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PROJECT-BASED LEARNING: DILEMMAS AND QUESTIONS!
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Abstract. In this new era of fast communication and fast change of the
technology, fast changes in the process of education are inevitable. Obtaining
universal knowledge and skills in the schools is more than necessary.
Experiential, hands-on and student-directed learning which are recommended
by the educators more than 100 years ago, every day become more and more
our need and reality.

One of the approaches, which offer these features, is the Project
Based Learning (PBL). There are many discussions on what PBL really is,
what are the steps that must be followed, when the approach is PBL and when
it is not PBL, how to use it, how to adjust PBL approach to our needs defined
by the curriculum and the syllabus etc. Probably the biggest question is how to
assess the individual knowledge and skills of each student obtained in the team
during PBL.

Here, we will try to clarify some of the most important dilemmas and
questions about the essence of PBL, differences and similarities with other
approaches. We will also discuss few examples of PBL use in physics teaching
and learning for the students of low secondary school (grades 8 and 9).

PACS: 01.40.-d, 01.40.E-, 01.40.Fk, 01.40.gb

1. THE HISTORY OF PROJECT BASED LEARNING

Project Based Learning (PBL) has a long history.

Socrates in 5th century BC says, “Learning is not a process of serving information ... it
is neither the only nor the most important task of the teacher. The teacher’s task is to lead the
student, so the student can conclude. | cannot teach anyone anything. | can just make him
think.”

In the 19th century, Maxwell asked the colleagues to apply more research and research
based learning and less wittily formulated mathematical problems. Cavendish laboratory for
physics, established in 1874 by Maxwell was a result of the movement for reform in the
education.

The famous German mathematician, Leopold Kronecker, was the first constructivist.
Later, Piaget [1], Vygotsky [2] and other researchers set the scientific foundation.

Why do we mention constructivism when talking about the Project Based Learning?
Because in the core of the PBL is the process that involves the students in discovering and
constructing their knowledge. It is a process based on research, design and everything that
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means intellectual and physical engagement of the student. It is process which engages minds-
on and hands-on.

2. CHARACTERISTICS OF PBL

There is no one accepted definition of PBL. Many authors try to define PBL.

Markham et al. explains that Project Based Learning (PBL) is the use of in-depth and
rigorous classroom projects to facilitate learning and assess student competence and defines it as
a systematic teaching method that engages students in learning knowledge and skills through an
extended inquiry process structured around complex, authentic questions and carefully designed
products and tasks [3].

Jones et al. [4] and Thomas et al. [5] explain that PBL is a model that organizes learning
around projects, and projects are complex tasks based on challenging questions or problems,
that involves students in design, problem solving, decision making, or investigative activities;
give students the opportunity to work relatively autonomously over extended period of time;
and culminate in realistic products or presentations.

More important than the definition itself, are the attributes of effective projects.

Project-based learning:

S Recognizes students’ inherent drive to learn, their capability to do important work
and their need to be taken seriously by putting them at the center of the learning
process.

S Engages students in the central concepts and principles of a discipline. The project
work is central rather than peripheral to the curriculum.

< Highlights provocative issues or questions that lead students to in-depth
exploration of authentic and important topics.

2 Requires the use of essential tools and skills, including technology, for learning,
self-management, and project management.

< Specifies products that solve problems, explain dilemmas, or present information
generated through investigation, research, or reasoning.

< Includes multiple products that permit frequent feedback and consistent
opportunities for students to learn from experience.

2 Uses performance-based assessment that communicates high expectations, present
rigorous challenges, and requires a range of skills and knowledge.

S Encourages collaboration in some form, either through small groups, student-led
presentations, or whole-class evaluations of project results.

2 Include wider community in the activities.

The activity, which by teachers is called project, is often used as a fun or change-of-
pace events completed after students have been pushed through homework assignments,
lectures, and tests.
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In PBL, students are pulled through the curriculum by a Driving Question or authentic
problem that creates a need to know the material.

PBL is sometimes equated with inquiry-based learning or experiental learning. If you
try to google PBL, very often you get to the Problem-Based Learning, which abbreviation is
also PBL. Though PBL shares some overlapping characteristics with these terms, there are
differences between them.

3. ASSESSING KNOWLEDGE GAINED IN PBL

When talking about the PBL, assessment is one of the biggest problems that teachers
face. There is often confusion about what and how to assess the individual student, when
students work in a team and when everybody has different tasks and activities within the team.
But, teacher most often forget that the project activities arise directly from the topics and
standards in the curriculum and syllabus. The whole project is shaped in a way to meet the
outcomes and standards of the curriculum. The students’ activities converge towards one and
the same goal — the final product of the project. In order to realize their activities, students have
to acquire knowledge first. This knowledge is in accordance with the objectives in the
curriculum. If so, then the teacher can assess the students’ knowledge and achievement with the
tools and techniques that she usually uses.

3. DIFFERENCES AND SIMILARITIES WITH OTHER
TEACHING APPROACHES

In order to see the differences and to get to the essential characteristics of project-based
learning, we will start from the beginning i.e. from Research-Based Learning (RBL). In the
foundation of RBL lies the scientific method. There are many different definitions and
explanations about scientific method, but we will see here the steps that can be found in almost
every version. In the process of the research, researchers:

> Observe
Pose a question.
After additional observation and analysis, construct a hypothesis.
Design research/experiments.
Analyze the results and make a conclusion.
Publish the results.
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After this, researchers rethink and start the process all over again. When students use
this approach for learning, of course, they do not start all over again, but they can rethink, put
the results in slightly different situation and circumstances, which will take them to the next
topic in the syllabus. In this way, they discover new knowledge by their own. They construct
their own knowledge. The activities are directly related to the topics and standards in the
curriculum and the syllabus.
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Next step in getting closer to the project based learning is the Problem-Based Learning
(PbBL). During this process, students:
< Recognize a problem from a situation in the classroom.
2 Need new knowledge in order to solve the problem.
< Design research in order to come to this new knowledge.
< Find a solution for the problem based on the acquired knowledge.

The underlined activities are new in this approach, compared to RBL. Since the
problem emerges from a situation in the classroom, the problem is authentic. On the contrary, in
RBL the problem does not have to be authentic. In RBL the goal is to come to a new
knowledge, which is defined by the curriculum and the syllabus. Unlike in RBL, in PbBL the
goal is to find a solution for a problem, which emerges from an everyday life, from a real world
situation. The acquired knowledge is not a final goal in itself as in RBL. It is only a tool to find
a solution for the problem. Knowledge is something that is acquired on the way to the solution.
But, it is not acquired because students have to spend their extra time, or for fun. They fill the
need for this knowledge. In both approaches students work in teams and they
collaborate/cooperate.

Finally, we came to the project based learning. During PBL students:

> Face with a problem outside the classroom.
Need new knowledge in order to solve the problem.
Design research in order to come to this new knowledge.
Find a solution for the problem based on the acquired knowledge.
Design a final product, which emerges from the solution of the problem.

OO0 0o

The underlined activities are characteristics of PBL. They are not present in the PbBL
activities. At first sight, it seems like there is not big difference between PbBL and PBL. But, let
us take a closer look at the first and the last activities, which are new. Like in PbBL, the
problem is authentic and comes from the real world. But, unlike in PbBL, the new flavor here is
that this problem is not single. This problem is multilayered. It is complex and consists of more,
smaller problems. What is also interesting at this moment is that the problem is
interdisciplinary, something that enables us to relate the problem to more than one subject i.e. to
integrate more subjects or more topics from one subject.

The last activity, designing a final product in PBL is known from the beginning of the
project. Actually, the idea of the project starts from the final product. Unlike in PbBL, the
product in PBL is something that has wider significance. It can be applied in the wider
community. The final product can be in the form of a program, procedure, document, campaign,
theater play, technical product etc.

4. WHAT STUDENTS GET FROM PBL

PBL covers all modern trends in education.
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Students are at the center of the learning process.

Students work in teams and they collaborate. Collaboration in the process of learning is
a level higher than the cooperation. Note that the student takes the responsibility for its acquired
knowledge, but also he/she takes responsibility for the knowledge of the whole team. PBL
creates collaborative relationships among diverse groups of students [6, 7].

Students cooperate with the community. Learning community is not only the classroom
anymore. The Learning Community becomes multidimensional, public and unpredictable [8].
No matter of the subject and the topic, students learn how to do a research, how to organize the
teams, how to communicate.

Very important moment is that they learn to articulate their thoughts, they learn how to
explain, how to convince.

PBL creates positive communication. Students learn to advocate, to defend their ideas,
but at the same time to listen the opponent and to be open for others opinion.

PBL overcomes the gap between knowledge and thinking. Students “know” and “do”.

PBL develops the habit for lifelong learning.

PBL meets the needs of learners with varying skill levels and learning styles.

Students with different abilities and different interests work together: organization,
experimenting, crafts, drawing, writing, designing...

Very often, the engineers do not have communication and teamwork skills. Current
programs do not provide sufficient design experience to students, too. There is a lack of
awareness amongst students of the social, environmental, economic and legal issues that are part
of the reality of the modern engineering practice [9]. All these moments can be recognized in
the skills that students can obtain by practicing PBL.

Very important moment is that PBL enables application of the technology [10, 11].

5. WHAT TEACHERS GET FROM PBL

Perhaps the first question that usually arises is: do | have time to do this project? PBL
should not be taken as taking time away from the regular curriculum. Project should be
considered as a central method of teaching and learning that replaces conventional instruction
method. This project teaches students the same essential information you might teach them
through lecture and discussion. Of course, it is not possible to go through the whole project just
during the classes. One of the reasons is that the project involves cooperation with the
community. In some situations, it is possible to bring people from institutions outside of the
school. For example, at the beginning of the project or during the realization of the project,
when there is need to make short discussion, short overview of what has been done or short
consultation. But, the real interaction with the community is at the institutions. The second
reason is that the activities are too many and too complex to do it only during the classes. Part of
the activities can be done as homework, sometime even extended homework.

This shows that there are some activities that have to be done by the students.
Traditional instruction engages teachers whole time of the class with talking, explaining, doing
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experiments, watching students...This is not easy, in particular for the novel teachers. PBL
shifts all activities towards students. The students take part in designing the whole project:
communication with the community, designing research, doing research, collaborating between
themselves, they have responsibility for the success of the whole project. And all that with the
help of the teacher. This means that the teacher is not passive. The teacher leads the students,
give them direction if they got lost, helps them with the organization. The teacher is their older
partner who is always there to help them if they get stuck.

The teachers’ experience shows that once the teachers fell comfortable with PBL, they
usually find teaching with projects to be more fulfilling and enjoyable.

Most of teachers claim that active learning is vital. But, not all of them react in the same
way to such way of learning. Some teachers say that projects are chaotic or messy. This a good
reason for a teacher to ask herself/himself on the teaching style and skills. How will he/she
operate in PBL environment?

The teacher has to test herself/himself, whether he/she is a leader or a manager. Leaders
facilitate problem solving in a group and help the group find their own solutions. Managers, on
the other hand, prescribe outcomes and control the process on the way to finding those
outcomes. The best way is to go back and forth between the two roles. But, if the teacher is not
sure what will happen when the control is left to the students during the project activities, he/she
does not have to avoid projects. Teachers already know many of the elements of PBL, and have
used them, but may not be aware of it. It is good to start with those small elements and build
them up step-by-step. This results in small projects at the beginning, which will grow and
finally come to a big project.

PBL does not offer possibility to cover all or many topics. Sometimes it is the topic,
which is not possible to go through PBL. Sometimes, it is the time that limits us. But in the case
of good education, less is more. If the teacher is pressed for time and need to include many
topics in the instruction during a year, it is good to think about the concept of “uncoverage” i.e.
cover-discover approach. This means making a deliberate decision about topics that you want to
teach in depth versus topics that can be simply “covered”. Which of the topics can be easily and
successfully handled through lectures or textbook assignments? Which of the topics require
more depth? Identify the topics with the most important ideas and concepts in your curriculum
and incorporate those topics into projects. Those are the topics with which you want the students
to tackle. The remaining topics you can deal with through direct instruction. In other words, the
teacher can use direct instruction and less time for the concepts that are easier to handle and
maybe on the lower level of the importance scale (if it is possible to grade) in order to cover the
topics and goals in the syllabus. But, the concepts that are more important have to be discovered
by the students.

Teachers in low-performing school often pose a question: can PBL work in my school?
Yes, it can, because, as it was mentioned earlier, many of the PBL elements teachers already
know and apply. Of course, it is not possible to quit direct instruction. Discussion with the
students and between the students, inquiry, experiments, cooperation with the community,
designing things is all elements of PBL. The relative quantity of each element in the PBL
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depends on the topic, circumstances in the school and community, teacher’s and students’ skills.
Sometimes, if the students are less skilled, it will be necessary to include more direct
instruction. But, teachers must not quit projects!

When the teacher develops a project, she has to start thinking backward from a topic.
Project ideas come from articles, issues, current events, conversations and wonderment. Often,
they emerge from discussions between members of a teacher tea. Once an idea comes to the
teacher, she has to work backwards to shape the idea in order to meet outcomes and standards of
the curriculum.

6. EXAMPLES

Let’s take a look at one example in order to see and understand the difference between
the three approaches explained before.

Example Research Based Learning

Obijective: Discover the dependence of the electric resistance on the characteristics of
the conductor.

The research and experiments are designed by teacher and students, jointly.

Students are organized in teams. Each team has different task. Each team has to come to
some conclusion about the dependence of the electric resistance. After the experiments are
done, the students exchange the results between themselves; discuss the results and come to the
final conclusion. The law for electric resistance is discovered.

Example Problem Based Learning

The students study different electric circuits. The students have to construct a circuit
with few resistances. There is not a resistance with certain value in the physics classroom. The
students have to make such resistance. In order to make it, first they have to discover the
dependence of the resistance on the characteristics of the conductor. It means in this part of the
PbBL comes the module of RBL. After the research is done and the law of electric resistance is
discovered, the students can make the required resistance.

Example Project Based Learning

For some reason the school has to construct and design electric heater. In order to
fulfill this task the school addresses to a factory which produce electric devices. During this
process, students should take the next activities:

1. Take into account the power of each heater.

2. Discover the law of resistance.

3. Adjust the power and the resistance of the heater.

4. When constructing the heater think about its design, which has to answer the
application.
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5. Construct and incorporate the safety device in the heater.

6. Construct and incorporate temperature controller (thermostat).

7. Write and design a manual for the heater, which will contain the procedure for using
and safety precautions.

7. Write and publish a report?

From the last example, one can see that the integration in PBL is inevitable. Besides the
physics, which lay in the core of this project, subject related to technology can also be involved,
since one of the goals of the project is to construct and design the heater. Design of the heater
can also be included in the classes of arts. All written material can be included in the classes of
mother tongue or even in foreign language. Report can also be given in electronic form (power
point presentation, website, blog etc) which means that the classes of computer science
(informatics) can also take part in this project.

Example Introductory Project

One of the projects, which will introduce the teacher and the students in PBL and will
help with the later projects, is mapping the community. Design a project to discover all
institutions in the community. The final product will be a categorized list of factories, faculties,
museums, institutes, ballet studios, churches, theaters, cinemas, galleries, building enterprises
etc. Later this list can be used as a source for ideas and some of those institutions and companies

could be involved in the future projects.
Here are some examples of projects and possible questions to answer and activities to
do within those projects.

Example: Campaign for recycling “Why recycle at all?”

Why should we recycle? What can be recycled? Visit a factory that produces paper,
glass, aluminum, rubber, plastic or anything that can be recycled. From the experts obtain
information on the energy and water consumption for production, on the emission of harmful
substances etc.

Visit an NGO, which would be interested in participating and supporting such project.
Visit the ministry of environment or similar.

Visit an institution which works in the area of recycling and obtain interesting
information. Are they satisfied with the way of collecting material, is there any problem, is there
anything that can be improved etc. Is there a possibility to expand the recycling with other
materials and under what conditions?

What the people know about recycling? Organize an inquiry. Design a questionnaire.

Make a material for the campaign: leaflet, play, show, website etc.

Which materials decompose in the nature? Make a research: bury fruit, vegetable, piece
of meat, paper (with a various quality), plastic (with a various quality), can etc.

Example: Industry “How to improve the quality of a product? What is the
competition?”
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Make e list of the factories in the town, in wider area or in the state?
Find out is it possible to buy their products in the stores?

Find the products and manufacturers of similar products that can be found in the stores?
Discuss with the sellers/merchants: why do they supply these products and not some
others?

Test the products. Prior to testing establish criteria, what and how to evaluate.
What would the students change: quality, shape, packaging, commercials or something
else?

7. CONCLUSION

PBL is not the ideal approach. PBL cannot be applied in every situation. For example,
PBL is not appropriate as a method for teaching certain basic skills such as reading or
computing; however, it does provide an environment for the application of those skills.

Research component in the project must not be forgotten. Investigating authentic
problems [12], designing experiments with devices that are used in everyday life [13] and
analyzing results, gives more quality knowledge, understanding of the basic concepts and fights
common misconceptions [14].

However, PBL is still in development stage. Some authors say that there is not
sufficient research or empirical data to state that PBL is a proven alternative to other forms of
instruction. However, PBL is so complex that it gives opportunity to use all possible forms of
instruction. Blended learning finds its natural environment in PBL. But, nothing is ideal.
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YUYEILE BASBUPAHO HA ITPOEKTU: IUJIEMU U ITPAIITAIHA!

0. 3ajkoB u b. MurpeBcku

Hucmumym 3a ¢usuxa, Ilpupoono-mamemamuuxu paxynmem, Ynusepzumem Cs.

Kupun u Memoouj, I'azu 6aba 6.6. 1000 Cronje, Maxeoonuja

Ancrpakt: Bo Bpeme Ha Op3m KOMyHyKalmd W Op3 pa3BUTOK Ha
TEXHOJIOTHjaTa, HEW30eKHU ce Op3d MNPOMEHH H BO OOPa30BAHUETO.
JloOuBame yHHBE3paJIHM 3HAaCHka M BEIITHHH € IOBEKE O MOTpeOHO.
VYuemeTo 0a3upaHo Ha UCKYCTBO M HAcTaBa HACOYEHA KOH YYEHHKOT, KOU Ce
npenopadyBaar mocieaanBe 100 ToaWHU CEKoj JE€H CTaHyBaaT Cce IOBeKe
nmotpeba U HaIIa peasHoCT.

Yuaemero 6a3upano Ha npoekTa (YBII). [TocTojaT MHOTY AMCKyCHH 32
TOa WTO TOYHO 3Hauu YBII, Kou ce 4eKopuTe KoM MOpaar Jia ce ClelaT, Kako
Jla ce yCOIJacH cO HacTaBHATa INporpaMa, Kako Ja Ce HMMIUIEMEHTHpPa BO
HacTaBaTa M TakaHatamy. MokeOW HajroJeMHOT MpoOJieM KOj TH JIOBEIyBa
HACTaBHUIUTE BO HEJOYMHIA € KAaKO Jla C€ OLCHU 3HACHETO CTEKHATO HU3
OBOj HAYMH HA YUCHe.

MHory HacTaBHHMIM HE MOXAaT Jia HalpaBaT pas3iiiKa IOMery yueme
OasupaHo Ha HUCTpaxyBame, Ha mpobnem (YBIIO) u Ha moekr. Yuewme
0a3upaHO Ha MCTPaXyBame € OCHOBHA KJIETKA Ha JPYyruTe 1Ba npuoxaa. Toa e
COCTaBEH JIeJl Ha YUemheTo 0a3upaHo Ha MpobJeM M MpoeKT. MajKy IMOTeKo
ce npaBu paznuka nomery YBII6 n YBII. Kaj YBII6 yyenuxor e poBeneH BO
npoOiemMcka curyanuja.3a a ja peny, moTpedHo € Jla MOMHHE HU3 IPOLECOT
Ha y4eme (MOXKeNIHO € Toa Aa Ouje ydeme HU3 HUCTpaxyBambe). CTEeKHATOTO
3HAeHE YUCHUKOT TO KOPUCTHU 32 pelaBame Ha npobiemort. Pemrennero mma
JIOKaJIeH KapakTep, OJTHOCHO ro pemasa mpo0ieMoT BO
YYWITHHLATA/yIUITUIITETO.

Kaj VBII, mpobiaeMoT He € o[ JIOKalleH KapakTep, TyKy TOj Joara o
HaJBOp, OJ MOUIMpoKara 3aeAHuna. IIpobieMoT € KOMIUIEKCEH, OIHOCHO
MMOBEKECTIOCH, CE COCTOM O] TMoBeke momanu mpobiaemu. Bo mporecoT Ha
pelaBame Ha MPoOJIEMOT € BKIyueHa M IomMpoKaTa 3aeaHuna. lem on
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MPOLECOT Ha YYEHhEe MOXKE Ja Ce OJBHBA M HAABOP OJ YUYWJIHHMIATA, OJ
MPaKTHYHM CUTYAIMH U 3a€JHO CO EKCIEPTH O] APYTU MHCTUTYLNH, PA3INIHU
on yumnumirtero. YBII Moxke [na BKIydyyBa M HMHTErpUpaHa HacTaBa.
Pemennero e TroToB MpOM3BOA BO BUJA Ha H3IPajeH ypeld, NPOU3BOJ,
npe3eHTanuja, JOKyMEHT, IPETCTaBa, KaMIamka U CIMYHO.

Kora 300pyBame 3a orieHyBameTo crekHato Hu3 YBII, mopa na ce
Kaxke neka nenure kon YBII cu rm mocraByBa ce WICHTHYHH CO OHH
neuHMpaHn CO HacTaBHata mporpama. Toa 3Ha4M JeKa MaTepHjalHOTO
3Haeme Koe Tpeba Ja ce CTeKHe € UCTOTO Toa KOoe OU ce CTEeKHAJ0 U HU3
TpaguLMoOHaNHa HacraBa. OTTyka clequ  JieKa OLCHYBAamkeTo Ha
WHIVBUIYAJHOTO 3HacHE€ HA CEKOj YYEHHK MOXKE Ja Ce HalpaBH Ha
YCTAICHHOT Ha4yMH KOj HACTaBHUKOT TO IIPUMEHYBa BOOOMYACHO.
HononnurenHo, Hu3 YBII ce crekHyBaaT yHHMBEp3ajdHHM 3HacHkha U BELITHHH,
KaKo IITO ce THMCKa paboTa, copaboTKa W KOMYHHKANHja BO paMKHUTE Ha
TUMOT ¥ HaJBOP O]l HETO, OPraHM3annja, OArOBOPHOCT 32 CTEKHATOTO 3HACHHC
Y KPajHUOT TPOU3BO/J] OJ1 TIPOEKTOT.

Ce pas3oupa, YBII He MOke 1a ce MpUMEHYBa BO CEKOja IMPUIIMKA U 32
CeKoja HacTaBHa €IMHMIIA M TeMa. Tyka craHyBa 300p 3a NpOLECOT Ha
TOKPHBake M OTKpHBame. PaboTa Ha HACTaBHUKOT € Jla OLEHH KO ce
MOMMUTE KOM MOXKE Ja c€ IOMHHAT HU3 TPaJUIMOHAJIHA HAcTaBa, a KOU €
NnoTpeOHO Jia ce mpoydvar noanadoko. [lonHaky ka)kaHo HaCTaBHHKOT Tpeba ja
OLIEHH KOM Cce NOMMHTE KOM He MOXKarT Ja ce coBnamaar co YbBII, xou moxe
JIECHO J]a Ce COBJaJaaT cO TPaJAMIMOHAIHA HACTaBa WIM KOM HE MOpa Ja ce
MpoydyBaaT IMOUIa00K0, OJHOCHO TIOMMH KOW Tpeba Ja ce IMOKpHjaT, 3aroa
IITO Ce ZIeT O]l HacTaBHaTa nporpama. Of Apyra cTpaHa, iMa OMMH KO MOXKE
na ce conamaar Hu3 YBII, kon HE MOXe 1a ce coBIagaaT co TPaJHIHOHATHA
HACTaBa WM KOW IOPAJH CBOjaTa BaXKHOCT Tpeda MmoraboKo Aa ce mpoyyar,
OJTHOCHO ITOMMH KOM YUEHHKOT Tpeba caM a T OTKPHBA.

[Tpumepure BO TpyIOT TM WIIyCTPUPAaT OBUE MOMEHTH.
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