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An example of execution of the
project week from the area of
Mechatronics based on the topic of
‘Electric Bicycle’.
INTRODUCTION
How to motivate students in the process of education to become active to their maximum, and how to place them in
a situation where they can develop their innovativeness, responsibility, creativity, interactivity, the ability to connect
theory with practical work and to perform publicly, …?

BACKGROUND
The last reform of secondary vocational and technical education aimed at the following: promoting the predominance
of goal-based learning and problem-planned lessons in educational process, the connection between general and
technical knowledge, teaching theory alongside practical work, and establishing the basis for innovative methods
of teaching and learning. At the same time we want to encourage maximum activity and responsibility among the
students, their personal development, which means their professional and key competences.
The above mentioned goals form a basis for a different, i.e. problem-oriented lessons with a teaching method called
project days or a project week.
The gist of a Pproject eek is that all the teaching is focused on one chosen topic. It encourages creative and critical
thinking, and enables a wholesome view on the problem. The students need such education that gives them a general
overview of science and at the same time ensures the durability of their knowledge, which proved as a positive side
of project work.

CHALLENGES
The Project Week concept is a characteristic example of a problem-oriented teaching, i.e. student focused teaching.
The students co-operate to solve problems and gain new knowledge, work on problems in small groups and are
mainly responsible for the work. The teacher acts as a mentor and directs their work. The students organize all their
work in their group while the teacher provides all the necessary support.
Obviously, there is always a problem of what kind of an example from real life to choose so that the task will still be
interesting and, at the same time, not too challenging for their level of knowledge. There is also an organizational
challenge, namely, how to carry out the project week for all the classes and teachers at the same time. Certain
lessons have to take place in specialized classrooms with enough computers for the students to do their work. The
to students also had to be contacted and invited.
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companies which the students visited or whose representatives visited school to pass their professional knowledge
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SOLUTION
The above mentioned method has been tested at SC Kranj in the second year’s Technician of Mechatronics and
Mechatronic Operator programmes. The topic of the project week was Electric drive bicycle. Why this topic?
We are all familiar with a traditional bicycle but the electric drive bicycle is only just gaining ground. It is not so
familiar to students so it presents a challenge – an unexplored area. So it is not a coincidence that we chose
electric drive bicycle for the topic of the project week. We divided the main topic into 8 sectors, which were chosen
according to the amount of interest and also enabled us to execute interdisciplinary teaching. The sectors were the
following: Cycling, Bicycle Construction, Materials, Mechanical Transfer of Power, Electric Drives, Resistance and
Loss, Sources of Voltage (locations, standard switches), Testing and Reversibility (charging when driving downhill).
Since we have good contacts with the General Representative of Electric drive bicycles for Slovenia, we could
borrow one of their latest bicycles for testing and research. There were no problems with written specifications as
the material was delivered together with the bicycle. We also invited their repairman to visit us at our school. The
students were divided into 8 groups, taking special care of balancing the group according to their abilities and
educational programme (STE ansd SVE, Secondary Technical and Secondary Vocational Education). Each group
researched one of the above mentioned sectors.
The students also visited the Motorcycle Museum and the Safe Driving Centre in Vransko where they learnt about
safe driving as they are going to be young drivers in a couple of years while the majority of them are already

CASE STUDY | Slovenia

enthusiastic cyclists.
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Macro preparation
Subject

Project week, Mechatronics

Programme

Tehnician of Mechatronics, Mechatronic Operator

Year

2nd year of Secondary Technical Education (2.Ma, 2.Mb)
2nd year of Secondary Vocational Education (2.Me)

½½

TIME OF EXECUTION: April 2014

½½

PLACE: SC Kranj – Secondary Technical School

½½

TT

Safe driving Centre Vransko

TT

Vransko Motorcycle Museum

OBJECTIVES: development of divergent thinking in students, creativity and gaining, strengthening,
deepening and use of knowledge from the field of engineering, technology, work organization, economics,
ergonomics, ecology, information technology, computer science, industrial design, etc.

½½

PROGRAMME/TOPIC: ELECTRIC DRIVE BICYCLE

½½

LEADERS mentors: 8 mentors for 8 groups

½½

NUMBER OF PARTICIPANTS: 62

½½

STRUDENTS’ TASKS: according to the topics of individual groups:

TT

to find electric and mechanical elements at mechatronic systems of an electric bicycle,
to study an actual mechatronic system from the point of view of functioning,
to get familiar with technical documentation,
to learn about safety and quality standards,
to get familiar with the history of invention and development of vehicles,
to study the meaning and role of individual mechatronic components in the system,
to establish the impact of vehicle production, their use and used vehicles on the environment,
to learn about the meaning of recycling or use of disused vehicles for other purposes,
to communicate in their mother tongue and foreign languages,
to be able to speak publicly with self-confidence,
to use ICT,
to find different information sources, separate what is important, and pass it on,
to behave appropriately and politely,
to react with tolerance and in accordance with etiquette,

TT

to work independently and reliably,

TT

to successfully co-operate in a team.

TT
TT
TT
TT
TT
TT
TT
TT
TT
TT
TT
TT
TT

½½

ESTIMATED NUMBER OF HOURS: 33

½½

EQUIPMENT: electric drive bicycle, computers, technical literature, written materials, catalogues and
technical specifications of the bicycle.

½½

STUDENT REQUIREMENTS: the material is provided by the mentors according to the topic of the group,

½½

COSTS: the costs of the technical field trip.

½½

METHODS AND CRITERIA OF EVALUATION/ASSESSMENT:

½½

TT

the methods and criteria are defined in a detailed execution plan of the project week,

TT

evaluation will be carried out on the level of students, teachers and organization of the project.

AN IDEA FOR PRESENTATION AT PRESENTATIONS’ DAY:
TT

presentation of the Project Week for parents, students and teachers in the great lecture hall,

TT

presentation on the school website.
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they have access to ICT (the Internet).
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Micro plan
1st day

Assembly of all the participants of the project week in classroom 274 –presentation of the project
week - introduction
Classrooms required: 275, 278, 282, 274 (253, 341, 284, 347)
forming groups of students with their mentors and classrooms; group work

2nd day

Assembly of all the participants of the project week in the car park in front of the school
field trip - a visit to Safe Driving Centre in Vransko
- a visit to Celje and their Regional Museum

3rd day

Assembly of all the participants of the project week in classroom 274 – a meeting and talk with a
bicycle repairman, Mr Matjaž Bogataj; group work and preparation of the presentation

4th day
5th day

Group work as arranged by the mentor; preparation of the presentation
Group work as arranged by the mentor; preparation for the presentation rehearsal for the
presentation of the project week; presentation of the project week for the students, parents,
teachers and invited guests in the school lecture hall.

Mentors have been selected for the students to direct and help them with their research work as well as co-mentors
from teachers of other subjects to provide additional help.
The students were divided into groups while paying special attention to the balanced and mixed ability of each
group (STE, SVE):
1st group

2nd group

3rd group

4th group

Cycling

Bicycle Construction

Materials

Mechanical Transfer
of Power

mentor:

mentor:

mentor:

mentor:

5th group

6th group

7th group

8th group

Electric Drives

Resistance and Loss

Voltage Sources

Testing and Reversibility

mentor:

mentor:

mentor:

mentor:

Project Realization
The project week was carried out in one week. The majority of research work was done by students in the mornings
in school and some at home. One day was spent in the field trip to the Motorcycle Museum and the Safe Driving
Centre in Vransko. The final presentation took place in the afternoon to make possible for the parents to attend it.
The students were active all the time and so were their mentors who were always prepared to help them.
presented the topic of their task, technical literature obtained in the company and a sample electric drive bicycle.
The students were able to take a ride with it, measure it, test it, in short, do whatever they needed for their research
work inside their groups. They also took advantage of the Internet and a computer program for defining the centre
of gravity and the load of the bicycle.
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Each group chose their leader whose task was to present their work at the final presentation. The teacher first
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for their research work inside their groups. They also took advantage of the Internet and a computer program
for defining the centre of gravity and the load of the bicycle. .
Group work
Group work
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A visit to the AMZS Safe Driving Centre and Motorcycle Museum in Vransko
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A visit to the AMZS Safe Driving Centre and Motorcycle Museum in Vransko

5 IMPACT AND OUTCOMES

Attachments – the results of group work

1st group: Cycling
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The students were asked to write a report on their findings and prepare a PowerPoint presentation. Among
themselves they chose the presenters of their work at the final presentation.
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5 IMPACT AND OUTCOMES
The students were asked to write a report on their findings and prepare a PowerPoint presentation.
Impact
and Outcomes
Among
themselves
they chose the presenters of their work at the final presentation.
The students were asked to write a report on their findings and prepare a PowerPoint presentation. Among
themselves they chose the presenters of their work at the final presentation.
Attachments – the results of group work
Attachments
– the results of group work
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1st group: Cycling
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2nd group: Bicycle Construction
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3rd group: Materials
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4th group: Mechanical Transfer of Power
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5th group: Electric Drives
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6th group: Resistance and Loss
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7th group: Voltage Sources and Charging
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8th group: Testing and Reversibility (charging while driving downhill)
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with with
a final ajoint
presentation
by the students
the great
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room
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TheThe
project
wasconcluded
concluded
final
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students
theforgreat
parents,
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work of the students as well as their mentors.
The presentation of the Project Week for teachers, students, their parents and invited guests.
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The presentation of the Project Week for teachers, students, their parents and invited guests.
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In the
outout
the the
evaluation
of theof
Project
Week among
students
teachers.
In
theend
endwe
wecarried
carried
evaluation
the Project
Week the
among
the and
students
and teachers.

The evaluation of the Project Week- students
1. The work during the project week is different from regular classes. Did you like this kind of
work?
yes 58 %
partly 32%
no 10 %
2. Do you think the project week was connected with your regular work in a sensible way?
yes 61 %
partly 30 %
no 9 %
3. Did you actively co-operate with your classmates in the group?
yes 84%
partly 16 %
no 0 %
4. Were the materials easy to understand?
yes 57%
partly 38 %
no 5 %
5. How would you grade the teacher's work?
well-led
I would need more teacher's
I did not know exactly what to
79 %
help
do
15 %
6%

The evaluation of the Project Week – participating teachers
Agreement
92%
86%

3. Appropriate methods and work forms were chosen to reach our objectives.

82%

4. We had enough time to accomplish all our objectives.

78%

5. We were able to monitor and evaluate the work of the students all the time.

82%

6. Interdisciplinary linking with our colleagues in the project week preparation
was successful.
7. Interdisciplinary linking with our colleagues in the project week implementation
was successful.
8. The students achieved the expected learning objectives during the project
week.
9. The students developed their social skills and other ICC during the project
week.

78%
78%
86%
89%

10. The work followed the scheduled timetable.

96%

11. The classrooms met the requierements.

96%

12. All the necessary material was available.

96%

The responses in the survey show that the students like the discovery of new horizons in this way much more than
in the traditional way, and the knowledge gained is longer lasting. The teachers, especially the mentors, on the other
hand, have more preparation to do and put in more personal involvement for a successful implementation of this
teaching method.
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1. The topic of the project week was wide enough and enabled interdisciplinary
teaching.
2. The objectives we set ourselves for the project week are in accordance with the
objectives in the National Curriculum
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6 FUTURE STEPS

FUTURE STEPS

Additional value – cooperation between a student and a company
Additional value – cooperation between a student and a company

During
the project
weekwe
wewere
were visited
visited by
fromfrom
Proloco
Trade d.o.o.
company
lent us
the lent
During
the project
week
bya arepairman
repairman
Proloco
Trade
d.o.o. which
company
which
electric
drive
bicycle
in
the
first
place.
The
repaiman
mentioned
the
problem
of
ventilating
the
hydraulic
suspension
us the electric drive bicycle in the first place. The repaiman mentioned the problem of ventilating the
forks suspension
when servicingforks
classical
bicycles.
hydraulic
when
servicing classical bicycles.

One
of students
the studentsfound
found the
interesting.
He contacted
the company
the repairman
as a project and,
One of
the
theproblem
problem
interesting.
He contacted
theand
company
and and,
the repairman
assignement,
constructed constructed
an automated device
for ventilating
the suspension
forks which
now used in different
as a project
assignement,
an automated
device
for ventilating
theis suspension
forks which
bicycle
repair
shops.
He
used
the
method
of
project
work
and
with
the
help
of
a
mentor
from
SC
Kranj
and another
from
is now used in different bicycle repair shops. He used the method of project work and
with the
help of
the
company
designed
the
device
for
ventilation.
The
device
is
now
mass
produced
and
used
in
bicycle
repair
shops.
a mentor from SC Kranj and another from the company designed the device for ventilation. The device
is nowThe
mass
and on
used
in bicycle
repair
shops.
forksproduced
of a bicycle work
the system
of damper
where
oil is used to suppress the vibrations that are transfered
from the road surface to the cyclist. During maintenance and oil change air bubbles enter the system so the effect

The forks
of a bicycle
work on
the system
of damper
oil ismust
used
to suppress
thesystem.
vibrations
of suspension
and comfort
is reduced.
Consequently,
all thewhere
air bubbles
be removed
from the
This that
are transfered
fromwith
the
road that
surface
toalternating
the cyclist.
During and
maintenance
oil change
air bubbles
can be achieved
a device
creates
overpressure
depression inand
the system.
Overpressure
enter pushes
the system
so the to
effect
of suspension
andremoves
comfort
is reduced. Consequently, all the air bubbles
the air bubbles
the surface
and depression
them.
must be removed from the system. This can be achieved with a device that creates alternating
The previous device of an Italian producer was manually operated. Each valve had to be opened separately. The
overpressure and depression in the system. Overpressure pushes the air bubbles to the surface and
work was time-consuming due to numerous valves and high frequency of their opening and closing. There was
depression removes them.
a need for an automated device that can generate depression and overpressure just by pushing a button. This

enables the operator to switch between the modes easily. The switch has three position modes, namely OFF,

The previous device of an Italian producer was manually operated. Each valve had to be opened
OVERPRESSURE and DEPRESSION.
separately. The work was time-consuming due to numerous valves and high frequency of their
The project
was realized
by project
and for
carried
in the following
steps:that can generate depression and
opening
and closing.
There
was awork
need
an out
automated
device
overpressure
just by pushing a button. This enables the operator to switch between the modes easily.
½½ Defining the assignement/ describing the problem,
The switch
has three
modes,
namelystanja
OFF, na
OVERPRESSURE
and DEPRESSION.
½½ Survey
of the position
market, Pregled
obstoječega
tržišču.
The project
was
realized
by
project
work
and
carried
out
in
the
following
steps:
½½ Designing the concept: at least three different designs,
½½

Setting the term plan of activities,

½½

Designing the preliminary study of the chosen model together with a mathematical model and basic
Elaboration of the plan with the descriptions of operation, materials, etc.,

½½

Preparing a computer simulation,

½½

Testing the circuit operation,

½½

Manufacturing the device,

½½

Preparing technical documentation,

½½

Preparing marketing material,

½½

Marketing the device.
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calculations,
½½
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- Preparing technical documentation,
- Preparing marketing material,
- Marketing the device.
The device concept :

Pneumatic scheme

Electric circuit scheme

Final product
After the assembly it was necessary to check whether the device works in accordance with the
www.skills4workproject.eu
expectations
and task requirements. The testing was carried out in a classroom at SC Kranj. All those
who contributed to the realization of the project were present. The testing was carried out by a
representative of Proloco Trade d.o.o. company. The device performed in accordance with the
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The assembly of individual elements
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After the assembly it was necessary to check whether the device works in accordance with the expectations
and task requirements. The testing was carried out in a classroom at SC Kranj. All those who contributed to the
We are going to continue with such successful work in future.
realization of the project were present. The testing
was carried out by a representative of Proloco Trade d.o.o.

company. The device performed in accordance with the requirements. Using the overpressure the oil gathered at
the top of the bicycle forks and by means of depression the air bubbles were pressed out of the forks into the oil
reservoir. At the same time, the device is very user-friendly: it is manageable and easy to use.
The device is used regularly by the repairman and 5 devices were sold to other repair shops in the first year of its
An example of a commercial leaflet for marketing the device:

marketing.
This quotation of the students is very interesting:

»I learned a lot from the project assignement because I
made almost everything by myself. Some things were new
to me but I figured them out eventually. I liked working with
the industrial robot very much as it enabled me to learn
some important things I hadn’t known before. I gained
a lot of good experience which will surely help me with
my studies and finding a permanent employment.«
We are going to continue with such successful work in future.

An example of a commercial leaflet for marketing the device:

Conclusion

CONCLUSION
Problem-oriented lessons with a project-work

Problem-oriented lessons with a project-work method of teaching is one of the ways to
students to find relations between general and technical knowledge, to a maximum ac
responsibility, cooperation in groups and developing resourcefulness. The Project Week fra
be a good method to take advantage of the students' interests and to thoroughly study a g
method
of teaching is one of the ways to motivate students to find
The students like this approach better than traditional teaching method and the knowledge

relations between general and technical knowledge, to a maximum activity and responsibility, cooperation in
groups and developing resourcefulness. The Project Week frame could be a good method to take advantage of

the students’ interests and to thoroughly study a given topic. The students like this approach better than traditional
teaching method and the knowledge gained by the project-work method is longer-lasting. On the other hand,
it requires more preparations and organization from all the participating teachers – mentors. Nevertheless, the
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satisfaction of students is more important than our efforts.
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