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ABSTRACT. 
The cultivation of 21st-century skills is a key objective of most educational systems around the world today. Based on this widely accepted finding, this paper analyses the performance of Greek students in the OECD's Programme for International Student Assessment (PISA), the main purpose of which is to test students' acquisition of these skills. The research aims to answer two questions: first, whether the scientific community universally accepts this competition, and second, whether STEM education primarily cultivates 21st-century skills and improves students' performance in the competition. To this end, we conducted a secondary analysis of the competition data and employed the methodology of evidence-based research. In conclusion, PISA does not enjoy universal acceptance within the scientific community and therefore cannot be the sole criterion for reforming an educational system. Nevertheless, the importance of cultivating 21^(st) century skills, which students will require in adult life, cannot be overlooked. Therefore, we propose STEM education as a means of developing the necessary skills, both within the school environment and in the broader context of extracurricular activities.
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1. INTRODUCTION

[bookmark: _Hlk195653279]In a world that is undergoing constant evolution, the emergence of artificial intelligence, digital transformation, the green transition, globalization and population ageing (Mohamedou, Bell, Staats, & Raznikova, 2024)  are creating new conditions that are impossible to ignore. The educational policy of each state is no longer the exclusive domain of national governments (Kelly & Kotthoff, 2017; Kim & Choi, 2023) , but is influenced by international organizations such as the OECD and the European Union (Kelly & Kotthoff, 2017).  The OECD does not impose the educational policy it proposes on its member countries in the form of legislative regulations, yet it exerts considerable influence over them (Kim & Choi, 2023). The acquisition of skills is being accorded an increasingly significant place on the agenda of educational systems. Those who master them are able to utilize them throughout their lives, from their work to their daily lives (OECD, OECD Skills Strategy 2019: Skills to Shape a Better Future, 2019).  In the contemporary era, students are expected to develop the capacity for adaptability in order to prepare for future employment opportunities that may not yet be fully delineated (Tomková, 2025). The acquisition of 21st century skills during school years has been demonstrated to contribute to the successful navigation of professional challenges (Nurgabylov, Akhmetov, & Seitova, 2024; Regnault, Copreaux, Landrier-Guéret, & Mignot, 2022; Wang, Perry, & Malpique, 2023). 
The rationale for conducting this research was the persistently low performance of Greek students on the PISA written tests; at the same time, the ChatGPT outperformed the average performance of students on the test questions (Mohamedou, Bell, Staats, & Raznikova, 2024), making it even more important to improve students' skills. Both the literature and the OECD reports link student performance to 21st century skills. In this report, we try to substantiate this link, as the tasks of the competition correspond to each of these skills. It is emphasized that the PISA competition is regarded as having the requisite scientific foundations to assess the degree of mastery of the 21st-century skills under scrutiny, a perspective that is also endorsed by other studies (Nurgabylov, Akhmetov, & Seitova, 2024; Li, Xue, & Guo, 2025; Regnault, Copreaux, Landrier-Guéret, & Mignot, 2022; Ismawati, Hersulastuti, Amertawengrum, & Anindita, 2023; Wang, Perry, & Malpique, 2023). Furthermore, the attainment of 21st-century competencies can be evaluated by assessing the literacy levels of students (Amri Amanulloh, Marbun, Sobri, & Ubaidillah, 2024). An illustration of this evaluation is provided by the Programme for International Student Assessment (PISA) competition. In reports such as (Grey & Morris, 2022) , the possibility of assessing students' creativity through competitive means is called into question. As outlined in (Fischbach, Keller, Preckel, & Martin, 2013; Nouri, Akerfeldt, Fors, & Selander, 2017), dissenting voices that challenge the prevailing assumption that competition serves as an effective metric for evaluating students' skill mastery are also documented. Furthermore, the statistical model utilized for the ranking of countries has been the subject of scrutiny (Sjøberg & Edgar, 2020).	Comment by Abdullah AYDIN: 	In the text, do not use the first person "we".

The mastery of the goals of STEM education, i.e. the mastery of 21st century skills, cannot be assessed by traditional assessment systems such as standardized written examinations (El Nagdi & Roehrig, 2022), which are an important part of testing in the Greek education system. Therefore, it is argued that STEM education can strengthen these skills through its interdisciplinary approach (Mohamedou, Bell, Staats, & Raznikova, 2024; Khalil, Tairab, Qablan, Alarab, & Mansour, 2023). Students who have received a STEM education have been shown to have a greater ability to generate a large number of ideas, to think alternatively, to consider all the data and to come up with an original idea (Khalil, Tairab, Qablan, Alarab, & Mansour, 2023). Meanwhile, mechanical analogue design provides opportunities for students to engage in higher-level reasoning based on tangible evidence through mathematical and scientific principles (Lesseig, Slavit, & Simpson, 2023).  Strengthening the skills system can support the economy and social cohesion of any country in the future (Mohamedou, Bell, Staats, & Raznikova, 2024; Amri Amanulloh, Marbun, Sobri, & Ubaidillah, 2024; Hernández-Ramos & Araya, 2025), As posited by the school of thought known as Human Capital Theory, the existence of a productive workforce is conducive to the development of the global economy (Sjøberg & Edgar, 2020). 
To this end, it is suggested that it should be included in the curriculum and not necessarily that the whole education system should be changed, as low performance in the competition does not measure the degree of success of the education system, but is clearly focused exclusively on skills. It is emphasized here that the acquisition of skills is associated with a number of benefits both for the individual and for society as a whole. Specifically, individuals who have mastered skills are more likely to find employment, earn higher wages, enjoy greater trust, participate in democratic and social processes, and have better health (Mohamedou, Bell, Staats, & Raznikova, 2024). It is STEM education that can contribute to the acquisition of 21st century skills and thus to the creation of a well-rounded global citizen (El Nagdi & Roehrig, 2022). The article does not propose STEM education as a solution to the low performance of the PISA competitions, but rather as a means of acquiring the necessary skills, which in turn will result in improved performance in the competition. As stated in (Kim & Choi, 2023) , the South Korean education system is designed to enhance the individual capabilities of each student, rather than solely focus on the country's overall ranking. It is further proposed that students should have contact with STEM education not only within the school environment, but also through extracurricular activities. The article presents a secondary analysis of data collected from official OECD reports, which reported the results scores of the countries in the competition.
Since 2012, the OECD has been issuing country-specific strategies, the most recent of which was issued for Greece in 2019. As has been demonstrated, the consistently low performance of students in the PISA competition is indicative of a generalized issue. This is further supported by the finding that adult skills in the country under discussion are lower than the OECD average. It is also noteworthy that Greeks are in the lowest 20% of the indicators related to the development of skills and their alignment with the labor market (OECD Skills Strategy 2019, skillas to shape a better future. 2019 OECD Skills Strategy: Greece, 2019). In any event, the successful reform of the education system is predicated upon the requisite cooperation and effective organization at many different levels. In order to address this issue, it is essential for governments, teachers, employers, trade unions and other relevant parties to collaborate effectively (OECD, OECD Skills Strategy 2019: Skills to Shape a Better Future, 2019).   
The proposal to implement STEM education at secondary level is predicated on the premise that it will equip students with the skills required to thrive in the 21st century. It is evident that this pedagogical approach has the capacity to facilitate the development of fundamental competencies, including creative and critical thinking, as well as problem-solving skills. The enhancement of these competencies is further influenced by the suboptimal performance in international competitions, such as the Programme for International Student Assessment (PISA) (Khalil, Tairab, Qablan, Alarab, & Mansour, 2023). The overarching objective encompasses not only the professional rehabilitation and economic prosperity of the region, but also the consideration of broader issues such as sustainability and green development. Climate change is a phenomenon that is becoming increasingly evident and must be given due consideration. It is accompanied by global warming and pollution, and has a detrimental effect on the flora and fauna of ecosystems (Mohamedou, Bell, Staats, & Raznikova, 2024). Consequently, it is imperative that the future workforce possesses the requisite competencies to effectively navigate the intricacies inherent in these multifaceted scenarios.
The research questions posed by our team are as follows:	Comment by Abdullah AYDIN: 	In the text, do not use the first person "our".
1. The present study seeks to ascertain whether the Programme for International Student Assessment (PISA) has achieved universal acceptance within the scientific community as a factor influencing changes in educational systems around the world.
2. The primary question to be addressed in this study is whether STEM education is chiefly a means of enhancing 21st-century skills, which, in turn, can result in an improvement in the performance of Greek students in the Programme for International Student Assessment (PISA).
2. METHODOLOGY

The present article has been formulated in accordance with the methodology of documentary research. The initial phase of the research involved a comprehensive search of all available OECD reports with the objective of collating data pertaining to the performance of Greek students in the disciplines of mathematics and the natural sciences. These data were retrieved from the official website of the organization. In order to support the theoretical framework presented and to draw conclusions, a search was conducted using five different scientific article search engines (Google Scholar, Semantic Scholar, Science Direct, Scopus, Eric). In each of the aforementioned engines, the following searches were conducted:(PISA) AND (STEM Education) (PISA) and the second AND (21ST CENTURY SKILLS) and (PISA).
Shape 1 shows the diagram of conceptual framework that illustrates the course of the research.
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Shape 1 Diagram of conceptual framework of reachearch.

At the initial stage of the selection process, articles written in English or Greek and which were freely available, and had been published after 2013, were deemed to be suitable for consideration. Subsequently, articles that were directly relevant to the research questions under consideration were accepted. Of the 71 sources utilized, 15,49% (n=11) were OECD reports, with the remaining 84,51% (n=60) comprising scientific articles, 1.41% (n=1) data from the official website of the Institute for Educational Policy and 1.41% (n=1) from the European Union newspaper. Of the total sources, 15,49% (n=11) refer to 21st century skills, 29,57% (n=21) refer to STEM education, while the remaining 46,48% (n=33) refer to the PISA competition.

21st Century Skills
The 21st century skills defined by the response needs of Industrial Revolution 4.0 are those that can ensure inclusive and equitable education throughout life (Gonzalez-Perez & Ramirez-Montoya, 2022; Kain, Koschmieder, Matischek-Jauk, & Sabine, 2024; Rasdiana, Bhayangkara, & Wiyono, 2023) (Gonzalez-Perez & Ramirez-Montoya, 2022)  and will be a driver of global economic growth (Howard, 2018). This shift in education has its roots in the 1980s in the United States, where educators, government and businesses began publishing reports on emerging trends (Howard, 2018). In the context of the dynamic and ever-changing global economic landscape, the acquisition of these skills can equip students (Amri Amanulloh, Marbun, Sobri, & Ubaidillah, 2024; Kain, Koschmieder, Matischek-Jauk, & Sabine, 2024),  with the necessary competencies to meet the demands of their future professional lives (Handayani & Anam, 2024). 
Twenty-first century skills are defined as those that provide the necessary capabilities for students to enter the professional arena with skills that will be useful to them and also contribute to the development of the global economy (Gonzalez-Perez & Ramirez-Montoya, 2022; Howard, 2018). A development based on ethics, humanism (Gonzalez-Perez & Ramirez-Montoya, 2022) and sustainability (Gonzalez-Perez & Ramirez-Montoya, 2022; Kain, Koschmieder, Matischek-Jauk, & Sabine, 2024).
In the OECD report defining skills for 2030, a skill is defined as an individual's ability to use knowledge in a responsible way to achieve a goal. Skills are part of a broader framework that includes knowledge, attitudes and values. The 2030 competences are grouped along the following axes
- Cognitive and metacognitive
- Cognitive, perceptual and metacognitive
- Material and practical (OECD, SKILLS FOR 2030, 2019).
Cognitive skills refer to the whole process of thinking with language and numbers, as well as the reasoning the individual has arrived at (e.g. creative thinking). Metacognitive skills encompass an individual's knowledge, skills and values (OECD, SKILLS FOR 2030, 2019). They include higher-level thinking that checks lower-level thinking. For example, students see mistakes as an opportunity to improve rather than a failure (Gonzalez-Perez & Ramirez-Montoya, 2022). Social and emotional skills are related to an individual's ability to express each thought in consistent patterns (OECD, SKILLS FOR 2030, 2019); more specifically, they are related to flexibility, adaptability, the ability to take initiative, social and intercultural skills, responsibility and leadership (Partnership for 21st Century Skills. Framework for 21st Century Learning., 2019).  . An individual's ability to communicate is related to the ability to express ideas using written and spoken language (Sen, Ay, & Kiray, 2018). While manual skills are related to the ability to use tools and are mainly associated with manual tasks (OECD, SKILLS FOR 2030, 2019).  
Skills such as creativity, innovation, critical thinking, problem solving, communication and collaboration are the elements that can prepare students to enter the workforce (Partnership for 21st Century Skills. Framework for 21st Century Learning., 2019; Howard, 2018; Kain, Koschmieder, Matischek-Jauk, & Sabine, 2024; Handayani & Anam, 2024).Other 21st century skills are considered to be adaptability, entrepreneurship, literacy in each of the STEM fields, prediction and analysis, logical thinking, quantitative reasoning and reflection (Lin, και συν., 2023).  Critical thinking is related to the analysis and evaluation of evidence, claims and beliefs. Collaboration is related to students' ability to work together in different educational environments with different people at the same time, a characteristic of any collaboration is mutual respect. Creativity and collaboration, on the other hand, are related to the ability to generate new ideas (Sen, Ay, & Kiray, 2018). Businesses are the ones most interested in ensuring that their future employees are equipped with 21st century skills to deal with ambiguity, think innovatively and have an entrepreneurial spirit (Howard, 2018). 
High achievement at school level requires social and emotional skills in order for students to be able to perform. While engagement in the arts and physical skills can help improve cognitive skills (OECD, SKILLS FOR 2030, 2019). 
Identifying the skills required for the 21st century also has a major impact on curricula, as they are required to be aligned with the needs of the labor market. Today's school environment has as its main objective the development of the personality of the 21st century citizen, so it must also provide him or her with the corresponding skills (McLennan, 2021). Knowledge can be made more engaging through the use of appropriate technology, real-world connections and personalized teaching (Partnership for 21st Century Skills. Framework for 21st Century Learning., 2019) so that it can be tailored to each student's interests.  
Education is an investment that, by harnessing the technological potential of the 4.0. Industrial Revolution (McLennan, 2021).  Literature references included in the article (Gonzalez-Perez & Ramirez-Montoya, 2022) clearly indicate the contribution of STEM education to the acquisition of all the skills mentioned. A prerequisite for the success of STEM education is adequate school infrastructure and the reduction of the digital divide.  
3. STEM SKILLS AND STEM EDUCATION
STEM education is an emerging trend whose main purpose is to expose students to the concept of interdisciplinarity, as in our evolving world many of the problems of everyday life are interdisciplinary in nature (De Loof, et al., 2023). 	Comment by Abdullah AYDIN: 	In the text, do not use the first person "our".
To date, STEM education has not been strictly defined. This ambiguity in the definition complicates the process of assessing the achievement of learning objectives (El Nagdi & Roehrig, 2022).
It is worth noting that the different definitions given can be divided into two main groups: those that refer to STEM education as the sum of the individual fields, and those that treat it based on the principle of interdisciplinarity, paying particular attention to the connection between the different fields (Gao, Li, Shen , & et al., 2020). The interdisciplinary approach is also adopted by integrated STEM education (De Loof, et al., 2023).
A key concept of STEM education is the coherence of knowledge in the disciplines of mathematics, science, technology and engineering. Because of their transversal application, they can be used in a unifying way. The combination of skills that these disciplines can produce when they coexist in the same individual leads to an active citizen who can contribute to the national and global economy (Tytler, Aderson , & Li, 2020). 

The interdisciplinary approach has the potential to engender a positive attitude among students towards the subjects being taught, thereby enhancing their performance (Nurgabylov, Akhmetov, & Seitova, 2024; Wang, Charoenmuang, Knobloch, & et al., 2020) both in the aforementioned subjects and in the PISA competition (Nurgabylov, Akhmetov, & Seitova, 2024). 
A key approach to STEM education is interdisciplinarity, which can contribute to the development of key STEM skills such as critical thinking, innovation, collaboration and teamwork (Tytler, Aderson , & Li, 2020; Tomková, 2025). Through this approach, the metacognitive skills that students acquire are more than the sum of the individual knowledge that they would acquire if they studied a particular problem from the perspective of a single discipline (Tytler, Aderson , & Li, 2020). 
Another pedagogical approach is the holistic STEM approach, the principle of which is the integration of STEM content. The focus of the educational process then becomes the problem that students are asked to solve. The solution is expected to be found through exploratory methods, planning and collaboration. The proposal for this approach is based on the basic principle of STEM to relate learning to the real world. In the real world, solving a problem is not done by breaking it down into individual problems, but by tackling it holistically. Content integration refers to the learning objectives that come from different areas of knowledge. The basic principle is that the problem is one that is encountered in everyday life. Through exploration, the student can question, discover new concepts, develop new perceptions through experiential processes. Through design, students are able to deepen their understanding of the subject matter. The ultimate aim of using collaborative methods is for students to learn to communicate and collaborate (Thibaut, et al., 2018) 	
3.1 STEM Educations’ goals.
The ultimate goal of STEM education is the acquisition of skills that will serve the students later in their professional life (Bybee, 2010; Tomková, 2025; Mahapoonyanont & Songsang, 2024; Roberts, 2013) and the bridging of the gap between theory and practice (T. Martín‐Páez, D. Aguilera, F. J. Perales‐Palacios and J. M. Vílchez‐González, 19 March 2019). This type of education is also an important way of supporting the global economy through the formation of a highly educated workforce (McDonald C. V., 2016). 
The changes observed in modern society are not only related to the Fourth Industrial Revolution 4.0 which is underway; they are also economic, social, and environmental changes that cannot be ignored. The goal of a modern educational system is to equip future active citizens with skills that will help them to successfully face all these challenges (Maass, Geiger, Ariza, & Goos, 2019; Tomková, 2025; Hernández-Ramos & Araya, 2025; Rasdiana, Bhayangkara, & Wiyono, 2023) and solve any every day live problem (Roberts, 2013; Ortega-Rodríguez, 2025). The cultivation of an active global citizen and a well-rounded professional is a prerequisite for success, for which there should be appropriate curricula and all stakeholders, with the teacher at the forefront (El Nagdi & Roehrig, 2022). Furthermore, it is imperative that young people adapt their expectations to new work standards in order to secure their future professional careers (Tytler, Aderson , & Li, 2020).
It is evident that STEM education is instrumental in equipping individuals with the requisite skills to thrive in the future. Moreover, it plays a pivotal role in fostering sustainability, underscoring its significance in addressing pressing global challenges (Bybee, 2010). As has been demonstrated, this skill is likely to be of great benefit to the individual's capacity to function effectively within a team setting, a capability that is frequently identified as being of paramount importance during the course of their professional development (Widya, Rifandi, & Rahmi, 2019).
Concurrently, learners are tasked with confronting and resolving authentic problems, akin to those they will encounter in their future adult lives. This approach establishes a nexus between academic learning and real-life applications, facilitating the translation of theoretical knowledge into practical solutions to everyday challenges (Widya, Rifandi, & Rahmi, 2019). In the context of Australia, it has been projected that, by the year 2034, a minimum of 75% of professional roles will necessitate a certain degree of proficiency in STEM-related competencies. Concurrently, the augmentation in the number of individuals engaged in STEM disciplines is anticipated to contribute substantially to the escalation in Gross National Product (Tytler, Aderson , & Li, 2020).
A notable finding from an analysis of enrolment data in higher education is the prediction of a significant mismatch between demand and supply for professionals specializing in engineering and technology (McDonald C. V., 2016). Conversely, the success of a student in a STEM subject can be evaluated based on more objective criteria than in the corresponding subject [44]. In 2021, the "Council Resolution on a strategic framework for European cooperation in education and training towards the European Education Area and beyond (2021-2030)" was published in the Official Journal of the European Union, which clearly refers to the need to modernize the STEM field of study. The ultimate objective is for educational frameworks to acquire the characteristic of sustainability, whilst concomitantly contributing to green growth and the digital transition (Ψήφισμα του Συμβουλίου περί στρατηγικού πλαισίου για την ευρωπαϊκή συνεργασία στον τομέα της εκπαίδευσης και της κατάρτισης με στόχο τον Ευρωπαϊκό Χώρο Εκπαίδευσης και πέραν αυτού (2021-2030), 2021).
Another factor that has been identified as contributing to the strengthening of STEM education is the long-term engagement of students with the subjects of the sector. Consequently, it is insufficient for engagement to occur solely during the secondary education period; earlier initiation is imperative, even from the kindergarten years (McDonald C. V., 2016).
In conclusion, STEM education enables students to construct their own knowledge and to apply it, through the skills they have acquired, successfully to any problem of daily life they may face (Tomková, 2025).

3.2 PISA Competition
[bookmark: _Hlk195655509]PISA, an acronym for Programme for International Student Assessment, is a large-scale international educational survey that has been conducted on a triennial basis since 2000 (ΙΕΠ, χ.χ.; Regnault, Copreaux, Landrier-Guéret, & Mignot, 2022; Roberts, 2013; Jerrim, 2021). The programme is classified as a large-scale international assessment (Gamazo & Martínez-Abad, 2020; Jang, 2023; Sjøberg & Edgar, 2020). The survey is organized by the OECD International Education and the countries whose students participate (ΙΕΠ, χ.χ.; Regnault, Copreaux, Landrier-Guéret, & Mignot, 2022; Roberts, 2013). In each of the aforementioned competitions, students are tasked with the consideration of an innovative area, which differs on each occasion (Sofianopoulou, Emvalotis, Pitsia, & Karakolidis, 2017). The competition is associated with the assessment of 21st century skills (Nouri, Akerfeldt, Fors, & Selander, 2017). The focus of the event is subject to annual variation, with the emphasis shifting to a particular skill in each iteration (Nouri, Akerfeldt, Fors, & Selander, 2017; Sjøberg & Edgar, 2020) (Nurgabylov, Akhmetov, & Seitova, 2024; Hernández-Ramos & Araya, 2025). For instance, in 2000, the emphasis was on learning strategies, in 2003 on complex problem solving (Sjøberg & Edgar, 2020), and in 2015 on collaborative problem solving (Nouri, Akerfeldt, Fors, & Selander, 2017; Sjøberg & Edgar, 2020). From 2022, the inclusion of specific 21st century skills, such as creative and critical thinking, becomes evident (Nurgabylov, Akhmetov, & Seitova, 2024; Hernández-Ramos & Araya, 2025; Sjøberg & Edgar, 2020).
 The Programme's primary objective is to identify the competencies and insights acquired by students in participating countries upon completion of their mandatory education, which spans 15 years (ΙΕΠ, χ.χ.; Niu, Xu, & Yu, 2025; Enchikova, Neves, Toledo, & Nata, 2025; Nurgabylov, Akhmetov, & Seitova, 2024; Mahapoonyanont & Songsang, 2024; Li, Xue, & Guo, 2025; Regnault, Copreaux, Landrier-Guéret, & Mignot, 2022; Roberts, 2013; Hernández-Ramos & Araya, 2025; Wang, Perry, & Malpique, 2023) ( Jerrim, 2021). The OECD is responsible for the definition of the sample, which is achieved through two stages. In the initial phase, participating schools are selected from a list comprising all schools. In the second stage, a sample of students is selected from the selected schools (Borger, Johansson, & Strietholt, 2024).
The acquisition of 21st century skills has been identified as a key factor in enabling young people to participate meaningfully in modern societies, which are subject to constant change (ΙΕΠ, χ.χ.; Niu, Xu, & Yu, 2025; Enchikova, Neves, Toledo, & Nata, 2025). As indicated by the relevant literature, student performance provides important information about the educational systems of the participating countries (ΙΕΠ, χ.χ.; Niu, Xu, & Yu, 2025; Norris, Taylor, & Lummis, 2023; Mahapoonyanont & Songsang, 2024; Regnault, Copreaux, Landrier-Guéret, & Mignot, 2022; Jerrim, 2021; Jang, 2023). It is imperative to acknowledge the pivotal role they play in providing feedback on the corrective actions that are deemed necessary within the curricula (ΙΕΠ, χ.χ.; Niu, Xu, & Yu, 2025; Wang, Perry, & Malpique, 2023; Gamazo & Martínez-Abad, 2020). This is due to the fact that they facilitate the cultivation of the requisite skills (Handayani & Anam, 2024). In numerous instances, substandard or even mediocre student performance in the competition has been a catalyst for the modification of curricula or educational policies (Mahapoonyanont & Songsang, 2024; Li, Xue, & Guo, 2025; Kelly & Kotthoff, 2017; Regnault, Copreaux, Landrier-Guéret, & Mignot, 2022; Regnault, Copreaux, Landrier-Guéret, & Mignot, 2022; Roberts, 2013; Fischbach, Keller, Preckel, & Martin, 2013; Jerrim, 2021; Kim & Choi, 2023; Sjøberg & Edgar, 2020). 
A fundamental component of the analysis of the results is anticipated to be the establishment of shared reference points and the evaluation of educational systems to facilitate the realization of requisite changes (Pugliese & De Macedo Santos, 2022; Nurgabylov, Akhmetov, & Seitova, 2024). The correlation between commendable performance in a competitive setting and a number of additional academic achievements has been well-documented. These include, but are not limited to, a reduced probability of school dropout and superior grades in both school and final examinations (Fischbach, Keller, Preckel, & Martin, 2013).
[bookmark: _Hlk195173791]The results of the PISA exams allow for the drawing of reliable conclusions about the literacy level of students in each country in each of the subjects in which they are tested (OECD, PISA 2006 VOLUME 2 DATA, 2007; Sjøberg & Edgar, 2020), while factors related to the emotional state of the students are not taken into account or measured (Sjøberg & Edgar, 2020). The concept of literacy is related to the set of desired knowledge, attitudes and skills in each of the subjects (OECD, PISA 2006 VOLUME 2 DATA, 2007). Mathematical literacy is defined as the ability of a student to identify and understand the importance of mathematics in everyday life (OECD, PISA 2006 VOLUME 2 DATA, 2007; Niu, Xu, & Yu, 2025; Gjicali & Lipnevich, 2021). The overarching objective is to facilitate the utilization of mathematical thinking and knowledge in addressing challenges encountered in everyday life. In the natural sciences, literacy is associated with an individual's scientific knowledge and the capacity to utilize it for the acquisition of new knowledge and the explanation of phenomena encountered in daily life. Furthermore, it is associated with the conceptualization of science as a form of knowledge and the acknowledgement of its function in shaping both material and intangible culture. In both cases, the subject is addressed as a thinking, active and creative citizen. It is important to note that the issue of literacy is not limited to the knowledge that each student acquires in school, but also extends to their daily lives (OECD, PISA 2006 VOLUME 2 DATA, 2007).
The competencies that students acquire during their STEM education are largely analogous to the competencies that students are expected to have at the conclusion of their compulsory education, as defined by the OECD and the objectives it has set for 2030 (Tytler, Aderson , & Li, 2020). The results of the competition are intended to provide a realistic picture of learning outcomes in each country. Furthermore, these conferences provide a forum for the discussion of the objectives of each nation's educational curricula, with a particular focus on STEM education (Schiepe-Tiska, Heinle, Duming, Reinhold, & Reiss, 2021).
It is important to acknowledge that the neoliberal market in education is reflected in the competition (Li, Xue, & Guo, 2025; Robertson, 2021; Kim & Choi, 2023), which limits other aspects of the school (Ismawati, Hersulastuti, Amertawengrum, & Anindita, 2023; Sjøberg & Edgar, 2020), and transforms it into an examination factory (Kim & Choi, 2023). It has been documented that the competition serves to promote the interests of the American state and its companies (Robertson, 2021). It is important to note that three additional elements of bias have the capacity to influence the published results. Firstly, participating states have the ability to exclude part of the sample, with a high probability that the excluded students will belong to those with the lowest performance ( Jerrim, 2021; Sjøberg & Edgar, 2020). Secondly, non-attendance and exclusion of students from the competition has been observed ( Jerrim, 2021; Borger, Johansson, & Strietholt, 2024). These two observations were recorded in the United Kingdom ( Jerrim, 2021) and Sweden (Borger, Johansson, & Strietholt, 2024). Thirdly, in certain countries, students withdraw from education prematurely, thus the 15-year-olds who undertake the examination may not be a representative sample. In this case, students who continue to attend school are those who have demonstrated superior academic performance in comparison to those who have dropped out. Consequently, these students are better positioned to achieve higher test scores, as evidenced by the Vietnam study (Sjøberg & Edgar, 2020). As (Jang, 2023; Kim & Choi, 2023) highlight, there is a risk that policymakers will selectively utilize the data provided by PISA, leveraging it to promote their own educational policies within the reforms they are implementing. This phenomenon has been observed in South Korea (Kelly & Kotthoff, 2017; Kim & Choi, 2023) and has been reported in the media (Kelly & Kotthoff, 2017). 
Consequently, it is deemed pertinent to draw parallels between the performance of Greek students in the PISA competition and the shortcomings of the Greek education system. Conversely, the objective is to reach a safe conclusion based on international studies on the extent to which STEM education can contribute to the improvement of the education system.

3.3 Greece’s performances in PISA competitions.
The next part of our analysis is dedicated to the performances of Greek students in mathematics and sciences in every competition since 2003 in order to assess their literacy in these subjects. 	Comment by Abdullah AYDIN: 	In the text, do not use the first person "our".
Taking into account all the results of the PISA competitions one can observe that Greece’s overall scores in mathematics and science in every year of participation was lower than the average of the rest of the OECD countries. 

[bookmark: _Hlk180402881]Fig.IG 1. Greece's score and OASA average in Mathematics, in the PISA Competitions from 2003 to 2022. The data was collected from the following sources: (OECD, PISA 2022 Results (Volume I): The State of Learning and Equity in Education, PISA, 2023; OECD, PISA 2018 Results (Volume I): What Students Know and Can Do, 2019; Sofianopoulou, Emvalotis, Pitsia, & Karakolidis, 2017; OECD, PISA 2015 Results (Volume I): Excellence and Equity in Education,, 2016; OECD, PISA 2012 Results: What Students Know and Can Do – Student Performance in Mathematics, Reading and Science (Volume I, Revised edition, February 2014, 2014; OECD, PISA 2009 Results: What Students Know and Can Do – Student Performance in Reading, Mathematics and Science (Volume I), 2010; OECD, PISA 2006 VOLUME 2 DATA, 2007; OECD, Learning for tomorrow' s world. First results from PISA 2003, 2004)

In math, the gap between the OECD average and the Greek average ranges between 30 and 55 points. The largest gap is observed in 2003 and the smallest in 2009. In more detail, the 2009 gap reaches 39 points, the 2012 one 41 points, the 2015 one 36 points, the 2018 one 38 points and lastly the 2022 gap reaches 42 points. As far as these intermediate years are concerned, no noticeable difference is observed.  From 2003 to 2009, there is an increase in the performance of Greek students while the OECD average shows a slight decline, which nevertheless cannot be characterized as important, since from 2000 to 2009 it only amounts to 4 points. Since 2009, the year with the best performances of Greek students in mathematics, we observe a decline but no noticeable difference in performances from 2012 to 2018. Greece recorded its worst results in math in the latest 2022 test.  	Comment by Abdullah AYDIN: 	In the text, do not use the first person "we".

[bookmark: _GoBack]Fig.IG 2. Greece's score and OASA average in Science, in the PISA Competitions from 2003 to 2022. The data was collected from the following sources: (OECD, PISA 2022 Results (Volume I): The State of Learning and Equity in Education, PISA, 2023; OECD, PISA 2018 Results (Volume I): What Students Know and Can Do, 2019; Sofianopoulou, Emvalotis, Pitsia, & Karakolidis, 2017; OECD, PISA 2015 Results (Volume I): Excellence and Equity in Education,, 2016; OECD, PISA 2012 Results: What Students Know and Can Do – Student Performance in Mathematics, Reading and Science (Volume I, Revised edition, February 2014, 2014; OECD, PISA 2009 Results: What Students Know and Can Do – Student Performance in Reading, Mathematics and Science (Volume I), 2010; OECD, PISA 2006 VOLUME 2 DATA, 2007; OECD, Learning for tomorrow' s world. First results from PISA 2003, 2004)

In science, the gap between the performances of Greek students and the OECD average was between 28 and 44 points. We observe the biggest gap in 2022 and the smallest in 2006.  As for the rest of the competition years, the gap was 37 points in 2018, 34 points in 2012, and 31 points in 2009. The performances of Greek students in science were consistently in decline with the starkest decline observed in 2018 and in 2022. 	Comment by Abdullah AYDIN: 	In the text, do not use the first person "we".

Fig.IG 3. Comparative table of PISA scores of Greek students in Mathematics and Science from 2006 to 2022. The data was collected from the following sources: (OECD, PISA 2022 Results (Volume I): The State of Learning and Equity in Education, PISA, 2023; OECD, PISA 2018 Results (Volume I): What Students Know and Can Do, 2019; Sofianopoulou, Emvalotis, Pitsia, & Karakolidis, 2017; OECD, PISA 2015 Results (Volume I): Excellence and Equity in Education,, 2016; OECD, PISA 2012 Results: What Students Know and Can Do – Student Performance in Mathematics, Reading and Science (Volume I, Revised edition, February 2014, 2014; OECD, PISA 2009 Results: What Students Know and Can Do – Student Performance in Reading, Mathematics and Science (Volume I), 2010; OECD, PISA 2006 VOLUME 2 DATA, 2007; OECD, Learning for tomorrow' s world. First results from PISA 2003, 2004)

Comparing the two disciplines, their performances in mathematics from 2006 to 2018 were worse than in science. We can observe a decline in both in the most recent competitions. The largest difference between the two disciplines is observed in 2012.  At the 2015 and 2018 competitions the difference was only one point. The 2015 difference was the result of a significant decline in performances in mathematics: from 462 in 2012 to 455 in 2015. Respectively, the performances in science were at 453 and 454 points. The bridging of the gap between the disciplines is not due to better performances in science but to the decline of performances in math.  The worst performances in both disciplines were recorded in PISA 2022.	Comment by Abdullah AYDIN: 	In the text, do not use the first person "we".
As previously referenced, the PISA 2022 competition saw the inaugural introduction of an assessment of students' decision-making ability and 21st-century skills (i.e. critical thinking and creativity) (Nurgabylov, Akhmetov, & Seitova, 2024; Grey & Morris, 2022). It is evident that Greek students demonstrated substandard performance in both mathematics and science. This phenomenon can be attributed to the novel requirements of the competition; the documentation of this connection may be a matter for future research. It is important to note that in 2015, a change in the statistical model used by the OECD resulted in many countries demonstrating improved performance, to an extent that could not be attributed to changes in the education system (Sjøberg & Edgar, 2020). However, no corresponding increase was observed in the performance of Greeks. This finding may warrant further investigation, particularly in light of Greece's comparatively lower performance.

3.4 PISA and STEM Education

Given the results of the PISA competitions and the direct link between 21st century skills as defined by the OECD and the goals of STEM education, we can ascertain that the latter needs to be reinforced. We should mention nevertheless the view that STEM education is part of a global strategy aimed at supporting the work of the OECD. According to this view, the almost simultaneous appearance of the PISA competition and STEM education at the beginning of the 21st century is not a coincidence. The link between the economic growth and success of a country and the educational system is evident and leads to a link between the success of an entire country with the teacher (Pugliese & De Macedo Santos, 2022).	Comment by Abdullah AYDIN: 	In the text, do not use the first person "we".	Comment by Abdullah AYDIN: 	In the text, do not use the first person "we".
The PISA competition results have in many cases led to changes in curricula (Pugliese & De Macedo Santos, 2022; Nurgabylov, Akhmetov, & Seitova, 2024; Mahapoonyanont & Songsang, 2024). One of the proposed solutions has been precisely the inclusion of STEM education (Pugliese & De Macedo Santos, 2022; Mahapoonyanont & Songsang, 2024; Roberts, 2013). Germany's performance in the 2000 PISA competition was not very good, so immediate action was taken (Schiepe-Tiska, Heinle, Duming, Reinhold, & Reiss, 2021; Li, Xue, & Guo, 2025; Kelly & Kotthoff, 2017; Sjøberg & Edgar, 2020) to encourage teachers to focus more on achieving specific learning objectives rather than on curricula (Schiepe-Tiska, Heinle, Duming, Reinhold, & Reiss, 2021; Li, Xue, & Guo, 2025). This gave teachers more freedom in how they approached each learning objective. In this context, STEM education and the multidimensional goals it represents were implemented while ensuring the high quality of this type of teaching (Schiepe-Tiska, Heinle, Duming, Reinhold, & Reiss, 2021; Li, Xue, & Guo, 2025). Assignments are an important tool for STEM education, despite the fact that German physics and mathematics textbooks do not provide any motivation for their implementation (Schiepe-Tiska, Heinle, Duming, Reinhold, & Reiss, 2021). The impact of this type of education on learning outcomes appears to vary across regions, with N.A. of Asia showing higher rates of improvement than the rest. While the effect on students' acquisition of higher order motivation and reasoning appears to be significant and higher than the other two categories. Another important conclusion of the research was the finding that the improvement due to the use of STEM was greater in the lower performing areas of PISA than in the higher performing areas. Therefore, we conclude that STEM education may be more beneficial for those students who lack the ability to develop higher-order thinking. An important role in the effectiveness of STEM education is also played by the time that students spend on it: the longer it lasts, the more results it brings in terms of the criteria set out in this research. It is worth noting that the results are influenced by the teaching method and the pedagogical approach chosen by the teacher. In conclusion, the results of STEM education in Asia are considered positive (Wahono, Lin, & Chang, 2020). 	Comment by Abdullah AYDIN: 	In the text, do not use the first person "we".
In order to demonstrate the relationship between the PISA competition and STEM education, it is useful to compare and contrast simultaneously the skills that a student may acquire through this type of education, the 21st century skills and the skills that students need to have to attain high scores at the competition.
In the context of STEM education, the overarching objective is to address the challenges posed by everyday life, which frequently exhibit a high degree of complexity. The overarching objective is to enhance the quality of life for the general population by identifying novel solutions. The process of problem solving is predominantly associated with the field of engineering, which encompasses the conceptualization of solutions to problems and the construction of mechanical analogues. The resolution of an engineering problem necessitates a synthesis of diverse competencies. These include the articulation of the problem, the identification of potential solutions, and the implementation of these solutions. This process enables students to ascertain the most efficacious solution. Consequently, they are required to evaluate all potential solutions (Sen, Ay, & Kiray, 2018). The integration of the four disciplines in addressing a problem during the students' studies at school has been demonstrated to facilitate a comprehensive understanding of the concepts, leading to the recognition of the relevance and relationship between different subjects and fields, as well as between subjects and problems of everyday life (De Loof, και συν., 2023). The OECD has proposed an interdisciplinary approach as a recommendation to assist students in achieving their learning objectives (Regnault, Copreaux, Landrier-Guéret, & Mignot, 2022). 
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FIG 4. Link between 21st century skills and STEM education.

As demonstrated in Figure 4, a positive linear relationship is evident between 21st century skills and the skills required for student success at each level in the PISA written test. The correlation between STEM education and 21st-century skills (Amri Amanulloh, Marbun, Sobri, & Ubaidillah, 2024) has been previously established, as has the association between 21st-century skills and the PISA test (Nouri, Akerfeldt, Fors, & Selander, 2017; Rasdiana, Bhayangkara, & Wiyono, 2023). The present study further elucidates the relationship between the high-performance goals of the PISA test and STEM education.
As demonstrated, an inextricable relationship exists between the two, thus leading to the conclusion that STEM education can contribute to an enhancement in a nation's performance in the PISA test. Furthermore, the correlation that has been observed in numerous international bibliographic reports between STEM education and PISA results is not coincidental (Mahapoonyanont & Songsang, 2024; Roberts, 2013; Gjicali & Lipnevich, 2021). In Germany, for instance, the introduction of STEM education into the educational process was prompted by the country's underperformance in the PISA competition (Schiepe-Tiska, Heinle, Duming, Reinhold, & Reiss, 2021). It is widely acknowledged that the success of Singapore in the PISA competition can be attributed to the implementation of STEM education (Tang, 2019). It has been posited that the implementation of STEM education has the potential to enhance the performance of nations that demonstrate substandard results (Wahono, Lin, & Chang, 2020). It is noteworthy that the report, according to which the low performance of students in the competition raises concerns about their performance in STEM fields and, by extension, about the future professional involvement of students in these disciplines (Gjicali & Lipnevich, 2021), is of particular interest. Conversely, students from countries that have demonstrated high performance in the competition, specifically in the natural sciences (e.g., Sweden and Finland), exhibit a lack of interest in these subjects, and do not aspire to pursue a professional career in the relevant disciplines (Sjøberg & Edgar, 2020). In such cases, the enhancement of students' motivation to engage with STEM subjects, as well as the cultivation of their interest in pursuing a professional career in these fields, can be achieved through educational interventions.
The results of the PISA competition are of particular significance as academic achievements play a pivotal role in individual development, particularly in the context of changing economic and social conditions on a global scale (Liu, Wei, Xiu, Yao, & Liu, 2023).
The following factors have been identified as being of key importance in influencing student performance:
The following factors were considered in the study:
· The students' callings
· The quality of education that students receive (Liu, Wei, Xiu, Yao, & Liu, 2023; Gamazo & Martínez-Abad, 2020; Rasdiana, Bhayangkara, & Wiyono, 2023) 
·  Quality of teaching (Nurgabylov, Akhmetov, & Seitova, 2024) 
· Resources available to the school (Nurgabylov, Akhmetov, & Seitova, 2024) 
·  The time that the student dedicates to studying (Liu, Wei, Xiu, Yao, & Liu, 2023) 
· The training received by teachers (Liu, Gao, & Chen L., 2023) 
· The attitude that students have acquired towards a specific subject during their previous years of schooling, the existence of motivation (Tomková, 2025; Gjicali & Lipnevich, 2021; Ismawati, Hersulastuti, Amertawengrum, & Anindita, 2023)
· economic factors (Niu, Xu, & Yu, 2025; Nurgabylov, Akhmetov, & Seitova, 2024; Ortega-Rodríguez, 2025; Gamazo & Martínez-Abad, 2020)
·  parental income (Alghamdi & Rahman, 2023) 
· The social factors (Niu, Xu, & Yu, 2025; Nurgabylov, Akhmetov, & Seitova, 2024; Ortega-Rodríguez, 2025; Gamazo & Martínez-Abad, 2020)
· encompass family environment (Liu, Wei, Xiu, Yao, & Liu, 2023) , 
· parental occupation (Alghamdi & Rahman, 2023), 
· mother's residence in the same house (Alghamdi & Rahman, 2023), 
· type of house (Alghamdi & Rahman, 2023) ,
·  number of siblings (Alghamdi & Rahman, 2023) and 
· parental educational level (Niu, Xu, & Yu, 2025) 
· The cultural factors include (Niu, Xu, & Yu, 2025; Gamazo & Martínez-Abad, 2020)
· access to cultural resources (Niu, Xu, & Yu, 2025)  
· The gender factors (Ortega-Rodríguez, 2025; Gjicali & Lipnevich, 2021) 
· students' stress during the exam (Ortega-Rodríguez, 2025)  
· The demographic characteristics are outlined in (Gjicali & Lipnevich, 2021; Gamazo & Martínez-Abad, 2020).
It is important to note that the age of the students in secondary education does not necessarily correspond to the age of the students in higher education. As indicated by the extent of the changes in the physical and social aspects of the students (Alghamdi & Rahman, 2023). The subjects have been exposed to the same factors, but the effects on them are different. As previously established, the mean age of the examinees in the PISA study is 15 years. However, it should be noted that the examinees are not yet at the age of majority.
As the aforementioned parents are not currently engaged in academic studies, they are not eligible for academic scholarships. The present study explores the relationship between PISA and the acquisition of additional competencies. It is evident that the subjects in question did not undergo any form of modification. The following factors should be considered in relation to the family environment: the callings of the students. Conversely, the training of students is not undertaken by teaching staff. A more extensive investigation into the practices of the employers would be beneficial, as it would provide a more comprehensive understanding of the situation. 
As demonstrated by the results of the PISA (Program for International Student Assessment) study, it is evident that the influence of the curriculum on the academic performance of students is negligible. For this reason, the article was published. The educational content was created. The STEM subjects were taught. The development of competencies is contingent upon the cultivation of competencies in the domain of learning, and the acquisition of competencies in the domain of instruction. Furthermore, The STEM education system has been criticized for its failure to adequately prepare students for the world of work, despite its apparent success in developing their academic abilities. It has been demonstrated that competencies such as the ability to understand the feelings of others can be measured using the concept of social responsibility (El Nagdi & Roehrig, 2022).
The objective of the educational system is to provide a foundation for the individual, enabling them to function effectively within society and to contribute to the common good (Alghamdi & Rahman, 2023).


4. CONCLUSIONS
STEM education focuses on solving everyday problems. Achieving this goal therefore requires the mastery of 21st century skills, such as critical thinking to sort out initial information, the ability to cooperate between team members, the development of leadership skills so that there is one person who inspires the rest. There is also a need to develop creativity, as the proposed solution should be optimal, but also incorporate principles such as environmental protection and sustainability. Creative thinking, which is included in the basic skills of the 21st century, will help the person to modify the proposed solution and try again until the desired characteristics are achieved (Khalil, Tairab, Qablan, Alarab, & Mansour, 2023). 
The interdisciplinary teaching that characterizes STEM education can contribute to the development of the required skills (Khalil, Tairab, Qablan, Alarab, & Mansour, 2023). Competition is a method of measuring skill acquisition, and therefore STEM education can help to improve outcomes. However, given the objections to the targets set by the OECD, which are clearly linked to the economic development of each country, the low scores can in no way be seen as a failure of the education system as a whole. In light of the fact that the central goal of providing equal opportunities in education has yet to be achieved [52], any proposed change to the educational system must not be considered appropriate if its primary focus is on improving performance in competition. Instead, the focus should be on enhancing students' skills, which will serve them well in their adult lives.
 Finally, STEM education does not only help students to develop their skills when it takes place in the school environment. It can also contribute with the same degree of success if it takes place in non-formal settings (Lesseig, Slavit, & Simpson, 2023). The approach required in each of these settings is different, but they can contribute equally (Lesseig, Slavit, & Simpson, 2023) . Finally, the positive impact of extracurricular activities on the development of students' skills is now accepted (Norris, Taylor, & Lummis, 2023) (Ab Ghan, Awang, Ajit, & Rani, 2020) (Niu, Xu, & Yu, 2025), It is evident that the implementation of these measures is prevalent in educational systems, a notable example being that of the Republic of Korea (Niu, Xu, & Yu, 2025).  However, the impact of in-school activities on enhancing students' performance in PISA appears to be negligible. Consequently, there is a proposal for the reorientation of these activities towards cultivating divergent skills (Hernández-Ramos & Araya, 2025; Bybee, 2010). 
This in turn means that parents' associations, local authorities, cultural associations and sponsors can contribute by creating STEM activities. The low scores in the competition should concern decision-makers, but it is not considered necessary to make changes solely to improve them. Any modification to the education system must be made with consideration for the prevailing social context [51, 37, 2, 8], rather than merely replicating the educational models of nations that have attained high rankings in international assessments [51, 37, 8]. When evaluating the results of educational reforms made on the occasion of PISA, it is essential to consider political, historical and educational parameters [9]. Given the numerous factors that contribute to high student performance, the implementation of corrective actions to enhance an education system is a complex process that cannot be achieved through a series of isolated measures [8]. It is imperative that the primary focus of educational policy is oriented towards cultivating a profound and intrinsic motivation to learn among students, in conjunction with ensuring that teachers are adequately trained and equipped to facilitate effective pedagogical practices [10]. The PISA competition is one measure of the success of an education system; therefore, low scores do not necessarily indicate the failure of the education system as a whole [10].
To reiterate the research questions, the ensuing responses are provided:
1. Based on the findings of the study, the researcher concluded that the PISA competition has not gained widespread acceptance within the scientific community. This is primarily due to its association with neoliberal political systems, but also because of its bias, particularly with regard to the selection of the sample. This fact underlines the necessity for any change in educational systems and curricula to be made by taking into account social, economic and cultural factors prevailing in each country.
2.  Based on the findings and conclusion of the study, the following are recommended: students be exposed to STEM education through both the curriculum in the school environment and extracurricular activities in non-formal learning environments. Consequently, it is imperative that both educators and parents promote the implementation of STEM teaching methodologies and extracurricular STEM activities, respectively. It is incumbent upon the state to ensure the participation of students in STEM programmes without restrictions related to gender, nationality, place of residence or economic status. The central objective is the cultivation of the 21st-century competencies deemed essential in the contemporary era. The correlation between these competencies and the objectives of the PISA competition is indicative of the potential for STEM education to enhance performance in the competition. As previously stated, this enhancement is not considered to be a standalone objective of the curriculum.
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*All PISA topics are oriented to relate to problems of
everyday life but also to correspond to the maturity
level of the students being tested.

*At level 2 of science literacy simple linear reasoning
is required

*At level 3 of science literacy students are able to
formulate arguments based on scientific knowledge

*In science level 4 the use of scientific knowledge and
evidence is essential

o At level 4 of mathematical literacy, the use
of these mathematical tools is essential

o At level 5 of science and mathematics
literacy, critical thinking and the use of
higher order reasoning are essential




