Teaching Innovations, Volume 38, Issue 4, pp. 1-17
DOI: 10.5937/inovacije2504001P

Katarina B. Putica' ® 4
University of Belgrade, Innovative Centre Original
of the Faculty of Chemistry, Belgrade, Serbia research paper

Paper received: Jan 15 2025
Paper accepted: Oct 22 2025
Article Published: Jan 20 2026

Impact of project-based teaching of natural sciences
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to students’ scientific literacy: A meta-analysis study>

Extended summary

PISA testing results indicate that Serbian students have an unsatisfactory level of scien-
tific literacy which is essential for successful adaptation to life changes caused by fast scientific
growth in the 21st century. Receptive teaching that rarely considers the application of scientific
knowledge in authentic contexts has been identified as one of the major causes of such results.
Conversely, project-based teaching enables students to actively participate in projects initiated
by real-life problems that need to be solved by using the principles of scientific methods and
creating innovative products. As creativity, critical thinking, and scientific methodology pro-
cess skills represent the key 21st 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.

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. Out of this number, 10 g values were used for
the evaluation of H1, 13 values were included in the assessment of H2, while 12 g values were
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used for the evaluation of H3. The number of the computed Hedge’s g values was higher than
the number of the studies encompassed by this meta-analysis, as the results of some of the stud-
ies enabled the assessment of more than one research hypothesis.

It is also important to note that 65. 12% of the studies included in this meta-analysis
were published after the year 2020, which shows that the exploration of the impact of the pro-
ject-based teaching of natural sciences on key 21st century skills that contribute to students’
scientific literacy currently represents a very active field of research. In addition, 59.38% of the
studies were conducted at the secondary school level, 28.12% of them included university stu-
dents, 6.25% of the studies were conducted in elementary school, while the remaining 6.25% of
the studies included kindergarten students. Furthermore, 37.50% of the studies referred to sci-
ence teaching, 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.

As the g values used to evaluate the H1-H3 were very heterogeneous (12 values in all
three cases were over 70%), the calculation of the Hedge’s g mean value for each hypothesis was
based on the random effects model. In this way, the Hedge’s g mean value for H1 was +1,256,
for H2 it was +1,186, and for H3 it was +1.656, whereas all three values were statistically signif-
icant at the level p < 0,001. These results indicate that the project-based approach, in compari-
son to the traditional receptive approach to teaching natural sciences, has a strong and posi-
tive impact on students’ creativity, critical thinking, and science process skills. Based on such
findings, it can be concluded that all three research hypotheses that were posed in this study
are correct, confirming the high effectiveness of the project-based natural science instruction
relative to the key 21st century competencies that contribute to the development of students’
scientific literacy.

A detailed analysis of the g values of each hypothesis indicates that project-based sci-
ence teaching has a somewhat more positive impact on the development of creativity and sci-
ence process skills among secondary school and university students than on the development
of their critical thinking. At the same time, further (quasi)experimental 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, criti-
cal thinking and science process skills at these educational levels could be drawn. Project-based
teaching proved to be equally effective in promoting the development of students’ science pro-
cess skills when different scientific subjects are taught separately and in a combined manner.
Conversely, 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 com-
bining teaching content from different subjects increases cognitive load, which, in turn, has a
negative impact on the development of students’ creativity. Regarding the promotion of the de-
velopment of critical thinking, the lower effectiveness of the project-based teaching was only
observed in the field of chemistry. The development of critical thinking in chemistry educa-
tion is slower due to the triplet nature of all chemical phenomena which, unlike biological and
physical phenomena, students have to understand at three completely different levels (macro-
scopic, symbolic, and sub-microscopic). Ultimately, 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 information communication technologies, which confirms that the positive effects of the
project-based teaching on the key 21st century competencies related to the development of stu-
dents’ scientific literacy can be further enhanced in this manner.

Keywords: project-based teaching of natural sciences, meta-analysis, creativity, critical
thinking, science process skills
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