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Abstract: The model for ergonomic research includes an analysis and evaluation of a number of factors arising from:  
1) the human factor (the trainer and the trainee) the organization and the results of his operations (assessment of effectiveness, 

efficiency, and satisfaction)  
2) the level of the management and improvement of the electronic environment -hardware and software;  
3) the conditions in the school premises, laboratories, auditoriums, offices and others. The paper presents results from a study with 

university teaching staff and students from UCTM using a methodology specifically designed for an ergonomic study of e-learning. 
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1. Introduction 
Ergonomics (or human factors) deals with an understanding of 

the interaction between humans and other elements of a system to 
optimize human well-being and the overall system performance. 
Dul and Neumann [1] indicate that ergonomics must have both a 
social purpose (prosperity) and an economic objective (total system 
performance). Performance is linked to work performance, 
effectiveness, efficiency, quality, innovation, flexibility, security 
and safety, reliability and sustainability. Welfare deals with health 
and safety, satisfaction, pleasure, training and staff development. 
Ergonomic quality is a combination of effectiveness, efficiency and 
satisfaction when carrying out an activity. 

Joseph Juran and Kaoru Ishikawa are two of the architects of 
Quality Management. The first developed a roadmap for quality 
planning and was one of the founders of TQM. As consumers are 
inextricably linked with the working organization, efforts should be 
aimed not only at satisfying the needs of the workforce, but also to 
the expectations and satisfaction of users of a service or product. 
Ishikawa constantly defended the position that quality management 
could only be achieved if we follow national and international 
standards. These standards must be considered, but the goal of total 
quality must be higher, i.e., to respond to user requirements. Unlike 
those who have understood the term in a narrow sense, as 
"production quality" Ishikawa examined quality in a broader sense, 
namely: "In a broader sense, quality means quality of work, quality 
of service, quality of information, processes, people, including 
workers, engineers, managers and operational managers, quality of  
systems, quality of companies, quality of objectives, etc. "[2]. 

In this paper are presented: 

-Models for the study of ergonomic quality of e-learning; 

-Methodology and results of an investigation of ergonomic 
quality. 

 

2. Methodology  
The assessment models of ergonomic quality are constructed 

employing the fish-bone of Ishikawa. 

Fig.1. shows a constructed model “fish bone”, which presents 
indicators of effectiveness, efficiency and satisfaction with E-
learning at UCTM evaluated by the faculty.  

Fig.2. shows the constructed model "fish bone", which presents 
indicators of effectiveness, efficiency and satisfaction with E-
learning at UCTM evaluated by the students. 
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Fig. 1. Model for the assessment of ergonomic quality of E-learning at 
UCTM,  Sofia by the  students (after Ishikawa) 
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Fig.2. Model for the assessment of ergonomic quality of E-learning at 
UCTM, Sofia by the faculty members (after Ishikawa) 
 

The methodology of the study includes the development of 
specialized ergonomic cards for the assessment of ergonomic 
quality by faculty and students [3, 4]. The survey was conducted 
among students and faculty at University of Chemical Technology 
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and Metallurgy (UCTM). The estimates are the basis for 
determining: 

• the effectiveness of ICT in lectures, seminars, laboratory 
work, etc.) 

• the efficiency (extent of reduction of  costs and  mental 
stress and increase of  the time for individual work); 

• the satisfaction with the state of the facilities and learning 
environment, motivation, etc. in the course of  the use of 
electronic technology at the university. 

The questions that are present in the ergonomic card were 
grouped into five categories, under the following headings - men , 
machines, materials, measurement and methods or the so-called rule 
"5M". 

Two causal diagrams were constructed – using the "fish-bone" 
model proposed by Ishikawa that visually represent the  
relationships between "problem" - ergonomic quality of e-learning 
and its possible causes. Those "bones" are applied in quality 
management for presenting dependencies between quality 
parameters and the possible impact factors [5,6].  

The main connections within the organization are outlined. 
Subsequently, the roots of a problem can be traced in order to 
improve a service through the introduction of innovations in the 
problem areas. The fish bones are two because the assessment of the 
university teaching staff and students is different. 

Quality is not constant. To meet the expectations of the 
consumers or users and to maintain consistency in quality and 
sustainability depends on the good ratio and interaction between the 
various system components: human-machine-environment. 

 Table 1. Results of the ergonomic survey among students (S) and faculty (F) in percentage 

Questions Yes Rather Yes 
Neither 

agree nor 
disagree 

Rather not No 

S F S F S F S F S F 
Are electronic technologies useful in delivering lectures?– y1 65 94 25 3 7 3 - - 3 - 
Are electronic technologies useful in conducting seminars?–
y2 

57 70 31 23 5 7 3 - 4 - 

Are electronic technologies useful in conducting laboratory 
work?  –y3 

35 70 30 14 15 3 9 10 11 3 

Are electronic technologies useful for self-education? y4 58 80 26 17 4 3 4 - 8 - 
Are electronic technologies useful for self-tests?– y5 44.5 57 32.5 26 8 14 7 3 8 - 
Are electronic technologies useful in conducting exams? – y6 34 30 28 33 11 13 13.5 17 13.5 7 
The availability of good computer base- computers and 
software WOULD influence or not the work of students/ 
faculty in the following aspects: : 

          

-reduction of mental tension– y7 39 43 34 27 11 10 8 13 8 7 
-increase of time for questions and discussions – y8 38 37 34 37 11 6 6 10 11 10 
- increase of time for individual work– y9 31 43 35 40 11 10 13.5 3 9.5 4 
-reduction of material costs– y10 62 33 12 30 7 10 12 13.5 7 13.5 
-fast communication and feedback – y11 63.5 47 16 37 11 10 5.5 3 4 10 
Are there facilitations to implement E-learning in terms of:           
-facilities(computers and network) – y12 39 30 26 47 7 7 13 13 3 3 
-multimedia – y13 38 23 42 30 9 23 9 21 2 3 
-free access to Internet – y14 39 53 22 27 22 17 11 3 6 - 
-free access to computers– y15 34 33 24 33 13.5 23 20 7 8.5 4 
-software for engineering analyses and design – y16 7 7 27 27 20 23 20 20 23 23 
-electronic platforms – y17 23 30 24 30 22 27 18.5 3 13.5 10 
-electronic libraries – y18 50 43 28 37 12 10 5.5 10 4.5 - 
-self-education programs– y19 30 3 19 14 28 33 11 27 12 23 
-self-tests – y20 24 11 18 23 24 23 18 30 16 13 
-access to database - y21 31 27 27 39 19 20 16.5 7 6.5 7 
-enough experienced teachers– y22 40.5 27 23 43 17 27 5 3 9.5 - 
Do you think that electronic technology is sufficiently 
implemented in education  /Intrinsic motifs to use electronic 
technology  - y23 

53 60 20.5 20 12 10 9.5 3 5 - 

Satisfaction with the implementation of the electronic 
technology at the university/ Extrinsic motifs to use 
electronic technology - y24 

38 10 17.5 23 21.5 27 8 13 15 27 

Do you use electronic technologies outside the university? / 
Do you compile electronic materials? - y25 

50 30 28.5 47 9.5 20 8 3 4 - 

Would you like electronic technology to be more widely 
used? / Do you use already compiled materials? - y26 

59 30 16.5 27 9.5 13 9.5 20 5 10 

 

 

The ergonomic cards were then distributed and completed 
anonymously. The survey has 26 questions; the last four questions 
differ for university teaching staff / students, because they are two 
different categories of users. On Fig.1. and Fig.2. next to each 
subcategory, the number of  the question in the survey is marked. 
For example, under the heading “Measurement” we have the 
subcategory “Exam” and next to it we have corresponding number 
of the question in the ergonomic card. Respondents were B.A. and 
M.A. students who attend both full-time and part-time programs, as 

well as faculty at UCTM. For completing the survey respondents 
used a five-point scale of evaluation: Yes; Rather yes; Neither agree 
nor disagree; Rather not; No. 74 valid cards were collected from 
students as well as 30 ergonomic cards from faculty members that 
were processed for the purposes of the report. The data are given in 
Table 1 as a percentage. 

 

40

SCIENTIFIC PROCEEDINGS XIII INTERNATIONAL CONGRESS "MACHINES. TECHNOLОGIES. MATERIALS." 2016 - WINTER SESSION ISSN 1310-3946

YEAR XXIV, VOLUME 1, P.P. 39-42 (2016)



 3. Results and discussion 
After processing the ergonomic cards, the next stage was to 

determine the importance of the parameters, which was done by the 
help of  Stoyanov method for determining the weightings in multi 
decision by ranking the target parameters [7]. 

For any criterion yi, the sum of their assessment values was 
calculated. After processing the results, two graphs were 
constructed. It can be seen which of the evaluated criteria pass the 
line of satisfaction (over 60%) and which fail to do so. 

Fig. 3 shows that teaching satisfaction (satisfaction with the set 
indicators over 60%) is valid for all parameters except y16 (software 
for engineering analysis and design), y19 (programs for self-
education), y20 (self-tests) and y24 (extrinsic motives to use 
electronic technology). Software for engineering analysis and 
design is not sufficiently available; allegedly, one of the reasons is 
the high cost. Programs for self- education and self-control are also 
rated low, leading to the conclusion that there are few sufficiently 
developed or provided programs. The last criterion, which falls 
below the satisfaction line is y24, which is intrinsic motifs for the 
use of electronic technology. But its low value is positive, because a 

small percentage of respondents tell that they use electronic 
technology incited mainly by better pay or fearing administrative 
sanctions. The fact that 94% of surveyed teachers are positive about 
the use of electronic technologies in lectures (y1- the criterion with 
the highest positive value) is very indicative. The faculty realize 
that the teacher is no longer the only and main source of knowledge; 
he/she is a facilitator and manager of the learning process. It is 
possible to save time (instead of writing) or resources (it is no 
longer necessary to copy or buy teaching materials), which makes 
this process much more efficient, effective and satisfying [8]. 

From Fig. 4 it is seen that for the investigated students, the 
greater part of the parameters fall above the  satisfaction  line , 
i.e.they go beyond 60%. On the other hand,  y24 – the criterion that 
directly assesses the satisfaction with the  used electronic 
technology barely reaches the limit of 60%. There are just few clear 
trends – y1, y2, y11, namely the use of electronic technology in 
lectures, seminars as well as fast communications and feedback 
with teachers. 

 

 

 

 

 
Fig 3.Graph showing the degree of satisfaction with the fulfillment of the set criteria by the teaching staff. 

 

 

41

SCIENTIFIC PROCEEDINGS XIII INTERNATIONAL CONGRESS "MACHINES. TECHNOLОGIES. MATERIALS." 2016 - WINTER SESSION ISSN 1310-3946

YEAR XXIV, VOLUME 1, P.P. 39-42 (2016)



 
Fig.4 Graph showing the degree of satisfaction with the fulfillment of the set criteria by the students 

 

4. Conclusion 
Based on this study, it can be concluded that: 

The criteria with the highest priority and satisfaction pertinent 
to both groups are: 

1)  Criterion y1 ( use of electronic technology in conducting 
lectures) and criterion y2 (use of electronic technologies in 
conducting seminars). It can be concluded that the effectiveness is 
the highest.  

2) The effectiveness of the existing software base was 
evaluated as the most unsatisfactory by both groups. Some 
additional work and efforts should be made to improve the 
indicators of criteria - y4 (using electronic technology for self-
study),  y17 (using el.platforms to develop and compile materials) 
and y20 (self tests). 

3) In terms of efficiency-  For the following criteria: y6 
(using el.technology  for examination), y7 (reducing mental tension 
in classes),  y8 (increasing the time for questions and discussions), 
y9 (increasing the time for individual work),  y10 ( reduction of 
material costs) and y11 (fast communication and feedback) , the 
values are very similar for both groups, except for y10- reduction of 
material costs - an indicator that students assessed very positively, 
unlike the university teaching stuff. 

4) When comparing the satisfaction with the use of electronic 
technology, the values  clearly indicate that it is higher for the 
teaching staff (strong intrinsic motivation and a high percentage of 
those who indicated that they used electronic technologies in 
education). As far as the students are concerned, there is a tendency 
for a general satisfaction with few criteria with stronger satisfaction. 
Despite the fact that their assessment is not so clear, there is a 
positive trend not only to adopt and use the new technologies, but 
also an indication for ubiquitous presence of technology in 
education. 
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