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Effects of Using Project-Based Learning in Biology Teaching

Abstract: Project-Based Learning (PBL) enables students, by solving tasks within the project,
to be much more active in classes and acquire knowledge through practical activities and experiences.
The aim of the research was to determine the effects of the application of PBL in terms of student suc-
cess in knowledge tests, then in terms of the durability of knowledge and mental effort that students
invest by applying different teaching models. The sample included 406 fifth-grade students from four
elementary schools in Novi Sad (Serbia). For the needs of the research, the following instruments
were designed: knowledge tests (pre-test, post-test, re-test) and the scale of assessment of students’
mental effort, which were applied in the research. The research has shown that PBL is more effective
than traditional teaching (ex-catedra teaching), because students who attended this type of classes
achieved better results on knowledge tests, their knowledge is more permanent, and mental effort is
lower. The obtained results have theoretical and practical significance and suggest that PBL should be
applied more in elementary schools within the subject of biology, but also within other subjects and
higher levels of education.
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Introduction

Biology as a multidisciplinary natural science
offers numerous opportunities for organizing class-
es. However, biology classes are still mostly con-
ducted in a traditional way, where the teacher teach-
es the material in front of the class. In such classes,
most students are passive observers of the teaching
process, while only a few of them are active in class.
Changing the teaching approach could contribute to
the motivation of students who expect the school to
follow modern trends in teaching and classroom or-
ganization (Zderi¢ i Miljanovi¢, 2008; Radulovi¢ et
al,, 2019).

The results of previous studies indicate that
students will not be motivated to learn when they
are involved in meaningless and insignificant activi-
ties such as continuous practice of skills that they
have already mastered, rewriting definitions and
terms used in class or through working on tasks that
do not lead to achieving a specific, pre-set learning
goal (Brophy, 2004). On the other hand, the findings
of some studies indicate that students’ sense of effi-
ciency is of crucial importance for learning (Peets-
ma et al., 2005) and that students who experience
success in school are motivated to continue working
(Yair, 2000).

One of the ways for students to independent-
ly discover and actively master the material is to
introduce a larger number of projects in the class-
room, so that students will work on the project to
independently discover and actively master the ma-
terial. At Project-Based Learning (PBL) the focus is
on the student, while the teacher is only the coordi-
nator of the teaching process. PBL should develop
better interdisciplinary competencies in students, so
that the knowledge acquired in this way would be
not only at the level of reproduction, but also at the
level of application, analysis, evaluation, and crea-
tion. Project-based learning is a teaching approach
built on learning activities with real tasks and chal-
lenges that students need to solve. These activities
generally reflect the types of learning and work that

people perform in everyday life, outside the class-
room (Goodman & Stivers, 2010).

For the realization of PBL, students are usu-
ally divided into groups in which they work togeth-
er to achieve a common goal. This type of teach-
ing enables students not only to learn certain con-
tents, but also the skills of how to solve a problem,
as well as the way in which they should function in
a group, which builds team spirit and a good atmos-
phere. These skills include communication, organ-
ization, time management, research and question-
ing skills, self-assessment and thinking skills, group
participation and leadership skills, as well as criti-
cal thinking. Learning performance is assessed on
an individual basis, taking into account the quality
of the obtained product, the depth of the demon-
strated understanding of the content and the con-
tribution of each student within the group during
the project implementation. Project-based learning
allows students to think about their ideas and make
decisions that affect project outcomes and the learn-
ing process in general. The end product results in a
high quality, authentic knowledge and presentation
of content (Goodman & Stivers, 2010).

PBL is a learning method in which students
identify a problem in the real world and develop
ideas for solving it using evidence that supports a
given claim. This type of learning is not something
new, only teachers simply did not use it to a great-
er extent. As early as the beginning of the 18th cen-
tury in Europe, the final exams of architecture and
engineering students consisted of solving real and
practical problems. The concept of learning through
projects by solving practical problems at the end of
the 19th century was introduced in industrial art
high schools (Knoll, 2012). The project method was
introduced into literature by William Heard Kilpat-
rick at the beginning of the 20th century. During the
20th century, PBL was applied occasionally, mainly
due to a weak motivation of teachers to prepare such
classes which require much greater commitment to
prepare than for the class itself (Pecore, 2015).
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Greater popularization of PBL occurs in the
21th century, when this type of learning, with the
development of new, digital technologies and the
accumulation of knowledge in science, takes on a
completely different dimension. While one accept-
ed definition of PBL does not exist, the Buck Insti-
tute for Education (BIE) offers a concise overview of
definitions focused on broad-based standards. Ac-
cording to BIE (Markham et al., 2003: 4), project-
based learning is “a systematic teaching method
that engages students in acquiring knowledge and
skills through an expanded examination of a process
structured around complex, authentic questions
and carefully designed products and tasks”. It is not
enough to consider the implementation of a project
or activity as project-based learning if the five de-
finitive characteristics are not met. The important
characteristics of PBL include: 1) central design; 2)
constructivist focus on important knowledge and
skills; 3) learning activity in the form of a question-
problem-challenge complex; 4) research conducted
by the student guided by the teacher’s instructions;
and 5) a real-world project problem that is authentic
for the student (Barron & Darling-Hammond, 2008;
Thomas, 2000). Problem-based learning through a
project is a teaching approach that presents students
with an open and clearly defined problem which can
take the form of a case study (Herreid, 2003; Pecore,
2009).

PBL is a specific approach, not the result that
a student or group have reached by working accord-
ing to clear and pre-agreed instructions from the
teacher. In this process, students are encouraged to
research, discuss, evaluate, work and create, and the
end result is not defined in advance, especially not
by teachers. The result is planned by the students
and they present their findings obtained from their
research and work to a wider community, outside
the narrow circle of students in the class in which
they worked (Petrovi¢ i Hoti, 2020).

PBL carries a real paradigm shift and that is
what encourages its more intensive use, especially in

the conditions of distance teaching, where students
are required to be much more engaged than in di-
rect school teaching. This teaching model encour-
ages interdisciplinary perspectives and allows stu-
dents to play different roles and build expertise that
is applicable outside of a pre-defined context. Final-
ly, PBL allows for a range and variety of outcomes
open to multiple solutions, rather than a single cor-
rect answer obtained by applying predefined rules
and procedures (Goodman & Stivers, 2010).

It is true that PBL is no longer a matter of the
future but a practical reality in many classrooms in
the world and in our country. Using online com-
munication tools, such as Viber, Skype or Zoom, al-
though a good step in the right direction when it
comes to remote learning, is not project teaching,
but just that - remote teaching (Petrovi¢ i Hoti,
2020). However, thanks to the advancement of digi-
tal technologies, PBL is something that now, more
than ever, has the potential to be applied, and it will
certainly be easier to continue its application even
when students return to the classrooms. It is a para-
digm shift that we hope for. PBL has a number of ad-
vantages over the traditional approach both in terms
of remote teaching (Bredley-Levin et al., 2010) and
on-site, in the classroom (Smith et al., 1995; Sonmez
& Lee, 2003).

In Serbia, many creative teachers are already
applying PBL (Petrovi¢ i Hoti, 2020). Support for
the introduction of PBL in teaching was provided
by publishers in terms of several manuals and The
Institute for the Improvement of Education which
prepared training dedicated to the issues of project-
based learning. About 55.000 teachers and school
counselors attended this training. The application
of PBL in educational practice is ongoing in the ed-
ucational system of Serbia. Namely, in the school
year 2018/2019 project learning was implemented
in the first cycle of education as a mandatory form
of teaching, implemented once a week (Peric et al.,
2021).

63



Vera S. Zupanec, Tihomir D. Lazarevié, Stanislava 1. Oli¢ Ninkovi¢

Although some empirical studies have shown
the positive effects of PBL on the better quality of
knowledge among students from Serbia (Prtljaga &
Veselinov, 2017; Ristanovié, 2018), there is a small
number of studies examining the effects of PBL in
the teaching of biology. In this regard, the aim of
this research was to examine the effects of PBL in
elementary school biology teaching. In connection
with the goal, three research tasks were set: 1. to ex-
amine the effect of PBL on the achievement of stu-
dents in biology; 2. to examine the effect of PBL on
the consistency of acquired knowledge and 3. to ex-
amine the difference in students’ mental effort dur-
ing traditional teaching and project-based learning.

Research Methodology

General procedure of research: At the be-
ginning of the pedagogical research, the students
of groups E (experimental group) and C (control
group) were equated on the basis of the results on
the pre-test which measured students’ prior knowl-
edge of the contents of the subject “The World
Around Us” (a subject that includes biology content
in the lower grades), which was a prerequisite for
successful work, understanding, and adoption of the
topic “The Origin and Diversity of Life”. This teach-
ing topic was chosen because it is difficult and ab-
stract for elementary school students. By equalizing
the students of E and C groups before the beginning
of the research, further course of the pedagogical ex-
periment was enabled - introduction of an innova-
tive teaching model for E group students and draw-
ing valid conclusions after its implementation.

Pre-test measurements: In the first step, us-
ing a pre-test to look at measures of central tenden-
cy, Skewness and Kurtosis, arithmetic mean (M),
standard deviation (SD), minimum (Min), maxi-
mum (Max), a descriptive statistical analysis was
performed. Differences in achievement between
students of the experimental and control groups
were examined by t-test.

Post-test and re-test measurements: After the
pre-testing, two different teaching approaches were
applied in teaching biology contents in two groups
of fifth-grade students. The students of E group
worked on the teaching topic “Origin and Diversi-
ty of Life” by applying PBL through the given mini-
projects. This model of teaching was applied by im-
plementing the didactic manual “The Basket of Eco-
logical Ideas” (Milenkovi¢ i sar., 2018) which con-
tains a large number of mini-projects adapted for
these biology contents. This manual is divided into
three parts (Forest Enchantment, Magical Meadow,
and Water Adventure). Each of these units contains
activities with detailed instructions for their imple-
mentation. The instructions for the implementation
of the activity contain the goal of the activity, a list of
necessary materials, the duration of the activity and
recommendations for implementation in the form
of quick ideas. Biology classes for E group students
took place in the biology laboratory and then in the
school yard.

In the classes of group C, the teaching work
was in accordance with the traditional way of teach-
ing the topic “Origin and Diversity of Life”. Biolo-
gy classes for students from group C took place in
biology classroom. Immediately after finishing the
pedagogical experiment a post-test was conducted,
and, after a month, a re-test in order to check the
durability of the acquired knowledge with different
teaching models. The post-test and re-test included
the contents of the teaching topic “Origin and Di-
versity of Life” which were also processed during the
research. For the post-test and re-test, a descriptive
statistical analysis was also performed. Differences
in achievement between the students of the E and C
groups were examined by t-test.

The efficiency of the two teaching models
in relation to the achievement of students in biol-
ogy on the post-test and re-test was determined by
a combined analysis of variance, and the data were
compared in relation to the group of students.
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Student’s mental effort assessment: In order to
examine the effects of PBL in relation to tradition-
al teaching according to the criterion of mental ef-
fort of students, the post-test was performed to as-
sess the mental effort of students. Results were ob-
tained using t-test.

Sample of research: The sample included 406
students from 4 elementary schools in Novi Sad,
Serbia. The respondents were fifth-graders and at-
tended 2020/2021 school year. The average age of
the respondents was between 11 and 12 years of age.
A total of 202 students from the two schools formed
the experimental group (E) and 204 students from
the other two schools formed the control group (C).

Instruments: For the purposes of this re-
search, three instruments were constructed and ap-
plied in the research:

e DPre-test: a test that was applied for both
groups before starting the research;

e Post-test: test in which the Likert scale for
assessing the mental effort of students is
integrated, which tested both groups after
the implementation of different teaching
approaches;

e Re-test: a test that is, in fact, a modified fi-
nal test (does not measure the mental effort
of students) and is applied one month after
the post-test.

The pre-test contained assignments from the
subject “The World Around Us” which precedes the
subject Biology in elementary school. The range
of points on this test was from 0 to 24. The inter-
nal consistency of the questions within the test was

good (Cronbach a = 0.79), which indicates that the
test is reliable.

The post-test contained 24 questions, so that
a student could win at least 0 and at most 24 points
on this test. Within each question, on the final test,
there was a five-point Likert scale for the self-as-
sessment of the mental effort that the student in-
vests when solving the tasks. The students answered
by circling one number, from number 1 “extremely
easy” to number 5 “extremely difficult”. The reliabil-
ity coeflicient (Cronbach a) for the final test is 0.82,
which indicates good question consistency within
the test and its good reliability.

The re-test as an instrument for measuring
knowledge is a test that should indicate the degree of
permanence of knowledge after a certain period of
time and it is the same as the post-test, except that it
did not contain the Likert scale for testing students’
mental effort.

Data analysis: Data analysis included differ-
ent parameters. Because the data had the parameters
of Skewness and Kurtosis within the limits of ac-
ceptability for the application of parametric proce-
dures (Tabachnick & Fidell, 2013), parametric pro-
cedures were used in the analyses (p=.05). The data
on the progress of students in groups E and C from
the initial to final testing of knowledge and the re-
test were processed by a combined analysis of vari-
ance (Two Way Mixed ANOVA).

Research Results

In this section, the main results of the current
study are presented. The pre-test results are shown
in Table 1.

Table 1. Descriptive statistical analysis and t-test value for pre-test

N Min. Max. M SD Skewness  Kurtosis  t(df) p
Egroup 202 4 24 17.65 3.62 -0.69 1.32 001 99
Cgroup 204 8 24 17.66 3.03 -0.07 1.08 (404)  (>.05)
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As can be seen in Table 1, students in both
groups had approximately the same achievement.
The existing differences were examined and tested
and the results of the t-test showed that the differ-
ences in the achievement of students in groups E
and C were not statistically significant. These data
indicate the fact that the E and C groups, before the
application of the experiment, are well balanced,
which is one of the basic prerequisites for the valid-
ity of the further course of research.

In the post-test, the students of the experi-
mental group achieved higher achievement than the
students of the control group (Table 2). The differ-
ence in achievement on the post-test between the
students of groups E and C reached statistical signif-
icance. These data indicate the fact that the students
of group E, thanks to the application of the innova-
tive teaching model (PBL), are statistically signifi-
cantly more advanced than the students of group C.

At the re-test, the students of the experimen-
tal group had higher achievement than the students
of the control group (Table 3). The difference in the
re-test achievement between the students in groups
E and C also reached statistical significance. These
data indicate the fact that students’ knowledge with-
in E group is more permanent thanks to the applica-
tion of the PBL.

Comparative analysis of students’ results on the
pre-test, post-test and re-test: Figure 1 gives a com-
parative graphical representation of the average
achievement of students in groups E and C on all
three tests of knowledge (pre-test, post-test, re-test).

24 -

Group
OE
29 | eC
20
18
16 —

[

T t
pre-test post-test  retest

Test (time)

Figure 1. Average achievement of students
in two analyzed teaching models on the pre-test,
post-test and re-test in relation to the experimental (E)
and control (C) groups

The results of the assessment of students
mental effort are shown in Table 4.

Table 2. Descriptive statistical analysis and value of t-test for post-test

Skew-

N Min. Max. M SD Kurtosis  t(df) P
ness
Egroup 202 10 24 2098  3.89 -1.35 1.32 9.57 .
<.01
Cgroup 204 10 24 17.51 3.38 -0.12 1.16 (404)
Table 3. Descriptive statistical analysis and value of t-test for re-testing of students
N Min. Max. M SD Skew- Kurtosis  t(df) P
ness
Egroup 202 10 24 1997 355 -1.23 147 1223
<.01
Cgroup 204 8 24 16.02 2.93 0.06 1.33 (404)
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Table 4. Statistical significance of the difference in achievement in biology topic “Origin and Diversity of Life”
between students of E and C groups measured on the pre-test, post-test and re-test in relation to retention time

F df1 df2 p [
Group 81.48 1 404 <.001 0.168
Testing 46.68 2 808 <.001 0.104
Interaction Group x Testing 77.52 2 808 <.001 0.161

The results in Table 4 show that there is a sta-
tistically significant main effect of the unrepeatable
Group factor, because the difference between the E
and C groups on the post-test and re-test is signifi-
cant. A significant main effect is also manifested in
the repeated factor Testing, since the result for both
groups on the post-test and re-test is statistically sig-
nificantly different, both from each other and in re-
lation to the initial test. Interaction Group x Test-
ing factor also proved to be statistically significant,
as there is a significant difference between E and C
groups on the post-test and re-test compared to the
results of E and C groups on the pre-test.

Results of student mental effort assessment: In
order to examine the effects of PBL in relation to tra-
ditional teaching according to the criterion of men-
tal effort of students, the post-test was performed to
assess the mental effort of students. The results were
obtained using t-test.

The obtained values indicate less mental
load of students in group E, compared to students
of group C (Table 5). This shows that the students
of group E invested less mental effort in solving the
tasks on the post-test of knowledge, compared to
the students of group C. The value of the t-test indi-
cates the statistically significant difference in the ex-
pressed mental effort between students in groups E
and C. The difference between the mental efforts of

the two groups proves that, from the aspect of men-
tal load of students, PBL is more efficient than tradi-
tional teaching.

Discussion

One of the basic features of effective teaching
is that students can apply the acquired knowledge in
practical, everyday life (Gagi¢ et al., 2019; Radulovi¢
& Stojanovié, 2019; Radulovi¢, 2021; Zupanec et al.,
2018). In order to achieve this goal, students need
to be motivated by changing the way of working. In
such an organization of teaching, the role of teach-
er also changes. He/she becomes the organizer of
the process in which students acquire knowledge in
the most accurate way and solve the problem set for
them. The development of students’ independence
is a stimulating factor for the innovation the teach-
ing process, and a high degree of students’ motiva-
tion is achieved through the successful implemen-
tation of innovative forms of work in the classroom
(Goodman & Stivers, 2010).

The data obtained from the research indicate
that the students of group E, thanks to the applica-
tion of the innovative teaching model (PBL), made
the statistically significant better progress than the
students of group C.

Table 5. Statistical significance of differences in mental effort of E and C groups measured by t-test

N M SD t(df) p
E group 202 2.082 0.533 4.453

<.01
C group 204 2316 0.527 (404)
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Also, the knowledge of students in group E is
more permanent thanks to the application of PBL,
and the value of the t-test indicates the existence of
a statistically significant difference in the expressed
mental effort between students of groups E and C.
The difference between the mental efforts of the two
groups proves that, from the aspect of mental load,
PBL is more effective than traditional teaching.

By applying PBL, students actively develop
logical and critical thinking and thus prepare for
later coping in the world of science and technolo-
gy and develop the need for and awareness of life-
long learning. PBL develops interdisciplinary com-
petencies of students, such as teamwork, problem
solving, cooperation, propensity for entrepreneur-
ship, etc. Given that the learning process is a very
complex action, the development of project-based
learning must take place systematically (Fernandes
et al., 2014; Kapusuz & Can, 2014; Mohedo & Bu-
jez, 2014).

The results of the research showed that PBL is
more efficient than traditional teaching, because the
students of the group that applied the project-based
teaching model achieved statistically significant bet-
ter results than the students of the other control
group , both on the final test and on the re-test ap-
plied a month after the final test. The learning pro-
cess using PBL focuses on the student who is going
through a meaningful learning experience (Afriana
etal., 2016), which effectively increases the effective-
ness of learning (Eliana et al., 2016).

In the context of PBL, students are expected
to research independently and they are, therefore, in
a situation to use different sources of information,
while students who participate in more traditional
classes are in most cases referred only to the text-
book of a given subject. We can assume that this is
one of the factors that affect the durability and qual-
ity of knowledge. The results of previous research
have shown that the project-based model of learning
can improve students’ scientific skills in the learning
process, as well as activities focused on the learn-

ing process and problem solving (Maghfiroh et al.,
2016; Safaruddin et al., 2020). These findings were
also confirmed by Corvers et al. (2016) and Rofieget
al. (2019), according to which PBL increases stu-
dents’ activities focused on the process of learning
and problem solving.

The project-based learning model has a good
impact on collaboration skills through working to-
gether on a task (Al Rasyid & Khoirunnisa, 2021).
Research in this area has shown that the organiza-
tional context of PBL can be viewed as a reflection
of the opportunities for useful learning or organiza-
tional practices. These findings reflect the view that
learning within an organization is “nested” - it oc-
curs at several different but interconnected levels si-
multaneously (Levinthal & March, 1993). This con-
cept implies a substitution effect: learning at one lev-
el can replace learning at another level. With regard
to specific projects, it can be suggested that condi-
tions that promote learning within projects, includ-
ing knowledge integration, can be balanced with
conditions of simplification and specialization that
facilitate organizational learning (Postrel, 2002). In
this context, projects can be used as a way to over-
come some of the shortcomings of specialization
(Ekstedt et al. 1999; Lundin & Midler 1998). This
view of PBL is supported by some studies that high-
light the difference between the high level of learn-
ing generated within the project activities and its
limited approach in relation to a broader context
outside the project (Newell et al., 2003; Keegan &
Turner, 2001).

The results of the previous research (Sasson &
Dori, 2015) indicate that students in an innovative
learning environment have shown a significant ad-
vantage in critical thinking over their peers in tradi-
tional classroom. The findings of the study indicate
the possibility of developing thinking skills among
students in a relatively short time, even among stu-
dents who have previously been educated using tra-
ditional learning methods. These results confirm the
effectiveness of the constructivist approach in devel-
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oping students’ ability to ask questions, search for
information that lacks sufficient data, and take a rea-
soned stance. They support the findings of the pre-
vious studies (Hug, 2010; Lea et al., 2003; Loyens &
Gijbels, 2008; Matthews, 2002) regarding the con-
tribution of constructivist learning environments to
the development of higher thinking skills, particu-
larly critical thinking and questioning.

PBL also confirmed its efficiency through test-
ing the mental effort of students. This study showed
that the experimental group of students invested
significantly less mental effort in solving tasks com-
pared to the control group of students. PBL includes
a series of dynamic tasks, the solution of which leads
to an active knowledge acquisition through working
on a project. Complex cognitive skills consist of a set
of sub-skills that may or may not be repetitive (Van
Merriénboer, 1997). Non-repetitive skills are based
on knowledge learned through a scheme-building
process (project), which stimulates students to apply
a diverse range of tasks (Singley & Anderson, 1989).
This research has shown that by building knowledge
through practical activities, students gain experi-
ence that later enables them to use that knowledge
with much less mental effort than students who ac-
quire knowledge in traditional way, by learning facts
from textbooks.

PBL could be effective in achieving higher
learning goals in elementary and secondary educa-
tion. This study provides evidence of the values of
PBL, with students who participated in this mod-
el of teaching being more effective. We assume that
the mode of operation in which students arrive at so-
lutions independently is more interesting than the
mode of operation in traditional teaching because, in
traditional teaching, students can be motivated by the
teacher’s ability to generate interest through charisma
and potential challenges, whereas students’ internal
motivation was mostly absent (Wong & Day, 2009).
This study implies that PBL should be more prevalent
in schools, which would create conditions for explor-
ing this instructional model within different subjects.

Conclusions and Implications

The aim of the research was to examine the
effects of Project-Based Learning (PBL) in teach-
ing biology in elementary school. This research has
shown that Project-Based Learning is more effective
than traditional teaching. The effects of this teaching
model are reflected in the better results of students
in the experimental (E) group who attended pro-
ject-based classes compared to students in the con-
trol (C) group who attended traditional classes. This
study also proved that PBL not only contributes to
better student results in terms of their knowledge at
the time of testing, after the implementation of the
teaching content, but is also more efficient in terms
of durability of knowledge compared to tradition-
al teaching. Also, this research showed that students
who learned through projects, invested less mental
effort than students in traditional lessons, which in-
dicates the fact that project-based teaching is more
efficient than traditional in this regard.

The obtained results have theoretical and
practical significance. They complement the empiri-
cal findings on the effectiveness of PBL in teaching
biology in elementary education and provide signif-
icant guidance to teachers, not just biology teach-
ers, for introducing PBL into the teaching process.
These findings encourage a wider application of PBL
in teaching, which may be an incentive for teachers
and researchers to test the effectiveness of PBL in
other subjects or in higher-level education (second-
ary schools and colleges) in future research.

Research Limitations

Finally, it is necessary to point out the limita-
tions of the conducted research. Namely, the sam-
ple covers only one teaching topic in one class, so
in future research it would be desirable to include
more teaching topics, not only from one grade, but
from the entire second cycle of elementary educa-
tion, which would allow the results to be generalized
to the entire elementary school biology curriculum.
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Yuusepsuineinn y Hosom Cagy, IIpupogno-matiemainiuuxu daxynite,
Hoeu Cag, Cpduja

E®EKTU YYEIbA 3ACHOBAHOTI HA ITPOJEKTVMA Y HACTABI BMOJIOTHJE

Bpojue ciiyguje ykasyjy Ha itio ga ilpaguyuoHanHa Haciiasd, y K0joj HacilasHux 3ay3uma
UEHIUPAnHy Y01y, a yHeHUUU YiIA6HOM HUCY MHOIO AKIIUBHU HA 4Aacy, He gaje oueKusare pe3yr-
imaitie y 6e3u ca yueHuukum woctuuinyhuma y nacimiasu. To goxasyjy u penaiiueHo cnadu pesyniia-
WU HAUWUX YueHUKa Ha mehyHapogHum eciiuparouma kao wiitio cy IIMCA u TVIMCC. JegHo og
peuwierva 3a lipesasunaxerbe 0601 tpodnema jecitie wiupa tpumena tpojexitie Haciiase (y gamem
wmexciiy: ITH) y wikonama (eni. Project Based Learning — PBL).

Buonoiuja xao myniiugucyuiinunapHa apupogra Hayka Hygu 6pojre moiyhHociiu 3a opia-
Hu308are Haciliase, KAKO Y YYUOHUUU, WAKO U Y UPUPOGHOM amOujeHiily, willo gogaino omeapa
Ho6e tiepclieKiriuse 3a Upumery tpojexiiine Haciase. IIpojexitina Haciiasa omoiyhyje ga yueHuuyu,
pewasajyhu 3agatiixe y okeupy apojexitia, §ygy akimiueHUju HA HACOBUMA U ga 3HAA CHAUYY KPO3
tupaxkiiuure akiiuBHOCTIU U UCKYClL8A.

Hum ucitipancusara duo je ga ce ymepgu epukacHocii tpumene I[IH fio auitiarwy yciexa
YUEHUKA HA TeCHIo8UMA 3HAA, 3ATUUM 110 TUTAry TUPAJHOCTIU CTlleueHUX 3HAA U MeHIAHOL
HATOPa KOju yueHUuyu yiaxcy upumeHom pasiuvuiiux mogena Hacilase.

Yaopax uctiipaxcusarea je odyxeatiuo 406 yuenuxa u3 ueiliupu ocHosHe uikone y Hosom
Cagy (PenySnuxa Cpduja). Yiyuro 202 yuenuxa u3 gee 0CHO8He WiKose YUHUNA CY eKCliepumeH-
wanuy ipyiy (E), a 204 yuenuxa us gpyie gee ocHoéHe wikone HuHuna cy konmiponny ipyiy (K).

Mnciipymenitiu ucipa)usearea Koju cy Kpeupau 3a ioiipede excliepumeHinia cy: UHUUUja-
HU THiecili 3HAA, PUHATHU TLeCTll 3HAA, Pelliecili U CKAna UpoueHe MeHIANHOI HATlOPA YHeHUKA.
Yuenuyu E u K ipyiie cy Ha flo4eitiKy iegaiouiKol UCTUpaxcuearba udjegnaveHu Ha 0CHO8Y pe3y/iia-
ia uHUYUjanHoi ilecitia 3Harba, KOju je Mepuo iipegsHaree y4HeHuxka o cagpicajuma us ipegmeiia
Ceeili 0ko Hac, wilio je Suo fipegycnos 3a ycliewlan pag yueHuKa, pasymesarse u ycéajarwe cagpiaja
HacitiasHe itieme ,ITopexno u pasHOBPCHOCT HUB0THA” y OK8UPY HACTHABHOT lipegmeitia buonoiuja.
Hakon unuyujannol iecitiuparea ipumervena cy géa pasnuquiiia HACiiasHa Upuciiyiia y peanu-
3ayuju Suonowkux cagpxcaja y gee ipyiie yueHuxa teitiol paspega. Yuenuuu E ipyite cy HacitiasHy
iniemy »Ilopexno u pasHo8pcHOCT Husotia” peanuzosanu tpumerom ITH, dyitiem 3agaimiux MuHu-
apojexaitia. Y ogemerwuma K ipyite HaciiaéHu pag je duo y cknagy ¢ yoduuajeHum, paguyuoHa-
HUM Mogeniom peanusayuje HaciiasHe itieme ,Ilopexno u pasHospcHocili wusotia”. Hetiocpegro
iio 3aspuieitiky odpage tipegeuheHux HACIABHUX cagpiaja y okeupy iegalouikol excilepumeHiia
ciiposegeH je PunanHu iecili, @ HAKOH Mecey, gama u peiieciti kako Ou ce tiposepuna wpajHoCi
cifie4eHUx 3HAA PA3TUMUTUM Mogenuma Haciiase. Punanmu Tectli u peitieciti cy odyxeamanu
cagpiaje us naciiasne tieme ,Ilopexno u pasHospcHOCI xusoiia”, Koju cy u odpahenu iwokom
ucitipaxcuearoa. Y okeupy ceaxoi uuitiared, Ha GUHATHOM TeCHly, HANA3UNA ce U TelliociielieHa
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Jluxepitiosa ckana 3a camoupoyerbusarve MeHILAIHOI HALOPA KOju yHeHUK yaxce Upunukom pe-
wasarba 3agatiiaxa.

Cmattiucitivuka odpaga niogaimiaka ypahena je y upoipamy JASP. 3a ucuuitiuearwe pasnuka
y Hociluinyhy yueHuka Ha UHULUjAHOM THeciily, PUHATHOM UieCTlly u peitieciily KopuuiheH je ili-
wectn, y3 tipai sHavajrociiu p=.05. Ilogayu o Hatipegosary yuenuxa E u K ipyiie og itieciiuparoa
HA UHUUUJATTHOM §O ThecTuuparea Ha PUHANHOM Teciily 3Hatba u petileciily odpaheHu cy KomOuHo-
saxom ananusom eapujace (eni. Two Way Mixed ANOVA).

Pesyniniaiiu uciipajcuearea cy Uoxasanu ga je upojekiiHa HACABa euKACHUjA Y 0GHOCY
HA TWPpAgUUUOHANHY Haciuasy, jep cy ywenuuu E ipyile ociisapunu ciiaiGuciiuuku 3Ha4ajHo
domu pesynitiail y ogHocy Ha yueHuke K ipyile, kako Ha ¢uHanHom Teciliy 3Harba, WAaKo U HA
pettieciily, Koju je pumerbeH Mecel, gaHa HaKoH puHanHol wecimupara. Tume je gokazamo ga cy
3HAWA GO KOJUX cy yueHuuu gownu upumerom IIH keanuitieiinuja u wipajHuja y 0gHocy Ha 3HAarwA
cilieveHa WPAGUUUOHATIHOM HACTLABOM, jep je ¥ 08ax60j opiaHudauuju HAciidee y4eHUx yjegHo
u Hocunay, HacilaeHux aximiueHocimiu. Cam tpouec yuerva tipumerom IIH je ycmepen Ha yuenuka
Koju Gponasu Kpo3 CMUCIeHO UCKYCIi60 casnagasatrea ipaguea. Taxohe, menitiantu Hatiop Koju cy
yuenuyu E ipyile ynoxcunu y peuiasarbe 3agaiiaka Ha ieciily 3Hawa je Cllailuciiuuku 3Ha4ajHo
Marwu y 0gHOCY HA yueHUuKe Koju cy Hoxahanu mpaguyuoHanHu Wui Haciiase.

Hodujenu pesyniiattiu umajy wheopujcku u dpakitiuunu 3uauaj. OHu  yUoOMILYY]y
emiiupujcke Hanase o epuxacrocitiu [1H y Hacitiaéu duonoiuje y ocHoHOM 00pa3osarey u upyxrajy
3HauajHe cMepHUUe He camo HaciiasHuuuma duonoiuje éeh ceum HacimiasHuuuma 3a ysoherve
ITH y naciiasénu upovec. Osu Hanasu oxpadpyjy wiupy tpumeny ITH y Haciiasu, witio moxce
Sutliu iogciliuyaj 3a HacillaéHuKe U uctiparcusaye ga ce y dygyhum uciipaxusarouma uposepu
epuxacrocini apumere ITH y okeupy gpyiux HaciiagHux tpegmeiiia unu y oK8Upy UMUX HUB0A
odpaszosarva (cpegrve wikone u paxynieiiu).

Kmyune peuu: tipojexiino yuerve, ipojeKiliHa HACHLABA, HACTLA8A OUOTIOTUje, OCHOBHA WKONA
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