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Summary: PISA testing results indicate that Serbian students have an unsatisfactory level of
scientific literacy which is essential for successful adaptation to life changes caused by fast scientific
growth in the 21 century. As creativity, critical thinking, and science process skills represent key 21+
century skills that contribute to students” scientific literacy, the present study aimed to determine
whether project-based teaching of natural sciences could be used for their enhancement. The three
research hypotheses stating that the project-based approach is more effective than the traditional
approach to teaching of natural sciences in promoting students’ creativity (H1), critical thinking
(H2), and science process skills (H3) were evaluated through meta-analysis. The meta-analysis
encompassed 32 studies published between 2004 and 2024, whose results enabled the calculation of
35 Hedge’s g values. Following the application of the random effects model, the weighted mean Hedge’s
g value higher than +1.000, which indicates a strong positive effect of the project-based approach, was
obtained for each hypothesis. Consequently, it was concluded that all hypotheses posed in this study
are correct, which confirms the high effectiveness of the project-based teaching of natural sciences in
terms of the promotion of the key 21 century skills that contribute to students’ scientific literacy.
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Introduction

Life in the 21* century is characterized by
constant changes in our professional and social en-
vironments, many of which are induced by fast sci-
entific growth (Mejlgaard & Bloch, 2012). Since
scientific literacy is essential for successful adapta-
tion to changes of this type (Turiman et al., 2012),
it is highly concerning that, within the most recent
round of PISA (Programme for International Stu-
dent Assessment) testing conducted by the Organ-
ization for Economic Co-operation and Develop-
ment (OECD) in 2022, students from Serbia pro-
duced a scientific literacy score that was significant-
ly below the OECD average (OECD, 2023).

Along with a thorough understanding of sci-
entific concepts, scientific literacy also presupposes
the students’ ability to act and think in the manner
of professional scientists and apply scientific knowl-
edge to overcome various challenges that arise in
their daily lives (OECD, 2023). Due to such char-
acteristics, scientific literacy is inherently linked to
several 21% century skills (Haryani et al., 2021). One
of these skills is creativity, which refers to students’
ability to overcome real-life difficulties through
the creation of innovative products (Mulyani et al.,
2021). Science process skills represent another core
component of scientific literacy which enables stu-
dents to resolve daily-life problems like professional
researchers, i.e. through the application of the scien-
tific method. This presupposes the collection of im-
portant information about the problem of interest,
the use of this data for the formulation of research
hypotheses, and the undertaking of appropriate ex-
perimental procedures for their evaluation (Ploj
Virti¢, 2022; Yalcinkaya-Onder et al., 2022). Ulti-
mately, to select the most suitable experiments for
the assessment of the posed hypotheses, draw ade-
quate conclusions about their correctness based on
the obtained experimental findings (Santos, 2017),
and properly determine the extent to which a cer-
tain scientific product is effective in overcoming of a
particular real-life problem (Carvalho et al., 2015),

students need to be equipped with critical thinking
skills.

The development of scientific literacy is also
strongly affected by the way in which scientific con-
tent is taught to students (Holbrook & Rannikmae,
2009; Ploj Virti¢, 2022). Thus, receptive teaching
that rarely considers the application of scientific
knowledge in authentic contexts has been identi-
fied as one of the major causes of the low scientific
literacy (Adak, 2017; Ebenezer & Zoller, 1993; Ju-
frida et al., 2019). As opposed to this teaching ap-
proach that is traditionally used in natural sciences
classrooms throughout the world (Hassard, 2005),
project-based teaching enables students to active-
ly participate in the learning process and the work
on each project is initiated by the driving question
which represents a real-life problem that needs to
be solved (Ainley & Ainley, 2011; Barak, 2002;
Gresnigt et al., 2014; Hasni & Potvin, 2015). Driv-
ing questions are commonly open-ended, due to
which they can be successively addressed in sever-
al different ways (Hasni et al., 2016). Furthermore,
students are expected to explore them in a manner
that reflects the work of professional scientists, i.e.
through taking part in a scientific inquiry (Chinn
& Malhotra, 2002; Pedaste et al., 2015). Since sci-
entific inquiry is highly time-consuming, project-
based teaching of natural sciences is commonly im-
plemented over an extended period of time, such as
one or several months, or the entire school semester
(Barak & Shachar, 2008). Given that social interac-
tions greatly contribute to successful learning, stu-
dents engage in scientific inquiry through collabo-
ration with their classmates, teachers, and members
of society (Anderson, 2002; Krajcik & Blumenfeld,
2006). Furthermore, to ensure effective communi-
cation with their collaborators, obtain various infor-
mation of interest (Blumenfeld et al., 1994; Lam et
al., 2009), and take part in activities that under or-
dinary circumstances are beyond their reach (e. g
perform simulations of experiments that could not
be conducted in the classroom due to their complex-
ity or the use of expensive equipment and chemi-
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cals), students are encouraged to implement infor-
mation communication technologies as scaffolding
tools (Krajcik & Blumenfeld, 2006). Finally, as previ-
ous research established that learning is more effec-
tive in this way (Anderson, 2002; Barak, 2002; Hasni
& Potvin, 2015), responses to each driving question
need to be produced through the creation of arti-
facts, i.e. tangible products that reflect the knowl-
edge that was acquired within the project. When it
comes to projects from the field of natural scienc-
es artifacts could, for example, come in the form of
new pathways for the synthesis of useful biologi-
cal and chemical compounds, structural models of
compounds in physical or digital form, reports, new
forms of laboratory equipment, or even new scien-
tific theories (Krajcik & Blumenfeld, 2006). All arti-
facts should adequately address the driving question
around which the project was organized and reflect
a thorough understanding of the scientific concepts
that were elaborated within it (Blumenfeld et al,,
1994). Therefore, teachers’ feedback on whether and
to what extent these requirements are met by the ar-
tifacts that the students produced is of vital impor-
tance for the successful completion of the given pro-
ject (Krajcik & Blumenfeld, 2006).

Research Methodology

Research aim and research hypotheses

The present study aimed to determine wheth-
er the project-based approach is more effective than
the traditional approach to teaching of natural sci-
ences in terms of the promotion of key 21* centu-
ry skills that contribute to students’ scientific litera-
cy. According to this aim, the following research hy-
potheses have been posed:

HI. The project-based approach is more ef-
fective than the traditional approach to teaching of
natural sciences in promoting students’ creativity;

H2. The project-based approach is more ef-
fective than the traditional approach to teaching

of natural sciences in promoting students’ critical
thinking;

H3. The project-based approach is more ef-
fective than the traditional approach to teaching of
natural sciences in promoting students’ science pro-
cess skills.

The correctness of the three research hypoth-
eses was assessed by means of a meta-analysis.

Selection of studies for the present meta-analysis

Meta-analysis is a research technique that
seeks to provide a quantitative estimate of the effec-
tiveness of a novel teaching approach based on the
results of the previously published (quasi-) experi-
mental studies that already compared how this ap-
proach and the approach that is traditionally used in
the classroom affect a learning outcome of interest
(Field & Gillett, 2010; Guzzo et al., 1987).

The studies included in this meta-analysis
were selected through the use of the Preferred Re-
porting Items for Systematic reviews and Meta-
Analyses (PRISMA) procedure (Moher et al., 2010).
To begin with, the citation database Google Scholar
was searched to find studies published in peer-re-
viewed journals in the English and Serbian language
in the last 20 years (2004-2024) that compared the
impact of the project-based and traditional teach-
ing of natural sciences on students’ creativity, crit-
ical thinking, and science process skills. The full
contents of 114 studies found in this way were then
carefully assessed to determine which of these stud-
ies were eligible for the present meta-analysis. The
eligible studies had to have experimental or quasi-
experimental design, use valid and reliable assess-
ment instruments, and provide enough quantitative
data for the calculation of the effect size value. Of
the above-mentioned 114 studies, only 32 met the
given criteria. An overview of these studies is pre-
sented in Table 1.
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Table 1. Overview of studies included in the present meta-analysis.

nit;ckl)ir Author(s) of the study ~ Publication year ~ Educational level Sl;l;i ZCt Geliggr:)}; hic Sas?;l; le
S1 Adewumi & Adejoke 2023 Secondary school  Biology Africa 120
S2 Bani-Hamad & Abdullah 2019 Secondary school  Science Asia 12
S3 Buroidah et al. 2023 University Biology Asia 28
S4 Can et al. 2017 Kindergarten Science Europe 26
S5 Corbano-Reyes 2023 Secondary school  Science Asia 23
S6 Cortazar et al. 2021 University Science South America 834
S7 i/«{eaohlti::iira Biazus & 2022 Secondary school  Physics Asia 50
S8 Husamah 2015 University Biology Asia 95
S9 Jjirana et al. 2022 University Chemistry Asia 130
S10 Issa & Khataibeh 2021 Secondary school  Science Asia 111
S11 ;(;tersi—Handayanto & 2021 Secondary school  Science Asia 66
S12 Louetal. 2017 Secondary school ~ Chemistry Asia 60
S13 Metin et al. 2023 Kindergarten Science Europe 38
S14 Mihardi et al. 2013 University Physics Asia 126
S15 Nurulwati et al. 2021 Secondary school  Physics Asia 40
S16 Okoye & Osuafor 2021 Secondary school  Biology Africa 284
S17 Pramashela et al. 2023 Secondary school  Science Asia 70
S18 Putranta et al. 2019 Secondary school ~ Physics Asia 62
S19 Putri et al. 2019 Elementary school  Biology Asia 45
S20 Rengkuan et al. 2023 University Biology Asia 67
S21 Sekar et al. 2024 Secondary school  Biology Asia 135
S22 Sembiring & Jahro 2024 Secondary school ~ Chemistry Asia 58
S23 Setiawan et al. 2021 Secondary school ~ Chemistry Asia 25
S24 Siew & Ambo 2018 Elementary school  Science Asia 60
S25 Sitanggang & Haryanto 2023 Secondary school  Science Asia 50
S26 Suastra & Ristiati 2019 Secondary school  Science Asia 60
S27 Tuanany et al. 2023 Secondary school  Science Asia 78
S28 Tuaputty et al. 2023 University Biology Asia 32
S29 Viana et al. 2019 Secondary school  Physics Asia 48
S30 Wahyudiati et al. 2022 University Chemistry Asia 50
S31 Wakumire et al. 2022 Secondary school  Physics Africa 50
S32 Yalcin et al. 2009 University Physics Europe 90
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As can be seen, 65.62% of the studies included
in this meta-analysis were published after the year
2020, which shows that the exploration of the im-
pact of the project-based teaching of natural scienc-
es on key 21* century skills that contribute to stu-
dents’ scientific literacy currently represents a very
active field of research. It can also be observed that
59.38% of the studies were conducted at the second-
ary school level, 28.12% of them included univer-
sity students, 6.25% of the studies were conducted
in elementary school, while the remaining 6.25% of
the studies included kindergarten students. Further-
more, 37.50% of the studies referred to science teach-
ing, 25% of them were related to biology, 21.88% of
the studies referred to physics, while 15.62% of the
studies focused on chemistry teaching. Additionally,
78.12% of the studies were conducted in Asia, while
68.75% of them had 50 or more participants.

Computation and interpretation
of the effect size values

The magnitude of the impact that a novel
teaching approach has on the learning outcome of
interest is expressed through the value of the effect
size. The two types of effect size indices that are most
frequently used in educational research are Cohen’s
d and Hedges’ g (Kraft, 2020). While the effect of the
implementation of a novel teaching approach tends
to be overestimated when Cohen’s d is applied in re-
gard to studies with less than 50 participants, the ac-
curacy of Hedge's g is not affected by the sample size
(Turner & Bernard, 2006). For this reason, within
the present meta-analysis which encompassed 10
studies with less than 50 participants and 22 studies
with 50 or more participants (Table 1), Hedge’s g in-
dex was used as a measure of the effect size.

Hedge's g for a given (quasi-)experimental
study can be calculated through the use of the re-
sults of t and x* test, ANOVA, or mean results and
standard deviations of the control and experimen-
tal groups (Turner & Bernard, 2006). To conduct a
meta-analysis, a minimum of 10 effect size values

per research hypothesis is required (Field & Gil-
lett, 2010). The results of the studies included in the
present-meta analysis enabled the calculation of 35
Hedge’s g values, of which 10 were used for the eval-
uation of H1, 13 values were included in the assess-
ment of H2, while 12 values were used for the evalu-
ation of H3. The number of the computed Hedge’s
g values was higher than the number of studies en-
compassed by this meta-analysis, as the results of
some of the studies enabled the assessment of more
than one research hypothesis.

Following the computation of Hedge’s g for
all studies included in the assessment of H1-H3,
the weighted mean Hedge’s g value was obtained
for each hypothesis. The selection of the appropri-
ate model for the calculation of this value was based
on the use of the I? index. I’ lower than 50% indi-
cates that Hedge’s g values used for the assessment
of the given hypothesis are homogeneous (Higgins
et al., 2003), which warrants the application of the
fixed effects model (Hedges & Vevea, 1998). On
the other hand, I? higher than 50% indicates that
Hedge’s ¢ values used to evaluate the given hypoth-
esis are heterogeneous (Higgins et al., 2003), which
requires the implementation of the random effects
model (Borenstein et al., 2010). Within the present
meta-analysis, the computation of I’ values and the
subsequent application of the appropriate model for
the calculation of weighted mean Hedge’s g for each
of the three research hypotheses were conducted in
JASP software for statistical analysis.

Weighted mean Hedge’s g values obtained in
this way were interpreted according to the following
guidelines (Turner & Bernard, 2006). Thus, a positive
weighted mean value of Hedge’s g implies that the pro-
ject-based approach is more effective than the tradi-
tional approach (a negative value implies the oppo-
site). However, if such a value is lower than +0.200,
the given positive effect is, in fact, negligible. On the
other hand, the value between +0.200 and +0.500
indicates a small positive effect, the value between
+0.500 to +0.800 implies a moderate positive effect,
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while a strong positive effect is indicated by the value Results

larger than +0.800. Ultimately, all research hypoth-

eses for which the weighted mean Hedge’s g value Hedge's g values calculated from the results of
was hlgher than +0.200 were confirmed as correct. studies included in the evaluation of the three re-

search hypotheses are presented in Table 2.

Table 2. Overview of Hedge’s g values used for the evaluation of the three research hypotheses.
Study

Number Author(s) of the study g(H1) g(H2) g(H3)
S1 Adewumi & Adejoke (2023) / / 1.865
S2 Bani-Hamad & Abdullah (2019) 1.106 1.000 /
S3 Buroidah et al. (2023) / 3.262 /
S4 Can et al. (2017) / / 0.669
S5 Corbano-Reyes (2023) / / 1.343
S6 Cortazar et al. (2021) / 0.177 /
S7 deOliveira Biazus & Mahtari (2022) 1.288 / /
S8 Husamah (2015) 2.507 1.334 /
S9 Jjirana et al. (2022) / 0.548 /
S10 Issa & Khataibeh (2021) / 0.380 /
S11 Koes-Handayanto & Putri (2021) / / 1.572
S12 Lou etal. (2017) 1.027 / /
S13 Metin et al. (2023) / / 1.420
S14 Mihardi et al. (2013) 0.841 / /
S15 Nurulwati et al. (2021) / / 1.328
S16 Okoye & Osuafor (2021) / / 3.557
S17 Pramashela et al. (2023) 0.270 / /
S18 Putranta et al. (2019) / 2.792 /
S19 Putri et al. (2019) 1.319 / /
S20 Rengkuan et al. (2023) / 0.819 /
S21 Sekar et al. (2024) 1.041 / /
S22 Sembiring & Jahro (2024) / / 0.854
S23 Setiawan et al. (2021) / / 2.974
S24 Siew & Ambo (2018) 0.471 / /
S25 Sitanggang & Haryanto (2023) / 0.312 /
S26 Suastra & Ristiati (2019) / 0.832 /
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S27 Tuanany et al. (2023) / 2.458 1.560

S28 Tuaputty et al. (2023) / / 1.274

S29 Viana et al. (2019) 2.875 / /

S30 Wahyudiati et al. (2022) / 0.128 /

S31 Wakumire et al. (2022) / 2.356 /

S32 Yalcin et al. (2009) / / 1.765
I? values computed to determine which mod- Discussion

el should be used to calculate the weighted mean
Hedge’s g for each of the three research hypotheses
are provided in Table 3.

Table 3. I values for the three research hypotheses.

Hypothesis P(%)
H1 89.841
H2 91.514
H3 72.397

Since all I values were higher than 50%, the
calculation of the weighted mean Hedge’s g for all
three research hypotheses was based on the random
effects model. The weighted mean Hedge’s ¢ values
obtained in this way are presented in Table 4.

Table 4. Weighted mean Hedge’s g values for the three
research hypotheses.

Hypothesis Weighted  z p 95% confidence

mean interval
Hedges g Lower Upper
H1 1.256  4.856 <0.001 0.749 1.763
H2 1.186  4.309 <0.001 0.729 1.642
H3 1.656  8.066 <0.001 1.279 2.033

As can be observed, all computed weight-
ed mean Hedge’s g values were higher than +0.800.
This implies that the project-based approach, in
comparison to the traditional approach to teach-
ing of natural sciences, has a strong positive impact
on students’ creativity, critical thinking, and science
process skills. Based on such findings, it can be con-
cluded that all three research hypotheses that were
posed in this study are correct.

Upon completion of a meta-analysis, it is cus-
tomary to compare its findings with the results of
prior studies of this type that evaluated the correct-
ness of identical hypotheses. Thus, in terms of the
impact of project-based teaching of natural sciences
on students’ creativity and critical thinking, based
on the results of the studies published between 2016
and 2023 and the application of the random effects
model, the meta-analysis of Hikmah et al. (2023)
produced the weighted mean Hedge’s g values of
1.207 and 1.308, respectively. Furthermore, when it
comes to the impact of the project-based approach
on the enhancement of students’ science process
skills, the meta-analysis of Setiyadi et al. (2024) that
encompassed studies published from 2013 to 2023
and implemented the random effects model, pro-
duced the weighted mean Hedge’s g value of 1.147.
As can be seen, both of the above-mentioned prior
meta-analyses, following the application of the ran-
dom effects model, also produced strong weighted
mean effect size values higher than +1.000. Thus, it
can be concluded that the results of this meta-anal-
ysis are in full agreement with the findings of prior
studies of this type that indicate the strong positive
impact of project-based teaching of natural sciences
on key 21* century skills that contribute to students’
scientific literacy. Ultimately, it is important to ex-
amine whether the effectiveness of project-based
science teaching in terms of the promotion of stu-
dents’ creativity, critical thinking and science pro-
cess skills varies across different educational levels
or different subjects in the field of natural scienc-
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es and, thus, determine under which conditions this
approach produces the strongest positive effects.

Regarding the development of students’ crea-
tivity, the obtained g values ranged between +0.270
and +2.875, with 80% of them pertaining to the cat-
egory of strong positive effect size values. More spe-
cifically, all studies with university students, 83.33%
of the studies at the secondary school level, and one
out of two studies with elementary school students
reported g values higher than +0.800, while studies
at the kindergarten level were not conducted. Strong
positive effect size values were also reported by all
studies from the fields of physics, biology and chem-
istry, while 66.67% of the studies related to science
education produced g values lower than +0.800.
Overall, the highest g value was obtained in the
study of Viana et al. (2019), which was conducted
at the secondary school level in the field of physics.
In this study, projects related to the teaching topic
Impulse and momentum were carried out in groups
of four or five students, with the use of information
communication technologies as scaffolding tools.

In terms of the development of critical think-
ing, the obtained g values ranged between +0.128
and +3.262, with 38.46% of them falling below the
category of strong positive effect size values. Con-
sequently, the mean g value for H2 was lower than
the mean g values for H1 and H3, while the heter-
ogeneity of individual g values, presented though
I? index, was the highest. The strong positive g val-
ues in regard to H2 were reported by 71.43% of the
studies with secondary school students and 50% of
the studies that included university students, while
studies at lower educational levels were not con-
ducted. Furthermore, g values higher than +0.800
were also obtained in all studies from the fields of
biology and physics, as well as 50% of the studies re-
lated to science education. On the other hand, both
studies that explored the impact of project-based
teaching on the development of critical thinking in
the field of chemistry reported g values lower than
+0.800. Overall, the highest g value was obtained in

the study of Buroidah et al. (2023), in which pro-
ject-based teaching was used to elaborate introduc-
tory genetics content with university students. The
projects in this study were completed in groups with
up to five members, whose activities were guided by
means of an E-book.

Finally, when it comes to the development of
science process skills, the obtained g values fell in
the range between +0.669 and +3.557, with 91.67%
of them being higher than +0.800. Thus, the mean
g value for H3 was higher than those calculated for
H1 and H2, while the corresponding I’ value was the
lowest. Strong positive g values were reported by all
studies at the secondary school and university lev-
els, as well as one out of two studies related to kin-
dergarten education, while studies with elementa-
ry school students were not conducted. Effect size
values higher than +0.800 were also produced by
all studies from the fields of biology, chemistry and
physics, as well as 80% of the studies related to sci-
ence teaching. Overall, the highest g value was ob-
tained in the study of Okoye & Osuafor (2021), in
which the teaching topic Animal skeleton was elabo-
rated with secondary school students. In this study,
all projects were completed through group work,
with the help of information communication tech-
nologies that were used to visualize the structure of
bones and their position within the skeleton.

The previously discussed results indicate
that project-based science teaching has a particu-
larly strong positive impact on the development of
creativity and science process skills among second-
ary school and university students, while its effec-
tiveness in terms of the promotion of critical think-
ing at these educational levels appears to be slightly
lower. At the same time, further studies with both
the elementary school and kindergarten students
are needed before more definitive conclusions about
the impact of the project-based science teaching
on the development of creativity, critical thinking
and science process skills at these educational levels
could be drawn. The above-mentioned results also




Impact of project-based teaching of natural sciences on key 21st century skills
that contribute to students’ scientific literacy: A meta-analysis study

show that project-based teaching is equally effective
in promoting the development of students’” science
process skills when different scientific subjects are
taught separately and in a combined manner. Con-
versely, in terms of the development of creativity,
stronger positive effects are observed when different
scientific subjects are taught separately. This can be
related to the fact that combining teaching content
from different subjects increases cognitive load (Xu
et al., 2022) which, in turn, has a negative impact
on the development of students’ creativity (Rodet,
2022; Sun & Yao, 2012). Regarding the promotion of
the development of critical thinking, the lower effec-
tiveness of the project-based teaching was only ob-
served in the field of chemistry. Previous research
indicates that the development of critical thinking
in chemistry education is more difficult due to the
triplet nature of chemical phenomena which, un-
like biological and physical phenomena, exist at the
macroscopic level which can be perceived through
the senses, symbolic level which refers to chemical
symbols and formulas, and sub-microscopic level
which cannot be observed by the naked eye (Talan-
quer, 2018). Ultimately, the obtained results show
that all projects in the studies that produced the
highest g values in regard to H1-H3 were conducted
through group work and with the help of informa-
tion communication technologies, which confirms
the previous findings that collaborative activities
(Anderson, 2002; Krajcik & Blumenfeld, 2006) and
scaffolding thorough the use of digital technologies
(Krajcik & Blumenfeld, 2006) enhance the positive
effects of the project-based teaching.

Conclusion

The present study aimed to determine wheth-
er the key 21* century skills that contribute to stu-
dents’ scientific literacy could be enhanced through
project-based teaching of natural sciences. The
three research hypotheses stating that this approach
is more effective than the traditional teaching ap-

proach in promoting students’ creativity (H1), crit-
ical thinking (H2), and science process skills (H3)
were evaluated by means of a meta-analysis. The
meta-analysis encompassed 32 (quasi-)experimen-
tal studies, whose results enabled the calculation of
35 values of Hedge’s g. 10 of these values were used
for the evaluation of H1, 13 values were included
in the assessment of H2, while 12 values were used
for the evaluation of H3. Following the application
of the random effects model, the weighted mean
Hedge’s ¢ higher than +1.000 was obtained for each
hypothesis. Given that such strong values of the ef-
fect size indicate that the project-based approach is
considerably more effective than the traditional ap-
proach to teaching of natural sciences, it was con-
cluded that all three research hypotheses that were
posed in this study are correct.

Based on these findings, which are in line
with the results of prior meta-analyses that assessed
the correctness of identical hypotheses (Hikmah et
al., 2023; Setiyadi et al., 2024), educators in the field
of natural sciences are strongly encouraged to im-
plement the project-based approach in their class-
rooms. Educators should be aware that the use of
this approach would not only enhance the above-
mentioned 21* century skills and scientific literacy
of their students but also ensure that they are ade-
quately prepared for dealing with various challenges
that may arise in their daily lives and future profes-
sional settings, due to the rapid scientific progress in
the 21* century.

The greatest limitation of this meta-analy-
sis refers to the relatively small number of Hedge’s
g values used for the evaluation of H1-H3. Howev-
er, given that the exploration of the impact of the
project-based teaching of natural sciences on stu-
dents’ creativity, critical thinking, and science pro-
cess skills currently represents a very active field of
research, authors of future meta-analyses should be
able to include a far greater number of studies in the
assessment of the above-mentioned hypotheses and,
thus, fortify evidence of the strong positive impact
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of project-based teaching on the above-mentioned
skills. Furthermore, if the formation of clusters of 10
or more studies conducted at different educational
levels, regarding different subjects from the field of
natural sciences, or with a different size of student
groups that worked on a project becomes possible, a
sub-group analysis could be used to determine how
the effectiveness of the project-based teaching varies
from kindergarten to university, across different sci-

entific subjects or with the increase/decrease in the
group size. Ultimately, future meta-analyses could
also examine the impact of the project-based teach-
ing of natural sciences on some additional skills that
are essential for life in the 21* century, such as com-
munication, collaboration and, given the incentive
to use information communication technologies as
scaffolding tools throughout the project, students’
digital literacy skills.
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Karapuna b. Ilytuna

Ynueepsuitieii y beoipagy, Mnosayuonu yeniiap Xemujckoi gaxynitieiia,
Beoipag, Cpduja

YTUILIAJ ITPOJEKTHE HACTABE ITPPOIHUX HAYKA HA K/JbYYHE KOMIIETEHIIUJE
21. BEKA KOJE JOIIPMHOCE PA3BOJY YYEHMYKE HAYYHE IIMICMEHOCTMU:
METAAHAJINTUYKA CTYOUJA

Pesyninaimu ITVICA whecimiupara yka3yjy ga yuenuuu uz Cpduje Hemajy 3agosomwasajyhu
HUBO HAYUHe HUCMEHOCIIU, KOja je eceHYUjanHa 3a ycileuHo upunaiohasarbe HueomHUM UpoMeHa-
Ma U3a3eanum Op3uM HayuHuUM paseojem y 21. eexy. Jegan 0g Kby4HUX Y3POKA 06AKEUX Pe3ynilia-
a jecille peyeiiuueHu UPUCIHLYil HACTIABYU TPUPOGHUX HAYKA, TLOKOM KOjel ce HO80 ipaguso peitiko
pasmainpa y ayiieHiiuuHum Konitiexciiuma. C gpyie ciipane, ipojekiting Haciiasa 1ogpasymesa
AKTAUBAH AHIANMAH YUeHUKA Y OK6UPY TPOjeKattia UHUUUPAHUX KOHKPeTUHUM UPOOTIeMUMA U3 pe-
anHol Hueoiia, 4uje ipesasunaxerve 3axiesa upumery UpuHyuila Hay4Hol Meitioga u Kpeuparee
UHoBAUBHUX Upogykaitia. Bygyhu ga kpeaitiuHOCI, KPULUKO MULLberbe U KoMilelieHluje 6e-
3aHe 3a UpumMeHy Hay4Hoi Meiioga Upeqgciiasmpajy Kbyure Komileilienyuje 21. eexa xoje goiipuroce
DpAa3eojy HayuHe UUCMEHOCIIU, Ulb 0601 UCTHPANU6Aarba OUO je ga ce Yiiepgu ga niu ce Upojexitina
HACTABA UPUPOGHUX HAYKA MOdHe UPUMEHUTIIU 3 HUX0680 yHalpehusarve.

Tpu ucimipaxcusauke xutioiliese y KOjuma je HasegeHo ga je upojexilina HACA6a epeKiiie-
HUja og WwpaguyuoHanHe peueiiliueHe Haciliase UPUPoOGHUX HAyKa y Hoinegy yHaupehusara yue-
Huuke kpeammusHociiu (X1), xkpuitiuukol mumimwerva (X2) u komieieHyuja 6e3aHux 3a Upumery
Hayunol meiioga (X3) uposepere cy uyiiem meiiaananuse. Y meiiaananusy cy Ousne yKkmwyueHe
32 (xeasu)exciiepumenitiante ciiyguje iydnuxosare usmehy 2004. u 2024. iogure, uuju cy pesyn-
wamu omoiyhunu uspauynasarwe 35 spegrocitiu Xeyecosoi g. Og wioia je 10 g 8pegHOCTliU UCKO-
puutheno 3a tiposepy X1, 13 3a tiposepy X2, gok je 12 g spegrocitiu tipumerbero 3a tiposepy X3. bpoj
uspavyHamux g epegHociiiu duo je ehiu og yKkyiHoi Opoja ciliyguja yKvyueHux y 08y meiiaananusy
HOWTHLO Y pe3yniniaiiu iojeguHux ciiyquja omoiyhunu iposepy euuie 0g jegHe UCparxcusauxe Xu-
uotnese. Taxohe je saxro uciiahu ga je 65,12% tiomenyimux ciityguja odjasmero naxor 2020. iogu-
He, WII0 yKa3yje ga uciuiiiuaree yimuyaja upojexitine Hacliiase UpUpogHUX HAYKAa HA YHaupehu-
sarve Kpy4HUx Komileiienyuja 21. eeka Koje goupuHoce pa3eojy yueHu4xke HayuHe UucMeHoCiiu
HipeHyliHO Tipegciliasba 6eoma axkiiyenry odnacii uciipaxcusarea. Ilpuitiom je 59,38% ciiyguja
Ouzno uzeegeHo ca yueHuuuma cpegroux wikona, 28,12% na Hueoy yHusepsuiteina, y 6,25% ciiyquja
cy dunu yKmwyueHu yueHUUU 0CHOBHUX WKO/A, ok je tpeocitianux 6,25% ciliyguja cliposegeHo Ha
upegquixonckom Husoy. Vcitiospemero, 37,50% ciityguja duso je 6e3aHo 3a HACHIABY UPUPOGHUX HA-
yka, 25% 3a naciasy duonoiuje, 21,88% ciityguja ogrocuno ce Ha pusuxy, gox je 15,62% cityguja
U0 okycuparo Ha HACiasy xemuje.

Yeneg sucokoi cilietiena xeitiepoieHOCTHU g 8pegHOCTIU Koje ¢y Kopuuihere 3a tiposepy X1-
X3 (P epegrociiu y cea wpu cnyuaja dune cy eehe og 70%), uspauyHasare cpegroe 6pegHOCIiU
Xeecosol g 3a céaky og xuilotiiesa Suo je 3acHO8AHO HA mogerny cny4ajHux egexaitia. Taxo je 3a
X1 godujera cpegroa epegrociti Xeyecosoi g og +1,256, 3a X2 cpegroa g epegrociii duna je +1,186, a
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3a X3 +1.656, tipu uemy cy ceée wipu epegHociiu Sune ClATMUCTHUYKY 3HA4AjHe HA HUB0Yy p<0,001.
Homenyimu pesyniiaitiu yka3yjy ga, ¥ 0gHocy Ha paguyuoOHaIHy peueiiiuueny Haciiasy upupog-
HUX HAyKa, UPojeKiiHa HACTABA UMA jaK, HO3UINUBAH U CIUAIUCHIUMKY 3HAYAjaH Yluudj Ha
Pa360j yueHuuke Kpeatiu6HOCIAU, KPUTHUUKOT MUULbEHA U KOMiETeHUUjd 8e3aHUX 34 UpUMeHy
HayuHol meiioga. Ha ocHosy iioia ce mosce 3axpyuuiliu ga cy cée xuiioitiede iociulasmpere y 060mM
uctpaxcusaryy wavte, yume ce Uowiephyje eucoka epekimiusHocii ipojekiiHe Haclase UpUpog-
HUX Hayka y Hoinegy yHaupehusara KmwyuHux komieiienyuja 21. eexa Koje goupuroce paszeojy
yueHuuKe HayuHe UUCMEHOCTUU.

Konauno, getiarna ananusa g epegrocitiu y 6e3u ca c6axom 0g xuilotiesa ioxas3ana je ga Ha
HUB0Y cpeqtve WKOIA U yHUsep3uilieilia ipojexiiia Haciiasa upupogHux HAyKa UMa Heuitio Ho3u-
MuBHUjU epekaili HA pa36oj Kpealtiu6HOCHIY U KomilelleHUUja 3a Upumery Hay4Hol Meitioga Heio
Ha paseoj kpuitiuukol muwiwerba. Vciiospemero, 3a ussoherve CIuuHUX 3aKbYHAKA HA HUKUM 00-
PA3068HUM HUBOUMA HEOUXOGHO je cliposeciiiu gogaiine (k6a3u)excilepumeHiniante ciliyguje y 6e3u
ca gaitiom dpodnemaitiukom. Ilo tuiiary paseoja KomieleHyuja 3a Upumeny HayuHoi meiioga,
ipojexiinu APUCiiyil 10KA3ao je jegHaxy edekitiueHOCH y cuttiyayujama Kaga je nacimaea Suna
doxycupana Ha Ipagueo camo jegHe HayuHe gucyUinUHe, KA0 U y cutilyauujama kaga je ipagueo
PAIUMUTTAUX HAYUHUX gucyuiinuna Komdunosaro. C gpyie cilipare, y fioinegy passoja Kpeaiius-
Hociliu, 8eha edeKiliUHOCT YcTllanosweHa je y cuiliyayujama xaga je Hacitiaséa Suna okycupana
Ha ipagueo camo jegre HayuHe gucyuinune. Q80 ce moxe 08jacHUTHU YUeHUUOM ga KOMOUHO-
sare Ipaguea pasnUMUIBUX gUCYUTIUHA gosogu go tiosehara KoTHUiUEHOI otilliepehierva, WiTio
iipegcitiasmwa jegar 0g 6axcHux Paxiiopa Koju HeiatliueHo yiliudy Ha paseoj kpeainiusHociiiu. Kaga
je y auitiary paseoj Kpuiiuukol Muuibervd, HeWio Huxa edexiliu6HOCII tpojexKiliHe HACTllase
ycitianoswena je camo y odnacitiu xemuje. Cilopuju paseoj KpUmu4Koi Mmuverba y 080j odnaciiu
l06€3aH je ca YurbeHUUOM ga cée XxeMujcke ojmose yHeHUuyu UCitiospemMeHo Mopajy ga caineqajy Ha
wpyu HOMHYHO PA3IUYUITA HUB0A (MAKPOCKOTUCKOM, CUMSONUUKOM U CYOMUKPOCKOTCKOM), W0
Huje cryuaj ca HaclasHuM Hojmosuma u3 gusuxe u Suonoiuje. Konauro, y ceum citiygujama xoje
cy gane najeehe ungusugyante g spegHocitiu y eesu ca X1-X3 yuenuuu cy tipojexitie u360guu y
ipytiama u y3 kopuwiheroe uHMOOPMAYUOHO-KOMYHUKAYUOHUX THeXHONO0TU]a, WITI0 yKa3Yje ga ce Ha
064aj HAYUH gogattiHo Moly fioja4ailiu Ho3UlUEHU eeKiiu UpojeKitine HACTIABe HA KbY1He KOMile-
imlenyuje 21. sexa y 6e3u ca passojem yueHuuxe HayuHe WucCMeHOCTIU.

Krmyune peuu: iipojexitina Haciliasa upupogHux HayKa, Meiliaananysa, KpeamueHocil, Kpu-
WU4Ko MUberve, KomieiieHyuje 3a UpumeHy HAy4HOT Meiioga
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