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Abstract— Computational thinking (CT) is often 
associated with computer science, but its versatility  makes it 
a valuable tool for navigating life in a technology-driven 
world. CT serves as an essential educational skill, promoting 
problem-solving, critical thinking, and student engagement 
across various disciplines. Advanced CT skills help prepare 
students for the challenges of modern life and contribute to 
success in both professional and personal spheres. Previous 
studies show a strong connection between computational 
thinking and academic achievement, suggesting that 
developing these skills can enhance overall educational 
outcomes. The latest findings from the International 
Association for the Evaluation of Educational Achievement 
(IEA) International Computer and Information Literacy 
Study (ICILS) 2023, highlight significant differences in how 
students develop CT skills, raising important questions about 
equal access to quality education. This study uses data from 
ICILS 2023 to examine differences between schools where 
students excel in CT and those where these skills are less 
developed. Across nine participating countries, no significant 
differences were found in access to ICT resources or in 
teachers’ use of ICT in and outside the classroom. Moreover, 
no specific curriculum topics stood out as key factors driving 
high CT performance in certain schools.  However, students 
in top-performing schools were more likely to engage in 
independent learning on internet-related topics and 
demonstrated better focus during lessons. These schools also 
tended to accumulate students from higher socioeconomic 
backgrounds (SES) and were often located in larger cities or 
more affluent areas. In some countries, including Latvia, 
selective admission processes may further contribute to these 
students' strong performance—not just in CT but across a 
range of subjects. 

Keywords— ICILS 2023, Computational Thinking (CT), 

International Large-scale Assessment, High CT Achievement 

Schools. 

I. INTRODUCTION 

Technology has profoundly transformed many aspects 
of modern life, making computational thinking an essential 
skill that extends beyond the field of computer science [1].  

As digitalization continues to shape industries and 
everyday interactions, equipping students with 
computational thinking skills has become critical for 
success in the modern world. 

Computational thinking provides individuals with the 
problem-solving tools needed to navigate complex 
challenges across various domains [2], [3], [4], [5] Today, 
proficiency in computational thinking is not only a key 
factor in academic achievement but also a crucial 
competency for thriving in various professional  fields [6]. 

As the demand for strong analytical, problem-solving, 
and algorithmic thinking skills continues to rise, 
educational institutions play a vital role in preparing 
students for the future. Schools must actively integrate 
computational thinking into their curricula, ensuring that 
students develop these critical skills at a level that enables 
them to confidently navigate both their personal and 
professional lives. 

However, findings from the IEA ICILS 2023 study has 
exposed the uneven distribution of computational thinking 
skills among students, exposing significant disparities [7] 
sparking concerns that not all students are adequately 
prepared for success in a digital world. 

This raises an important questions: Are all students 
equally prepared to tackle everyday tasks and challenges in 
a digital world?  

This study aims to explore the differences between 
schools where students excel in computational thinking —
referred to as top schools—and those with relatively lower 
performance. By examining the factors that contribute to 
the success of high-performing schools, this study seeks to 
identify key elements that impact student achievement. 
These findings could foster targeted interventions that 
improve academic performance in all educational 
environments, promoting equal access to quality education 
and enhancing student overall academic achievement. 
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A. The Importance of Computational Thinking 

In the realm of education, computational thinking is 
broadly understood as the ability to break down complex 
problems into smaller, manageable components and 
developing structured solutions [8], [9], [10], [11], [6], 
[12], [5]. 

The definition of computational thinking in the first 
cycle when it was introduced to the ICILS study as a 
separate domain in 2018 described it as a problem-solving 
approach in which problems are broken down into 
algorithmic, step-by-step solutions that can be executed by 
a computer. Following a review of recent literature and 
expert consultations, the definition of computational 
thinking remained consistent also in the 2023 ICILS cycle. 
It defines computational thinking as “an individual’s ability 
to recognize aspects of real-world problems that are 
suitable for computational formulation and to evaluate and 
develop algorithmic solutions to those problems, enabling 
the solutions to be operationalized with a computer” [13, 
p.38] 

However, computational thinking goes well beyond 
just coding or programming. While often considered a skill 
tied to computer science, it is highly versatile and extends 
across various educational domains and subjects [14], [15], 
[10], [16]. Beyond simply imparting technical knowledge, 
the goal of computational thinking in education is to inspire 
creativity and innovation, encouraging students to become 
active problem-solvers. Many scholars trace the roots of 
computational thinking to Papert's work in the late 20th 
century, which laid the foundation for much of the research 
in this field. Papert’s perspective on computational 
thinking is deeply intertwined with his constructionist 
educational philosophy, which emphasizes not only 
technical skills but also the social and emotional 
dimensions of learning. According to this approach, 
meaningful learning happens when students engage hands-
on in creating systems and concepts [17]. By framing 
learning as a process of building and designing, 
constructionism fosters the development of problem-
solving, debugging, and creative design skills—key 
elements of computational thinking. 

More over, computational thinking plays a crucial role 
in enhancing students' overall cognitive abilities, 
particularly their critical thinking skills [12]. These 
advanced thinking skills serve as a strong foundation for 
improving students’ academic performance and cognitive 
development. Supporting this, study conducted by Lei et al. 
[15] found a significant correlation between computational 
thinking and academic achievement. This highlights the 
importance of promoting computational thinking to 
strengthen both student learning and academic outcomes. 

Furthermore, computational thinking promotes the 
development of essential abilities such as collaboration and 
communication [5], which support both intellectual and 
emotional growth.  Previous studies show that 
collaborative problem-solving significantly enhances 
cognitive, social, and affective competencies [18], [19]. 
Collaboration not only deepens students' understanding of 
CT concepts but also boosts emotional engagement and 

motivation, making CT tasks more accessible and 
rewarding [19]. Collaborative problem-solving provides a 
practical context for students to develop and apply essential 
computational thinking competencies, preparing them for 
complex, cross-disciplinary problem-solving. 

In summary, computational thinking is a valuable skill 
that extends beyond coding and programming, improving 
critical thinking, cognitive abilities, and academic 
performance. By fostering computational thinking, 
education can inspire creativity and innovation, promote 
problem-solving, debugging, and design skills, as well as 
to enhance collaborative problem-solving, communication 
and overall student academic performance. 

II. MATERIALS AND METHODS 

To investigate the variances among schools, this study 
utilized data from the IEA ICILS 2023.  

The IEA ICILS 2023 is an international large scale 
assessment study, designed to evaluate students' ability to 
use information and communication technology (ICT) 
effectively for various purposes beyond basic usage. It 
focuses on measuring student digital skills and 
competencies through realistic, computer-based 
assessments administered to eighth-grade students. ICILS 
has its roots in two earlier IEA studies: COMPED 
(Computers in Education Study) and SITES (The Second 
Information Technology in Education Study). These 
studies, conducted in the late 20th and early 21st centuries, 
laid the groundwork for a more comprehensive approach to 
assessing students' digital competencies now known as 
ICILS [1]. 

Fraillon and Rožman [1] further  explain that the  ICILS 
study was officially launched in 2013, marking the 
beginning of a systematic international effort to evaluate 
students' computer and information literacy (CIL) skills. 
The second cycle followed in 2018, introducing an optional 
computational thinking  component – which is analysed in 
this study. CT module aimed to assess students' ability to 
tackle real-world problems using ICT-based strategies. 
ICILS 2023 cycle included both CIL and CT module 
assessments, though participation in the computational 
thinking module remained optional.  

ICILS 2023 used several instruments to collect data, 
with the primary source being the student assessment. This 
assessment is divided into two modules: the CIL 
assessment module and the CT assessment module. 

CIL in ICILS 2023 is defined as "an individual’s ability 
to use computers to investigate, create, and communicate 
in order to participate effectively at home, at school, in the 
workplace, and in society" [20, p.26]. The CIL assessment 
is structured around four strands: Strand 1, Understanding 
computer use, which includes the aspects of Foundations of 
computer use and Computer use conventions; Strand 2, 
Gathering information, consisting of Accessing and 
evaluating information and Managing information; Strand 
3, Producing information, covering transforming 
information and creating information; and Strand 4, Digital 
communication, comprising sharing information and using 
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information safely and securely. In parallel, Computational 
Thinking  is organized into two main strands: Strand 1 
Conceptualizing problems and Strand 2 Operationalizing 
solutions. These strands are further divided into key 
processes that define CT. Strand 1, focusing on 
conceptualizing problems, includes understanding digital 
systems, formulating and analyzing problems, and 
collecting and representing relevant data. Strand 2, dealing 
with operationalizing solutions, encompasses planning and 
evaluating solutions and developing algorithms, programs, 
and interfaces [7], [1]. 

The Student Questionnaire assesses students' 
backgrounds, access to ICT, experiences with technology, 
and attitudes toward its use at home and in school. The 
Teacher Questionnaire collects information about teachers' 
backgrounds, their use of ICT in the classroom, 
professional development experiences, confidence in using 
technology, and their emphasis on computer and 
computational thinking skills in their teaching. The School 
Principal Questionnaire provides insights into school 
characteristics, policies, ICT integration in teaching, and 
leadership in technology use. The ICT Coordinator 
Questionnaire is designed to gather data from ICT 
coordinators on available resources, technical support, and 
the overall integration of ICT in teaching and learning. 
Finally, the National Contexts Survey, completed by 
national research centers, captures information about the 
structure of the education system, the role of CIL in the 
national curriculum, ICT policies, and how computational 
thinking is incorporated into educational strategies [7], [1]. 

 Data evaluation relies on two methods. The first is an 
automated process, where a computer program assesses 
responses based on predefined criteria. The second 
involves manual evaluation, in which trained assessors 
review and score responses according to specific 
guidelines. Additionally, the study uses a representative 
sample, ensuring that the findings accurately reflect the 
broader student population. This approach enhances the 
reliability and validity of the results, offering meaningful 
insights into students' competencies in computational 
thinking and computer and information literacy [21].  

This study examines ICILS 2023 data from nine 
countries where students' average achievements in 
computational thinking  are statistically higher than the 
overall study average: Belgium (Flemish), Chinese Taipei, 
the Czech Republic, Denmark, Finland, France, Latvia, the 
Republic of Korea, and the Slovak Republic. On average, 
each of these countries had approximately 150 participating 
schools, with numbers ranging from 136 in Belgium to 210 
in the Czech Republic. 

In each country, the top 10% of schools with the highest 
achievements (referred to as "top schools") were compared 
to the remaining schools ("other schools"). The 
achievement gap in the CT module between top schools 
and other schools was highest in Latvia, Slovakia, and the 
Czech Republic, with respective differences of 143, 122, 
and 116 points. Conversely, the smallest gaps were 

observed in Denmark and Korea, with differences of 74 and 
77 points, respectively. 

Among these countries, Latvian students had the lowest 
overall average achievement. However, when focusing on 
top schools, Latvian students performed only slightly 
below those in the Czech Republic and Chinese Taipei and 
outperformed their peers in Korea and several other 
countries. 

These significant disparities in achievement highlight a 
broader educational opportunity gap in these countries. 

Apart from the CT achievement module, this study also 
utilized data from questionnaires completed by students, 
teachers, school ICT coordinators, and school principals 
across nine countries analyzed: Belgium (Flemish), 
Chinese Taipei, the Czech Republic, Denmark, Finland, 
France, Latvia, the Republic of Korea, and the Slovak 
Republic. 

Both individual responses to survey questions and 
indices constructed from specific responses were used in 
this study to identify differences between top-performing 
schools and their students compared to other schools and 
their students.  

Greater achievement dispersion in a country indicates a 
higher level of inequality in educational opportunities. 
Notably, the analysis revealed significant differences in 
student scores, particularly in the CT module.  

A significant achievement gap in CT was observed in 
Latvia, where top-performing schools demonstrated 
substantially higher scores in the CT module compared to 
other schools. The average difference in CT module scores 
between these two groups reached 143 points, the largest 
gap among the nine countries analyzed. 

III. RESULTS AND DISCUSSION 

One of the key characteristics of schools are their 
location. Do certain locations, such as large cities or small 
villages, offer any advantages? There is a common 
perception that students from wealthier backgrounds—
typically found in urban areas—benefit from greater 
access to high-quality resources, such as private tutoring 
and advanced educational opportunities, etc., which can 
enhance their academic success. In contrast, rural schools 
frequently face challenges that urban schools may not, 
including fewer extracurricular opportunities, difficulties 
in recruiting and retaining qualified teachers, lower 
teacher salaries, and, consequently, persistent teacher 
shortages [22],  [23]. These disadvantages contribute to 
disparities in student performance and educational 
outcomes. Furthermore, rural students may lack access to 
the same social networks, learning resources, and support 
systems that are more readily available in urban settings, 
further exacerbating the academic achievement gap and 
negatively affecting the overall quality of education. 
Research across various disciplines consistently indicates 
that rural schools tend to have lower academic 
achievement and fewer educational opportunities 
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compared to their urban counterparts [24], [25], [26], [27], 
[28], [29], [30], [31], [32], [33], [21]. 

As part of the ICILS 2023 study, school principals 
were asked about the population size of the area where 
their school is located. The response options included the 
following population size ranges: 3,000, 15,000, 100,000, 
and 1,000,000 residents. 

In Belgium and Denmark, the distribution of top-
performing schools did not significantly differ from that of 
other schools. However, in other countries, top schools 
were less commonly found in smaller communities and 
were more often located in medium-sized or large cities. 
For instance, in Latvia, 45% of all schools were located in 
cities with up to 15,000 residents, yet only 15% of the top 
schools are in such areas. Similarly, in Korea, while 42% 
of all schools were in cities with a population of one 
million, 62% of the top schools were situated in these 
larger urban centres. 

Overall, there is a clear tendency for top schools to be 
more prevalent in larger cities and less common in smaller 
inhabited areas. This pattern suggests that students 
attending top schools may represent a selective segment of 
the overall student population in their respective regions. 
As previously mentioned, smaller communities may lack 
the necessary resources or conditions to support the same 
level of academic excellence as larger urban areas.  

In four of the nine examined countries, private schools 
were more prevalent among top-performing institutions 
than among other schools. For instance, in Belgium, 78% 
of top schools were private, compared to 55% of other 
schools. A similar trend was observed in Denmark, where 
64% of top schools were private, while only 35% of other 
schools fell into this category. In France and Slovakia, 
private schools accounted for 63% and 21% of top schools, 
respectively, compared to just 15% and 10% among other 
schools. 

In contrast, private schools in Latvia made up only 
about 6% of all schools, and none were ranked among the 
top-performing institutions. In the remaining countries, the 
distribution of public and private schools among top 
schools was relatively similar. These variations suggest 
that the role of private schools in academic achievement 
differs across countries, likely due to differences in 
educational policies, school missions, and student selection 
processes 

For example, in Latvia, private schools are not 
primarily focused on high-achieving students. Instead, 
many primarily serve students who face learning 
difficulties or social disadvantages. Conversely, in other 
countries, private schools can contribute to significant 
academic inequalities, particularly when they emphasize 
academic excellence. Green [34] argues that students in 
private schools often have greater opportunities for higher 
academic achievement compared to their counterparts in 
state schools, primarily due to the extensive resources that 
enable a broad range of educational and extracurricular 
opportunities. However, academic advantage is just one 
aspect of the issue. Socioeconomic segregation is another 

critical factor in educational equity, and it should not come 
at the cost of academic excellence. Private schools, which 
are often expensive, tend to be accessible mainly to 
students from affluent families, thus exacerbating 
disparities in educational opportunities.  

Beyond variations in school type and socioeconomic 
factors, the quality of education is also shaped by the 
availability of essential resources, including teaching aids, 
learning materials, classrooms, and laboratories. In an 
increasingly digital world, access to information and 
communication technology (ICT) resources—such as 
computers, the internet, and specialized software—plays a 
crucial role in enriching both teaching and learning.  

To evaluate the availability and utilization of ICT 
resources in schools, a targeted survey was conducted 
among school ICT coordinators participating in the ICILS 
2023 study. The most important questions were 
consolidated into five indices to represent key aspects of 
the data, providing a comprehensive evaluation of schools' 
technological capabilities, infrastructure, and readiness to 
support ICT-based learning. 

The first index Availability of ICT Resources at School 
measured the accessibility of school infrastructure for both 
teachers and students. It encompassed various aspects, such 
as internet access through the school network, allocated 
space for file storage, internet-based applications for 
collaborative work, remote access to the school network 
from home, and the use of a learning management system, 
among other factors. 

The second index, Available Tools, integrated ICT 
coordinators' responses to questions regarding the 
availability of ICT resources within schools. This included 
a range of tools such as practice programs or apps, where 
teachers have the flexibility to select and design the 
questions posed to students, as well as multi-user digital 
learning games that incorporate graphics and inquiry-based 
tasks. Additionally, other technological resources and 
platforms that support interactive and engaging learning 
experiences were considered, providing a comprehensive 
view of the technological infrastructure available for 
educational purposes. 

In a similar manner the third index was developed to 
assess the Utility Software Available In Schools. This index 
included a variety of essential tools, such as word 
processors for creating and editing documents, presentation 
software for developing multimedia-rich presentations, 
video editing software to support the creation of visual 
content, and digital textbooks that provide interactive 
learning resources. 

The fourth index summarized The Hindrances Related 
To Computer Resources while the last, fifth index 
integrated answers to the questions about Pedagogical 
Resources That Affect The Use Of ICT In Teaching And 
Learning. 

A comparison of index values between top-performing 
schools and other schools did not reveal any consistent 
advantages for either group. The index Available Tools 
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showed no statistically significant differences between the 
two school groups in any of the countries analyzed. 
However, the index Utility Software Available In Schools 
recorded higher values in Chinese Taipei and the Czech 
Republic (p < 0.05), suggesting a greater presence of such 
resources in these countries. 

The values of the Hindrances Related to Computer 
Resources and Pedagogical Resources That Affect the Use 
of ICT in Teaching and Learning indices showed 
statistically significant differences in only one country. 
Notably, these differences followed opposite trends: in 
Latvia, the lack of pedagogical resources was less 
pronounced in other schools, whereas in the Slovak 
Republic, computer resource shortages had a smaller 
impact on teaching and learning in other schools. 

The results from the index Hindrances Related to 
Computer Resources varied across countries, with top 
schools in the Czech Republic and Finland receiving higher 
ratings, while in Korea, other schools reported better ICT 
resource availability. This suggests that top-performing 
schools are not necessarily better equipped with ICT 
resources compared to other schools. Consequently, the 
substantial differences in student achievement cannot be 
solely attributed to disparities in access to pedagogical or 
computer resources, indicating that other factors may 
contribute to these variations in performance. 

Overall, these findings indicate that top schools are not 
necessarily better equipped with ICT resources than other 
schools. Likewise, the lack of pedagogical or computer 
resources does not appear to be a determining factor in the 
significant differences observed in student achievement. 
This aligns with ICILS 2018 results, which indicates that 
merely providing students and teachers with ICT 
equipment is insufficient for improving digital skills. 
Students need structured guidance on using digital tools 
effectively, while teachers require support in integrating 
ICT into their teaching practices to maximize its benefits 
[35]. 

In addition to ICT-related challenges, equity in 
education is also reflected in variations in student 
achievement, including gender-based differences. One key 
equity indicator examined in ICILS 2023 is gender equality 
in educational outcomes. Among the participating 
countries, girls outperformed boys in three countries —
Chinese Taipei, Finland, and Korea. In two countries, 
Latvia and Denmark, no significant gender differences 
were observed. In the remaining four countries, boys had 
higher achievement levels, with statistically significant 
differences (p < 0.05) recorded in the Czech Republic and 
Belgium. 

Despite these variations in overall performance, the 
proportion of girls and boys in top-performing schools was 
generally balanced, with two notable exceptions. In the 
Slovak Republic, boys comprised only 41% of students in 
top schools, whereas in Belgium, they accounted for 66%. 

However, an interesting trend emerged when analyzing 
the performance of students in top schools. Although girls 

achieved higher scores on average in some countries, boys 
in top schools consistently outperformed their female peers 
across all participating countries, with score differences 
ranging from 8 to 17 points. This gap was statistically 
significant in the Czech Republic, the Slovak Republic, and 
Belgium. 

Given the increasing emphasis on promoting female 
participation in ICT-related fields, such as the EU’s digital 
transformation goals for 2030—which aim to employ 20 
million ICT specialists across the EU, ensuring equal 
gender representation in the field—these findings highlight 
the urgent need for greater focus on girls' engagement in 
ICT subjects from an early age [36]. Strengthening efforts 
to encourage girls' interest and confidence in technology-
related disciplines, particularly at the primary and lower 
secondary school levels, is essential in addressing current 
gender imbalances and fostering more balanced 
representation in ICT careers in the future. 

 By analyzing students' responses to survey questions, 
it is possible to gain insight into the skills taught in schools 
as well as those developed independently outside of school. 
It can be assumed that higher achievements in the CT test 
are linked to a more comprehensive study of relevant CT 
topics in the school curriculum. These responses were 
gathered in the Learning About CT in Class index, which 
combines students' answers to questions about what was 
taught in school, including: 

• Use a solution that works for one problem to 
help solve a different problem. 

• Solve a hard problem by splitting it into a few 
easier problems. 

• Make diagrams that explain concepts or 
systems. 

• Plan tasks by making a list of the tasks in the 
order they need to be completed. 

• Detect patterns in data. 

• Use simulations to help understand concepts 
or systems. 

• Make flow diagrams to show how a computer 
program should work. 

• Systematically test computer programs to find 
bugs, errors, or other problems. 

• Use data to better understand real-world 
problems. 

Only in Chinese Taipei and Latvia were the index values 
statistically higher for students in top schools. In three 
countries—Czech Republic, Denmark, and France—the 
index value was statistically higher for students in other 
schools. None of the examined questions yielded responses 
in which students from top schools across all analyzed 
countries consistently provided more positive answers.  In 
four countries, top school students were more likely to have 
learned how to make diagrams that explain concepts or 
systems. However, the activities of making flow diagrams to 
show how a computer program should work and 
systematically testing computer programs to find bugs, 
errors, or other problems were performed significantly more 
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often by students in other schools in almost all countries 
(except for Chinese Taipei and Belgium).  

On the other hand, in all countries, students in top schools 
more frequently used word processing software (with 
statistically significant differences in five countries) and 
computer-based information resources (with statistically 
significant differences in seven countries). In seven 
countries, students in top schools also more often used 
presentation software (with statistically significant 
differences in four countries).  

We can conclude that teaching CT topics in schools is not 
critical for achieving high skills in this field. Equally 
important are tasks related to computer literacy. It should be 
noted that the ICT self-efficacy regarding the Use Of General 
Applications index values were higher for top school students 
in all countries, whereas the values for the ICT Self-Efficacy 
Regarding The Use Of Specialist Applications index were not 
statistically significantly higher for top school students in any 
country. 

High achievements are more likely to be explained by 
students' activities outside of school. Students in top 
schools across all the examined countries more frequently 
engaged in internet-related tasks outside of school (with 
statistically significant differences in five countries). They 
also searched for information online more often in all 
countries except Denmark. In all countries, students in top 
schools outside of school were more likely to evaluate 
whether the information they received was truthful. In eight 
countries, students in top schools were more likely to 
manage privacy settings for their internet accounts and ICT 
devices at home.  

Attention should also be given to the learning styles of 
students in top schools. During class time, these students 
were significantly less likely to engage in activities such as 
text chatting with others, using social media to post or view 
content, checking social media for new posts or responses 
to their posts, or watching online videos, live streams, or 
television. The corresponding index for Academic Media 
Multitasking showed lower values for top school students 
in all countries, with six countries showing statistically 
significant differences. 

This pattern suggests that students in top-performing 
schools may have greater opportunities or motivation to 
develop self-directed learning skills. During class, these 
students are less likely to engage in activities such as 
texting, browsing social media, or watching videos. This 
behavior could indicate a stronger focus on academic tasks, 
which may contribute to their overall academic success. By 
minimizing multitasking and distractions, these students 
may engage more effectively with the material. They also 
seem to have a stronger sense of digital responsibility, 
which affects not only their academic engagement and 
achievement but also their safety and security in digital 
environments. These findings highlight the crucial role that 
out-of-school engagement with technology plays in 
academic success. The evidence emphasizes the 
importance of cultivating digital literacy, critical thinking, 
and responsible online behaviors outside of school hours. 
Additionally, top-performing students are often more 

disciplined in managing their time and media consumption, 
which may contribute to their higher academic 
achievements. 

Finally, but no less importantly, the socio-economic 
status (SES) of students in top schools should be 
highlighted. In all the countries examined, the average SES 
of students in top schools was significantly higher (p < 
0.01). This indicates that, in most of these countries, top 
schools have developed as institutions that select students 
in some way. They may be private schools or located in 
areas (districts) with relatively wealthy populations. In 
Latvia, six of the top schools are gymnasiums, which 
require entrance exams and competitions for admission to 
the seventh grade. In contrast, neighbouring Estonia adopts 
a different approach: schools do not categorize students 
based on academic performance during admissions. 
Instead, they operate under the premise that all primary 
education students have mastered the curriculum at a 
minimum standard. Remarkably, despite this inclusive 
admission policy, Estonian students still achieve high 
results in the OECD PISA assessments [37]. 

However, not all top schools are associated with high 
socioeconomic status (SES), and this cannot be generalized 
to all top schools. For instance, one of the top schools in 
Latvia is situated in a small settlement where the average 
SES of its students is very low. 

To sum up - the concentration of high-achieving 
students in selective schools creates an environment that 
nurtures excellence. However, it also raises concerns about 
unequal access to quality education.  

In contrast, the existence of a top-performing school in 
a low socioeconomic status (SES) area—such as one 
observed in Latvia—suggests that success is not solely 
dependent on economic status. This situation prompts a 
crucial question: What is this school doing differently, and 
what can we learn from it? Is this correlation a coincidence, 
or is there a causal relationship at play?  

These findings underscore the need for further research 
into high-performing schools in low-SES areas. 
Understanding the factors behind their success could 
inform strategies to promote greater equity in 
computational thinking education. Additionally, 
identifying the key practices that enable some lower-SES 
schools to thrive may offer valuable insights for creating a 
more inclusive and effective learning environment. By 
learning from these examples, policymakers and educators 
can develop targeted interventions that support 
underprivileged students and help close the achievement 
gap. 

IV. CONCLUSIONS 

The findings of this study indicate that high 
achievement in computational thinking is not solely 
determined by access to ICT resources or the formal 
teaching of CT topics in schools. Across the nine examined 
countries, a comparison between top-performing schools 
and other schools revealed no significant differences in ICT 
availability, infrastructure, or resource accessibility. 
Additionally, the curriculum did not appear to play a 
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decisive role, as there were no specific CT-related topics 
that consistently correlated with better student performance 
across all countries. This suggests that the development of 
computational thinking skills is influenced by a broader set 
of factors beyond just classroom instruction or access to 
technology. 

Instead, the study highlights the importance of general 
digital literacy skills, including proficiency in word 
processing, presentation software, and information 
retrieval, as crucial components that contribute to 
computational thinking.  

The study also highlights the importance of out-of-
school engagement with technology. Students in top-
performing schools were found to engage more frequently 
in independent, self-directed learning related to ICT 
outside of school. They were more likely to use online tools 
for educational purposes, critically evaluate digital 
information, and take an active role in managing their own 
learning. This indicates that self-directed learning and a 
strong sense of digital responsibility are important 
contributors to academic success. Moreover, these students 
showed better time management skills, suggesting that 
effective media consumption and minimizing distractions 
during class time can enhance academic focus and 
performance.  

Another important finding is the strong connection 
between socioeconomic status (SES) and high CT 
achievement. In all participating countries, students 
attending top-performing schools tended to come from 
higher SES backgrounds, with these schools often being 
concentrated in urban or more affluent areas. In some 
countries, selective admission policies further contributed 
to this trend, leading to an environment where academically 
strong students were concentrated in specific institutions. 
This raises concerns about educational equity, as students 
in rural areas or from lower-income families may not have 
access to the same level of resources or academic 
opportunities that foster computational thinking 
development.  

Additionally, gender disparities in computational 
thinking performance were observed. While girls 
outperformed boys in overall CT scores in some countries, 
boys in top-performing schools scored higher than their 
female peers. This pattern suggests that while girls 
demonstrate strong computational thinking abilities, they 
may not be equally encouraged or engaged in CT-related 
activities at the highest levels. Given the increasing 
importance of CT in future careers, targeted efforts are 
needed to ensure that girls receive the same level of 
support, confidence-building, and exposure to 
computational thinking opportunities as boys. 

Beyond in-school learning, students’ habits and 
behaviors during class were also linked to high 
achievement in CT. Students in top-performing schools 
were less likely to engage in distractions such as social 
media, messaging, and entertainment during lessons. This 
suggests that focused classroom engagement, better time 

management, and reduced digital distractions contribute to 
stronger academic outcomes in CT. 

To sum up, this study reveals that high achievement in 
computational thinking is influenced by a variety of factors 
beyond just access to ICT resources or formal classroom 
instruction. While resources and curriculum did not show a 
clear correlation with higher student performance across 
countries, key factors such as general digital literacy, self-
directed learning, and strong time management skills 
emerged as important contributors to success. Students in 
top-performing schools were more likely to engage in 
independent learning, critically evaluate digital 
information, and manage their own educational processes, 
indicating that self-motivation and digital responsibility are 
vital for academic achievement. Additionally, 
socioeconomic status played a significant role, with top-
performing schools often located in more affluent areas, 
raising concerns about educational equity. Gender 
disparities in CT performance also highlighted the need for 
increased support for girls in the field. Ultimately, the 
findings suggest that while ICT resources are important, the 
development of computational thinking is shaped more by 
students' learning habits, socioeconomic backgrounds, and 
overall digital literacy than by the availability of 
technology alone. 

REFERENCES 

[1] J. Fraillon and M. Rožman, IEA International Computer and 
Information Literacy Study 2023: Assessment Framework, IEA, 
2023. [Online]. Available: IEA, 
https://www.iea.nl/publications/icils-2023-assessment-framework 
[Accessed February 24, 2025], https://doi.org/10.1007/978-3-031-
61194-0. 

[2] Y. Li, A. H. Schoenfeld, A. A. diSessa, A. C. Graesser, L. C. 
Benson, L. D. English, and R. A. Duschl, “Computational 
Thinking Is More about Thinking than Computing,” Journal for 
STEM Educ, vol. 3, pp. 1–18, May 2020. Available: Springer,  
https://link.springer.com/article/10.1007/s41979-020-00030-2 
[Accessed: February 24, 2025], https://doi.org/10.1007/s41979-
020-00030-2 

[3] M. Byrka, A. Sushchenko, V. Luchko, G. Perun, and V. Luchko, 
“Algorithmic Thinking In Higher Education: Determining 
Observable And Measurable Content,” ITLT, vol. 104, no. 6, pp. 
1–13, Dec. 2024. Available: IITTA, 
https://journal.iitta.gov.ua/index.php/itlt/article/view/5750 
[Accessed: February 24, 2025], 
https://doi.org/10.33407/itlt.v104i6.5750 

[4] M. Dumančić, N. Rogulja, and K. Tomljenović, "The Importance 
of Algorithmic Thinking Development in Primary Education," 
47th MIPRO ICT and Electronics Convention (MIPRO), Opatija, 
Croatia, pp. 653-658, 2024. https://doi: 
10.1109/MIPRO60963.2024.10569899. 

[5] B. Singh and C. Kaunert, “Computational thinking for innovative 
solutions and Problem-Solving techniques,” in Advances in 
Systems Analysis, Software Engineering, and High-Performance 
Computing Book Series, 2024, pp. 60–82. [Online]. Available: 
IGI-Global, https://www.igi-global.com/gateway/chapter/348775  
[Accessed: February 24, 2025], https://doi.org/10.4018/979-8-
3693-1974-1.ch004. 

[6] M. Bers, A. Strawhacker, and A. Sullivan, “The state of the field 
of computational thinking in early childhood education,” OECD 
Education Working Papers, No. 274, OECD Publishing, Paris, 
2022. https://doi.org/10.1787/3354387a-en. 

[7] J. Fraillon, An International Perspective On Digital Literacy: 
Results From ICILS 2023, International Association For The 

https://www.iea.nl/publications/icils-2023-assessment-framework
https://doi.org/10.1007/978-3-031-61194-0.
https://doi.org/10.1007/978-3-031-61194-0.
https://link.springer.com/article/10.1007/s41979-020-00030-2
https://doi.org/10.1007/s41979-020-00030-2
https://doi.org/10.1007/s41979-020-00030-2
https://journal.iitta.gov.ua/index.php/itlt/article/view/5750
https://doi.org/10.33407/itlt.v104i6.5750
https://doi:%2010.1109/MIPRO60963.2024.10569899.
https://doi:%2010.1109/MIPRO60963.2024.10569899.
https://www.igi-global.com/gateway/chapter/348775
https://doi.org/10.4018/979-8-3693-1974-1.ch004.
https://doi.org/10.4018/979-8-3693-1974-1.ch004.
https://doi.org/10.1787/3354387a-en.


Andrejs Geske., et al. Achieving Excellence in Computational Thinking: Insights from the ICILS 2023 Study 

142 

Evaluation Of Educational Achievement, IEA, 2024. [Online]. 
Available: IEA, https://www.iea.nl/publications/icils-2023-
international-report [Accessed: February 24, 2025]. 

[8] F. K. Cansu and S. K. Cansu, “An Overview of Computational 
Thinking,” International Journal of Computer Science Education 
in Schools, vol. 3, no. 1, pp. 17–30, Apr. 2019. Available: 
IJCSES, https://ijcses.org/index.php/ijcses/article/view/53 
[Accessed: February 24, 2025],  
https://doi.org/10.21585/ijcses.v3i1.53. 

[9] M. Stephens, "Developing Algorithmic Thinking in Mathematics 
in the Primary and Junior Secondary Years," in Theory and 
Practice: An Interface or A Great Divide?, A. Rogerson and J. 
Morska, Eds., pp. 552–558, 2019.  

[10] J. Mezak, P. P. Papak, and L. Vujičić, “The Integration Of 
Algorithmic Thinking Into Preschool Education,” EDULEARN21 
Proceedings, pp. 8182–8187, 5-6 July, 2021 Online Conference, 
https://doi.org/10.21125/edulearn.2021.1654. 

[11] A. A. Ogegbo and U. Ramnarain, "A systematic review of 
computational thinking in science classrooms," Studies in Science 
Education, vol. 58, no. 2, pp. 203–230, 2021. Available: 
Taylor&Francis Online, 
https://www.tandfonline.com/doi/full/10.1080/03057267.2021.19
63580 [Accessed: February 24, 2025], 
https://doi.org/10.1080/03057267.2021.1963580. 

[12] I. Kumar and N. Mohd, “Ways of using computational thinking to 
improve students’ ability to think critically,” in Advances in Web 
Technologies and Engineering Book Series, pp. 253–266, 2024. 
[Online]. Available: IGI-Global, https://www.igi-
global.com/gateway/chapter/337818 [Accessed: February 24, 
2025], https://doi.org/10.4018/979-8-3693-0782-3.ch015. 

[13] D. Duckworth and J. Fraillon, “Computational thinking 
framework,” in IEA International Computer and Information 
Literacy Study 2023 assessment framework, J. Fraillon & M. 
Rožman, Eds., pp. 35–43, Springer, 2024 . [Online]. Available: 
Springer,  https://link.springer.com/chapter/10.1007/978-3-031-
61194-0_3 [Accessed February 24, 2025],  
https://doi.org/10.1007/978‐3‐031‐61194‐0_3. 

[14] S. Grover and R. Pea, "Computational thinking in K–12: A review 
of the state of the field," Educational Researcher, vol. 42, no. 1, 
pp. 38-43, 2013. Available: Sage Journals, 
https://journals.sagepub.com/doi/abs/10.3102/0013189x12463051 
[Accessed February 24, 2025], 

https://doi.org/10.3102/0013189X12463 

[15] H. Lei, M. M. Chiu, F. Li, X. Wang, and Y. Geng, 
"Computational thinking and academic achievement: A meta-
analysis among students," Children and Youth Services Review, 
vol. 118, p. 105439, 2020. Available: Science Direct, 
https://www.sciencedirect.com/science/article/pii/S019074092031
1725  [Accessed February 24, 2025], 
https://doi.org/10.1016/j.childyouth.2020.105439. 

[16] A. Karakostas, V. Liarokapis, and A. Vlachou, "Introducing 
Algorithmic Thinking in Primary Education in Greece," 2022 7th 
South-East Europe Design Automation, Computer Engineering, 
Computer Networks and Social Media Conference (SEEDA-
CECNSM), Ioannina, Greece, 2022, pp. 1-6, 
https://doi:10.1109/SEEDA-CECNSM57760.2022.9932953. 

[17] S. Papert, “Situating constructionism,” in Constructionism, I. 
Harel and S. Papert, Eds., pp. 1–11, Ablex, 1991. [Online]. 
Available: 
https://www.google.com/url?sa=t&source=web&rct=j&opi=8997
8449&url=https://archive.org/download/papert-harel-situating-
constructionism/papert-harel-situating-
constructionism.pdf&ved=2ahUKEwjJ7fPL-
dyLAxVXUlUIHa8AFcwQFnoECBkQAQ&usg=AOvVaw0PdkF
RHwhg3c8m54uZZ6Nb. [Accessed: February 24, 2025]. 

[18] X. Lai and G. K. Wong, "Collaborative versus individual problem 
solving in computational thinking through programming: A 
meta‐analysis," British Journal of Educational Technology, vol. 
53, no. 1, pp. 150–170, 2021. Available: British Journal of 
Educational Technology, https://bera-
journals.onlinelibrary.wiley.com/doi/abs/10.1111/bjet.13157 

[Accessed: February 24, 2025], 
https://doi.org/10.1111/bjet.13157. 

[19] X. Lai, J. Ye, and G. K. W. Wong, “Effectiveness of collaboration 
in developing computational thinking skills: A systematic review 
of social cognitive factors,” Journal of Computer Assisted 
Learning, vol. 39, no. 5, pp. 1418–1435, 2023. Available: Wiley 
Online Library, 
https://onlinelibrary.wiley.com/doi/10.1111/jcal.12845 [Accessed: 
February 24, 2025], https://doi.org/10.1111/jcal.12845. 

[20] J. Fraillon and D. Duckworth, “Computer and information 
literacy framework,” in IEA International Computer and 
Information Literacy Study 2023 assessment framework, J. 
Fraillon & M. Rožman, Eds., pp. 21–34, Springer, 2024. [Online]. 
Available: Springer, 
https://link.springer.com/chapter/10.1007/978-3-031-61194-0_2  
[Accessed: February 24, 2025], https://doi.org/10.1007/978‐3‐
031‐61194‐0_2. 

[21] O. Pole, A. Geske, and L. Mitenberga, Starptautiskā datorprasmju 
un informācijpratības pētījuma IEA ICILS 2023 pirmie rezultāti, 
Latvijas Universitāte, 2024. [Online]. Available: Education 
Research Instutute,  https://www.ipi.lu.lv/publikacijas-1/iea-icils/ 
[Accessed: February 24, 2025]. 

[22] C. Lotter, J. A. Yow, M. Lee, J. G. Zeis, and M. J. Irvin, "Rural 
teacher leadership in science and mathematics," School Science 
and Mathematics, vol. 120, no. 1, pp. 29–44, 2020. [Online]. 
Available: Wiley Online Library, 
https://onlinelibrary.wiley.com/doi/abs/10.1111/ssm.12383  
[Accessed: February 24, 2025],  
https://doi.org/10.1111/ssm.12383. 

[23] M. Strange, "Finding fairness for rural students," Phi Beta 
Kappan, vol. 92, no. 6, pp. 8–15, 2011. [Online]. Available: ERIC, 
https://eric.ed.gov/?id=EJ920061,  [Accessed: February 24, 2025], 
https://doi.org/10.1177/003172171109200603 

[24] K. Lounkaew, "Explaining urban–rural differences in educational 
achievement in Thailand: Evidence from PISA literacy data," 
Economics of Education Review, vol. 37, pp. 213-225, 2013. 
[Online]. Available: The Learning and Technology Library, 
https://www.learntechlib.org/p/206736/ [Accessed: February 24, 
2025],   https://doi.org/10.1016/j.econedurev.2013.09.003. 

[25] K. Sullivan, L. B. Perry, and A. McConney, "How do school 
resources and academic performance differ across Australia’s 
rural, regional, and metropolitan communities?" The Australian 
Educational Researcher, vol. 40, pp. 353–372, 2013. [Online]. 
Available: Springer, 
https://link.springer.com/article/10.1007/s13384-013-0100-5  
[Accessed: February 24, 2025], https://doi.org/10.1007/s13384-
013-0100-5. 

[26] A. Echazarra and T. Radinger, "Learning in rural schools: Insights 
from PISA, TALIS, and the literature," OECD Education Working 
Papers, no. 196, OECD Publishing, 2019. 
https://doi.org/10.1787/8b1a5cb9-en. 

[27] A. Geske, R. Kiseļova, and O. Pole, "Quality of education in 
Latvian municipalities and state cities – Results of international 
studies and state examinations," Human, Technologies and 
Quality of Education, pp. 816-829, 2022. [Online]. Available: 
HTQE, https://www.apgads.lu.lv/en/izdevumi/htqe-
2022/htqe202258/ [Accessed: February 24, 2025], 
https://doi.org/10.22364/htqe.2022.58. 

[28] OECD, Mending the Education Divide: Getting Strong Teachers 
to the Schools That Need Them Most, TALIS, OECD Publishing, 
2022. [Online]. Available: OECD publications, 
https://www.oecd.org/en/publications/mending-the-education-
divide_92b75874-en.html [Accessed: February 24, 2025],  
https://doi.org/10.1787/92b75874-en.  

[29] A. Geske, R. Kiseļova, and O. Pole, "School Socioeconomic 
Segregation in Baltic Sea Countries," Human, Technologies and 
Quality of Education, pp. 198–209, 2023. [Online]. Available: 
HTQE,  https://www.apgads.lu.lv/izdevumi/htqe-
2023/htqe202314/ [Accessed: February 24, 2025],  
https://doi.org/10.22364/htqe.2023.14. 

https://www.iea.nl/publications/icils-2023-international-report
https://www.iea.nl/publications/icils-2023-international-report
https://ijcses.org/index.php/ijcses/article/view/53
https://doi.org/10.21585/ijcses.v3i1.53.
https://doi.org/10.21125/edulearn.2021.1654
https://www.tandfonline.com/doi/full/10.1080/03057267.2021.1963580
https://www.tandfonline.com/doi/full/10.1080/03057267.2021.1963580
https://doi.org/10.1080/03057267.2021.1963580
https://doi.org/10.1080/03057267.2021.1963580
https://www.igi-global.com/gateway/chapter/337818
https://www.igi-global.com/gateway/chapter/337818
https://doi.org/10.4018/979-8-3693-0782-3.ch015.
https://link.springer.com/chapter/10.1007/978-3-031-61194-0_3
https://link.springer.com/chapter/10.1007/978-3-031-61194-0_3
https://doi.org/10.1007/978‐3‐031‐61194‐0_3.
https://journals.sagepub.com/doi/abs/10.3102/0013189x12463051
https://doi.org/10.3102/0013189X12463
https://www.sciencedirect.com/science/article/pii/S0190740920311725
https://www.sciencedirect.com/science/article/pii/S0190740920311725
https://doi.org/10.1016/j.childyouth.2020.105439.
https://doi:10.1109/SEEDA-CECNSM57760.2022.9932953.
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://archive.org/download/papert-harel-situating-constructionism/papert-harel-situating-constructionism.pdf&ved=2ahUKEwjJ7fPL-dyLAxVXUlUIHa8AFcwQFnoECBkQAQ&usg=AOvVaw0PdkFRHwhg3c8m54uZZ6Nb.
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://archive.org/download/papert-harel-situating-constructionism/papert-harel-situating-constructionism.pdf&ved=2ahUKEwjJ7fPL-dyLAxVXUlUIHa8AFcwQFnoECBkQAQ&usg=AOvVaw0PdkFRHwhg3c8m54uZZ6Nb.
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://archive.org/download/papert-harel-situating-constructionism/papert-harel-situating-constructionism.pdf&ved=2ahUKEwjJ7fPL-dyLAxVXUlUIHa8AFcwQFnoECBkQAQ&usg=AOvVaw0PdkFRHwhg3c8m54uZZ6Nb.
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://archive.org/download/papert-harel-situating-constructionism/papert-harel-situating-constructionism.pdf&ved=2ahUKEwjJ7fPL-dyLAxVXUlUIHa8AFcwQFnoECBkQAQ&usg=AOvVaw0PdkFRHwhg3c8m54uZZ6Nb.
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://archive.org/download/papert-harel-situating-constructionism/papert-harel-situating-constructionism.pdf&ved=2ahUKEwjJ7fPL-dyLAxVXUlUIHa8AFcwQFnoECBkQAQ&usg=AOvVaw0PdkFRHwhg3c8m54uZZ6Nb.
https://www.google.com/url?sa=t&source=web&rct=j&opi=89978449&url=https://archive.org/download/papert-harel-situating-constructionism/papert-harel-situating-constructionism.pdf&ved=2ahUKEwjJ7fPL-dyLAxVXUlUIHa8AFcwQFnoECBkQAQ&usg=AOvVaw0PdkFRHwhg3c8m54uZZ6Nb.
https://bera-journals.onlinelibrary.wiley.com/doi/abs/10.1111/bjet.13157
https://bera-journals.onlinelibrary.wiley.com/doi/abs/10.1111/bjet.13157
https://doi.org/10.1111/bjet.13157.
https://onlinelibrary.wiley.com/doi/10.1111/jcal.12845
https://doi.org/10.1111/jcal.12845.
https://link.springer.com/chapter/10.1007/978-3-031-61194-0_2
https://doi.org/10.1007/978‐3‐031‐61194‐0_2.
https://doi.org/10.1007/978‐3‐031‐61194‐0_2.
https://www.ipi.lu.lv/publikacijas-1/iea-icils/
https://onlinelibrary.wiley.com/doi/abs/10.1111/ssm.12383
https://doi.org/10.1111/ssm.12383.
https://eric.ed.gov/?id=EJ920061
https://doi.org/10.1177/003172171109200603
https://www.learntechlib.org/p/206736/
https://doi.org/10.1016/j.econedurev.2013.09.003.
https://link.springer.com/article/10.1007/s13384-013-0100-5
https://doi.org/10.1007/s13384-013-0100-5.
https://doi.org/10.1007/s13384-013-0100-5.
https://doi.org/10.1787/8b1a5cb9-en.
https://www.apgads.lu.lv/en/izdevumi/htqe-2022/htqe202258/
https://www.apgads.lu.lv/en/izdevumi/htqe-2022/htqe202258/
https://doi.org/10.22364/htqe.2022.58.
https://www.oecd.org/en/publications/mending-the-education-divide_92b75874-en.html
https://www.oecd.org/en/publications/mending-the-education-divide_92b75874-en.html
https://www.apgads.lu.lv/izdevumi/htqe-2023/htqe202314/
https://www.apgads.lu.lv/izdevumi/htqe-2023/htqe202314/
https://doi.org/10.22364/htqe.2023.14


Environment. Technology. Resources. Rezekne, Latvia 

Proceedings of the 16th International Scientific and Practical Conference. 2025. Volume III, 135-143 

143 

[30] A. Ozola, A. Geske, and K. Kampmane, "Starptautiskā 
lasītprasmes novērtēšanas pētījuma IEA PIRLS 2021 pirmie 
rezultāti [First Results of Progress in International Reading 
Literacy Study IEA PIRLS 2021]," Rīga, 2023. [Online]. 
Available: Education Research Instutute, 
https://www.ipi.lu.lv/fileadmin/user_upload/lu_portal/projekti/ipi/
PIRLS_2021_nacionalais_zinojums_ar_vakiem.pdf. [Accessed: 
February 24, 2025].   

[31] J. M. B. Sanfo, "Factors explaining rural-urban learning 
achievement inequalities in primary education in Benin, Burkina 
Faso, Togo, and Cameroon," International Journal of Educational 
Research Open, vol. 4, p. 100234, 2023. [Online]. Available: 
Science Direct, 
https://www.sciencedirect.com/science/article/pii/S266637402300
0092 [Accessed: February 24, 2025],   
https://doi.org/10.1016/j.ijedro.2023.100234 

[32] L. Betancur, P. Miller, and E. Votruba-Drzal, "Urban-rural 
achievement gap in low- and middle-income countries: The role of 
early childhood education," Early Childhood Research Quarterly, 
vol. 66, pp. 11-23, 2024. [Online]. Available: Science Direct,  
https://www.sciencedirect.com/science/article/pii/S088520062300
1047 [Accessed: February 24, 2025],    
https://doi.org/10.1016/j.ecresq.2023.08.008. 

[33] L. Bonacini, I. Brunetti, and G. Gallo, "Choose the school, choose 
the performance: new evidence on determinants of students’ 
performance in eight European countries," Applied Economics, 
vol. 56, no. 6, pp. 692-707, 2024. [Online]. Available: Taylor & 

Francis Online, 
https://www.tandfonline.com/doi/full/10.1080/00036846.2023.21
70968 [Accessed: February 24, 2025],     
https://doi.org/10.1080/00036846.2023.2170968.  

[34] F. Green, "Private schools and inequality," Oxford Open 
Economics, vol. 3, no. Supplement 1, pp. i842–i849, 2024. 
[Online]. Available: Oxford Open Economics, 
https://academic.oup.com/ooec/article/3/Supplement_1/i842/7708
089 [Accessed: February 24, 2025],      
https://doi.org/10.1093/ooec/odad036. 

[35] J. Fraillon, J. Ainley, W. Schulz, T. Friedman, and D. Duckworth, 
Preparing for life in a digital world, Springer eBooks, 2020. 
[Online] Available: Springer, 
https://link.springer.com/book/10.1007/978-3-030-38781-5 
[Accessed: February 24, 2025],  https://doi.org/10.1007/978-3-
030-38781-5. 

[36] European Commission, “2030 digital compass: The European way 
for the digital decade (COM(2021) 118 final),” 2021. [Online]. 
Available: https://eur-lex.europa.eu/legal-
content/EN/TXT/HTML/?uri=CELEX:52021DC0118. [Accessed: 
February 24, 2025].   

[37] P. Mehisto and M. Kitsing, Lessons from Estonia's education 
success story: Exploring equity and high performance through 
PISA, Taylor & Francis Group, 2022. 

 

 

https://www.ipi.lu.lv/fileadmin/user_upload/lu_portal/projekti/ipi/PIRLS_2021_nacionalais_zinojums_ar_vakiem.pdf
https://www.ipi.lu.lv/fileadmin/user_upload/lu_portal/projekti/ipi/PIRLS_2021_nacionalais_zinojums_ar_vakiem.pdf
https://www.sciencedirect.com/science/article/pii/S2666374023000092
https://www.sciencedirect.com/science/article/pii/S2666374023000092
https://doi.org/10.1016/j.ijedro.2023.100234
https://www.sciencedirect.com/science/article/pii/S0885200623001047
https://www.sciencedirect.com/science/article/pii/S0885200623001047
https://doi.org/10.1016/j.ecresq.2023.08.008
https://www.tandfonline.com/doi/full/10.1080/00036846.2023.2170968
https://www.tandfonline.com/doi/full/10.1080/00036846.2023.2170968
https://doi.org/10.1080/00036846.2023.2170968
https://academic.oup.com/ooec/article/3/Supplement_1/i842/7708089
https://academic.oup.com/ooec/article/3/Supplement_1/i842/7708089
https://doi.org/10.1093/ooec/odad036
https://link.springer.com/book/10.1007/978-3-030-38781-5
https://doi.org/10.1007/978-3-030-38781-5.
https://doi.org/10.1007/978-3-030-38781-5.
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:52021DC0118.%20
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:52021DC0118.%20

