
Vol.:(0123456789)

https://doi.org/10.1007/s10639-021-10572-6

1 3

M-learning in the COVID-19 era: physical vs digital class

Vasiliki Matzavela1   · Efthimios Alepis1

© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 
2021

Abstract
Emerging technologies, such as the development of the Internet of Things and the 
transition to smart cities, and innovative handheld devices have led to big changes in 
many aspects of our lives, while more changes were imminent. Education is also a 
sector that has undergone huge changes due to the spreading of those devices. Even 
at the era of feature phones, it started to become clear that portable devices with 
access to the internet can be used for learning. The process of learning with the use 
of mobile phones was then in an early stage, due to the limitations of feature phones. 
Whereas, with the introduction of smartphones, education is expected to be drasti-
cally altered in the future, in most parts of the world. New, radical, and controversial 
in some cases, approaches have been developed, over the past years, in an effort 
to implement a mobile learning process in real life conditions. Intelligent tutoring 
systems have had rapid growth, especially in the COVID-19 era, while a signifi-
cant increase in online courses via social networks has also been noted. This paper 
focuses on presenting the most important research parameters of m-learning during 
the last decade, while it also incorporates a novel empirical study in the domain. The 
utilization of educational data has been taken into consideration and is presented, 
aiming at ways to improve human interaction in the digital classroom.

This approach reviews the literature about new approaches that have been developed, from 2010 
until 2020, in an effort to implement a mobile learning procedure and also focuses on mobile 
assessment and the studies that have been conducted in that field.
The purpose of this paper is to explore some of the major studies that have been conducted during 
the past 10 years and to emphasize on the factors taken into account while analyzing the possibilities 
of m-learning. Because of the fact that there are many aspects that should be consindered, attention 
has been paid to the most significant, that is aspects that have concerned the majority of researchers.
An empirical study was conducted during the lockdown due to COVID-19. The most frequently 
mentioned aspects in the literature were analyzed, in order to summarize the most essential 
parameters that were depicted by other researchers and set of parameters consisted of the backbone 
for the composition of a questionnaire which was sent to pupils of a high school, students of a 
University, and participants of life-long learning courses. Conclusions from the answers of the 
participants are presented in this paper.
This paper contains original work which has not been published previously and that it is not under 
consideration for publication elsewhere.
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1  Introduction

There has been an enormous growth in the field of computer-based learning 
that includes e-learning, mobile learning (m-learning), online courses via social 
media, and the benefits of affective computing. (Politou et al., 2017). M-learning 
focuses on the mobility of the learner, interacting with portable technologies. 
Using mobile tools for creating learning aids and materials becomes an impor-
tant part of adaptive learning. An e-learning environment can be used for tutor-
ing large and heterogeneous groups of students, without the limitations of time 
and place. (Sotiropoulos et al., 2019). An intelligent tutoring system has to pro-
vide personalization to the specific needs, perceptions, interaction, behavior, and 
attitude of each individual student needs. (Virvou, 2018).

In the 2.1 section, the acceptance, (Sek et al., 2010) of m-learning is investigated 
and particularly the Technology Acceptance Model (TAM). In Section 2.2 the vari-
ety of methods that are used, (Brand et al., 2011), combining traditional and modern 
techniques, is researched. The important issue of gender differences, (Bao et al., 2013) 
is referenced in the 2.3.1 section. (Liaw et al., 2010). Moreover, in the 2.3.2 section, 
several approaches of active learning are referred to, while the 2.4 section deals with 
m-assessment. (Nikou & Economides, 2014). The third section refers to the empiri-
cal study that has been conducted during the lockdown due to COVID-19. In subsec-
tion 3.1 the most frequent attributes of m-learning are analyzed, in order to summarize 
the most important parameters, which consist the backbone for the composition of a 
questionnaire. Pupils of a high school, students of a University, and participants of life-
long learning courses answered the questionnaire, as it is described in subsection 3.2. 
The answers of the participants are analyzed in subsection 3.3. The last sections pro-
vide valuable conclusions regarding the importance of m-learning and suggestions are 
made for future studies.

This paper presents interesting results in the question “amphitheater or digital 
classroom”, while with the creation of a questionnaire for 3 different students’ 
groups, the focus is shifted to the maximization of the educational effective-
ness. This approach promotes individualization and adaptivity in m-learning 
environments, which is a valuable requirement nowadays, based on the needs 
and preferences of individual learners. The questionnaire was shared by social 
media to increase interaction. Social media were chosen because the vast major-
ity of users worldwide are active on social networks and the reflection is instant. 
Regarding the categorization of the parameters, because of the fact that there are 
many aspects that should be considered, attention has been paid to the most sig-
nificant, which is aspects that have concerned the majority of researchers. Our 
research findings indicate that the attitude of learners seems to be ideal for mod-
eling students΄ learning styles and preferences. The purpose is to reveal the stu-
dents’ learning styles, for students to declare their option between digital class or 
physically present in amphitheater and design appropriate study plans. Moreover, 
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students’ preferences enable lecturers as well as educational managers to indicate 
the aspects that influence students which must be taken into consideration. The 
support of those aspects can reduce eliminations from universities due to stu-
dents’ poor performance.

2 � Literature review

M-learning has gained an increasing interest around the globe by academic dis-
ciplines, while in the days of COVID-19, the need to enrich this way of educa-
tion has appeared. The latest technological advances are used to create interac-
tive educational environments where students can learn, collaborate with peers, 
and communicate with tutors while benefiting from a social and pedagogical 
structure similar to a real class. (Chrysafiadi & Virvou, 2015). The diversity 
of the methods that are employed by researchers while using intelligent tutor-
ing systems contribute to enhance adaptive learning. (Virvou & Alepis, 2005). 
Among all the papers that fall within the specified time period (2010–20), it 
was discovered that a large proportion of them was dealing with the question 
of whether there are differences based on gender, which led to the relevant 
categorization. Features that were encounτered among the papers of our sam-
ple, such as attitude, (Hwang & Chang, 2011), usefulness, (Garaj, 2010), ease 
of use (Park et  al., 2012), behavioral intention, (Lan et  al., 2012), etc. were 
addressed and evaluated. Statistics indicate that 78% of users are using their 
smartphones more than they did a year ago, while the corresponding growth 
for laptops/desktops is limited to 42%, (Kontogianni & Alepis, 2020). The new 
generation of portable devices, namely smartphones and tablets, has become 
popular very fast, to such an extent that people in developing countries pre-
fer those kinds of devices, even without having used laptops or computers pri-
orly. (Ally & Tsinakos, 2014). Using such devices, that are easy to carry, helps 
people to stay connected to the internet almost continuously, allowing them to 
communicate, entertain themselves, and be informed. Apart from communica-
tion, entertainment, and information, smartphones and tablets can and should 
be used for educational reasons too, consisting of the basis of a new model of 
learning, m-learning. (Alepis & Troussas, 2017). M-learning can be based on 
the use of handheld computers within the classroom during regular lessons, but 
also outside the classroom, (Motiwalla, 2007) any hour of the day. Regardless 
of whether it is called “anywhere, anytime”, (Liaw et al., 2010), or “Here and 
now”, (Martin & Ertzberger, 2013), while other researchers call it “ubiquitous”, 
(Shanmugapriya & Tamilarasi, 2011), distance learning and m-learning have 
a huge variety of ways that can be implemented. During the last decade, there 
are many research studies published that refer to the vast potential of m-learn-
ing. (Matzavela & Alepis, 2017). On the contrary, there are very few studies 
that refer to mobile assessment (m-assessment). (Nikou & Economides, 2017a). 
Provided that students are familiar with the use of portable devices in general 
and specifically while learning, the obvious next step is to use such devices 
to assess their progress. After thorough research in the related scientific 
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literature, it was found out that there is a shortage of papers in that field, thus, 
the need for more research emerges. This paper discusses in detail the current 
trend of m-learning, a notion that has come up before the revolution of smart-
phones took place. (Gikas & Grant, 2013). As Motiwalla analyzed in his study, 
m-learning could be facilitated with the use of feature phones, that is phones 
with a keyboard and a small screen, but capable of accessing the internet (Moti-
walla, 2007). Both electronic devices and internet connection protocols of that 
era may seem primitive compared to the respective technologies a few years 
later, nevertheless, students had already expressed a positive attitude towards 
m-learning. (Tsihrintzis & Virvou, n.d.).

2.1 � Investigating the acceptance of m‑learning

In an effort to explore the parameters that contribute to accepting an m-learn-
ing procedure, we found out that generally there is a positive attitude towards 
it. It is crucial to define whether a process of m-learning will be accepted and 
for that purpose several tools have been used, such as TAM and the theory of 
planned behavior, among others. TAM is one of the most frequently used tools, 
which extracts the tendency of adopting m-learning, in comparison to other 
theories and models that have been developed. It can be used to find the vari-
able (Mobile Readiness, Interaction, Ease of Use, Usefulness, Attitude to Use) 
that is more effective, (Almasri, 2014) in the decision of adopting m-learning. 
According to Sek, et al. (Sek et al., 2010), TAM is a practical tool and it was 
evaluated in their study. They concluded that the perceptions and attitudes of 
the user have a major impact on the intention and use of smartphones. The 
attitude was also denoted as the most important factor in accepting m-learning, 
followed by relevance and subjective norm, as it was presented by Park et al. 
(Park et  al., 2012). On the other hand, Liu et  al. in their paper (Liu et  al., 
2010), claimed that the most significant parameter in adopting an m-learning 
procedure is the long-term usefulness. Another field where TAM is utilized is 
for investigating whether there are differences based on gender. Padilla-Melén-
dez et  al., (Padilla-Meléndez et  al., 2013) provided evidence that differences 
do exist, with females being influenced by the contribution of playfulness on 
attitude, whereas males are influenced by perceived usefulness. On the con-
trary, according to Bao et al., there are no significant differences in perceived 
usefulness and computer self-efficacy (CSE), but there are gender differences 
in perceptions of general CSE, perceived ease of use, and behavioral intention 
to use. (Bao et al., 2013). TAM is not only used for investigating the adoption 
of new technologies in an educational environment. It could be extended to 
study the intentions of employees to participate in an e-learning process, also. 
Lee et  al. (Lee et  al., 2011) used it, combined with the innovation diffusion 
theory, to define the attitude of employees towards learning with the assist of 
modern devices. Another type of learning, where TAM can be employed in 
order to extract conclusions about the acceptance, is called procedural learn-
ing. Although procedural learning is not based on m-learning, nevertheless, 
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it could be exercised using YouTube, which is available on various types of 
electronic devices, including of course portable ones. (Lee & Lehto, 2013). 
Sánchez-Prieto et al., (Sánchez-Prieto et al., 2017), established a system based 
on the TAM which was used while studying the adoption of mobile devices by 
students of a university of primary education teachers. On the other hand, the 
research to determine the learner’s acceptance towards m-learning can be con-
ducted without necessarily using the TAM. For example, Cheon et al., (Cheon 
et  al., 2012) used a model based on the theory of planned behavior to inves-
tigate whether the acceptance of m-learning is influenced by the students’ 
beliefs. In their paper, they presented the factors that contribute to adopting 
m-learning which are attitude, subjective norm, and behavioral control. (Tor-
res et al., 2019). Other factors that increase acceptance can arise based on the 
activity theory approach, such as enhancing learners’ satisfaction, encouraging 
learners’ autonomy, empowering system functions, and enriching interaction 
and communication (Liaw et  al., 2010). The variety and the diversity of the 
m-learning procedures give room for experimenting with different aspects of 
technology. For instance, a Virtual Reality Learning Environment is an inter-
active and innovative system based on 3D technologies, that stimulates the 
imagination of the learner. (Huang et al., 2010). Together with the expansion 
of mobile devices that include Virtual Reality (VR) capabilities, new oppor-
tunities for acceptance emerge. In addition, a greater level of acceptance can 
be achieved by using tools with social interaction. Therefore, using web-video 
conferencing systems can have a positive effect on the learner’s engagement 
and his/her motivation. (Giesbers et al., 2013).

2.2 � Mixed methods of studying through mobile computing devices

There are literally countless ways to implement new technologies in learning. 
The use of modern electronic devices with access to the internet, (Suanpang, 
2012), combined with other teaching techniques, can lead to different models 
of m-learning, that can be equally effective. (Sha et al., 2012). In some cases, 
social media are used to enhance the learning procedure, whereas in other 
cases, not only portable devices but also common computers are used. (Sharp-
les et al., 2009). Social media sites have emerged almost simultaneously with 
smartphones, while both of them are very attractive to young people. Thus, it 
makes perfect sense to use a combination of those two technologies in learn-
ing in order to enrich the procedure and make it more engaging for young 
learners. In the paper of Jin Mao, it is indicated that students have a positive 
attitude towards the use of these technologies in learning, but there are impor-
tant issues that need to be taken into consideration, such as the complexity of 
the designing and how students will interact. (Mao, 2014). Furthermore, the 
usage of a specific micro-blogging site (Twitter), combined with traditional 
assignments can lead to a positive result. By posting tweets publicly, students 
interact with each other, while at the same time, a better perspective towards 
the technologies was observed. (Hsu & Ching, 2012). The different options 
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for implementing mobile learning solutions are numerous, allowing the crea-
tion of many versions. Mobile devices could be used for online surveys, while 
at the same time teachers can develop activities in the classroom to obtain 
better observations. (Kissinger, 2013). For instance, students in an elemen-
tary school may have the opportunity of using different devices for different 
tasks, such as searching for information or listening to podcasts, on one hand. 
On the other hand, they can select plain paper for traditional activities such 
as drawing. (Crichton et al., 2012). Mobile devices can pose a temptation for 
students, that is because there are various applications other than educational. 
That’s why teachers must be careful to avoid improper use and to ensure an 
effective learning procedure. (Henderson & Yeow, 2012). The vast advan-
tage of mobile devices is the fact that they are portable. That means, learning 
does not have to be restrained in the classroom, especially when the purpose 
is to discover an area. It is impossible for people to get familiar with their 
surroundings without getting out of the classroom. (Pérez-Sanagustín et  al., 
2012a). Consequently, students can use portable devices as well as computers 
while they are in the classroom, at home, and also around the city, (Pérez-
Sanagustín et al., 2012b), thus combining technologies. An example of a sys-
tem that allows learning in and out of the classroom is the Student Response 
System. (Stav et  al., 2010). They relied on XML technologies and web ser-
vices, with the usage of modern mobile devices, in order to create a flexible 
service. There are parts of the world where it is a necessity to turn to mobile 
learning, due to lack or unreliability of infrastructures. For example at the 
paper of Han et al., (Han & Shin, 2016), students suffer from power losses, so 
the use of portable devices and not having to depend on computers with short 
battery life can be crucial for their academic progress. Thus, mobile learning 
was added to the existing learning process, augmenting the overall procedure. 
(Jan et al., 2016).

2.3 � User modeling

In the following subsections, parameters that concern personalized learning and are 
part of the field of user modeling are analyzed. Specifically, those parameters consist 
of gender differences, individual knowledge of learners, active learning methods, 
and user behavior.

2.3.1 � Gender differences and individual knowledge management

Each person has its own preferences about every aspect of life. All people 
are different from each other and everybody wants to be able to regulate his/
her time according to his/her approach. Learning is not an exception to that 
fundamental principle. Therefore it is of great interest for researchers to 
study whether there are differences among learners based on their gender and 
how learners will be able to adjust their learning process according to their 
needs. (Panadero et  al., 2017). According to Diemer et  al., (Diemer et  al., 
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2013), there were no differences due to gender, during classroom activities 
using iPads. But, analyzing the acceptance of m-learning in separate param-
eters, can lead to better insight. With the structural equation user modeling 
approach, conclusions about the computer self-efficacy (CSE) regarding the 
gender of university students can be drawn. For instance, at a university in 
the Arab Gulf region, students who participate in an m-learning procedure 
answered a questionnaire about their attitude towards it. Several factors were 
taken into consideration, but no differences were found based on gender, 
while on the contrary, there were significant differences in other factors, like 
country and age. (Al-Emran et al., 2016). Similarly, the study of Sabah on stu-
dents’ awareness and perceptions led to the conclusion that there are no major 
differences, considering gender. (Sabah, 2016). The results of the research 
of Bao et al. were to some extent contradictory because in some cases it was 
shown that there were no differences and that in others differences do exist. 
(Bao et  al., 2013). Specifically, there are differences in general CSE, per-
ceived ease of use, and behavioral intention to use, whereas there are no dif-
ferences in specific CSE and perceived usefulness. On the other hand, signifi-
cant differences were found based on gender, during research on the impact 
of podcasting on student motivation in online courses. (Bolliger et al., 2010). 
Furthermore, in the paper of Padilla-Meléndez et al. it is considered that gen-
der differences do exist. (Padilla-Meléndez et  al., 2013). More specifically, 
males are not influenced by playfulness in order to accept a modern learning 
system but by perceived usefulness, whereas females are keen on accepting 
the system due to playfulness. The hypothesis that gender differences exist 
was also confirmed by the research of Han and Shin, who studied the adop-
tion of mobile learning management system by students of an online univer-
sity. (Han & Shin, 2016). Obviously, a huge advantage of m-learning is that 
it allows learners to regulate their learning process according to their wishes. 
The notion of self-regulation was investigated by Liaw and Huang (Liaw & 
Huang, 2013), while Simonova and Poulova dealt with cloud and m-learning 
and specifically with teaching based on the learner’s preferences. (Simonova 
& Poulova, 2015). To enhance the potentiality of individual knowledge man-
agement, there are several systems that have been introduced. Systems like 
that include features such as the delivery of learning content, reporting stu-
dent progress, the interaction between students and teachers, etc. (Saračević 
et al., 2011). There have been developed several variations of the system that 
helps students manage their knowledge. Some approaches may be referred 
to as Personal Knowledge Management, while usually it is called Learning 
Management System or LMS. The prospective evolution of LMS is called 
mobile LMS and it was studied by Joo et al., (Joo et al., 2016), who focused 
on the actual usage of the system, in an online university. In the effort of 
implementing such a system, some problems emerge that should be taken into 
account, according to Zhuang et al. (Zhuang et al., 2011). The integration of 
knowledge management can be achieved with different models and different 
criteria, according to each instance, (Judrups, 2015) and even the color is a 
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significant parameter when designing the interface of a relevant application. 
(Pelet & Uden, 2014).

2.3.2 � Active learning methods and user behavior

In most cases, students are of young age and in the majority, they are fond 
of playing video games. While playing, people tend to be more concentrated 
and have a better attitude and behavior towards learning online. (Faiola et al., 
2013). During the engagement with a video game, the player is very immersed 
and focused, a status called “flow”, which leads to improved learning. Thus, 
playing games can be utilized as an active learning method combined with 
the capability of adapting to a student’s learning style. (Soflano et al., 2015). 
The notion of learning by playing games is referred to as game-based learning 
(GBL), but it has not been studied to a great extent yet. Furthermore, in order 
to create learning systems that will adapt, there are several factors considering 
the user behavior that should be taken into account. (Seufert, 2018). One of 
the most important factors is attitude, (Cheon et al., 2012; Park et al., 2012), 
while perceived usefulness and ease of use, behavioral intention (Park et al., 
2012) and control, beliefs, (Cheon et al., 2012), personalization (Wang & Wu, 
2011), performance and effort expectancy, personal innovativeness, (Abu-Al-
Aish & Love, 2013) could be accounted as important too, among other factors. 
To enhance the experience of a student during a teaching procedure, different 
approaches have been proposed. Receiving rapid feedback with rich content 
about the curriculum on handheld devices is the key concept according to 
Chen et al., (Chen et al., 2010). On a similar basis, the process of learning via 
mobile phones could take advantage of the short messaging system. By send-
ing messages frequently, the connection between the tutors and the students is 
increased, leading to increased interaction and more motivated students. (Van 
Rooyen & Wessels, 2015). Another efficient model of active learning is the 
flipped classroom, which is a combination of using a smartphone app and the 
traditional tutoring in the class. The study of Chen et al., (Chen Hsieh et al., 
2017) shown that the flipped classroom leads to increasing the students’ 
motivation and improving their knowledge acquisition. The Student Response 
System, which is based on web services and mobile devices, also supports 
active learning, providing intuitive control interfaces and flexible response 
services, in the classroom or from distance. (Stav et  al., 2010). One of the 
oldest learning methods is the “Socrative method”, which is based on the col-
laboration of students, where they ask each other questions, resulting in better 
acquiring knowledge. Entering the modern era, the aforementioned method 
could be combined with the use of smartphones, allowing teachers to interact 
with their students and also students with their peers. Thus, collaboration is 
increased, leading to improved academic performance. (Awedh et al., 2015). 
Probably the most radical approach, but not a very efficient one, is based on 
the concept that the students should participate more actively in the procedure 
of m-learning. Specifically, instead of just using portable devices with exist-
ing applications installed, students taking part in the study of Garaj (Garaj, 
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2010) expressed their ideas of how m-learning should be, leading eventually 
to the development of ad hoc smartphone apps. The problems that arise with 
that approach, are two: a) not all students are capable of programming and b) 
developing applications could be time-consuming.

2.4 � M‑assessment

Turning our attention to m-assessment, it was observed that there is a remark-
able shortage of studies in that field. Very few researchers until today have 
dealt with m-assessment, which is the evolution of m-learning. (Nikou & 
Economides, 2017b). On the other hand, the main portion of the surveys that 
have been published over the past years makes reference to the evaluation of 
the m-learning process that it is referring to. In fact, the evaluation is car-
ried out using traditional methods, such as a static questionnaire. (Parsaza-
deh et al., 2018). Combining learning and assessment has resulted in the Fully 
Online Learning Community, which addresses the demands of all entities that 
are involved in the educational system. A unified system for learning with 
embedded assessment can lead to beneficial results for everybody, constitut-
ing a democratized model. (Blayone et  al., 2017). Also, the question of the 
excessive use of technology during teaching has been raised. That issue was 
addressed by Anshari et  al. (Anshari et  al., 2017) in their paper. They con-
ducted research, investigating the fact that the use of portable devices while 
learning, may cause a distraction to the students. Given that the implemen-
tation of m-assessment will extend m-learning, there is a possibility that the 
problem of interference will be increased. Therefore, corresponding studies 
should be conducted. In order to develop an effective m-assessment proce-
dure, this new approach of evaluation should also be assessed. Some of the 
factors that have been studied already are whether the achievement and the 
attitude of the student are affected while using m-assessment. (Sahin, 2015). 
Nikou and Economides utilized TAM in their study, in an effort to explain 
if the attitude influences the adoption of m-assessment. They prepared a sur-
vey questionnaire that was answered by the students and the results led to the 
conclusion that competency, autonomy, and relatedness are three significant 
factors that should be taken into consideration when developing the procedure. 
(Nikou & Economides, 2014). A more thorough examination of the evaluation 
of m-assessment is presented in the paper of Nikou and Economides (Nikou 
& Economides, 2017a). The authors proposed a specialized model based on 
TAM, called the Mobile-based Assessment Acceptance Model (MBAAM). 
When using this model, more factors are taken into accounts, such as ease 
of use, usefulness, and behavioral intention, leading to increased understand-
ing. The result is a better experience for the students, that promotes learning. 
Although it is not based on assessment via mobile devices, in the paper of 
(Ćukušić et al., 2014), the assessment is based on a computer. The importance 
of this study is that modern assessment is compared to traditional methods, 
suggesting that there are positive effects on students’ performance. Further 
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analysis, with the inclusion of m-assessment in the comparison between tradi-
tional assessment and computer-based, shows that both computers and mobile 
devices have positive effects on learners’ motivation and that they could 
replace old-fashioned ways of assessment. (Nikou & Economides, 2016). 
While investigating the field of m-assessment, it was observed that until today 
questionnaires have been employed to measure the effectiveness of m-learning 
to students, whether they prefer learning without a physical presence or not. 
In addition, questionnaires are being employed, in order to evaluate the per-
formance of university students, the educational staff, as well as the facilities. 
Also, questionnaires based on static content have spread widely throughout 
the educational sector, allowing the assessment of the curriculum. (de-Mar-
cos et  al., 2010). M-assessment with the use of dynamic questionnaires can 
form an interesting and useful expansion of m-learning. (Matzavela et  al., 
2017). Students consistently show a positive attitude towards mobile devices 
and smartphones, which they wish they could use for reasons that may vary 
from gaming to learning. In this survey, the significance of learning with port-
able devices was studied. Education is making progress, from a technological 
scope, while class lessons are taking new dimensions. Focusing on dynamic 
questionnaires for education is an essential move, because of the fact that they 
are innovative and flexible. The aforementioned characteristics are attractive 
to young users, who are willing to make changes in the learning procedure. 
Most questionnaires that are used in education do not focus on examining stu-
dents. As traditional learning is leaving space for m-learning, (Chrysafiadi 
& Virvou, 2015), similarly, dynamically changing questionnaires should be 
developed. The tendency is to move from exams with static questionnaires, to 
dynamic questionnaires, through m-assessment.

3 � Empirical study

This specific empirical study was based on real data that were extracted from 
students and lifelong learners during the pandemic of COVID-19. The lessons 
stopped for all in the physical classroom and continued in digital classrooms 
with educational adaptive platforms. In subsection  3.1 the most popular 
parameters of m-learning are employed, in 3.2 the composition of the ques-
tionnaire is described and in subsection 3.3 the results of the empirical study 
that were noted, are analyzed.

3.1 � Parameters of the study

Based on the data collected from the reviewed papers, it was notable that there 
are some characteristics of m-learning that concerned many researchers. The 
most important of them, which were referred to in many papers, were used to 
form the parameters of the questionnaire. These parameters are demonstrated 
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in Fig. 1, where each one of them is represented with a column. Gender dif-
ferences were studied in 8 papers and it was concluded that there are differ-
entiated preferences according to gender. Many researchers, (Pedaste et  al., 
2015), have pointed out that it is important to consider the usefulness of the 
system while implementing an m-learning process. This parameter, which was 
highlighted in 15 papers, can be the key factor in order to create a flexible 
and attractive to students process. Based on 14 studies that were concentrated 
majorly on the acceptance of m-learning, it is concluded that the acceptance 
is increasing over the past years and that people are becoming more and more 
familiar with the idea of learning without being physically present in a class-
room. The perceptions of the students have been altered in a positive direction 
lately, which has been the subject of 10 studies. Concerning the use of mixed 
methods of learning, that is by combining a modern technique like m-learning 
with a traditional one, optimum results can be achieved. The number of papers 
that referred to mixed methods was 10. Social media, e.g. Facebook, Insta-
gram, offer more capabilities that would not have been possible with tradi-
tional methods. 6 papers explored the communication between students and 
teachers via social media. One of the most significant parameters is the inter-
action between the students and the teachers, which was encountered in 18 
papers. The ease of use in the m-learning environment and friendly to learners 
was surveyed in 14 papers. Finally, the students’ behavior has also been ana-
lyzed and measured by researchers in 14 studies.

3.2 � Settings of the empirical study

During the general lockdown due to COVID-19 pandemic (March 2020) in 
Greece, m-learning was a one-way solution. Schools and universities were closed, 
while lessons continued normally in all educational levels, forcing learners to uti-
lize their mobile devices in order to attend courses.

M-learning supported all students through various platforms, covering 
all educational needs. Students were connected by mobile devices and the 
interaction of m-learning can be analyzed with specific data derived from 

Fig. 1   Allocation of papers per 
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their feedback. The criteria for the composition of the questionnaire were 
the parameters that emerged from the analysis of the literature. By classi-
fying the most frequently displayed parameters in papers, a set of the fol-
lowing parameters was extracted: gender, usefulness, acceptance, perception, 
methods, social media, interaction, ease of use, and behavior. The question-
naire was created based on this set of parameters, which was sent to the stu-
dents via social networks or e-mail, in the midst of the COVID-19 pandemic 
(Tables 1, 2, 3 and 4).

The people that answered the questionnaire were divided into 3 age 
groups, the first group consists of 29 students of high school, the second 
group includes 11 students of a University and the composition of the third 
group is 12 adults that were participating in life-long learning, reaching a 
total of 52 people. The following figure illustrates the number of partici-
pants in all papers that were researched. The length termes 9 to 2732 par-
ticipants (Fig. 2).

The first question concerned the gender of students and there is a suit-
able column with the preferences of an individual participating in distance 
learning. Question number 2 concerned the usefulness of m-learning with 

Table 1   Number of participants 
per age group

Educational level Delivery of question-
naire via

Participants

High school students Social media 29
University students e-mail 11
Long-life learners e-mail 12

Table 2   The questionnaire

Q Attributes/Parameters Questions

Q1 Gender differences Gender
Q2 Usefulness How useful did the m-learning procedure seem to you?
Q3 Acceptance of completed courses Did you like the learning through your computer or 

mobile phone?
Q4 Acceptance of future m-learning courses Will you prefer m-learning in upcoming courses?
Q5 Perception How easy was it to understand the lesson?
Q6 Mixed methods Which teaching method do you prefer?
Q7 Social media Did you find it easy to send/receive content via social 

media?
Q8 Interaction Did you like the interaction with the teachers via the 

screen?
Q9 Ease of use How user friendly was the access to the online plat-

form?
Q10 Behavior Were you enthusiastic about m-learning?
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a proportional column of options. The 3rd and 4th questions concerned 
the acceptance of m-learning which is a parameter of high importance in 
m-learning, hence 2 questions were applied. Question number 5 was a ref-
erence to the perceptions of participants. Question number 6 was related 
to the mixed methods which are the combination of traditional and digital 
class or not. The seventh question concerned the social networks and the 
increasing use from year to year. Question 8 was based on the interaction 
between students and teachers. Question 9 referred to the ease of use of 
mobile devices or laptops for connection. The tenth question concerned the 
behavior of the learners.

Apart from these parameters that were found to be the most important of 
m-learning and which were matched with a question, there was another one 
taken into consideration, the attitude of learners. The attitude of learners pro-
vides a novel framework that moves further away from traditional classes, while 
incorporating a wide range of recent advances to provide personalized solutions 
to future challenges. (Alepis et  al., 2017). These parameters can improve and 
assist the learning process with individual results and utilization of them, from 
authors and researchers.

Table 3   The percentages of 
the level of attitude of the 
participants

Very Moderate Little

High school students 77.30% 18.40% 4.30%
University students 58.60% 29.30% 12.10%
Long-life learners 65.70% 30.50% 3.80%

Table 4   Comparison of the 
preferred method between age 
groups

M-learning Traditional

High school students 5 17.24% 24 82.76%
University students 5 45.45% 6 54.55%
Long-life learners 2 16,67% 10 83.33%

Fig. 2   Number of participants 
per paper
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3.3 � Results of the empirical study

The classification method assisted to extract results and the categorization was 
achieved indirectly or directly. In view of them, the questionnaire was created, 
with specific parameters and shared in 3 target groups learners. The answers 
ware collected via social networks or mails. The first target group was students 
of high school, the second target group was students of a university and the 
third target group was adults of long-life learning. Each question was matched 
with a parameter of the aforementioned and the answers were demonstrated in 
figures and tables with percentage ratios. Τhe attitude of learners was evalu-
ated by the teachers during the distance learning and after the conclusion of 
each lesson when the connection was interrupted. The results of the aforemen-
tioned parameter will be demonstrated in the following table.

The most widespread method for the production of predictive models is the Clas-
sification method utilized in this approach. The classification method in education 
based on specific features for supporting the learning process. The categorization is 
applied to the parameters in order to draw a predictive model. In the first question of 
the questionnaire, the participants determined their gender, with approximately 69% 
of the participants being female and 31% male. As for the gender differences, after 
analyzing the data, the acceptance and the preference of the participants towards 
m-learning are depicted in Fig. 3. In order to distinguish whether there are gender 
differences among the participants, their answers on whether they prefer distance 
learning and on acceptance were taken into consideration. There was no significant 
difference in the percentages that reflect the preference towards m-learning of the 
male (25%) and female participants (22%). On the contrary, there was a notable 
difference between the two genders, with 55.56% of women accepting m-learning, 
whereas only 37.5% of men are accepting it, as it is demonstrated in Fig. 3.

In the question for the usefulness, 48.08% of the people, almost half of them, 
found it very useful, 44.23% answered moderate and 7.69% answered that distance 
learning was a little useful. Almost half of the learners believe that the lessons were 
very useful. If the percentage of the learners who answered “Moderate” is added 
with the previous, the combined percentage reaches an impressive 92%, leaving a 
small minority who believe that m-learning was not useful.

The parameter of acceptance was investigated with two questions, in the one ques-
tion participants were asked directly if they liked m-learning and 40.38% answered 
very much, but the majority, 44.23% answered moderate and 15.38% showed lit-
tle acceptance towards m-learning. The other question regarding acceptance was 

Fig. 3   Gender differences
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indirect, with participants being asked whether they would like to attend again a 
course via m-learning, where the opinions of the participants were divided equally, 
ie 50% in favor and 50% against. One possible explanation might be the fact that 
none of the participants had attended m-learning courses in the past, which means 
that there should be an adaptation period until everybody gets familiarized with it.

More than half of the participants, which is 51.92%, answered they have a very 
good perception towards m-learning. A large part of the participating learners 
had a moderate perception in m-learning, specifically 42.31%, and only 5.77% 
answered they had low perception. On the contrary, the method which is pre-
ferred by 76.92% of the participants is the traditional class. To get a better insight 
into this aspect, the following table was created, which enumerates the learners 
and the percentages per age group.

The remarkable fact is that the vast majority of teenagers students prefer the 
traditional class and the physical presence over m-learning. Their percentages are 
similar to those of adults attending long-life learning courses, who are expected 
to be inexperienced and not familiarized with mobile devices. On the other hand, 
the University students who are young adults and very keen on using mobile 
devices, are divided between digital and traditional class.

Social media is a widespread way of communication nowadays, with which 
almost everybody is familiarized. During the lockdown and the online courses, 
social media were used to post exercises for all students, instead of sending them via 
email, in order to achieve high engagement. In the question for utilization of social 
networks, 38.46% liked using social media very much, 36.54% answered moderate 
and 25% found little utilization. Despite the usefulness of social networks, students’ 
views about them were almost equally divided into the 3 available answers, with 
approximately one-third of the students (38.46%) being very positive in using them.

The overall satisfaction of the students about the capability of interacting with 
each other and with their tutors was surveyed. In that question, 44.23% answered 
very much, 38.46% answered moderate and 17.31% believed there was little inter-
action in m-learning. The conclusion is that almost half of the participants were 
very satisfied and 38% were moderately satisfied, leaving a small percentage of 
17% who were a little satisfied.

Concerning the ease of use, 63.46% answered m-learning was very easy, 28.85% 
answered moderate ease, and 7.69% believed ease of use was low. It is observed that 
most of the learners (63.46%) found high ease of use while using mobile devices, 
namely smartphones and tablets, and relative apps. The last question concerned the 
behavior of learners and 26.92% felt very enthusiastic, whereas 42.31% answered 
that their behavior was moderate. In addition, a large part of the learners, 30,77%, 
was not fond of the idea of online lessons, which were mandatory.

4 � Discussion

This paper aims to analyze the parameters of m-learning with published papers 
in quality journals or significant international conferences  (Virvou et  al., 2012, 
2020) and the second step was the creation of a questionnaire for 3 different 
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educational groups, that continued their lessons in the COVID-19 era, and the 
results are useful for tutoring systems which based in adaptive learning, provid-
ing important information to researchers, educators for e-learning and m-learning 
systems. (Alepis & Virvou, 2011). Also, this paper can be used as a guide for 
making decisions about the techniques of student models. The similarities or dif-
ferences between learning in digital or physical classrooms and the reflections of 
learners were analyzed while was employed specific data from popular param-
eters referring to m-learning. Moreover, learning analytics enabled the increase 
of understanding of the students’ learning needs.

The presented system provides an adaptation of the instructional material, tak-
ing into account the individuality of learners in terms of background, skills, and 
pace of learning. The innovation of the presented approach is the student model. 
It is a mixed student model that combines 3 different student groups: high school 
students, university students and long-life learners. In particular, the student 
model is based on focusing on the parameters of m-learning, while the learn-
ing analytics are incorporated into the student model. Also, the student model 
includes a mechanism of rules over the questionnaire which is triggered after any 
change of the value of the parameters. The presented novel approach shows the 
benefits of m-learning, whereas the student preferences were influenced the learn-
ing in the physical classroom.

The student model of the particular system has 3 layers. The first layer includes 
the educational data, which was extracted from the students with specific param-
eters. The second layer includes the learning analytics, where the answers of the 
learners were utilized. The third layer includes the categorization of the results 
and evaluation of them. Consequently, the presented educational model contrib-
utes significantly to adaptive learning in m-learning environments, while an edu-
cational effective process in a traditional classroom is promoted. The ability of 
the presented educational system to recognize the attitude and behavior of learn-
ers renders the particular approach a novel useful tool for instructors and insti-
tutes. The encouraging results could be evaluated and utilized for the effective-
ness of individual learning in a digital or physical class.

5 � Conclusions

Researchers increasingly use technological advancements emerging from learn-
ing analytics to support digital education, whereas a surprisingly big interest has 
the global community for adaptive learning in the online educational systems. 
Learning analytics can be employed to provide educators with information to 
reflect on their patterns of students’ behavior concerning others, or to identify 
students requiring extra support and attention, or to help teachers plan support-
ing interventions for functional groups such as course teams. Given the above, 
this paper employs learning analytics and presents the measurement, collec-
tion, analysis, and reporting of data about learners and their contexts, for pur-
poses of understanding and optimizing learning and the environments in which it 

7198 Education and Information Technologies (2021) 26:7183–7203



1 3

occurs. The conclusions that are drawn by the system concerning the aspects of 
students΄characteristics seem to be satisfactory valid and can be utilized for the 
enhancement of personalized education.

In this approach, the utilization of m-learning, on days of the pandemic COVID-
19 and afterward, is presented. This paper discusses important research issues such 
as: to maximize the educational benefits of distance learning, while based on the 
needs and preferences of individual learners. The aspects of m-learning were ana-
lyzed extensively, including unique features, and the data generated a set of param-
eters of m-learning. The most important parameters are gender, usefulness, accept-
ance, perceptions, mixed methods, social media, interaction, ease of use, behavior, 
and attitude. Each of these parameters is presented and analyzed separately in this 
paper and is focused on the synthesis of the questionnaire for extracting specific 
results was achieved. The major percentage of learners of all different groups prefer 
adaptive learning in a physical class, whereas digital education influence the stu-
dent’s attributes. It is within the future plans of authors to create a dynamic ques-
tionnaire for self-assessment or student academic performance with random tests 
supported by decision tree learning. The benefits of the above approach could be 
effective in the individualization of m-learning according to students’ features, the 
limitation of drop out and the concretization of a predictive model, which catego-
rizes the answers of each student, to be able was incorporate in an algorithm for 
tutoring systems.
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