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Abstract: E-learning platforms have become more and more complex. Their functionality included
in learning management systems is extended with collaborative platforms, which allow better
communication, group collaboration, and face-to-face lectures. Universities are facing the challenge of
advanced use of these platforms to fulfil sustainable learning goals. Better usability and attractiveness
became essential in successful e-learning platforms, especially due to the more intensive interactivity
expected from students. In the study, we researched the user experience of students who have used
Moodle, Microsoft Teams, and Google Meet. User experience is, in most cases, connected with a
person’s perception, person’s feelings, and satisfaction with the platform used. Data were collected
using a standard UEQ questionnaire. With this research, we examined whether user experience
factors: perceived efficiency, perceived perspicuity, perceived dependability, perceived stimulation,
and perceived novelty affect perceived attractiveness, which is an important factor in the sustainability
of e-learning tools. The collected data were processed using SmartPLS. The research study showed
that all studied factors have a statistically significant impact on perceived attractiveness. Factor
perceived stimulation has the strongest statistically significant impact on the perceived attractiveness
of e-learning platforms, followed by perceived efficiency, perceived perspicuity, perceived novelty,
and perceived dependability.

Keywords: e-learning platform; collaboration platform; usability; user experience

1. Introduction

Educational software aims to improve and support learning. Educational software
should consider educational processes and especially students’ learning activities. Good
usability of educational software is crucial [1,2]. Therefore, student collaborations with
the educational software should be as spontaneous as possible. Educational software
should be embedded in teaching and learning processes, so a synergy between students’
interaction with the software and learning processes is achieved. Usability should be
related to efficient interaction of students and software and should also be considered in
the sense of appropriateness for learning tasks [3]. When such synergy happens, we can
say that the educational software is imbedded in education processes [4]. This means that a
working relationship is developed between the actual use of special education software and
the learning process. Many conducted research studies have not studied adequately the
importance and effects of usability of educational software to reach learning purposes [3,5].
A so-called instructional interface is needed so the student can concentrate on learning
content instead of concentrating on how to use software to retrieve the content. Research
has repeatedly highlighted the need to focus on students’ goals instead of educational
tasks [6]. Alternatively, the requirement for usability is also commonly known in the
website design literature as a key measure of quality in determining website or platform
user satisfaction [7–11]. Therefore, the usability of educational software can considerably
influence learning [12].
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Educational software has become more complex in the last decade regarding the
educational content, technology resources, and interaction options [13] offered by the
learning management system (LMS) platforms such as Moodle, Blackboard, etc. However,
the user interface quality of these platforms and the ways in which tasks are performed are
becoming increasingly important [14,15]. Learning management systems (LMS) differ from
general online platforms because they have different purposes. This means that users learn
new knowledge using such systems. Very often, such platforms demand that the student
learn to use them so that he/she may finalise the learning tasks and fulfil the learning
objectives. The problem which emerges very often is that there is greater involvement in
the educational content combined with platform functionalities than involvement in user
interfaces between students and the platform where such content will be presented [16,17].

With the rapid development of information technology, e-learning is becoming an
increasingly important part of the innovative higher education system. E-learning has been
implemented in the majority of universities today. As part of this progress, universities and
colleges have progressively implemented a new generation of so-called Virtual Learning
Environments (VLE) that allow teachers and students to connect effectively while focusing
on learning purposes [18–20]. However, again, it has been confirmed in several research
papers that weak usability can significantly affect the effectiveness of communication in
the relationship between teachers and students and the learning of students [21].

The most important task for Human-Computer Interaction (HCI) researchers and
designers is to create computer interaction to involve beginner users (students) and provide
distance learning [22,23]. Educational software should consider the individual ways how
students learn and, thus, enable as many as possible intuitive (natural) interactions with
students. This calls for a review of traditional interaction with e-learning platforms to
support new opportunities and flexibility that are appropriate for e-learning platforms as
they allow students to interact during the learning process [24].

Usability and User Experience (UX) became important factors in developing successful
e-learning platforms [25–27]. If the e-learning platform is not useful enough and is difficult
to use, students need a lot of time to learn to use it. Thus, the e-learning platform hinders
them from performing their assignments effectively [28]. The International Standards Or-
ganization (ISO) describes usability as “the level to which specified users can use a product
or service to accomplish particular objectives with effectiveness, efficiency and satisfaction
in a specified context” [29]. Today, researchers evaluate usability using various methods,
such as analytical approach, specialist heuristic evaluation, surveys, and experimental
approach [30,31], where specific characteristics of the e-learning platform usability can
be found. For example, in his research, Giannakos [32] evaluated an online e-learning
platform in terms of pedagogical applicability. Usability and user experience (UX) should
not be equated as it is user experience (UX) described by the ISO as “observations and
reactions of the person resulting from the use and/or expected use of the product, system
or service” [33].

This definition is usually supplemented in research articles and books with phrases
such as user’s feelings, user’s perception, or user’s satisfaction. Roto et al. [34] and Gordillo
et al. [28] pointed out that in addition to these phrases, the words “dynamic” due to chang-
ing circumstances, ”subjectivity” due to individual performance, and “content-dependent”
are also used to understand the concept of user experience (UX).

Usability and user experience (UX) are important for sustainable learning [25,35]. It
must be obvious that students feel excellent and self-confident about the expertise, abilities,
opinions, and beliefs they have learned. Sustainable education and learning are, thus,
becoming crucial to the future lives of people on an increasingly-transforming planet [36].
The replacement of technologies and approaches from the past with newer sustainable
ones, enables people to consume satisfying lifestyles without negatively impacting the
environment [37]. Sustainability as a concept emerges in many industries i.e., sustain-
able business models in automotive industry [38] and many other areas [39–41]. New
organisational sustainable identity frameworks emerge [42], which will foster also changes
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in higher education organisations, which will become sustainable organisations. The
Sustainable Learning Environment (SLE) essentially includes approaches and skills that
support teachers in effective substance recovery, reuse, inquiry, etc. [43,44]. In addition, it
enables teachers to cope with difficult and complex requirements concerning learning and
relearning [45]. Ben-Eliyahu [46] added that a self-regulated learning framework consisting
of four characteristics could be used to understand SLE: (1) renovating and relearning;
(2) individual, independent as well as collaborative learning; (3) dynamic learning; and
(4) transferability. Due to a literature gap regarding examination of the user experience
of e-learning platforms, which are an important part of SLE, the aim of our research is to
evaluate VLE platforms used in a higher education setting from a user experience view-
point to get an insight into their attractiveness perceived by students using them. Our
research model is based on adapted factors from the User Experience (UX) Model from
Hassenzahl [47], Laugwitz, et al. [48], Schrepp [49], and Schrepp et al. [50–52], which
are perceived efficiency (EF), perceived perspicuity (PE), perceived dependability (DE),
perceived stimulation (ST), perceived novelty (NO), and perceived attractiveness (AT).
From a sustainability point of view, perceived attractiveness could be one of the features
of an e-learning tool for long-term use. Therefore, the objective of the research is to test
hypothesise that all other factors of user experience (UX), namely, perceived efficiency (EF),
perceived perspicuity (PE), perceived dependability (DE), perceived stimulation (ST), and
perceived novelty (NO), have a positive impact on perceived attractiveness (AT).

The article is structured in a way that in Section 2, the theoretical background is
presented with a focus on e-learning collaboration platforms, the attractiveness of e-learning
collaboration platforms as perceived by students is discussed, and the concepts of user
experience are explained more in-depth. Section 2 concludes with a description of the
research model. In Section 3, research methodology is described. In Section 4, research
study is described, and research results are presented. In Section 5, research findings
are discussed, implications are explained, and limitations and future work suggestions
are presented.

2. Theoretical Background
2.1. E-Learning Collaboration Platforms

The usual practice of universities involves using the Learning Management System
(LMS), which has its older traditions back in time. Researchers point out that in an open
society, with increasing distribution as well as access to information dynamics, it is difficult
to use it traditionally [53,54]. This determines the paramount role that e-learning platforms
play in higher education. Through them, students gain access to the digital educational
content of the courses, tests for self-preparation and assessment, etc. Researchers point
out that using e-learning platforms as a tool for self-study contributes to a substantial
difference in the use of resources and results in increased learning efficiency [55]. LMS
significantly change the teaching experience of both teachers and students and is used very
intensively [56]. COVID-19 pandemic affected the closure of all educational institutions,
including universities, along with the shift to complete online learning and affected a series
of changes in learning and teaching process which required technology [57]. Implementing
effective learning in a remote, electronic-based environment has become a key issue in
education [58–61]. As a solution, e-learning platforms, LMS platforms, video conferencing
systems, and online collaboration tools (for example, Microsoft Teams, Zoom, Google Meet,
Webex, etc.) have intensified. For the purposes of our study, the use of Moodle, Google
Meet, and Microsoft Teams is considered and, therefore, special emphasis is placed on them.

E-learning platforms are web-based platforms for providing digital educational con-
tent and managing the learning process. As mentioned earlier, universities integrate into
their e-learning platforms a range of different systems and tools. Among them are world-
renowned LMS platforms such as Blackboard, Canvas, Moodle, Google Classroom, and
more. Of these systems, Moodle and Canvas are free platforms. In addition, it should be
noted that Moodle is an open-source system, while Blackboard is a paid system. Statistics
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on the use of e-learning platforms show that in more than 1600 institutions surveyed in
Europe, 65% of them use Moodle, 12% Blackboard, followed by other platforms (ILIAS,
APG Learning /Sakal/, etc.) with a share between 4% and 1% [62]. These figures prove
the leading positions of Moodle among the used e-learning platforms. In addition to LMS
platforms, a new generation of e-learning platforms emerged, oriented not only in content
sharing, but also in facilitating e-learning collaboration. In most cases, universities’ use of
Google Meet, Zoom, and Microsoft Teams as collaboration tools has intensified.

Somova and Gachkova point out that Moodle is one of the world’s most widely used
platforms in over 200 countries, with more than 170,000 installations, where 250 million
users use more than 30 million courses [63]. In addition, Moodle is coded in the PHP
programming language and is issued under the General Public License (GNU). The plat-
form is developed in compliance with the pedagogical principles and is used for blended
learning, distance learning, flipped classrooms, and other areas of e-learning in schools, and
universities, to maintain corporate qualifications and more. Some authors emphasise the
important features that determine its widespread use. Moodle is argued to be the optimal
Virtual Learning Environment (VLE) platform in terms of the tools at its disposal and its
technical aspects [64].

Other authors [65] cite the leading features of Moodle, the excellent organisation of
online sources, their accessibility and convenience, good structuring, and the effectiveness
of communication tools. Evgenievich et al. [66] summarise the opinion of researchers and
practitioners about the benefits of Moodle LMS in several directions: (1) many opportunities
to increase the individuality and responsibility of students; (2) the possibility of using a
variety of platform resources that enrich and at the same time develop skills for working
with material; (3) the opportunity to progress individual educational paths; and (4) create
an environment for acquiring new knowledge, experience exchange, and consulting. Some
authors also emphasise the possibility of synchronous and asynchronous access and group
work [67].

On the other hand, the authors highlight that communication in Moodle is not so
widespread, with a greater interest in the use of social media and specifically social net-
works, as well as mobile applications [61,68]. For this reason, instant communication
applications, such as Messenger, WhatsApp, Viber, and others, are especially popular and
used. The Moodle forum module can be used for asynchronous group communication
and collaboration, while for synchronous communication, Google’s Google Meet tools are
preferred, as well as Microsoft Teams, Zoom, Webex, etc.

Google Meet is defined by the authors [69] as a “synchronous learning tool for distant
online programs”. Google Meet and Microsoft Teams Rooms and their videoconferencing
features provide a good basis for active interaction between lecturers and learners. Through
them, effective synchronous work with students and their fuller engagement in the learning
process is achieved. Research by many authors indicates the main possibilities used
through these applications. Links to web-based classrooms are created by educators and
are integrated into learning courses in Moodle. This combines the use of these tools, with
Moodle LMS offering much more comprehensive and complete support to students and
faculty through a variety of activities and resources, but primarily asynchronous, and
Google Meet and Microsoft Teams offering synchronous communication for lectures and
seminars. Due to video conferencing functionality, live lectures or seminar sessions are
held with students [70].

Gartner recognised the Microsoft Teams application as a leader for unified commu-
nications as a service (UCaaS) and meeting solutions [71]. Microsoft Teams was placed
highest of all solution providers for its ability to execute. Microsoft Teams is an application
that supports internal and external team members in connecting and collaborating syn-
chronously [72]. People can have one-on-one or many-to-many meetings or calls with fully
integrated voice and video, informal chats, co-authoring a text, or participate in other appli-
cations and services. Microsoft Teams offers a shared workspace for people where we can
quickly restore or repeat the project and allows you to work with team files and participate
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in shared results. Every new team created a new group, an online site using SharePoint
complete with a document library, a OneNote notebook, Exchange online (shared calendar
and mailbox), and is highly integrated with other Microsoft 365 and Office 365 applications
(e.g., Power BI, Planner, Forms etc.) [72]. Microsoft is rapidly developing new capabilities
into Microsoft Teams application—there is an update every month, and the dozens add
new features. They also support the UserVoice initiative, with which everyone is able to
suggest new features, and users vote on them—the most requested features get to be added
in the coming updates. More recent added features incorporate [72]:

• “Together mode”, which offers a simulation of actual meeting members being in the
same room;

• Customisable meetings that support setting up breakout rooms for meeting in
smaller groups;

• Ability to record the meetings on the go, accompanied with meeting notes and transcripts.

One of the latest investments by Microsoft is Microsoft Teams Rooms, which provides
a mutual experience as in a standard office meeting room. This way, users can experience
hybrid work scenarios that support simplified meeting starts and effortless sharing of
content with complete audio and video collaboration [72].

Florjancic and Wiechetek [73] compare LMS platforms Moodle and Microsoft Teams
and state that Moodle is a complex tool, but at the same time, it is a complicated platform.
On the other hand, they define Microsoft Teams as a relatively new and simple tool with a
modern design and easy to use. Particular emphasis is placed on its simplicity, real-time
communication, and opportunities for integration with Microsoft Office 365.

It can be summarised that Moodle LMS, Microsoft Teams and Google Meet as e-
learning tools support educators and students in different but complementary aspects.
Moodle has significantly richer capabilities thanks to the many activities and resources
built into the platform, but mainly for asynchronous support and collaboration. On the
other hand, the potential of both Microsoft Teams and Google Meet tools for synchronous
online communication and online lectures and seminars sessions is irreplaceable, especially
in the difficult times of COVID’s restrictions and the closure of universities.

2.2. Attractiveness of E-Learning Collaboration Platforms for Students

Many researchers have researched e-learning as an approach to providing educational
content within study programs, and many publications have been published. Many
published research studies have been focused on technology issues of online teaching and
online learning. Studies emphasise technological issues related to using online platforms
and creating online content such as audio-visual and interactive content in higher education.
Some studies are related to the hosting of knowledge bases and accessing such knowledge
bases. Other studies are focused on online communication between the teacher and students
and among the students within study programs.

However, teaching and learning are not all about the technology used in such a
virtual environment. It also has its social and psychological dimensions. For sustainable
learning, the teacher’s and student’s needs, desires, motivations, and interests, as well
as perspectives, are also studied and taken into account. Only such a holistic approach
can lead to sustainable higher education, improving the efficiency and effectiveness of
online learning.

Research studies show that online courses can bring high-quality education to more
students while online courses are easily accessible to all students, no matter where they are
geographically located [74]. Czerniewicz et al. [75] point out that there are studies inves-
tigating the provision of academic content through e-learning in general and mass open
online courses (MOOCs), their problems, and expected benefits. Mulder and Jansen [76]
add that MOOCs can improve access to education but that questions related to Internet
accessibility, digital literacy, and the medium of delivery need to be answered first.

Much effort in the e-learning environment relates to the assumption that when content
is offered online, students can access it to meet the course requirements and achieve a
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certain level of knowledge of the topic. However, students participating in online courses
also face several psychological and socio-cultural problems. These problems can lead to
a high rate of non-completion of online courses. In the early 1990s, researchers pointed
out that computer-mediated communication is impersonal and antisocial [77,78], which is
still considered one of the main problems today. Wegerif [79] pointed out that the lack of
social presence causes a low level of commitment. Moreover, it can also lead to withdrawal
from the online environment. Penstein Rosé et al. [80] found that social factors make an
important contribution to the use/non-use of online courses.

Numerous studies have shown that students acquire more knowledge and prefer to
learn through direct communication (face-to-face), making it easier also for the teacher
to gain a common understanding and conceptual knowledge. Therefore, we need to
monitor and ensure the teacher’s cognitive presence if students are educated online [81,82].
The teacher’s cognitive and social presence is very important for more intensive student
involvement in the online courses. This often leads to better meeting students’ needs and
increases their motivation for online course participation [83]. Barnett [84] added that
teacher cooperation with students in online courses has a positive effect on the intention of
students to attend the online course.

Blended learning is the teaching mode where online access to course content is inte-
grated with personal (face-to-face) teaching and personal communication [85]. The blended
teaching model seems to precede online and personal teaching [86]. Therefore, blended
learning in higher education is recognised as one of the biggest trends in training and
education [87]. Most blended learning studies have shown that this positively affects
student achievement and satisfaction, as the inclusion of online learning resources and
activities for students improves learning outcomes in higher education [88,89].

Some other researchers got up with similar learning outcomes through blended and
personal (face-to-face) ways of learning [90,91]. In their study, Rossiou and Sifaleras [92]
studied the factors influencing student participation in using e-tools and e-content. They
pointed out that the main reasons for not involving students in online courses are lack
of internet access, other technical issues, and lack of time, awareness, and engagement.
Anderson et al. [93] pointed out in their research that social patterns of student involvement
are important, as not all students enrolled in online courses participate in the same way and
are not equally engaged. Five categories of students (observer, spectator, collector, versatile,
and rescuer) were identified, differing in the style of collaboration and time of interaction.

Research collaboration between teacher and student is a central element of the aca-
demic relationship. It should be emphasised that students expect expertise, support, and a
balance between creativity and criticism of the teacher [94]. Modern e-learning platforms,
especially their collaborative work functionalities, enable new dimensions of blended
learning. At the same time, personal communication in the classroom can be replaced by
face-to-face distant communication via a collaborative platform providing videoconferenc-
ing, to use collaborative platforms at an advanced level and ensure more active remote
face-to-face communication by participants accepting these platforms by users/students
should be on an advanced level.

In recent years, the phrase “digital collaboration” has been frequently used also in
education. The extent and different ways of collaboration are usually organisation-specific,
influencing the portfolio of tools used to be efficient and successful [95]. Collaboration
is inevitable in education, and if we simplify, collaboration occurs every time two or
more persons cooperate towards a common goal—in the case of education, the goal is to
achieve the expected learning output. Organisations must consider the reasons for digital
collaboration to maximise the collaboration results of tools used [95]. Collaboration can
be on different levels, depending on the learning process requirements. The challenge
there is in knowing the learning process well enough to support it to the right extent with
collaboration tools. Many advantages come with the digital collaboration, which impacts
sustainability issues in learning, including the following:
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• Saved time—Being able to finish a process or a task faster automatically means saving
time and, as such, means fewer costs;

• Strengthened team relationships—One can see students enrolled in a course as closely
connected groups. So, it comes to be very valuable to be capable of maintaining
sound and effective relationships within groups of participants. With modern collab-
oration tools, this can be supported and elevated so that every student has a better
understanding of teamwork and mutual goals, of course, he attends;

• Better organisation of teaching work—Collaboration tools are facilitators to improve
teaching, especially active learning.

Digital collaboration within learning in higher education can be described as a com-
bination of tools and processes that enable teachers, students, and other participants to
communicate and interact on different levels. This is achieved using selected platforms and
tools [96]. Digital collaboration tools for business are an effective way for organisations
to be able to support different types of employees (working on location, working from
home, working from anywhere) and still maintain effective business process flow. Similar
is in higher education, where participants can use collaboration platforms and face-to-face
communication tools. We see innovation lately in digital collaboration, which is driving
efficiency and productivity with the combination of traditional tools, social media, and
other modern tools that create unique, sustainable working environments [97]. In higher ed-
ucation, this is seen in the integration of collaboration platforms and tools with traditional
e-learning platforms for access to digitalised content of courses.

Digital collaboration supports remote employees to connect to others seamlessly,
completing their tasks and communicating. In higher education, digital collaboration
enables students and teachers to be connected seamlessly. This positively impacts efficiency
and enables better group dynamics and relationships within courses conducted in blended
mode and using collaboration platforms and tools. Digital collaboration is in some way
progressive but is getting increasingly common. For innovative organisations, the challenge
is in developing even newer, more advanced platforms and tools to differentiate themselves
and be leaders in their field.

For sustainable learning enabled by blended learning mode, e-learning platforms
and collaboration platforms used to foster digitalised face-to-face collaboration must be
accepted by students accordingly. Their user experience with e-learning and collaboration
platforms must be as high as possible.

2.3. User Experience

Different aspects can be used to evaluate software applications from the user’s view-
point. Some are quantitative, but it often depends on the user’s subjective opinion, whether
he or she finds an application good or not. Recently for such evaluations concept of user
experience (UX) has been used. User Experience (UX) is defined as the actual end-user
experience with the application. The International Standards Organization (ISO) describes
user experience as “a consequence of the presentation, system performance, functionality,
interactive behaviour, and assistive competencies of an interactive system, both software,
and hardware. It is also a consequence of the user’s prior experiences, skills, attitudes,
personality, and habits [33]”. It is limited to software products, services, and systems with
everything that suits the user’s journey and creates a user experience before using the
software product, service, or system [98].

Great user experience provides better work motivation and performance and can
also impact the welfare of users [99,100]. Therefore, we can assume that a good user
experience will lead to a higher level of satisfaction, which can ensure better use of the
product, service, or system. User experience is most frequently connected with software
products and applications, concentrating on ensuring end users have a clear and useful
experience with the solution interface. The concept of user experience is more complex
than the user interface (UI) concept. After all, software cannot be viewed in just one way,
as users can gain experience not only while using this software. Users’ perception is also
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influenced by the accompanying service and the entire system of a product [98]. Lallemand
et al. [101] expose that usability is often seen as necessary for a good user experience. As we
mentioned in the introduction part, one of the widely used definitions of usability defined
by the International Standards Organization (ISO; standard ISO/IEC 9241) is: “the degree to
which particular users can use a system, service or product to achieve particular goals with
efficiency, effectiveness, and satisfaction in a particular context of use [33]”. There is some
significant distinction between user experience and usability. Hassenzahl [99] revealed that
the user experience has five unique features that distinguish it from usability. First, it is
subjective, as it relies heavily on human perception. Second, it is holistic, including both
hedonic and pragmatic use characteristics. Third, it is dynamic because it changes over the
period. Fourth, it is context-sensitive, as it is always in some context, and fifth covers the
positive and essential consequences of use. Therefore, user experience is involved with a
user’s complete experience while using a system that is more inclined to their emotional
views. In contrast, usability is evaluating the excellence of their system use based on
efficiency, effectiveness, and satisfaction measures. To sum up, user experience can be
evaluated regarding reaching different hedonic aims, for example, emotion, and human
behaviour, as well as response generated based on interactive experience. While usability
is assessed concerning reaching some performance objectives such as accessibility, safety,
learnability, and similar [102].

Designers’ goal regarding positive user experience is to provide the intended software
applications with interest, enjoyment, and gratification.

From a user point of view, abilities are apparent, estimated, and experienced in the
perspective of use, preferably leading to interest, enjoyment, and gratification. Still, this
can only be accomplished by a particular degree of hedonic and pragmatic qualities. A
product’s substance and usefulness should be sufficient and beneficial with interactions
that are easy to understand and effortless. Thus, the presentation should be attractive,
pleasant, and compatible with the character of the brand [98].

Kashfi et al. [103] expose that agreed-upon lists of principles and practices which will
identify good user experience are still unavailable. Scattered examples of user experience
principles and practices can be found in user experience studies. Table 1 summarises user
experience principles, practices, tools, and methods and also shows some examples [103].

Table 1. The definitions of user experience concepts.

Term Description with Examples

UX principles
Critical factors and basic concepts indicate the understanding of the user experience, which professionals
must consider in their work. Example: The hedonic and pragmatic aspects of software application
development play an essential role in user experience design as user experience is temporary.

UX practices
Includes actions that practitioners need to perform to comply with the user experience principles.
Examples of practices are: recognizing users’ personal goals and desires, preparing prototypes, including
users in the design process, and assessing software from a hedonistic and pragmatic perspective.

UX software
Computer-aided software that developers or designers use to perform a variety of UX practices is usually
designed to support specific methods to allow for more systematic software development. Examples:
eye-tracking software, persona preparation, visual design, and prototyping software.

UX techniques
They allow practitioners to select and load a structure based on best practices, thus allowing them to be
more systematic, and therefore, they are also more likely to succeed. Examples are questionnaires and
surveys, mind plans, cognitive mapping, field research, and design studio.

User experience evaluation is the research topic of many studies, and many assessment
techniques have been created and used within these research studies. Researchers claim
that it is difficult to assess and measure user experience. People who use a particular
software product can have implicit experience with it through anticipations based on
current understanding of associated technologies, brands, demonstrations, advertisements,
presentations, etc. Roto et al. [34] argue that the implicit experience expands after usage,
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such as the image of the earlier use or changes in the assessment of people’s use. Another
important aspect to consider in user experience is also timeframe. We can argue that user
experience changes over time (prior to use, during use, after use, and past use); we can
focus only on what someone experienced while using the software product in a short time.
On the other hand, we can concentrate on the aggregated understanding developed across
a string of use encounters and phases of non-use that might reach over extended periods.
User experience can consequently indicate a specific impression during use (momentary
user experience), a judgment of a particular episode of usage (episodic user experience),
or opinions about a complete system after using it for a longer time (cumulative user
experience). Anticipated user experience could correlate to the time prior to first use. A
summary of different types of user experience is presented in Table 2 [34].

Table 2. User experience dimensions.

When What How

Prior to use Anticipated user experience Expectations about the experience.
During use Momentary user experience Facing with the experience.
After usage Episodic user experience Thinking about the experience.

Past use Cumulative user experience Call to mind several periods of use.

Various methods are specifically created to assess and research UX-related concepts.
For the research study, we used a standard freely available UEQ questionnaire [49,50] to
measure interactive product and service UX, as explained in the following section.

2.4. Research Model

Our research model is based on adapted factors from the user experience model [47–52].
Adapted factors are perceived efficiency (EF), perceived perspicuity (PE), perceived de-
pendability (DE), perceived stimulation (ST), perceived novelty (NO), and perceived at-
tractiveness (AT). Descriptions of factors and their items are presented in Table 3. From a
sustainability point of view, perceived attractiveness (AT) could be one of the features of
an e-learning tool for long-term use. Therefore, we can hypothesise that all other adopted
factors from the user experience model, namely perceived efficiency (EF), perceived per-
spicuity (PE), perceived dependability (DE), perceived stimulation (ST), and perceived
novelty (NO), have a positive impact on perceived attractiveness (AT). Relationships be-
tween factors can be seen in the research model in Figure 1.
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Table 3. Factors and items definition.

Factors Description Items (Measured Variable Codes)

Perceived efficiency (EF) The degree to which users can solve
tasks without unnecessary effort.

EF1: The e-learning platform works fast.

EF2: The e-learning platform is efficient to use.

EF3: The e-learning platform is practical to use.

EF4: The e-learning platform is organised.

Perceived perspicuity (PE)
The degree of ease in getting

acquainted with the e-learning
platform and learning to use it.

PE1: The e-learning platform is understandable to use.

PE2: The e-learning platform is easy to learn.

PE3: The e-learning platform is easy to use.

PE4: The e-learning platform is transparent.

Perceived dependability (DE)
The degree to which the user feels in

control of the interaction with the
e-learning platform.

DE1: The e-learning platform is predictive.

DE2: The e-learning platform is supportive.

DE3: The e-learning platform is secure.

DE4: The e-learning platform meets expectations.

Perceived stimulation (SI)
The degree of excitement and

motivation the user perceives when
using the e-learning platform.

SI1: The e-learning platform is valuable.

SI2: An e-learning platform is exciting.

SI3: An e-learning platform is interesting.

SI4: An e-learning platform is motivating.

Perceived novelty (NO)
The degree to which the e-learning
platform is innovative and creative

attracts users’ interest.

NO1: The e-learning platform encourages creativity.

NO2: An e-learning platform is inventive.

NO3: An e-learning platform is leading edge.

NO4: An e-learning platform is innovative.

Perceived attractiveness (AT)
The degree of the user’s general

impression of the e-learning platform.

AT1: The e-learning platform is enjoyable to use.

AT2: The e-learning platform is good to use.

AT3: The e-learning platform is pleasing to use.

AT4: The e-learning platform is pleasant to use.

AT5: The e-learning platform is attractive to use.

AT6: The e-learning platform is friendly to use.

Source: Adapted and supplemented according to Laugwitz et al. [48] and Schrepp [49].

On the bases of the dependencies of relationships, we can highlight the following
hypotheses:

Hypothesis 1 (H1). Factor Perceived efficiency (EF) directly impacts the factor of Perceived
attractiveness (AT).

Hypothesis 2 (H2). Factor Perceived perspicuity (PE) directly impacts the factor of Perceived
attractiveness (AT).

Hypothesis 3 (H3). Factor Perceived dependability (DE) directly impacts the factor of Perceived
attractiveness (AT).

Hypothesis 4 (H4). Factor Perceived stimulation (SI) directly impacts the factor of Perceived
attractiveness (AT).

Hypothesis 5 (H5). Factor Perceived novelty (NO) directly impacts the factor of Perceived
attractiveness (AT).
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In Table 3 are adjusted measurement variables (indicators) to measure the degree of
agreement with the statement.

3. Methodology
3.1. Participants and Procedure

We prepared two online versions of the questionnaire (in Slovenian and Bulgarian
language) and sent them via e-mail together with an invitation to participate to all students
of the Faculty of Economics and Business of the University of Maribor (FEB; Slovenian
sample) and all students of the Faculty of Computer Science of the University of Economics—
Varna (FCS; Bulgarian sample). All students were free to choose to participate in the survey.
At the beginning of the online questionnaire, students were presented with the study
itself, its purpose, as well as planned research publication, the data gathering process,
and managing the respondents. We collected data without collecting data (i.e., personal
data) with the help of which the identity of students could be revealed. The FEB uses two
e-learning platforms, Microsoft Teams, and Moodle. The FCS also uses two e-learning
platforms, Google Meets, and Moodle. Both groups of students were asked to complete a
questionnaire for all e-learning platforms they use.

3.2. Measurement Instrument

The questionnaire is based on Laugwitz et al. [48] and Schrepp [49], where we changed
the measurement scale of the factors to fit the statements (items) in the context of the e-
learning platform. All items were measured on a 7-point Likert scale, where one (1) means
“strongly disagree” to seven (7), which means “strongly agree”. The questionnaire was
translated into Slovenian and Bulgarian languages. Before surveying students, four Slove-
nian e-business lecturers checked the clarity of the questionnaire. Based on the comments,
we changed the word order in some items, but the meaning remained the same. A similar
procedure was performed in Bulgaria, where three computer science lecturers checked the
clarity of the items.

3.3. Data

We received 247 complete questionnaires for the e-learning platform Microsoft Teams
for Slovenian students, 236 for the e-learning platform Moodle for Slovenian students,
130 for the e-learning platform Google Meets for Bulgarian students, and 99 for the e-
learning platform Moodle for Bulgarian students. We further examined whether there were
statistical differences between the individual groups. We used multi-group analyses (MGA)
to test whether predefined data groups significantly differ in group-specific parameter
assessments [104]. We used the PLS-MGA method [105], which is part of the SmartPLS
tool [106] and is also used in the further data processing. There are no statistically significant
differences between groups (p < 0.01); therefore, we can proceed with the analysis. The
results of the processing of PLS-MGA can be obtained from the authors.

The recommended sample size is equal to or greater than 10 times the maximum
number of structural paths targeting a particular construct in a structural model [107,108].
Our research model (see Figure 1) includes five structural paths (so, at least 50 responses).
Our sample includes 712 responses and is representative. The average age of respondents
is 18.48 years, most of whom were between 19 and 21 years old. In total, 210 (32%) males
and 448 (63%) females answered the questionnaire. Most respondents, 83% (594), stated
that they were studying in the first level of study, 9% (64) indicated that they were studying
in the second level of study, and 8% (54) did not answer this question. Most students use
e-learning tools for one to three years with an average of 2.27 years. At the end of the
survey, we asked them about their overall impression of working with the e-learning tool.
Respondents had a scale from 1 (strongly dislike) to 7 (strongly like), where the average
value is 5.503. In Table 4, we can see the means and standard deviations of all factor items
from our research model.
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Table 4. Descriptive statistics, convergent validity, and discriminant validity.

Constructs Item Mean
Value

Standard
Deviation

Indicators
Loadings

Indicator
Reliability

HTMT Confidence
Interval

2.5% 97.5%

Perceived
efficiency

(EF)

EF1 5.258 1.655 0.723 0.523 0.264 0.315
EF2 5.534 1.489 0.793 0.629 0.327 0.380
EF3 5.355 1.595 0.763 0.582 0.289 0.338
EF4 5.524 1.604 0.766 0.587 0.325 0.388

Perceived
perspicuity

(PE)

PE1 5.817 1.488 0.817 0.667 0.315 0.363
PE2 5.399 1.787 0.753 0.567 0.260 0.319
PE3 5.412 1.655 0.764 0.584 0.255 0.306
PE4 5.386 1.744 0.795 0.632 0.337 0.396

Perceived de-
pendability

(DE)

DE2 5.483 1.613 0.751 0.564 0.435 0.534
DE3 5.551 1.628 0.747 0.558 0.325 0.400
DE4 5.395 1.573 0.82 0.672 0.413 0.483

Perceived
stimulation

(SI)

SI1 4.851 1.592 0.778 0.605 0.296 0.342
SI2 4.448 1.553 0.818 0.669 0.268 0.304
SI3 4.959 1.621 0.874 0.764 0.333 0.370
SI4 4.596 1.738 0.752 0.566 0.261 0.306

Perceived
novelty (NO)

NO1 4.642 1.786 0.857 0.734 0.579 0.676
NO2 4.647 1.794 0.82 0.672 0.517 0.614

Perceived at-
tractiveness

(AT)

AT1 5.546 1.516 0.758 0.575 0.185 0.208
AT2 5.615 1.583 0.789 0.623 0.199 0.226
AT3 5.143 1.522 0.799 0.638 0.184 0.210
AT4 5.452 1.448 0.821 0.674 0.200 0.221
AT5 5.006 1.594 0.825 0.681 0.203 0.227
AT6 5.223 1.546 0.83 0.689 0.199 0.226

4. Results

Structural Equation Modelling (SEM) is one of the most advanced statistical anal-
ysis techniques used in the social sciences in the last decade. It involves multivariate
techniques that combine the aspect of factor analysis and regression to allow researchers
to simultaneously study the links between measurement variables and latent variables
(measurement theory evaluation), as well as among latent variables (structural theory
evaluation) [109,110]. Although there are many methods to implement SEM, the most
commonly used are covariance-based SEM (CB-SEM), introduced by Karl Jöreskog in
1973, and partial least squares SEM (PLS-SEM), presented by Herman Wold in 1960 [111].
PLS-SEM has some benefits over CB-SEM, especially in social sciences research, where
there are smaller samples and complex models with many indicators (items) and rela-
tionships [109,112]. Hair et al. [109] also added that CB-SEM is used to confirm (reject)
concepts, while PLS-SEM is primarily used to develop concepts. Due to that, we used the
PLS-SEM method, also named the PLS path model, consisting of two parts. The first part
is an assessment of the measurement model, also named the outer model, which shows
the relationships between constructs and indicators. The second part is an assessment of
the structural model, also named the inner model, which shows the relationships between
constructs of the research model.

For further analysis, we used SmartPLS [106] software. At first, we evaluated the
measurement model (Section 4.1), secondly structural model (Section 4.2), and thirdly
Importance—Performance Map Analysis—IPMA (Section 4.3), following the recommen-
dations of Garson [110] and Hair [109,113]. The final version of the model is presented in
the next sections, where items (DE1, NO3, and NO4 from Table 3) were removed from the
initial model because they did not meet the criteria of the measurement model.
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4.1. Reflective Measurement Model Assessment

The measurement model of reflective indicators is checked using three measures:
(1) internal consistency reliability with measures Cronbach’s alpha and composite reliability,
(2) convergent validity with indicator reliability and average variance extracted (AVE), and
(3) discriminant validity [109,110].

Internal consistency reliability is usually checked with Cronbach alpha, which esti-
mates the reliability created on the intercorrelation of the studied values of the items. Due
to the limitations of Cronbach’s alpha, it is more suitable to use composite reliability, which
takes a variety of external loads of items [109,113]. Both measures vary between 0 and 1,
where greater values present a greater level of reliability with a threshold value of 0.60 [114].
From Table 5, we can see that all Cronbach’s alphas and composite reliability values exceed
the value of 0.60 except Cronbach’s alpha of Perceived novelty (NO), which is 0.579, but its
composite reliability value is 0.826, which, together with all other values were considered
as good for exploratory research [115].

Table 5. Internal consistency reliability and convergent validity.

Construct

Internal Consistency
Reliability

Convergent
Validity

Cronbach’s
Alpha

Composite
Reliability AVE

0.60–0.95 0.60–0.95 >0.50

Perceived efficiency (EF) 0.759 0.847 0.58
Perceived perspicuity (PE) 0.790 0.863 0.613

Perceived dependability (DE) 0.667 0.817 0.598
Perceived stimulation (SI) 0.820 0.881 0.651
Perceived novelty (NO) 0.579 0.826 0.703

Perceived attractiveness (AT) 0.891 0.916 0.647

Convergent validity was checked through indicator reliability and average variance
extracted (AVE). The square of a standardised item’s outer loadings represents indicator
reliability with a threshold value of 0.5. All indicator reliability values from Table 4 exceed
the value of 0.5. Measure AVE reflects the average communality for each latent construct in
a reflective model with a threshold value of 0.5 [114] and can be used to test convergent
and divergent validity. From Table 5, we can see that all AVE values exceed 0.5.

AVE’s square root can also be used to establish discriminant validity by Fornell–
Larcker criteria [116]. From Table 6, we can see that all square root of AVE that appears
in the diagonal cells of the table are higher than the values below it, which present no
discriminant validity. The second measure of discriminant validity is cross-loadings criteria,
where indicator loadings (see column indicators loadings in Table 4) should exceed a value
of 0.70 [110]. The third measure of discriminant validity is the heterotrait–monotrait
(HTMT) ratio, where each HTMT value of each indicator should not include 1 (see HTMT
confidence interval from 2.5% to 97.5% columns in Table 4).
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Table 6. Fornell–Larcker values.

EF PE DE SI NO AT

Perceived
efficiency (EF) 0.762

Perceived
perspicuity (PE) 0.752 0.783

Perceived
dependability (DE) 0.739 0.676 0.774

Perceived
stimulation (SI) 0.633 0.579 0.584 0.807

Perceived
novelty (NO) 0.491 0.431 0.447 0.659 0.839

Perceived
attractiveness (AT) 0.744 0.753 0.722 0.786 0.619 0.804

The first part, the evaluation of the measurement model, meets the requirements so
that we can continue with the second part of the t.i. evaluation of the structural model.

4.2. Structural Model Assessment

Hair et al. [109] highlighted that the most important evaluation metrics for the struc-
tural model are: explained variance (R2 value), effect size (f 2 value), predictive relevance
(Q2 value), and statistical significance and size of the structural path coefficients.

Explained variance (R2 value) “measures difference, which is described in every one
of the endogenous constructs and is, therefore, a measure of the model’s explanatory
power” [113,117], where higher values were suggesting a larger explanatory power. Ex-
plained variance (R2) value of our research model is 0.805, which represents a substantial
effect and can be explained that 80.5% of the variance in the construct Perceived attractive-
ness (AT) is explained by the research model (Table 7).

Table 7. Explained variance, effect size, and predictive relevance values.

Constructs

Explained Variance
R2 Value

Effect Size
f 2 Value

Predictive Relevance
Q2 Value

Weak (≥0.25)
Moderate (≥0.50)

Substantial (≥0.75)

Small (≥0.02)
Medium (≥0.15)

High (≥0.35)

Small (>0.00)
Medium (≥0.25)

Large (≥0.50)

Perceived
efficiency (EF) 0.104

Perceived
perspicuity (PE) 0.104

Perceived
dependability (DE) 0.036

Perceived
stimulation (SI) 0.259

Perceived
novelty (NO) 0.035

Perceived
attractiveness (AT) 0.805 0.516

The effect size (f 2) value represents a difference in R2 when the causal construct is
deleted from the model. From Table 7, we can see that all constructs except construct Per-
ceived stimulation (SI) have a small impact, while the omission of the construct Perceived
stimulation (SI) would have a medium impact.

The predictive relevance (Q2) value merges characteristics of out-of-sample calculation
along with within-sample explanatory power [118]. They added that it uses these values as
inputs, and the blindfolding procedure calculates the deleted data points for all variables.
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Slight discrepancies in the middle of the expected and the initial values convert into a
higher Q2 value and show better predictive accuracy. Q2 value of our research model is
0.516 for construct Perceived attractiveness (AT), which shows large predictive relevance of
the structural model for that construct (Table 7).

The importance of structural path coefficients (β) has been calculated via a nonpara-
metric bootstrapping technique, randomly taking subsamples from original data and then
applying subsamples to evaluate the PLS path model. We used 5000 subsamples as sug-
gested by Hair et al. [109]. Structural path coefficient (β) values vary from −1 to 1, where
values nearest to absolute 1 indicate the strongest paths. “t-statistic value has to be greater
than value 1.96 at 5% significance” [109,119]. The intensity of significance is measured by
the p-values, which show the quality of significance. For all relationships in our research
model, p-value is 0.000 (see Table 8, column p-values). This means that all relationships in
our research model have a strong significance for structural path coefficients. The strongest
impact on construct perceived attractiveness (AT) has perceived stimulation (SI; β = 0.346)
followed by perceived efficiency (EF; β = 0.254), perceived perspicuity (PE; β = 0.226),
perceived dependability (DE; β = 0.130), and perceived novelty (NO; β = 0.110) (Table 8).
From Figure 2, we can also see the path coefficients (β) of items and their t-statistics (in
parentheses) of our research model.

Table 8. Path coefficient analysis.

Constructs Impact on
Perceived Attractiveness

(AT)

Path
Coefficients

(β)
t-Statistics p-Values 95% Confidence

Intervals
Significant
(p < 0.00)

≥0.10 ≥1.96

<0.001-Strong
<0.01-Moderate

<0.05-Weak
≥-No Effect

[2.5%, 97.5%] Yes/No

Perceived efficiency (EF) 0.254 7.533 0.000 [0.187, 0.321] Yes

Perceived perspicuity (PE) 0.226 6.279 0.000 [0.156, 0.299] Yes

Perceived dependability (DE) 0.130 4.375 0.000 [0.071, 0.191] Yes

Perceived stimulation (SI) 0.346 11.358 0.000 [0.285, 0.405] Yes

Perceived novelty (NO) 0.110 4.557 0.000 [0.065, 0.158] Yes
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4.3. The Importance—Performance Map Analysis (IPMA)

IPMA expands the standard PLS-SEM calculations of path coefficients by adding an
additional element. An IPMA depends on total effects on a specific target construct (in our
case Perceived Attractiveness (AT)). “The total effect represents the precursor constructs’
importance, while their average latent variable scores represent their performance” [110].
Processing aims to find precursors with relatively high significance for the target construct
and relatively small performance [120]. The aspects on which these constructions are
based represent potential areas for improvement that could be given more attention. In our
research model, the construct Perceived stimulation (SI) has the highest value of importance
(0.346) on construct Attractiveness (AT). Still, its performance is in fourth place with a value
of 62.164, followed by Perceived efficiency (EF) with a value of 0.254 and performance in
third place with a value of 73.847 (Table 9, Figure 3).

Table 9. Importance–performance analysis for construct Perceived attractiveness (AT).

Importance Performances

Perceived efficiency (EF) 0.254 73.847
Perceived perspicuity (PE) 0.226 75.372

Perceived dependability (DE) 0.13 74.509
Perceived stimulation (SI) 0.346 62.164
Perceived novelty (NO) 0.11 60.742
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5. Discussion

Traditional classroom education is understood to be structured and well methodologi-
cally developed, with little opportunity for collaborative, spontaneous or experiential learn-
ing (see [121,122]). The rigidity of traditional education often differs from online learning,
which involves digital media, such as device use (computer, tablet, or mobile phone) and
video [123–125]. Technology has traditionally been used by teachers to support limited and
in most cases one-way interaction with students without full integration in courses [126].
Abbas et al. [57] pointed out that the centre point of the educational innovation projects
today are game-based curriculum developments, e-learning platforms, distance and hy-
brid learning. They added that online synchronised and asynchronous teaching practices
had become a widespread alternative to courses, which has been achieved through the
modernisation and redesign of education systems that incorporate emerging technologies.
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E-learning enhances spontaneity, interactivity, and experimental learning. E-learning usu-
ally mentions the following skills: problem-solving, teamwork, interdisciplinary thinking,
and holistic thinking. These skills, encompassed by problem-based pedagogy, offer stu-
dents chances to learn to think, especially question how to think instead of question what
to think [127], can also be incorporated into its content sustainable pedagogy [43,44,46].
In detecting measures and characteristics for assessing e-learning platforms peculiarity of
e-learning has to be considered. The primary goal of the e-learning platform is to enable
students to understand didactic content so that as little effort as possible is required to
interact with the platform. Interaction between teacher and student is important for better
outcomes from teaching [94].

Research of usability and user experience is often limited to the mean values of user
experience (UX) factors and their items, but the strength of the influence of individual
factors is not tested. With this research, we examined whether user experience (UX) factors
(named perceived efficiency (EF), perceived perspicuity (PE), perceived dependability (DE),
perceived stimulation (SI), and perceived novelty (NO)) affect perceived attractiveness (AT),
which is an important factor in the sustainability of e-learning tools. We adapted factors
from UX model proposed from Hassenzahl [47], Laugwitz et al. [48], Schrepp [49], and
Schrepp et al. [50–52]. UX model through UEQ questionnaire (available [128]) measures
means of items, where the scale of the items is between −3 (terrible) to +3 (excellent). Then
averages of items of factors are calculated.

To conduct our research, we measured the impact of factors perceived efficiency (EF),
perceived perspicuity (PE), perceived dependability (DE), perceived stimulation (SI), and
perceived novelty (NO) on perceived attractiveness (AT). From research, we can conclude
that they explain a huge part (80.5%) variance of factor perceived attractiveness (AT).
The results of the research also show that all factors, namely perceived efficiency (EF),
perceived perspicuity (PE), perceived dependability (DE), perceived stimulation (SI), and
perceived novelty (NO), have a strong statistically significant influence on factor perceived
attractiveness (AT) of e-learning platforms we researched (see Table 8).

The SUE methodology defines four dimensions [129]. (1) The presentation covers
the external properties of the interface, with an emphasis on the tools and possibilities
offered by the didactic module or the e-learning platform. (2) Hypermediality focuses
on characteristics related to communication through different channels and allows for a
non-consistent structure. At the same time, the personalisation of reading paths as well
as analysis are emphasised. (3) The proactivity of the application enables the instruments
and modalities with which the application encourages user training and other e-learning
activities. (4) While user activity is aimed at the growing demands of the user that he would
like to perform and how software or application handles them [12].

The factor perceived stimulation (SI; t = 11.358) has the strongest statistically significant
impact on perceived attractiveness (AT) of e-learning platforms, followed by perceived
efficiency (EF; t = 7.533), perceived perspicuity (PE; t = 6.279), perceived novelty (NO;
t = 4.557), and perceived dependability (DE; t = 4.375). Therefore, we can confirm all
hypotheses (H1–H5). Even more, our model shows a large part (51.6%) of predictive
relevance (Q2 = 0.516; see Table 7).

The most important impact on factor perceived attractiveness (AT) was perceived
stimulation (SI), as we mentioned above, and dropped it out of the model; it would have a
medium impact (f 2 = 0.259). In contrast, omitting other factors would have a low impact
(see Table 7). IPMA also shows that the most important factor is perceived stimulation (SI;
importance = 0.346), where their performance is in fourth place with a value of 62.164 (see
Table 8 and Figure 3). This indicates that we have to put more effort into the excitement
and motivation the students perceive when using the e-learning platform. The next factor
we need to pay attention to is perceived efficiency (EF) with an importance value of 0.254
and performance in third place with a value of 73.847. Factor perceived efficiency shows
how users can solve tasks without unnecessary efforts. For example, an e-learning platform
works fast, efficiently, practically, and organised.
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E-learning platform interfaces are especially valuable if they allow students to focus on
learning content instead of accessing it. The need to focus on students’ goals over tasks has
long been emphasised. On the other hand, the need for usability has been recognised in the
website design literature as an important quality factor in assessing user satisfaction with
the website [7–11]. Since both concepts are important for e-learning platforms, it can be
argued that the usability of an e-learning application has a significant impact on learning.

Moreover, the e-learning platform interface should also be pedagogically appropriate,
modern looking, and engaging. This means providing functional modules and a range
of interactions that will allow students to support individual learning tasks and not just
ensure the use of (state-of-the-art) technology. They need to be planned on the basis
of processes and activities proposed by well-confirmed educational methodologies and
results. An example is multimedia, which needs to be carefully prepared, as this is the
only way to avoid the counterproductive surplus of sensor networks. The use of new
technologies must not rule out successful traditional teaching strategies, such as problem-
based learning and simulation systems. They must allow the integration of such strategies
into their e-learning platform. E-learning platform interfaces should also have specific
features, such as comprehensively supported content and system functionalities, easy
and effective navigation, advanced personalisation of content, and clear completion of
individual chapters/topics.

The new education models are emphasizing more teamwork, real work examples
and critical thinking, for what face-to-face communication between student and teacher is
needed [126]. This requires use of modern learning tools including collaborative platforms.
Currently, the constructivist theory is widely accepted among teachers and recognises
learning as an involved process. An approach where students learn through work al-
lows students for cognitive manipulation of recent learning material and creates rational
interactions between prior knowledge and new information.

For the constructivist theory to be effective, tasks have to be constantly incorporated
in a collaborative and actual context. In this way, students will understand the motivation
as well as the objective end goal of the learning task itself. This means that students need
to be supported both in developing concepts and in redefining some of their individual
ideas. From the point of view of constructivist theory, students should be inspired to
take responsibility for their own learning and, at the same time, guide them to become
more aware of their knowledge. This approach is evolving towards social perspectives on
learning, especially with situational learning, which suggests that the learning effects of
using a new generation of e-learning platforms with extended collaboration functionality
will depend on the content in which it is used. In doing so, both people and other artefacts
(all learning environment components) will interact and contribute to the learning process.
Ardito et al. [129] pointed out that combining the constructivism principles with situational
learning is often called “socioconstructivism”.

5.1. Implication of the Study

Ar and Abbas [126] systematic literature review shows that gamification strategies in
education are highly relevant and effective, especially e-gamification teaching strategies.
For support of modern education models face-to face communication based on technology
is necessary. Such technology enabled face-to face communication between students and
teachers is possible using collaborative platforms which have appeared recently and became
used widely in COVID circumstances. Collaborative platforms became very efficient and
allow communication between high number of participants. University education involves
many students, therefore, collaborative platforms proved to be very useful. To leverage all
benefits from collaborative platform use in higher education, such platforms must be used
on advanced level which include all functionality they offer. To obtain use of collaborative
platforms on higher and advanced level, such platforms need to be accepted by users
which in this case are students on one hand and teachers on another hand. It is known
that advanced use of certain technology is closely connected with perception of distinct
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technology by users. The more positive the perception, the more likely it is users will
use advanced features of technology and they will use technology more often. Findings
from our study show factors which impact perceived attractiveness and even more the
study shows that all factors are important. Factor perceived stimulation has the highest
impact, so it is important for higher education organisations to imbed stimulation in their
education models.

The study also shows that integration of collaborative platforms in virtual learning
environments is needed. Higher education organisations need to consider which tools,
solutions and platforms they will use and integrate in their virtual learning environment
while functionality of some tools, solutions and platforms overlaps. This opens the question
of whether collaborative platforms will become prevailing technology in higher education.
We have to stress that better perceived attractiveness leads to better acceptance of technol-
ogy used and this leads to more advanced use of technology which is needed for better
education which is expected from new sustainable education models.

Last, but not least, the research is also important for the developers of e-learning
platforms to take into account the researched factors in their development, as well as for all
other organisations, because if they want to make the most of e-learning platforms, then
they can use the results of this research both when choosing an e-learning platform as well
as in achieving a more advanced use of it.

5.2. Limitations and Suggestions for Future Work

Emerging technologies, such as Augment Reality (AR) and Artificial Intelligence (AI),
with innovative teaching methods make available the gamification or/and personalisation
of learning and creates a structure with encouraging prospects [57], which can lead to better
user experience and attractiveness of e-learning platforms.

Research has several limitations. The first limitation is the sample. We wanted
to develop a research model with this research, so we combined all student responses
(Slovenian sample and Bulgaria sample), where we previously checked with PLS-MGA that
there are no statistically significant differences between students and e-learning platforms.
In this phase of the research, the goal was to examine which factors in the research model
and to what extent influence perceived attractiveness (AT). With the confirmation of the
research model, we can continue with in-depth research of individual e-learning platforms
(Moodle, Google Meet, and Microsoft Teams and also other platforms such as Blackboard,
Canvas, Zoom, Webex, etc.) (e.g., [62]), different groups of students (e.g., economics,
computer science, law, etc.) (e.g., [130,131]), differences by using the same e-learning
platforms in different countries (e.g., [132,133]), gender of students (e.g., [134]), age, etc.
Another limitation of the research is that, over time, the importance of the studied factors
of the research model changes [34], so it would be sensible to conduct longitudinal research
in the future.

Future research will be needed to study critical success factors needed for implementa-
tion of collaborative platforms for educational purposes in higher education organisations.
Research should be also extended in direction of acceptance of collaborative platforms by
students and by teachers. We can speculate that perhaps acceptance of collaborative plat-
forms by students has different characteristics than acceptance of collaboration platforms
by students. Due to this we are planning to apply Technology Acceptance model (TAM)
proposed by Davis [135,136] to study acceptance of students as users in learning processes.
To study acceptance of teachers UTAUT model proposed by Venkatesh et al. [137] could be
applied while several organisational characteristics should be also considered.

It will be also interesting to research how collaborative platforms should be integrated
in VLE. Such research could also be extended and linked in the direction of organisational
sustainability identity of higher education organisations.
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