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Abstract: The integration of modern information technology in higher education lays the foundation 
for e-learning, which differs from traditional training in terms of content, organization and 
implementation. 
Electronic resources and services are the essential basis of nowadays information educational 
environment. For the successful design of interactive educational e-resources, it is necessary that 
university teaching staff possesses professional competences and capacities in this field as well as 
some experience in the implementation of various innovative methods and training tools. The 
electronic educational resources that teaching staff develops should meet certain requirements to help 
enhance their usability. 
The current report analyzes and systematizes some technical and pedagogical requirements for the 
design and use of e-learning resources in various engineering disciplines. 
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1. INTRODUCTION 
 Today’s digital generation students can find any information and training material they 
need at their fingertips - at a smart phone, laptop or tablet through “Google”, “Wikipedia” or 
sharing resources with their colleagues in the social networks. Such sources often provide 
irrelevant, inaccurate and unverified information. According to Professor Brabazon, author of 
“The University of Google” [1], Internet users give the same credibility to any piece of 
information on the web. She says it was “great to see how the students have changed. But we 
can no longer assume that students arrive at university knowing what to read and knowing 
what standards are required of the material that they do read.” Students prefer e-resources and 
it is difficult to take them to the libraries at the fixed working hours while the information is 
before them and they can use it anytime that’s convenient for them. 
 The 4th screen generation, which will soon enter our universities, prefers reading on 
screens rather than on paper. Having this in mind, teachers should guide their students to 
reliable high-quality web-based e-resources, published in various e-learning systems (ELS), 
virtual libraries, educational portals and repositories. 
In order to achieve the educational objectives, all educational electronic resources, published 
on the web, should meet certain requirements. The latter can be referred to the technical and 
pedagogical usability of web-based resources as viewed and studied in [2, 3, 4]. E-resources 
used in the training of engineering students must meet the same requirements, yet there are a 
few more specific features which have been introduced in the current report. 
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2. EXPOSITION  
 
2.1. Electronic educational resources 
 “The electronic educational resources (e-resources) are among the most important 
components of the Information Educational Environment (IEE)” [5]. By definition, an 
“electronic resource” is any piece of encrypted work, which is used by a computer. It can be 
provided via remote access (computer networks, Internet) or direct access (through electronic 
media such as CDs, floppy disks, flash drives, etc. that are read by the relevant peripheral 
device of the computer system) [6, 7]. Nowadays the most widely used resources are the web-
based resources which are published in university ELS, clouds, educational portals, social 
networks, on web sites for sharing learning resources (e.g. pomagalo.bg), etc. (should be 
arranged in reverse order to see the frequency of use). 
Modern organization of the educational process requires an increase of the time for self-study 
and a reduction of the contact time with the teacher, therefore it is necessary that the students 
have before them learning resources which are of high quality and are fully applicable for the 
theoretical and practical training on the course. The importance of e-resources in the IEE for 
example, is greater than that that of paper manuals in traditional training because the contact 
of the student with the teacher (who plays the role of a mentor in this scenario) is minimized 
and the training takes place in a virtual learning environment through e-resources. 
 Learning objects and assets are a building block in the creation of educational content 
in the context of e-learning. 
 According to [5] “The main types of electronic educational resources” are the 
following: electronic textbooks; test systems; search engines, directory systems; various 
means for mathematical modeling and simulation; automation of professional activities; 
interfaces to remote access laboratories, virtual laboratory workshops; comprehensive training 
programs, etc. The number of digital web-based resources and activities integrated in 
university courses, ELS, subject blogs, virtual universities, etc. is constantly growing. 
In Bulgaria, a positive step in this direction was taken with the help of few projects conducted 
by the Ministry of Education in the period 2010-2014, such as “System for training and career 
development of teachers in higher education institutions” and “Development of electronic 
forms of distance learning in higher education”. These were aimed at the expansion of the 
university e-learning resources and training the teaching staff to create and implement them in 
the learning process. 
 In order to achieve their educational goals, e-resources must meet certain 
requirements, which can be viewed in the context of their usability. Usability is defined as 
“the extent to which a product can be used by specified users to achieve specified goals with 
effectiveness, efficiency and satisfaction in a specified context of use.” (International 
Organization for Standardization ISO 9241-11, 1998). In the process of developing a website, 
its usability is of a particular significance [8], furthermore, when this is a site with educational 
resources, the parameters of their usability bear additional specific characteristics and 
importance. 
 The main parameters of usability have been defined in standard ISO DIS 9241-11 Part 
11: Guidance on Usability [9,10], as: 
 - Effectiveness - Accuracy and completeness with which users achieve specified goals. 
It is estimated by the number of mistakes made by users and the number of tasks completed 
correctly; 
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 - Efficiency - resources expended in relation to the accuracy and completeness with 
which users achieve goals. It is measured by the errors made by users, the cognitive load, 
duration of training and the complexity of the activities involved; 
 - Satisfaction - Freedom from discomfort, and positive attitudes towards the use of the 
product. Special techniques during or after usability tests are applied for the estimation of this 
parameter. [8]. 
 When reviewing the usability of a web site, the user interface is taken into 
consideration and therefore Nielsen’s ten most general principles (heuristics) for the user 
interface design apply. [11,12] 
 Classical approaches for analysis of users and their tasks in the process of designing 
user interfaces are based on the international standard BS EN ISO 9241-11. 
The usability of the learning environment is essential; it is achieved through an effective, 
productive, quality education. In view of the above-mentioned parameters of usability, 
technical and pedagogical requirements for e-resources can be formulated. 
2.2. Technical requirements 
 Technical requirements for e-resources can be viewed in the context of the technical 
usability concept. 
 Various definitions of usability of web-based resources have been introduced. [2, 3, 
13, 14], one of the most prominent researchers of usability, offers a definition that focuses on 
the technical usability. But when it comes to educational software, the use of his definition is 
limited and insufficient. Nokelainen in the article [15] expands this definition and includes 
pedagogical usability as well, as discussed in item 2.3. According to [2] technical usability 
aims to minimize the cognitive load so that more effort is put into the very process of 
learning. This allows students to more easily focus on the educational materials. In terms of 
technical usability, researchers claim that there are no significant differences between 
students’ and teachers’ opinions. 
 The main criteria for technical usability are indicated in [2] of the Web-based 
resources (WBLR) and are divided into three main groups: 
 • content design - this criterion shows how much WBLR content can be read and how 
efficient its access is; 
 • page design - this criterion describes how easy it is to use WBLR pages and related 
figures, multimedia elements, etc .; 
 • site design - this criterion specifies how easy it is to use the site menus, as well as to 
navigate through the WBLR links and screens. 
For the engineering specialists’ study of technical subjects, page design is of crucial 
importance. The specific content requires the presence of abundant illustrative material such 
as diagrams, charts and illustrations. The percentage of the figures and multimedia elements 
in educational materials and respectively, e-resources for the technical disciplines, is high. 
Web usability is measured against five criteria: memorability, efficiency, errors, learnability, 
and satisfaction and is reviewed in [16]. 
 The technical requirements for e-resources also include international standards and 
specifications such as SCORM, DUBLIN CORE, IMS QTI, etc. designed and applied for 
resources included in e-learning and published on various ESLs. The objective is to design 
learning content with an option for storage, packaging and reuse in the form of “learning 
objects” in a common technological structure and to retrieve data from various databanks for 
its use in different e-learning environments. Learning content standards determine the rules of 
how to describe, create, package and use e-resources as well as how to monitor the learning 
process. These standards help us to reach some of the key goals of the resources used for e-
learning: 
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 • accessibility – providing access to learning resources for educational purposes from a 
remote location so that they can be delivered to various other locations; 
 • versatility - description of the learning components in a certain area with a set of 
commands and their use in another area with another set of commands; 
 • stability, the learning resource’ resistance to technological changes with no need to 
reconstruct, reconfigure and re-encode; 
 • reusability – putting together the same educational components in various 
applications and contexts. 
 In the training of engineering students there are no special requirements in terms of 
technical usability of e-resources as well as the standards and specifications used in the 
design, storage, packaging and structuring of the resources used for e-learning. As it has 
already been mentioned, page design is probably the only exception, since for engineering 
disciplines a bigger number of graphical objects (diagrams, charts, illustrations, 3D objects, 
etc.) is required, alongside audio and video files, high quality multimedia objects, including 
such with a high level of interactivity (e.g. virtual laboratories). 
2.3. Pedagogical requirements 
 E-resources are created in accordance with the technical usability requirements as well 
as the existing standards and specifications. However, this is not enough, as these are 
resources created for learning. They should therefore meet certain pedagogical requirements 
as listed in [2, 3, 4] 
 Web-based resources (WBLRs) have been developed mainly by software engineers 
with a high level of technical knowledge, but with a limited knowledge of the specifics of 
methodology and training [17]. As a result, it is possible that graphic design and technical 
usability get overrated to the detriment of the pedagogical aspects. In the end e-resources will 
look attractive and appealing but will be difficult to use and inefficient in training [2,18]. 
E-resources content should correspond to the learning objectives of the respective subject, to 
be reliable, tested and scientifically proven at an academic level and to relate to the entry and 
exit connection points of the subjects studied in the particular technical specialty. 
Despite the high level of technical usability, if e-resources do not meet the below mentioned 
pedagogical requirements students may still be disappointed and e-resources may not “reach” 
them. Similar is the case where the educational content provided is missing entry connections 
with the subjects studied; this may lead to reactions such as “I do not understand anything” 
and refusal to continue to the next teaching units included in the course. In some cases, the 
greater technical usability may have a negative effect since a high level of technical usability 
does not necessarily contribute to the achievement of an educational effect [19]. 
 WBLRs pedagogical usability is a critical factor for the success of technology in 
education. WBLRs should not be used for their own sake. The concept of pedagogical 
usability is related to the learning process and the usefulness of educational software. 
In order to handle the pedagogical aspects, it is necessary to extend the technical usability by 
including elements related to the learning process. Technical and pedagogical usability are 
closely related. The second one includes the following criteria and requirements for e-
resources design respectively [2]: 
 - Intelligibility –should provide a well structured description of the course content. 
Educational content should be clear, concise, easily understandable. It is necessary that the 
learning content offered to the students should be structured by the teacher, in hierarchical 
structures corresponding to the curriculum of the course. It needs to be tailored to match the 
characteristics of digital generation students: they find “endless texts” boring and they are 
unable to focus for a longer period of time; 



                             ECONOMICS MANAGEMENT INFORMATION TECHNOLOGY  

 

6 Vol 4/No.1/2015 

 

 - Added value – should offer more training opportunities than traditional education for 
collaboration, feedback, interactivity and flexibility. E-resources offer much greater 
opportunities for feedback and students can get an immediate assessment of their work, 
through online self-study tests, etc. This is not possible with traditional education, while it is a 
very important requirement, a typical characteristic of digital students. They expect immediate 
feedback and evaluation of their work; 
 - Focus - this criterion is related to the usefulness and meaningfulness in terms of 
learning goals set by the teacher and the curriculum; 
 - Time - Web-based resources should allow the students to learn the course within a 
restricted but sufficient period of time. Preferably this period is shorter than when using 
traditional means such as books. The time required to absorb the educational content of the 
area of study is restricted due to the e-resources ability to provide the necessary information 
(including auxiliary materials from other disciplines) in one place with the relevant links / 
relations. We can only imagine how much time a student would need to go back and look for 
definitions from other disciplines in the traditional way. It takes a lot of books, textbooks, 
manuals and time, something dynamic digital students are short of. The specializing courses 
for engineering students are related to a number of disciplines from the general technical 
skills modules, such as Engineering Graphics, Mechanics, Materials Science, Machine 
Elements, Metrology and technical measurements, etc.  
 - Interactivity - WBLRs should provide interaction with easy access to the course and 
secure students’ activity through setting tasks. Practical training is particularly important for 
students of technical specialties. For example engineering graphics training is done by 
providing a number of tasks for the learners to accomplish. E-resources developed in 
accordance with the interactivity criterion ensure the active participation of the learners, 
learning by doing - a typical feature of the digital generation’s learning style; 
 - Multimedia - WBLRs should repeatedly provide information presentations through 
various multimedia elements such as text, graphics, sound, animation and video files. Tasks 
may include links to multimedia applications such as games and simulations. The latter are 
undoubtedly the means of training particularly favored by modern students whose learning 
style is visual-kinetic (as several studies have already confirmed [20, 21]) and have a direct 
connection to the next criterion. An increased number of illustrations and simulations, for 
example dynamic objects or processes and phenomena which are inaccessible and dangerous 
for the trainees, can play a crucial role in the training of engineering students. It is therefore 
that the materials developed for the engineering programs should meet this criterion within 
the educational goals stated; 
 - Motivation. The materials provided by WBLRs should contain motivating tasks and 
examples. They should demonstrate important aspects of the subject area studied in order to 
motivate the students for more in-depth and targeted study of the respective discipline; 
 - Differentiation - the resources proposed are tailored to the age, interests, abilities, 
language, prior knowledge, computer skills, etc. characteristics of students, learners with 
special educational needs included; 
 - Flexibility - flexibility means that WBLRs provide different difficulty levels and 
contain a variety of tasks tailored to the individual characteristics of students. E-resources 
must create conditions for personalized learning according to trainees’ individual 
characteristics and learning pace; 
 - Autonomy- students can work independently using WBLRs and acquiring 
knowledge without the intervention of the teacher. Such a requirement is essential for distance 
learning, where no territorial restrictions apply. Due to financial, health and others reasons, 
today’s students widely choose the aforementioned mode of learning. 
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In order to gain minimum practical knowledge and skills in the program, the engineering 
education today requires tuition using laboratory and practical exercises. This is one reason 
why it is difficult to fully implement electronic, distant and autonomous learning in technical 
training courses. Virtual laboratories do provide practical training for students to a certain 
extent; however, it is far than enough. Working in a virtual laboratory should complement the 
work in a real lab. A positive example in this respect can be seen at [22]. Students participate 
in real laboratory sessions in welding, hydraulic and electrical maintenance. These activities, 
once experienced face-to-face in a real environment, are then simulated by the students in 
virtual space during self-study, where they can work at any time, at own pace and from their 
own computer. 
 Many more examples and pieces of evidence can be produced in defense of bringing 
together for engineering students the advantages of e-learning and traditional training in a 
combined learning mode. In a survey conducted within the Faculty of Technics and 
Technologies, Trakia University of Stara Zagora, the surveyed students have placed in first 
place video, uploaded in the e-learning systems as their preferred training materials during 
their preparation, while on second place, based on the number of responses, they have placed 
the combination of video, uploaded in the e-learning systemsand consultations with a lecturer. 
This is an evidence, that the students also prefer and appreciate the benefits of the 
combination between the eLearning system and the traditional forms. [23]. The latter is 
evidence, that the students also prefer and appreciate the benefits of the combination between 
the eLearning system and the more traditional forms. 
 - Cooperation - this criterion means that students can work together to achieve a 
common goal, giving them the opportunity and skills to work in a team. Engineering students 
training is largely project-based and the opportunities that e-resources provide for team work 
are particularly important and useful for the training and future realization of engineers. 
Modern communication technologies and software, which engineering disciplines use 
nowadays, provide opportunities for a collaborative approach to project design and 
implementation; 
 - Variability- students can use a variety of learning resources in combination with 
WBLRs, according to their own learning styles and preferences. 
For the implementation of the above-mentioned technical and pedagogical requirements for e-
resources, the following material and immaterial conditions should be met: 
 - Material conditions/base at macro level (university) and micro level (teachers and 
students). Modern ICT facilities and superstructure (hardware and software) in universities 
(Bulgaria included) are generally sufficient for the design, publishing and use e-resources that 
meet the above listed pedagogical and technical requirements. The same applies to teachers 
and students who own and use for the needs of e-learning their personal PCs, laptops, smart 
phones, communication equipment and Internet connection. 
 - Immaterial conditions. Students and teachers’ knowledge of ICT technology. 
Modern students, who grew up in a digital technology world, have no difficulty in using 
modern ICT and e-learning resources in the learning process. On many occasions they 
manage better than their teachers (digital immigrants), and state their demands and remarks 
(justified in many cases) to the e-resources provided. 
 Most of the teachers do not have the abilities to develop e-resources in accordance 
with all the technical requirements described in item 2.2. In most of the cases they manage 
well with the upload of tests and training materials through e-learning systems software or 
other application software. It is not justified, however, to require that all the teachers have the 
relevant knowledge of the development of multimedia textbooks, virtual laboratories, etc., 
through implementing all possibilities of modern ICT. They should work jointly with teams of 
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software engineers and develop e-resources projects, which focus on the pedagogical 
requirements and intended learning outcomes; they should be aware and take into account the 
possibilities of modern technology.  
3. CONCLUSIONS 
1. The developed e-resources should meet certain technical and pedagogical requirements to 
ensure their usability and to help achieve their educational goals. 
2. The training of engineering students places high demands in terms of page design, 
multimedia, interactivity as well as certain restrictions in respect of autonomy. 
3. The theoretical and practical training of engineering students is impossible to accomplish 
entirely through e-resources and distance learning. Due to the specifics of technical staff 
training, it is necessary to implement combined learning – i.e. enhanced practical training, 
project-based learning with active participation on behalf of the students and teacher 
monitoring. 
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