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Abstract. E-learning, seen in the ergonomic aspect, is a complex and intense human activity that is subject to investigation and analysis 
in order to optimize it. The quality of education is seen as a trinity of its effectiveness, efficiency and satisfaction - criteria that are defined, 
studied and assessed using a specially developed, original methodology of the authors. These criteria were used to investigate BA, MA and 
Ph.D. students in two consecutive years. 
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Introduction 
In today's information society based on knowledge and 

intellect, education plays a fundamental role in the professional 
training of each individual. The rapid advent of electronic 
(information and communication) technology is completely changing 
the educational context. Traditional learning, implying one-way 
transfer of knowledge from teacher to student (top-down) is no longer 
sufficient. Students have to prepare for autonomous life-long learning 
through cooperation and interaction with the teacher. E-learning has 
the potential to change the way we teach and learn. It provides new 
opportunities for customizing the learning process and makes 
prerequisites to enrich the learning experience and the quality of 
learning. E-learning can not replace teachers, but in combination with 
the existing traditional methods, it can enhance the quality and enrich 
their teaching practice. In a more general sense, blended learning is 
characterized by the upgrade, incorporation, integration of various 
information and communication technologies in traditional 
educational settings. [7, 8] 

 

The advent of e-learning has enormously increased the 
motivation of learners to participate in the learning process; classes 
and knowledge are becoming more experimental and attractive. New 
values, skills, competencies are being cultivated. Creativity is being 
stimulated, original decisions are being made and communication at 
all levels is being improved, including the skills to use information 
and computer technologies. [1, 2] 

 

Training students, like every other human activity, can be 
optimized, and this requires its permanent monitoring and evaluation. 
Ergonomics is the scientific direction aimed at continuous 
improvement of human activities. The ergonomic evaluation of the 
activity is carried out under the following criteria: achieving 
excellence in labor (effectiveness) while preserving the health of 
everyone with minimal psychological, physiological risks, saving 
time and finances (efficiency) and providing the necessary conditions 
and facilities so that the Man feels satisfied. [3, 6] 

 

Prerequisites for the solution of the problem 

       The effects of the introduction of electronic technologies can 
be evaluated by the help of ergonomic criteria: effectiveness, 
efficiency and satisfaction. [4] 

The effectiveness of e-learning consists of more successful (than 
traditional training) solving learning tasks such as acquiring 
knowledge and skills through free and easy access to educational and 
scientific information, successful preparation and self-preparation for 
exams, writing course projects, theses as well as participation in 
research projects and forums.  

Efficiency takes into account factors such as: reducing the 
time to prepare for exams as well as for completing educational 
and scientific tasks; saving resources material and non-material 
plan (psychological, medical, social). Briefly, the efficacy of e-
learning means to achieve good results coupled with a minimum 
expenditure of time, mental, financial, etc. resources. 

Satisfaction with e-learning is a subjective assessment, 
which includes demonstrated confidence, activity in school and 
outside school activities and general contentment with the 
obtained results. 

 

Solution of the problem 
E-learning at UCTM is at the stage of gradual 

introduction. Its share in the traditional forms of education: 
lectures, seminars, laboratory work is still relatively small. The 
software products for self-learning and self-control are also 
insufficient. On the other hand, there is a strong motivation of 
students to learn in an electronic environment. [5] Furthermore, 
in recent years, university management has been investing 
seriously in refurbishing computers, developing e-learning 
platforms, making electronic libraries, expanding access to 
various databases, buying specialized software to assist in 
designing course and graduation projects. 

In view of the above, the investigation of the effectiveness, 
efficiency and satisfaction of the introduction of electronic 
technologies in education at UCTM was performed using a 
specially developed for this purpose Ergonomic card among 
BA, MA and PhD students in two consecutive years. 

 In order to evaluate effectiveness, the view of the trainees 
was sought for, concerning their expectations on the wider 
introduction of electronic technologies in traditional forms of 
education: namely in lectures, seminars, laboratory work; to 
increase the opportunities for self-learning, self-control, and 
ultimately for final evaluation and test. These are the main 
directions of electronization that lead to effective improvement 
of education- its modernization, upgrade and integration with 
traditional technologies. 

In order to evaluate efficiency, the assessment of 
trainees on existing university facilities was asked for: hardware 
(sufficient number of computers and multimedia in the halls ) 
database software (free access to Internet, a sufficient number of 
programs for self-learning, self-control, availability of 
specialized software for engineering research , projects and 
theses). Positive evaluations on these matters are important 
prerequisites for achieving high efficiency of training i.e. 
achieving good academic results with a minimum expenditure of 
time, mental, financial, etc. resources. 
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As far as satisfaction is concerned, the respondents were 
asked to express their personal opinion about the quality of the 
computer equipment at the university, the stock of electronic library 
with academic and scientific information, access to various databases; 
they were also asked to assess the level of work with electronic 
technologies of their teachers and finally to assess their competence to 
work in WEB environment. Satisfaction with the introduction of e-
learning is higher if there are material facilities and good psychosocial 
environment of the required standard. 

 

Results and discussion 
The results of the study of the effectiveness, efficiency and 

satisfaction with regard to the introduction of electronic technology in 
education are given in tables and graphs. Tables 1-3 and Figures 1-3 
show the percentage [%] positive attitudes and evaluations of the 
three different groups of respondents: BA, MA, Ph.D. students 
according to the three ergonomic criteria. Tables 4-6 and  Figures 4-6 
show the percentage [%] positive attitudes and assessments of 
students in two consecutive years. 

 

Table1. Assessment of effectiveness by groups of students in varying 
degrees of training 

 

Effectiveness Bachelor Master Ph.D. 
student 

Lectures 97 100 100 

Seminars 89 82 82 

Laboratory Work 53 42 59 

Self-education 94 86 94 

Self-assessment 100 80 94 

Examination 78 82 71 
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Fig.1. Assessment of effectiveness by groups of students in varying 
degrees of training 

 

Evaluations of the effectiveness of e-learning show high positive 
motivation of the three groups of students on most indicators: students 
at UCTM welcome the introduction of new technologies to lectures, 
seminars, self-education. The students are reserved regarding their use 
in laboratory work and final control. 

Table 2 Assessment of efficiency by groups of students in    
varying degrees of training 
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Fig.2. Assessment of efficiency by groups of students in 
varying degrees of training 

 

The efficiency of the introduction of electronic 
technologies in education is reflected in the high ratings of the 
respondents for facilities: available computers, multimedia, 
access to Internet. There is much to be done in the direction of 
providing specialized software engineering research programs 
for self-study, self-control, especially for the groups of 
postgraduates. 

 

Table 3 Assessment of satisfaction by groups of students in 
varying degrees of training 

 

 

 

 

 

Efficiency  bachelor master Ph.d. student 

Multimedia 93 92 96 

Free  Internet 70 87 88 

Computers 88 88 88 

Software for 
engineering 61 77 78 

Self-education 78 60 67 

Self-assessment 70 56 62 

Satisfaction Bachelor Master Ph.D. 
student 

Quality  computers 94 88 84 

E-libraries 95 91 88 

Database 89 90 87 

Faculty competence 89 84 89 

Students’ competence in 
WEB 100 98 100 
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Fig 3.Assessment of satisfaction by groups of students in varying 
degrees of training 

Satisfaction with the introduction of e-learning for all the 
investigated groups was relatively good. As expected, the group 
of doctoral students (such as people with higher requirements and 
experience) give relatively low scores concerning quality of 
available computers, the available educational and scientific 
information in digital libraries, access to various databases. The 
high self-esteem of all the three groups concerning their work in 
WEB environment is very optimistic. 

 

Table 4. Assessment of the effectiveness by years 

Effectiveness 2014 2015 

Lectures 94 97 

Seminars 80 89 

Laboratory Work 42 53 

Self-education 86 94 

SELF-ASSESSMENT 82 100 

EXAMINATION 76 78 
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Fig. 4.  Assessment of the effectiveness by years 

 

 

 

Table 5. Assessment of the efficiency by years 

Efficiency  2014г. 2015г. 

Multimedia 91 93 

Free  Internet 85 70 

Computers 89 88 

Software for engineering 68 61 

Self-education 64 78 

Self-assessment 66 70 
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Fig.5. Assessment of the efficiency by years 

Table6. Assessment of satisfaction by years 

Satisfaction 2014г. 2015г. 

Quality  computers 66 94 

E-libraries 88 95 

Database 83 89 

Faculty competence 67 89 

Students’ competence in WEB 100 100 
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Fig. 6.  Assessment of  satisfaction by years 
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Findings and conclusion 
 There is a steady trend, expressed by the majority of 

students, to increase the share of E-learning, both in traditional 
forms of education: lectures, seminars, laboratory work, as well 
as for self-study, self-control, even for the final control. 

Amid the growing desire for rapid development of electronic 
technology in engineering education, the students have more 
requirements concerning the availability of uninterrupted Internet 
access at the university, and the need for wider application of 
specialized software for engineering analysis and projects. 

Positive trends in the field of E-learning can be identified 
according to the assessment given by students: 

The share of high-quality computers at the University 
increases; 

The capacity of the electronic library at the University 
increases; 

The access to various databases increases; 

The qualifications of the teaching staff are being evaluated 
more and more positively, amid the pronounced "excellent 
student training" to work in an electronic environment. 

  
E-learning has been developing in the context of the 

information society, which "is not only related to the 
transmission of sound knowledge verified by tradition in 
successive generations, but it has the heavy task to teach the 
younger generation to deal with the chaotic and difficult to 
predict flow of knowledge, where the young must be able to 
"swim".” E-learning is interactive and it provides great freedom 
of the learner in terms of means, place, time and rhythm of 
learning. 
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