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The world of technology is changing at an extremely fast pace. Covid-19 has given further impetus 
to modernization in education, and it seems unlikely that schools and universities will continue to 
function as they did before the pandemic. But what is the human cost of this global transformation? 
With the development of the information society, the human potential for perception, processing, and 
storage and transmission of information is facing new challenges. Usability is a way of thinking in which 
the user experience and the specific users are at the center. The term is applicable wherever there is an 
interaction of people with a product or service. The product or service is convenient and satisfying to 
use and allows users to perform the work for which it is intended (effectiveness) with a minimum of time, 
mental, financial, and other resources (efficiency) and to be satisfied with the result or process 
(satisfaction). A study was conducted to assess subjective usability when working with ICT with an 
emphasis on the efficiency of such training. 
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Проучване на ефективността като характеристика на използваемостта в среда за 
електронно обучение (Мария Тодорова, Лиляна Колева, Елена Колева). Светът на 
технологиите се променя с изключително бързи темпове. Covid-19 даде допълнителен тласък 
на модернизацията в образованието и изглежда малко вероятно учебните заведения да 
продължат да функционират така, както преди избухването на пандемията. Но каква е 
човешката цена на тази глобална трансформация? С развитието на информационното 
общество, човешкият потенциал за възприемане, обработка и съхранение и предаване на 
информация е поставен пред нови предизвикателства. Използваемостта е начин на мислене, 
при който отправна точка са потребителското изживяване и конкретните потребители. 
Понятието е приложимо навсякъде, където има взаимодействие на човек с продукт или услуга. 
Използваемият продукт или услуга е лесен, удобен, удовлетворяващ и позволява на 
потребителите да извършат работата, за която е предназначен (ефективност) с минимум 
разход на време, психични, финансови и др. ресурси (ефикасност) и да са доволни от резултата 
или процеса (удовлетвореност). 

Ключови думи - електронно обучение, ефикасност, проучвателен факторен анализ, 
структурен модел. 

 

Introduction 
According to the international standard ISO 9241-

11 [1], usability is "the degree (of convenience) with 
which the product can be used to achieve set goals with 
the necessary efficiency, effectiveness, and satisfaction 
in certain conditions (in a certain context of use)". The 
relative importance of the three different aspects of 
usability is determined by the context itself. Some of 
the measurements are related to the results of the use of 

the product such as quality and quantity (effectiveness). 
Resources spent during the work and in connection 
with the results (efficiency) are also taken into account. 
Human well-being is a value in itself, and the MUSiC 
project clarifies this: "if good results can be achieved at 
the cost of a lot of effort, the product or system is 
unusable." [2]. The subjective perception of the 
interaction of the consumer (satisfaction) is also 
measured. This broad definition of usability is 
synonymous with "quality in use" [3], i.e., a higher 
level of quality, which includes not only the product 
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meeting its specifications but also working well and 
being useful in the real world, in a certain environment 
or context. 

The effectiveness of e-learning is assessed by the 
degree of implementation of the main learning 
activities (teaching, learning, assessment). 

The efficiency of e-learning takes into account the 
efforts made to achieve the goals: such as reducing the 
time and material costs for search and assessment of 
information materials, better opportunities for 
consultation with teachers, good communication with 
colleagues, reducing stress and mental strain in 
preparing for exams, as well as better presentation and 
elaboration of educational and scientific tasks. 

Efficiency also includes building personal 
educational pathways, the ability to individually plan 
learning activities, easy access to online courses and 
educational materials, interaction in forums, chat, 
enhanced communication between students. Easy 
orientation and navigation must be ensured, as well as 
an ergonomic organization of the information from the 
display. This is directly related to the quality of the 
interface of the software products, which are subject to 
continuous improvement. 

The efficiency of e-learning is assessed by saving 
resources in material (financial, time) and nonmaterial 
terms (psychological, health, social), reducing mental 
stress, as well as increasing learning outcomes. 

Satisfaction with e-learning reflects the attitude of 
students to the overall process of e-learning experience, 
expressed in the feeling of comfort or discomfort in 
physical, mental, and social aspects. 

The integration of electronic technologies in 
education is the basis for their creative use in the 
direction of learning through interesting content with 
voice, graphics, and video files; learning controlled by 
learners, enhanced communication opportunities, and 
active participation. 

Satisfaction with the use of electronic technologies 
in education is assessed by the degree of their 
acceptance by students in the aspects: real progress in 
education; development of competencies and solving 
creative tasks and perspectives for professional 
realization and competitiveness. 

A study of usability according to these criteria has 
been done in our previous work [4]. In the present 
investigation, the emphasis is on the efficiency of e-
learning in an online electronic environment where the 
educational process (90-100%) takes place. The types 
of usability are then considered, and the subjective 
usability which is truly user-oriented and is an 
important tool for measuring attitudes in a specific 
time-period is emphasized.  

By evaluation of this type of usability, actions can 
be taken on how to motivate people, on what additional 
recommendations, help and instructions they need (in 
case there is a big discrepancy between the opinion and 
the real characteristics of the system). Measuring this 
type of usability is especially useful when introducing 
a new system. 

 The methodology and structure of the research, 
discussion of the obtained results and the conclusions 
made at this stage follow. 

Types of usability 
Apart from technical usability when using ICT in 

education, pedagogical usability is also mentioned [5]. 
The pedagogical usability model proposed by Petri 
Nokelainen includes ten dimensions, which are 
summarized below: 1. Learner control, 2. Learner 
activities, 3. Opportunity for collaboration or joint 
learning activities, 4. Goal setting, 5. Applicability, 6. 
Added value, 7. Motivation, 8. Assessment of previous 
knowledge, 9. Flexibility, and 10. Feedback. 
Pedagogical usability is a relatively new field of 
research. It is usually considered in comparison with 
technical usability. Pedagogical usability aims to 
support the learning process. Indeed, when an 
electronic material is given a learning purpose, the 
usability characteristics take on a different meaning. 
Apart from the fact that the learner is a consumer he/she 
is also a learning consumer, with a certain learning 
goal, motivation, and a number of other characteristics 
[6]. 

In the field of distance and e-learning as well as in 
traditional learning "interaction is the defining feature 
of education" [7]. The learner-content, learner-
instructor, and learner-learner interactions are at the 
heart of e-learning. Each of these three interactions can 
and should be improved with the help of technology. E-
learning seeks to and must expand existing educational 
frameworks, not to replace them. 

The concept of usability is based on the older idea 
of friendliness towards man, which is directly related 
to the ease of operating a system or a product. M. 
Hertzum [8] is a researcher who outlines six types of 
usability: universal usability, situational usability, 
subjective or perceived usability, hedonistic usability, 
organizational usability, and cultural usability. The 
various viewpoints to usability provide an opportunity 
to understand the many aspects of using the system and 
thus gain a true understanding of usability. 

A true understanding of the usability of the system 
requires an in-depth assessment of the state of the 
system and the context of use. Universal usability, 
according to the author, is extremely challenging 
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because human abilities, experience, personal style, 
and values are diverse. Universal usability faces three 
challenges: huge variations in consumers, gaps in 
knowledge, variation in technology. 

Much more realistic is the so-called situational 
usability, which is enshrined in ISO 9241 and which is 
listed there again as "quality of use". Usability is not 
just an attribute of the technological system, but it 
covers the whole situation or context. This means that 
situational usability has or implies a socio-technical 
orientation. Situational usability even "opposes" 
universal usability. Correspondences or inconsistencies 
between people, tasks, tools, and the context are at the 
heart of situational usability. The context of use is also 
crucial to further develop and improve the systems or 
products. In essence, the context of use shapes people's 
thinking about what their tasks are and what tools are 
available and usable to accomplish those tasks. But the 
opposite is also true.  

Hedonistic usability, in turn, is not directly related 
to the performance of a task, but it satisfies some 
universal needs for novelty and change, aesthetic 
interest, beauty, engagement of attention and 
imagination [9]. Hedonistic usability is related to the 
satisfaction aspect included in ISO 9241 (1998) in the 
definition of situational usability. However, some 
authors note that the situational usability satisfaction 
aspect seems to be aimed at avoiding negative 
emotions, and there is a demand for positive emotions 
in hedonistic usability. This distinction is important 
because system characteristics that, if present, 
eliminate negative emotions are different from 
characteristics that, if present, lead to positive emotions 
[10]. Pleasant emotions affect usability ratings and 
acceptance, and continued use. Emotions are essential 
to human life; pleasant emotions should be sought not 
only during free time, as we are accustomed to 
perceiving them, but also during work, which would 
lead to a higher quality of working life, aestheticization 
and, humanization of the work environment. 

Organizational usability is another aspect of 
usability according to the author and is defined as "the 
compatibility between the computer system and the 
structure and practices of the organization so that the 
system can be effectively integrated into the working 
practices of the members of the organization". 
Organizational usability is sensitive to time dynamics. 
Organizational usability takes into account the 
structural and collaborative aspects of the work, 
including the fact that users may be differentially 
affected by the system and may or may not share the 
organization's objectives at the system level. 

Cultural usability examines whether work 
performed with a particular system is viewed 
differently by users from different cultural 
backgrounds. To assess usability, it is also important to 
take into account possible cultural differences of users, 
e.g., how instructions and tasks are perceived. 

Subjective or perceived usability is expressed as the 
assessment of the system by the end-user. The 
significance of this subjective experience extends far, 
because the impression of the usability of the system by 
the end-user is a very strong indicator of the frequency 
of use and even whether a system will be used at all, 
the way of performing tasks (reluctance, monotony, 
pain, etc.), and ways to interact with the system. 
Subjective usability makes the individual user the final 
arbiter of usability, and therefore the assessment of the 
user's subjective experience with the system stands 
above the assessment of the performance or actual 
performance of the tasks.  

It is believed that certain ways of working (habits) 
have a strong influence on subjective usability and that 
uncertainty in the introduction of new ways of working 
can be avoided by examining attitudes and by 
providing subsequent additional training or 
recommendations so that users feel closer to the system 
or new ways of working. 

Methodology 
The Covid-19 pandemic has taken over the world, 

changing everyday life and imposing a social distance, 
as a result of which universities have moved from on-
campus to online learning. This led to stress among 
students and teachers due to the sharp change in the 
middle of the summer semester of the 2019-2020 
academic year. 

After the period of transition, this study was 
conducted to determine the pros and cons of distance 
learning. The initial sample of this study consists of a 
total of 45 students from the University of Chemical 
Technology and Metallurgy (UCTM) who were 
interviewed during the summer semester of the 
academic 2019 - 2020. The survey consists of 22 
questions (Table 1) with which to measure the 
subjective usability and attitudes of users in distance 
learning in an electronic environment, with dominant 
online learning elements, using an electronic platform. 
The study of the usability of e-learning uses a 5-point 
Likert scale, where the answer "1" means "Strongly 
disagree", answer "2" means "Rather disagree", answer 
"3" means "I cannot judge”, answer “4” means “I rather 
agree” and answer “5” means “I strongly agree”. 
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Table 1 
Questionnaire 

№ Questions 

q1 
Conducting classes with the help of information and 
communication technologies (computer, multimedia, 
interactive whiteboard) facilitates the learning process. 

q2 Conducting an exam with the help of a computer is a 
convenience. 

q3 When conducting exercises, the use of ICT facilitates the 
learning process. 

q4 
The use of information and communication technologies in 
training activates my initiative, creativity, and independence in 
work. 

q5 When working with ICT, I receive adequate help from teachers. 
q6 Teachers encourage work with ICT. 

q7 Communication with teachers is facilitated thanks to the use of 
new technologies. 

q8 Working with ICT makes me more competitive. 

q9 The use of ICT for learning activities increases the time I spend 
in training and self-learning. 

q10 The use of ICT for learning activities allows the flexible 
distribution of time for training and self-learning. 

q11 Daily work with ICT increases the feeling of fatigue. 

q12 
When working with ICT for a long time, I observe the 
recommended pauses. (work - 30-45 minutes, rest - 10-15 
minutes). 

q13 I often have to overcome fatigue and continue my work in ICT. 

q14 
The university and library premises are suitable for ICT training 
(appropriate furniture, optimal location, comfortable chairs, 
etc.). 

q15 The hygiene in the classrooms is at the required level. 

q16 When working with a computer for a long time, I feel eye 
irritation, blinking, scratching, blurred vision. 

q17 Daily work with a computer leads to immobility and pain in the 
neck, shoulders, and back. 

q18 Prolonged use of the computer leads to frequent headaches. 

q19 Working with ICT is motivating and gives me great 
satisfaction. 

q20 Working with ICT gives me confidence that I am developing 
well professionally. 

q21 I feel satisfied with my work using ICT. 

q22 I feel that I am better evaluated by teachers when I work with 
ICT. 

Results and discussion 
The selected questionnaire consists of 22 questions 

aiming to investigate mainly the efficiency, together 
with effectiveness and satisfaction as usability 
characteristics in an e-learning environment. The 
Exploratory Factor Analysis (EFA) was subsequently 
applied to reduce and group the variables in the 
obtained database and to obtain the exact structural 
model of the performed survey.  

The rotated component matrix in Table 2 contains 
the loadings that have a magnitude greater than 0.4. The 
applied rotation method is the Varimax rotation with 
Kaiser Normalization. The presented loadings indicate 
the relative weight of each variable (item) in the factor.   
 
 
 

Table 2 
The rotated component matrix 

 Factor 
1 2 3 4 5 

q9 0.880         
q10 0.746         
q19 0.707         
q8 0.671         
q5 0.665   0.482 0.432   
q4 0.603   0.411     
q18   0.909       
q16   0.862       
q17   0.831       
q11   0.766       
q13   0.744       
q21     0.761     
q1     0.751     
q20     0.679     
q3     0.620   0.406
q22     0.618     
q6       0.803   
q7     0.509 0.669   
q14       0.643   
q2     0.425 -0.554 0.429
q15         0.798
q12         0.684
 
The obtained inquiry structure model involves 5 

factors. After considering the individual questions, the 
structure model was presented in Fig. 1. Usability is 
considered as composed of the following characteristic: 
Effectiveness, Efficiency, and Satisfaction. The main 
issue of this investigation was to make a detailed 
estimation of efficiency as a characteristic connected 
most closely with the individual efforts made to 
achieve the goals of e-learning. Three indicators were 
identified for the description of different aspects of the 
efficiency - Health and Safety of the students, Activity 
and Work Performance, and the influence of the 
Working Conditions. The questions connected with 
Factor 1were further subdivided into an investigation 
of the efficient use of time and self-control and 
investigation of the students’ work motivation. 
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Table 3 
The score correspondence table 

Evaluation Factor Strongly 
disagree 

Rather 
disagree I cannot judge I rather 

agree 
I strongly 

agree 

Coefficient 1, 3, 4, 5 0 0.25 0.50 0.75 1 
2 1 0.75 0.50 0.25 0 

 

 

 
Fig. 1. Structural model of the inquiry. 

 The reliability statistics for each factor defined by 
Cronbach's Alpha (its value should be greater than 0.5) 
were estimated as follows: 

• Factor 1 – 0.888 (6 items) 
• Factor 2 – 0.888 (5 items) 
• Factor 3 – 0.843 (5 items) 
• Factor 4 – 0.429 (4 items) 
• Factor 5 – 0.516 (2 items) 
Factor 1, which was named “Activity and work per-

formance” is divided into two categories: Time and 
self-control and Work Motivation. Questions 9 and 10 
concern the time spent in training and self-study, and 
its more flexible distribution. The opportunities for in-
dividual work with electronic technologies, at their 
own pace, give students the instrument to control the 
objective requirements of training activities and classes 
and their individual (subjective) capabilities to fulfill 
these requirements. Question 4 examines the opportu-
nities for independent work and creativity in the learn-
ing process. Work Motivation includes questions 5, 8, 
19, which question respectively students’ satisfaction 
with teachers’ feedback (Question 5), opportunities for 
professional development and competitiveness 
(Question 8), as well as strong overall satisfaction and 
motivation to work in an electronic environment 
(Question 20). All questions have a positive influence, 
meaning that the increase of the items’ value leads to 
an increase in the value of the factor. 

Factor 2 – these are questions that concern personal 
health and safety when working with computers and all 

kinds of video displays - fatigue at work, headache, 
neck pain, shoulders, eye problems. Good working 
conditions and occupational safety are a motivating 
factor, related primarily to the natural need of people in 
the work process to maintain their health and ability to 
work, as well as the need for job satisfaction. The point 
is to achieve good results from the activity, but not at 
the expense of health (physical and mental exhaustion), 
safety, or deprivation. That is why researchers have 
already been talking about "human-centered quality”, 
whose goals are identified in the standard ISO CD 
9241-220: 2019 Ergonomics of human-system 
interaction - Part 220: Processes for enabling, 
executing and assessing human-centered design within 
organizations [11]. 

As these questions examine the extent to which 
working in an electronic environment is detrimental to 
various health aspects, the higher the assessment, the 
more negative it is. Therefore, the increase in the value 
of the factor will lead to a decrease in the efficiency. 

Factor 3 - These issues concern the effectiveness of 
the use of e-learning. E-learning leads to high results in 
the learning process. Combining good teaching 
methodology in blended learning/online learning with 
attractive computer modeling and visualization 
opportunities provide conditions for more effective 
learning. The educational content, presented in an 
electronic form improves the illustration of the 
educational material and its perception. E-learning 
provides conditions for faster communication, high 
mobility, easy access to information of various kinds. 
However, more and more the requirements of modern 
learners and their satisfaction with the achieved results 
and learning process will shape the educational 
process, and not just the achievement of results. 

Factor 4 - This factor includes questions concerning 
satisfaction with the work performance of teachers, 
communication with them, conducting exams, and the 
suitability of classrooms for conducting intensive 
training in an electronic environment. Factor 4 is below 
0.5 value - it is connected with the indicator 
“Satisfaction”. Future investigations of this indicator 
should be carried out more precisely. 

Factor 5 - These are questions about safe and 
satisfying working conditions - hygiene at work and a 
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rational regime of work and rest to overcome the 
unfavorable factors leading to fatigue. Breaks when 
working with video displays are necessary for the 
normalization of the mental and physiological state of 
the person and they are an essential factor for 
maintaining good work performance. 

Each question can be evaluated on a five-point 
scale, and each answer is assigned a coefficient that is 
from 0 to 1. Table 3 presents the score correspondence 
with the possible answers. 

Table 4 shows the results of the processed 
questionnaires – the total scores, together with the 
fulfillment degree, given in percentages. 

Table 4 
The total scores and the fulfillment degrees 

Q: Strongly 
disagree 

Rather 
disagree 

I 
cannot 
judge 

I 
rather 
agree 

I 
strongly 

agree 

Fulfillment 
degree  

% 
q1 0 0.5 1.5 8.25 28 85 
q2 0 1 2 11.25 21 78.33 
q3 0 0.5 3 9 23 78.89 
q4 0 0.5 2.5 12 20 77.78 
q5 0 1.25 4 10.5 16 70.56 
q6 0 2 5.5 8.25 15 68.33 
q7 0 1 3.5 8.25 22 77.22 
q8 0 0.75 2.5 9 25 82.78 
q9 0 1.5 2.5 11.25 16 69.44 
q10 0 0.5 3 9.75 21 76.11 
q11 5 3.75 4.5 3.5 0 37.22 
q12 0 2.5 2 7.5 12 53.33 
q13 4 4.5 4 3.75 0 36.11 
q14 0 3.5 4 6.75 7 47.22 
q15 0 1.5 4.5 9.75 13 63.89 
q16 7 5.25 2 2.25 0 36.67 
q17 3 2.25 4.5 2.5 0 27.22 
q18 7 3 3.5 3.25 0 37.22 
q19 0 0.75 4 10.5 18 73.89 
q20 0 0.25 4.5 11.25 17 73.33 
q21 0 0.5 3.5 12 18 75.56 
q22 0 1.25 6.5 9 12 63.89 

 
The evaluations obtained based on the answers to 

the questions concerning the effectiveness are 
presented in Fig. 2. For all indicators, the set threshold 
of 75% is met, except for question 22, which actually 
concerns the effectiveness of the training assessed by 
the teachers. From the point of view of their experience, 
teachers evaluate the technology-assisted learning not 
as a process of passive consumption of content, but as 
a process based on activities conducted in an interactive 
environment and work situations and probably, they are 
more critical. 

The average satisfaction rating is close to the set 
percentage of 75%, but not sufficient (Fig. 3). The 
assessment of satisfaction of the users of the e-learning 
or the learners is an important signal for work in the 
direction of optimizing the e-learning according to the 

derived indicators. Obviously, more needs to be done 
in terms of teachers working with students (Question 6) 
and creating a better and healthier environment for 
working in an electronic environment inside and 
outside the university (Question 14). 

 
Fig.2. Assessments for the e-learning effectiveness. 

 

 
Fig.3. Assessments for the e-learning satisfaction. 

Fig. 4 shows the assessments for the e-learning 
efficiency. The questions are grouped according to the 
categories in which they fall. It can be seen that for 
Factor 2: Health and Safety (q11, q13, q16, q17, q18) 
the values are below 50%, which means that prolonged 
work in front of the computer leads to health 
deterioration. Factor 1.1: Time and self-control (q4, q9, 
q10) and Factor 1.2: Work motivation (q5, q8, q19) are 
around the set threshold, which is 75%, and Factor 5: 
Working Conditions (q12, q15) have crossed the 
neutral line of 50%, but there is room for improvement 
to achieve 75%. 

We identified and statistically analyzed the 
arithmetic mean values for the degrees of the 
fulfillment of the factors in the Efficiency category 
(Table 5), as well as the average values for the three 
sub-categories of Usability: Effectiveness, Efficiency, 
Satisfaction (Table 6). The graphical representation of 
the obtained results is shown in Fig. 5 and Fig. 6. 
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Fig.4. Assessments for the e-learning efficiency. 

Table 5 
Ergonomic assessments of the average fulfillment degrees 

of the factors in the category Efficiency 

Factor The average fulfilment degree 
scores, % 

1.1 74.443 
1.2 75.743 
2 34.888 
5 58.61 

Table 6 
Ergonomic assessments of the Usability of e-learning  

Factor The average fulfilment degree 
scores, % 

Effectiveness 75.334 
Efficiency 57.094 

Satisfaction 67.775 

 
Fig. 5. The average fulfilment degree scores [%] for the 

factors in the category Efficiency. 

Fig. 5 shows the average fulfillment degree scores 
of the category Efficiency. It can be seen that Factor 1.1 
and 1.2 are around the fulfillment line, which is set at 
75%. It can also be seen that Factor 2: Health and 
Safety, which reflects the health of students, after the 
start of distance learning has the value of 34.89% 
(Table 5), which means that back pain, wrist, head, and 
eye tension occur in most of the respondents and more 
breaks must be introduced to improve the general well-

being of students. At the same time, Factor 5 is just over 
65%, which means that the majority of students find the 
working conditions satisfactory, but there is still room 
for improvement to reach the set target of 75%. 

Fig. 6 shows the average assessments for the 
usability criteria. It shows that the effectiveness is 
slightly above the set target value of 75%, which means 
that there is still something to improve on this criterion, 
which can be seen in Fig. 2, but it is more necessary to 
emphasize the increase of the values of the indicators 
for the other two criteria. 

 
Fig. 6. Average assessments of the usability of e-learning 
according to the characteristics: effectiveness, efficiency, 

and satisfaction [%]. 

Conclusion 
Based on the performed exploratory factor analysis, 

five factors were determined (the first factor has 2 
subgroups), referring to the three criteria for usability, 
which are the most important in this study: 
- more flexible and independent use of time 

(efficiency); 
- strong internal motivation to work in an electronic 

environment related to support from teachers and 
opportunities for professional development 
(efficiency); 

- preserving the health and well-being of learners 
(efficiency); 

- requirements of modern students for effective 
training (effectiveness); 

- satisfaction with the teaching activity and the 
suitability of premises for intensive online training 
(satisfaction); 

- safe and satisfactory conditions and modes of work 
and rest (efficiency). 

The quality of an online course does not depend on 
what can be achieved by technology but how the 
technology itself can be used to adapt content, methods, 
and situations to the needs, level of preparation, and 
well-being of learners. The effectiveness of the work 
system is not an end in itself. Safe, healthy, and 
satisfactory work must be ensured for the user/trainee 
in carrying out a task, activity, or work. 
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Under the current conditions, not only the lecturer 
teaches, but also learners (and the lecturers) learn by 
themselves. Students not only learn the system of 
knowledge, skills, and habits but also develop their 
creative abilities. As we can see, the burden of work in 
educational institutions is gradually shifting from 
lecturers to learners, encouraging their initiative and 
autonomy. 

Regarding the studied criteria for the usability of e-
learning, we consider that the effectiveness of this 
training is undisputed when the relevant didactic 
requirements are applied. Satisfaction with e-learning 
with dominant online elements is also high. In terms of 
efficiency, which is the focus of our study, we find that 
our concerns are confirmed. As e-learning is blended at 
this stage and not entirely online as required during the 
pandemic, efficiency is not at the required level. There 
is much to be desired in terms of maintaining the health 
and well-being of each learner: Knowledge of 
regulations when working with video displays, 
observance of breaks, and hygiene of workspaces 
should be made a priority. 

The observance of standards and regulations for 
healthy and comfortable work in an electronic 
environment is a “must”. Knowledge and application 
of health standards and regulations for working with 
ICT prevent the occurrence of health problems when 
working with a computer. Consequently, there should 
be more user-friendly computers, software and 
comfortable working places, modern arrangement, and 
furniture as well as regimes of work and rest.  

Acknowledgements 
Two of the authors, Maria Todorova and Lilyana 

Koleva, gratefully acknowledge the assistance of the 
National Science Program “Young Scientists and Post 
- Doctors” in the priority areas of the National Strategy 
for the Development of Scientific Research in the 
Republic of Bulgaria (NSDSR) 2017-2030.  

REFERENCES 
[1] ISO 9241 Ergonomic requirements for office work 

with visual display terminals (VDTs), 1998. 
[2] Bevan, N. The MUSiC methodology for usability 

measurement. In Posters and short talks of the 1992 SIGCHI 
conference on Human factors in computing systems – CHI 
’92, New York, USA: ACM Press, p. 123, 1992. 

[3] Kurosu M., Usability, Quality in Use and the Model 
of Quality Characteristics. In: Kurosu M. (eds) Human-
Computer Interaction: Design and Evaluation. HCI 2015. 
Lecture Notes in Computer Science, vol 9169. Springer, 
Cham. https://doi.org/10.1007/978-3-319-20901-2_21, 2015 

[4] Todorova M., D. Karamanska, E. Koleva, L. 
Koleva. Ergonomic criteria for evaluating the quality of e-
learning. Journal – Electrotechnica & Electronica (Е+Е), 
Vol. 52 (5-6), pp. 24-29, 2017. 

[5] Júnior, Francisco & Ramos, Altina & Pinho, André 
& Santa Rosa, José. PEDAGOGICAL USABILITY: A 
THEORETICAL ESSAY FOR E-LEARNING. HOLOS. 1. 
3. 10.15628/holos.2016.2593, 2016.  

[6] Dzhalev, L., S. Bogdanov. Two views on the 
pedagogical usability of electronic didactic materials. Lulu 
Press Inc. Raleigh, N.C., 2013. 

[7] Kasraie, N., Kasraie, E., Economies of Elearning in 
the 21st Century, Esrafill. Contemporary Issues in Education 
Research; Littleton Vol. 3, Iss. 10, 57-62, 2010. 

[8]  Hertzum, M. Images of Usability. International 
Journal of Human-Computer Interaction, Vol. 26(6), pp. 
567-600, 2010. 

[9] Hassenzahl, M., A. Beu, M. Burmester. 
Engineering Joy. IEEE Software, Vol. 1, s. 3, 2001. 

[10] Helander, M. G., H. M. Khalid. Affective and 
pleasurable design. Handbook of human factors and 
ergonomics. ed: G. Salvendy, Hoboken, NJ: Wiley, pp. 543-
572, 2006. 

[11] ISO CD 9241-220: 2019 Ergonomics of human-
system interaction - Part 220: Processes for enabling, 
executing and assessing human-centered design within 
organizations, 2019. 
 

Senior Lecturer, Dr. Maria Todorova - She graduated 
from Sofia University. Area of Interest - e-learning, 
ergonomics, human resources, human factors. University of 
Chemical Technology and Metallurgy (UCTM), Sofia, 
Bulgaria. 
tel.: +359 (2) 8163495. 
е-mail: mariavtodorova@uctm.edu 

Assist. Prof. Dr. Eng. Lilyana Koleva – She is an Assist. 
Prof. at the University of Chemical Technology and 
Metallurgy, Sofia. Her fields of interest are: modeling, 
parameter optimization, automation, electron beam 
technologies. 
е-mail: sura@abv.bg 

Assoc. Prof. Dr. Eng. Elena Koleva - Institute of 
Electronics, laboratory “Physical problems of electron 
beam technologies” – Bulgarian Academy of Sciences, 
Bulgaria, Director of Technological Center on Electron 
Beam and Plasma Technologies and Techniques – TC EPTT 
Ltd., Bulgaria, Assoc. Prof and lecturer at University of 
Chemical Technology and Metallurgy – Sofia, Bulgaria. 
Scientific research areas: electron beam technologies – 
welding, melting and refining, lithography, selective melting, 
surface modification, electron beam characterization, 
automation, modeling, optimization, standardization. 
 е-mail: eligeorg@abv.bg 

Received on: 30.04.2020 

56 “Е+Е”, vol. 55, 3-4, 2020




