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Abstract — The rapid progress of information and
communication technologies and their penetration into the
world of education has led to a gradual transition from
conventional learning to modern e-learning. More and more
universities and businesses have switched to web-based
learning environments. Integrating electronic media into
learning improves productivity by influencing both the
effectiveness and efficiency of the learning process and the
motivation of learners. This article aims to systematize the
main indicators for evaluating e-learning media, considering
multiple indicators. The identified important indicators are
used to formulate a mathematical model for the overall
assessment of the e-learning courses’ performance. The
proposed model could be applied to every e-learning course
and is independent of the field of its application and the used
learning environment. The obtained results demonstrate the
applicability of the formulated mathematical model.

Keywords — e-Learning; indicators for evaluation; ICT;
mathematical model.

I. INTRODUCTION

The rapid progress of information and communication
technologies and their entering the world of education leads
to a gradual transition from conventional face-to-face
learning to learning accessible through the use of digital
media. In recent years, we have witnessed a trend towards
an expanded use of learning web-based solutions by both
schools, universities and businesses worldwide [15, 16, 24,
32, 37]. According to Guri-Rosenblit, e-learning is related
to the use of electronic media for different learning
proposals that can happen in the classroom environment
and even replace the face-to face virtual meetings [32].

Using innovative approaches [8] and media as a
communication environment for learning [22, 23] raises the
interest of students in the learning process [26] creates a
fruitful learning atmosphere, and stimulates students to
acquire more knowledge in a shorter period of time. This
on its part leads to raising the efficiency of the learning
process. Consequently, according to some researchers [5,
25, 31] the use of instructional media is the most effective
way to be used so that all learning objectives can be
achieved.

In its broadest sense, e-learning media refers to
anything that can be used to stimulate the thoughts,
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feelings, attention, abilities or skills of students so that it
can promote the learning process in an electronic
environment. According to Munawar, the application of e-
learning media also leads to the improvement of learning
competence [25]. A study conducted by Wahid revealed
that the use of e-learning based learning media caused
feelings of pleasure, quickly understood, and is more
attractive than conventional learning media [3]. In addition,
it is worth mentioning that an essential part of e-learning is
represented by e-tests, which are also part of the
educational process [9, 10, 17]. This means that when
evaluating the overall performance of e-courses, e-tests
have to be taken into account as an integral part of them
[18].

The main aspiration of any educational institution
offering e-learning should be aimed at automating learning
and transferring knowledge to learners, while ensuring the
effectiveness and efficiency of the educational process.
Building an e-learning course, however, is an intersection
of various competencies that a course designer should
possess. In this regard, Michael Allen argues that design
and development of good e-learning is a complex
undertaking, and it requires content knowledge and
expertise in a wide range of areas, including text
composition, illustration, testing, instruction, interactivity
design, user interface design, authoring or programming,
and graphic design [21]. Not knowing or neglecting any of
the mentioned elements can lead to deviations from the
main goal of teaching and learning.

In order to be adequate to the needs of students, e-
learning media should meet specific requirements. This, in
turn, will ensure readiness to ensure the three
characteristics: effectiveness, efficiency, and satisfaction
with the learning process. It is extremely important to
develop a mechanism for evaluating e-learning courses.
Factors relevant to the above are: (1) technical and
functional aspects of the educational platform used, (2)
substantive aspects of the learning content, and (3) design
approaches for its presentation. To assess all of these
specific e-learning course requirements, a mathematical
model based on multiple indicators needs to be formulated.
This model should be applicable to any e-course and be
independent of the area and field of application of e-
learning media. Taking into account the formulated
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problem, the current article aims to systematize the leading
indicators for evaluating e-learning media and derive a
generally applicable model for assessing e-learning
courses.

The rest of the article is organized into several self-
contained sections. Section II is focused builds a
framework of metrics for evaluating e-learning systems,
including  various functional and technological
requirements as well as constraints imposed by the design
of the environment. In Section III a mathematical model
based on the identified indicators for the assessment of e-
courses is formulated. Section IV describes the results and
analysis of conducted numerical testing of the proposed
model, and the conclusions are drawn in Section V.

IL. METRICS FOR ASSESSING E-LEARNING SYSTEMS

In our research, the most significant two groups of
criteria for evaluating e-learning courses will be discussed
namely: (1) visual performance and (2) technical
performance. In the following lines, these two groups of
criteria will be described along with as well as the
evaluation indicators belonging to each of them.

A. Visual Indicators for Assessing e-Learning
Courses

Evaluating the visual design in our research focuses on
the evaluation of graphic design applied in e-learning
media. Graphic design is important for conveying
information in a clear and concise way, helping students
learn more effectively and remember information better in
a more engaging way. Imbalance and inconsistent use of
colors, graphics, and typography, have all been found to
reduce learning [2].

Based on Wynand et al. [4] we can claim that designing
e-learning media is directly linked to the effective
information exchange between the student and the
educational platform, which directly affects the user’s
perceived experience of the e-learning environment [4]. A
general rule is that the design should be tailored to the age
group and educational needs of the learners, be as clean and
simple as possible. It is often evaluated on user experience
and usability.

A number of researchers have focused their research on
the impact of graphic design on users, but few have
addressed the evaluation of visual design and its impact on
learning. According to Anglin et al. [14] the study of the
effects of visual elements on learning is becoming
important due to the increasing number of graphics used in
educational materials. According to FAO [13] when
conducting e-learning, the use of graphics (including
illustrations, photos, diagrams and icons) is appropriate, as
their use leads to the facilitation of learners.

Along with the use of graphics, by visual indicators we
refer to the indicators of color, typography, graphics,
contrast, as well as the compositional relations between
them, creating harmony. Evans and Thomas [28] theorize
that elements of visual design are line, texture, shape,
space, which is why we add them to the analysis and
evaluation factors. The arguments for the selection of these
factors in our model can be found in the following:
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Color bring a clearer structure to the text, but also
can be used as an aid that helps facilitate learning.
Color can direct and hold the attention of learners.

Graphics enhance many aspects of learning [30]
including recognition, recall, comprehension and
problem-solving. Graphics help to organize,
interpret or transform textual information [11],
which is of utmost importance for the learning
process.

Lines are used to add structure to a composition, to
frame, and to separate information. In combination
with text, lines can be used to highlight and
emphasize a word, phrase or paragraph. In the
context of e-learning media and the presentation of
learning content, lines are particularly significant.

Visual texture concerns some graphic techniques
that draw attention to an element on the page or
serve as a background to it. Texture is an essential
element for any design, which is why we don't rule
it out as a metric to be evaluated.

Shapes are the basis of design, which on the other
hand are the basis of every drawing, painting and
graphic design [1]. Forms are three basic types —
geometric, natural (or organic) and abstract ones.
Regardless of which type they fall into, it is
important to specify that shapes in e-learning
media help separate and connect learning material
in a visually appealing and organized way.

Space in graphic design is the distance around the
area between the different design elements
involved in the composition. Space can be used to
both separate and connect elements in visual
design. Wider spaces separate elements from each
other, and narrower spaces connect elements to
reveal the connections between them. Overlapping
elements maximizes their connection. The use of
spaces in e-learning media will allow easier
following of elements in the course, give visual
space and create emphasis when needed.

Typography is the art of arranging letters and text
in a way that makes e-learning media legible, clear
and visually appealing to learners. This includes
elements such as font style, appearance, and
structure.

Harmony represents the balance between design
decisions and design elements, and also the balance
between typography and layout. The goal is that all
elements of e-learning media design complement
each other and form a harmonious relationship.
According to Norman [7], designers must consider
both cognitive and emotional aspects of design, as
human cognition and emotion are closely related.
All design elements have an influence in this
direction at the same time.

Contrast occurs in the juxtaposition of opposite
elements — large versus small or dark versus light.
Using contrast can highlight important design
elements. Contrast is easily achieved with color,
but can also be achieved with texture, type, and
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graphic elements. An element brought to the fore
and defined as primary by means of contrast is
easier to find in the particular environment. This,
in turn, facilitates the perception of information
and its learning.

Composition is used to direct the viewers [29].
Properly constructed composition affects the easy
perception of visual design4 in e-learning
environments. It refers to the overall organization
of the fields — comparison of small to large
elements, those grouped by common features and
relating to a common theme, bringing to the fore
the most important and significant objects for
learning.

We can argue that the correct use of visual design
indicators can lead to higher learning outcomes in the
following several directions:

a)

b)

¢)

d)

Attracting the attention of learners to a specific
element of the content;

Creating analogies between new and existing
content, respectively between information based
on old and new knowledge;

Supporting the understanding of the basic concepts
of the training course;

Motivating learners by working with more
interesting and interactive materials.

Visual design evaluation indicators are directly related
to technical indicators and will be discussed in the next

section.

B.  Technical Indicators for Assessing e-Learning

Courses

Based on the fact that a web-based learning media
platform is subject to evaluation, in the category of
technical indicators, indicators such as: 1) code quality; 2)
security; 3) speed; 4) usability; and 5) accessibility.
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When evaluating the code quality, it is necessary
to carry out an analysis for the presence of errors or
technical problems that interfere with the work
with e-learning media. In short, an assessment of
the internal quality of e-learning media is needed
and in particular their adherence to good design
principles. Quality can be represented as “totality
of characteristics of an entity that bear on its ability
to satisfy stated and implied needs” [19]. Adapting
the results from the research by Kanellopoulos et
al. [38] to this paper needs, when evaluating the
code quality the following will be taken into
account a) functionality, concerned with what the
e-learning media does to fulfil students’ needs; b)
reliability, evaluating e-learning media’s capability
to maintain a specified level of performance; c)
usability, assessing how understandable and usable
the e-learning media is; d) efficiency, evaluating
the capability of the e-learning media to exhibit the
required performance with regards to the amount
of learning resources needed; ¢) maintainability,
concerned with the e-learning platform’s capability
to be modified; and f) portability, measuring the e-

learning media’s capability to be transferred across
environments.

e Security indicator is essential with a view to
securing personal data on the one hand and
carrying out unauthorized breaches in the media on
the other. An e-learning media vulnerability can be
represented as a security flaw, problem or
weakness found in software code that can be
exploited by an attacker [20] to cause harm to the
stakeholders of a e-learning platform [34]. It has
been proven that for an application that is not
reviewed for security flaws, there is a 100%
probability of problems related to unregulated
accesses and other breaches [27]. Therefore, we
consider it of utmost importance that this indicator
participates in our evaluation model. Availability
of a suitable SSL certificate, use of secure access
to site administration, use of an up-to-date CMS
version (if available), etc. are evaluated.

e Speed is another indicator influencing the work
with the system, which in turn directly affects the
learning process. In terms of usability level, speed
is one of the most fundamental characteristics [6,
12]. As a general rule, media and the related
resources should work equally well at different
Internet speeds, with requests being executed
quickly and accurately. Factors such as having a
CDN to serve the content or other type of
optimization implementation are evaluated, as well
as the overall loading speed of the resources.

e Accessibility indicator is an important indicator
required by international web standards, referring
to correctly developing and coding web-based
platforms so disabled people can use them.
According to W3C [36] accessible design
improves overall user experience and satisfaction,
in a variety of situations, across different devices.
Accessibility ensures equal access to knowledge
through educational media, which is why we
include it in the list of indicators to be evaluated.

e  Usability is another important indicator related to
the extent to which e-learning media can be used
by users to achieve educational goals with
effectiveness, efficiency, and satisfaction.
Availability for responsive design, availability of
error visualization, search functionality and
resource review are subject to evaluation; resource
loading speed and last but not least — presence of
intuitive structure and navigation [35]. Elements
such as adaptability of content, changing
navigation methods, readability of information and
usability on touch devices should be monitored and
evaluated here.

In conclusion, it can be argued that code inspection
ensures the detection of vulnerabilities and flaws leading to
delays in the execution of requests to and from the server
side. Accessibility and usability are partially linked and
depend both on other technical indicators and on some
indicators of visual design. All of them are significant for
the preparation of the summary evaluation of the technical
indicator.
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I11. MODEL FOR ASSESSING E-LEARNING COURSES
CONSIDERING MULTIPLE INDICATORS

The described above indicators could be used to assess
different e-learning courses realized in various
environments. To considers simultaneously all of these
indicators, the following mathematical model is proposed:

C, = max{a XY wley, + B Tiwie;) (1)
a+p=1 (2)
nwl =1 A3)
Tiwf=1 4)

where q = {1,2,...,Q} represents set of e-learning
courses, coefficient a expresses the importance of criterion
related to visual performance while coefficient 8 expresses
importance of criterion related to technical performance,
the coefficients w and th express relative importance
between indicators related to the visual and technical
performance, e;,, and e;; represents evaluations of i-th
course about v-th criterion related to the visual
performance, and corresponding i-th course about t-th
criterion related to the technical performance.

IV. RESULTS ANALYSIS AND DISCUSSION

The proposed groups of criteria about visual and
technical indicators along with mathematical model (1) —
(4) could be used to assess different e-learning courses. In
order to demonstrate the applicability of this approach,
some preliminary tests have been done. A case study of two
e-learning courses of basic of web programming is used to
show the core idea of the described approach. In the
assessment of these courses, four visual indicators and four
technical were used as shown in Table 1.

TABLE L GROUPS OF CRITERIA AND INDICATORS FOR ASSESSING

OF E-LEARNING COURSES

No | Criteria Groups Indicators

1.1 | Composition and harmony
Visual 1.2 | Color

performance 1.3 | Typography

1.4 | Contrast

2.1 | Security

5 Technical 2.2 | Usability
' performance 2.3 | Accessibility
2.4 | Speed

To be able to assess the overall performance of these e-
learning courses based on the indicators in Table I, it is
needed to determine coefficients for the relative importance
between visual indicators and respectively between
technical indicators. For the particular testing experiment,
both visual and technical indicators are considered with
equal importance with values w = 0.25 and W]-t = (.25.
According to the formulated mathematical model (1) — (4),
along with these coefficients, it is necessary to evaluate
each e-learning course on all visual and technical
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indicators. These estimates and coefficients are

summarized in Table II.

TABLE II. EVALUATIONS OF THE VISUAL AND TECHNICAL
CHARACTERISTICS OF THE E-LEARNING COURSE

Criteria | between indicators | Coursel | Course

wy = 0.25 0.75 0.90

Visual wy = 0.25 0.88 0.90

performance wi =0.25 0.75 0.85

wy = 0.25 0.90 0.80

wf =0.25 0.90 0.88

Technical wi =0.25 0.85 0.87

performance wi =0.25 0.95 0.85

wt =0.25 0.88 0.85

The visual and technical performance evaluations are
done using a scale from 0 to 1 where the bigger value means
better performance of the evaluated criterion. Here should
be mentioned that the proposed model could be integrated
with other measurement approaches. For example, the
Absolute Category Rating (ACR) method is used for
quality tests. This method can be implemented using a five-
point overall quality rating scale (Bad, Poor, Fair, Good,
Excellent), which is the most widely used scale, or if
required using a higher nine-point scale. Regardless of
whether the five-point or the nine-point scale will be used,
it is necessary to normalize the scores obtained in this way
to the interval from O to 1. This is mandatory to provide
dimensions similar to the other coefficients of the proposed
model in order to obtain reliable results.

Last but not least, two additional coefficients related to
visual and technical performance need to be determined.
Two different cases are investigated using different values
for the importance of visual and technical performance.
Case-1 considers visual and technical performance with
equal importance, while Case-2 gives more importance to
technical performance indicators over visual ones. These
two cases are shown in Table II1.

TABLE III. 'VALUES OF COEFFICIENTS FOR VISUAL AND
TECHNICAL CHARACTERISTICS IMPORTANCE

Visual performance
a=0.5
a=04

Technical performance
B =05
B =06

Case-1
Case-2

The input data from Table II and Table III are used to
verify the applicability of the proposed modeling approach
(1) — (4) to assess the e-learning courses' performance
according to the used visual and technical indicators.
Obtained preliminary results of the conducted assessment
of two similar e-learning courses are visualized in Fig. 1.

According to the results of Case-1 where equal values
are used for the coefficients for visual and technical
performance expressed by a and f (o = f§ = 0.5) along
with the equal importance between indicators of these two
groups of indicators show that Course-1 has a better
performance than Course-2. This is due to the obtained
overall assessment equal to 0.8625 for Course-2 compared
the value 0.8575 for overall assessment of Course-1 (see
Fig. 1).
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0.90
0.89
0.88
0.87

M Course-1 Course-2

0.86
0.8625 0.8650
0.85

0.84
0.83
0.82
0.81
0.80

0.8625

Case-1 Case-2

Figure 1. Assessment of e-learning courses using different importance
values of visual and technical performance

The Case-2 simulates the situation where more
attention is given to the technical indicators as a whole (see
Table III). In this case, better performance is obtained for
Course-1 with the overall assessment value equal to 0.8650
compared to the value of 0.8625 for Course-2
performance.

It is interesting to see how these courses are evaluated
separately on visual and technical performance alone. This
scenario is visually illustrated in Fig. 2.

Visual performance Technical perfornance

B Course-1 m Course-2

0.5370
0.55 0.5175

0.50
0.4313 04475 0 4313
045 04100 _ :
0.40
0.3450

035 0.3280

0.30

0.25

0.20

Case-1 Case-2 Case-1 Case-2

Figure 2. Cources assessment in respect to: a) visual performance;
b) technical performance

Taking into account visual assessment separately from
the technical one, it could be seen from Fig. 2 that the
Course-2 has better visual performance compared to
Course-1. Considering only the technical evaluation, it is
easy to find that Course-1 has a better performance in both
case: assessment of 0.4475 compared to Course-2 with
value 0.4313 for case-1 and 0.5370 vs. 0.5175 for case-2
(see Fig. 2).

Although the visual parameters are better on Course-2
compared to Course-1 in both cases, and the technical
parameters of Course-1 are better in both cases, the overall
evaluation using the introduced coefficients a and 5 show
different ranking for both cases (see Fig. 1).

It should be noted that the conducted preliminary tests
do not consider situations where the coefficients w} and
th for relative importance between indicators for visual
and technical performance differ. It is interesting to show
how these similar sources will be performed when all
identified indicators within this article are involved. These
activities are planned as future investigations along with
extending the proposed model for assessing e-learning
courses by using additional indicators.
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V. CONCLUSION

Digitization and related processes affect all areas of our
lives, having a significant impact on e-learning. Along with
these processes, the Covid-19 crisis has stimulated the
transformation of various learning materials into e-learning
courses. Therefore, the need to evaluate the offered
electronic courses naturally arises. That is why the core idea
of the current article aims to formulate a generally
applicable mathematical model for the assessment of e-
learning courses. The distinguishing characteristic of the
proposed modeling approach is its independence of the arca
application of e-learning courses. The formulated model is
capable to evaluate e-learning courses' performance taking
into account simultaneously two types of criteria related to
visual and technical indicators. It should be noted, that the
proposed model uses of two types of coefficients to
express: 1) the relative importance between visual and
technical criteria, and 2) the relative importance between
indicators that are part of visual and technical criteria. The
conducted testing demonstrates the applicability of the
proposed approach. The formulated mathematical model
can be easily modified using additional indicators or a
group of indicators. In this regard, it is interesting to involve
an additional point of view namely the users' point of view.
This evaluation composed of three groups of criteria is
planned as future activities.
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