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EDUCATION FUNDING AS A DETERMINANT OF
THE EDUCATIONAL SYSTEM'S EFFECTIVENESS
AND SOCIETAL PERFORMANCE

ABSTRACT

The article aims to analyze approaches to evaluating secondary education effectiveness
across various countries by examining the relationship between public expenditures and
students' corresponding learning outcomes, as well as broader societal efficiency indi-
cators. The research explores the correlation between general secondary education
funding and international PISA assessment results, alongside the relationship between
societal efficiency indicators — such as the Human Development Index (HDI) and GDP
at Purchasing Power Parity (PPP) — with educational expenditures and investments in
research and development (R&D).

The findings demonstrate a non-linear relationship between PISA scores in countries
that participated in the 2015, 2018, and 2022 assessments and the cumulative nine-
year education funding per 15-year-old schoolchild, expressed in USD at PPP. This re-
lationship is best approximated by an inverted parabola with a peak.

Using PISA 2022 as a case study, the educational characteristics of leading countries
(Vietnam, Singapore, Macau, Japan) and underperforming countries (Qatar, Panama,
Cyprus, the Dominican Republic, and Thailand) were analyzed. These countries' educa-
tional outcomes fall outside the standard deviation range.

Approaches to evaluating the overall efficiency of education systems were also tested,
utilizing widely recognized indicators such as the HDI, GDP per capita at PPP, and the
share of public expenditures allocated to R&D. A model was developed to analyze the
interrelation between the HDI, R&D expenditures, and per-student educational spend-
ing in connection with student performance for a group of countries with high R&D
investments.

The resulting determination coefficient is R2 = 69,7% and confirms the statistical sig-
nificance of this relationship. The model demonstrates that increased R&D spending has
a lesser impact on the HDI compared to educational expenditures on secondary educa-
tion, adjusted for PISA scores. This finding suggests that, even for developed countries,
prioritizing human capital general development through educational investment remains
more critical than allocating additional resources to the R&D sector.

Keywords: secondary education funding, cumulative educational expenditures at
purchasing power parity (PPP), PISA assessment, educational system efficiency,
research and development (R&D), Human Development Index (HDI), modelling

JEL Classification: C52, H52, 122, 125

INTRODUCTION

Education is a strategic sector of societal activity, as acquiring an education that meets
the current demands of society ensures an individual's better self-realization, higher
income, and overall societal success. A sufficient number of educated members within
society enables it to form a knowledge economy, develop new technologies, and pro-
duce goods and services with high added value, thereby ensuring the overall success of
society.

The basic level of education is general secondary education, which most societies aim
to provide to all citizens. After obtaining this education, individuals can enter the labour
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market and begin full-fledged work, or they may continue their studies in higher or vocational educational institutions.
Therefore, ensuring the quality and accessibility of education at this level is crucial for all members of society.

Adequate funding for education is considered one of the most important prerequisites for its development and ensuring
its quality. Typically, the lion's share of educational funding is spent on adequate salaries for teachers, attracting the best
representatives from the professional community. In a society that respects teachers, education becomes a prestigious
sector, and the quality of educational services improves. However, funding is not the only influencing factor. As shown by
the example of Qatar, which has a significantly higher level of funding than many other countries, such funding does not
guarantee high PISA (Programme for International Student Assessment) results [1].

Figure 1 shows the dynamics of government expenditure on education as a percentage of GDP in countries worldwide,
based on World Bank estimates. As can be seen, the situation in most countries is far from optimal: about one-third of
countries spend less than 4% of GDP and less than 15% of total government expenditure on education [36]. Moreover, in
recent years, this share has shown a downward trend: from 4.4% in 2020 to 3.7% in 2022. Within this overall figure,
there are significant differences between individual countries. For example, in the European Union in 2020, the average
expenditure on education was 4.7% of GDP, with some countries spending less than 4.0%: Ireland (3.1%), Italy (3.9%),
Romania (3.6%), and Bulgaria (3.9%). Meanwhile, countries like Estonia (6.0%), Belgium (6.2%), Denmark (6.3%), and
Sweden (6.9%) spent 6.0% or more.
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Figure 1. WB: Dynamics of government expenditure on education, total (% of GDP). (Source: compiled by the authors based on [36])

The figures mentioned alone may not provide sufficient insight into the quality of education and its impact on broader
societal success indicators, such as the level of human development, the development of the national economy, the size
of the knowledge economy sector, and so on.

The aim of the article is to examine approaches to evaluating the efficiency of secondary education across various countries
of the world to determine the relationship between public spending and corresponding learning outcomes of schoolchildren,
alongside broader societal performance indicators.

LITERATURE REVIEW

A number of researchers have studied the factors influencing learning outcomes both at the micro level (schools, courses)
and at the macro level (country, regions). Among them are, in particular, Hanushek (1986), Lockheed and Hanushek
(1994), Clements (2002), Afonso and Aubyn (2005), Aubyn, Pina, Garcia and Pais (2009), Aristovnik and Obadic (2014),
Gavurova, Kocisova, Belas, and Krajcik (2017), Flores (2017), Londar and Buchrushyn (2022, 2023).

However, there is little research to date on the relationship between students' PISA or TIMSS (Trends in International
Mathematics and Science Study) scores and economic variables, such as government spending on education, government
expenditures on teacher salaries, GDP per capita, etc.
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Over the last two decades, various scientific approaches have been developed to evaluate the societal effect of financial
resource allocation on secondary education. These approaches often rely on PISA results, primarily due to their compara-
bility across many countries worldwide. These approaches continuously evolve, and within them, new methods for analyz-
ing educational data are being developed.

A well-known approach is the use of regression models that correlate educational outcomes with factors such as the socio-
economic status (SES) of students. This is an effective approach widely used in PISA assessments. To identify the rela-
tionship, various regression models are configured between the resources spent and PISA results. Independent variables
used by the authors often include indices representing parental education, income levels, socio-economic status of the
households in which students live, and so on. In the study [11], for example, it was shown that funding is a crucial factor
influencing academic performance. However, this is insufficient to explain the differences in outcomes for specific student
groups in countries like the UK, Spain, and Chile, unless other socio-economic factors are also considered. Authors [4; 12]
also confirmed that in many countries, including Ukraine, socio-economic status (SES) is a significant factor that strongly
affects student performance. According to the authors, there is a need to strengthen targeted funding to support vulnerable
groups of students, particularly those from low socio-economic backgrounds.

The development and adaptation of the Data Envelopment Analysis (DEA) method is another approach that has gained
renewed prominence since the mid-2010s and remains effective for evaluating and comparing the efficiency of various
educational systems. In particular, this approach has been used [4; 5; 29] to assess the efficiency of the use of various
educational resources, including total education expenditure, teacher salaries, and more. To compare the efficiency of
different educational systems, the resources spent are compared with students' academic achievements, primarily the
easily comparable PISA results, as they are obtained in different countries for students of the same age using the same
benchmark. In recent years, the most intensive use of DEA has been associated with studying the efficiency of educational
resource spending in OECD countries. The DEA approach has made it possible to identify countries with highly efficient
educational systems despite relatively low educational expenditures [5], with the educational systems of New Zealand [3]
and Australia [33] being examples of such systems.

In the works [14; 15], the authors demonstrated that the adaptation and use of the DEA method allow for the quantitative
assessment of the efficiency of educational resource spending (including budgetary financing) both at the regional level
within a specific country and at the level of territorial communities within a region. This type of assessment is of significant
practical importance for the use and adjustment of educational policies based on evidence-based data.

Another approach is formed based on a series of Stochastic Frontier Analysis (SFA) methods that developed in the late
2010s. This approach involves modelling educational efficiency by considering the impact of random factors. Unlike DEA,
here random deviations are analyzed. In some cases, this allows for a more accurate assessment of the potential impact
of external factors, including socio-economic conditions, changes in educational policy, and budgetary funding. For exam-
ple, in [10], the SFA method was used to analyze the life satisfaction of adolescents in wealthy EU countries and the
factors influencing it.

The authors [29] developed a multi-criteria approach based on the ELECTRE method. The models created are suitable for
comparing education systems in countries with heterogeneous economic conditions and allow for a comprehensive analysis
of the impact of various factors. Using the results of PISA assessments of Serbian students as an example, different profiles
of secondary education were evaluated, and an analysis of various education systems was conducted, considering multiple
criteria such as the relevance of educational expenditures, quality of education, and social equity.

Figure 2 illustrates the dynamics of the number of publications with the key phrase "evaluation of the efficiency of sec-
ondary education financing." As can be seen, in the early 2010s, the average number of publications recorded annually in
the WebScience database was around 10. In contrast, in the last 4 years (2021-2024), this nhumber has increased to an
average of 35. Thus, the research interest in this topic has steadily grown.
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Figure 2. Dynamics of the publications numbers in the WebScience database during 2010-2024 by keywords "evaluation of the effec-
tiveness of secondary education funding." (Source: compiled by the authors using data from the WebScience database [34])

Figure 3 presents the countries of publications origin authors registered in the WebScience database under the keywords
"evaluation of the effectiveness of secondary education funding." The pictogram is created using the VOSviewer applica-

tion.
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Figure 3. Countries associated with the authors of publications in the WebScience database by the keywords "evaluation of the effec-
tiveness of secondary education funding." (Source: built by the authors based on data from the international scientometric database Scopus using

the VOSviewer application [30])
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It is evident that research in this area is most intensively conducted by researchers from Spain, the USA, the UK, and
Germany, while such studies are relatively scarce in post-Soviet countries.

Therefore, studies focused on identifying the relationship between the level of funding and the results of international
student assessments through standardized tests, as well as the link between these public expenditures and corresponding
indicators of overall societal success, are highly relevant.

AIMS AND OBJECTIVES

The aim of the article is to explore approaches to assessing the effectiveness of secondary education in various countries
financed by public funds, identifying the relationship between these public expenditures and the corresponding student
performance results as well as overall societal success indicators. The key objectives of the study are to assess the corre-
lation between cumulative educational expenditures on 15-year-old students and their PISA results, conduct a model
analysis of the relationship between overall societal success (indicator: Human Development Index) and the presence of
a knowledge economy segment (indicator: R&D), and the financial efficiency of secondary education (per capita expendi-
ture per student relative to academic performance).

METHODS

The study employs a comprehensive approach that includes an analysis of the scientific literature, documents from inter-
national organizations, and statistical data. The analysis of international organizations' documents was conducted to un-
derstand various approaches to regulating education funding. A comparative analysis was used to examine the best and
worst practices of countries regarding the effectiveness of educational funding, allowing the identification of successful
strategies and initiatives, as well as potential reasons for poor PISA results in some countries despite relatively good
financial support. This approach helps identify best practices that can be adapted for implementation in Ukraine.

Statistical analysis of PISA performance indicators and cumulative funding was employed to determine the countries with
the most effective education systems. This method allows for generalizing the positive features of these countries' educa-
tion systems and formulating recommendations for implementing the best approaches in Ukraine's education system.

Correlation analysis was used to determine the time lag effect of R&D funding spent by knowledge-based economies on
the Human Development Index (HDI). This method enables an evaluation of the duration of science-intensive investments
and their impact on overall societal success.

Regression modelling was used to analyze the dependence of overall societal success on the development of the knowledge
economy segment and the financial efficiency of secondary education in various countries.

The study used comparable indicators for evaluating secondary education across all countries. In many research works,
PISA assessment results are selected as such indicators. Since PISA data is obtained in different countries for students of
the same age under the same normative framework, the results of the study can be easily compared, providing a unique
opportunity for international comparative research.

RESULTS

Figures 4, 5, and 6 illustrate the relationship between the average PISA score in OECD countries and partner countries in
the subjects of mathematics, reading, and science. Additionally, the figures show the relationship between each of these
subjects and the cumulative 9-year education expenditures for 15/16-year-old students participating in the PISA assess-
ments in 2015, 2018, and 2022.

For all three data sets, efforts were made to find a common approximation curve with the best correlation indicators.
Logarithmic and polynomial dependencies were tested. Based on the testing results, the inverse quadratic dependence
showed the closest correlation, suggesting the possibility of a certain maximum. This form of the curve demonstrates that
increasing the cumulative 9-year financial expenditures on education for 15/16-year-old students in the pool of PISA-
participating countries leads to a nonlinear increase in the student's academic performance, which reaches a certain max-
imum. Further increases in financial expenditures on education lead to a decrease in students' learning outcomes.
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piled by the authors based on [22])
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Figure 7 presents a comparison of the volume of other educational expenditures with the share of educational expenditures
allocated to personnel (aggregated for 2014, 2018, and 2022) across OECD countries. As shown, there is a significant
correlation (the coefficient of determination is R2 = 0.54), indicating a regularity: in less affluent countries, where other
educational expenditures are low, almost all educational expenditures are directed towards supporting personnel. In
wealthier countries, such relative expenditures are significantly smaller.
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Figure 7. Dependence of the educational expenditures share on staff performance on the volume of other educational expenditures (on
the example of lower secondary education in OECD countries in 2014, 2018, 2022). (Source: compiled by the authors based on [18;19;20])

This dependence can partially explain the presence of an optimum in educational expenditures for ensuring PISA results
(Figures 4-6): in countries with high levels of educational funding, a significant portion of educational expenditures is
directed towards developing educational infrastructure, which does not provide an immediate return in terms of student
outcomes. In contrast, expenditures on personnel yield such returns, and the share of personnel expenditures is higher in
poorer countries.
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A

Using the results of PISA-2022, we constructed the standard deviations of educational outcomes for this dataset (Figure
8) and identified the leading and lagging countries, where the educational outcomes lie outside the standard deviation
limits (Table 1).
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Figure 8. Standard deviations of countries' learning outcomes for the PISA-2022 data set. (Source: compiled by the authors based on [24])

Table 1. Leading and lagging countries with PISA 2022 results outside the standard deviation. (Source: built by the authors based on [24])

Cumulative cost Average score in Deviation of the av-
Countries per student (USD Average score in three PISA subjects The difference Y- erage score from
per full-time equiv- | three PISA subjects according to the model the limited stand-
alent student) quadratic model ard error

Leading countries X Y Model
Viet Nam 13773.1 467.9 370.6 97.3 +47.3
Singapore 166 111.9 559.6 483.5 76.1 +26.1
Macao (China) 195 581.0 535.1 467.8 67.3 +17.3
Japan 101 399.3 532.7 475.2 57.5 +7.5
Lagging countries
Panama 62 970.9 378.8 442.6 -63.8 -13.8
Qatar 157 277.7 421.9 485.8 -63.9 -13.9
Dominican Republic 46 517.0 350.3 422.3 -72.0 -22.0
Cyprus 148 201.6 403.4 487.1 -83.6 -33.6
Thailand 116 619.5 394.0 482.4 -88.5 -38.5

Thus, based on the previous analysis, it has been identified that the educational systems of countries such as Qatar,
Panama, Cyprus, the Dominican Republic, and Thailand demonstrated poorer results, while the best-performing educa-
tional systems were found in Vietnam, Singapore, Macao (China), and Japan.

This result is supported by other studies that specifically examined the educational systems of these countries. For exam-

ple, the relatively low PISA results in Qatar are explained by researchers [1] as being, among other factors, due to the
unsuccessful educational reform "Education for the New Era" (ENE). Under this reform, all state schools in Qatar were
transformed into charter (independent) schools with broad decision-making powers regarding pedagogical, managerial,
and financial matters. However, by 2016, the management of education returned to greater centralization due to irrecon-
cilable contradictions with achieving the main goals of the reform. There was no balance found between global and national
visions of the essence of education and its role in the development of society. The process and outcomes of the reform
caused dissatisfaction among government authorities and the population. Thus, despite high levels of funding, PISA results
were relatively low.

On the other hand, the low PISA results of Panamanian students in 2022 are interpreted by researchers [2] as clear
evidence of the inefficiency of the overly centralized state education system. Such centralization in Panama hinders inno-
vations necessary to improve the quality of education, and the low success in mathematics and natural sciences indicates
insufficient attention to the development of practical and analytical skills.
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Cyprus students also demonstrated a decline in mathematics, natural sciences, and reading in PISA-2022. The Ministry of

Education [7] of Cyprus identified the key problem in the education system as its focus on knowledge dissemination rather
than developing students' skills and abilities. A humber of reform initiatives were outlined, including revising curricula,
introducing new teaching methods, modernizing educational assessment systems for students and teachers, implementing
early intervention programs, digitizing education, and integrating innovative programs with a focus on critical thinking
development.

The education system of the Dominican Republic also shows low PISA results and significant unresolved issues, including
poor teaching quality, unequal access to education, and inadequate funding. Investments in education since 2013 have

been at 4% of GDP, but structural problems remain, particularly in rural and impoverished areas. Researchers [6] attribute
the insufficient educational outcomes in PISA assessments to:

= low teaching quality (only 33% of teachers passed the professional competence test, indicating deficiencies in both
knowledge and pedagogical methods);

= resource inequality (significant differences in resources between urban and rural schools, with many schools over-
crowded and lacking basic amenities such as drinking water, electricity, and modern communication technologies);

= systemic corruption (insufficient control over the allocation and use of resources, particularly financial);

= the impact of COVID-19 (many students in remote areas lacked access to online education due to the absence of
internet and devices, exacerbating educational inequality).

Thailand consistently ranks low in education quality assessments compared to other countries, especially in mathematics
and science. According to PISA 2022 results, Thailand failed to significantly improve its position from previous years,
ranking 57th in mathematics and 53rd in science out of 78 countries.

The Thai government and educational experts acknowledge the need for reforms in the education system [32]. Recently,
the "Big Five" model has gained popularity, focusing on developing qualities in students such as resilience, growth mindset,
and self-discipline. This approach aims to address the negative trends observed in PISA assessments and reflects an
awareness of the need for comprehensive educational reforms.

In contrast to these countries, the educational systems of countries like Vietnam, Singapore, Macao (China), and Japan
are recognized for their success.

Vietnam [8;26;27] shows extraordinarily high PISA results, attributed to several reforms and factors influencing its edu-
cation system. The primary reason for its success is the significant changes made to the education system after the 1986
economic reforms, which led to the establishment of private schools, thereby expanding access to education and improving
the quality of teaching. Currently, Vietnam continues reforms aimed at addressing educational inequality between different
socio-economic groups, where students from wealthier families significantly outperform those from less privileged back-
grounds.

New teaching approaches have been introduced with an increased emphasis on practical knowledge. According to PISA
data, Vietnamese students spend more than 17 hours per week on extracurricular activities, one of the highest rates
among all participating countries. Vietnamese students demonstrate very high discipline in class. Other factors contributing
to success include: 1) a focus on core subjects, particularly mathematics, science, and reading; 2) professional develop-
ment programs for teachers and significant investments in modernizing school infrastructure and adopting new technolo-
gies; 3) a system for selecting and supporting teachers, including competitive hiring processes and continuous professional
development; and 4) fostering a culture of educational support from parents and the community, which helps cultivate
strong student discipline.

Singapore [9;25;31;35] is a global leader in education, with consistently high PISA results in reading, mathematics, and
science. In 2022, Singaporean students achieved the highest scores in all three subjects out of 81 countries, with the
highest proportion of students reaching advanced levels.

Key factors contributing to Singapore's success include significant investments in education, and a high level of teacher
support at all levels, with 86% of students reporting that teachers provide additional help during mathematics lessons.
Innovative teaching methods that offer personalized approaches for each student play a crucial role. A strong focus is
placed on developing critical thinking, mathematical and scientific reasoning, and helping students quickly adapt to changes
in the digital world.
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Key PISA success factors in Singapore are: 1) the development of innovative teaching technologies with an emphasis on
critical thinking and creativity; 2) teacher training and continuous learning systems, teacher support to ensure high quali-
fication levels, and the use of the latest teaching methods tailored to individual student needs; 3) targeted support for
students with a personalized approach to education, ensuring equal access to education for all social groups; 4) educational
reforms that focus on preparing students for future professions requiring high technical and scientific knowledge, aligned
with global labour market demands.

Singapore continues to be a model for other countries in educational reforms, and its education system remains one of
the best in the world.

The education system of Macao [16;21] is also one of the most effective in the world. According to the PISA 2022 results,
students in Macao ranked second in mathematics and third in science, demonstrating a high level of academic success.
They also ranked in the top 10 for reading, securing seventh place among the 81 participating countries. This confirms the
effectiveness of their education system across three key subjects: mathematics, reading, and science. The OECD further
notes that Macao’s education system is distinguished by its high level of inclusivity. The country was able to improve its
results even during the COVID-19 pandemic, further demonstrating the effectiveness of its educational reforms.

Overall, Macao's education system has been recognized for its ability to maintain academic success at the international
level while providing a multicultural learning environment. It ensures the inclusion and support of various social groups.

Japan [13;37] shows significant success in its education system according to PISA results. In 2022, Japanese students
ranked third in the world for reading literacy, significantly improving from 15th place in 2018. Japan also ranked second
in science and fifth in mathematics. These achievements are the result of educational reforms, particularly the introduction
of new curricula that focus on developing critical thinking and the ability to express one's thoughts. An important factor
was Japan’s ability to maintain school operations during the COVID-19 pandemic with minimal interruptions, preventing
significant disruptions in the learning process, unlike many other countries.

Japan continues to lead in mathematics and science, where it ranks among the highest in PISA assessments, alongside
other Asian countries. Success factors include a strong focus on teaching quality, maintaining educational equity, and
ensuring high levels of inclusivity and access to education for all students. According to the OECD, Japan’s education
system is considered one of the best in terms of equity in education.

To evaluate the overall effectiveness of the education system, it is crucial to understand its impact on the country’s success
in various aspects. Since general secondary education is a fundamental level of education, its impact on society can be
significant. For assessing national and societal success, commonly used indicators such as the Human Development Index
(HDI), which accounts for various aspects of citizens' well-being, GDP per capita (PPP), which reflects economic dynamics,
and the share of public expenditures on R&D (which indicates the level of development in knowledge, technology, and
science sectors) can be considered.

In this context, we tested the correlation between the average scores of the three subjects assessed by PISA and GDP per
capita (PPP) for two groups of countries: those with low R&D expenditures (up to 0.9% of GDP) and those with high R&D
expenditures (0.9-5.6% of GDP). The results are shown in Figure 9.
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Figure 9. Dependence between the average score in the three subjects assessed by PISA and GDP per capita (PPP) for two groups of
countries. Note: a) Countries with low R&D expenditures (up to 0.9% of GDP); b) Countries with high R&D expenditures (0.9-5.6% of GDP. (Source:
built by the authors based on [28])
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As seen in the figures, the Gross Domestic Product (per capita, in terms of purchasing power parity) is related to the
average score in the three subjects assessed by PISA. In countries with low R&D expenditures (up to 0.9% of GDP), an
increase of one unit in the average score translates, on average, into USD 244.7 (PPP). In contrast, in countries with
higher R&D expenditures (ranging from 0.9% to 5.6% of GDP), this value is, on average, 1.5 times higher, reaching USD
378.9 (PPP). The question of whether the "average score" or "GDP" is the causal factor requires further investigation. This
could be achieved, for example, by studying the impact of time lags on this relationship. In any case, this relationship is
significant and can be interpreted as the importance of education for a country's economic development and the creation
of a knowledge-based economy.

Figure 10 shows the change in the correlation coefficient as the lag between the data series representing R&D expenditures
and the Human Development Index (HDI) values changes for developed countries in the "maximum" range of the curve
in Figure 8 (the second group of countries with high R&D funding).
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Figure 10. Change in the correlation coefficient with varying lag between the data series representing R&D expenditure (% GDP) and
the Human Development Index (HDI) for some developed countries (USA, Germany, Belgium, South Korea). (Source: built by the authors
based on [28])

As shown in the figure, the general pattern is that the correlation coefficient has two maxima, one related to the near-
term perspective (3-6 years), and the other to the more distant perspective (10-15 years). This result can be interpreted
as indicating that investments by developed countries in the knowledge economy segment (through R&D) improve the
state of society within a few years, while also laying the foundation for further improvements in the longer term.

To assess the relative impact of the education system on the success of society, we conducted a modelling of the relation-
ship between the HDI (Y) and the possible influencing factors: R&D expenditure (% GDP) (Xz) and the relative value of
"Calculated cumulative expenditure on educational institutions per student (USD, PPP)" / Average score across the three
PISA-assessed subjects" (Xz) for the 2021-2022 data.

The values of Xz and Xz were normalized by using the formula:

X1,2 normalized = (Xi-Xmin)/(Xmax-Xmin) (1)
The modelling resulted in a linear relationship:

Yieor = 0.839+0.008X; +0.133X2 + € (2)

A description of the model statistics is presented in Table 2.
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Table 2. Statistics of the model represented by formula (2). (Source: built by the authors based on [28])

value value
1 0.133 0.008 0.839 az ar ao
2 0.019 0.021 0.009 seaz sea; seap
3 0.697 0.024 R seY
4 35.760 31 F drf
5 0.042 0.018 ssreg ssresid

Table 2 uses the following notations: ay, a;, a,— values of the constant coefficients in the linear equation; seay, sea;, sea,
— values of the standard errors for these constant coefficients; R? — the coefficient of determination; seY - the standard
error of the resulting variable; F— the Fisher statistic value; df— degrees of freedom; ssreg, ssresid— values of the sum
of squares for regression and residual sum of squares, respectively.

The coefficient of determination is R? = 69.7%, indicating a significant relationship between the Human Development
Index (HDI) - Y, R&D expenditures (% of GDP) X;, and per capita educational spending related to student success Xz in
the group of countries with high R&D expenditures.

The model was tested for significance using Fisher’s method, and the relationship is significant. No heteroscedasticity or
autocorrelation was detected.

In the group of countries with low R&D expenditures, no such relationship was observed (the coefficient of determination
was not significant).

The model's results for the group of countries with high R&D expenditures can be interpreted as follows: A one-point
increase in the normalized value of R&D expenditure leads to a 0.008% increase in the Human Development Index, while
a rise in the normalized value of average educational spending, adjusted for PISA scores, leads to a 0.133% increase in
the Human Development Index. This means that educational expenditures are currently more important than R&D ex-
penditures and may be related to the greater significance of improving overall human potential (capital), especially con-
sidering that a large part of the economy in even developed countries has yet to fully transition into a knowledge economy.

DISCUSSION

Developed countries demonstrate that more than half of their GDP is generated by human capital and the intellectual
contribution of citizens residing in these countries. General secondary education provides the longest period of formal
education and lays the foundation for basic knowledge and skills, making it a key component of human capital. This
motivates almost all countries to provide government financial support to the education sector. By allocating budget re-
sources to general secondary education, each society aims to use them effectively which involves achieving the highest
possible educational outcomes with available expenditures. However, the concept of educational system efficiency is mul-
tidimensional. By comparing allocated funds with specific educational outcomes, we assess the efficiency of a country's
educational system in the short term. It is also important to develop an approach for a comprehensive evaluation of
educational system efficiency, taking into account both the long-term period and the balance between short-term and
long-term societal impacts.

This study explored the possibilities of evaluating the efficiency of government spending on secondary education in differ-
ent countries in the short term by identifying the relationship between such societal expenditures and the corresponding
educational outcomes of students, as assessed in the international PISA evaluation. Additionally, the study examined
various aspects of the long-term impact of financing general secondary education, specifically exploring the relationships
between such funding and a range of societal success indicators, such as the Human Development Index (HDI), GDP at
PPP, R&D expenditure, and others.

The obtained results revealed the nonlinear nature of the increase in PISA scores: as per capita educational funding
increases, educational outcomes first reach a maximum and then decrease (Figures 4, 5, 6). Nonlinear results for PISA
2015 concerning educational funding and GDP were also observed by other authors [17]. They noted that up to a certain
threshold, increasing the flow of money into education leads to improved educational outcomes. Beyond this point, this
effect disappears. One explanation relates to the fact that in countries with the highest levels of educational funding, a
larger portion of the educational expenditure is directed toward the development of educational infrastructure, equipment,
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etc. This does not have an immediate impact on student outcomes (Figure 7). In poorer countries, nearly all spending is
directed toward personnel, resulting in quicker returns. However, other influencing factors likely exist and should be ex-
plored in future research.

The article also proposes a method for identifying the most and least efficient educational systems in the short term by
analyzing the standard deviations of PISA scores from the approximating curve. By analyzing PISA 2022 data, leading
countries (Vietnam, Singapore, Macao, Japan) and lagging countries (Qatar, Panama, Cyprus, Dominican Republic, Thai-
land) were identified, where educational outcomes lie beyond the standard deviation range. This result is confirmed by
several other studies that specifically examined the characteristics of the educational systems in the mentioned countries.

To identify long-term effects, we examined the relationships between secondary education funding and societal success
indicators, such as the Human Development Index (HDI), GDP at PPP, R&D expenditure, and others.

All countries that participated in the PISA evaluations were divided into two groups: one with low (up to 0.9% of GDP)
and one with high (0.9% - 5.6% of GDP) levels of R&D expenditure. The second group includes high-tech countries that
require well-educated personnel for this.

To assess the contribution of new technologies to the successful functioning of society, we analyzed the change in the
correlation coefficient between R&D expenditure and the Human Development Index. For the first group of countries, the
correlation is almost absent. For the second group, this correlation exists in most countries. The general pattern is that for
countries with high correlation, the coefficient of correlation with a time shift shows two maxima, one related to the near
term (3-6 years) and the other to the more distant future (10-15 years). This may indicate that investments made by
developed countries in the knowledge economy segment improve society’s well-being within a few years and lay the
foundation for further improvement in the longer term.

To compare the impact of secondary education funding and R&D funding on societal success, we performed regression
modelling using data from the group of countries with high R&D expenditure. The obtained coefficient of determination
R2 = 69.7% confirms the significance of this relationship. The model shows that an increase in R&D expenditure has a
smaller impact on the Human Development Index than educational spending on secondary education, adjusted for PISA
scores. This means that, for these countries, educational spending is currently more important than R&D spending. This
may be related to the fact that, even for developed countries, ensuring a sufficient labour force for the economy remains
more important, given that much of the economy has yet to transition into a high-tech knowledge economy. Authors [17],
who used the National Democracy Index, noted that such countries typically exhibit high PISA results, a high democracy
index, and high GDP per capita.

Overall, this research should be continued, particularly by conducting a comprehensive study of educational efficiency with
multiple inputs/outputs using the adapted DEA method [14; 15]. Another avenue for future research could be developing
an approach to evaluate the efficiency of educational funding in countries experiencing extraordinary circumstances.

CONCLUSIONS

The issue of evaluating the effectiveness of budgetary support for general secondary education is of global relevance, as
general secondary education is a key element in the educational trajectories of citizens in all countries and plays a funda-
mental role in the development of human capital.

The study formulates a framework for assessing the effectiveness of general secondary education that is funded from the
state budget. A comprehensive assessment should take into account both the short-term and long-term impacts of such
financing. In the short term, the effect can be evaluated based on comparable student achievements, such as PISA results,
while in the long term, general indicators of societal success should be used. However, since these general indicators are
influenced by many factors, further research is needed to identify the specific impact of the educational component.
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®IHAHCOBO-KPEAUTHA AIAMbHICTb: MPOBSIEMW TEOPIT TA MPAKTUKM
Tom 2 (61), 2025

JloHaap C., bocerko O., Jlorgap /1., ity M.

®IHAHCYBAHHA OCBITU 9K YUHHUK ®OPMYBAHHA E®EKTUBHOCTI OCBITHIX CUCTEM I
NMOKA3HUKIB YCMNILWWHOCTI CYCMNIJIbCTBA

MeTolo AocnigkeHHs1 € aHani3 NiAXoAiB A0 OUiHIOBaHHS eeKTUBHOCTI cepeAHbOi OCBiTU B Pi3HMX KpaiHax CBiTy yepes
BM3HAYEHHS! B3aEMO3B'A3KY MiX Aep)KaBHWUMM BUTPaTaMu i BiANOBIAHUMM pe3y/ibTaTaMu HaBYaHHS LKOAAPIB i LWMPLWMMK
CyCniNbHUMK MOKa3HMKaMK epeKTUBHOCTI. [locnimpkeHo 3B'A30k 06cary diHaHCyBaHHS 3arafibHOi cepefiHboi OCBITH 3 pe-
3ynbTaTaMy Mi>KHapPOAHMX OLiHIOBaHb PISA, a TakoxX 3B'A30K MidX MOKa3HWKaMM CycnifibHOi eheKTUBHOCTI, 30KpeMa iHAEeK-
coM ntoacbkoro po3suTtky (IJ1P), BBl 3a naputeToM KyniBenbHoi cnpoMoxxHocTi (MKC) i3 0cBiTHIM iHaHCYBaHHSM, BUTpa-
TaMW Ha HayKOBi AOCHIAXKEHHS 1 PO3POBKM.

Moka3aHo, Wo pe3ynbTat PISA kpaiH, siki 6panu yyacTb y MixHapoaHuX gocnigkeHHsx PISA 2015, 2018 Tta 2022 pokis,
MaloTb HENiHINHY 3aneXHICTb Big 06cary KyMynsTUBHOMO AeB'ATUPIYHOIO diHaHCyBaHHS, BUpaxeHoro B aonapax CLUA 3a
NMapuTETOM KyMiBEMbHOI CNPOMOXHOCTI, BUTPAYeHOro Ha OCBITy oAHOro 15-piuHoro wkonsipa. Lis 3anexHicTb Halkpalue
anpoKCUMYETLCSA NepeBepHYTO0 Napabosion 3 MakCcMMyMoM.

Ha npuknagi PISA-2022 6yno npoaHanizoBaHO OCBITHI xapakTepucTnku kpaiH-nigepis (B'eTHam, CiHranyp, Makao, SInoHis)
Ta KpaiH-ayTcangepiB (Katap, MaHama, Kinp, JoMiHikaHcbka Pecny6nika, TainaHa), OCBiTHI pe3y/bTaTu SIKUX BUXOASTb 3a
MeXi Aiana3oHy CTaHAAPTHOrO BiAXWNEHHS.

Anpo60BaHO TaKOX MNiAXOAN A0 OUiHKM 3aranbHOi ePeKTUBHOCTI OCBITHBOI CUCTEMU 3 BUKOPUCTAHHAM TaKuX 3arasibHOBUW-
3HaHMX MOKA3HWKIB, AK iHAEKC Noacbkoro po3suTKy (IJ1P), BBI Ha Aywy HaceneHHs 3a napuTeToM KyniBesbHOI CIpPOMO-
XKHOCTI, YacTka Aep)XaBHWUX BMAATKIB, SIKy CMPSIMOBYIOTb Ha PO3BMTOK CEKTOpa AOC/imKeHb i po3pobok. Po3pobneHo Mo-
JAenb AN aHanisy B3aEMO3B'A3KY MiX iHAEKCOM ntoacbkoro po3suTky (IJ1P), Butpatamm Ha HAAKP i BuTpaTtamu Ha OCBiTY
B pO3paxyHKYy Ha OAHOro CTyZEHTa Yy 3B'A3KY 3 YCMILUHICTIO CTYAEHTIB ANs rpynu KpaiH i3 BUCokMMK BuTpaTammn Ha HOOKP.
OTpuMaHuit KoedilieHT aeTepMiHaLii R2 = 69,7% niaTBEPAXYE 3HAYYLLICTb LbOro 3B'A3Ky. Moaesb Nokasye, Wwo 36inb-
LUEHHS BUAATKIB Ha AOCRiAXEHHS 1 po3pobkn (R&D) MeHLIe BNIMBAE Ha iHAEKC NOACLKOr0 PO3BUTKY MOPIBHSIHO 3 OCBIT-
HIMWM BUAATKaMM Ha CEPEAHI0 OCBITY, CKOpUroBaHMMK Ha 6anum PISA. Lle Moxe CBiguMTH, WO HaBiTb AN PO3BUHEHMX KpaiH
(iHaHCyBaHHS 3arasibHOrO PO3BUTKY IIOACLKOMO Kanitany 3anmwaerbest 6inbll NPIOpUTETHWUM, NOPIBHSAHO 3 PiHAHCYBaHHSM
CEeKTOopa AOCNIAKEHb | po3poboK.

KnrouoBi cnoBa: diHaHCyBaHHSI cepefiHboi OCBITU, CYKYMNHi BUTPATN Ha OCBITYy 3a MApUTETOM KyMiBEbHOI CMPOMOXHOCTI
(NKC), ouiHka PISA, etheKTMBHICTb OCBITHLOI cucTeMn, AocnimkeHHs Ta po3pobku (R&D), iHAEKC NOACBKOrO pO3BUTKY

(11P), mogentoBaHHs
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