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The term “quality” is a wide-ranging concept for which each person or professional sector has 

its own definition. The most progressive quality point of view is that it is entirely determined by the 

customer or the end user and is based on the assessment of customer experience with the product or 

service. The quality of use or ergonomic quality actually shifts the focus from specific product quality 

in isolation to specific products, their users, the tasks and the context in which they are used. The aim 

is to achieve excellent results, but not at the expense of health (physical and mental exhaustion), safety 

or deprivation. Performance requirements rather than product requirements are needed when using a 

product. In order to ensure design flexibility, it is necessary to define performance levels for product 

use rather than simply the technical attributes needed to achieve results or perform activities.In this 

paper, a summative assessment of the ergonomic quality of technologically supported training by 

lecturers and studentsis presented as well as conclusions and recommendations for its optimization at 

this stage of its implementation. 
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Introduction 
The ergonomic quality of interactive products and 

systems encompasses all software aspects that have an 
impact on the user's performance of the task: it covers 
usability in the broadest sense: ease of use, the extent 
to which users can easily interact with the system 
(usually refers to aspects of mode representation, 
interface characteristics, dialogue principles, etc.) to 
the degree of utility, i.e., the extent to which users can 
achieve the objectives of the task or, in other words, 
complete it [1], [2]. 

The ergonomic criteria should not be limited to a 

"product-oriented" approach. Such an approach is 
limited to exploring and evaluating different interface 
functions, often without the need for user involve-
ment. The product-oriented approach typically refers 
to different ergonomic measurements, heuristics, 
checklists, recommendations, and means to consider 
the interactive system (generally limited to the inter-
face) only as a product (after being manufactured). 
Design processes for interactive human-centered 
systems promote a "process-oriented" approach. 

The quality of use, which broadens the concept of 
ergonomic quality [3], [4], is the user's point of view 
regarding the quality of the system and is measured in 
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terms of system performance rather than the 
characteristics of the system itself. Thus, the quality of 
use is the combined effect of all the quality 
characteristics of the system with which it interacts, 
tested by the end user [5]. A product meets the 
requirements of a particular user if it allows the user 
to be effective and productive in terms of time and 
resources and satisfied regardless of the specific 
attributes that the product has. 

Understanding the factors that are deemed critical 
for effective e-Learning in the context of adult 
learning can enable learning professionals to reflect on 
their priorities regarding learning design and to ensure 
that the factors relevant to specific e-Learning 
participants, contexts and solutions are taken into 
account [6]. 

Methodology 
The study of ergonomic quality of technologically 

supported training is a specific aspect of the overall 
assessment of the quality of university education [7]. 
It is a continuous process involving evaluation, with 
subsequent optimization according to the criteria - 
effectiveness, efficiency, and satisfaction [3], [8]. It 
was done with the help of a specially designed 
Ergonomic Control Card containing 26 questions 
(with options for students and for faculty – Appendix 
1). The assessment of ergonomic quality is an 
assessment made by students and lecturers at the 
University of Chemical Technology and Metallurgy 
(UCTM) as direct users of e-learning. 

In order to complete the survey, respondents use a 
five-step assessment scale: Yes; Rather yes; Neither 
Yes or No; Rather not; No. In the inquiry, 74 valid 
student ergonomic cards and 30 teacher ergonomic 
cards were collected for the purpose of the report. The 
estimates obtained are the basis for evaluating: 

1. The effectiveness of using electronic 
technologies in different forms of education 
(lectures, seminars, laboratory exercises), self-
study and self-control, control of acquired 
knowledge - assessed by questions 1.1, 1.2, 1.3, 
1.4, 1.5 and 1.6; 

2. The efficiency of using electronic technologies, 
which is to reduce both material costs (transport 
costs, teaching aids, xerox) and intangible 
resources (reducing the mental load while 
studying and reducing the loss of contact time 
with teachers, feedback and active learning) - 
assessed by questions 2.1, 2.2, 2.3, 2.4 and 2.5; 

3. Satisfaction with the use of electronic 
technologies is seen as a combination of the 
availability of good facilities (computers and 

networks, multimedia projectors) and software 
(electronic platforms, electronic libraries, self-
study and self-control programs, engineering 
analysis software and design software) as well as 
lecturers with experience in e-learning - assessed 
by questions 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.7, 3.8, 
3.9, 3.10 and 3.11; 

4. Additional indicators related to the self-
assessment and motivation of students to work in 
electronic environment on the one hand as well 
as for lecturers' motivations to work in electronic 
environment, to use ready-made electronic 
materials or to design their own on the other 
hand  are assessed by questions 4.1, 4.2, 4.3, 4.4. 

The assessment values are estimated according the 
score correspondence table (Table 1), according to 
which the five-step assessment scale answers from % 
(Appendix 1) can be transformed to assessment scores 
(AS): 

AS1 = (% Yes)*(Score ‘Yes’)/100 
AS2 = (% Rather Yes)*(Score ‘Rather Yes’)/100 
AS3 = (% Neither Yes, nor No)*(Score ‘Neither 

Yes, nor No’)/100 
AS4 = (% Rather No)*(Score ‘Rather No’)/100 
AS5 = (% No)*(Score ‘No’)/100 

and the summary assessment score (SAS) can be cal-
culated by: 

SAS = AS1 + AS2 + AS3 + AS4 + AS5. 
The summary assessment score has maximum 

value SASmax = 5 (when 100% of the respondents give 
answer ‘Yes’) and minimum value SASmin = 1 (when 
100% of the respondents give answer ‘No’). 

Table 1 
Score correspondence table 

Answer Yes Rather 
Yes 

Neither Yes, 
nor No 

Rather 
No No 

Score 5 4 3 2 1 

Results and discussion 
After processing the ergonomic control cards, the 

following hypotheses were made: 
Hypotheses: Is there a statistically significant 

correlation between the ergonomic assessments of the 
quality of e-Learning and its criteria for the two 
investigated groups in terms of: 

• Effectiveness (Questions 1.1 to 1.6); 
• Efficiency (Questions 2.1 to 2.5); 
• Satisfaction (Questions 3.1 to 3.11); 
• Quality of e-learning (all questions). 
Pearson linear correlation coefficientis were 

calculated for each case by: 
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where  and ̅ are the estimated mathematical 
expectations of the assessment scores for the students 
and the lecturers and sy and sz are the corresponding 
standard deviations and n is the number of questions. 
For each case a hypothesis was tested:  

0:0 =yzH ρ   0:1 ≠yzH ρ  
by calculation of the value: 
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The calculated t-value is compared with the critical 
value of Student’s distribution ( )να ,ttТ = , where 
α=0.05 is the significance level and ν = n-2 are the 
corresponding degrees of freedom. If t ≤ tT the 
correlation coefficient ryz is considered insignificant 
and if t > tT the correlation coefficient ryz is accepted 
to be significant. 

Calculations were made, which are presented in 
Table 2, as well as the conclusions that follow. The 
Pearson linear correlation coefficient, the calculated 
and critical value of Student for Efficiency, 
Efficiency, and Satisfaction distribution, as well as for 
the ergonomic quality as a whole are presented. 

 
Table 2 

Correlation coefficients for ergonomic assessments by 

students and lecturers 

Criteria for the 
ergonomic 
quality of 
e-learning 

 t  Conclusion 

Effectiveness 0.8905 3.9153 2.7764 
: ≠ 0 

significant

Efficiency -0.0468 -0.0812 3.1824 
: = 0 

insignificant

Satisfaction 0.6193 2.3664 2.2622 
: ≠ 0 

significant
Summative 
Ergonomic 

Quality 
0.7257 5.1679 2.0639 

: ≠ 0 
significant

 
From the values of the obtained linear correlation 

coefficients, it can be seen that: 
• for the effectiveness criterion there is a 

significant positive linear correlation between the 
assessments of the students and the faculty. High 

faculty ratings correspond to high marks given 
by students as well, and similarly the low marks 
given by the group of the students parallel the 
ones given by the faculty. 

• for the efficiency criterion, the correlation 
coefficient is insignificant. There is no 
correlation between the assessments given by the 
lecturers and the students. There is a reason to 
conclude that the two investigated groups have a 
different view and consequently a different 
assessment of the efficiency indicators. For 
example, the possibilities for self-study is an 
advantage for the students, but for the faculty, it 
is related to spending time and other resources to 
create appropriate electronic products or 
materials. 

• for the satisfaction criterion there is a significant 
positive linear dependence between the 
assessments of the students and the faculty. 
There is a tendency for the lecturers' high marks 
to correspond to high marks given by the 
students, but there are also deviations (e.g. in 
terms of self-study). 

• for the summative quality criterion, a significant 
positive linear correlation between the students 
'and lecturers' assessments was obtained. 
Additional questions were included in the 
evaluation. Again, the trend is that lecturers' high 
scores correspond to high ratings given by 
students, with deviations being due to the 
inclusion of the efficiency criterion. 

For all the indicators related to the effectiveness of 
the technologically supported training, the faculty give 
higher marks than the students (Fig. 1). The difference 
regarding the 1.3 indicator - use of electronic 
technologies for laboratory exercises is significant.  

 

 
Fig.1. Summary assessment scores SAS of effectiveness (for 

questions Q.1.1 to Q.1.6) of e-learning by students and 

lecturers. 
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Faculty give a much higher rating, indicating that they 
see and appreciate the benefits of e-learning more 
convincingly. Based on their experience, lecturers are 
aware that technology-assisted learning is not a 
process of passive content consumption. Essentially, it 
is a process based on activities taking place in 
interactive environments and work situations. Thus, 
learners are actively involved in jointly solving 
specific tasks and influence their behavior through 
bidirectional communication. 

For three of the efficiency indicators (reducing 
mental tension, increasing the time for discussion and 
quick feedback), the assessments of both faculty and 
students are almost identical. For two of the 
indicators, the marks are diametrically opposed (Fig. 
2). In terms of time for individual work, lecturers 
believe that electronic technologies are a prerequisite 
for its increase while students have lower grades than 
teachers. (The probable cause is the increased 
communication opportunities between colleagues, 
which is not individual work; this indicator is subject 
to further research). Students are convinced that 
electronic technologies help reduce some material 
costs (purchasing textbooks, teaching aids, designing 
projects, writing and preparing theses). The viewpoint 
of the teachers differs, probably (this should be 
studied separately) because of the calculation of 
professional and organizational efforts and the low 
payment for designing electronic materials for the 
training. 

 
Fig.2. Summary assessment scores SAS of efficiency (for 

questions Q.2.1 to Q.2.5) of e-learning by students and 

lecturers.  

It is obvious that a differentiated approach and 
a selection of specific indicators relating 

differently to the groups of students and faculty 
should be used to assess the efficiency. 

Overall, the ergonomic assessment of the 
efficiency of e-learning shows the need for an in-
depth study of the factors that determine it, as 
well as an accelerated development of the real 
attributes of efficiency, namely time, material and 
psychological savings. 

The graphical representation of the ergonomic 
assessments of the criterion “satisfaction with e-
learning” shows less coincidencesand more 
discrepancies (not statistically significant) in the 
opinion of students and faculty (Fig. 3). Students and 
lecturers provide close but low scores on indicators 
such as: available free-access to computers, e-learning 
platforms, extended database access, lecturers with 
experience in electronic technology. The 
discrepancies in the estimates are due to indicators 
such as: enough multimedia devices in the halls 
(teachers are not fully satisfied); free internet access 
(students are not satisfied); the availability of a 
software base for engineering analysis and design 
(both groups are dissatisfied, the faculty providing a 
fairly low score of 2.73). 

 
Fig.3. Summary assessment scores SAS of satisfaction (for 

questions Q.3.1 to Q.3.11) of e-learning by students and 

lecturers.  

For each of the ergonomic quality criteria the 
average grade given by students and lecturers was 
calculated. Estimates of the summative ergonomic 
quality of e-learning based on the criteria of 
effectiveness, efficiency and satisfaction for the two 
groups of surveyed persons and for all respondents are 
presented in Table 3. 

The ergonomic quality of e-learning based on the 
factors discussed on the basis of the assessments given 
by lecturers is 4.00, for the students, the value is 3.92 
and the summative ergonomic quality evaluation 
obtained as the arithmetic mean of the scores of the 
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two groups is 3.96 (Fig. 4). According to the proposed 
methodology, this indicator 4 ("rather yes") 
corresponds to a good estimate. 

 
Table 3 

Average ergonomic assessments of the ergonomic quality of 

e-learning (by the three criteria) by students (S) and faculty 

(F) 

Criteria for 
ergonomic quality 

of E-learning: 
S F Summative

Effectiveness 4.05 4.44 4.25 

Efficiency 3.95 3.92 3.94 

Satisfaction 3.76 3.65 3.7 

Summative 
ergonomic quality 3.92 4 3.96 

 
 

 
Fig. 4. Average assessment scores of the ergonomic quality 

and of its constituents: effectiveness, efficiency, and 

satisfaction 

Conclusions 
For the first evaluated criterion - effectiveness, for 

the faculty, the calculated value is 4.44; as for the 
students, it is 4.05 and the summative effectiveness 
for the two studied groups is 4.25. These assessments 
indicate that the surveyed groups believe that E-
learning results in high learning outcomes. Combining 
the good teaching methodology in blended learning 
with the attractive possibilities for computer modeling 
and visualization provides for more effective training. 

The learning content in electronic form gives good 
opportunities for visualization and perception. E-
learning creates the conditions for faster 
communications, high mobility, easy access to 
information of a various kind. 

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. 

A high assessment of the summative effectiveness 
is a factor for the deployment and accelerated 
penetration of E-learning and intensive work in an 
electronic environment. 

Regarding the second criterion- efficiency, the 
values for the two investigated groups are very 
similar: 3.95 for the students and 3.92 for the faculty, 
and the summative efficiency assessment is 3.94. 
There is no correlation between the two studied 
groups, which in practice means that efficiency is 
assessed quite differently. 

Whether efficiency will be low or high, depends on 
the material studied and the methods of its 
presentation and organization, that is, in relation to 
educational institutions, if they and in particular the 
teachers have prepared and organized the e-learning, 
this will lead to greater efficiency for the trainees - 
less material costs and less waste of time and mental 
energy, but also a greater burden on teachers. 

For the third criterion - satisfaction in an electronic 
environment, the values are the lowest - a rating of 
3.76 given by the students and a rating of 3.65 given 
by the faculty. The summative assessment of the two 
groups is 3.70. There is a correlation between the 
answers given by students and teachers, which in fact 
mean that the high marks given by the teachers 
generally correspond to the assessments given by the 
students and vice versa. 

More and more the requirements of modern 
learners and their satisfaction will shape the 
educational process. Parallel with them, the teaching 
staff with its specific characteristics is the other 
critical factor. The average satisfaction score is 
slightly below 4 (3.70), which is an important signal 
for intensive work towards optimizing e-learning on 
the indicators discussed. 

Regarding the assessment of the ergonomic quality 
of e-learning, the values are: 3.92 of the students, 4.00 
of the lecturers and a summative assessment for the 
ergonomic quality for the two groups is 3.96. 
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Ergonomic quality is measured by criteria: 
effectiveness, efficiency, and satisfaction of the 
technologically supported training and its 
implementation. This assessment is not low, according 
to the methodology used, but serious work needs to be 
done on the satisfaction criterion regarding both 
groups. The lower values of the satisfaction criterion 
are still compensated by the high marks for 
effectiveness which is highly appreciated by both 
groups. 

Training, like all other human activities, is subject 
to optimization - design, assessment,and redesign so 
that it adapts to all changes arising from the 
environment and people and the development of 
technology. The process of continuous improvement 
is the one that aims at improving the process of work 
and satisfying the consumer and thus leads to a higher 
quality of the activities performed and hence to a 
higher quality of life at all. 

Educational institutions do not function for 
themselves but for students and society as a whole, 
providing quality education and good opportunities 
for future professional realization. Based on good 
European and world practices, higher education 
institutions should place the satisfaction of the 
students in their educational service as a key factor in 
their actions in the context of the new information 
environment. 
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Appendix 1  
Ergonomic Control Card (scores – S and F are given  in % correspondingly from the 74 student ergonomic cards and 30 

teacher ergonomic cards) 

№ Questions 
Yes Rather 

Yes 

Neither 
Yes, 
nor No 

Rather 
No No 

S F S F S F S F S F 

1.1 Is the use of electronic technology appropriate for lectures? 65 94 25 3 7 3 0 0 3 0 
1.2 Is the use of electronic technology appropriate for seminars?  57 70 31 23 5 7 3 0 4 0 
1.3 Is the use of electronic technology appropriate for laboratory 

exercises?  35 70 30 14 15 3 9 10 11 3 

1.4 Is the use of electronic technology appropriate for self-study?  58 80 26 17 4 3 4 0 8 0 
1.5 Is the use of electronic technology appropriate for self-control?  44.5 57 32.5 26 8 14 7 3 8 0 
1.6 Is the use of electronic technology appropriate for examination? 34 30 28 33 11 13 13.5 17 13.5 7 

 If the electronic materials/platforms/technology  for a given 
discipline is well organized would that affect the work of 
students (S) / faculty (F) in the following aspects: 

          

2.1 -reduction of the mental load  39 43 34 27 11 10 8 13 8 7 
2.2 -more time for questions and discussions  38 37 34 37 11 6 6 10 11 10 
2.3 -more time for individul work 31 43 35 40 11 10 13.5 3 9.5 4 
2.4 -cost reduction   62 33 12 30 7 10 12 13.5 7 13.5
2.5 - fast communications and feedback 63.5 47 16 37 11 10 5.5 3 4 3 

 To what extent is the university tready to use eTechnology in 
learning in the following aspects:           

3.1 -computers and networks  39 30 26 47 19 7 13 13 3 3 
3.2 -multimedia projectors in the classrooms  38 23 42 30 9 23 9 21 2 3 
3.3 -free Internet access  39 53 22 27 22 17 11 3 6 0 
3.4 -free access to computers  34 33 24 33 13.5 23 20 7 8.5 4 
3.5 -software for engineering analysis and design  7 7 27 27 20 23 23 20 23 23 
3.6 -electronic platforms  23 30 24 30 22 27 18 3 13 10 
3.7 -electronic libraries 50 43 28 37 12 10 5.5 10 4.5 0 
3.8 -programs for self-study  30 3 19 14 28 33 11 27 12 23 
3.9 - tests for self-control  24 11 18 23 24 23 18 30 16 13 

3.10 -access to database 31 27 27 39 19 20 16.5 7 6.5 7 
3.11 -enough teachers with experience with electronic technology  40.5 27 23 43 17 27 5 3 9.5 0 
4.1 Do you use electronic technologies in learning (S) / Is your 

motivation to use electronic technology intrinsic (F) 53 60 20 20 12 17 10 3 5 0 

4.2 Are you satisfied with the electronic technologies at the 
university (S) / Are there any external requirements or 
incentives for using electronic technologies in training (F)  

38 10 17 23 22 27 8 13 15 27 

4.3 Do you use electronic technologies for learning outside the 
university (S) / Do you design electronic learning materials (F) 50 30 28 47 10 20 8 3 4 0 

4.4 Would you like more extensive use of electronic technology in 
training (S) / Do you use ready computer training materials (F)  59 30 16 27 9 13 10 20 6 10 
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