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Abstract 
The main task of universities is to educate a new generation of students and prepare them for their 
professional career. This is not a simple task. Unfortunately, each university or teacher has to face 
many obstacles. One of them is the loss of students' interest in study. The reason is simple. The 
extensive possibilities of our times allow anyone, regardless of education, to work online from home. It 
is only necessary to know how to use a computer and appropriate software, to know about modern 
trends (e.g. ‘streaming videos on Youtube) to be creative and to have self-control. Young people like 
this approach, of course. They do not need to spend years studying a specialized subject in which 
they will not be employed (e.g. because of low pay conditions, loss of interest in the specialization, 
etc.). Furthermore, they are not bound by fixed working hours and they are their own masters. All 
these reasons and many others have caused a decrease in the number of students at universities. 
Fortunately, there is always an appropriate solution to every such problem. In this case, the solutions 
are new teaching methods, such as: project-based learning, e-learning, problem-based learning, 
reverse engineering-based learning, etc. 

This article describes the methods of applying these learning tools into the educational model of 
technical disciplines at the University of West Bohemia in Pilsen. At the beginning, a survey focused 
on the attractiveness of the existing learning model was conducted. The survey confirmed that it is 
necessary to change access to teaching. In the first stage, the methodology of e-learning materials 
was applied. Obsolete teaching materials are replaced by new ones. Teaching material is available 
online and includes interactive 3D PDFs with models for better visualisation. In the second phase, 
implementation of project-based learning and problem-based learning takes place. Subjects are 
modified. Students must work in a multidisciplinary group and seek solutions together. The topics are 
chosen with a focus on the possible realization of the project. At this stage, students' interest has 
already been shown. Some students carried out projects in their spare time and gained more 
information and experience. The current stage is the implementation of reverse engineering-based 
learning. Students work again in a group on a specific project. However, the task is to modify one of 
the parts. Students must use machines and tools from the beginning. As they are working on the 
project, they acquire new information about the importance of the links between individual parts. This 
process helps them when designing modifications. 

Applying these new teaching tools leads to increased interest in learning, while reducing the number 
of students who do not complete the subject the first time. It also brings lessons closer to practice and 
facilitates the transition between the theory phase and practice after graduation. 

Keywords: project-based learning, e-learning, problem-based learning, reverse engineering-based 
learning. 

1 INTRODUCTION 
Industry is an important economic sector in the Czech Republic. It contributes to the sustainability of 
the economic stability of our country. At this time, the highest representation on the labour market is 
divided between technical and professional workers (879 000, 17.8%), craftsmen and maintenance 
workers (851 000, 17.2%), workers in services and sales (746 000, 15.1%) specialists (716 000, 
14.5%) and operators of machinery and equipment (642 000, 13%) [1]. These statistics clearly show 
that more than fifty percent of the workforce must have a technical education. Unfortunately, there has 
been a loss of students from all technical disciplines. The statistics [2] clearly show that the same 
trend is occurring in our Faculty. Graph 1 shows the trend of the loss of full-time students and students 
on distance and combined forms of study. This situation is a problem, not only for the preservation of 
the University but also for small companies and corporations.  

We must realize that there are many factors and reasons affecting students embarking on further 
studies. The first of them is that the study of technical disciplines is difficult. The second one is the fact 
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that students are bored during the courses. The third reason is the range of possibilities of our times. 
Anyone can, regardless of education, work online from home. 

 
Graph  1: Decrease of  students at UWB. 

Back to the second fact, a survey [3] was conducted at Indiana University which revealed that: “two 
out of three respondents (66%) are bored at least every day in class in high school; nearly half of the 
students (49%) are bored every day and approximately one out of every six students (17%) are bored 
in every class. Only 2% report never being bored, and 4% report being bored “once or twice”. The 
main reason for their boredom is not the presented topic but the style of presentation. Yazzie-Mintz [3] 
also presents that: “more than four out of five noted a reason for their boredom as “Material wasn’t 
interesting” (81%) and about two out of five students claimed that the lack of relevance of the material 
(42%) caused their boredom. The level of difficulty of the work was a source of boredom for a number 
of students: about one third of the students (33%) were bored because the “Work wasn’t challenging 
enough” while just over one fourth of the respondents were bored because the “Work was too difficult” 
(26%). Instructional interaction played a role in the students’ boredom as well: more than one third of 
respondents (35%) were bored due to “No interaction with teacher.” So if we derive conclusions from 
this survey, it is important to move away from old methods of teaching and find new and exciting ways. 
Fortunately, there is always an appropriate solution to every such problem. In this case, the solutions 
are new teaching methods, such as: project-based learning, e-learning, problem-based learning, 
reverse engineering-based learning, etc. Applying these new teaching tools leads to increased interest 
in learning, while reducing the number of students who do not complete the subject the first time. 

2 TEACHING THEORY AND PRACTICE 
“Most students deal only with theory at school and they are not able to use their knowledge in practise 
at their first job so the employer has to spend considerable financial and time resources on the training 
of the new staff” [4]. The most natural way of learning and also the most effective one is to learn by 
studying somebody else's work and trying to understand its concepts instead of just learning the 
theory". [5] “Theoretical knowledge is as important as the practical one. Without having proper 
theoretical knowledge, practical knowledge may sometimes prove to be dangerous” [6]. The important 
conclusion is that it is necessary to connect theory and practice. These new teaching methods bring 
lessons closer to practice and facilitate transition between phases of theory and practice after 
graduation. 

2.1 E-Learning 
E-Learning materials were our first modification of teaching. Obsolete teaching materials were 
replaced by new ones [7], [8], [9]. Study materials are designed mainly for the students of engineering 
machine design and technology. Teaching materials are available online [5] and include interactive 3D 
PDFs with models for better visualisation. All study materials consist of various machine design 
projects. Each item of study material focuses on one project for a machine or a part of a machine. 
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These study materials were evaluated by Keckstein et al. [10] and the results clearly show that: 
“subject completion decreased in previous years, but after the implementation of the new learning 
materials in the first semester of the academic year 2013/14, the value of completion began to rise 
and in subsequent years we expect further growth, meaning that the materials will be used to their full 
extent”. Thanks to the evaluation we knew that we were on the right path and we can jump into the 
next phase. 

2.2 Reverse Engineering-Based Learning 
Reverse engineering – based learning is project-based learning with some changes that bring more 
practical information into the teaching process. At the beginning a group of students is created. The 
group contains students from several disciplines, and normally contains two or three engineers, an 
economist, a designer and a consultant from industry. The consultant provides them with practical 
information and determines the direction of the work. An important aspect is communication with each 
other and solving the entire project together. 

The first step is the phase where the students must perform a literature search focusing on the 
mechanism. They must find as much information as may be necessary for disassembling the 
mechanism. Then they can obtain the components. During the course, students use special tools 
which reveal important information about their product and links to the entire structure of the 
mechanism. This is the first advantage over Project-Based Learning. The component can be handled, 
and for example Kristen et al. [11] in their article state that: “…hands-on experiences through the use 
of “reverse-engineering” projects. As the fundamentals of design techniques are presented, students 
immediately apply the methods to actual, existing products. They are able to hold these products 
physically in their hands, dissect them, perform experiments on their components, and evolve them 
into new successful creations…” This statement only confirms the claim of some who believe that 
engineering design students are less prepared to do well in engineering, since they lack the 
experience and intuition that develops from hands on activities from adolescent years.  

After students obtain the component, they must propose at least two options for measuring it and 
determine whether there are the possibilities at the University to do this. If not, they must suggest 
where it can be externally measured. This step serves to develop communication and social skills. 
During consultation with a specialist and with a supervisor a variant for measuring is chosen and 
students must obtain all the dimensions of the component necessary for the next step. 

From the values obtained in the previous step the designers must create computer aided design 
(CAD) models and drawings. They must adjust the CAD model to meet all the requirements of the 
assignment. In this step they must work mostly with the designers. The purpose is to achieve a 
balance between design, functionality and manufacturability 

After the students agree, the penultimate step may follow. The task of this step is to come up with a 
way of producing the component. They must propose at least three variants. Here, the economics 
student has a role to play. Each variant must have a simple economic evaluation. Students must 
consult on the various options and must include the differences between single and serial production. 
Finally, if the possibilities of the university allow it, the component can be completely produced. 
Alternatively, a scale model is produced for the final step. 

The last step is a presentation. Each student has to defend their selected variant and the steps that 
led to its design and manufacture. 

In addition to the required courses, students can also participate in projects supported by our 
department. At the moment, the biggest project is Formula Student. This project involves a team that 
is currently composed of thirty students on bachelor and master studies not only at the Faculty of 
Mechanical Engineering but also at the Faculty of Electrical Engineering, the Faculty of Applied 
Sciences, the Faculty of Economics and the Faculty of Design and Art. In this project, students build 
their own formula racing car to compete in the international project "Formula SAE". The main benefits 
of this project are improvement of technical and language skills, a great opportunity to get acquainted 
with new technologies, and gain new experiences. The second project supported by our department is 
the conversion of a press [12] for educational, experimental and manufacturing purposes. 

2.3 Project-Based Learning 
Project-based learning has been created at the Department to eliminate the main disadvantages of e-
learning. The subject which focuses on this methodology is the Theory and Methodology of Machine 
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Design Engineering. And as the guarantor of the course, Professor Hosnedl, describes on the 
University website [13]:	  “The aims of the course are to provide students with grounds of the knowledge 
system of Engineering Design Science (EDS) about and for system management and creative design 
engineering and evaluation of technical products considered as technical systems (TS) which are 
based on complex requirements resulting from their operational process and other phases of their life 
cycle. EDS knowledge unlike traditional instructive oriented methodologies for design engineering of 
TS structured into systematically interconnected ´map´ of: descriptive (theoretical) knowledge related 
to TS and engineering design process; prescriptive (methodical) knowledge related to TS and 
engineering design process, both interconnected with both technical and other supported science and 
practice fields as well as computer and experimental tools, which brings important synergy effects”.  

Project-Based Learning is similar to Reverse Engineering-Based Learning, but manual skills are not 
involved in conventional teaching. The principle of the course is based on solving real tasks which are 
specified by engineering design firms. At the beginning, students are divided into several groups.  
During the course, students must conduct market research, design several variants, evaluate these 
variants and select one and create design solutions for the chosen draft. The final step towards 
completion of the course is presentation and defence of the work in front of a professional jury 
composed of the heads of departments. 

3 CONCLUSION 
It is certain that the loss of students creates problems not only for universities but also for firms. For 
this reason, our long term goal at the Faculty of Mechanical Engineering at the University of West 
Bohemia is once again to attract students back. Also, to reveal them the mysteries and beauties of 
technical disciplines and to show them that this specialization is worth studying. Of course it is very 
important that companies express the same desire. If the improvement is only on one side, there is no 
chance of achieving the desired effect.  

The next step is an evaluation of these applied tools and a modification based on students' comments. 
This step is very important because it is necessary to keep up with the requirements of the students. 

REFERENCES 
[1] J. Vojtěch, H. Úlovcová, J. Trhlíková, G. Doležalová, P. Paterová, and M. Úlovec, Uplatnění 

absolventů škol na trhu práce. Praha: Národní ústav pro vzdělávání, školské poradenské 
zařízení a zařízení pro další vzdělávání pedagogických pracovníků, 2014, p. 102. 

[2] Ministerstvo školství mládeže a tělovýchovy [MŠMT], “Data o studentech, poprvé zapsaných a 
absolventech vysokých škol,” 2015. [Online]. Available: http://www.msmt.cz/vzdelavani/skolstvi-
v-cr/statistika-skolstvi/data-o-studentech-poprve-zapsanych-a-absolventech-vysokych. 
[Accessed: 06-Jan-2016]. 

[3] E. Yazzie-Mintz, “Charting the path from engagement to achievement  : a report on the 2009 
high school survey of student engagement,” Voices, p. 28, 2010. 

[4] E. Müller, M. Grach, and J. Bezděková, “New Concept in e-learning Materials Based on 
Practical Projects,” Procedia - Soc. Behav. Sci., vol. 176, pp. 155–161, Feb. 2015. 

[5] M. Hynek, M. Grach, P. Votapek, and J. Bezdekova, “Databases of knowledge at the University 
of West Bohemia,” Vis. 2020 Sustain. GROWTH, Econ. Dev. Glob. Compet. VOLS 1-5, vol. 1–
5, pp. 431–436, 2014. 

[6] Targetstudy.com, “Importance of Practical Knowledge,” 2014. [Online]. Available: 
https://targetstudy.com/articles/importance-of-practical-knowledge.html. [Accessed: 13-May-
2017]. 

[7] M. Hynek, M. Grach, P. Votapek, J. Bezdekova, and E. Muller, “Electronic Learning Materials 
Based on interactive 3D Models,” Creat. Glob. Compet. Econ. 2020 Vis. Plan. 
IMPLEMENTATION, VOLS 1-3, vol. 1–3, pp. 183–188, 2013. 

[8] M. Hynek, M. Grach, and P. Votapek, “Electronic learning materials for machine design,” Int. J. 
Eng. Educ., vol. 30, no. 6, pp. 1549–1555, 2014. 

[9] J. Jirasko, T. Keckstein, and S. Pusman, Advanced E-learning Study Materials and Vision for 
Future Development. 2015. 

3705



[10] T. Keckstein, P. Votápek, and J. Jirásko, “Evaluation of e-learning materials created at the 
University of West Bohemia,” in Proceedings of the International Conference on e-Learning, 
ICEL, 2016, vol. 2016–Janua. 

[11] Kristen L., K. Otto, J. Bezdek, and D. Jensen, “Building Better Mousetrap Builders: Courses To 
Incrementally And Systematically Teach Design,” Am. Soc. Eng. Educ. Conf. Michael D. Am. 
Soc. Eng. Educ., p. 3.129.1-3.129.21, 2001. 

[12] J. Jirásko, M. Hynek, and T. Keckstein, “RENOVATION OF A PRESS FOR EDUCATIONAL 
AND EXPERIMENTAL PURPOSES,” in INTED2016 Proceedings, 2016, pp. 5805–5810. 

[13] Západočeská univerzita v Plzni, “‘Course annotation KKS/ZKM-IS/STAG,’” Information about 
course, 2009. [Online]. Available: https://portal.zcu.cz/portal/studium/courseware/kks/zkm. 
[Accessed: 18-Jan-2016]. 

 

3706




