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Abstract

This thesis examines the influence of government funding on secondary school
performance in 65 countries and regions using a fixed-effects approach in the
regression models. The three school-level datasets each correspond to one of
the dependent variables: mathematics, science and reading. The school-level
datasets each include all the relevant variables, meaning the respective de-
pendent variable and explanatory variables. This analysis is based on PISA
data that is collected every three years, covering the period from 2006 to 2018.
The results revealed a diminishing effect between the percentage of government
funding and mathematics, science and reading test scores. The relationship is
also statistically significant between the percentage of government funding and
the dependent variables. The study also addresses the limited generalisability
of this thesis by carefully interpreting the results. Lastly, this thesis prompts
researchers to investigate the effects of mixed (private and public) funding of

schools on secondary school performance.
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Keywords secondary school performance, educational de-
terminants, regression analysis, school resources,
government funding
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Abstrakt

Tato prace zkouma vliv vladniho financovani na vysledky strednich skol v 65
zemich a regionech s vyuzitim pristupu fixnich efekti v regresnich modelech.
T¥i soubory dat na trovni Skol odpovidaji vzdy jedné ze zavislych promén-
nych: matematice, prirodnim védam a c¢teni. Kazdy z datovych souborii na
urovni skoly zahrnuje vSechny relevantni proménné, tedy prislusnou zavislou
proménnou a vysvetlujici proménné. Tato analyza vychazi z ddaju PISA,
které se sbiraji kazdé tii roky a pokryvaji obdobi od roku 2006 do roku 2018.
Vysledky odhalily klesajici vliv mezi procentem financovani ze strany statu a
vysledky testti v matematice, prirodnich védach a c¢teni. Vztah je rovnéz stati-

sticky vyznamny mezi procentem vladniho financovani a zavislymi promén-
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nymi. Studie se rovnéz zabyva omezenou zobecnitelnosti této prace, a to

prostfednictvim peclivé interpretace vysledkii. Zavérem tato prace podnécuje

vyzkumniky ke zkouméani vlivu smiSeného (soukromého a verejného) financov-

ani skol na vysledky stfednich skol.
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Chapter 1
Introduction

Researchers such as Kapur (2018) and Voyer & Voyer (2014) have been explor-
ing the determinants of education. This debate has been ongoing for decades.
This thesis aims to analyse the effect of government funding on secondary
school performance based on the Program for International Student Assess-
ment (PISA) test scores in mathematics, science and reading. Based on the
author’s knowledge, this study is unique in that it explores government fund-
ing as the variable of interest in international panel data over a period of time,
which has not been explored with PISA data before. This may also be be-
cause many studies exploring PISA data analyse a specific country or region,
as demonstrated by Giambona & Porcu (2018) and Esen & Adigiizel (2023).

The literature on this topic provides mixed answers to the impact of gov-
ernment funding on secondary school performance as stated by Martin (2020).
Given the mixed findings in the literature, this study presents the following hy-
pothesis: An increase in government spending will result in an increase in PISA
test scores. The hypothesis is supported by the papers by Lubienski & Lubi-
enski (2013), Mackenzie (2006), and Sisungo et al. (2014). The papers support
the notion that government funding positively impacts secondary school per-

formance, and these findings will be explored further in the literature review.

The variety of educational systems makes it hard to establish one universal
approach to improving or evaluating secondary school performance. Datasets
such as TIMSS (Trends In International Mathematics and Science Study) and
PISA (Program for International Assessment) created new opportunities for
researchers to understand the various educational determinants that influence

secondary school performance across the globe. These sources of data prompted
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waves of research on secondary school performance (Sjoberg & Jenkins (2022)).
While parents and schools could claim that government funding helps improve
secondary school performance to receive more funding for more educational
resources, others could claim that the funding is ineffective and should be
directed towards entirely different areas. It is to be noted that in this study, the
following words will be used interchangeably: test scores, school performance

and secondary school performance.

Our three datasets each comprise approximately 50,000 observations of sec-
ondary schools for each of the dependent variables - mathematics, science, and
reading. We use PISA test scores that were conducted by the Organization
for Economic Co-operation Development (OECD) as our source of data. In
addition to including other school characteristics and student characteristics,
the government funding variable is included in the PISA data over the period
of 2006 to 2018 as an independent variable. The analysis was carried out using

the fixed effects regression models.

The study revealed a statistically significant relationship between govern-
ment funding and test scores in mathematics, science, and reading. The anal-
ysis also revealed a diminishing and non-linear effect of government funding on
the mathematics, science and reading scores. Specifically, as the percentage of
government funding increases, the student’s secondary school performance in
these subjects is positively impacted up to a certain point. However, the effect
diminishes as the percentage of government funding grows, suggesting that
while initial increases in funding have a substantial positive impact on test
scores, the benefits of additional percentages of government funding become

less pronounced beyond a certain point.

The thesis uses the following structure: Chapter 2 provides the literature
review, which examines the related research. Chapter 3 presents the PISA
data used in our models and provides details on the PISA data and variables
included. Chapter 4 delves into the methodology, outlining the analytical ap-
proach and the methods employed. Chapter 5 shows and discusses the results
of the regression models. Chapter 6 contains the conclusion, which summarises

the key findings of the study and acknowledges its limitations.



Chapter 2
Literature Review

This chapter seeks to examine the existing findings on the influence of gov-
ernment funding on secondary school performance in 65 countries and regions.
Additionally, this chapter comprehensively reviews existing research and crit-
ically analyses these studies. This chapter will explore the potential policy
implications of the current findings and suggest how the findings of this study
can be used to influence these policies. It is worth noting that previous research
in this area has employed various terms, such as educational achievement and
academic performance. The terms are used interchangeably in the field; how-
ever, to ensure consistency and clarity in this study, the term secondary school

performance will be used throughout.

2.1 Effects of Private and Public Schooling on

Secondary School Performance

According to Gross (2017), ever since the 1870s, the question of whether to
attend a private or public school has been under debate in America. With pa-
pers such as Bedi & Garg (2000) arguing that there are an increasing number
of papers claiming that government-provided education is inefficient, govern-
ments can look towards private education instead. A study by Suna et al.
(2020) illustrated how students attending private schools that were socioeco-
nomically stronger scored higher in tests that assessed language, mathematics,
and science. The study also acknowledged that when controlling for socioeco-
nomic background, the mean scores of private school students fell dramatically,

illustrating the importance of socioeconomic factors when it comes to school
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performance. Another study by Andrabi et al. (2010) corroborates the evi-
dence by showing that students attending the private high school in question
obtained significantly higher scores on tests compared to students attending

the public high school in Pakistan.

Yet, the assumption that private school students will invariably outperform
their public school counterparts is overly simplistic. A paper written by Cole-
man et al. (1982) claimed that regarding secondary schools, private schools
outshine public schools specifically in terms of cognitive outcomes. Shortly
thereafter, a study by Alexander & Pallas (1983) went on to critique the paper
by Coleman et al. (1982), claiming that the selection bias was not dealt with
properly and the paper should not be used for private school policies. This
illustrates how policymakers should be careful when making evidence-based
policies. Considering that the government mainly funds education in the ma-
jority of developing countries (Bedi & Garg (2000)), it can put pressure on
governments to help improve the school performance of students in the best

way possible and might disapprove of studies such as Coleman et al. (1982).

On the other hand, papers by Lubienski & Lubienski (2013) and Gold-
haber (1996) showed that private high schools do not outperform public high
schools and the papers strongly advocated for public schools. Another study by
Grimes (1994) stated that according to its results, public schools have better
teaching of the subject of economics than private schools do. The paper sug-
gests that public schools can provide quality teaching and justifies the ongoing

state funding of schools.

2.2 Effects of School Resources on Secondary School

Performance

For a long time, researchers, namely Morgan & Sirageldin (1968), have been
attempting to investigate whether investing in school resources increases the re-
turn on investment or whether the resources are inefficiently allocated, meaning
that money is unnecessarily spent. The study by Morgan & Sirageldin (1968)
was conducted already in 1968 and examined the positive association between

state spending and people’s later earnings.

Naturally, when large budgets of money are being used towards public

schools, for example, in America, the public becomes concerned about whether
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it’s a valuable investment (Couch et al. (1993)). A study by Coleman (1968)
from 1966 was amongst the first to research the relationship between govern-
ment funding and school performance and claimed that it was not a significant
relationship. The paper was a groundbreaking study that was funded by the
US Congress, and it proves how governments are very eager to see how their
funding affects the performance of students. Hanushek (1997) states that the
relationship is complex and that it is unrealistic to expect school performance

to improve by only redistributing or increasing funding.

A consensus on the relationship between the funding of schools and stu-
dents’ school performance is lacking (Kushebayev & Nygymetov (2022); Martin
(2020)). Kushebayev & Nygymetov (2022) also acknowledges that it could not
be the government funding that is the issue but rather the ineffective use of

the government funding.

On the one hand, studies, namely Mackenzie (2006) and Sisungo et al.
(2014), reveal a significant positive relationship between the percentage of gov-
ernment funding and secondary school performance. Sisungo et al. (2014) also
claimed that students in schools in Kenya with 30 per cent of government fund-
ing and below performed terribly. However, it should be noted that schools in
Kenya are not adequately funded. The paper illustrated that a key level of
government funding is needed for students to perform well in secondary school.
On the other hand, Garen & Bray (1990) found merely a minor association
between government funding and test scores. An example of another study
is Kushebayev & Nygymetov (2022), which concludes that a strong statistical
link was lacking between secondary school performance and state (government)

funding.

Shero & Hart (2022) outlines how new research has moved towards more
direct quasi-experimental research, leading to more concise results of a posi-
tive relationship between funding and secondary school performance. Cross-
sectional studies and correlation analysis are easier to carry out than quantile
analysis. The quantile model does not inherently control for individual-specific
effects as the fixed effects model. It is to be noted that the quantile regression
approach is similar to the fixed effects approach, however they serve different
purposes. Quantile regression estimates the conditional quantiles of the depen-
dent variable, whereas the fixed model controls for unobserved heterogeneity in
panel data. The fixed effects model is also more sensitive to outliers. Bedi &

Garg (2000) asserts that empirical evidence validates test scores as a short-term
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indicator of educational efficacy.

However, researchers could be looking in the wrong direction. Jimenez &
Cox (1989) question the extent to which student characteristics impact school
performance over than the school characteristics. This will be further elabo-

rated on in the following section.

2.2.1 Other Factors Influencing Secondary School Perfor-

mance

Researchers are still discussing the determinants and factors influencing sec-
ondary school performance. These papers have been examining educational
determinants already from primary school (Li & Qiu (2018)) up to univer-
sity level (Azhar et al. (2014)). When investigating the influence of school
funding on secondary school performance, researchers must include additional
explanatory variables as well as variables of interest. This increases the model’s
explanatory power. As the model in this study contains explanatory variables,
this subsection will explore frequently employed explanatory variables in edu-

cation research.

Many studies aim to analyse a large range of relevant variables within their
datasets, including the study by Kapur (2018). The study by Kapur (2018)
discusses the significance of factors such as learning materials and teachers
on secondary school performance in India. The author emphasises the impor-
tance of teachers and shows how secondary school performance is dependent on
the teacher-to-student relationship. Furthermore, Idris et al. (2020) supports
the notion that parental education improves secondary school performance.
Moreover, a study by Ibrahim et al. (2017) demonstrated that parental encour-
agement and school environment significantly positively affected the secondary

school performance of senior secondary girls.

Gender (student characteristic) is a commonly used explanatory variable.
In the context of secondary school performance, there is a consensus that fe-
males have an advantage in terms of school marks, as shown in the following
study. The study by Voyer & Voyer (2014) presented a meta-analysis, which
highlighted that female students received higher secondary school performance
scores. A recent study by Bentley & Sieben (2022) concluded that in Australia,
females have been outperforming males in English and Mathematics. Cornell

et al. (2016) used the variables, disciplinary structure and student support, to
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analyse their impact on secondary school performance. Esen & Adigtizel (2023)
used the variable ESCS to investigate the relationship between ESCS and sec-
ondary school performance in Turkey using 2018 PISA data. Additionally, the
study found that the variable of interest was able to explain greater variance

in secondary school performance, specifically for the private schools school.

Giambona & Porcu (2018) claims that research illustrates a positive effect
of school size on primary schools but finds the evidence for secondary schools to
be inconclusive. Additionally, the study by Giambona & Porcu (2018) found an
inverse U-shaped relationship existed between school size and secondary school
performance in Italy in 2012 using PISA data. The paper illustrated that sec-
ondary school performance improves as school size increases up to a certain
threshold. A recent study by Opatrny et al. (2023) carried out a meta-analysis
on another school-related characteristic: class size. The study concluded that
the effect of class size on secondary school performance is zero. Lastly, peer ef-

fects appear to have a strong non-linear effect on secondary school performance
(Ding & Lehrer (2007); Burke & Sass (2013)).

2.3 Methodology Utilised In Relevant Studies

Given the panel structure of our data, a fixed effects model is appropriate
(Wooldridge (2010)). A study by Hanushek et al. (2013) employed the fixed-
effects approach to school autonomy and its effect on secondary school perfor-
mance. Hanushek et al. (2013) found that the effect of autonomy is positive on
secondary school performance in developed and high-achieving countries and
vice versa. Another example can be the study written by Teltemann & Schunck
(2016), which examined the impact of school segregation on secondary school

performance through three waves of PISA country-level data.

2.4 Effects of PISA research

As stated by Schleicher (2017), the role of education is becoming more and more
crucial for success in the world economy. Naturally, as noted by Wibowo &
Rukayah (2020), countries strive to provide high-quality education already from
primary school and onwards. Therefore, many studies have taken the initiative

to investigate education based on PISA and TIMSS data, as mentioned in
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Sjeberg & Jenkins (2022). PISA began its research in 2000 and continues to
this day to facilitate educational improvement. Schleicher (2017) sheds light on
the important impact that PISA data brings with OECD’s valuable initiative
to conduct international assessments and the suggestions it poses to improve
educational outcomes. It allows policymakers to develop effective strategies
by enabling them to look inward at their own school systems. However, it is
worth noting that there is a risk in policymakers using PISA data selectively to
appear well in the spotlight of the public debate. Additionally, there is a risk

of PISA data fostering competition rather than cooperation between countries.

Williams (2021) addresses the issue with the majority of the research on
funding in education. The research considers only individual schools, regions or
countries and, therefore, does not take international data into account, which
limits generalisability. This perspective aligns with the prevailing trend in
PISA-based research, where the focus is on educational determinants within
specific regions and individual assessment years. For example, a study by Haw
et al. (2021) outlines the positive effect of supportive teaching on reading scores
recorded in the Phillipness in 2018. According to the author’s understanding,
valuable research has explored determinants of secondary school performance
using PISA data in various contexts; however, a gap persists in our understand-
ing of the influence of school type and public (government) or private funding

on secondary school performance on a global scale over a longer period of time.

2.5 Hypothesis

The introduction and literature review sections have explored the necessary

studies and literature, and thus, the hypothesis could be formed.

Hypothesis: An increase in government spending will lead to an increase
in PISA test scores

This hypothesis was supported by papers such as Mackenzie (2006), which
outline how government funding has a significant impact on secondary school
performance. The research aims to contribute to the field by trying to establish
a more definitive understanding of how government funding affects secondary

school performance.



Chapter 3

Data

3.1 Data

In this chapter, the data set is presented, along with its characteristics. Cross-
sectional school-level data was formed from the following source: the Program
for International Student Assessment (PISA), which the OECD is responsible
for. The three school-level data sets contain 53534, 53534 and 56924 observa-
tions of secondary schools for the 5 years (2006, 2009, 2012, 2015 and 2018) from
79 countries and regions for mathematics, science and reading, respectively. It
is a diverse spectrum of international data that broadens the applicability and

generality of the findings.

The datasets were extracted using an R package. The student dataset was
merged with the school dataset based on their common column (School ID) to
create a combined dataset. Student data was reported by each student with
their school ID and unique ID, whilst the school data included school-specific
information (school size, school funding, student-teacher ratio...). Next, the
data was aggregated at the school level to create the school-level panel datasets.
First, the dependent variables will be introduced, followed by the independent
variables. The variables are arranged according to their data type and will be

accompanied by their descriptive statistics.

3.2 PISA

According to the PISA Technical Report 2018 (OECD (2018)), PISA collects

data and performs standardised assessments every three years (except for 2022,
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when it implemented an assessment four years later), which is why there is no
possibility of comparing results across all years. PISA tests are standardised
assessments carried out in every included country and region to examine the
reading, mathematics and science literacy in 15-year-old pupils to improve edu-
cational outcomes and help transform education. Every chosen year, one of the
three literacies is picked to be studied in detail, compared with the other two
assessments being studied in less detail as other focus areas. Reading literacy
was studied in detail in 2000, followed by mathematics in 2003, and science at

the end of the cycle in 2006. This cycle continues to repeat.

As stated in Hanushek et al. (2013), the PISA sample is stratified in two
stages; schools are first randomly picked from each country and region, fol-
lowed by students being randomly chosen within each school. Furthermore,
the standardised tests are performed using paper and pencils. With similar
test environments and data collection methods, the international data is com-
parable between countries and regions. All variables were measured according
to the same scale and indexed in a consistent format across all countries and
regions. Student weights were applied to each variable to ensure the whole pop-
ulation was captured. Despite the aggregation of the data reducing variation,

it was necessary to be able to compare changes in the variables over time.

3.3 Dependent Variables

As mentioned previously, the subject of mathematics, science or reading was
tested in detail during specific years according to the cycle; however, data
was collected in all three areas on the general level. This is also the reason
why the general mathematics, science and reading scores were selected to be
the dependent variables to compare the variables over time. The dependent
variables each represent a result from PISA tests and thus are numeric variables.
The range of the variable is between 0 and 1000. For the purpose of this study,
all three areas will be examined to allow for in-depth and focused research,
as the three areas are main subjects in many countries as well as regions and
are compulsory for all PISA test-taking students. According to Giambona
& Porcu (2018), the test results are an appropriate quantitative measure of
evaluating secondary school performance. In this study, it is worth noting that
each student writes the standardised assessments for all three subjects. The

descriptive statistics of the variables are displayed in Table 3.1 below. The
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word location is used to represent the country or region in the table. The three
countries or regions with the highest scores are also displayed in Table 3.1 for
each subject. As can be seen in Table 3.1 below, Singapore, Hong Kong, and
Finland are the top three countries or regions in all three subjects. In the
context of an international dataset, it can be useful to highlight the leading

countries and regions.

Table 3.1: Summary Statistics For The Dependent Variables

Subject Location Min 1st Qu. Median Mean 3rd Qu. Max
Math All Countries 98.23  405.7 467.6 463.3 518.0 812.5
Hong Kong 345.6  507.4 558.7 553.5 602.5 690.5
Finland 314.2  507.5 528.4 528.1 551.8 715.8
Singapore 379.7  517.2 547.1 555.7 584.5 722.5
Science  All Countries 20.18  415.5 467.2 470.6 525.2 787.6
Hong Kong 322.4  501.6 545.3 540.6 585.3 661.8
Finland 311.2  525.3 546.9 545.1 570.1 745.6
Singapore 349.7 4978 531.8 538.4 568.3 725.3
Reading All Countries 0.122  405.1 466.3 460.0 516.9 737.5
Hong Kong 397.1 4925 539.6 534.9 579.7 662.0
Finland 2719 5114 532.0 530.7 554.8 715.2
Singapore 337.7  483.4 514.2 523.6 553.6 700.2

Note: The table presents data for all 65 countries and the top three performers in the
datasets. The number of observations was 53532, 53532 and 56924 for the math, science
and reading variables, respectively. Summary statistics were calculated using R.

3.4 Independent Variables

3.4.1 Student Characteristics

As previously mentioned, PISA collects data on each pupil. Due to the nature
of the variables, they were placed into two categories: continuous and dummy
variables. The descriptions for each variable are derived from the OECD PISA
Technical Report 2022 and the OECD PISA DATA Explorer. The purpose of
including the student characteristics was to investigate if and how the variables

have an impact on secondary school performance.

Continuous variables
One student characteristic is the ESCS, an index of economic, social, and

cultural status. It is worth noting that it is an index, and therefore, positive
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values demonstrate an above-average status and negative values demonstrate
a below-average status. The index consists of categories such as home pos-
sessions, the number of books at home and food insecurity. The variable was
supported by a study by Esen & Adigiizel (2023), which argued for the crit-
ical impact of ESCS on the secondary school performance of students. It is
expected that the three test scores will be higher with a higher ESCS score.
This relevant variable was selected to examine whether a student’s background
would influence the dependent variable. Tables 3.3, 3.4 and 3.5 describe the

summary statistics of the regression variable for each dependent variable.

Dummy variables

The following variables further describe students in detail, which is vital in
determining secondary school performance from the perspective of a student’s
background. After careful consideration, the Male variable, which represents
the proportion of males in a school, was selected. As previously mentioned
in Chapter 2, there has been a consensus amongst researchers that females
perform better in academics than males. The research suggests that the male
variable should influence the dependent variables negatively. Descriptive results
are stated in Tables 3.3, 3.4, and 3.5.

The variables Computer and Internet represented the proportion of students
that had access to a computer (laptop, desktop, or tablet) or internet (Wi-fi and
not including smartphones) that the student could use for school work. The
variables, Computer and Internet, were selected based on a study by Grace-
Martin & Gay (2001), which researched the relationship between browsing
activity and a student’s final grade. It is expected that with access to the
internet and a computer, a student will have more access to better educational

resources and be able to perform better in secondary school.

Studies have illustrated that a student’s secondary school performance is
closely associated with the academics of their parents, as illustrated by Idris
et al. (2020). The study displayed how a better educational status of the
parents had an important and positive relationship with their children’s sec-
ondary school performance. A similar outcome is expected in this study. The
Mother’s education and Father’s education variables are indexes that represent
the mother’s and father’s level of education (MISCED and FISCED). ISCED
stands for the International Standard Classification of Education and is imple-

mented to compare various educational systems.
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The mother and father education variables were converted to factors rang-
ing from 1 to 4 as the responses ranged from "less than ISCED1", "ISCED 1",
"ISCED 2", "ISCED 3A", and "ISCED 3B, C". As can be seen below, "[SCED
3A" and "ISCED 3B, C" both represent a high school education and were con-

verted to a four. The levels of education are described in Table 3.2 in detail

below. The dataset did not contain information on parental education be-

yond the high school level, which limits the ability to explore such variations in

parental education. The data only reflects only their highest attainment within

the secondary education and below categories.

ISCED Level

Education Level

Less than ISCED 1

Less than primary education (pre-primary or no formal
education)

ISCED 1 Primary education (ages 6 to 11)
ISCED 2 Lower secondary education (middle school or junior high
school, ages 12 to 15)

ISCED 3A Upper secondary education with access to higher edu-
cation (high school, ages 15 to 18m preparation for uni-
versity)

ISCED 3B, C Upper secondary education with access to higher edu-

cation (ages 15 to 18, preparing for vocational training
or workforce)

Table 3.2: ISCED Levels and Corresponding Education Levels

Table 3.3: Continuous and Dummy Student Characteristics: Descrip-
tive Statistics for Mathematics

Variable Min  1st Qu. Median Mean 3rd Qu. Max
ESCS -4.8514  -0.8226 -0.2323 -0.3399 0.2528  2.3800
Male 0.0000  0.4050  0.4988 0.5062  0.5968  1.0000
Computer 0.0000  0.7200  0.9216 0.8037  1.0000  1.0000
Internet 0.0000 0.7028 0.9422 0.7968  1.0000  1.0000
Mother Educ  1.000 2.675 2971 2.901 3.163  4.000
Father Educ  1.000 2.667 2.981 2.919 3.201 4.000

Note: 53532 is the number of observations, and R was employed for calculating summary

statistics

3.4.2 School Characteristics

The school characteristics picked were all continuous and numerical.
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Table 3.4: Continuous and Dummy Student Characteristics: Descrip-
tive Statistics for Science

Variable Min 1st Qu. Median Mean 3rd Qu. Max
ESCS -4.8514  -0.7362  -0.1847 -0.2909  0.2773  2.3800
Male 0.0000  0.4045 0.5000 0.5079 0.6000  1.0000
Computer 0.0000  0.7600 0.9323 0.8206 1.0000  1.0000
Internet 0.0000  0.7500 0.9513 0.8126 1.0000  1.0000

Mother Educ  1.000 2.675 2971 2.901 3.163 4.000
Father Educ 1.000 2.667 2.981 2.919 3.201 4.000

Note: The number of observations is 53532, and the descriptive statistics were computed
using R.

Table 3.5: Continuous and Dummy Student Characteristics: Descrip-
tive Statistics for Reading

Variable Min  1st Qu. Median Mean 3rd Qu. Max

ESCS -4.8514 -0.8175 -0.2286 -0.3400 0.2521  2.3800
Male 0.0000  0.4047  0.4990 0.5069  0.5985 1.0000
Computer 0.0000 0.7204 0.9235 0.8039  1.0000  1.0000
Internet 0.0000 0.7011 0.9428 0.7960  1.0000  1.0000

Mother Educ  1.000 2.642 2.960 2.882 3.152 4.000
Father Educ 1.000 2.636 2.963 2.902 3.190 4.000

Note: The number of observations is 56924, and the summary statistics were generated
through R analysis

Continuous Variables

Four variables make up all of the total funding for a school year and, thus,
add up to 100 per cent. The four variables are government funding, student
funding, philanthropy funding and other funding. Government funding is the
main variable of interest, as this study aims to investigate the importance and
influence of government funding on secondary school performance. The govern-
ment funding depicts the percentage of funding coming from the government

(including departments, local, regional, state and national).

According to the PISA OECD Data Explorer, student funding represents
the funding coming from student fees or school charges paid by the parents.
The PISA OECD Data Explorer defines philanthropy funding as the percent-
age of funding coming from benefactors, donations, bequests, sponsorships, and
parent fundraising. As the philanthropy and student funding variables could
be put in the same category, the variables were added together to create a

private funding variable. The other funding variable did not specify the exact
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sources of funding and, therefore, would produce ambiguous results. Through
comprehensive research, there are conflicting studies. Many studies, such as
Mackenzie (2006), state that government funding helps secondary school per-
formance. Others, such as Garen & Bray (1990), reveal a minor impact of gov-
ernment funding on the secondary school performance of students and suggest
that government funding should not be increased over private funding. Hence,

the direction of government funding could be favourable or unfavourable.

According to OECD (2018), the student-teacher ratio (stratio) variable de-
picts the number of enrolled male and female students divided by the total
number of full-time and part-time teachers. The impact of a teacher has been
seen as invaluable in papers. For example, the variable Stratio in a paper
written by Giambona & Porcu (2018) highlighted the positive relationship be-
tween stratio and secondary school performance. It is expected that a bigger
student-teacher ratio will have a negative effect on the student’s secondary

school performance as the student receives less of the teacher’s attention.

The variable, school size, is the index of total enrolment at school. It is pre-
sumed that with a larger school size, the students would have access to more
facilities and teachers. However, papers have reported conflicting results. The
paper by Giambona & Porcu (2018) states through their study that school size
has an inverse U-shaped relationship with secondary school performance. In
Tables 3.6, 3.7 and 3.8, the descriptive statistics for the variables are provided.
The difference in how the funding variable and science/reading/math scores
vary in the descriptive results can be attributed to missing data for some stu-
dent test scores. In addition, the school-level dataset in relation to the reading

variable has a slightly higher number of observations.

Table 3.6: Continuous School characteristics: Descriptive Statistics
of Variables for Mathematics

Variable Min 1st Qu. Median Mean 3rd Qu. Max
Fund Public 0.0 75.0 96.0 79.9 100.0 100.0
Fund Private 0.0 0.0 0.0 14.5 12.0 100.0
Stratio 0.018 9484 12592 12.886 15.926 27.578

School Size 0.0 296.0 567.0  644.5 913.0  2027.0

Note: Summary statistics for the 53,532 observations were computed using R statistical
software.
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Table 3.7: Continuous School characteristics: Descriptive Statistics
of Variables for Science

Variable Min 1st Qu. Median Mean 3rd Qu. Max
Fund Public 0.0 79.0 97.0 81.48 100.0 100.0
Fund Private 0.0 0.0 1.0 15.65 17.0 100.0
Stratio 0.018 9.367 12450 12.695 15.681 27.576

School Size 0.0 295.0 264.0  638.6 906.0  1950.0

Note: For the 53,532 observations, the summary statistics were computed using R
statistical software.

Table 3.8: Continuous School characteristics: Descriptive Statistics
of Variables for Reading

Variable Min 1st Qu. Median Mean 3rd Qu. Max
Fund Public 0.0 76.0 96.0 80.61 100.0 100.0
Fund Private 0.0 0.0 1.0 16.42 20.0 100.0
Stratio 0.018 9.583  12.800 14.370 16.477  723.0

School Size 0.0 304.0 o81.0  658.2 935.0  1988.0

Note: The dataset comprised 56,924 observations, and descriptive statistics were generated
through R analysis.

3.5 Outliers

Outliers were also removed, as the range of some variables in the summary
statistics appeared to be quite large. Histograms were created, and they sug-
gested the presence of outliers. The identification and removal of outliers was
done using the interquartile range (IQR) method. This method effectively iden-
tifies extreme values that could skew the results. 6032, 6550 and 2730 outliers
were removed for the mathematics, science and reading school-level datasets,
respectively. This means that 89, 83 and 95 per cent of observations were kept
for the mathematics, science and reading school-level datasets, respectively.

The data was cleaned to improve the data distribution.



Chapter 4
Methodology

This section outlines the methodology for analysing the dataset. As previ-
ously mentioned, the final data sets are three international panel datasets of
secondary schools. Firstly, the analysis considers the Ordinary Least Squares
(OLS) Model, Random Effects (RE) Model and Fixed Effects (FE) Model. The
diagnostics of the model revealed that the FE Model is the better-fitting model.
Therefore, the FE model will be used. The model is ideal for when working with
aggregated panel data as it controls for unobserved heterogeneity (Wooldridge
(2010)). A paper written by Hanushek et al. (2013) also carried out a fixed-
effects approach on PISA data. The AICc criterion will be used to specify
the FE models. OLS analysis provides a valuable perspective as it does not
lose individual-level information, complementing the insights gained from the
aggregated FE models. Aggregating the data means losing the variations and
specific characteristics of each student’s secondary school performance across
the three subjects. The analysis aims to contribute crucial insights into the

relationship between government funding and secondary school performance.

4.1 Ordinary Least Squares Model

The Ordinary Least Squares Model is a standard method used to analyse econo-
metric data. The following OLS regression model was created to estimate the
link between the dependent and independent variables:

Y; = 60 + Ble + ﬁgfundigovi + € (41)

where Y; is the dependent variable, (fy) is the intercept, (/1) is the slope,
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X, is the vector of independent variables, 35 is the coefficient for the dummy

variable fund_gov,, and ¢; is the error term.

4.2 Fixed Effects Model

The Fixed Effects Model is a method commonly used with panel data, as it
takes unobserved heterogeneity into account. In the context of this study, this
method should be appropriate when addressing unobservable variables that
remain fixed over time but differ among schools. This particular model should

take into account the school’s unobserved differences as well as other factors.

Since the FE Model considers time and unit-fixed effects, bias is thereby
lowered, and more accurate results can be found. For example, if the variable of
interest was the student-teacher ratio’s effect on test scores, the estimates could
be inaccurate because of unobserved differences among schools if the time and
unit-fixed effects are not considered. The following regression model is written

below, and it consists of s schools, ¢ time periods and ¢ countries or regions:

Yste = 60 + ﬂsztc + age + )\tc + Uste (42)

Where yg,. represents the dependent variable for school s at time ¢ in country
or region ¢, X, represents the vector of k independent variables, a,. represents
the unobserved school-specific effect, \;. represents the time-fixed effect, and
Ugte Tepresents the idiosyncratic error term.

In the first transformation of the equation, the unobserved school-specific
effects (as.) and time-fixed effects (A\,.) will be removed by subtracting the

school’s mean over time from each variable:

Yste — gstc = 60 - BO +Bk (Xstc - Xstc) + Age — C_Lsc + )‘tc - j\tc +ustc - 71stc- (43)
— 0 0
0

where 9., Xste, and ug,. are the means for school s over ¢ time periods for
country or region c¢. The previous equation will be simplified to reveal the final

equation:

ystc = Bsztc + ustc (44)

Where 4., X, and ig. are the final variables after the within-school
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(time-demeaned) transformation used to alter the original values illustrated in

Equation 4.3.

4.3 Model Specifications

Models with different percentages of government funding have been specified
for this study as they might reveal whether there’s a threshold effect, meaning
that the impact of more government funding might have a stronger or weaker
effect at different funding percentages. It also examines how the impact of
funding varies depending on the government funding percentage. The first
model is the OLS model, which contains all the students from each dataset
prior to aggregation. The second model contains all the schools in the school-
level datasets, which shows how variability in the range of government funding
affects the dependent variables. This model serves as a baseline by including all
schools in each school-level dataset. The third model includes at least one per
cent up to 25 per cent of government funding to be able to examine only schools
that receive less than a quarter of the total funding from the government. The
fourth, fifth and sixth models consist of schools that receive more than 25 and
up to 50 per cent, more than 50 and up to 75 per cent, more than 75 and up to
100 per cent of government funding. The last model regards exclusively schools,
where all of the school funding comes from the government. In other words, it
strictly examines the relationship between government funding and secondary
school performance. This can provide a nuanced understanding of how effective

government funding can be in influencing secondary school performance.



Chapter 5
Results

Within this chapter, the findings of the analysis will be provided.

In this section, the results from the specifications of the fixed-effects models
will be presented. As mentioned previously, the model addresses unobserved
heterogeneity, which increases the reliability of the results. The model appeared
to work well with the data. The details of the analysis are discussed, together
with a thorough discussion of their implications. The results of the model

diagnostics of the RE Models are shown in Table A.1 in Appendix A.

5.1 Fixed Effects Results

The data shall be analysed using the panel data model below to investigate
the relationship between student performance and public funding. With the
description and research on the variables included, it is quite certain how the
majority of the independent variables will affect the dependent variable. The
coefficient 3; will be the main focus of the regression. Each variable is denoted

for school s and country ¢ at time ¢

scoreser = P fundgov,,, + Bastratiose + Psschool sizeg,+
+ Bymothereducye: + Bsfathereduc,,, + Psmalesq+

Brcomputer,,, + Bginternetse: + Boescsser + €set

Firstly, it is necessary to select the model that is the best fit for the panel
data that is to be estimated. Thus, the Hausman Test (a test frequently used

with panel data) was carried out, and the results determined that the Fixed
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Effects Model was the superior model to the Random Effects Model. The
results are provided in Table A.2 in Appendix A.

Before the regressions are carried out, the assumptions of the FE model
need to be tested. The dataset consists of PISA data, which was randomly
sampled with students and schools. Thus, the assumption of a random sample
holds. The multicollinearity between variables was tested using the vif package
in R. There appeared to be no significant correlation between the variables,
as is evident in Table A.3 in Appendix A. Therefore, no variables are to be
excluded. Considering that the standard errors were clustered and weights

were incorporated, the model should be robust and accurate in its findings.

The fourth assumption of the FE model is that strict exogeneity holds. It
is difficult to ensure that the error term is entirely unrelated to all explanatory
variables. However, weak homogeneity will still hold. The estimator can be
asymptotically unbiased due to a sufficiently big sample size. The three school
datasets contain over 50,000 observations each; thus, the assumption holds as

similarly claimed by Sokolakova (2023).

It is necessary to test the assumptions of heteroskedasticity and serial cor-
relation. The Breusch-Godrey and Studentized Breusch-Pagan tests are com-
monly used to test for serial correlation and heteroskedasticity, respectively.
The results in Table 5.1 indicate they are both present in the models. Thus,
HAC robust standard errors and the clustering of robust standard errors and
weights are implemented to address the presence of heteroskedasticity and serial
correlation and provide more reliable estimates. The coefficients will have to be
interpreted carefully. A similar method was carried out by CEJKA (2023), who

wrote a paper using a fixed-effects approach and implemented these methods.

Table 5.1: Fixed Effects: Model Diagnostics

Subject S. BP Test Stat. BG Test Stat. p-value

Math 938.15 3573.2 <22x1071°
Science 970.85 2372.2 <2.2x10716
Read 934.54 1907.7 <2.2x 10716

Due to the violations of the fifth and sixth assumptions of the fixed effects
model, it can be concluded that the fixed effects estimator is not BEST LIN-
EAR UNBIASED ESTIMATOR (BLUE). Additionally, heteroskedasticity and
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serial correlation have to be addressed using robust estimation; the estimator
is efficient but not consistent.

It is apparent in Table A.4 in Appendix A that the AICc value of the model
with the additional variable of Stratio was higher than those of the model with
one variable only. This higher AICc value suggests that the inclusion of Stratio
did not enhance the model’s fit sufficiently to justify its complexity and did not
improve the model’s ability to explain the variability in the dependent variable.
Therefore, the Stratio variable was excluded to use the highest quality model.
A paper by Chiatante et al. (2021) illustrated how independent variables were
selected according to the AICc criterion. Consequently, the subsequent model

is to be carried out:

scoreses = Prfundgov,,, + Baschool _sizeg+
+ fymothereducse + Bafathereduc,., + Psmalesqy+

+ Becomputer,,, + Brinternetse + PseScSser + Esct

5.1.1 Mathematics as the Dependent Variable

Table 5.2 displays OLS and fixed effects estimations of the seven models for
mathematics as the dependent variable. The F statistics demonstrate that
the models are highly statistically significant and reveal that at least one of
the independent variables is significantly related to the dependent variable.
However, the adjusted R? statistics of 0.20 are relatively low; however, that is
not surprising since there is a limitation of variables, and therefore, the adjusted
R? statistics fall in a plausible range. In other words, the model only explains

approximately 20 per cent of the variability.

All variables in the OLS model are statistically significant, whereas the
FE models demonstrate that the mother education variable was statistically
insignificant. The variables school size, mother education, father education,
internet and ESCS show an effect that was approximately half as strong as
that observed in the FE model. The variable computer demonstrates the op-
posite effect, as its effect was roughly twice as strong as that illustrated in the
FE model. The impact of government funding on the dependent variable is
consistent across the OLS model and Model 2. Surprisingly, the Male variable

demonstrates a positive effect in contrast with the FE models.
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Referring to our variable of interest (Government Funding), the variable is
highly statistically significant across five models (except for model 6) at a 1
per cent significance level, signifying signs of effect. Model 2 (0-100) illustrates
that for every additional percentage of government funding a school gains, the
math score is expected to rise by 0.0877 points. Model 3 (1) demonstrates that
for schools receiving government funding between 1 and 25 per cent, a one per
cent increase in government funding would increase the mathematics score by
7.686 at a 1 per cent significance level. It also partially accepts the hypothesis
of this study, which will be further elaborated on in this section. Models 3 to 7
illustrate that there is a mostly positive effect; however, it is a diminishing effect
of the influence of government funding on mathematics scores, as the effect
ranges from 9.881 to -5.624 points. In contrast with the other variables, such
as ESCS, the magnitude of the government funding variable is very small. This
aligns with research by Garen & Bray (1990) claiming that there is only a small

association between government funding and secondary school performance.

Thus, a non-linear relationship between government funding and secondary
school performance appears to be present. This could result from the alloca-
tion of resources, as it could be more difficult to allocate resources efficiently
as funding rises. Additionally, the results suggest that both private and public
funding could be beneficial to help schools effectively, and it could imply that
a mix of both should be utilised. The research opens a new path to examine
mixed funding for schools. Lastly, it sheds light on the idea that government
funding does not automatically lead to better educational outcomes and em-
phasises the complexity of the issue. It also aligns with research that does not
support the claim that secondary school performance will improve by simply

increasing the proportion of government funding.

At the 0.01 level of statistical significance, the school size variable has a
slight positive impact. The mathematics score would increase by roughly 0.02
points for the FE models as school size increased. This could be because at-
tending a larger school would give students a higher availability of resources.
The male variable, which is a highly significant variable at a 1 per cent signifi-
cance level, demonstrates that, on average, a male would score approximately
12 points less than their female counterparts for the FE models. This finding

supports the notion that females generally perform better in a school setting.

The results suggest a positive association between a reported mother’s edu-

cation and their children’s mathematics scores. The estimated effect is approxi-
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mately 1. However, this correlation may be inflated as a result of the variable’s
limited range. This effect is statistically insignificant for all the FE models,
indicating that the evidence is weak. The practical significance of such a small
increase in the context of the total score is limited, making it challenging to

draw meaningful conclusions from this variable.

The father’s education variable, on the other hand, is highly statistically
significant across all FE models at a significance level of 1 per cent, with a
consistently positive effect ranging from 5.112 to 5.954 points. The positive
coefficient could be due to parents being responsible for creating a stimulating
learning environment at home to foster excellent secondary school performance
in their children. However, the estimated effect might not fully capture the

impact of a higher father’s education.

The computer variable is statistically significant at the 1 per cent signifi-
cance level, indicating that access to a computer is associated with a significant
increase in mathematics scores, ranging from 14.488 to 16.723 points for the FE
models. This result underscores the importance of technological resources in
enhancing student’s learning experiences and improving their secondary school

performance.

Similarly, the internet variable shows a significant positive effect at a 1
per cent significance level on mathematics scores, with an increase ranging
from 47.642 to 49.065 points. This follows the logical reasoning that access
to resources can help improve the grasp of concepts and understanding of the
content. The ESCS variable is also strong, positive, and statistically significant
across all models. For example, an increase of 1 unit in ESCS corresponds to
an approximate 47-point increase in mathematics points. This could be due
to having greater access to resources, such as books and study materials, in a

perhaps more supported environment.

5.1.2 Science as the Dependent Variable

Table 5.3 displays OLS and fixed effects estimations of the seven models for
science as the dependent variable. The F-test results demonstrate strong statis-
tical significance. The models account for 22 per cent of the overall variability

in the science variable.
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Similarly to the previous OLS model, all variables included are statisti-
cally significant at the 1 per cent significance level. The estimated coefficients
for government funding and computer remained consistent between the OLS
model and Model 2 (FE model). The OLS model demonstrates a comparable
impact with the computer and mother education variables. The school size,
internet and ESCS variables exhibit a smaller impact on the dependent variable
when compared with Model 2 (FE model). The male variable also illustrates a
negative effect, and the father’s education variable exhibits a positive impact.

However, the effect for both variables is minimal.

A diminishing effect in the science variable is apparent across all models,
with a significance level of 1 per cent. Between Models 2 and 3, which contain
schools with government funding between 1 and 25 per cent, and 26 and 50 per
cent, respectively, the effect appears to be positive as the effect on math scores
increases from 4.959 to 10.267. As we move across Model 3 to Model 6, which
contains schools with government funding between 51 and 75, 76 and 100, and
100 per cent, respectively, the effect appears to reverse, with scores decreasing
up to -7.271 points. The results of the mathematics variable produced very

similar findings.

The school size variable indicates statistical significance at the 0.01 level,
showing a small positive effect of 0.02. At a 1 per cent significance level, the
coefficient of the male variable is statistically significant. This means that male
students would score approximately 26 points less than female students. The
size of the effect is twice as large as the observed effect for the mathematics

variable.

The mother’s education does not have a statistically significant impact on
mathematics scores. When the additional level of education increases (specifi-
cally primary or secondary education), there is an approximate increase in the
science score by 1.104 to 1.693 points. Similarly to the previous dependent
variable, the effect is not present here. At a significance level of 1 per cent,
the analysis strongly indicates that a father’s education is a statistically signif-
icant variable. There is a positive link between each additional ISCED level of
education below the university level and an increase in secondary school per-
formance by 7.467 to 8.211 points. These results weakly support the idea that

higher parental education boosts better secondary school performance.

At a 0.01 significance level, the use of a Computer has a significant pos-
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itive impact on the science-dependent variable. Specifically, having access to
a computer can be associated with an increase of approximately 28 points in
overall science test scores. This is aligned with findings from the previous de-
pendent variable (mathematics), but the effect roughly doubled. At a 1 per
cent significance level, access to the internet has a significant impact on the
science-dependent variable. In addition, secondary school performance is in-
fluenced by having access to the internet. With greater access to the internet,

secondary school performance increases by 42.528 to 43.987 points.

Lastly, the ESCS variable has a statistically significant impact of approx-
imately 44 points on science test scores, with a 1 per cent significance level.
The result is logical, as with a high ESCS, those students are able to focus on
their studies with less stress or uncertainty. There seems to be a close resem-
blance between the results for mathematics and science with the majority of

the variables.

5.1.3 Reading as the Dependent Variable

Table 5.4 displays OLS and fixed effects estimations of the seven models for
reading as the dependent variable. According to the F-test results, every model
has a high level of statistical significance. Roughly 28 per cent of the total

variability in the reading variable can be attributed to the models.

All model predictors are statistically significant in the OLS model. The
OLS model illustrates a slightly smaller R? in comparison with the FE model.
The OLS model yields a similar result to that of the government funding and
computer variable of Model 2 (FE model). The impact of the school size, male,
mother’s education, father’s education, internet and ESCS is less pronounced
in the OLS model.

At a significance level of one per cent, a declining influence on the reading
variable is seen in all models. The effect appears to be favourable between
Models 2 and 3, when schools receiving less government funding (50 per cent or
less) see an improvement in maths results from 12.507 to 14.574. The impact
seems to reverse as we go from Model 3 to Model 6, with higher levels of
government funding (50 per cent and higher) and scores dropping as much as
-10.574 points.
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There was a slight positive impact, with the school size variable displaying
statistical significance at the 0.01 significance level. The reading score would
increase by roughly 0.02 with an increase in school size. The difference in the
effect of school size on reading and the other dependent variables is negligible.
Surprisingly, the male variable has the largest effect at a 1 per cent significance
level, illustrating a negative impact on the dependent variable. It was revealed
in Models 1 to 6 that males would receive approximately 65 fewer points than

their female counterparts.

Reading scores are not statistically significantly impacted by the mother’s
educational background. The research suggests a mother’s higher educational
attainment (meaning higher than no education, primary or junior secondary
education) is linked to roughly a 1.153 to 1.411 point rise in the reading score.
The analysis indicates that, at a significance level of 1 per cent, a father’s ed-
ucational background has a positive association. There is a link between an
additional ISCED level of education below the university level and an improve-
ment in secondary school performance by 10.211 to 10.530 points. This result
is logical because the parents can be motivated for their children to excel in

secondary school.

At the one per cent significance level, computer use has a considerably
favourable impact on reading test performance. In particular, there is a cor-
relation between having access to a computer and an increase in reading test
scores by roughly 30 points. These results are consistent with those obtained

from the preceding dependent variables.

Additionally, having access to the internet affects secondary school perfor-
mance. Secondary school performance rises from 43.626 to 45.139 as a result
of internet access, at a 1 per cent significance level. Finally, at a one per cent
significance level, the ESCS variable has a statistically significant effect of 44
points on reading test scores. The outcome makes logical sense because those
pupils who have a high ESCS are provided with more resources and opportu-

nities for learning.

After careful examination, it can be concluded that the Fixed Effects model
can be a limited predictor of student secondary school performance using PISA
data. This is due to its low explanatory power but mainly strong relationships.
The model has limitations, such as the limited number of independent variables.

Conclusions can be drawn from the model; however, further research should be
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conducted to comprehend the complexity of secondary school performance.

This study’s hypothesis suggested that there would be a positive relation-
ship between government funding and secondary school performance. However,
the findings revealed a diminishing effect instead. Initially, increasing funding
would improve secondary school performance. However, this effect slowly be-
came negative. This would suggest that the relationship is more complex than
it seems. Only increasing government funding to receive better test scores is

inefficient.

5.2 Discussion

This paper revealed a significant, non-linear and diminishing effect of gov-
ernment funding on secondary school performance, providing an interesting
perspective. According to the author’s knowledge, the research on this topic
has predominantly shown positive, negative, or no effect of government funding
on secondary school performance, as evidenced by studies such as Mackenzie
(2006) and Garen & Bray (1990). Due to the conflicting empirical evidence re-
garding the relationship, it is difficult to position the paper’s results within the
existing literature. Despite this difficulty, this study helps to reconcile these
discrepancies by proposing a diminishing effect, contributing a new outlook.
The results only partially align with the studies (Mackenzie (2006); Lubienski
& Lubienski (2013)) that present only positive effects of government funding

on school performance.

Instead, the study fits more into research conducted by Sisungo et al. (2014)
that discusses the possibility of having an optimal level of government fund-
ing to positively help secondary school performance. This could potentially
alleviate some of the responsibility of the government and redirect attention
towards other critical factors influencing secondary school performance. Maybe
it would be useful for researchers to conduct research on charter schools, which
receive a variety of school funding, and perhaps future research could benefit
from focusing on the magnitude of government funding. With variables such
as ESCS strongly influencing secondary school performance, the effect of gov-
ernment funding is relatively minor, suggesting that addressing socioeconomic

disparities may yield greater returns than increased government funding.

However, this study has limitations that need to be addressed. Firstly, the
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low R? of the FE models limits the accountability of the models. Secondly,
since some countries and regions were unable to participate, the PISA data
is not based on a random sample. Consequently, the findings may not be as
generalisable and may, therefore, be applicable only to the OECD countries and
regions that were included. Thirdly, a limitation of using school-level data is
that the results are based on each school rather than on the individual students.
Thus, the research cannot be as representative and applicable. Fourth, the
study’s generalisability is constrained by the lack of information about the
adequacy of funding and the amount of funding the schools are receiving, unlike
the study by Sisungo et al. (2014).

Additionally, the mother’s education variable was consistently statistically
insignificant. Upon careful consideration, this could be because the ISCED
range may not have been broad enough as it does not include education levels
beyond secondary education, such as Bachelor’s or Master’s degrees. This
difference highlights a weakness in the dataset since it might not accurately
reflect the variability and influence of mother education on secondary school
performance. Therefore, this limitation may prevent the results from providing
a complete picture of the relationship. Moreover, future research could extend
the number of independent variables to see the full picture by considering, for
example, peer effects, as they may significantly influence test scores (Ding &
Lehrer (2007); Burke & Sass (2013)).

Other findings regarding the other independent variables that influence sec-
ondary school performance, including their statistical significance, are consis-
tent with earlier research. For example, this study’s findings regarding the
male variable also illustrated that female students outperform male students in
schools such as in Voyer & Voyer (2014). Moreover, students who had higher
ESCS scores were associated with better secondary school performance. This
emphasises how crucial it is to deal with the underlying causes of socioeconomic
differences to be able to improve secondary school performance outcomes for
all students regardless of their background. Future research could extend the
number of variables by considering peer effects, for example, as they may sig-

nificantly influence test scores.

Another research path to consider is conducting studies at the country level
to estimate the effect of government funding on secondary school performance.
This would allow for additional information about each country to be included

to provide a more nuanced understanding. Secondly, researchers could explore
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the potential of combining different types (government and private) of school
funding. Furthermore, the research suggests that there is a need for further

exploration of the optimal percentage of government funding.



Chapter 6
Conclusion

This study investigates the influence of government funding in secondary schools
on secondary school performance for the period 2006 to 2018. PISA test scores
for mathematics, science, and reading were sourced from the standardised PISA
assessments and used as the dependent variables. The explanatory variables
included student and school characteristics, which were included in the three
school-level datasets. Initially, the Ordinary Least Squares method was applied
for the analysis. However, an alternative method had to be employed due to
the panel nature of the data. The results of the Hausman test determined
that the Fixed Effects method should be used. The Fixed Effects method was
able to take unit-specific fixed effects and time-varying effects into account. To
assess the effectiveness of different percentages of government funding, distinct

model specifications were created for each dependent variable.

The comprehensive analysis revealed that there is only satisfactory evidence
to imply that government funding has a non-linear relationship with secondary
school performance. The low R? values indicate that there might be more ex-
planatory variables that influence secondary school performance. The majority
of the variables were statistically significant in multiple models and were as-
sociated with affecting the PISA test scores. The variables with the largest
consistent impact across the models were the ESCS and internet variables. For
example, a higher ESCS score was correlated with an approximate increase in
the mathematics-dependent variable by 47 to 48 points at a 1 per cent signif-
icance level. Similarly, the internet variable was roughly linked with a 47 to
49-point increase in the mathematics score. Interestingly, the magnitude of the
effect of the male variable on the reading test scores differed significantly from

its impact on the science and math test scores.
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The findings of this thesis are relevant for education policies as factors
influencing secondary school performance are being analysed, which are im-
portant for future generations and policymakers. This thesis intends to offer a
fresh new perspective to the existing research on the relationship between gov-
ernment funding and secondary school performance. This research opens up
opportunities to investigate how combining various funding types can enhance
secondary school performance. Lastly, this study suggests that government
funding does positively improve secondary school performance, but only to an
extent; therefore, it is crucial to carry out effective policies that cap a level or
percentage of government funding to ensure that the schools efficiently utilise

the funding.
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Appendix A

Results

Table A.1: Random Effects Regression Results

Variable Mathematics Science Reading
(Intercept) 437.15%** 446.62***  468.84%**
(2.6808) (2.6206)  (2.4785)
fund_ gov 0.1058*** 0.0836*** 0.0031
(0.0087) (0.0084)  (0.0079)
stratio -0.4853%** 0.0282 -0.0746**
(0.0574) (0.0558)  (0.0246)
school size 0.0245*** 0.0217***  (0.02198***
(0.0007) (0.0007)  (0.0006)
mother educ 2.0739* 2.8966** 2.1637*
(0.9535) (0.9282)  (0.8903)
father educ -8.9867*** -12.047*%*%  _14.357***
(0.9162) (0.8922)  (0.8596)
proportion_ male -13.429%*** -26.034***%  -63.080***
(1.1224) (1.0924)  (1.0688)
proportion__computer 30.121*** 36.966*H*F 47 571K
(2.0304) (1.9793)  (1.8856)
proportion_ internet 27.984*** 25.131%F**%  22.050%**
(1.7496) (1.7085)  (1.6191)
escs 47.448%F* 46.117FFF 45 322%**
(0.5079) (0.4948)  (0.4802)
R? 0.86106 0.87381 0.87354
Adj. R? 0.86104 0.87379 0.87352
Chisq 43695.1 44798.2 55183.6
Num. obs 53532 53532 56924

Note: The full variable names are listed in Table A.5
= < 0.001; *p < 0.01; *p < 0.05
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Table A.2: Hausman Test Results

Subject x? Value p-value

Math 569.21 < 2.2x 10716
Science 755.41 <22x10716
Read 569.99 < 2.2x 10716

Table A.3: Variance Inflation Factor (VIF) Values for Each Variable

Variable Math  Science Read

Government Funding 1.053136 1.053136 1.052171
Stratio 1.105530 1.105530 1.105278
School size 1.098225 1.098225 1.098117
Mother education 1.261314 1.261314 1.178808
Father education 1.260380 1.260380 1.183875
Male 1.000743 1.000743 1.000744
Computer 1.707828 1.707828 1.707914
Internet 1.688336 1.688336 1.687686
Escs 1.530379 1.530379 1.462417

Table A.4: AIC (Akaike Information Criterion) Values for Each Vari-

able
Model Math Science Read
Government Funding 593136.6 591291.8 632764.0
Stratio 593386.2 591293.3 632782.7
School size 590285.5 5HR8220.2 630047.4

Mother education H&8258.2 5HR85H928.2 627406.1
Father Education 588900.5 5HR6812.5 628388.9

Male 593094.4 583094.4 593094.4
Computer D72547.4 572547.4 572547.4
Internet 571868.7 571868.7 571868.7

ESCS 563388.1 560725.4 600584.1
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Table A.5: Full Variable Names for Abbreviations

Full Variable Names for Abbreviations

Variable

fund_ gov

Government Funding

stratio

Student-teacher ratio

school size

School size

mother educ

Mother’s education

father educ

Father’s education

male Male
computer Computer
internet Internet
escs Escs
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