the study. Other scholars

could use different e-learning tools to conduct an analysis. Additionally, the tools that
turned out to be the most used in Poland may turn out to be different for another country.
This can then affect the results. Despite these notices, the analyzed e-learning tools are
internationally applied and widespread in almost all developed countries.
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4. Results
4.1. E-Learning Tools

In the first stage of the analysis, it was decided to check what e-learning tools were
known to the students surveyed before the COVID-19 pandemic and which are known
today. The tools known before the pandemic are summarized in Figure 1, while the tools
currently known are in Figure 2. The results are presented in the percentage value of the
total number of respondents. Figure 3 summarizes the differences between the knowledge
of a given tool before and at the present time of the COVID-19 pandemic.
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Based on the results, it was concluded that before the pandemic, students mainly
had knowledge of services for transmitting/sharing content in the form of videos, photos,
and other materials, as well as for communication. More than half of the respondents
showed knowledge of using YouTube (61%), Discord (54%), e-mail (53%) and Facebook
(52%) in e-learning. Innovative e-learning tools allowing for synchronous or asynchronous
communication with students and conducting classes via the Internet were known to
slightly more than 20% of students—this applies to tools such as Zoom, MS Teams and
e-learning platforms used by universities.

The situation has changed due to the COVID-19 pandemic, which has forced univer-
sities to switch to distance learning. As a result, the knowledge of e-learning tools has
increased significantly. Moreover, nowadays it is the innovative e-learning tools, especially
those allowing for synchronous communication and conducting classical classes via the
Internet, that are most known. Knowledge of MS Teams was indicated by 96% and Zoom
by 85% of the respondents.

It is worth noting (Figure 3) that in the case of most of the tools examined, a significant
increase in knowledge about them was observed due to the COVID-19 pandemic outbreak.
The largest increases can be observed for the two most popular tools for synchronous
communication: MS Teams increased by 73 percentage points and Zoom increased by
62 percentage points.

As a result of the pandemic, familiarity with Google classroom synchronous com-
munication software also increased by 27 percentage points and e-learning platforms by
27 percentage points. An increase in familiarity with YouTube, Facebook, and Skype was
not noted. In the case of email, the increase was only 2 percentage points.

The research results show that the COVID-19 pandemic has led to a greater knowledge
of innovative e-learning programs, especially those used for synchronous and asynchronous
communication. The results support hypothesis H1: thanks to forced remote education
(due to the COVID-19 pandemic), there has been an increase in knowledge of innovative
education tools.

The COVID-19 pandemic has marked a turning point in the development of the use
of innovative e-learning technology. The tools that could have been used for this purpose
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already existed in the pre-pandemic times, but their prevalence, due to the conservatism
of most universities and student habits, was low. The pandemic has greatly accelerated
the spread of this type of innovative technology, which may have a positive impact on the
possibilities and quality of using e-learning in higher education in the future.

In the next stage of research, it was decided to investigate which of the above-
mentioned e-learning tools were used during the classes attended by the surveyed students.
The results of the investigation are summarized in Figure 4. The answers were rated on
a scale of 1–5, where 1 means that a given tool is used very rarely in e-learning, while
5 means it is used very often.
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Research shows that the most frequently used e-learning tools during the COVID-19
pandemic have been communication platforms, mainly for videoconferencing. Such inno-
vative e-learning tools enable full, synchronous conducting of classes (lectures, exercises,
projects) via the Internet on similar principles as in the case of traditional classes. The
highest number of respondents indicated the use of MS Teams (3.9 on a 5-point scale)
during classes, while Zoom was in second place (3.14). Tools for the use of asynchronous
learning methods, such as modern and innovative e-learning platforms (2.61) and the
classic tool such as email (2.5), were also often used.

The other examined tools were used much less frequently—the score was below 2 on
a five-point scale. They include communication applications, Discord (1.78) and Google
Classroom (1.62); webinar platform, Click Meeting (1.62); the most popular social network,
Facebook (1.52); and the Internet service, YouTube (1.77).

Confirmatory factor analysis was carried out for the studied e-learning tools in order
to determine the factors that are related to the studied variables. Based on Cattell’s scree
plot, the number of factors was determined to be 3. Factor loadings were calculated for
each factor and are summarized in Table 1. The factor analysis is a technique which can
be used for the reduction of a large number of variables into fewer factors. The factors
loading in the table were calculated using Statistica 13.3 software. We used the varimax
standardized method with a single rotation of factor analysis. According to factor analysis
methods, the particular variable belongs to the factor for which the factor loading has the
highest value. The factors loadings should be higher to confirm that particular independent
variables identified a priori are represented by a particular factor. The explained value
provides information about the variation explained by the factor [105]. In the table, we
bold the highest values for a particular variable to highlight to which factor the variable
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belongs. We used the name “category” for each factor because it is better adjusted to the
meaning of the results.

Table 1. Factor loadings.

Factor 1 Factor 2 Factor 3

Zoom 0.05 0.22 0.62

MS Teams 0.13 0.61 0.52

E-learning platforms 0.21 0.50 0.65

YouTube 0.73 0.14 0.00

Skype 0.58 0.14 0.04

Google Classroom 0.42 0.61 0.03

Click Meeting 0.28 0.31 0.18

Discord 0.52 0.22 0.26

Facebook 0.77 0.08 0.16

E-mail −0.05 0.22 0.62

Explained value 2.37 1.35 1.21

Based on the confirmatory factor analysis, the following three factors (categories)
were identified:

• Category 1—The factor explains 23% of the variance. The factor was called popular
services and applications adapted to e-learning. It includes variables such as YouTube,
Skype, Discord, and Facebook.

• Category 2—The factor explains 13.5% of the variance. The factor was called pop-
ular applications for synchronous meetings adapted to e-learning. It includes three
variables: MS Teams, Click Meeting, and Google Classroom.

• Category 3—The factor explains 12.1% of the variance. The factor was called other
synchronous and asynchronous e-learning tools. It includes three variables: Zoom,
e-learning platforms, and email.

4.2. E-Learning General Assessment

In the next stage, it was planned to study the usefulness of the given devices used by
the respondents for e-learning. A summary of the usefulness of the devices is presented
in Figure 5. The evaluation was carried out on a five-point scale, where 1 means that the
device is not useful in e-learning and 5 means that it is very useful.

Research shows that the most commonly used e-learning device is a laptop. Most of the
respondents found it very useful in e-learning—the usefulness score was 4.75. A desktop
computer turned out to also be a very useful device in this regard. Its usefulness in the
field of e-learning was assessed slightly above the high level—4.29. The usefulness of other
devices, such as tablets (3.18) and smartphones (3.35), was assessed at an average level.

Figure 6 presents a comparison of traditional and e-learning activities in teaching.
Respondents were asked to rate the ease of content acquisition in the case of traditional
and e-learning classes. Ratings were made on a scale of 1–5, where 1 means that the content
is very difficult to digest, and 5 is very easy.
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The research shows that the respondents found that it was easier for them to acquire the
content of classes conducted in a traditional way (score 3.76) compared to e-learning classes
(3.52). It is worth noting that in the case of e-learning classes, a higher standard deviation
(at the level of 1.23) compared to traditional classes (1.04) was observed. Histograms for
the examined variables are presented in Figures 7 and 8.

The analysis of the histograms allows for interesting observations. In the case of
traditional learning, the greatest number of respondents assessed the level of ease of
learning content as “good”, about 250 people, with slightly less as “very good” or “average”,
about 150 people. On the other hand, very few people rated the level of ease of content
acquisition as “very bad”, about 20 people, and “bad”, about 50 people.

The situation is different when using innovative e-learning tools. In this case, a very
large number of people (around 180) found e-learning “very easy” to learn. It is worth
noting that this is a greater number of people than in the case of the evaluation of traditional
education. In addition, many more people rated e-learning as “very difficult” to learn
(about 40 people) or “difficult” to learn (about 100 people).
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The obtained results suggest that a higher rating of innovative e-learning tools may
result from the personal ability of students to use them. The low rating of e-learning tools
may be due to lower skills in using tools or lack of access to appropriate devices enabling
trouble-free use of e-learning tools. For this reason, the authors decided to check whether
the above-mentioned factors affect the assessment of the ease of use of e-learning. The
results are presented in the further part of the publication.
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4.3. E-Learning in the Context of Technology Innovations

In the next part of the investigation, the responses to the assessment of familiarity,
interest, and the possibility of using e-learning technologies are analyzed. In this case, the
following variables were studied:

• Students’ self-assessment of familiarity with information technologies;
• Students’ interest in e-learning technologies;
• Assessment of the resources necessary to participate in e-learning activities.
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Each of the variables was assessed on a scale of 1–5, where 1 meant a very low level
and 5, very high. Figure 9 shows the results.
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Figure 9. Assessment of familiarity, interest, and the possibility of using e-learning technologies.

Most of the respondents assessed their knowledge of information technology as “good”
(4), also assessing the resources necessary to participate in e-learning as “good” (4.07). The
interest in new e-learning technologies of the average respondent student is at the “average”
level (3.28).

Spearman’s rank correlation coefficient was used to analyze the relationship between
technology variables and the ease of acquiring content using e-learning and traditional
methods. The corresponding values of the coefficients are presented in Table 2. All
correlations are statistically significant at the level of statistical significance α = 0.05. The
research shows that when assessing the ease of e-learning content acquisition, this ease is
positively correlated with all the variables related to technology.

Table 2. Spearman’s correlation between the ease of acquiring content and assessment of familiarity,
interest, and the possibility of using e-learning technologies.

E-Learning Traditional Learning

Familiarity with information technologies 0.25 −0.14

Students’ interest in innovative e-learning technologies 0.40 −0.24

Resources necessary to participate in e-learning activities 0.36 −0.12

The highest correlation coefficient (at the level of moderate correlation) occurs when
interest in new technologies is indicated (correlation coefficient 0.4). People interested in
new technologies more often positively assessed the effectiveness of e-learning because
they have the appropriate skills and eagerly use innovative solutions. The results support
hypothesis H3: interest in innovative e-learning technologies positively influences the
learning experience through e-learning.

Having the resources necessary to participate in e-learning is also positively correlated
with the assessment of the acquisition of e-learning content—a correlation coefficient of
0.36. It supports hypothesis H4: resources required for participation in e-learning posi-
tively influence e-learning. For the proper use of e-learning, one should have appropriate
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resources (among others, equipment, programs, and access to high-speed Internet), without
which the acquisition of the content may be difficult.

Additionally, familiarity with information technology is positively correlated with the
ease of content acquisition using e-learning methods. This result supports hypothesis H2: fa-
miliarity with information technology has a positive impact on learning through e-learning.

It is also interesting to analyze the correlation between the assessment of the ease
of acquiring material through traditional classes and individual variables related to tech-
nology. It turns out that in this case, all correlation coefficients are negative. This means
the following:

• The greater the familiarity with information technology, the worse the assessment of
traditional classes;

• The greater the interest in information technology, the worse the assessment of tradi-
tional classes;

• The better the students’ access to the resources (necessary to participate in e-learning),
the worse his/her assessment of traditional classes.

The data show that students interested in new technologies and who have the appro-
priate technical means positively assess e-learning and innovative teaching, while assessing
traditional methods lowlier. It can be concluded that they “get bored” in traditional classes.
They also believe that traditional classes do not allow them to fully use their skills and
potential. They may also perceive that the classes are not fully adapted to the modern
computerized world. In particular, based on variables related to the interest in new tech-
nologies and having the resources necessary to participate in e-learning, it is possible to
present a model of the perception of e-learning and traditional learning by students. This
model is shown in Figure 10.
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If a given group of students is interested in e-learning innovations and has adequate
resources, it is recommended to continue to use e-learning tools after the COVID-19 pan-
demic is over. The transition to traditional methods is recommended to teach a group that
does not show interest in new e-learning technologies and does not have the necessary
resources. These traditional methods will be more effective and efficient. On the other hand,
in the case of groups of students who are not interested in e-learning innovations, but have
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the appropriate resources, e-learning can be used as part of a hybrid approach, combined
with traditional teaching. On the other hand, when groups of students are interested in
new Internet technologies but do not have adequate resources, universities should provide
appropriate equipment that enables online learning.

Then, the respondents were asked to evaluate the innovation of their e-learning
solutions and their use in the future. The results are shown in Figure 11. The students
rated the innovation of the e-learning solutions used at a level between “average” and
“good”—3.63 on a five-point scale. They assessed the possibility of future use of innovative
e-learning as “good”—3.97. This means that the respondents assessed the solutions applied
in Poland quite well. Furthermore, they were also interested in continuing the use of
e-learning, even after the COVID-19 pandemic is over.
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Figure 11. Innovation of e-learning solutions.

At this point, it is worth considering whether the variables discussed are correlated
with the ease of acquiring content using e-learning and traditional methods. The relevant
correlation coefficients are presented in Table 3—all coefficients are statistically significant
at the level of statistical significance α = 0.05.

Table 3. Spearman’s correlation between the ease of acquiring content and the innovation of e-
learning solutions.

E-Learning Traditional Learning

Innovation of e-learning solutions 0.32 −0.10

The possibility of the future use of innovative e-learning 0.58 −0.30

The research shows that students who claim that the e-learning content is easy to
acquire assessed that the e-learning solutions used by their university are innovative—0.32.
Students who easily acquired e-learning content declared their willingness to use innovative
e-learning tools in their study practice in the future. In this case, the correlation coefficient
was relatively high and amounted to 0.58. Students who easily learn and understand the
content of e-learning were also more willing to use such methods in the future. However,
the correlation coefficients are negative in the case of the study of students who easily
acquire the content of traditional classes. This means the following:



J. Open Innov. Technol. Mark. Complex. 2022, 8, 89 15 of 22

• The worse a person perceives the innovation of e-learning, the more he/she prefers to
use traditional classes;

• The easier a person acquires the material through traditional classes, the less often
he/she wants to use e-learning in the future.

5. Discussion

This paper is mainly focused on the influence of the pandemic on the dissemination of
innovative e-learning tools in higher education in Poland. However, in the literature, there
are already discussed research works similar to the one in this article. The authors [35]
discussed opportunities, quality factors and required changes during pandemics also in
higher education but in Lithuania. The study aimed to map and test the factors that
influence online learning success. They analyzed and presented factors that were the
quality of institutions and services, the quality of infrastructure and system, the quality
of courses and the information, and online learning environment. They used a similar
method: survey, but also interviews. As a result, the authors provided the main criteria
for successful education based on the administrative positions and design makers of
educational organizations. It should be noted that the research presented the perspective of
teachers and other knowledge providers, but not of students. This is the biggest difference
between the research described in [35] and this article. It is worth adding that in conclusion,
the authors refer to [37], which noted that new challenges associated with e-learning will
create a space for innovative thinking and innovative solutions. In the study conducted
by [38], a survey method was also used to assess online education. The research respondents
were 96 students. This study examined the effectiveness of the online learning process. The
results showed that the students were more interested in face-to-face learning than in online
learning. The results are highly similar to ours because in our research, we also found that
traditional classes are more effective and preferred by students. It is worth noting that the
main obstacles faced by the students were Internet access and Internet quota. This was also
confirmed in our research. On the other hand, the difference between their research and
ours is the statistical part. Our research is based more on a deep analysis of correlation
between the effectiveness of traditional and e-learning classes and other factors. Because
of that, it can be pointed out that in some groups of students, for example, those familiar
with information technology, the assessment of traditional classes can be lower. The ease
of acquiring content using traditional approach decreases when students are keen on new
technologies. We think that it is an interesting observation because with the prevalence of
students that are more familiar with new mobile technology, for example, smartphones,
from early stages of their lives, their level of acceptance for e-learning tools can increase.

Wijaya et al. [38] concluded that lecturers play an essential role in helping students
learn online and that students need groups to share the impressions (e.g., happiness) of
the learning process. Nevertheless, it was concluded that the readiness of lecturers and
students for online learning needs to be improved with the support of learning technology
devices. On the contrary, our research did not focus on aspects related to teachers, but more
related to the learning tools and infrastructure themselves. However, it can be confirmed in
both papers that technology devices have a great impact on the willingness to participate
in e-learning.

This article is focused on education in general rather than teaching selected subjects.
It can be considered as a limit in the research. In this case, it is worth conducting a more
detailed and more specific survey in the context of the given subjects. However, such
research can be found in the literature. The first example can be research on the e-learning
of mathematics in higher education in Indonesia [36]. The authors conducted a qualitative
case study, assisted by an online survey. The survey was aimed at lecturers who teach
mathematics education study programs in Indonesia. The questions referred to the ability
of platform mastery to support online learning. The study results revealed that all lecturers
affected by the pandemic use a website based on a learning management system (LMS)
as a means of online learning. The LMS was the most widely used (Google Class and
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Edmodo), while video conferencing was the second choice (Zoom and Skype). The results
were slightly different from our results. In our results, Zoom was also very widespread,
but Skype was rarely used by students. Another difference was connected with the rare
usage of MS teams in the research of Irfan et al. [36]. In their research, it turned out that
the LMS was less attractive to the lecturers. The study showed that there are obstacles
in online teaching mathematics, which are limitations of writing mathematical symbols,
limited basic capabilities of the learning management system, and multimedia software to
support online learning. However, it should be stressed that this research was conducted
from a teacher’s point of view, not a student’s point of view.

Similar research on one subject was conducted by [39]. The authors analyzed the
effect of e-learning biology. The research was a quasi-experimental study with 76 biology
education students. From the results, it was concluded that blended learning and project-
based learning—two methods that were chosen for e-learning—were quite influential in
increasing the creative thinking ability of pre-service biology teachers. Those methods
appeared to be more effective than conventional methods in increasing creative thinking in
biology learning. Those results were different from ours because our respondents claimed
that traditional learning is more effective. However, the difference can be connected
with the researched students. Their participants were from the field of biology, and ours
were from the management faculty. It can be assumed that biology students have better
knowledge about new technological solutions, and on the basis of our research, we know
that this factor influences the results.

Another example of research on one subject teaching is a study conducted in higher
education in Jordan [34]. One of the goals of the research was to explore how well online
learning was carried out. Some teachers and students were asked to volunteer in this study.
Participants were asked to provide written observations on their activities in the conduct of
online language education. The results revealed that the e-learning was of poor quality. The
reason for this was lack of experience, relevant policies, training, and planning. This study
showed that teachers must first acquire the appropriate skills and knowledge to be able to
offer learning for learning languages. It is different from our studies because in our study,
the difference between traditional classes and e-learning effectiveness was only slight.

Comparing the results with those of other studies, it can be claimed that the evaluation
of e-learning can vary considerably. For example, completely different results of teaching
evaluation were also obtained in Jordan by [40]. This study evaluated the online teaching
of architecture design. Study participants were randomly selected students. The results
showed that online teaching during the pandemic had been carried out regularly in the
form of synchronous meetings. Students were satisfied with online teaching in theoretical
courses; however, they were less satisfied with the design and basic design courses. For
example, they reported technical difficulties.

The evaluation of six courses taught at the degrees in civil engineering of three
universities—two from Spain and one from Peru—was carried out in [26]. The authors
discussed the results based on the comparison of the students’ performance with the pre-
vious (before pandemics) and current (during pandemics) course. It was concluded that,
although the shift to online learning had to be made from day to day, e-learning can be
favorable and advantageous in some respects. However, the authors highlighted that
some aspects, such as student engagement and motivation, are more difficult to maintain
during online classes than during face-to-face learning. In our research, the evaluation of
e-learning was good, as well as in the mentioned paper. However, it should be noted that
our research did not refer to the motivation to study. This issue is very interesting and
worth studying. Therefore, motivation in online learning will be considered by us for our
future research. In the literature, there are already many studies on online learning motiva-
tion [106–109]. According to [106], people from different countries perceive online learning
motivation differently, and some learner characteristics and cultural orientation affect the
online learners’ learning motivation. More detailed research were conducted by [107], in
which cross-sectional survey results (n = 186) revealed that students who were motivated
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by asynchronous online collaborative writing were more likely to enjoy online learning
in general when compared to students who reported motivation for video-synchronous
online speaking practice.

On the other hand, social networks have begun to play an important role in education.
The authors of [104], however, highlighted that the sources of education content are highly
important—it means the credibility of social media. Based on the opinions of secondary
school teachers and students of the study (n = 111), the authors distinguished four currently
possible (possible during a pandemic) and attractive forms of online education with the use
of social media. The categories are collaborative education, active self-education, education
using social networks, and education with an emphasis on relationship behavior. Simulta-
neously, students rated online lectures and courses within the YouTube channel, education
with an emphasis on practical learning, project teaching, gathering information from edu-
cational institutions within the social network Facebook, and indoor experiential learning
as the most attractive. Those results are in accordance with our research. Our results show
also the increasing frequency of the usage of YouTube and Facebook in e-learning.

Due to the results, it can be agreed with experts [110] that social media and their
technological possibilities appear to be valuable resources in helping people deal with the
current, and also longer-term, difficulties raised by the pandemic. A positive opinion on
social media in learning has also been expressed by other authors [111]. We also concluded
on the basis of the conducted research that social media can play a positive role in e-learning,
and the usage of them during the pandemic has been increasing. The authors claimed [110]
that because of the closure of many educational institutions, the use of social media is
expected to bring benefits to both teachers and students. However, they noticed that a valid
and reliable instrument to measure the integration of technology for e-learning should
be developed.

6. Conclusions and Recommendation for Future Research

The literature analysis and discussion can be concluded with the following:

• There is yet not much research on evaluating broadly e-learning in higher education;
• More of the reviewed research present online teaching assessment from the teacher’s

point of view rather than the students’ point of view;
• Universities were not prepared for shifting into online teaching from day to day;
• Many articles prove that a common problem is the preparation of teachers for e-learning;
• Despite the development of innovative e-learning tools, it is the teacher who plays the

main role in the learning process;
• Students are eager to learn online, while teaching staff is not yet necessarily ready

for it;
• There is a lack of general guidelines for successful e-learning.

The main problem that was the subject of the authors’ analysis was the influence of the
COVID-19 pandemic on the change in the usage of innovative e-learning tools in university
education. After conducting the research described in this article and discussing the
research on the subject of e-learning during the pandemic, the following can be concluded:

• The percentage of students familiar with the analyzed e-learning tools has increased
significantly during the pandemic. There has been a visible rise, especially in the usage
of the following tools: MS Teams, Zoom, and Google Classroom. The achieved results
support hypothesis H1;

• The most frequently used e-learning tools during the COVID-19 pandemic have been
mainly videoconferencing tools, such as MS Teams and Zoom. However, students also
have used e-learning platforms and e-mail;

• The author’s research gave a possibility to identify three hidden factors (categories) of
the used e-learning tools. They include the following categories: popular services and
applications adapted to e-learning; popular applications for synchronous meetings
adapted to e-learning and other synchronous and asynchronous e-learning methods;
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• Students’ familiarity with information technology has a positive influence on the ease
of acquiring e-learning content. The results support hypothesis H2;

• Students’ interest in innovative e-learning technologies has a positive influence on the
ease of acquiring e-learning content. The results support hypothesis H3;

• Having the proper resources also positively influences the absorption of e-learning
content. The results support hypothesis H4.

On the basis of the achieved results, the authors prepared a model of relations between
students’ interest in innovative e-learning technology and the resources that they possess
to participate in e-learning classes. This model gives a possibility to assess what method—
e-learning, traditional or hybrid—should be used in the given situation. Based on the
results, it can be concluded that innovative e-learning tools are recommended to be applied
when the given group of students has interest in innovative e-learning tools and the
proper technical resources. The use of traditional learning is recommended in the opposite
situation. The hybrid solution is best when students have proper resources but are not
particularly interested in innovative e-learning technological solutions. The developed
model can be useful for universities. They can assess the students’ interest in innovative
e-learning technologies and their level of technical resources using questionnaires and, on
this basis, divide students into groups to prepare the optimal learning method—e-learning,
traditional or hybrid.

The study described in the article stands out with considerably large research trials:
621 students took part in the survey research. Compared to other articles on this subject
mentioned in this article, this paper showed some correlations between the pandemic and
the use of innovative e-learning tools. The surveyed students assessed the innovation of
applied e-learning solutions at a level between “average” and “good” and the possibility of
using innovative e-learning as “good”. Respondents assessed the use of applied e-learning
tools at the Silesian University of Technology quite well. In addition, they were interested
in the continuation of the use of e-learning after the end of the pandemic.

The future research should concentrate on the analysis of the e-learning tool usage
after the pandemic. It is interesting to know if, after the pandemic, the widespread use of
innovative e-learning tools will increase, continue on the same level, or decrease. Addition-
ally, it is possible to conduct the research in other types of universities, not only technical
ones. What is more, it could be interesting to conduct the research in other countries, for
example, Visegrad Group countries, and compare results between particular countries.
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of the brain, e.g., cognitive training, psychotherapy psychocorrection, etc. (this also applies if the
intended intervention is intended to benefit (this also applies when the intended intervention is
to benefit the subject (e.g., to improve his/her memory); research concerning controversial issues
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