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Abstract - Products life cycle goes through several different 

development stages. One of the tasks set before engineers is 

to start from an idea and build it up all to the final product. 

This process is taught to students through seminars and 

graduation thesis. In education environment it is possible, 

and desirable, to divide the process so that students can 

easily acquire necessary knowledge and skills. Experiences 

at Department of Electrical Engineering of University of 

applied sciences proved that electrical and electronic 

products resulting of graduation thesis are also useful in the 

teaching process of current students, either by direct use in 

laboratory work or by student work on product 

enhancement. This paper will present student products and 

applications implemented in classroom, and their possible 

improvements. 

I. INTRODUCTION 

In the education process student learning is often 

divided between being a passive listener to new 

knowledge in ex-cathedra lectures, and a hands-on active 

work during various types of work like laboratory 

exercises or problem solving in the classroom. Most often 

the active work is preferred as students can remember just 

10% of what they see, but more than 90% of what they 

do. So, at the University of applied sciences in Zagreb, 

several different approaches were taken on the problem 

of making an active classroom. From making special 

circuits and models for use in laboratory, to using 

professional software for simulating real electronic 

projects.  

That approach to learning proved successful and is 

currently the way which most teachers take as the best 

one. But making models and examples is often time 

consuming tor the teachers, while at the same time it 

constrains student creativity. A different approach of 

giving the students the opportunity of making teaching 

materials proved as a better system in both engaging the 

students and giving them a feeling of pride and 

independence.  

In this article a few examples of previous teaching 

models and examples will be described, and a few of 

student projects will be shown. A continuous evolve of 

the projects is possible due to knowledge sharing between 

student generations, with teacher as a mentor and a 

facilitator in giving access to knowledge rather than 

boring teaching from afar. 

II. CURRENT MODELS 

Current models and examples for teaching in which 

students are engaged in a continuous work can be 

summarized in two different categories:  

 software elements in which a simulation or 

planning of a real system is made  

 hardware elements in which students can engage 

themselves in a tactile work with the elements 

and the surroundings (additional tools like 

measuring equipment or just trying to "break" 

things). 

Although the software systems have an advantage of 

being democratic, as each student can take the software 

home and install it for home usage (e.g. if they are more 

interested and involved), the end result sometimes feel 

empty due to its virtual nature. Such extensively used 

systems is Labcenter Proteus, which is often used in 

courses of digital electronics and microcontrollers. [1] 

This software allows the user in rapid prototyping and 

designing a circuit, in making firmware for such circuits 

and to simulate not only the student made system, but to 

simulate various tools which would normally take a lot of 

space and money. As Labcenter Proteus is often used in 

professional work, students get a lot of practical 

knowledge, with the only disadvantage of using a 

completely virtual system.  

Hardware elements are much better in use, where 

students have a real circuit board, box, or some other part 

of equipment. Such elements are used extensively 

throughout the University of applied sciences in Zagreb, 

from Electrical engineering with special circuits for big 

motors, over the automation courses where simulators for 

industrial system were made [2], all to communication 

systems and digital circuits where special boards are 

made.  

 

Figure 1 PLC's State Simulator 



 

Figure 2 Circuit board used in the laboratory exercises  

The option of seeing the systems, of understanding 

them, and using them in several possible ways, gives the 

students a much more realistic feel to expectations about 

their learning and knowledge level, and their future 

professional life. 

Both of these approaches are starting to be even more 

combined in systems that use material tactile simulators 

and measuring computer software which allows fast and 

easy analysis of the given data. University of applied 

sciences uses National Instruments LabVIEW (as a 

software part) and MyDAQ (as a hardware acquisition 

system) as an easy-to-use integration system. Such 

models are then used in both ex-cathedra teaching [3], 

and as laboratory exercises and examples. But as 

mentioned earlier, making a good model is a tedious task 

which takes a lot of time and often requires teachers’ 

expertise in the subject and their abilities to improvise 

and design simple but effective learning systems. 

The idea which has taken off is to make teaching 

models as the necessary proof of independent work in 

showing the ability to solve engineering problems. Such 

work is expected for students’ graduation thesis. By 

making models for future students in their thesis projects, 

students deepen their current knowledge while making 

the best possible product in the fear of being embarrassed 

in front of their peers and feeling proud when they do 

well. The projects often don't look as a polished product 

because it's in their intended nature to be changed, 

improved, and destroyed if necessary, for the better 

learning experience of future students. 

 

Figure 3 Traffic light simulator 

 

Figure 4 Model of a house, simulating heating and cooling 

III. EXAMPLE OF A STUDENT PRODUCT 

One of extensively changed and used student model is 

a model of an elevator. Started as a student graduation 

thesis, it is used for demonstration in several different 

academic areas:  

 as an example for systems which use electric 

motor power to generate force  

 as an example for digital electronics  

 as an system which includes one programmable 

microcontroller, but also has an option of 

connecting other microcontrollers systems  

 as a system which can be controlled through 

different physical simulators/controllers and 

through computer based (LabVIEW) simulators. 

 

Figure 5 Elevator model 



The elevator was conceived primarily as a 

programmable microcontroller tool, but its use widened 

after the student who prepared the system made it 

modular and easy to repair, change and improve. With 

student’s thesis as a starting point, different simulations 

in LabVIEW and Proteus were made, also by students. 

Such simulations are then used in laboratory exercises, 

and are given as homework to students, in which they can 

change the software in the microcontroller and in some 

cases, completely change how the elevator works. This 

gives everyone a chance in the tactile part of learning, 

when they see the real product of their work. As elevator 

is a common thing in their lives, they can relate in how it 

should work and can propose improvements. 

Proposed improvements are tested in simulations (if 

possible) and documented for the future use. In cases 

where the improvements are physical, an option to 

reverse the changes is necessary. During the use of the 

elevator, such reversing was seldom, as students have 

great ideas and are motivated in improving the system. 

Such examples are 3D printed motor bracket and the 

pulley which proved like a good change, while the 

students learned to use a 3D printer and the necessary 

software. Another example is the change in motors, 

where a DC motor was changed to a stepper motor for 

finer control of the elevator - this made an additional 

change in a simpler motor driver circuit. Due to such flux 

of this system, it doesn't looks like a finished product 

which is by itself an advantage as students are not afraid 

of working on it, even during the laboratory exercises.   

 

 

Figure 6 Parts of the elevator - printed on the 3D printer 

 

Figure 7 Parts of the elevator – 7 segment display 

Some parts of the elevator are simple circuits 

normally thought separately from the connecting circuits. 

Usual way of learning about them was only on special 

circuit boards or on protoboards, but in the elevator these 

systems are integrated into one unity. Such an example is 

the use of a 7 segment display to show the floor on which 

the elevator is currently, which is controlled through a 

BCD decoder chip, which is in turn controlled by a 

microcontroller or a MyDAQ acquisition system. Such an 

arrangement is obvious for a professional, but sometimes 

students have problems with integrating simple systems 

into a complex system. 

The elevator has an Arduino microcontroller for its 

primary control. Arduino is one of the most popular 

microcontroller systems for novices. In the elevator this 

microcontroller board can be reprogrammed and the 

programmer (student) can change the behaviour of the 

elevator logic. The program is first checked in Proteus 

simulation, to ensure that it is working correctly. The 

elevator is modular so a change in the electronic brain 

(the microcontroller) is easy, as most wires are already 

prepared for connection on other boards or systems (like 

MyDAQ). 

 

Figure 8 Parts of the elevator – Arduino board 



 
Figure 9 Schematic for elevator position detection using optocouplers 

 

 
Figure 10 Parts of the elevator – ease of access for modular changes 

 
Figure 11Elevator model flowchart  

IV. FUTURE MODELS 

Previous models proved successful, and there are ideas 

for future models made as student thesis. As models with 

several different systems are more practical in 

multidisciplinary teaching, the future models will 

incorporate such ideas. 

First interesting model is a model of a parking ramp, 

which is already used as a practical simulation in 

software. Such a system consists of several parts: the 

sensors for a car, sensors for the ramp, the motor, and a 

display for showing the number of parked cars. Parking 

ramp system covers most of the ideas used in elevator, 

but it can be made smaller and more practical for use by 

students. Due to its low complexity it can be made in 

several copies, so several students could work in parallel. 

 

Figure 12 Basic schematic for the parking ramp model 



Another interesting model is the use of different 

sensors with a microcontroller and which has an option to 

send data wireless. Using one of standard communication 

protocols, a portable sensor system can be used for 

different tasks. Although the sensory nodes are already 

easily obtained, a modular system should be used in 

teaching environment to prepare students for future IoT 

(Internet of Things). Currently available system are often 

very integrated, so modularity and a connection to a 

software like LabVIEW would help students in achieving 

higher understanding of sensory nodes. Modular also 

must give an option in changing the communication 

protocols: connecting to mobile phones via Bluetooth, to 

Wi-Fi networks via additional modules and to other 

possible communication protocols (like Xbee, nrf24 or 

even to 3G or 4G networks).  

Some ideas come from students themselves, but they 

often take their models home as they grow attached to 

them. Their graduation thesis project becomes their pride 

and joy.  

V. CONCLUSION 

Models of different real systems are often used in 
teaching, and the problem of making a model is left to the 
teacher. At University of applied sciences Zagreb the 
making of a real life model is given as an opportunity to 
students, as their final thesis. Student work has to be 
checked by the mentor during the making of the model, 
but even a model which is badly put together helps in 

making the next version or gives clues in how to improve 
the original. This practice cannot be used in all courses as 
some are still reliant on the teachers’ ability to imagine 
and to make an exemplary system, but many teachers are 
changing the paradigm of learning and are trying to show 
the students of what they are capable of, even with having 
low resources or technical options. This paper shows some 
examples of previous view on models (software and 
hardware), and gives an example of a different type of 
multipractic model (in this case, an elevator), which was 
made by a student.  

Models made this way which are used in lectures and 
laboratory work are constantly improving due to student 
engagement, good documentation which is usable for 
knowledge sharing (it's made out of students final thesis) 
and due to new ideas which are coming from a pool of 
young perspective people, eager to leave their mark on 
their University. 
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