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In this study, it was aimed to determine the pedagogical principles for
building functional science literacy of school children in line with the
Program for International Student Assessment (PISA) by examining the
performing countries in PISA. The statistical results of the PISA results
reports of China, Singapore, Hong Kong and Estonia were compared with
the results of Kazakhstan. It was concluded that students in the top-ranked
countries actively participate in scientific activities, enjoy practicing
scientific activities, exhibit high-level cognitive skills, test and monitor the
results of scientific research, and compete in national and international
activities. The economic status of the family, learning environment,
discipline, school equipment, and the number of teachers in the school are
among the factors affecting children’s science literacy. Teachers’ continuous
participation in in-service trainings, keeping their motivation at a high level,
choosing different teaching methods, encouraging students to conduct
research and activating high-level cognitive skills were considered among
the most important reasons for good results in science PISA research. It is
recommended that countries that want to rank higher in an international
platform such as PISA should implement student-centered activities in their
educational reforms and create educational environments where students can
test their high-level skills.
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1. INTRODUCTION

In today’s rapidly evolving world, the importance of science literacy among school children cannot
be overstated [1]-[4]. Proficiency in the natural sciences not only equips young minds with basic knowledge,
but also nurtures the critical thinking and problem-solving skills needed to tackle complex global challenges
[5], [6]. International assessments such as the Program for International Student Assessment (PISA) have
highlighted the need to improve science literacy and identify the most effective pedagogical methods [7]-[9].

The PISA study, conducted by the Organization for Economic Cooperation and Development
(OECD), has become a global benchmark for assessing and comparing the science literacy of school-age
students across countries [10], [11]. This comparison has revealed both strengths and weaknesses of science
education systems around the world. One of the findings is that school-age children in many countries
consistently underperform in science literacy [12], [13]. Identifying the reasons underlying this low
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performance is important in improving the quality of education in countries. Evaluating the PISA survey in
this context, Robets identifies the prevailing political and intellectual views on scientific literacy and
discusses whether science curricula should be designed to complement the subject matter that needs to be
covered or emphasize life situations in which science plays a key role [14]. According to the result obtained
in this discussion, the basis of scientific literacy is that the individual who has realized the necessary
educational steps to have scientific knowledge is able to use this knowledge smoothly in the areas required
by life [15]. Scientific literacy is more than just learning facts and numbers; it also entails having a thorough
comprehension of scientific ideas, the capacity to assess information critically, and the ability to apply
scientific knowledge to practical issues [16]. In an age where science and technology are the driving force in
our societies, it is crucial to develop science literacy from an early age. Science literate individuals are better
prepared to deal with complex issues such as climate change [17], health [18], and sustainable development
[19]. They take responsibility for finding solutions to these issues.

The PISA study provides invaluable information on the strengths and weaknesses of science
education systems worldwide [14]. By examining students' performance on a global scale, it highlights
inequalities, identifies best practices, and provides a basis for improving educational policies [20]. PISA
research differs from other international research in that it provides a normative value. In this way, other
countries can evaluate their own levels according to this normative value. PISA tests started in 2000 and are
organized every three years. An optional evaluation of an innovative field is part of the PISA evaluations.
These include global competences in 2018, collaborative issue solving in 2015, complex problem solving in
2003, and learning techniques in 2000; 2021 includes creative thinking. This gives nations the chance to
evaluate student performance from various angles [21].

When analyzing the PISA results, it was found that Kazakhstan was ranked low. In order to improve
these results, the government of Kazakhstan is carrying out many projects and supporting the work done in
this regard. In this context, the aim of our research was to analyze the educational policies of the countries
participating and ranking in the PISA research and to provide recommendations for improving the quality of
the educational process in the educational institutions of the Republic of Kazakhstan. In addition, our
research aimed to identify pedagogical principles to improve science literacy among schoolchildren
according to the standards of the PISA study and to empirically verify the effectiveness of these methods
through empirical studies. In this context, the hypothesis of our research was “The design of teaching
methods to improve the functional natural science literacy of schoolchildren in the Republic of Kazakhstan in
accordance with certain pedagogical principles will meet the standards of the PISA study and increase
student achievement in this area.”

2. METHOD

In this study, the results of China, Singapore, Hong Kong and Estonia, which received the best
results in the 2018 PISA studies, were analyzed in terms of science literacy. In this context, descriptive
content analysis will be performed in this study. The analyses will be compared with the results of
Kazakhstan and pedagogical principles for creating science literacy in schoolchildren will be determined.

Content analyses are frequently used in social sciences, especially in educational sciences studies
[22]. Finding the overall trend on the subject and directing future scholarly research within the parameters of
the subject matter are the two main goals of content analysis studies. There are three ways to express content
analyses: descriptive, meta-analytic, and meta-synthesis (thematic) [23]. Descriptive content analysis, which
is the topic addressed in this study, is a systematic study that includes the evaluation of trends and research
results in a descriptive dimension by considering all studies, published or unpublished, conducted within a
specified topic [24]. In this context, in our research, academic studies on the relationship between PISA
results and education policies of China, Singapore, Hong Kong and Estonia were analyzed. In this context,
Google Scholar, ERIC, and Web of Science databases were analyzed in depth between 2010 and 2023, and
research on the education policies of these countries and the results of the 2018 PISA assessments were
included. In this context, literature related to keywords such as "science literacy"”, "PISA 2018 results",
"education”, "education policies" were searched in these databases. The relationship between the results of
Kazakhstan and the top four countries was analyzed.

3. RESULTS AND DISCUSSION
3.1. Results

The reading, math, and science averages for China, Singapore, Hong Kong, and Estonia from the
2018 OECD are displayed in Figures 1-4. Approximately 98% of scientific students in B-S-J-Z (China)
received a Level 2 or higher, significantly higher than the 78% average for all countries in the OECD. At the
very least, these students are able to identify the correct explanation for well-known scientific occurrences
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and apply that understanding to assess the veracity of conclusions in simple situations by considering the
relevant data. A total of 32% of students in B-S-J-Z (China) were proficient in science, meaning they were at
Level 5 or 6 (OECD average: 7%). These students are capable of using their scientific knowledge in a variety
of contexts, including ones they are not familiar with, in an autonomous and innovative manner as shown in
Figure 1 [25].

Singaporean students performed far better than the OECD average of 78% for all countries, with
91% achieving Level 2 or above in science. At the very least, these students are able to identify the correct
explanation for well-known scientific occurrences and apply that understanding to assess the veracity of
conclusions in simple situations by considering the relevant data. More than 90% of students met this criteria
in Beijing, Shanghai, Jiangsu, and Zhejiang (China) (98%), Macao (China) (94%), Estonia (91%) and
Singapore (91%). In science, 21% of Singaporean pupils performed at the top of the class, OECD average of
7%, meaning they were proficient at Levels 5 or 6. These students possess the ability to independently and
creatively apply their scientific knowledge to a wide range of contexts, including ones they are unfamiliar
with, as presented in Figure 2 [25].

In Hong Kong, almost 88% of Chinese students received a scientific grade of Level 2 or higher
(average for the OECD: 78%). At the very least, these students are able to identify the correct explanation for
well-known scientific occurrences and apply that understanding to assess the veracity of conclusions in
simple situations by considering the relevant data. More than 90% of students met this criteria in Beijing,
Shanghai, Jiangsu, and Zhejiang (China) (98%), Macao (China) (94%), Estonia (91%) and Singapore (91%).
An OECD average of 7% indicated that 8% of pupils in Hong Kong, China, were top performers in science,
which translates to proficiency at Levels 5 or 6. These students possess the ability to independently and
creatively apply their scientific knowledge to a wide range of contexts, including ones they are unfamiliar
with, as displayed in Figure 3 [25].
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Figure 1. Performance in reading, math, and science of China
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Figure 2. Performance in reading, math, and science of Singapore

Int J Eval & Res Educ, Vol. 14, No. 1, February 2025: 648-658



Int J Eval & Res Educ ISSN: 2252-8822 a 651

@ Hong Kong (China) @ OECD average () Other country/economy

score points %
600 100
90
550 80
70
500
= = = 60
450 = = 50 8
e = = 40
400 = = = 30 32
350 = = 20 16
10
300 0
Mean score in Mean score in Mean score in Share of top Share of low Share of low
reading mathematics science performers in at achievers in achievers in
least one subject reading mathematics

Figure 3. Performance in reading, math, and science of Hong Kong

In science, almost 91% of students in Estonia earned a Level 2 or higher, which is much more than
the average for all OECD countries, which is 78%. At the very least, these students are able to identify the
correct explanation for well-known scientific occurrences and apply that understanding to assess the veracity
of conclusions in simple situations by considering the relevant data. More than 90% of students met this
criteria in Beijing, Shanghai, Jiangsu, and Zhejiang (China) (98%), Macao (China) (94%), Estonia (91%) and
Singapore (91%). In science, 12% of Estonian students excelled, corresponding to a Level 5 or 6 proficiency
(OECD average: 7%). These students possess the ability to independently and creatively apply their scientific
knowledge to a wide range of contexts, including ones they are unfamiliar with, as presented in Figure 4 [25].
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Figure 4. Performance in reading, math, and science of Estonia

Based on PISA 2018 findings, Figure 5 displays Kazakhstan's average scores in science, math, and
reading. Based on these findings, about 40% of Kazakhstani pupils received a scientific grade of Level 2 or
above (OECD average: 78%). These students can, at the very least, recognize the proper explanation for
well-known scientific events and use that knowledge to determine whether a conclusion is true in
straightforward circumstances based on the available facts. In science, only a small fraction of pupils in
Kazakhstan achieved high performance, i.e., they were proficient at Level 5 or 6 (OECD average: 7%). These
students possess the ability to independently and creatively apply their scientific knowledge to a wide range
of contexts, including ones they are unfamiliar with [25]. In Table 1, the determinants of science literacy in
China, Singapore, Hong Kong and Estonia, which ranked in the top four according to the 2018 PISA results,
are analyzed in terms of endogenous and environmental variables [26]—[36].
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Figure 5. Kazakhstan’s performance in reading, math, and science

Table 1. Examining the factors influencing the high ranking of the ranking countries in science literacy

Research  Target country Key determinants of increasing scientific literacy
[26] Singapore, At the student level, students' enjoyment and interest in science; at the school level, the economic,
Finland social and cultural status of schools are the most important predictors of scientific literacy in both

countries.

[27] China - Scientists, science teachers and educational science experts as decision makers.
- All stakeholders expressing their opinions and making joint decisions.
- Analyzing the results of empirical research.
- Empirical and scientific research on curriculum is supported by the government.

[28] China, USA - Metacognition, evaluating credibility, ability to summarize text, perception of difficulty and

learning time in science were similar between the two countries.

- Cooperation and competition between students helps the development of math and science.
- Family economic status, self-awareness and learning environment are important.
- Establishing policies to improve the abilities of students with low socioeconomic status

[29] All  countries In the ranking countries,

[30]

[31]

[32]

[33]

[34]

[35]

[36]

participating in
the 2015 PISA
survey

Australia,
Canada, Ireland,
New  Zealand,
UK, and USA
Turkey,
Singapore, US,
Korea, Italy, and
Brazil
Singapore

Singapore

Hong Kong

Hong Kong

Estonia

The quality of teachers' teaching practices, parents' professional/educational status, disciplinary
climate, time spent on learning and participation, school equipment, number of teachers in the
school, and students' status were identified as factors affecting science literacy.

It was concluded that the most important factor in demonstrating superior scientific performance
is "Self-efficacy".

Experience continuous questioning strategies

Frequency of teacher prompts and adaptive teaching strategies

Incorporating different components of research-based teaching

The economic, social and cultural status of the school is the best predictor of science literacy.
Equity in education,

Questioning investments in leadership, teacher certification, number of students and teachers as
they have minimal impact on science literacy

To discover and develop the talents and potential of young people to the fullest,

Develop a passion for lifelong learning,

Creating a flexible, diverse and broad-based education system,

Science curricula at all levels of education focus on science as inquiry and the knowledge, skills
and processes, ethics and attitudes required, as well as an understanding of the impact of science
in everyday life.

Science curriculum focusing on the theme of science,

Knowledge, skills and processes are important, as well as understanding the impact of science at
all levels of education.

Students’ science literacy is significantly associated with parental involvement, even after
controlling for student self-efficacy and school background factors.

Parental investment in cultural resources and the organization of early science learning
enrichment activities,

Watching scientific documentaries, reading books about scientific discoveries, watching,
reading or listening to science fiction are important in achieving success in science.

He made the case that the development of science literacy in early childhood settings is
influenced by teacher preparation, educational policy, the home environment, and the
community environment.

The views of science educators are in line with the literature.

Comprehensive instructional support systems, teacher, student and Estonian society's
perspective on education are important in increasing science literacy,

It is also thought that Estonia's continued integration into Europe, with common values and
attitudes in OECD countries, could weaken Estonia's education system and the qualities that
propel students to this high status in PISA.
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3.1.1. Kazakhstan and PISA

Kazakhstan entered the PISA survey for the first time in 2009. Initially, 5,590 students from 200
educational institutions participated in the study. Like every country that participated for the first time,
Kazakhstan did not achieve the expected results [37] and ranked 58th out of 65 countries. Kazakhstan's PISA
results by years are given in Figure 6. The figure illustrates that 2018 saw the lowest literacy results in
Kazakhstan. The OECD's information indicates that incomplete student response data contributed to several
issues with Kazakhstan's 2015 PISA scores. Accordingly, the OECD declared that 2018 saw Kazakhstan
achieve the most trustworthy outcomes in science, including science literacy [25].
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Figure 6. Kazakhstan's PISA results by year

3.2. Discussion

The objective of the study was to examine and compare the pedagogical principles used by the top-
performing nations in the 2018 PISA study, with a focus on enhancing science literacy among
schoolchildren. The study's conclusions, their ramifications, and any prospective effects on science education
are all covered in great detail in the discussion section. Our study makes a concrete contribution to the field
of education by providing actionable insights for educators and policy makers. By analyzing the pedagogical
approaches of top-performing countries in PISA, we identify effective student-centered activities and
learning environments that promote science literacy. We outline how these strategies can be adapted to
different educational settings, taking into account local educational policies, resources and cultural contexts.
Furthermore, our empirical analysis of PISA data from different socio-economic environments contributes to
a better understanding of the factors that influence science literacy, guiding targeted interventions.

The study we conducted theoretically contributes to the discourse on science literacy by putting out
a model that combines socioeconomic considerations, instructional tactics, and student participation. Future
studies and theoretical advancements can build on this paradigm, especially when investigating the causal
connections between these factors and the results of science literacy. By highlighting the significance of
cultivating higher-order cognitive skills in student-centered learning contexts, it also questions established
educational paradigms.

3.2.1. The role of student interest and enjoyment in science literacy

The importance of student engagement and enjoyment in science in predicting scientific literacy is
one of the study's most notable findings. This result is consistent with earlier studies showing that students
who are really curious about science and enjoy learning about it typically do higher on tests of scientific
literacy [26], [29], [32]. It highlights how crucial it is to foster a sincere love of science in students. Teachers
must work to make science interesting, relevant, and engaging because this will have a big impact on
students' motivation to learn and do well in the subject. In Kazakhstan, 87% of students (OECD average:
67%) who gave a life satisfaction score between 7 and 10 indicated they were content with their lives.

Furthermore, 93% of students reported feeling joyful either occasionally or consistently, and 5%
reported feeling down constantly. In most countries and economies, students were more likely to report
feeling pleased when they reported having greater student cooperation and a stronger sense of belonging at
school, and more likely to show dejection when bullying occurred more frequently. A total of 88% of
students in Kazakhstan strongly agreed or agreed that they can usually find a way out of a difficult situation
(OECD average: 84%), while 56% of students (OECD average: 56% of students) strongly agreed or agreed
that they worry about what other people would think of them if they fail. In practically every school system,
including Kazakhstan's, girls showed a larger fear of failing than boys did, and this gender gap was
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particularly noticeable among the most accomplished pupils. A growth mentality was exhibited by most
students in OECD countries (they rejected or strongly disagreed with the statement "Your intelligence is
something about you that you can't change very much"). 55% of pupils in Kazakhstan have a growth attitude
[25]. In China, a country that has achieved significant success in PISA [38], students are less excited about
their lives (56%) and some students are more likely to feel permanently unhappy than in Kazakhstan.
Therefore, it is important to identify activities that will support students' all-round development [39].
Considering all these situations, it is thought that activities that improve students' self-qualities, exercises that
focus on their own skills, practices that develop high-level skills such as problem solving [40] and critical
thinking [41], and activities that focus on activities that improve students' cognitive, affective and
psychomotor structures will positively affect the PISA results of students in Kazakhstan.

3.2.2. Socioeconomic status of schools

The socioeconomic situation of schools is another significant factor that this study emphasizes
influences scientific literacy. This element affects student results at the school level and has a big impact
[29], [42]. Schools in affluent neighborhoods typically have more resources, better infrastructure, and access
to qualified teachers, which can result in higher educational outcomes. The results of the study highlight the
necessity of implementing educational policies and initiatives that address inequalities in school funding and
resources in order to give every student the same chance to succeed in science [43], [44]. Alivernini and
Manganelli examined the socioeconomic dimensions of science literacy in 25 countries and concluded that
teachers' salaries, parental pressure on schools, the physical structure of the school, environmental factors,
and socioeconomic status affect the scores obtained in PISA studies [45]. Similarly, Kalkan et al. [31] argued
that economic, social and cultural status are important factors affecting scientific literacy. In the case of
Kazakhstan, the number of migrants in 2018 was 8%, while in 2012 it was around 12%. One third of these
migrant students were socioeconomically disadvantaged. Although there was a difference in reading
performance between immigrants and non-immigrants, this was not the case in scientific literacy. In fact,
20% of migrants performed above the OECD average. In this case, it can be considered that the adaptation of
immigrants to the education system in Kazakhstan over the years has been achieved in the fields of
mathematics and science literacy. However, it is thought that the difference between immigrants and non-
immigrants in language teaching will positively affect the performance in other fields of science [46].
Therefore, it is recommended to conduct studies in this field.

3.2.3. Implications for pedagogy

The study's comparative research of educational practices in high-performing nations has produced
insightful findings about the methods that support improved science literacy. The discovery of these
principles offers a basis for the development of successful pedagogical approaches to science education.
These concepts might support inquiry-based, experiential learning, the utilization of real-world examples,
and the development of critical thinking and problem-solving abilities [47], [48]. In another perspective,
Elvisto and Sisko argued that Estonia's success in PISA is not only a product of its education system, but also
reflects broader societal values and holistic support of teaching systems, teachers and society that foster an
enabling environment for science literacy; however, homogenization of educational standards and attitudes
through further integration with Europe poses potential challenges for the diverse educational culture that
contributed to Estonia's exceptional performance [36]. Additionally, research indicates that teacher quality
has an impact on students' PISA results. High standards for hiring teachers, successful programs for
preparing them, and chances for professional growth all contribute to this [49]. Effective pre-service teacher
education and ongoing professional development are thought to improve teacher quality.

Additionally, high-performing systems are dedicated to enhancing the caliber of their in-service
educators by offering them a wealth of materials and opportunity for ongoing professional development [50],
[51]. Singapore, one of the successful countries, has become an object of emulation for many countries [52]-
[54]. When the reasons underlying this situation are examined, it is thought that among the main factors in
the success in science is that students carry out the activities by doing and experiencing and analyze the
findings obtained [55]-[57]. This situation enables students to learn on their own and makes learning
permanent [58]-[60]. Thus, PISA results play a critical role in evaluating the effectiveness of pedagogical
approaches and provide a guiding source for the development of educational policies.

The differences between Kazakhstan’s education system and the education systems of the countries
that came first in the PISA results are quite striking. Although Kazakhstan has significantly improved its
educational reforms in recent years, it is thought that it will take time for this situation to become widespread.
In this context, it is thought that teachers are more likely to adopt traditional teaching methods. However,
countries that have achieved success have adopted student-centered, experiment-based learning approaches.
In particular, countries such as China, Singapore, Estonia and Hong Kong follow a system that encourages
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students’ participation in their own learning processes and makes curricula flexible according to students’
interests and needs. In addition, in these countries, the continuous investment in the professional
development of teachers and the constant review of educational policies stand out as an important difference.
The education system in these countries plays an active role in preparing students for today’s complex world
by focusing on developing skills such as critical thinking, problem solving and collaboration. Therefore, the
need for change and transformation in the education systems of countries like Kazakhstan comes to the fore.

4. CONCLUSION

The pursuit of scientific literacy among school-age children is no longer an educational goal, but an
essential life skill. Scientific literacy is a gateway to understanding and engaging with the complexities of our
modern world. It empowers people to make knowledgeable decisions regarding a wide range of global
challenges, including technology, the environment, and health. The foundation for well-informed, practical,
and creative solutions is scientific literacy, which is essential when it comes to managing pandemics and
tackling climate change. There has never been a better time to promote scientific literacy, and this study has
shown Kazakhstan the way forward. Uncovering the factors underlying high-performing nations’
achievement was made possible by the study’s novel method of comparing educational procedures in these
nations. Through the analysis of nations that continuously demonstrate exceptional science literacy, the
research unearthed a wealth of pedagogical insights that support successful science instruction. It is
impossible to overestimate the significance of this comparative analysis because it has shed light on aspects
of science education that merit more consideration. The research has yielded educational concepts that
provide a robust basis for the creation of transformational instructional approaches. The aforementioned
approaches prioritize the significance of inquiry-based learning, hands-on experiential education, integration
of real-world applications, and development of critical thinking and problem-solving skills. This new
paradigm of teaching and learning creates a very relevant, interactive, and engaging learning environment.

In this context, when the main characteristics of successful countries are analyzed, determining
effective teaching methods, developing programs focusing on science literacy, continuing teacher training
and development, encouraging student-centered approaches, ensuring active participation of family and
community in education and training processes, and improving assessment and feedback processes stand out
as some of the main criteria for success in PISA. Preferring active and active participatory learning
approaches rather than traditional science education, determining student-centered approaches rather than
teacher-centered educational activities, preferring examinations that develop students’ high-level cognitive
skills such as problem solving and critical thinking by integrating technology rather than routine examination
systems are important keystones in achieving success goals.

According to the results of our study, we have some suggestions for students, teachers and policy
makers. Students should actively participate in the process for scientific literacy, learning based on
experiments and practical applications should be reinforced. It should provide real life integration. Actively
use critical thinking and problem-solving skills. Teachers should continuously develop transformative
education methods, create an engaging learning environment, use high level assessment and evaluation tools,
and support the active participation of family and community. Policy makers should increase spending on
education, develop policies for student-centered approaches, examine assessment and feedback processes and
create opportunities for active learning approaches.

ACKNOWLEDGEMENTS

The Republic of Kazakhstan’s Ministry of Science and Higher Education provided funding for this
work under grant number AP14872059. We acknowledge the Republic of Kazakhstan’s Ministry of Science
and Higher Education for this.

REFERENCES

[1] K. V. Smith, J. Loughran, A. Berry, and C. Dimitrakopoulos, “Developing Scientific Literacy in a Primary School,” International
Journal of Science Education, vol. 34, no. 1, pp. 127-152, Jan. 2012, doi: 10.1080/09500693.2011.565088.

[2] H. Eshach, Science Literacy in Primary Schools and Pre-Schools, vol. 1. Dordrecht: Kluwer Academic Publishers, 2006. doi:
10.1007/1-4020-4674-X.

[3] A. Al Sultan, H. Henson Jr, and D. Lickteig, “Assessing preservice elementary teachers’ conceptual understanding of scientific
literacy,” Teaching and Teacher Education, vol. 102, p. 103327, 2021, doi: https://doi.org/10.1016/j.tate.2021.103327.

[4] L. Udompong and S. Wongwanich, “Diagnosis of the Scientific Literacy Characteristics of Primary Students,” Procedia - Social
and Behavioral Sciences, vol. 116, pp. 5091-5096, Feb. 2014, doi: 10.1016/j.sbspro.2014.01.1079.

[5] Fahmi, H. Fajeriadi, Y. Irhasyuarna, Suryajaya, and Abdullah, “The practicality of natural science learning devices on the concept
of environmental pollution with problem-solving learning models,” Journal of Physics: Conference Series, vol. 2104, no. 1,
p. 012025, Nov. 2021, doi: 10.1088/1742-6596/2104/1/012025.

Determination of pedagogical principles for building functional ... (Maimatayeva Assiya Dwysengalievna)



656

a ISSN: 2252-8822

[6]
[71

(8]
[9]
[10]
[11]
[12]

[13]

[14]

[15]

[16]
[17]
[18]

[19]

[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]

[28]

[29]

[30]

[31]
[32]

[33]

[34]

[35]

[36]

[37]

M. Leasa, A. D. Corebima, and J. R. Batlolona, “The effect of learning styles on the critical thinking skills in natural science
learning of elementary school students,” [lk6gretim Online, pp. 2086-2097, Sep. 2020, doi: 10.17051/ilkonline.2020.763449.

J. Basl, “Effect of School on Interest in Natural Sciences: A comparison of the Czech Republic, Germany, Finland, and Norway
based on PISA 2006,” International Journal of Science Education, vol. 33, no. 1, pp. 145-157, Jan. 2011, doi:
10.1080/09500693.2010.518641.

R. Bybee and B. McCrae, “Scientific Literacy and Student Attitudes: Perspectives from PISA 2006 science,” International
Journal of Science Education, vol. 33, no. 1, pp. 7-26, Jan. 2011, doi: 10.1080/09500693.2010.518644.

F. Dong and M. C. Kula, “Digital device use and scientific literacy: an examination using Programme for International Student
assessment (PISA) 2015 data,” Education Economics, vol. 31, no. 3, pp. 288-312, 2023, doi: 10.1080/09645292.2022.2063797.
S. L. Robertson, “Provincializing the OECD-PISA global competences project,” Globalisation, Societies and Education, vol. 19,
no. 2, pp. 167-182, Mar. 2021, doi: 10.1080/14767724.2021.1887725.

L. Pritchett and M. Viarengo, “The Learning Crisis of Developing Country Elites: Lessons from PISA-D,” World Bank Economic
Review, vol. 37, no. 2, pp. 177-204, Apr. 2023, doi: 10.1093/wber/Ihad001.

V. Dragos and V. Mih, “Scientific Literacy in School,” Procedia - Social and Behavioral Sciences, vol. 209, pp. 167-172, Dec.
2015, doi: 10.1016/j.sbspro.2015.11.273.

M. Karakus, M. Courtney, and H. Aydin, “Understanding the academic achievement of the first- and second-generation
immigrant students: a multi-level analysis of PISA 2018 data,” Educational Assessment, Evaluation and Accountability, vol. 35,
no. 2, pp. 233-278, May 2023, doi: 10.1007/s11092-022-09395-x.

R. Bybee, B. McCrae, and R. Laurie, “PISA 2006: An assessment of scientific literacy,” Journal of Research in Science Teaching,
vol. 46, no. 8, pp. 865-883, Oct. 2009, doi: 10.1002/tea.20333.

P. Y. Chen, G. J. Hwang, S. Y. Yeh, Y. T. Chen, T. W. Chen, and C. H. Chien, “Three decades of game-based learning in science
and mathematics education: an integrated bibliometric analysis and systematic review,” Journal of Computers in Education,
vol. 9, pp. 455-476, 2021, doi: https://doi.org/10.1007/s40692-021-00210-y.

D. Fisher, M. Grant, and N. Frey, “Science Literacy Is > Strategies,” The Clearing House: A Journal of Educational Strategies,
Issues and Ideas, vol. 82, no. 4, pp. 183-186, Mar. 2009, doi: 10.3200/TCHS.82.4.183-186.

Y. Widiyawati, “Global warming and climate change: integration of socio-scientific issues to enhance scientific literacy,” Journal
of Physics: Conference Series, vol. 1511, no. 1, p. 012071, Apr. 2020, doi: 10.1088/1742-6596/1511/1/012071.

L. Ploomipuu, J. Holbrook, and M. Rannikmie, “Modelling health literacy on conceptualizations of scientific literacy,” Health
Promotion International, vol. 35, no. 5, pp. 1210-1219, Oct. 2020, doi: 10.1093/heapro/daz106.

M. A. Queiruga-Dios, E. Lopez-Ifiesta, M. Diez-Ojeda, M. C. Saiz-Manzanares, and J. B. Vazquez Dorrio, “Citizen Science for
Scientific Literacy and the Attainment of Sustainable Development Goals in Formal Education,” Sustainability, vol. 12, no. 10,
p. 4283, May 2020, doi: 10.3390/su12104283.

H. C. She, K. Stacey, and W. H. Schmidt, “Science and Mathematics Literacy: PISA for Better School Education,” International
Journal of Science and Mathematics Education, vol. 16, no. S1, pp. 1-5, Aug. 2018, doi: 10.1007/s10763-018-9911-1.

S. Sjeberg and E. Jenkins, “PISA: a political project and a research agenda,” Studies in Science Education, vol. 58, no. 1, pp. 1-
14, Jan. 2022, doi: 10.1080/03057267.2020.1824473.

A. Loomis, A. Davis, G. Cruden, C. Padilla, and Y. Drazen, “Early Childhood Suspension and Expulsion: A Content Analysis of
State Legislation,” Early Childhood Education Journal, vol. 50, no. 2, pp. 327-344, 2022, doi: 10.1007/s10643-021-01159-4.

C. Wang, J. Shen, and J. Chao, “Integrating Computational Thinking in STEM Education: A Literature Review,” International
Journal of Science and Mathematics Education, vol. 20, no. 8, pp. 1949-1972, Dec. 2022, doi: 10.1007/s10763-021-10227-5.
T.-C. Lin, T.-J. Lin, and C.-C. Tsai, “Research Trends in Science Education from 2008 to 2012: A systematic content analysis of
publications in selected journals,” International Journal of Science Education, vol. 36, no. 8, pp. 1346-1372, May 2014, doi:
10.1080/09500693.2013.864428.

OECD, PISA 2018 Results (Volume 1): What Students Know and Can Do. PISA. OECD Publishing, 2019.

U. Ustun, M. Cansiz, E. Ozdemir, and N. Cansiz, “Student and school-level factors to predict science literacy for two top-
performing countries in PISA 2015: Finland and Singapore,” International Journal of Science Education, vol. 44, no. 4, pp. 579—
603, Mar. 2022, doi: 10.1080/09500693.2022.2037167.

J.-X. Yao and Y.-Y. Guo, “Core competences and scientific literacy: the recent reform of the school science curriculum in China,”
International Journal of Science Education, vol. 40, no. 15, pp. 1913-1933, Oct. 2018, doi: 10.1080/09500693.2018.1514544.

L. Ye and Y. Yuan, “Using A Machine Learning Approach to Explore Non-Cognitive Factors Affecting Reading, Mathematics,
And Science Literacy in China and The United States,” Journal of Baltic Science Education, vol. 21, no. 4, pp. 575-593, Aug.
2022, doi: 10.33225/jbse/22.21.575.

J. Chen, Y. Zhang, Y. Wei, and J. Hu, “Discrimination of the Contextual Features of Top Performers in Scientific Literacy Using
a Machine Learning Approach,” Research in Science Education, vol. 51, no. S1, p. 129, 2021, doi: 10.1007/s11165-019-9835-y.
M. Oliver, A. McConney, and A. Woods-McConney, “The Efficacy of Inquiry-Based Instruction in Science: a Comparative
Analysis of Six Countries Using PISA 2015,” Research in Science Education, vol. 51, no. S2, p. 595, 2021, doi: 10.1007/s11165-
019-09901-0.

0. K. Kalkan, A. Altun, and B. Atar, “Role of teacher-related factors and educational resources in science literacy: An
international perspective,” Studies in Educational Evaluation, vol. 67, p. 100935, Dec. 2020, doi: 10.1016/j.stueduc.2020.100935.
K. C. D. Tan, T. W. Teo, and C.-L. Poon, “Singapore Science Education,” in Science Education Research and Practice in Asia,
Singapore: Springer Singapore, 2016, pp. 155-174. doi: 10.1007/978-981-10-0847-4_9.

J. Yeo and K. C. D. Tan, “Science Education in Singapore,” in Singapore Math and Science Education Innovation. Empowering
Teaching and Learning through Policies and Practice: Singapore and International Perspectives, vol 1. Springer, Singapore,
2021, pp. 91-104. doi: 10.1007/978-981-16-1357-9_6.

E. S. C. Ho, “Family influences on science learning among Hong Kong adolescents: what we learned from PISA,” International
Journal of Science and Mathematics Education, vol. 8, no. 3, pp. 409-428, Jun. 2010, doi: 10.1007/s10763-010-9198-3.

C. M. Capio, H. C. M. Ho, C. C. Y. Chan, and D. C. W. Ho, “Understanding and Awareness of Physical Literacy by Early
Childhood Educators in Hong Kong — a Mixed-Methods Study,” Early Childhood Education Journal, vol. 51, pp. 1511-1524,
Oct. 2022, doi: 10.1007/s10643-022-01409-z.

T. Elvisto and S. Siska, “What Accounts for Estonian Student Science Literacy PISA Prowess?” Information Literacy in a Post-
Truth Era. Communications in Computer and Information Science, 2022, pp. 364-376. doi: 10.1007/978-3-030-99885-1_31.

F. Waldow, “What PISA Did and Did Not Do: Germany after the ‘PISA-shock,”” European Educational Research Journal,
vol. 8, no. 3, pp. 476-483, Sep. 2009, doi: 10.2304/eerj.2009.8.3.476.

Int J Eval & Res Educ, Vol. 14, No. 1, February 2025: 648-658



Int J Eval & Res Educ ISSN: 2252-8822 a 657

[38]
[39]

[40]

[41]

[42]

[43]

[44]
[45]

[46]

[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]

[55]

[56]
[57]
[58]

[59]

[60]

J. Liu, “Government, media, and citizens: understanding engagement with PISA in China (2009-2015),” Oxford Review of
Education, vol. 45, no. 3, pp. 315-332, May 2019, doi: 10.1080/03054985.2018.1518832.

D. Pettersson and C. E. Molstad, “Professores Do PISA: A Esperanca E A Realizacdo Da Educagdo,” Educacéo & Sociedade,
vol. 37, no. 136, pp. 629-645, Sep. 2016, doi: 10.1590/es0101-73302016165509.

M. Stadler, K. Herborn, M. Mustafi¢, and S. Greiff, “The assessment of collaborative problem solving in PISA 2015: An
investigation of the validity of the PISA 2015 CPS tasks,” Computers and Education, vol. 157, p. 103964, Nov. 2020, doi:
10.1016/j.compedu.2020.103964.

R. L. Gomez and A. M. Suérez, “Do inquiry-based teaching and school climate influence science achievement and critical
thinking? Evidence from PISA 2015,” International Journal of STEM Education, vol. 7, no. 1, p. 43, Dec. 2020, doi:
10.1186/540594-020-00240-5.

M. Broer, Y. Bai, and F. Fonseca, “A Review of the Literature on Socioeconomic Status and Educational Achievement,” in
Socioeconomic Inequality and Educational Outcomes. IEA Research for Education, vol. 5. Springer, Cham, 2019, pp. 7-17. doi:
10.1007/978-3-030-11991-1_2.

A. Owens and J. Candipan, “Social and spatial inequalities of educational opportunity: A portrait of schools serving high- and
low-income neighbourhoods in US metropolitan areas,” Urban Studies, vol. 56, no. 15, pp. 3178-3197, Nov. 2019, doi:
10.1177/0042098018815049.

A. Owens, S. F. Reardon, and C. Jencks, “Income Segregation Between Schools and School Districts,” American Educational
Research Journal, vol. 53, no. 4, pp. 1159-1197, Aug. 2016, doi: 10.3102/0002831216652722.

F. Alivernini and S. Manganelli, “Country, School and Students Factors Associated with Extreme Levels of Science Literacy
Across 25 Countries,” International Journal of Science Education, vol. 37, no. 12, 2015, doi: 10.1080/09500693.2015.1060648.
H. Entorf and N. Minoiu, “What a Difference Immigration Policy Makes: A Comparison of PISA Scores in Europe and
Traditional Countries of Immigration,” German Economic Review, vol. 6, no. 3, pp. 355-376, Aug. 2005, doi: 10.1111/j.1468-
0475.2005.00137.x.

A. Hanberger, “What PISA Intends to and Can Possibly Achieve: A Critical Programme Theory Analysis,” European
Educational Research Journal, vol. 13, no. 2, pp. 167-180, Apr. 2014, doi: 10.2304/eerj.2014.13.2.167.

Z. Deng, “Reciprocal Learning, Pedagogy and High-Performing Education Systems: Learnings from and for Singapore,”
Teachers and Teaching, vol. 25, no. 6, pp. 647-663, Aug. 2019, doi: 10.1080/13540602.2019.1671326.

H. Wang, N. C. Hall, and S. Rahimi, “Self-efficacy and causal attributions in teachers: Effects on burnout, job satisfaction, illness,
and quitting intentions,” Teaching and Teacher Education, vol. 47, pp. 120-130, Apr. 2015, doi: 10.1016/j.tate.2014.12.005.

B. Boman, “Educational achievement among East Asian schoolchildren 1967-2020: A thematic review of the literature,”
International Journal of Educational Research Open, vol. 3, p. 100168, 2022, doi: https://doi.org/10.1016/j.ijedro.2022.100168.
A. Grajcevci and A. Shala, “A Review of Kosovo’s 2015 PISA Results: Analysing the Impact of Teacher Characteristics in
Student Achievement,” International Journal of Instruction, vol. 14, no. 1, pp. 489-506, 2021, doi: 10.29333/iji.2021.14129.

Z. Deng, “Reciprocal Learning, Pedagogy and High-Performing Education Systems: Learnings from and for Singapore,”
Teachers and Teaching, vol. 25, no. 6, pp. 647663, Aug. 2019, doi: 10.1080/13540602.2019.1671326.

Z. Deng and S. Gopinathan, “PISA and high-performing education systems: explaining Singapore’s education success,”
Computers and Education, vol. 52, no. 4, pp. 449-472, Oct. 2016, doi: 10.1080/03050068.2016.1219535.

L. W. Teh, “Singapore’s Performance in PISA: Levelling Up the Long Tail,” in Educational Policy Innovations. Education
Innovation Series, Springer, Singapore, 2014, pp. 71-83. doi: 10.1007/978-981-4560-08-5_5.

F. Jiang and W. F. McComas, “The Effects of Inquiry Teaching on Student Science Achievement and Attitudes: Evidence from
Propensity Score Analysis of PISA Data,” International Journal of Science Education, vol. 37, no. 3, pp. 554-576, Feb. 2015,
doi: 10.1080/09500693.2014.1000426.

J. M. Cordero, V. Cristobal, and D. Santin, “Causal Inference on Education Policies: A Survey of Empirical Studies Using PISA,
TIMSS and PIRLS,” Journal of Economic Surveys, vol. 32, no. 3, pp. 878-915, Jul. 2018, doi: 10.1111/joes.12217.

J. Jerrim, M. Oliver, and S. Sims, “The relationship between inquiry-based teaching and students’ achievement. New evidence
from a longitudinal PISA study in England,” Learning and Instruction, vol. 80, 2022, doi: 10.1016/j.learninstruc.2020.101310.

S. Kolumbayeva, E. Aitenova, A. Tanatova, A. Zhekeyeva, and A. Kosshygulova, “Ways of increasing students’ self-organisation
for self-study,” Journal of Education and e-Learning Research, vol. 10, no. 4, pp. 719-727, 2023, doi: 10.20448/jeelr.v10i4.5164.
S. Nishanbayeva, S. Kolumbayeva, A. Satynskaya, S. Zhiyenbayeva, P. Seiitkazy, and S. Kalbergenova, “Some instructional
problems in the formation of family and moral values of students,” World Journal on Educational Technology: Current Issues,
vol. 13, no. 3, pp. 529-545, Jul. 2021, doi: 10.18844/wjet.v13i3.5961.

B. Zheng, A. Ward, and R. Stanulis, “Self-regulated learning in a competency-based and flipped learning environment: learning
strategies across achievement levels and years,” Medical Education Online, vol. 25, no. 1, Jan. 2020, doi:
10.1080/10872981.2019.1686949.

BIOGRAPHIES OF AUTHORS

Maimatayeva Assiya Dwysengalievna (g 2 is affiliated in Institute of Natural
Sciences and Geography, Abai Kazakh National pedagogical university, Almaty, Kazakhstan.
Her interests in scientific work: problems of methods of teaching biology in secondary and
higher schools. She can be contacted at e-mail: majmataevaasia@gmail.com.

Determination of pedagogical principles for building functional ... (Maimatayeva Assiya Dwysengalievna)


https://orcid.org/0000-0002-4256-0802

658

ISSN: 2252-8822

Kazakhbayeva Danakul B B © s affiliated in Institute of Mathematics, Physics and
Informatics, Abai Kazakh National pedagogical university, Almaty, Kazakhstan. She is the
author of about 200 scientific and methodological works. Most of them are the result of
research work on the problems of improving the content and methods of teaching physics at
school, continuity in lifelong education, and creating methodological foundations for the
standardization of education. These works have theoretical and practical significance in
school education in the republic. She can be contacted at e-mail: kazdantai@gmail.com.

Karbayeva Sholpan £ B3 2 is affiliated in Institute of Natural Sciences and Geography,
Abai Kazakh National pedagogical university, Almaty, Kazakhstan. Her professional
qualification — is engaged in research on scientific problems in the field of pedagogy,
methods of teaching geography. She can be contacted at e-mail: karbaevash@gmail.com.

Zhumagulova Kalampyr g 12 s affiliated in Institute of Natural Sciences and
Geography, Abai Kazakh National pedagogical university, Almaty, Kazakhstan. Professor K.
Zhumagulova — been engaged for many years in improving the teaching of biology, the
author of the standard for general education disciplines, educational programs and textbooks
of a new generation and educational complexes in biology: for the 6th grade of secondary
schools. The results of her scientific research have been reflected in over 150 scientific
publications. She can be contacted at e-mail: zhumagulovakalampyr@gmail.com.

Bitibayeva Zhazira By 12 s affiliated in Institute of Mathematics, Physics and
Informatics, Abai Kazakh National pedagogical university, Almaty, Kazakhstan. Her work
experience is 25 years. Her interests in scientific work: problems of methods of teaching
physics in secondary and higher schools. She can be contacted at e-mail:
zh.bitibayeva@gmail.com.

Edi Setiawan B 12 s affiliated in Faculty of Teacher Training and Education,
Universitas Suryakancana, Indonesia. He currently a lecturer at Faculty of Teacher Training
and Education, Universitas Suryakancana, Cianjur, Indonesia. He has extensive experience in
reviewing and publishing 71 research articles published in Scopus indexed journals. He can
be contacted at e-mail: edi_setiawan@unsur.ac.id.

Int J Eval & Res Educ, Vol. 14, No. 1, February 2025: 648-658


https://orcid.org/0000-0001-6569-9519
https://orcid.org/0000-0003-4135-5740
https://orcid.org/0000-0001-5422-5270
https://orcid.org/0000-0003-3852-7871
https://orcid.org/0000-0001-7711-002X

