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ABSTRACT: Radio-frequency identification (RFID) is a technology, which uses radio waves for automatic identification.
The paper presents an introduction of RFID technology to educational curricula. In Slovenia, the reformed educational
programme for high-school mechatronics technicians was introduced a couple of years ago. The first part of the paper
focuses on teachers facing the challenge of how to transfer the knowledge that should be used in a creative way in new and
unexpected situations. To achieve such an aim, teaching methods should include contemporary topics, which support the
best possible quality and sustainability of knowledge and skills. The paper outlines radio frequency identification
technology topics. Integration possibilities of such global technology into the practical and theoretical part of the technical
and vocational educational programme are also presented. The core part of the article is a case study of integration of RFID
topics into the educational process of the second year of the reformed mechatronics programme. The possibility of
introducing RFID technology adapted to a small group of gifted students is also outlined.

INTRODUCTION
In Slovenia, reformed programmes of vocational and technical education were introduced in 2005. At the same time,
the new secondary school educational programme in mechatronics technology was implemented [1]. The innovations
through the reforms were:
•
•
•
•

Education with clear aims and project based learning - professional competence or, in other words, what the
students have to achieve at the end of each school subject as defined in the educational catalogue. Previously, no
topics and methods had been mentioned, and they were matters for the school or were chosen by the teacher.
Compulsory interdisciplinary connections between professional and general topics in the education curriculum.
Implementation of 400 h ours of open curriculum, in which local social partners can influence the educational
process, and help to realise local and regional educational aims and needs.
Reaching general competence levels - teamwork, learning and foreign language usage, ICT learning and usage,
adopting the lifelong learning philosophy, etc.

It is no less important that the teachers and the school have to:
•
•
•

ensure the optimal condition of development to each student;
establish special programmes and methods of working with gifted students;
establish special programmes and methods of working with students of limited abilities.

It is, therefore, clear that teachers are facing the challenge of implementing the key elements of reforms in the
educational process. Even more, there had been no restrictions before the reform about implementing the innovations,
but only a few teachers really did it.
A common thought that arose from the analysis of described needs was the implementation of project-oriented work to
meet the demands. However, which project (case study problem) should be chosen was the question.
In the process of project selection, the teachers in the School of Electrical Engineering and Computing at Ptuj had some
additional limitations:
•
•
•

financial resources for materials and didactic tools purchasing were very limited;
teachers were not used to interdisciplinary work;
some teachers did not follow the innovations in their own professional field,
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•
•

most teachers’ experience of the reform was as extra work, and they did not accept additional work to change the
working methods and topics used so far;
companies had high expectations about students’ knowledge and work skills with new and current technologies, as
well as with the standard ones.

The literature proves that project-oriented work attracts and interests individuals [2-7].
By considering all demands and limitations, the following topics were selected: RFID technology and its problems,
programming intelligent mobile phones (system android), Cloud Systems-Architecture and Computing, USB
technology and TCP/IP technology.
Why RFID Technology?
RFID technology was chosen because:
•
•
•
•
•
•
•
•

It captures the most problems.
It is contemporary, and it is used in many products.
It is context related to bar code identification.
It enables work with students of different levels (gifted students, others).
It enables team and individual work.
Documentation of software and hardware is free, available and updated.
It enables the interdisciplinary work connection between general subjects and professional ones.
RFID technology can be matched to many topics, which have been still in use, such as programming, basics of
electrical engineering, computing, microprocessing, linear and discrete elements etc.

Relevance of an issue was of rather high importance, so we checked with 40 companies in the region through
questionnaires, to rank the mentioned technologies. Thirty-two companies responded and most of them shared the
opinion that RFID knowledge issues could be used. Some companies suggested other technologies, mostly because of
the specifics of their work.
Short Description of RFID
RFID is the general term for technology that uses radio waves for object, people or data automatic identification. The
mass usage of RFID technology has been limited by the high price of such systems, but the problem of the price is
becoming a side issue. Nowadays, RFID systems are available at a fair price, and that is one of the reasons for the usage
of RFID support information solutions in a wide range of sectors and activities [8][9].
RFID tags include a chip that typically stores a static number (an ID) and an antenna that enables the chip to transmit
the stored number to a r eader. The RFID reader (receiver) produces a co ntinuous electromagnetic (EM) energy flow
into its surrounding area. When the RDIF tag (transponder) enters the EM field, the tag’s coil induces power from it,
which starts transmission of RDIF data by modulating an EM field (see Figure 1).
Modulated signals are demodulated - directed and with the low-pass filter cut out the useful information directed to the
input of the comparator. On the output of comparator, the digital form of the useful information is shown and it is fed
into the microprocessor.
To complete the RFID reader design, a fast microprocessor is needed in order to translate the encoded data that streams
from the tag device, and to format the data appropriately and transmit it to a personal computer for next stage of
process, if necessary, and the memorisation [10-16].

Figure 1: Block diagram of RFID system.
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RFID TECHNOLOGY IMPLEMENTATION INTO THE EDUCATIONAL PROCESS
The work was set as the nine-month project. Eight teachers of different subjects were involved: programming,
mechatronics, practical work, Slovenian language, English and mathematics.
In the nine-month period, the students had to plan, make their own hardware and programme the firmware RFID
receiver. They had to make their own graphical user interface on their PC and to manage the data (reading, saving,
analysing, computing data). The product was developed according to the top down method - the final product was
presented to the students first, continued by studies of its functionality, its performance improved with the help of the
basic electronic elements.
Thirty-one students in the second school year of the Mechatronics Programme in the School of Electrical Engineering
and Computing (one class, 16 year-old students) were involved. The class belonged to the fourth generation of
mechatronics at the school and to the first generation to be educated using the problem-oriented method. It was the only
mechatronics class in this generation. Having a comparative group of the same generation was not possible, because of
the aforementioned reasons. However, the data obtained were compared with data from the previous generation.
Issues were presented in three phases, each phase lasting three months. Because the educational programme involves
two semesters, the evaluation was modified. The first phase and part of second phase were evaluated in the first
semester, the rest of the second part and third part were evaluated in the second semester. Part of the evaluation
involved the students’ and teachers` satisfaction.
Monitoring and evaluation were in progress in two school professional subjects - Mechatronics and Programming and
two general school subjects - Slovenian and English. These school subjects were chosen because they involve issues for
the final matriculation examination (known as Matura).
First Phase
An RFID receiver in the form of a USB HID (Human interface device) was given to the students. The RFID receiver
was a b lack box, which returned a sequence of ASCII signs in the output, when the RFID tag was close to the input
(Figure 2).
In programming, the students had to plan and perform the graphical user interface and the simple management of RFID
ASCII sequences (saving, analysing, copying-printing). Issues of introducing basic programming commands (loops,
assignment, conditions and variables, working with input and output consoles), planning and encoding of simple
programmes were considered in the work. Software such as Delphi, Visual Basic and Visual C++ were used (Figure 3).

Figure 2: USB RFID receiver.

Figure 3: Graphical user interface.

In mechatronics school subjects and practical work, the students learned how to use measurement devices, such as
voltmeters and oscilloscopes. They measured and controlled the signals in the output of the RFID transmitter. They
learned about the basic elements of the feeder (resistance, capacitor, integrated circuits, rectifier circuits), made the
feeder, and used it for the RFID circuit feeding. They also learned about the usage of the basic technical laws relating to
electricity, such as Ohm`s Law, and Kirchoff' s Current and Voltage Laws.
In Slovenian and English, they learned the professional terminology, and they had to prepare written and oral reports
about the work. Information was taken from a range of literature sources.
In this phase, the possibility of extra interdisciplinary connections with other school subjects in computing
programming was shown. Students could plan and perform database management and more complex user interface for
data manipulation (storage, safety etc).
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Second Phase
The RFID receiver was split into the RFID reader and decoder. The RFID was a black box, which returned a sequence
of binary signals (5 V and 0 V) in the output, when the tag was shown in the input.
The students had to decode the signal with the help of a microprocessor, which transforms the binary frequency of
RFID reader into an ASCII sign sequence. They had to choose the microprocessor, write the firmware and get the
product to work. They learned about the software for structural programming. The students recognised the differences
between analogue and digital signals, the terms frequency and period, and the process of planning and progress of
product prototypes.
Third Phase
The students had to build an RFID reader with the help of chips and basic electronic components.
In professional subjects, the students learned about connections between basic electronic elements into circuits. They
understood about circuit activity and the influence of the individual components on the circuits, such as comparators,
LC, RC and quarts oscilloscopes, electrical filters, etc. They learned about the information coding and encoding
methods, procedures and media of signal transfer, USB and TCP/IP technology standards. They used a range of
literature and catalogues. They had to prepare full documentation for the product, the process of product production and
make an oral presentation of the product (Figure 4).

Figure 4: Prototype of RFID receiver.
RESULTS
Evaluation and Assessment of the Students' Work
The students` knowledge was assessed at the end of the first and third phases. The students` satisfaction was evaluated
at the beginning of the first phase and at the end of the third phase. The teachers` satisfaction was evaluated at the end
of the third phase.
Each educational period was based on the minimum of gained knowledge, which should be adopted by the student. The
basis of the knowledge was school and the national learning syllabus. At the end of the testing period, the knowledge
was measured through a test.
It included 55% of the tasks referred to the knowledge minimum - knowledge reproduction. Each test was evaluated
according to criteria determined by two assessors. In cases where the grade differed by more than 5%, the test was
evaluated again by a group of three teachers. The criteria were: 0% to 39% - insufficient, 40% to 50% - sufficient, 56%
to 70% - good, 71% to 85% - very good and 86 % to 100% - excellent.
Student and teacher satisfaction was estimated through interviews, on a scale from 1 (very unsatisfied) to 10 (very
satisfied).
First Phase Evaluation
The students` knowledge was evaluated with a knowledge test at the end of the first semester. Results are shown in
Figure 5.
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Figure 5: Distribution of assessments.
Second Phase Evaluation
We did not evaluate this phase; the students' work was mostly monitored and checked. A part of this phase was
evaluated in the first semester, together with the first phase; the other part was evaluated at the end of second semester,
joined with the third phase.
Third Phase Evaluation
The students' knowledge was evaluated on the basis of product documentation, oral presentation of the product
production process and presentation of the working product. An oral examination was held in front of the board of
examiners - teachers of the school subjects involved in the project. The satisfaction evaluation of students and teachers
was performed at the end of the project. The results are shown in Figure 6.

Results debate

Figure 6: Distribution of assessments.
Students` Knowledge
There were no unsuccessful students during the school year. On average, the grades in second semester increased by
one level over the first semester. The differences in grades in new methods of transferring knowledge were not
significant, but there was a big difference in students` and teachers` satisfaction.
Students` Satisfaction
In the first phase, the students evaluated their satisfaction according to the educational process in the first school year.
The students graded their satisfaction with new methods at two levels higher than it had been compared with the
education in the traditional/old way (each school subject separately, no problem-oriented educational methods, etc).
The students` satisfaction was measured via a questionnaire with questions scaled from 1-10. The students' satisfaction
in the first and third phases is shown in Figure 7. The higher the grade, the more satisfied the participating students
were. The lowest grade in the first phase was 3 (mostly not satisfied), the highest 8 (satisfied) and average 5.5. The
lowest grade in the third phase was 6 (satisfied), the highest 10 (totally satisfied) and the average 8.5.

Figure 7: Satisfaction of students.
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Students’ interest increased - some students gained ideas for the fourth part of the final examination, which is the final
stage of completing the educational process and it is obligatory.
The students were exposed to interesting issues and the connection between different subjects for the same purpose one project, one task, one report and they get the grades in more subjects. The flow of knowledge transfer between
different school subjects was very natural (for example, between mathematics, English and professional subjects). In the
old/traditional way, such connections were not present, because each school subject was an individual unit.
Students' independence increased significantly. In time, students could get the information by themselves. Gifted
students suggested the issues for the research work themselves. The students were warned that they should take care of
their own personal and professional development constantly.
Teachers' Satisfaction
The teachers were more satisfied with the new teaching methods, even though such methods required more planning
and team work. However, they noticed that students were more prepared and motivated in the lessons.
Teaching issues could stay the same, only the method and the transfer of knowledge changed. The innovation was the
implementation of learned issues into the problem-oriented work.
Teachers' satisfaction was measured with the questionnaire and questions scaled from 1-10 (1 - not satisfied, 10 - totally
satisfied). The lowest grade was 7, the highest 10 and the average 8.
CONCLUSION
Reform required new approaches in education. Most people usually rebel against changes, but new issues of new
technologies combined with problem study lessons is one of the ways to change educational process into something
higher.
However, changes bring advantages and disadvantages. One disadvantage is the lack of funding. Even with relatively
cheap material, it was not possible to ensure that all students would have the material at home. The second disadvantage
was that some teachers were not prepared to modernise the issues and the methods of their work they had been using in
the past.
The advantages of such education are many: higher motivation of students, their satisfaction, independence, challenge
as the part of learning process and not the need. Very important is the integration of the knowledge from different fields
joined into one whole. Even though the approach is united, it enables individuality, if there is a need and desire. Such an
approach provides the opportunity for personal and professional growth of interested students and teachers.
According to the experience, such an approach encourages the usage of modern communication tools, obtaining and
evaluating the gained information, lifelong learning, the importance of foreign language learning, etc, and all these lead
to the context of a learning society.
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