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While the integration of space science within the Programme for International Student Assessment (PISA) and 

Trends in International Mathematics and Science Study (TIMSS) assessments has revealed promising trends, 

a notable research gap has also emerged with respect to the lack of longitudinal studies exploring how this 

integration affects educational outcomes over time. To address this gap, this study delves into the complexity 

and educational impacts of space-related questions across various assessment cycles, with the aim of 

uncovering certain patterns in the integration of space content and their effects on fostering interdisciplinary 

and cognitive skill development among students. This research is essential for promoting the development of 

effective educational strategies that not only enhance scientific literacy but also prepare students for future 

technological challenges. 

 

1. Introduction  

1.1. Background 

Space science education occupies a pivotal role in 

modern educational systems, especially in terms of its 

function as a critical component of science, 

technology, engineering, and mathematics (STEM) 

curricula. Its inclusion into educational frameworks 

has been instrumental in sparking students’ interest in 

science and enhancing their understanding of complex 

scientific concepts. International assessments like the 

Programme for International Student Assessment 

(PISA) and the Trends in International Mathematics 

and Science Study (TIMSS) play a vital role in this 

context, as they provide standardized benchmarks 

through which it is possible to measure the 

effectiveness of space science integration across 

different countries (OECD, 2019; Mullis & Martin, 

2017). 

1.2. Study rationale 

This study focuses on examining the inclusion and 

complexity of space science questions within PISA 

and TIMSS over multiple assessment cycles. 

Analyzing these questions longitudinally will provide 

valuable insights into educational trends and the 

effectiveness of teaching strategies across global 

education systems. Such an analysis will also enhance 

our understanding of how space science can be 

leveraged not only to improve scientific literacy, but 

also to foster critical thinking and interdisciplinary 

skills among students, thereby preparing them for the 

challenges of a technologically driven world 

(Schleicher, 2019; National Research Council, 2012). 

1.3. Statement of the problem 

In the realm of educational assessments like PISA 

and TIMSS, the integration of space science poses 

both a significant opportunity and a complex 

challenge. Despite the growing emphasis on STEM 

education globally, there is a notable scarcity of 

longitudinal research focused on the incorporation and 

impact of space science within these frameworks. 

Existing studies primarily offer snapshots rather than 

comprehensive analyses of how space science 

questions influence student learning over time. This 

gap limits our understanding of the potential long-term 

benefits that space science education might hold for 

enhancing STEM competencies across diverse 

educational settings. 

1.4. Purpose of the study 

The primary purpose of this study was to address 

the research gap identified above by conducting a 

detailed longitudinal analysis of space science 

questions within PISA and TIMSS. The aim was to 

uncover the depth and breadth of space science 

integration in these assessments and to evaluate the 

effectiveness of such content in fostering enduring 

understanding and interest in STEM fields among 

students. Accordingly, this research will provide 
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insights that could significantly influence educational 

strategies, curriculum development, and policy 

making in the context of global STEM education 

initiatives. 

1.5. Research goals and objectives 

The specific goals of this study are (1) to analyze 

the complexity of space science questions, specifically 

by assessing the level of complexity in the space 

science questions used in PISA and TIMSS over 

multiple cycles, to understand trends and changes in 

educational assessment strategies; (2) to evaluate 

interdisciplinary learning outcomes by investigating 

how space science facilitates interdisciplinary learning 

and the development of higher-order cognitive skills 

among students; and (3) to determine the longitudinal 

impact of space science education on students’ 

engagement and performance in STEM subjects, 

thereby providing a temporal dimension to the current 

understanding of educational outcomes. 

Through this research, we aim to provide empirical 

evidence of the effectiveness of integrating space 

science into international educational assessments and 

its role in shaping future educational directions in 

STEM. In doing so, this study seeks to contribute to 

the broader discourse on educational innovation and 

the strategic enhancement of STEM curricula 

throughout the world. 

2. Theoretical background 

The exploration of space science within 

educational frameworks presents a unique intersection 

of curiosity, innovation, and pedagogy, making it a 

vital area of study in the context of global educational 

assessments. Space science, with its inherent capacity 

to inspire and engage, offers diverse benefits, as it 

enhances students’ scientific literacy and 

interdisciplinary skills. PISA and TIMSS provide a 

standardized platform for evaluating the effectiveness 

of integrating space science into educational systems, 

reflecting broader educational trends and their impacts 

on student learning outcomes. Despite the recognized 

capacity of space science to engage and inspire 

students, there remains a notable dearth of longitudinal 

research examining the complexity of space science 

questions and their implications over time. 

Space education involves a multifaceted approach, 

necessitating a broad spectrum of knowledge 

encompassing aeronautics, astronomy, physics, and 

several engineering disciplines. This diversity presents 

substantial teaching challenges, particularly due to the 

varied levels of complexity and specialized knowledge 

required to effectively convey space science concepts 

to students (Isaacson et al., 2019). The integration of 

space education aims not only to enhance curricula, 

but also to stimulate interest in STEM fields, thereby 

potentially leading to increased student motivation and 

academic achievement (Afful & Co., Ltd., 2020; Afful 

& Isaacson, 2020). 

Moreover, space education is linked to critical 

economic and societal outcomes that are aligned with 

certain global initiatives, such as the United Nations’ 

Sustainable Development Goals (SDGs). These goals 

underscore the importance of quality education and its 

role in fostering innovation and addressing global 

challenges, such as climate change and sustainability 

(Schwab, 2020; United Nations, 2019). The effective 

integration of space science in education, therefore, 

not only prepares students for future careers in STEM 

but also equips them to tackle significant global issues, 

thereby contributing to economic sustainability and 

resilience. 

PISA and TIMSS are assessments operated by 

organizations such as the Organisation for Economic 

Co-operation and Development (OECD) and the 

International Association for the Evaluation of 

Educational Achievement (IEA) that offer a 

standardized platform to gauge the effectiveness of 

integrating space science into educational systems. 

They reflect broader educational trends and their 

impacts on student learning outcomes. Specifically, 

PISA evaluates the practical application of knowledge 

among 15-year-olds in real-world scenarios, while 

TIMSS assesses the understanding of mathematics and 

science among fourth and eighth graders. Together, 

both allow for a comparative analysis of student 

performance across diverse educational systems 

(OECD, 2019; Martin et al., 2016). 

The literature further suggests that while space 

science enhances problem solving and critical 

thinking, integration within curricula like those 

assessed by PISA and TIMSS often results in 

improved student outcomes. However, the lack of 

longitudinal studies into the evolution of question 

complexity and interdisciplinary learning impacts 

remains a critical gap. This research gap underscores 

the need for sustained studies to explore how 

continuous exposure to space science can influence 

educational strategies and student performance over 

time, thus providing deeper insights into the strategic 

integration of space science into global educational 

frameworks (Martin et al., 2016; OECD, 2019). 
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While some existing research, including a study by 

Rosu and Ceobanu (2023), highlights the potential of 

space education to stimulate interest in STEM, the 

specific impact of space science content on these 

international assessments has not been extensively 

studied. Given the increasing emphasis on space 

science as a means to enhance STEM education 

globally, it is imperative to investigate how these 

topics are woven into the framework of assessments 

such as PISA and TIMSS. Such an analysis would help 

in understanding whether the inclusion of space 

science enriches the curriculum in a manner that 

promotes higher cognitive skills and interdisciplinary 

understanding among students.  

To address these gaps, the current study aims to 

conduct a longitudinal analysis of how space science 

questions are integrated into PISA and TIMSS, and to 

evaluate the impact of these questions on student 

learning and interdisciplinary skills development. By 

doing so, this study hopes to provide new insights into 

the strategic implementation of space science content, 

thereby enhancing educational outcomes and aligning 

teaching practices with contemporary scientific and 

educational standards. 

3. Methodology 

The dataset analyzed consisted of 33 questions 

selected from the items released on the official PISA 

and TIMSS websites. These questions, 14 from PISA 

(42.4%), starting in 2000, and 19 from TIMSS 

(57.6%), starting in 1995, were specifically chosen for 

their inclusion of space-related content.  

The analytical process for the space content 

questions began with a comprehensive evaluation to 

confirm the direct inclusion of space themes, with a 

particular focus on questions that specifically 

addressed space content. This ensured a detailed and 

focused analysis of the relevant educational content. 

Each of the 33 selected questions underwent rigorous 

scrutiny to ascertain their connection to space themes 

within the context of scientific understanding, 

mathematical application, or interpretive reading 

skills. This subset of questions was meticulously 

analyzed to extract insights into how space content is 

integrated within various educational settings. 

Most of the space content questions were from 

Earth Science in TIMSS, with substantial 

representation in PISA’s science and math sections as 

well. This highlights the emphasis on integrating space 

science within traditional subjects to enhance 

curriculum relevance and applicability. Specifically, 

Earth Science comprised most of the questions, 19 out 

of 33, which underscores the significant emphasis on 

space-related content in educational assessments. This 

was followed by Reading, which included eight 

questions, highlighting the relevance of space science 

to the evaluation of comprehension skills. 

Additionally, there were smaller representations in 

Physics and Math, with one and three questions, 

respectively, and Science, with three questions. This 

distribution indicates a strong emphasis on natural 

sciences, particularly Earth Science, within the space 

content questions of PISA and TIMSS. 

To rigorously analyze the 33 selected questions 

from PISA and TIMSS, a detailed table was 

constructed, encompassing several critical aspects of 

each question. This table served as the foundational 

tool for our analytical processes and ensured a 

systematic examination of space content integration 

across different subjects. The components of the table 

were applied as follows. Each question was assigned a 

unique “question ID” as defined on the released item, 

which provided an easy reference for detailed analysis. 

Additionally, the “source” of each question, whether 

PISA or TIMSS, was indicated to track patterns 

specific to each assessment framework and facilitate 

comparative analysis across the two systems. 

Furthermore, the “test subject” was specified for each 

question to identify the subject area, such as Math, 

Science, or Reading, which allowed for an analysis of 

how space content was integrated within these varied 

disciplines. To further deepen our analysis, an 

additional dimension termed “space content 

description” was introduced in our table framework. 

This component required a detailed description of how 

space content was integrated into each question, thus 

allowing us to assess the direct relevance and 

educational integration of space themes.  

To systematize this assessment, the following 

multiple-choice key was utilized: (1) “direct 

application of space science,” which indicated 

questions that utilized space science knowledge to 

directly solve problems or analyze situations, such as 

calculating an astronaut’s gravitational forces; (2) 

“contextual use of space themes,” wherein space 

themes provided a backdrop or context for the 

question without necessitating direct scientific 

application, such as descriptions within a reading 

passage about an astronaut’s experiences; (3) 

“illustrative use of space examples,” which captured 

questions that employed space-related examples to 

elucidate or enhance understanding of concepts from 

other disciplines, like using the motion of planets to 

explain physics principles; and (4) “engagement 
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purposes only,” which was used to denote those 

questions where space content was primarily used to 

engage or motivate students, without a strong linkage 

to the core educational content.  

To refine our methodology for examining the 

engagement potential of space content in educational 

questions, we introduced an assessment scale within 

our analytical framework. The “engagement potential” 

metric estimated the ability of space content to capture 

and maintain student interest, which is crucial for 

effective learning outcomes. This metric was 

categorized into three levels based on the space 

content’s novelty and relevance: (1) “high 

engagement” questions were expected to significantly 

engage students due to their unique or intriguing space 

content that appealed strongly to their curiosity about 

space and science; (2) “moderate engagement” 

included questions that were likely to engage students 

by making the subject matter more relevant or 

relatable through the incorporation of space themes, 

though their impact may vary among students; and (3) 

“low engagement” questions, which contained space 

content that did not substantially enhance engagement 

and often perceived as peripheral or minimally 

integrated into the core educational content.  

To further refine our methodology for examining 

the difficulty levels of the selected educational 

questions, we introduced a structured assessment scale 

categorized into three levels to better gauge the 

complexity posed by each question. This evaluation 

was crucial for understanding how the inclusion of 

space content influenced the cognitive demands 

placed on students. The “difficulty level” of each 

question was assessed as follows: (1) “easy” questions 

were straightforward, requiring only a basic 

understanding or application of concepts; the space 

content in these questions did not add significant 

complexity, making them accessible to most students; 

(2) “moderate” questions necessitated some analytical 

thinking or problem-solving skills; while the space 

content may have introduced an additional layer of 

complexity, it remained within the grasp of students 

who have a good foundational understanding of the 

subject matter; (3) “hard” questions were deemed 

challenging, requiring advanced problem-solving or 

high-level critical thinking skills. In this case, the 

integration of space content significantly enhanced the 

complexity, either through the depth of knowledge 

required or by necessitating the integration of multiple 

concepts.  

To enhance our understanding of how space 

content questions facilitated interdisciplinary learning 

and integration across different subjects, an 

“interdisciplinary insights” assessment was 

incorporated into our analysis. This aspect of the study 

aimed to discern the extent to which the questions 

fostered interdisciplinary understanding, promoted 

skill transfer, or encouraged critical thinking across 

disciplines. The categories used here were as follows: 

(1) “enhances interdisciplinary understanding” 

denoted questions designed to bridge multiple 

disciplines, thereby enhancing educational outcomes 

by integrating space science with various subject 

areas; (2) “promotes skill transfer” referred to 

questions that enabled the transfer of skills or 

knowledge to other disciplines or real-world scenarios, 

thereby emphasizing problem-solving and analytical 

thinking; (3) “no interdisciplinary connection” 

indicated questions wherein space content was utilized 

without fostering any clear interdisciplinary 

connections, with a sole focus on subject-specific 

skills; and (4) “encourages critical thinking across 

disciplines,” which referred to questions that used 

space content to stimulate critical thinking or the 

application of knowledge that spanned across multiple 

disciplines, and not just the primary subject of the 

question.  

To comprehensively assess the cognitive skills of 

the 33 selected questions from PISA and TIMSS, we 

implemented a systematic categorization process, 

which aligned each question’s stated cognitive skills 

with predefined categories that encapsulated different 

types of cognitive engagement. Each item's skills were 

defined by the question writers, and since the skills 

were described slightly differently across various test 

subjects and between PISA and TIMSS, we 

categorized the skills as follows to facilitate 

comparative analysis: (1) “knowledge and 

comprehension” included skills like understanding 

simple information, reporting factual knowledge, and 

knowing, which involved recalling facts and 

comprehending straightforward information; (2) 

“application and analysis” comprised skills such as 

understanding complex information, theorizing, 

analyzing problems, reasoning, and interpreting data 

scientifically, with a particular focus on applying 

knowledge to new situations and analyzing 

information to resolve issues; (3) “evaluation and 

synthesis” included skills like interpreting, evaluating, 

explaining phenomena scientifically, and reflecting on 

the content or form of texts, which necessitated the 

critiquing or synthesizing of information to formulate 
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new ideas or insights; and (4) “communication and 

integration” encompassed skills such as 

communicating, integrating and interpreting 

information, and demonstrating knowledge, which 

highlighted the ability to articulate ideas clearly and 

integrate information across various contexts. Each 

skill from the dataset was meticulously mapped onto 

the most fitting category based on its primary 

cognitive function, which then facilitated a more 

detailed quantitative analysis. Specifically, this 

structured approach allowed us to calculate the 

frequency of each category, thereby shedding light on 

the predominant cognitive demands presented by the 

space content questions.  

Finally, to ensure a robust quantitative analysis of 

our data, frequency calculations for the indices of 

“space content description,” “cognitive skills,” 

“engagement potential,” “difficulty level,” and 

“interdisciplinary insights” were conducted using 

SPSS software. This advanced statistical tool enabled 

us to handle complex datasets efficiently and ensured 

precision in our measurements and enhanced the 

reliability of our findings. These frequency 

calculations, which were crucial for our 

comprehensive evaluation, are presented in detail in 

the results section below.  

Overall, this rigorous methodology ensured a 

robust comparative analysis across the educational 

assessments of PISA and TIMSS, which allowed for 

their pedagogical emphases and potential impacts on 

student learning to be determined. 

4. Results  

In this section, we present our systematic 

examination of the space content within the 33 

selected questions from the PISA and TIMSS 

assessments. Frequencies were calculated for each one 

of the questions included in the research, and we used 

a detailed frequency analysis to explore the various 

dimensions of “space content description,” 

“engagement potential,” “difficulty level,” 

“interdisciplinary insights,” and “cognitive skills 

distribution.” The results are presented here through a 

series of structured tables, each accompanied by a 

concise explanation to elucidate the implications of 

these findings for understanding pedagogical 

strategies and student engagement in science 

education. As such, these tables serve as a foundation 

for understanding the integration and impact of space-

related content across diverse educational settings. 

The following table (Table 1) shows a breakdown 

of the frequencies within the “space content 

description” dimension. This table categorizes the 

questions based on how space science was 

incorporated and thus provides insights into the most 

prevalent approaches used within the educational 

assessments.  

Table 1.  

Frequencies of space content description in PISA and TIMSS questions 

 N % 

Direct Application of Space Science 16 48.5% 

Contextual Use of Space Themes 4 12.1% 

Illustrative Use of Space Examples 11 33.3% 

Engagement Purpose Only 2 6.1% 

The table indicates that nearly half of the space-
related questions (48.5%) directly applied space 
science knowledge, such as calculating gravitational 
forces or analyzing planetary motion, which reflects a 
strong emphasis on applying real-world science 
concepts. The illustrative use of space examples was 
also notably prevalent, which demonstrated how space 
themes were often utilized to enhance understanding 
of broader scientific principles. In contrast, fewer 
questions used space content merely for contextual or 
engagement purposes, thereby suggesting a focus on 
substantive educational content rather than mere 
thematic presence. 

Next, we analyzed the engagement potential of the 
space content within the selected questions. This 
assessment helped us understand how the content 
captivated student interest, which is crucial for 
effective learning. 

Table 2.  

Frequencies of engagement potential in PISA and TIMSS questions 

 N % 

High Engagement 10 30.3% 

Moderate Engagement 15 45.5% 

Low Engagement 8 24.2% 

Table 2 shows that a significant number of 

questions (45.5%) elicited moderate engagement, with 

an additional 30.3% achieving high engagement 

levels. This indicates that space content generally 

succeeded in capturing student interest, which is 

particularly beneficial in areas of study where 

maintaining student engagement can be challenging. 

Accordingly, the relatively low percentage of 

questions with low engagement highlights the 

effectiveness of space content in enhancing student 

involvement and motivation. 

We then turned our attention to the difficulty levels 

of the questions, which helped us gauge the cognitive 

challenges posed by space content. This analysis was 

crucial for understanding how these challenges were 

balanced to enhance learning without overwhelming 

students. 
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Table 3.  

Frequencies of difficulty levels in PISA and TIMSS questions 

 N % 

Easy 7 21.2% 

Moderate 15 45.5% 

Hard 11 33.3% 

The distribution of difficulty levels across the 

questions shows that a majority were classified as 

moderate (45.5%), with a significant proportion also 

rated as hard (33.3%). This indicates a balanced 

approach to testing that sufficiently challenged 

students to stimulate learning and problem-solving 

skills without causing frustration. The presence of 

both easy and hard questions within the dataset 

ensured that the assessments catered to a wide range 

of abilities and facilitated inclusive education. 

Next, we examined the interdisciplinary insights 

provided by the space content questions, which 

allowed us to assess their capacity to foster broader 

educational outcomes across various disciplines. 

Table 4.  

Frequencies of interdisciplinary insights in PISA and TIMSS questions 

 N % 

Enhances Interdisciplinary 

Understanding 

10 30.3% 

Promotes Skill Transfer 7 21.2% 

No Interdisciplinary Connection 11 33.3% 

Encourages Critical Thinking 

Across Disciplines 

5 15.2% 

Table 4 shows that a significant portion of the 

questions effectively promoted interdisciplinary 

learning and critical thinking, with over 30% 

enhancing interdisciplinary understanding and another 

15% encouraging critical thinking across various 

fields. However, a third of the questions did not 

establish any clear interdisciplinary connections, 

which indicates an area for potential improvement in 

future assessments. This pattern also demonstrates the 

strategic use of space content not only to educate but 

also to connect different subject areas, thereby 

enriching the students’ learning experiences by 

enhancing their comprehensive understanding and 

applicative skills. 

To further understand the cognitive dimensions 

engaged by the space content questions, we assessed 

the distribution of cognitive skills across the selected 

PISA and TIMSS questions. 

Table 5 illustrates a balanced distribution of 

cognitive demands, further highlighting a significant 

focus on knowledge and comprehension (31.6%) and 

evaluation and synthesis (26.3%). These results 

indicate that the questions not only assessed basic 

understanding but also challenged the students to 

synthesize information and communicate effectively. 

The emphasis on evaluation and synthesis, alongside 

fundamental knowledge comprehension, demonstrates 

that the space content in the PISA and TIMSS 

questions was leveraged to enhance a range of 

cognitive skills. The data further reveal that the space 

content was employed in ways that fostered a 

comprehensive engagement of cognitive abilities, 

which enhanced both basic knowledge acquisition and 

higher-order thinking skills. 

Table 5.  

Frequencies of cognitive skills distribution in PISA and TIMSS questions 

 N % 

Knowledge and Comprehension 21  %31.6  

Application and Analysis 9 %23.7  

Evaluation and Synthesis 10 %26.3  

Communication and Integration 7 %18.4  

Overall, the findings presented here suggest that 

the questions predominantly targeted factual 

knowledge and conceptual understanding, with a 

notable number also designed to assess reasoning and 

analytical skills. This structured approach to cognitive 

skill engagement illustrates that the space content was 

utilized not only for straightforward knowledge 

assessment, but also to promote the development of 

higher-order thinking skills. 

5. Discussions 

In the analysis of the space-related content found 

within the PISA and TIMSS assessments, the 

identified trends suggest significant shifts in 

educational focus and curriculum design. The 

prevalence of direct applications and illustrative 

examples of space science underscores a movement 

toward incorporating practical, real-world 

applications that foster an enhanced understanding and 

retention of scientific concepts. This approach aligns 

with the National Research Council’s (2012) emphasis 

on equipping students with the essential critical 

thinking and problem-solving skills needed in the 

modern scientific landscape. 

The consistent integration of space themes across 

multiple years and educational levels, as noted by 

TIMSS (2019), points to a sustained commitment to 

including space science within the curriculum, thereby 

reflecting its ongoing relevance in contemporary 

education. Moreover, the strong interdisciplinary 

insights and high engagement potential highlighted in 

our findings support the trend towards creating 
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integrated and engaging learning experiences that hold 

students’ attention and enhance their ability to connect 

knowledge across various domains (Schmidt et al., 

2015). 

Comparatively, our results resonate with the global 

movement toward STEM literacy by emphasizing the 

integration of science, technology, engineering, and 

mathematics to address complex problems. This 

approach is supported by next-generation science 

standards that promote an inquiry-based, exploratory 

learning environment (Bybee, 2013). The substantial 

representation of higher-order cognitive skills and 

interdisciplinary insights within the questions 

analyzed here suggests that PISA and TIMSS are well 

aligned with these global educational trends, as the 

aim appears to be to cultivate students who are not 

only knowledgeable but also adept at applying their 

learning in diverse contexts (OECD, 2016). 

The methodological rigor of this study, grounded 

in validated data from PISA and TIMSS, strengthens 

the reliability of the findings and ensures that the 

analysis reflects genuine educational trends. Overall, 

these insights into the integration of space themes 

within international assessments illustrate how 

educational investments are increasingly aligned with 

global initiatives in the space industry, thereby 

enhancing the role of space education in stimulating 

interest in STEM fields (Rosu & Ceobanu, 2023). 

Furthermore, the daily reliance on space-based 

technologies for navigation and weather forecasting 

exemplifies the pervasive, though often unrecognized, 

presence of space technology in everyday life, which 

further reinforces the need for space-related content 

that fosters interdisciplinary thinking and real-world 

applicability in educational settings. 

These observations should prompt further 

reflection among curriculum developers and 

educational policymakers on integrating these insights 

into broader educational strategies to advance STEM 

education globally. Nevertheless, the continuing trend 

toward more applied, integrated, and engaging 

educational experiences highlights the ongoing effort 

to adapt learning environments to meet the challenges 

of the modern world (Partnership for 21st Century 

Skills, 2011). 

5.1. Implications for educational practice and 

policy 

The integration of space education into formal 

educational systems across the globe not only 

enhances the teaching of space science but also aligns 

with the broader educational trends observed in PISA 

and TIMSS assessments. These trends emphasize the 

significant role of space science in fostering 

engagement, interdisciplinary learning, and the 

development of cognitive skills. Educators and 

curriculum developers are encouraged to utilize these 

insights to create curricula that embed space science 

concepts through practical applications and problem-

solving exercises. This approach could involve the 

design of learning modules that connect the theoretical 

concepts of space science with real-world 

applications, such as environmental monitoring, 

technological advancements, and exploration 

missions, which would make learning more relevant 

and exciting for students. To facilitate this integration, 

educational practitioners should leverage advanced 

digital tools and interactive platforms that simulate 

space environments or visualize astronomical 

phenomena. These technologies can demystify 

complex concepts and make space science accessible 

and engaging, thus fostering deeper understanding and 

curiosity among students. 

On the policy front, it is imperative for 

policymakers to advocate for the inclusion of space 

science as a core element of the STEM curriculum 

across all educational levels. This initiative should be 

complemented by strategic investments in 

professional development for teachers to ensure they 

possess the necessary knowledge and skills to 

effectively deliver space science education. 

Additionally, policies should encourage the formation 

of partnerships between educational institutions and 

entities within the space industry. Such collaborations 

can provide essential resources, expert knowledge, 

and practical insights, which together would enrich the 

educational content provided and offer students a 

pathway to career opportunities in space-related fields. 

Moreover, the establishment of national standards for 

space education that are aligned with international 

STEM education trends is crucial. These standards 

would guide the development of assessment 

frameworks that accurately evaluate the understanding 

and application of space science, thereby ensuring that 

educational outcomes are robust and globally 

competitive.  

By promoting a strong integration of space science 

into educational systems, nations will not only 

enhance their educational frameworks but also equip 

future generations with the skills and knowledge to 

thrive in the burgeoning space industry. This strategic 

alignment between educational policy, curriculum 

development, and industry demands will ensure that 

students are well prepared to meet the challenges of 
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the 21st century and beyond, which would continue to 

drive innovation and growth in the global space sector. 

5.2. Limitations and future research 

This study, which has focused on the integration of 

space science within PISA and TIMSS assessments, 

faces limitations due to its reliance on publicly 

released assessment items. These items—only a 

fraction of the entire array—are selectively released to 

maintain the integrity of future testing cycles. The 

policy of PISA and TIMSS is to release some items 

post-assessment while keeping the majority 

confidential, which allows for their reuse in future 

assessments to measure educational trends over time. 

Additionally, both organizations provide their 

assessment frameworks, which outline the 

construction and objectives of the assessments and 

thus improve our understanding of the domains and 

key features of the items used.  

Future research should continue to work within the 

contexts of PISA and TIMSS. A deeper qualitative 

analysis would be beneficial that involves detailed 

reviews of how space science questions impact student 

learning and engagement within these frameworks. 

Furthermore, interviews with educators and students 

could allow for the practical impact of these questions 

to be evaluated.  

Broadening the research to include more extensive 

international comparisons within the frameworks of 

PISA and TIMSS could reveal diverse methods for 

integrating space science into education systems. 

Longitudinal studies assessing the effects of space 

science education on student outcomes within these 

assessments over time would also be valuable, as they 

would help determine the long-term impacts and 

sustainability of interest in STEM fields facilitated by 

these assessments. 

By exploring these areas, future research can 

provide more comprehensive insights and guide future 

enhancements to STEM education, with the ultimate 

objective of aligning educational practices with the 

demands of the global scientific community and 

educational standards. 

6. Conclusions 

This study has critically examined the role and 

integration of space science within the educational 

frameworks of PISA and TIMSS, and the results have 

revealed significant implications for the global 

enhancement of STEM education. The key findings 

underscore the robust incorporation of space themes in 

assessment items, which not only fosters student 

engagement and interdisciplinary learning, but also 

challenges students with a balanced range of cognitive 

demands. These aspects are crucial for developing a 

curriculum that is not only informative but also 

captivating and relevant to contemporary scientific 

and technological advancements. 

The sustained inclusion of space science in these 

international assessments highlights the ongoing 

relevance of space science in education. This 

relevance is driven by the evolving demands of the 

global space industry and the need to prepare students 

for the complexities of modern scientific challenges. 

The integration of space science into educational 

assessments ensures that students are not only 

recipients of knowledge, but also active participants in 

learning processes that enhance their understanding 

and problem-solving skills in real-world contexts. 

In reflecting on these findings, it becomes evident 

that maintaining the momentum of integrating space 

science into education is vital. This integration not 

only enriches the STEM curriculum, but also ensures 

that educational practices keep pace with technological 

advancements and the expanding frontiers of space 

exploration. As educational assessments such as PISA 

and TIMSS continue to evolve, they should 

increasingly reflect these dynamic fields, thereby 

continuing to inspire and prepare future generations for 

the challenges and opportunities that lie in exploring 

the universe. Accordingly, this study advocates 

ongoing research and curriculum development to 

further embed space science in educational systems 

worldwide, as only this will ensure that it remains a 

pivotal component of fostering comprehensive and 

forward-thinking educational environments. 
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