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The Effects of the Implementation   
of the Problem Solving Learning Method 
in Teaching Natural Sciences 

Extended summary1

The rapid scientific and technological development that marked the beginning of the 
21st century is primarily caused by the new discoveries in the field of natural sciences. How-
ever, research has shown that primary and secondary school students around the world do not 
have a positive attitude towards natural sciences (Hacieminoglu, 2015), while problems with 
understanding academic content (Hacieminoglu et al, 2009), the self-regulation of learning 
(Pintrich, 2000), and low academic achievement in this field (Weinburgh, 1995) have also been 
reported. Given that these problems are mainly the consequence of the traditional receptive 
teaching (Oh & Yager, 2004), in recent years the educational systems around the world have 
turned toward the constructivist approach when it comes to the teaching of natural sciences 
(Elkind, 2004). 

The problem-based teaching method is one of several methods that have emerged from 
the constructivist approach and previous research has shown that its implementation has a 
positive impact on the acquisition of new knowledge with understanding (Minner et al., 2010), 
development of the self-regulation of learning (Linn et al., 2003) and a more positive atti-
tude toward leaning (Demirel & Turan, 2010), as well as on students’ academic achievement 
(Nikolić, 2018). Consequently, the aim of this paper was to compare the effectiveness of the 
problem-based teaching method with the traditional receptive teaching in the field of natural 
sciences. In accordance with this aim, four research hypotheses were proposed: compared to 
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the traditional receptive teaching, the problem-based teaching method promotes better under-
standing of the academic content (H1), a more positive attitude of students toward natural sci-
ences (H2), an improved self-regulation of learning (H3), and a better academic achievement 
of students in the field of natural sciences (H4). As academic achievement was considered sole-
ly as a quantitative aspect of students’ performance, understanding of the learning content, as 
one of the levels of the qualitative aspect of students’ performance, was considered in a separate 
hypothesis. In order to verify the four hypotheses, a meta-analysis was conducted. 

The meta-analysis is a quantitative research technique within which, in order to verify 
the research hypotheses, a thorough literature review is conducted in order to find scientific 
papers elaborating on the previously conducted experimental studies that tested these hypoth-
eses. The research results presented in these papers are then used to calculate the Effect Size 
(ES) values (DeCoster, 2004). For the purpose of this meta-analysis, the results obtained from 
23 scientific papers  were used. The overview of these research papers and the corresponding 
ES values are presented in Table 1.

Table 1. The overview of the research papers and the corresponding ES values  
              used in this meta-analysis.

Research paper ЕS(H1) ЕS(H2) ЕS(H3) ЕS(H4)
Aidoo et al., 2016 / / / 1.78
Akinoglu & 
Tandogan, 2007

/ 0.24 / 1.25

Atan et al., 2005 / / / 0.28; 0.01
Benli & Sarikaya, 
2012

/ / / 5.07

Bulgin et al., 2009 0.82 / / /
Celik et al., 2011 / / / 1.16
Folashade & Akin-
bobola, 2009

/ / / 1.76; 1.22

Galand et al., 2012 0.16; 0.40 / 0.64 /
Gurses et al., 2015 / / / 0.51
Horak & Galluzzo, 
2017

/ -0.39; 0.44; 0.37; 
-0.18; -0.28

/ 0.44

Inel & Balim, 2010 / / / 0.37
Iqbal et al., 2017 / / / 1.57
Koray & Koray, 2013 0.47 / / /
Selcuk & Caliskan, 
2010

/ 0.19; 1.57; 0.65 / /

Selcuk & Caliskan, 
2013

/ / / 0.32

Sindelar, 2010 / / / 0.44
Sungur et al., 2006 / / / 1.53
Sungur & Tekkaya, 
2006

/ / 0.52; 0.40 /
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Tarhan & Acar-Ses-
en, 2013

9.56; 2.31 / / /

Tosun & Senocak, 
2013 /

-0.01; -0.09;-0.04; 
0.08; 0.85; 0.47; 

0.60; 0.84

0.29; 0.14; 0.26; 
-0.07; 0.06; 0.06; 

0; 0.36; 0.75; 0.77; 
0.50; 0.70; 0.71; 
0.52; 0.15; 0.70

/

Uce & Ates, 2016 / / / 1.94
Wulansari et al., 
2018

/ / / 1.94

Zejnilagić-Hajrić et 
al., 2015

/ / / 1.44

Explanation: ЕS(H1) values are used for the verification of hypothesis H1, ЕS(H2) values are used for 
the verification of hypothesis H2, ЕS(H3) values are used for the verification of hypothesis H3 and 
ЕS(H4) values are used for the verification of hypothesis H4.

On the basis of the ES values presented in Table 1, the corresponding mean ES values   
were calculated. The obtained mean ES values   are as follows: the mean value of ЕS(H1)= +2.29, 
the mean value of ЕS(H2)= +0.31, the mean value of ЕS(H3)= +0.31 and the mean value of 
ЕS(H4)= +1.27.

Since all four mean ES values are positive and higher than +0.2, all four hypotheses have 
been verified. Furthermore, the mean values   of ES (H2) and ES (H3) are in the range of +0.2 to 
+0.4, representing small ES values, while the mean values   of ES (H1) and ES (H4) are greater 
than +0.6, representing the large ES values. This implies that the positive effects of the applica-
tion of the problem-based teaching method in terms of promoting a better understanding of 
the academic content and a better academic achievement in the field of natural sciences will 
be very pronounced and easily observable after a relatively short period of application. On the 
other hand, the positive effects of the application of the problem-based teaching method, when 
it comes to promoting a more positive attitude and the development of self-regulation of the 
learning of natural sciences, are small, but not negligible, with a tendency to become more pro-
nounced over time. These results confirm the great potential of the problem-based method for 
improving the quality of teaching in the field of natural sciences.

Keywords: problem-based learning, receptive teaching, natural sciences, meta-analysis.

References

 • Aidoo, B., Boateng, S. K., Kissi, P. S. & Ofori, I. (2016). Effects of Problem-Based Learning on 
Students’ Achievement in Chemistry. Journal of Education and Practice. 7 (33), 103–108.

 • Akinoglu, O. & Tandogan, R. O. (2007). The Effects of Problem-Based Active Learning in Sci-
ence Education on Students Academic Achievement, Attitude and Concept Learning. Eurasia 
Journal of Mathematics, Science & Technology Education. 3 (1), 71–81. DOI: 10.12973/ejm-
ste/75375.



4

 

 • Atan, H., Sulaimna, F. & Idrus, R. M. (2005). The effectiveness of problem-based learning in 
the web-based environment for the delivery of an undergraduate physics course. International 
Education Journal. 6 (3), 430–437.

 • Аusubel, P. D. (2000). The Acquisition and Retentition of Knowledge – A Cognitive View. 
Dordrecht ‒ Boston ‒ London: Kluwer Academic Publishers.

 • Batdi, V. (2004). A meta-analysis study comparing problem based learning with traditional 
instruction. Electronic Journal of Social Sciences. 13 (5), 346–364. 

 • Benli, E. & Sarikaya, M. (2012). The investigation of the effect of problem based learning to 
the academic achievement and the permanence of knowledge of prospective science teacher: 
the problem of the boiler stone. Procedia-Social and Behavioral Sciences. 46, 4317–4322. DOI: 
10.1016/j.sbspro.2012.06.24

 • Bilgin, I., Senocak, E. & Sozbilir, M. (2009). The Effects of Problem-Based Learning Instruc-
tion on University Students’ Performance of Conceptual and Quantitative Problems in Gas 
Concepts. Eurasia Journal of Mathematics, Science & Technology Education. 5 (2), 153–164. 
DOI: 10.12973/ejmste/75267

 • Cakir, M. (2008). Constructivist approaches to learning in science and their implication for 
science pedagogy: A literature review. International Journal of Environmental and Science Edu-
cation. 3 (4), 193–206.

 • Celik, P., Onder, F. & Silay, I. (2011). The effects of problem based learning on the students’ 
success in the physics course. Procedia-Social and Behavioral Sciences. 28, 656–660. DOI: 
10.1016/j.sbspro.2011.11.124

 • Cohen, J. (1992). A power primer. Psychological Bulletin. 112 (1), 155–159. DOI: 10.1037/0033-
2909.112.1.155.

 • DeCoster, J. (2004). Meta-analysis Notes. Retrieved May 15, 2018. from www: http://www.stat-
help.com/notes.html.

 • Demirel, M. & Dagyar, M. (2016). Effects of problem-based learning on attitude: a meta-analy-
sis study. Eurasia Journal of Mathematics, Science & Technology Education. 12 (18), 2115–2137.

 • Demirel, M. & Turan, A. (2010). The effects of problem based learning on attitude, metacogni-
tive awareness and motivation. Hacettepe University Journal of Education. 38, 55–66.

 • Elkind, D. (2004). The Problem with Constructivism. The Educational Forum. 68 (4), 306–312. 
DOI: 10.1080/00131720408984646.

 • Folashade, A. & Akinbobola, A. O. (2009). Constructivist Problem Based Learning Technique 
and the Academic Achievement of Physics Students with Low Ability Level in Nigerian Sec-
ondary Schools. Eurasian Journal of Physics and Chemistry Education. 1 (1), 45–51.

 • Galand, B., Frenay, M. & Raucent, B. (2012). Effectiveness of Problem-Based Learning in En-
gineering Education: A Comparative Study on Three Levels of Knowledge Structure. Interna-
tional Journal of Engineering Education. 28 (4), 939–947.

 • Gibjels, D., Douchy, F., Van den Bossche, P. & Segers, M. (2005). Effects of problem-based 
learning: a meta-analysis from the angle of assessment. Review of Educational Research. 75 (1), 
27–61.



5

 

 • Gurses, A., Dogar, C. & Geyik, E. (2015). Teaching of the Concept of Enthalpy Using Prob-
lem Based Learning Approach. Procedia-Social and Behavioral Sciences. 197, 2390–2394. DOI: 
10.1016/j.sbspro.2015.07.298.

 • Hacieminoglu, E. (2015). Elementary School Students’ Attitude toward Science and Related 
Variables.  International Journal of Environmental & Science Education. 11 (2), 35‒52. DOI: 
10.12973/ijese.2016.288a.

 • Hacieminoglu, E., Yilmaz-Tuzun, O. & Ertepinar, H. (2009). Investigating elementary stu-
dents’ learning approach, motivational goals and achievement in science. Hacettepe University 
Journal of Education. 37, 72–83. 

 • Horak, A. K. & Galluzzo, G. R. (2017). Gifted Middle School Students’ Achievement and Per-
ceptions of Science Classroom Quality During Problem-Based Learning. Journal of Advanced 
Academics. 28 (1), 28–50. DOI: 10.1177/1932202X16683424.

 • Inel, D. & Balim, A. G. (2010). The effects of using problem-based learning in science and 
technology teaching upon students’ academic achievement and levels of structuring concepts. 
Asia-Pacific Forum on Science Learning and Teaching. 11 (2), 1–23.

 • Iqbal, S., Khalid, M. I. & Khalid, S. (2017). Effectiveness of Problem-Based Learning Approach 
on Students Achievement in Subject of Science at Elementary Level. Journal of Elementary 
Education. 27 (1), 95–105.

 • Ivić, I., Pešikan, A., Antić, S. (2001). Aktivno učenje 2. Beograd: Institut za psihologiju. 
 • Kim, N. J., Belland, B. R. & Walker, A. E. (2017). Effectiveness of computer-based scaffolding 

in the context of problem-based learning for stem education: Bayesian meta-analysis. Educa-
tional Psychology Review. 30 (2), 397–429.

 • Koray, O. & Koray, A. (2013). The effectiveness of problem-based learning supported with 
computer simulations on reasoning ability. Procedia-Social and Behavioral Sciences. 106, 
2746–2755. DOI: 10.1016/j.sbspro.2013.12.315.

 • Linn, M. C., Clark, D. & Slotta, J. D. (2003). WISE design for knowledge integration. Science 
Education. 87 (4), 517–538. DOI: 10.1002/sce.10086.

 • Minner, D. D., Levy, A. J. & Century, J. (2010). Inquiry-based science instruction-what is it 
and does it matter? Results from a research synthesis years 1984 to 2002. Journal of Research in 
Science Teaching. 47, 517–538. DOI: 10.1002/tea.20347.

 • Nikolić, N. T. (2018). Kvalitet problemski orijentisane nastave i postignuće učenika. Inovacije 
u nastavi. 31 (4), 1–14. DOI: 10.5937/inovacije1804001N.

 • Oh, P. S. & Yager, R. E. (2004). Development of Constructivist Science Classrooms and Chang-
es in Student Attitudes toward Science Learning. Science Education International. 15 (2), 105–
113.  

 • Pintrich, P. (2000). The role of goal orientation in self-regulated learning. In: Boekaerts, M., 
Pintrich, P. & Zeidner, M. (Eds.). Handbook of self-regulation (452–501). San Diego, CA: Aca-
demic Press. 

 • Selcuk, G. S. & Caliskan, S. (2010). A small-scale study comparing the impacts of problem-based 
learning and traditional methods on student satisfaction in the introductory physics course. 
Procedia-Social and Behavioral Sciences. 2, 809–813. DOI: 10.1016/j.sbspro.2010.03.108.



6

 

 • Selcuk, G. S., Caliskan, S. & Sahin, M. (2013). A Comparison of Achievement in Problem-
Based Strategic and Traditional Learning Classes in Physics. International Journal on New 
Trends in Education and Their Implications. 4 (1), 154–164.

 • Sindelar, T. (2010). The effectiveness of problem-based learning in the high school science class-
room (master’s thesis). Wichita, KS: Wichita State University.

 • Stojaković, О. (2005). Problemska nastava. Obrazovna tehnologija. 3‒4, 72‒89.
 • Sungur, S. & Tekkaya, C. (2006). Effects of Problem-Based Learning and Traditional Instruc-

tion on Self-Regulated Learning. Journal of Educational Research. 99 (5), 307–317. DOI: 
10.3200/JOER.99.5.307-320.

 • Sungur, S., Tekkaya, C. & Geban, O. (2006). Improving achievement through problem-based 
learning. Journal of Biological Education. 40 (4), 155–160. DOI: 10.1080/00219266.2006.9656037.

 • Tarhan, L. & Acar-Sesen, B. (2013). Problem Based Learning in Acid and Bases: Learning 
Achievements and Students’ Beliefs. Journal of Baltic Science Education. 12 (5), 565–578.

 • Tosun, C. & Senocak, E. (2013). The Effects of Problem-Based Learning on Metacognitive 
Awareness and Attitudes Toward Chemistry of Prospective Teachers with Different Aca-
demic Backgrounds. Australian Journal of Teacher Education. 38 (3), 61–73. DOI: 10.14221/
ajte.2013v38n3.2.

 • Trivić, D., Lazarević, E., Bogdanović, M. (2011). Postignuće učenika i nastava hemije. U: Gašić 
Pavišić, S. i Stanković, D. (ur.). TIMSS 2007 u Srbiji (97–145). Beograd: Institut za pedagoška 
istraživanja.

 • Uce, M. & Ates, I. (2016). Problem-based Learning Method: Secondary Education 10th Grade 
Chemistry Course Mixture Topics. Journal of Education and Training Topics. 4 (12), 30–35. 
DOI: 10.11114/jets.v4i12.1939.

 • Vernon, D. T. & Blake, R. L. (1993), Does problem-based learning work? A meta-analysis of 
evaluative research. Academic Medicine. 68 (7), 550–563.

 • Weinburgh, M. (1995). Gender differences in student attitudes toward science: a meta-analysis 
of the literature from 1970 to 1991. Journal of Research in Science Teaching. 32 (4), 387–398. 
DOI: 10.1002/tea.3660320407.

 • Wulansari, N. T., Sutrisna, P. G. & Dharmapatni, N. W. K. (2018). Effectiveness of Problem-
Based Learning Model toward Biology Learning Outcomes. SHS Web of Conferences. 42, 1–5. 
DOI: 10.1051/shsconf/20184200011.

 • Zajnilagić-Hajrić, M., Šabeta, A. & Nuić, I. (2015). The effects of problem-based learning on 
students’ achievements in primary school chemistry. Bulletin of the Chemists and Technologists 
of Bosnia and Herzegovina. 44, 17–22.

 • Zimmerman, B. (2000). Attaining self-regulated learning: A social-cognitive perspective. In: 
Boekaerts, M., Pintrich, P. & Zeidner, M. (Eds.). Handbook of self-regulation (452–501). San 
Diego, CA: Academic Press. 


