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Analysis of the ergonomic quality of e-learning through statistical 
methods 

Maria Todorova, Elena Koleva, Ivelina Kotseva 

 

A key factor in e-learning in the future will be a quality orientation that firstly places learners or 
users of education services. They have to take the lead in terms of quality concepts of e-learning, since 
their professional competence is at a stake. The essential role of Trainees/Users in assessing and 
assuring the quality of e-learning demonstrates the need for reliable quality research from the 
perspective of Trainees/Users. The definition of quality factors from the point of view of Trainees is 
important so that they can be used for the future design of specific eLearning programs. 
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Анализ на ергономичното качество на електронното обучение чрез статистически 
методи (М. Тодорова, Е. Колева, И. Коцева). Ключов фактор в електронното обучение  за в 
бъдеще  ще бъде ориентация към качество, при която на първо място са поставени учащите 
или потребителите на образователните услуги. Те трябва да заемат главна позиция по 
отношение на  концепциите за качество на електронното обучение, тъй като залогът е 
тяхната професионална компетентност. Съществената роля на Обучаваните за оценяване и 
осигуряване на качеството на електронно обучение показва нуждата от надеждни 
изследвания на качеството от перспективата на Обучаваните.  Дефинирането на фактори  
за определяне на качеството от гледна точка на Обучаваните е важно, така че те да могат 
да бъдат използвани за бъдещо конструиране на конкретни програми за електронно обучение.  

 

Introduction 

More than 30 years ago, the International 
Organization for Standardization (ISO) published the 
first ISO 9000 series standards and supplemented 
them in the new millennium with technical 
specifications and recommendations to help 
organizations implement them to their full potential. It 
is known that quality management systems are based 
on eight principles, one of the most important being 
"customer satisfaction" and "process approach" 
[1,2,3]. 

Each organization can achieve sustained success 
when there is an understanding of the current and 
future needs of customers and other stakeholders. In 
the context of higher education, the concept of 
student-centered learning [4,5] is increasingly being 
discussed. 

Ergonomic criteria 

The International Organization for Standardization 
(ISO) defines the usability of a product or service with 
the criteria: effectiveness, efficiency and satisfaction, 
where the user achieves specific goals in a given 

environment (ISO DIS 9241-11) [3]. 
The effectiveness is characterized by the 

performance of the intended work by the user; there is 
no parameter "time" and the notion "ease of use". 
Work simply needs to be done and thus the system to 
be effective. In other words, if there are two systems 
and one can perform the task with the first one, but 
not with the second one, the first one is effective and 
the second is ineffective. 

In the criterion "efficiency" time is included as a 
parameter. If the task can be done for 5 minutes when 
using one system, and for 10 minutes when working 
with another one, the shorter time to work with the 
first system makes it more efficient. Efficiency 
includes also cost reduction, reduction of mental and 
physical efforts, as well as of monotony, etc. 

User satisfaction from working with the system is 
the third usability indicator in the ISO definition. This 
indicator is complex and can be linked to different 
aspects of the system. There are methods for 
measuring subjective indicators. User satisfaction can 
be judged by the degree of acceptance of the system 
by the user as a degree of convenience and preference 
for working with it compared to a similar one. 
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Measurement of ergonomic criteria 

 Effectiveness 
There are many definitions of effectiveness such as 

“outcomes”, “transfer”, “application”, etc. [6].  For 
the quantification of the quality of use or the degree of 
usability of electronic technologies, one model that 
can be followed is the MUSiC approach (Macleod, M. 
et al., 1997) [7] to measure the results achieved. 
Methods for measuring effectiveness and efficiency 
are available in all versions of the method. Estimating 
the effectiveness requires an analysis of the result (s) 
from the activity/task. It is necessary to evaluate how 
many tasks (quantity) are fulfilled and how many of 
them are correctly executed (quality). Therefore, the 
effectiveness with which users use an IT product to 
perform a task is defined as a function of two 
components, the number of tasks performed by users, 
and the quality of the activity performed on 
predefined criteria so as to minimize subjectivism. 

Effectiveness = f (Quantity, Quality). 

Determining the effectiveness of a particular task 
(PT) is obtained by measuring quantity and quality 
indicators independently of each other and then 
applying the following formula: 

PT = ((Quantity x Quality)%) / 100. 

 Efficiency 
In terms of efficiency, the term "efficiency" is 

understood as the ratio of the useful outputs to the 
input energy (the MUSiC project). 

Efficiency = (inputs / energy) / (results obtained) 

From the user's point of view, the amount of effort 
involved can be calculated depending on the time 
spent for the task, or the mental/physical effort 
required to complete the task. Therefore, two types of 
efficiency definitions can be given: 

User Efficiency = Effectiveness  
/ (Time to Perform the Task) 

Human efficiency = Effectiveness 
/ (Physical / (mental (cognitive)) efforts) 

From the point of view of the organization, the 
costs it makes is: 
 labor costs (lecturer); 
 expenditure on resources and equipment used; 
 cost of any training. 

In this case, the efficiency can be represented as: 

 

Organizational Efficiency = Effectiveness  
         / (Total costs) 

 Satisfaction 
Taking into account the effectiveness of the work 

system, a safe, healthy and satisfying work for a 
person in the accomplishment of a task, activity or job 
must be guaranteed. 

There are different definitions and concepts of 
work satisfaction. Some associate work satisfaction 
with positive emotions and define work satisfaction as 
a positive adjustment (or feelings) that people have to 
work. They underline the reciprocal nature of positive 
working attitudes and subjective well-being [8].   

Evaluation of effectiveness according to 
satisfaction indicators includes: 
 Satisfaction with work as a whole; 
 Satisfaction with the organization, control, 

planning and information; 
 Satisfaction with the ability to enhance one’s 

qualification and realization; 
 Satisfaction with pay / stimulation; 
 Satisfaction with the work-person relationship; 
 Satisfaction with hygiene and safety in the 

workplace; 
 Satisfaction with the style of leadership; 
 Satisfaction with relationships at work, colleagues, 

administration and leadership; 
 Satisfaction with the leadership of the organization 

and the quality principles. 
Job satisfaction is a component of total life 

satisfaction and is a criterion for the quality of life at 
work and beyond. 

Factor analysis of the whole survey 

The purpose of this article is to apply a factor 
analysis of the investigation conducted in accordance 
with the above-mentioned ergonomic criteria - 
effectiveness, efficiency and satisfaction with the 
quality of eLearning, as well as to determine the 
degree of fulfilment of each criterion and confirm the 
survey structure. The analysis includes the Kaiser-
Meyer-Olkin (KMO) criterion for the adequacy of the 
sample. A total of 104 persons were surveyed - 30 
lecturers and 74 students. The study of the ergonomic 
quality of eLearning includes 22 questions. Likert's 5-
step scale, with "I strongly disagree", "I do not really 
agree,"  "I can not judge",  "I rather agree" and "I 
strongly agree" was used. The results are given in 
Appendix 1 after transforming the responses into 
points using a scaled scoring presented in Table 1. 
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Table 1.  
Scoring the levels 

Scale Yes Rather 
Yes 

Neither 
Yes, nor 
No 

Rather 
No 

No 

Score 1 0.75 0.50 0.25 0 

 
Each evaluation is assigned the appropriate score. 

The level of fulfilment (Zyi) for each of the criteria for 
the ergonomic quality of e-learning is determined by 
the formula: 

��� =
∑ ���
�
���

�
× 100 

 
where R is the number of people surveyed. 

The last column of Appendix 1 shows that the 
fulfilment of the effectiveness criterion is the highest 
(79.05) followed by the efficiency (73.46). With 
regard to the satisfaction criterion, we have found the 
lowest value - 64.07. 

Factor analysis of empirical results was applied. 
Fig. 1 indicates the presence of six latent factors 
(Appendix 2). 

 
Fig.1. Scree test 

From the matrix of the components of these factors 
(Table 2.), below we assume that: 
 for the first factor (Component 1), Question 3.5, 

Questions 3.8, 3.9 and 3.10. have contributed to its 
determination, that is, the relevant coefficients of 
all questions are greater than +0.3 or less than -0.3 
(borderline not taken into account);. 

 for the second factor (Component 2) contributions 
have Questions 1.5, 1.6 and 2.5; 

 
Table 2.  

Pattern Matrix of the ergonomic investigation 

  Factor 
  1 2 3 4 5 6 

Question 1.1 0.017 0.000 0.063 0.820 0.032 0.065 

Question 1.2 0.087 0.020 0.055 0.822 0.076 -0.069 

Question 1.3 0.132 0.354 0.045 0.390 -0.151 -0.416 

Question 1.4 -0.127 0.311 0.301 0.419 -0.148 0.183 

Question 1.5 0.094 0.828 0.019 0.087 0.036 0.083 

Question 1.6 -0.125 0.879 -0.040 -0.014 -0.011 0.119 

Question 2.1 -0.152 0.027 0.654 0.179 -0.186 0.017 

Question 2.2 0.048 -0.161 0.851 0.148 0.138 0.085 

Question 2.3 -0.246 -0.010 0.594 0.137 -0.212 -0.058 

Question 2.4 0.255 0.225 0.753 -0.260 0.156 -0.056 

Question 2.5 0.313 0.495 0.354 -0.047 -0.183 -0.143 

Question 3.1 0.325 -0.011 0.036 -0.085 -0.509 0.302 

Question 3.2 0.333 -0.331 0.100 -0.075 -0.453 0.003 

Question 3.3 -0.069 0.025 -0.051 0.161 -0.822 -0.072 

Question 3.4 0.019 0.124 0.085 -0.226 -0.797 0.130 

Question 3.5 0.485 -0.055 0.080 -0.073 -0.383 0.238 

Question 3.6 0.177 -0.063 0.088 0.235 -0.354 0.528 

Question 3.7 -0.031 0.179 -0.039 -0.060 -0.014 0.825 

Question 3.8 0.815 -0.128 0.119 -0.015 0.127 0.071 

Question 3.9 0.738 0.078 -0.086 0.205 -0.014 0.076 

Question 3.10 0.689 0.162 -0.126 0.011 -0.281 -0.107 

Question 3.11 0.305 0.111 0.059 0.324 0.008 0.452 
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 for the third factor (Component 3), Questions 2.1, 
2.2, 2.3 and 2.4 are of significance; 

 for the fourth factor (Component 4), Questions 1.1, 
1.2, 1.3 and 1.4 are of significance; 

 for the fifth factor (Component 5), there are 
Questions 3.1, 3.2, 3.3, 3.4 are of significance; 

 for the sixth factor (Component 6) contributions 
have Questions 3.6, 3.7 and 3.11. 
These six factors account for 66.101% of the 

differences in the responses of the ergonomic 
research. 

It is worth noticing the strong commitment of the 
issues with the greatest weight in defining the first 
factor - access to a database (Question 3.10), self-
testing (Question 3.9) and self-study programs 
(Question 3.8), as well as question concerning the 
software base - software for engineering analysis and 
design (Question 3.5). 

From a methodological point of view, the self-
study work should be located after the lecture and 
before the laboratory (or seminar) exercise. In self-
training or self-study, practical classes would be 
useful for learners if they are able to read in electronic 
form additional textual material (syllabus) in order to 
facilitate and deepen the perception of new 
knowledge. The learner can self-test the degree of 
material learning through a self-test prepared by the 
lecturer. If the test is in electronic form and provides 
appropriate feedback to explain the mistakes made, it 
will help the learner to master the new knowledge to 
the maximum, to be confident that he/she understands 
and reflects the course material and is sufficiently 
prepared to apply it in practice. Such a type of test can 
also be used as an entrance test before a seminar or a 
laboratory exercise. With regard to the concept of a 
database, this is a large storage in which an institution 
stores all the data it processes, from which different 
users can retrieve data. The database is conceived as a 
tool for direct support of the self-learning forms - 
study and exam programs, an archive of topics, self-
tests, information about the course, etc. 

This is the most varied factor in the opinion of the 
surveyed, in other words, the factor that is most 
important for the optimization of the ergonomic 
quality at this stage of eLearning implementation. 

The factor is mainly determined by the access to a 
database and structured material for self-control and 
self-study. In other words, more work is needed to be 
done in this particular direction: to create and update 
e-learning content. The factor is determined by 
indicators for satisfaction. 

 The most important issues that determine the 
second factor are related to the use of electronic 

technologies in exam and self-control. Self-
assessment and pre-exam revision are a form of active 
learning. They are a prerequisite for a successful 
exam. Well-organized and well-managed interactive 
learning environments support significantly active 
learning. As a result, important qualities such as 
autonomy, responsibility, organization, the ability to 
make adequate decisions are built up. Surprisingly, 
this factor is also influenced by Question 2.5, 
concerning faster communication and feedback in 
conducting e-learning. One possible explanation is the 
faster feedback with the teacher and the other 
participants in the training is seen as a prerequisite for 
achieving results rather than as a prerequisite for 
reducing material costs and time (for travelling, 
waiting for office hours to meet the lecturer). 

The third factor is determined by Questions 2.1, 
2.2, 2.3, 2.4. The issues with the greatest weight here 
are related to increasing time for individual work, 
questions and discussions. The reduction of non-
material costs is, in fact, a reduction of mental load. E-
learning is less frightening and safer from a 
psychological point of view than traditional education 
because teachers create opportunities for individual 
learners to work at their own pace or adapt their 
learning to their skills and learning needs. When using 
an e-learning system, the main task of the lecturer is to 
place the trainee in a comfortable, relaxed working 
atmosphere. Such an atmosphere stimulates a positive 
cognitive motivation in learners. 

The factor is determined by the economy of time 
or rational use of time by shifting time from passive 
knowledge transfer to teamwork or individual active 
learning with greater mental comfort. More efforts 
should be made to promote and support active 
learning in a relaxed and well-intentioned learning 
environment. The factor is determined by efficiency 
issues. 

The most significant issues in determining the 
fourth factor are those concerning to what extent 
electronic technologies are suitable for lectures and 
seminars as well as for laboratory work and self-study. 

Apparently, the classic linear ways of conducting 
classes are too "boring and slow" as the younger 
generation is accustomed to the many incentives that 
attract and engage their attention. Traditional, step-by-
step lectures and seminars make them tired, bored and 
unable to keep their attention and focus for a long 
time. The lecture can be divided into sections and 
shown in a table of contents. Therefore, users can 
choose to repeat a specific topic of presentation based 
on their individual motivation, interest or pre-
knowledge. 



“Е+Е”, vol. 53, 9-10, 2018 275

The factor is determined by the access to the 
electronic content of lectures and seminars, laboratory 
activities, making them accessible at any time 
according to the psychophysiological state of each 
individual. It is therefore important to develop and 
update lectures and courses in an electronic version. 
The factor is mainly determined by questions about 
effectiveness. 

The fifth factor is determined by Questions 3.1, 
3.2, 3.3, 3.4. The strong commitment of questions - 
free access to computers, free Internet access and 
availability of computers and networks and 
multimedia projectors - is impressive. 

The issue concerns the provision of material 
facilities and guaranteed access to new technologies, 
which are a prerequisite for their use, and the 
achievement of good results with them in carrying out 
a specific activity or tasks. 

The last factor is conditioned by questions 3.6, 3.7 
and 3.11. These are questions about the availability of 
electronic platforms, libraries, and enough lecturers 
with good knowledge in conducting e-learning. 
Satisfaction with the availability and use of electronic 
libraries and electronic platforms is the most 
important issue for determining this factor. The 
electronic library presents a variety of materials of a 
general or specialized nature on an electronic medium. 
The focus in electronic environments is more on the 
experience the learners will acquire, not on the 
resources to be read. The set of tools and the structure 
of virtual learning environments offer not only the 
presentation and transfer of knowledge but also the 
involvement of learners through activities. Many 
university lecturers have realized the need to 
overcome their role as the only source or knowledge 
regulator. They have an attitude of change, but they 
must also have the support of their colleagues, so it is 
essential that they work in a team, learn from each 
other, exchange experience and have the necessary 
support and assistance from the university leadership 
in the process the introduction of e-technologies in 
education. 

This factor is determined by the rapid access to 
specific information, its practical application and the 
support of a lecturer. There must be structured e-
courses on the one hand, which provide the minimum 
requirements of each discipline, as well as electronic 
resources for additional reading, according to 
individual needs, as well as adequate "servicing" or 
facilitation of the users. The factor is mostly 
determined by satisfaction issues. 

Analysis of the structure of the survey 

The factor analysis and commentary of the 
indicators that have the greatest weight in determining 
each factor according to the proposed ergonomic 
criteria - efficiency, effectiveness and satisfaction, 
quite logically lead to the question whether the 
selected indicators in the form of questions to the 
users are the most appropriate for the relevant 
criterion. 

In terms of effectiveness (Questions 1.1-1.6), we 
observe the grouping of the first 4 questions that are 
essential for determining the 6th factor and grouping 
the 1.5. and 1.6, which together with Question 2.5 
determine the second factor.  

In terms of efficiency Questions, 2.1-2.4 are 
grouped in terms of cost reduction, as well as 
reduction of mental load, monotony and passive 
perception. Question 2.5 concerning the increase of 
the possibilities for fast communication and feedback 
is perceived by respondents as being the criterion of 
effectiveness. 

Regarding the satisfaction with the electronic 
technology training, there are three groups that 
questions fall into: Questions 3.1-3.4, determine the 
fifth factor and relate to satisfaction with availability 
of technological facilities; Questions 3.5 and 3.8-3.10 
form a second subgroup and concern availability of 
software for self-study and control; Questions 3.6, 3.7 
and 3.11 form a third group within this criterion and 
concern the availability of lecturers with a good 
knowledge of the use of electronic technologies in 
training, as well as availability and servicing of 
electronic platforms and electronic libraries. 

The summarized ergonomic quality scheme of the 
E-learning conducted at UCTM, based on the study 
conducted and the analyzed results is presented in Fig. 
2. 

Conclusions 

The quality of use actually shifts the focus from 
product quality in isolation to the specific product and 
its users, the tasks and the context in which they are 
used. The goal of the product is to help the user 
achieve certain goals and to be satisfied with its use 
and the results achieved and with fewer resources. 

From the factor analysis’ results of the ergonomic 
quality of e-learning according to the criteria of 
effectiveness, efficiency and satisfaction by the users 
at UCTM concerning the electronic technologies in 
education, we can draw the following conclusions: 
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Fig.. 2. Summarized scheme for the ergonomic quality of E-learning 

1. It is necessary to develop and update electronic 
learning content. 

2. It is necessary to accelerate the development of 
software (program) provision of e-learning, which 
includes: development of self-study programs, self-
testing; access to specialized databases, and the 
availability of software for engineering analysis and 
design. 

3. In conducting e-learning, more effort should be 
made to encourage and support active learning in a 
relaxed and predisposing learning environment. 

4. The "digital generation" prefers and uses the 
technology to obtain instant information, often 
fragmented instead of full-text, visual over text. 
Students require easy access to the learning material 
and use it at any time. 

5. There is a need for availability and guaranteed 
access to new technologies and trends. 

6. The expectations of the users are to have 
lecturers with good knowledge of e-learning, 
availability and servicing of electronic platforms and 
libraries. 

7. The lowest level of fulfilment exhibits the 
criterion - satisfaction, which indicates that there is a 
lot of effort to be done. The criterion efficiency 
contains an indicator that the survey participants 
attribute to effectiveness. This is an important part of 
the analysis as it allows to improve the structure of the 
survey. 

8. The three ergonomic criteria applied to the 
quality of eLearning from user’s point of view are 
grouped into several subgroups, which allows 
understanding the different aspects of each of these 
criteria. 
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Appendix 1.  
Ergonomic Control Card scores (in  points  from 104 ergonomic cards) 

№ 
Questions Yes 

Rather 
Yes 

Neither 
Yes, nor 

No 

Rather 
No 

No 
Degree 

fulfilment, 
% 

1 Effectiveness  79.05 

1.1 Is the use of electronic technology appropriate for lectures? 76 15 3 0 0 90.38 

1.2 Is the use of electronic technology appropriate for seminars?  63 22.5 3 0.5 0 85.58 

1.3 Is the use of electronic technology appropriate for laboratory 
exercises?  47 19.5 6 2.5 0 72.12 

1.4 Is the use of electronic technology appropriate for self-study?  67 18 2 0.75 0 84.38 

1.5 Is the use of electronic technology appropriate for self-control?  50 24 5 1.5 0 77.40 

1.6 Is the use of electronic technology appropriate for examination?  34 23.25 6 3.75 0 64.42 

2 Efficiency  73.46 
 If the electronic materials/platforms/technology  for a given 

discipline is well organized would that affect the work in the 
following aspects:  

2.1 -reduction of the mental load  42 24.75 5.5 2.5 0 71.88 

2.2 -more time for questions and discussions  39 27 5 1.75 0 69.95 

2.3 -more time for individual work 36 28.5 5.5 2.75 0 69.95 

2.4 -cost reduction   56 13.5 4 3.25 0 73.80 

2.5 - fast communications and feedback 61 17.25 5.5 1.25 0 81.73 

3 Satisfaction  64.07 
 To what extent is the university ready to use eTechnology in 

learning in the following aspects:  

3.1 -computers and networks  38 24.75 8 3.5 0 71.39 

3.2 -multimedia projectors in the classrooms  35 30 7 3.25 0 72.36 

3.3 -free Internet access  45 18 10.5 2.25 0 72.84 

3.4 -free access to computers  35 21 8.5 4.25 0 66.11 

3.5 -software for engineering analysis and design  7 21 11 5.75 0 43.03 

3.6 -electronic platforms  26 20.25 12 3.5 0 59.38 

3.7 -electronic libraries 50 24 6 1.75 0 78.61 

3.8 -programs for self-study  23 13.5 15.5 4 0 53.85 

3.9 - tests for self-control  21 15 12.5 5.5 0 51.92 

3.10 -access to database 31 24 10 3.5 0 65.87 

3.11 -enough teachers with experience with electronic technology  38 22.5 10.5 1.25 0 69.47 
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Appendix 2.  
Total Variance Explained 

Factor 

Initial Eigenvalues Extraction Sums of Squared Loadings 

Rotation Sums 
of Squared 
Loadings 

Total 
% of 

Variance 
Cumulative 

% Total 
% of 

Variance Cumulative % Total 

1 5.997 27.261 27.261 5.997 27.261 27.261 3.609 

2 3.024 13.744 41.004 3.024 13.744 41.004 2.872 

3 1.662 7.555 48.559 1.662 7.555 48.559 3.299 

4 1.360 6.183 54.742 1.360 6.183 54.742 2.883 

5 1.313 5.968 60.710 1.313 5.968 60.710 3.541 

6 1.186 5.391 66.101 1.186 5.391 66.101 2.236 

7 0.966 4.390 70.490         

8 0.857 3.896 74.386         

9 0.733 3.333 77.719         

10 0.671 3.050 80.769         

11 0.633 2.878 83.647         

12 0.565 2.566 86.213         

13 0.498 2.266 88.479         

14 0.416 1.893 90.372         

15 0.379 1.725 92.097         

16 0.352 1.599 93.695         

17 0.303 1.378 95.073         

18 0.285 1.295 96.368         

19 0.283 1.288 97.656         

20 0.209 0.950 98.606         

21 0.175 0.795 99.401         

22 0.132 0.599 100.000         

 
 


