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Abstract 

Primary education raises not only the welfare of individuals, but society as a whole. 

Most of the primary education is financed by state, whose main source of revenues is 

taxes. Therefore, I aim to capture in this thesis the relationship between taxation and 

primary education outcomes. I expect that with higher taxes, education expenditure will 

increase, which should improve the outcomes of primary education. I study this 

relationship using panel data on low-income and middle-income countries. I try to find 

the best model and I analyse the changes of outcomes caused by different specification 

or different indicator for education or taxation. The research finds a moderate effect of 

taxation (especially income taxes) on education. However, the results are not robust to 

changes of indicator or specification. 
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Abstrakt 

Základní (primární) vzdělání zvyšuje blahobyt jednotlivců i celé společnosti. Většina 

základního vzdělání je financována státem, jehož největším zdrojem příjmů jsou daně. 

Proto se snažím ve své práci zachytit vztah mezi zdaněním a výsledky základního 

vzdělání. Očekávám, že s vyššími daněmi vzrostou výdaje na vzdělání, což by mělo 

zlepšit výsledky základního vzdělání. Tento vztah zkoumám pomocí panelových dat ze 

zemí s malým a středním důchodem. Snažím se najít nejlepší model a analyzuji, jak se 

mění výsledek se změnou specifikace či použitého indikátoru vzdělání či zdanění. 

Docházím k tomu, že existuje pozitivní vztah mezi zdaněním (zvláště daněmi z příjmu) 

a vzděláním. Nicméně výsledky mé analýzy nejsou robustní vůči změně indikátoru či 

specifikace. 

 

Klíčová slova 

základní vzdělání, zdanění, chudé země, panelová data 
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1. Introduction 
 

Education plays a key role in people´s lives. Due to spillovers, far more people 

benefit beyond those reaping direct benefits from their education. Cretan and Iacob 

(2009) state that education supports development and raises welfare by helping 

individuals achieve further higher income and by improving the living standards of 

citizens. In poorer countries, education is vital for people to find better work and escape 

the poverty trap. 

For these and other reasons, it is important for governments to have an educated 

population. But how can the government improve education outcomes? There are many 

ways, like abolition of fees, building new schools, or decreasing the pupil-teacher ratio. 

But all these improvements need to be financed, which brings us to the question where 

governments receive money from. The most important source of revenue for 

governments is taxation (Moore, 2007), so I concentrate on taxation and its effect on 

education. 

There are two ways that taxes may affect education: one may be called the direct 

effect that the magnitude of tax rate has on individual students; the other I call the 

indirect effect to distinguish it from the former. By the indirect effect of taxation on 

education, I mean the effect of the part of the levied taxes that government invests in 

education. Through the government spending it influenced the education outcomes. 

 The direct effect is rather negative: students get educated to be paid more but 

with higher taxes the increase in wages is lower. This may decrease the incentives to 

study. Yet this would be more significant in higher levels of education where students 

make their decision to study based on the working alternative and on how much more 

they would earn afterwards. On the other hand, I aim to analyse only primary education 

which has the highest social profitability among the three main levels of education 

(Psacharopoulos, 1994). This means that more advanced education is beneficial for 

particular students as it helps them get a better job or a higher salary. On the other hand, 

primary education moves its pupils from illiterate to literate making it easier for them to 

participate in the society. Therefore, I focus on the primary education and on the so 

called indirect effect of taxes. 

All the effects concerning primary education are more pronounced in poorer 

countries. Here the decisions to study may secure stability and basic needs for the 

student (such as sustenance and a home), rather than extra discretionary income (for a 
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holiday abroad, perhaps) as in a developed country. Therefore, I have chosen to include 

only poorer countries in my analysis. 

I study the effect of taxation on education using panel data and trying all the 

common panel data methods. The most appropriate turns out to be fixed effects 

estimator but it reports a small and insignificant coefficient for taxes. I try several 

specifications from which only the reduced models produce slightly significant 

coefficients of taxation. The results do not change with different education variables 

used. However, taxation on income, profits and capital gains gives more significant 

results that only general taxation.  

When I divide the indirect effects in two parts (the effect from taxation to 

education expenditure and from education expenditure to education outcomes), the 

results depend on the choice of indicator for education expenditure - for education 

expenditure per GDP both effects give significantly positive results.  

But I do not see this as a sufficient proof of the positive relationship between 

taxation and education because the results are not robust. It needs to be tested using 

larger sample, more control variables and logistic method of estimation. So I conclude 

taxes may influence education outcomes positively, but I cannot prove it by this 

analysis. 

I organise the rest of the paper in the following way. In the next chapter, I sum up 

the previous literature related to the topic. Chapter III contains the description of the 

data, possible methods and the model used by this project.  In chapter IV I provide the 

main analysis containing the regression results along with best method choice and 

alternative specifications. The following chapter consists of testing of assumptions, a 

model robustness check, and separate analysis of both parts of the indirect effect. 

Finally, chapter VI concludes. 
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2. Literature review 

 

My project relates to more than one area. As I try to describe the effect of taxation 

on education, I am concentrating on books about taxation and its economic effects on 

the one hand, and education and what causes its changes on the other hand. Only a 

handful of books combine taxation and education in one research. 

To my knowledge, the only books that describe the indirect effect of taxes on 

education include it as part of their analysis of government decisions and growth. An 

example of these is Dissou, Didic and Yakautsava (2012) and Blankenau, Simpson and 

Tomjanovich (2007).The first book examines different ways of financing of public 

spending on education and their effect on country´s income. It states that tax-financed 

spending affect education - and through education the overall productivity - positively, 

though taxes create some distortion. The other book - Blankenau, Simpson and 

Tomjanovich (2007) - writes about an ambiguous effect of taxes on education because 

while public spending on education increases growth, taxes may decrease it. Therefore 

these books allow for the whole scale of possible results of analyses needing careful 

interpretation. 

The rest of my sources may be divided in 3 separate groups so I use this system to 

present them. The first group concerns education, the second speaks about taxation and 

its effects on well-being outcomes, and the last part includes papers that are covering 

the indirect effect of taxation on education only partly (one describes the relation 

between taxation and education expenditure and the rest the connection between 

education expenditure and education outcomes). 

 

2.1 Education 

Education is receiving increasing attention in the last years. It has ceased to be 

only for the privileged classes or only for men as was in the previous centuries and it is 

spreading wider. In poor countries spending on education increases. Altogether, more 

and more people realise the economic, social and political importance of education to 

the whole world and there are attempts for a concerted action in the education field. On 

the verge millennium international community agreed to improve the state of poverty in 
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the world. As education is one of the most important means to success, two movement 

concerning improvements of education were established. 

These two are more general Millennium Development Goals (MDGs) and 

Education for All (EFA) which is specified only on education. Both were finally 

adopted in 2000 with the objective to reach their targets till 2015. Each of them includes 

a goal of providing a full course of primary education for all children. The progress 

towards the goals is measured by primary net enrolment rate, adult literacy, gender 

parity and survival rate to the fifth grade. Most studies evaluating these movements aim 

to state the amount of money needed to reach them and compare it with reality. An 

example of them is Devarajan, Miller and Swanson (2002) for the MDGs and 

Delamonica, Santosh and Vandermoortele (2001) for EFA. 

Both of these movements helped to improve the numbers of children going to 

school and increased the concern for education along with more data on education 

collected. But only provision of primary education is not enough and also there is a high 

chance that these goals will not be reached, at least not everywhere - the most 

marginalised people are not treated enough. There is not only finance needed but also 

accountability of the governments and overall cooperation. Also these goals concentrate 

more on getting children to school, not on sustaining them there or what they learn (Kite 

and Horner, 2013). 

A different approach is used in Kite (2013) where the author inspects a set of post-

2015 tougher and more thorough development goals proposed by Save the Children 

organisation. She tries to find out whether it is possible to reach them by 2030. In 

evaluating the education goal, Kite relates the education outcomes to indicators 

including the level of poverty, the level of inequality, gross national product and the 

quality of government. From these regressions, projections of the indicators are created 

and they support the view that the goals are attainable. The education outcomes are here 

measured by the survival rate to the last grade of primary education which inspired the 

choice of explained variable for this thesis. But my intention is not to predict the future 

values of education outcomes but to find the relation with taxes. 
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2.2 Taxation and its effect on well-being outcomes 

Nowadays, dominant sources of income for governments are taxation, surpluses 

from natural resource exports, and foreign development aid. Out of these three, taxation 

is by far the most common and best sustainable source (Moore, 2007). There is always 

only a limited amount of natural resources so this mean of financing cannot last forever 

and even now the prices are changing making it further instable. Foreign aid depends on 

decision of other countries and on their current possibilities. Even if partly reliable, 

dependence on aid or natural resources undermines the quality of governance by 

weakening the tie between government and tax payers. On the other hand, relying on 

taxes creates responsibilities of government towards taxpayers, who are more conscious 

and want to receive something in return for the taxes paid (Moore, 2007). The 

proportion of tax-financed public expenditure further rises (Save the Children, 2012). 

Therefore, it is of importance to analyse taxation and its impact on economic indicators. 

There is a large number of works examining the effect of taxation on the decision 

of an individual or a firm but I have found only one analysis concerning the indirect 

relationship between taxation and well-being. That is one of my most important sources 

- Christian Aid (2008) - from which the inspiration to use taxes as explanatory variable 

explaining the children well-being comes.  

In this study the authors try to find a relation between tax evasion and child 

mortality and how much mortality would fall if tax evasion could be stopped - that is if 

tax revenues would increase by the estimated amount of evaded taxes. To capture this 

relationship the authors use simple panel data regression adding to tax revenues only a 

few other explanatory variables, namely foreign aid and GDP. The results confirm the 

authors´ claim that all the money necessary for reaching MDGs would be available if 

taxes were not evaded.  

While the effect of taxation on mortality is as expected negative, there could 

logically be a similar relationship between taxation and education - this time positive. 

However, as far as I know there was not yet any literature published to support this idea. 

 

2.3 The effects of taxation and the effects on education 

Several other papers capture at least a part of the indirect relationship. Hasan, 

Subhani and Osman (2011) tested the causality between government expenditure and 
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tax revenues using Granger causality test. This test is used to capture the causal 

relationship between two time series in both directions. The result shows that there is a 

unidirectional causality running from tax revenues to government expenditure. No 

reverse causality was proved. 

A large number of works describe the effect of public spending on education 

outcomes using a range of indicators for both. Some have it as the focus of their 

analysis, some as a part of a different research. The outcomes are diverse: most claim 

the effect to be positive (Anyanwu and Erhijakpor 2007, Baldacci, Guin-Siu and de 

Mello 2003, Gupta, Verhoeven and Tiongson 2002, and others) but some do not find it 

significant (for example Al-Samarrai 2003, and Flug, Spilimbergo and Wachtenheim, 

1998). As indicator of education outcomes most of them uses primary net (or gross) 

enrolment rate, some add persistence through grade 4 or 5 and a few include drop-out 

rate. The explanatory variables presented in the papers are spending per GDP, spending 

per student and sometimes pupil-teacher ratio as well. 
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Table 1. Examples of different studies concerning the relationship between various 

education outcomes and spending indicators. 

Author, year Education indicator Spending indicator Significance 

Al-Samarrai, 2003 primary gross and net 

enrolment rate 

spending per GDP, spending 

per student, pupil teacher 

ratio 

insignificant 

(and negative) 

Anyanwu and 

Erhijakpor, 2007 

primary and 

secondary enrolment  

spending per GDP positive and 

significant 

Baldacci, Guin-Siu 

and de Mello, 2003 

gross and net 

enrolment and 

persistence through 

grade 5 

spending per GDP, ratio of 

spending on primary to 

spending on tertiary 

education 

positive and 

significant 

Gupta, Verhoeven, 

Tiongson, 2002 

gross and net 

enrolment, persistence 

through grade 4, drop-

out rate 

spending per GDP, 

allocation of education 

spending to primary 

education 

positive and 

significant 

Flug, Spilimbergo 

and Wachtenheim, 

1998 

gross secondary 

enrolment 

secondary education 

spending to GNI 

insignificant 

(and positive) 

Suryadarma, 2008 primary and 

secondary net 

enrolment  

spending per student positive if 

accounted for 

corruption 

Source: author´s summary from the books mentioned. 
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3. Data description and methodology 

3.1 Data description 

I use a compiled dataset from different sources. The data are at the country level 

for poor countries as they are defined by the World Bank (using income group low 

income, lower middle income and upper middle income). I use data from following 

databases: 

 World Bank Database - http://datacatalog.worldbank.org/ 

 United Nations Statistics (hereafter UN Statistics) -  http://data.un.org/ 

 International Monetary Fund - http://www.imf.org/external/data.htm 

 PovcalNet - http://iresearch.worldbank.org/PovcalNet/index.htm 

 World Income Inequality Database, United Nations University (hereafter UNU) 

- http://www.wider.unu.edu/research/Database/en_GB/database/ 

 Barro-Lee Dataset - http://www.barrolee.com/data/dataexp.htm 

The data from World Bank database are combined from several groups of 

indicators, like World Development Indicators (hereafter WDIs) or Worldwide 

Government Indicators (hereafter WGIs). 

 

3.1.1 Education 

My focus is on education and its quality rather than quantity. I am using several 

education indicators coming from different sources. These include several WDIs from 

World Bank database, UN Statistics and Barro-Lee Dataset. As the main explained 

variable I have chosen Survival rate to last year of primary school from UN statistics. 

This is an estimate of “the share of children enrolled in the first grade of primary school 

who eventually reach the last grade of primary education”
1
.  

There are several arguments for the adoption of this indicator. A lot of the 

researchers use the enrolment rate (either gross or net) but it gives no information on 

how many children complete the school. On the other hand, the completion rate 

accounts only for the number of children enrolled in the last grade as percentage of the 

                                                
1
 This definition comes from WDI website (World Bank Group, 2014). WDI database includes the same 

indicator here called Persistence to last grade) but with less observations. Because of this I logically use 

the extended version from UN Statistics. 
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relevant age group. This can easily exceed 100% because of repetitions and children 

who enrol at the grade too late or too early from other reasons. However, the survival to 

the last grade takes into account both the number of children initially enrolled as well as 

the number who complete primary school course. Thus it measures not the number of 

children who begin or end the primary education but children who stay from the 

beginning to the end (combining information on repetition and drop-out rates). 

Even better would be an indicator which would inform about what the children 

have learned but none of the existing ones has enough observations to be used in a 

larger international panel data comparison. The most observations available are for the 

literacy rate so I added it to the following comparison of different possible explained 

variables. Well represented is the group of Arab World Education Performance 

Indicators, yet only 22 Arab countries participate in this data collection which would 

change the focus of my study. An interesting indicator is provided by OECD 

Programme for International Student Assessment (PISA) but as the project is relatively 

new, it contains sufficient information only for Europe, Northern America and a few 

other countries so I cannot use it in my research of poor countries. 

Additional education indicators used to test how much the model depends on the 

choice of the explanatory variable, are Persistence to grade 5 (UN), Primary completion 

rate (WDI), Youth literacy rate (WDI) and Education attainment (Barro-Lee Dataset). 

Barro-Lee Dataset is described not only on their website but also in Barro and Lee 

(2010) where they include methods of construction and descriptive statistics. In the 

following Table 2 I include the summary statistics of all the explained variables used. 
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Table 2. Summary statistics of the education indicators. 

Name Source Units Observ. Mean 
Std. 

Deviation 
Min Max 

Survival to 

last grade of 

primary 

UN % 2577 71.30849 23.16619 0 100 

Persistence 

to grade 5 
UN % 2325 73.54833 20.47198 9.68703 100 

Primary 

completion 

rate 

WDI % 3990 77.57347 27.25976 1.52203 193.2633 

Youth 

literacy rate 
WDI % 569 86.38244 18.78175 14.00184 100 

Education 

attainment 

Barro-

Lee 
% 1866 51.70611 29.71031 0.209916 99.82528 

Note: the Barro-Lee´s education attainment is reported with 5 years period. Source: 

author´s calculations. 

 

3.1.2 Taxation 

The goal of my thesis is to find the relation between taxation and education 

outcomes. Hence my most important explanatory variable is taxes. The taxation 

indicators, which I include in my analysis, are mainly from Government Finance 

Statistics (hereafter GFS) of the International Monetary Fund. This improves the 

approach of Christian Aid (2008) since they use only a WDI indicator for taxes, as the 

GFS was available at that time neither freely nor through a free trial. The GFS data I use 

was accessed on August 18, 2013 thanks to a free trial. The GFS data are unique by 

providing detailed information on varying number of countries mostly from the year 

1990. 

The indicator I have chosen is called Taxes in cash, as percentage of GDP 

(tax_gdp). As most poor countries have the data available only for budgetary central 

government, I use on this level. They are available from 1990 to 2012 but in a highly 
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unbalanced panel. Similar to the education variable, I compare the results with different 

taxation indicators. These are Taxes on Income, Profits, and Capital Gains in cash (from 

GFS) and Tax revenue as percentage of GDP (WDI). The summary statistics of all 

explanatory variables are in the Appendix in Table A. 

 

3.2 Methodology 

3.2.1 Panel data methods 

Panel data consist of information on a number of cross-sectional units observed in 

time. Thus a panel data model includes not only time-varying error (called idiosyncratic 

error) but also a fixed effect expressing the unobserved heterogeneity of individual 

units. Using a method that is not suitable for panel data could result in a bias (a biased 

estimator calculates the results systematically different than is the true value). There are 

3 main methods for panel data regression to eliminate the possible heterogeneity bias. 

These are first difference, fixed effects and random effects estimators. 

The first one consists of differencing adjacent time periods. Thus the fixed effect 

is eliminated. It allows therefore for arbitrary correlation between the fixed effect and 

the explanatory variables. On the other hand, no constant variable (like regional or 

income-group dummies) can be included and the method is very sensitive on the 

absence of strict exogeneity (exogeneity requires all the explanatory variables to be 

uncorrelated with the idiosyncratic errors, for strict exogeneity it is needed to have no 

correlation with idiosyncratic errors from all time periods). 

Similar method - and for two time-periods the same - is the fixed effects estimator 

which creates and uses time-demeaned data (that is from each observation it subtracts 

the average value of the particular variable for this unit). This is more efficient than first 

differencing if the idiosyncratic error is serially uncorrelated (that means that previous 

values of the explained variable do not determine the current values). However, it has to 

be used with caution in the presence of serial correlation. In case the idiosyncratic errors 

from fixed effects regression are serially correlated but from first difference regression 

not, the first difference estimator is preferred.  

The first two methods are constructed to eliminate the fixed effect when it is 

expected to be correlated with the explanatory variables. But if it is uncorrelated, it will 

not be efficient to eliminate it. For this reason random effect estimator was created to 
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account not only for the over-time variation but also the variation across countries. As it 

does not have to difference away the fixed effect, it allows for time-constant variables to 

be included in the regression. 

There exist also another method - the between estimator - which does not use the 

time variation as fixed effects or first difference estimators do, but it uses only the 

variation between each cross-sectional unit (the random effects estimator uses both of 

these variations). However, the use of this estimator is very narrow and it is not efficient 

so I do not report the outcomes of this method in my thesis. (Wooldridge, 2009 and 

Kite, 2013). 

All these three methods have some advantages and disadvantages. The fixed 

effect (the heterogeneity of individual countries) may be correlated with some of the 

variables causing the random model to be biased or other model may suffer from other 

problem rendering its results wrong, but I perform all three of them as well as ordinary 

least squares (hereafter OLS) and I compare them afterwards along with testing of the 

assumptions. 

 

3.2.2 Model 

To explain the relation between education outcomes and taxes I need other control 

variables. I use this model: 

 

where β is a column vector and Xi is the matrix of control variables which include: 

gdp_pc is GDP per capita (WDI), aid_gdp is flow of aid per GDP (WDI - constructed as 

division of foreign aid flows and GDP in current dollars), pov2_mixfull is percentage of 

population living in households with consumption or income per person below $2 per 

day from mixed sources (using Povcal and filling gaps from WDI and UNU in this 

order), and mortality is the number of children that die before their 5
th

 birthday per 

1,000 live births (WDI) for the main model. Other models include 

govanticorruption_gifull and govstability_gifull are Control of Corruption and Political 

Stability and Absence of Violence/Terrorism estimates from WGI, interaction terms of 

tax_gdp with lesscorrupt and morestable (dummy variables showing when each of the 

WGI indicators are better than its average) and inc1040_full is Palma ratio, an 
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inequality indicator showing the income ratio between the richest 10% and poorest 40% 

of the population (same sources and construction as the poverty indicator). 

The purpose of my paper is to discuss the possible effects of taxation on education 

outcomes. I would like to test if there is a significant and positive effect of taxation on 

education outcomes.  

I include GDP per capita because it shows how rich a state is with respect to the 

number of its inhabitants. The richer the country, the better possibility people have to 

become educated. It also works as a proxy for the state of development. However, I do 

not expect this effect to be linear - it may be more efficient for the poorest and decline 

as the GDP per capita rises. I expect a positive sign for the first power and a negative 

sign for the second power of GDP. Thus the expected effect would be positive and 

increasing from zero till it reaches its peak, then still positive but decreasing and from 

some value the effect could be hypothetically negative (this point should not be 

represented in my sample).  

The variable aid_gdp accounts for one of the other sources of government finance 

which is foreign financial assistance. This is a competing way to finance the education 

expenditure and thus could have a positive relation with the education outcomes. 

However, it may be that the aid is concentrated on countries with higher needs and so 

the expected effect is not clear. 

I include poverty alongside with GDP per capita because even in a relatively 

richer state there may be a significant number of people living on the verge of 

starvation. For poor people education is a luxury which they may not be able to afford 

and so higher poverty affects education negatively. I have chosen the level of $2 

because at $2 per day people still struggle to pay for the cost of living. 

The last variable of the main model, mortality, is a proxy per child nutrition. 

Better nutrition affects the persistence to the last grade by making it easier for children 

to attend the school once enrolled. Mortality is not the best proxy, more suitable would 

be for example Malnutrition prevalence (in percentage of children under 5, WDI) but 

this indicator does not have enough observations to be included in the model.  

To test the robustness I perform several regressions. In the extended model, I add 

interaction terms of the taxation variable with both government´s efficiency indicators 

(measuring corruption and stability) and also the corruption and stability indicators 

separately. From Suryadarma (2008) I learnt that government expenditure may be 

affected by the level of corruption. Suryadarma uses two regressions for less corrupt 
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regions and more corrupt regions but he includes an alternative method of using 

interaction terms as well. I have a relatively small sample and so I do not want to divide 

it in halves. Therefore I use the interaction term of taxes and the dummy for less corrupt 

regions expecting a positive sign. I use another interaction term of taxes and the stability 

dummy variable to test if there is any difference of the effectiveness of taxes between 

more stable and less stable countries. 

The government evaluating variables - govanticorruption_gifull and 

govstability_gifull -  inform about the state effectiveness. They are reported “in their 

standard normal units, ranging from approximately -2.5 to 2.5 ... with higher values 

corresponding to better outcomes” (World Bank Group, 2013). An uncorrupted and 

stable environment allows for better access to education and better use of the finance 

intended for education. In contrast to Suryadarma (2008) I cannot use the same 

dummies I used in the interaction terms because I am using panel data approaches not 

cross-country as he does. 

Another alternative variable is the income distribution, here represented by the 

Palma ratio. The income distribution accounts for the lack of resources of people to 

finance the education themselves. I took Kite (2013) as an inspiration to include it along 

with poverty and GDP per capita (Kite used GNP per capita). With higher share among 

the richest with respect to the poorest 40% the persistent at school becomes more 

difficult. Thus I expect a negative sign. 

The lack of data prevents adding other control variables which may affect the 

persistence at school. An example of these is private spending to account for the fact 

that education is not solely financed by state (the importance of private spending is 

described in Psacharopoulos and Nguyen, 1997).  Also, education attainment is 

influenced by the relative height of teachers´ salaries. In high-income countries the 

salaries are relatively lower compared to the rest of the economy which allows for 

higher investment in teaching aids and so on. (Mingat and Tan, 1998). In explaining 

enrolment Klasen and Lange (2012) include ethno-linguistic fractionalization to account 

for the worse access of marginalised groups. While it has a strong effect on the 

enrolment, it may also affect the persistence to the last grade as children perform worse 

when they feel they are not on the same social level as the others (Save the Children, 

2012). Another missing indicator is adult literacy rate because the education of children 

is determined by the education of their parents. Also society characteristics may 
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determine children abilities and behaviour. Yet on none of these characteristics there is 

enough information to include them in the model. 

Apart from one simple model for comparison with the literature, I do not use 

logarithms of the variables because some of the variables contain zeros (like poverty) 

and some are even negative (net foreign aid and both of the WGI indicators, as they are 

reported in their standard normal units). 
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4. Analysis 

 

In this chapter, I first compute only a simple regression of the education indicator 

on the taxation indicator using all 3 panel data methods of estimation along with the 

OLS method for comparison (the results are shown in Table 3). Then I perform these 

four methods on my main model. Lastly - after choosing the best method - I discuss 

results from differently specified models. For the assumptions of the best method 

regression I test in the next chapter. 

4.1 Simple model analysis 

Table 3. Results from simple regressions 

 Fixed effects 

regression 

Random 

effects 

regression 

First 

differencing 

OLS robust 

regression 

tax_gdp 0.4181784 *** 

(0.1174872) 

0.3902923 ***  

(0.1073429) 

-0.22116 ** 

(0. 1029262) 

0.5018442 *** 

(0.1257303) 

Constant 70.60427 *** 

(1.875226) 

68.42964 ***  

(2.512833) 

0.443869 ** 

(0. 2096795) 

69.28539 ***   

(2.085521) 

Number of 

observations 

744 744 540 744 

Note: Standard errors are reported in parentheses; * 10% significance, ** 5% 

significance, ***1% significance. Source: author´s calculations. 

 

Although the results from fixed, random effects and OLS regressions show a 

significantly positive relationship, no conclusions should be drawn from it. Simple 

regressions (especially in panel data) may suffer from significant omitted variables 

biases. Another reason to be careful in the interpretation is that a corresponding 

regression using first difference estimator results in significantly negative relation. This 

is suspicious, even though first differencing has different interpretation - the coefficients 

show not the changes in absolute amounts but the changes in over-year differences. To 

be able to decide on the effect of taxation on education, it is necessary to include some 

control variables and choose the best method.  
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4.2 Main model analysis 

Table 4. Results from the main regressions 

 Fixed effects 

estimator 

Random effects 

estimator 

First difference 

estimator 

OLS robust 

estimator 

tax_gdp 0.2367502     

(0.17976) 

0.1667151   

(0.1494175) 

-0.3093108  *  

(0.166628) 

0.3705499 ***  

(0.1091248) 

gdp_pc 0.0093674 ***  

(0.0014291) 

0.0077471  *** 

(0.0013606) 

0.0014468   

(0.0020951) 

0.003033 *  

(0.0017363) 

gdp_pc_sq -7.29e-07  *** 

(1.52e-07) 

-5.81e-07  *** 

(1.46e-07) 

-2.40e-07   

(1.72e-07) 

-9.50e-08   

(1.53e-07) 

aid_gdp -5.331799   

(8.617161) 

-3.074223   

(6.903203) 

5.479695   

(8.218991) 

-18.73696   

(11.94687) 

pov2_mixfull 0.3304157 ***  

(0.0708572) 

0.1873337  *** 

(0.0585395) 

0.1451792   

(0.1118293) 

-0.0208606   

(0.0496447) 

mortality -0.1469311 ***   

(0.028637) 

-0.1663372 *** 

(0.0255279) 

0.1608329    

(0.123048) 

-0.1382686  *** 

(0.0321791) 

constant 51.42837  *** 

(5.141636) 

61.29633  *** 

(4.797797) 

0.997959  **  

(0.507931) 

71.74121 *** 

(4.565782) 

Number of 

observations 

428 428 298 428 

Note: Standard errors are reported in parentheses; * 10% significance, ** 5% 

significance, ***1% significance. Source: author´s calculations 

 

 Table 4 presents the results for the main regression using all 4 methods used in 

the previous subchapter for simple regressions. The variety of the results is partly 

caused by differences of the approaches and possibly by some problems of the methods 

of estimation. There is relatively small over-year variation of the tax indicator but there 

are a few relatively large extremes. This also applies to several other indicators. 

Therefore, the first difference estimation should be interpreted carefully because it 

might be affected by this small variation. Even more carefully must be judged the 

results from the last column (reported therefore in italics). The OLS estimation is 

usually biased when applied to panel data because it assumes serially uncorrelated 

composite errors. That is most of the times not possible because the composite errors 
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contain the time-invariant fixed effects for each year. I report the OLS regression with 

robust standard errors only for comparison. 

The most important variable is the taxation indicator. In three out of four results it 

has a positive coefficient as I expected, only the first differencing estimation of the 

taxation coefficient is negative. Unfortunately first differencing is the only one from the 

panel data methods where the taxation coefficient is significant (with p-value 0.064). 

The coefficients from fixed effects and random effects estimations are both insignificant 

on the 10% significance level (p-values are 0.189 and 0.265). Therefore, no effect of 

taxation on education can be proved by these regressions. 

When I compare the fixed effects and random effects estimations, the results are 

relatively similar. All variables with the exception of the tax and foreign aid variables 

are highly significant. As expected, GDP per capita has a positive and increasing effect 

for most of the sample, only a few observations are in the declining part of the parabola 

(that is still positive effect but decreasing) and for none the effect is negative. 

Foreign aid is negative for both and it is very insignificant so the effect of 

investing the foreign money on education is probably offset by allocation of the aid 

towards those countries with higher needs. 

In contrast with my expectations poverty has a positive sign. It means that the 

higher share of people with income less than $2 per day, the higher persistence till last 

grade. It is possible that for the poorer education is the only way how to improve their 

lives and therefore they try harder to stay at school when they get there. Poor children 

may also be supported by charity organisations which would eliminate possible negative 

effects of poverty. Also, several countries increased the primary education participation 

by abolition of fees. This increased demand for education - among poor 

disproportionally more. The higher is the percentage of poor people, the higher is the 

potential to increase enrolment and persistence (poor children can suddenly afford to 

enrol and continue to study). 

Mortality serving as proxy for children malnourishment has as expected negative 

sign. Higher under-five mortality means worse health of children which causes the 

persistence to be lower. 

For the first differencing estimator only the taxation variable is significant but 

negative. It may be caused by the difference in interpretation or by some imperfections 

of the model (first differencing has larger downward bias in case of errors in 

measurement, Flug, Spilimbergo and Wachtenheim, 1998). Though insignificant the 
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coefficient on GDP per capita and poverty has the same sign as for fixed effects and 

random effects estimators. Mortality and foreign aid are unexpectedly positive but 

insignificant as well. 

 

4.3 Best method testing 

As I have declared, OLS estimation is biased when applied on panel data so I 

choose from the three panel data estimation methods: first differencing, fixed effects 

estimator and random effect estimator. 

I have written before that first difference estimator is preferred over fixed effects 

estimator mainly when the idiosyncratic (time-varying) errors from fixed effects 

regression are serially correlated but from first difference regression not. I report the 

assumptions´ testing in the next chapter but there is serial correlation present in both of 

the estimation methods. However, there is relatively small over-year variation in some 

of the variables, mainly tax_gdp, so the first differencing might not work properly. So I 

narrow the choice: fixed effects and random effects estimator. 

For the comparison of the fixed effects and random effects estimators Hausman´s 

specification test is used. The null hypothesis of the test is 

H0: the difference in coefficients is not systematic. 

Under the null hypothesis both estimators are consistent but only random effects 

estimator is efficient; under the alternative hypothesis only fixed effects estimator is 

consistent and so only fixed effects estimator may be used. An estimator is called 

consistent if it converges in probability to the true value of the estimated parameter as 

the sample size increases (to infinity). 

The test results in p-value = 0.0076 which means a strong rejection of the null 

hypothesis and so I use the fixed effects estimator because the random effects estimator 

is not consistent. This could be caused by existence of time-constant countries´ 

characteristics which influence the education outcomes but which are also correlated 

with some of the explanatory variables.  
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4.4 Alternative regressions 

In this section I compare 4 different specifications of my main model. The results 

are reported in the Table 5. Apart from the main regression (column 1), I report an 

extended version including corruption and stability indicators along with their 

interaction terms with taxation (column 2). The third column shows a regression 

without aid because it proved insignificant but with the Palma ratio to account for the 

demand for education. Last column includes an analogous model to Christian Aid 

(2008) where they used apart from taxes only GDP per capita and aid per GDP as 

control variables. All these results are for the fixed effects estimator which was chosen 

by Hausman´s test to be the most appropriate method for my main model. For 

comparison I report the same results using random effects estimator in Appendix in 

Table B. 
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Table 5. Results from the alternative regressions using fixed effects estimator 

 (1) (2) (3) (4) 

tax_gdp 0.2367502     

(0.17976) 

0.0323957 

(0.2549294) 

0.2986416 *  

(0.1790019) 

0.1050108 *  

(0.0602541) 

tax_lesscorr . 0.1429167   

(0.1142036) 

. 

 

. 

tax_morestab . -0.1532233   

(0.1413147) 

. . 

gdp_pc 0.0093674 ***  

(0.0014291) 

0.004584** 

(0.0018381) 

0.0092748 ***  

(0.0013923) 

0.0865297 ***  

(0.0268907) 

gdp_pc_sq -7.29e-07  *** 

(1.52e-07) 

-2.34e-06 

(2.12-07) 

-7.31e-07 ***  

(1.49e-07) 

. 

aid_gdp -5.331799   

(8.617161) 

16.5972 

(15.84995) 

. - 0.0335612 **  

(0.0160886) 

govanticorruption_gifull . 0.1226888 

(2.959136) 

. . 

govstability_gifull . -0.8439029 

(1.863116) 

. . 

pov2_mixfull 0.3304157 ***  

(0.0708572) 

0.0711508 

(0.0977973) 

0.3031319 ***  

(0.0674507) 

. 

mortality -0.1469311 ***   

(0.028637) 

-0.0683335 * 

(0.0392893) 

-0.1479042 ***  

(0.0271103) 

. 

inc1040_full . . -0.443382   

(0.5257681) 

. 

constant 51.42837  *** 

(5.141636) 

65.39542 *** 

(7.271838) 

53.33558   

(5.037372) 

3.205267 ***  

(0.1949499) 

Number of observations 428 287 

 

440 425 

Note: Standard errors are reported in parentheses; * 10% significance, ** 5% 

significance, ***1% significance. Source: author´s calculations 

 

In the extended regression as well as in my main regression, the coefficient on 

taxation without interaction terms is positive but insignificant. The corruption 
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interaction term has a positive sign and the stability interaction term has a negative sign. 

While the positive sign of corruption term was expected, the negative effect for stability 

is a bit surprising. It claims that in countries with higher stability the effect of taxes is 

smaller. This could be related to the general fact that financing is more efficient where 

the outcomes are worse.  

Yet, none of the interaction terms has proved significant which means that not 

even for countries with less corruption or higher stability is there any effect of taxation 

on education. This is in contrary with the findings of Suryadarma (2008), who proved 

that in Indonesia in less corrupt regions expenditure on education has a significant 

positive effect on education outcomes while in more corrupt regions there is no effect. I 

use a different measure of corruption and I include whole countries irrespective of the 

difference between their regions. Suryadarma also had the possibility to include private 

spending in his analysis which could change my results. 

To comment on the other variables, the first power of GDP remains significant. 

The second power is not significant which does not fulfil my expectations. From these 

results per capita GDP seems to have a linear effect. The results are interpreted easier 

when I run the same set of regressions but with the third power of GDP per capita. Here 

the theoretical interpretation is more difficult but the effect (with only the second and 

the third power significant) follows a similar curve as I expected and as resulted from 

my main regression. The result do not change much: all variables retain their 

significance (that means only GDP per capita and mortality are significant) and all signs 

remain the same only poverty becomes negative - as I expected in the beginning. 

Both of the WGI indicators are insignificant. Therefore, attending school and 

persevering there to the last grade seems to be unrelated to the level of stability and 

corruption in the country. This would partly correspond to the findings of Suryadarma 

(2008) who writes that the corruption has no direct effect on education. But I have not 

proven the indirect effect - through education expenditure - which Suryadarma claims 

corruption has. There might be a possible bias due to closeness of these two measures. 

Kite and Horner (2013) claim that “these different aspects of governance are usually 

related to each other” and that there must always be only one of the WGI indicators 

used. However, when I include in the regression only one of these indicators (and the 

corresponding interaction term) this indicator and its interaction term with taxes looses 

significance even more and other coefficients change only slightly. 
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Poverty is insignificant so it seems to account for no important additional effect in 

the model. On the other hand, mortality is significant so levels of under-five mortality 

(which proxy the malnourishment of children) have a significant negative effect on the 

persistence at school. 

The extended regression decreased the number of observations. From the original 

model of 59 countries in years 1990-2011 this regression is applied for 54 countries in 

year 1996, 1998, 2000 and 2002-2011 losing approximately one third of observations. 

On the other hand, if I exclude foreign aid from the original model, the number of 

observations increases a bit to 440. 

In this smaller model, with the highest number of observations, I included also the 

income distribution to account for the demand for education. The income distribution 

has negative sign as expected but it is insignificant so either the education demand is not 

important for persistence, or it is already capture by other control variables on the 

regression.  

However, the taxation variable becomes slightly significant. With the p-value = 

0.096 the effect is not very strong and not very certain but it is there. The coefficient 

claims that when the percentage of taxes to GDP increases by five points, the 

persistence to last grade of primary education increases by 1.4932 percentage points. 

The effect is very small because the average over-year change in taxes per GDP is 0.136 

making the effect for such change 0.04 percentage point.  

The last column shows an imitation of the model from Christian Aid (2008). 

There the authors try to explain under-five mortality by taxes per GDP, GDP per capita 

and aid per GDP. Their results show that both taxes and GDP have a significantly 

negative effect on the child mortality. To perform the same analysis for education I run 

the regression using log-log specification; that is both the explanatory and explained 

variables are in natural logarithms. My results are similar to the original ones but with 

opposite sign. Taxation has a positive and significant sign (though not on 5% 

significance level as in the original text), GDP per capita is very significant and positive 

and in contrast with them I have even aid significant but negative which may be caused 

by the allocation of aid towards countries with worse performance. 
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5. Discussion 

 

This chapter is divided into three parts. In the first part I test assumptions of the 

three panel data methods I use and I choose the most appropriate model for my analysis. 

The second part consists of trying different explained and main explanatory variables 

and in the last part I divide the effect of taxation on education into two successive 

effects and try to study them separately.  

 

5.1 Assumptions and the choice of the model 

In this section I am trying to find out how well specified the methods for my main 

model are and therefore how reliable are the effects reported by these methods. I focus 

mainly on the fixed effects estimator as I use it in my main analysis. I add a short 

comment on the other panel data methods´ assumptions. 

 

5.1.1 Assumptions of the fixed effects estimation 

First I test strict exogeneity which is needed for the unbiasedness of the estimator. 

This requires that the idiosyncratic errors are uncorrelated with all explanatory variables 

when accounted for the fixed effect. There are three reasons why a variable could be 

endogenous: it is correlated with an omitted variable, there is a measurement error or 

this variable is simultaneously determined with the explained variable.  

There might be some omitted variable correlated with some of the explanatory 

variables or there might be some measurement error present. But according to literature 

I suspect only taxes per GDP and GDP per capita to be endogenous. First I try to test the 

possible endogeneity of taxes. The tax variable may be simultaneously determined with 

education as education has a positive effect on the growth of per capita GDP (Barro and 

Lee, 2010) and so when people are more educated, GDP is higher and so taxation as 

proportion of GDP is lower (unless it rises equivalently). A fixed effects regression of 

education on taxes gives an insignificant result but I try to test it using the regression 

based test for endogeneity. 

In performing this test, one runs regression for the possibly endogenous 

explanatory variable using the instrument and all the exogenous variables. After saving 
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the residuals one runs the original regression with the residuals along with all the 

variables and the significance of the coefficient for the residuals shows whether the 

suspected variable is endogenous or not. 

As an instrument I have tried different types of taxes. These have high chance to 

be correlated with the total taxes (all of them are in percentage of GDP) and at least 

some of them should be unrelated to education. Best proved the category “Other taxes” 

because taxes on income, services or property tended to have some correlation with 

education. Therefore, I used “Other taxes, as percentage of GDP” (from GFS for 

budgetary central government, which is the same as the main tax variable). There is not 

any significant relation between education and other taxes even on 20% significance 

level, while other taxes have positive effect on taxation on 5% significance level.  

The regression based test proves no endogeneity of taxes as the p-value of the 

coefficient for the residuals is 0.176. Comparing OLS and two stage least squares 

(2SLS) regressions by Hausman´s test results in p-value 0.8604 which confirms it 

because under H0= “difference in coefficients not systematic” both OLS and 2SLS are 

consistent but only OLS is efficient. The absence of endogeneity could be caused by the 

fact that education influences the economy with some delay - the child has to finish the 

school, possibly continue further studying and only when he (or she) finds a job, he (or 

she) can start contributing to GDP. 

From the same reason we could reject the possibility of GDP being 

simultaneously determined with education, yet there may be some measurement errors 

in GDP. I test this by the same test of endogeneity as I used for taxes. As an 

instrumental variable I use Total natural resources rents (% of GDP, WDI) which 

significantly and positively explains GDP per capita and at the same time it is not 

correlated with education. The test proves no endogeneity thus despite the warning from 

literature the measurement errors should not be present in the per capita GDP from my 

dataset. 

Other important assumptions of the fixed effects method are homoscedasticity and 

serially uncorrelated errors, needed for the estimator to be best linear unbiased estimator 

(BLUE, it means it has the lowest variance), along with normality of the residuals, 

which provides that the idiosyncratic errors are normally distributed. 

Homoscedasticity means that the variance of the idiosyncratic errors does not 

depend on any explanatory variable. I test for it using Breusch-Pagan test. This test 

works on the basis of regressing squared residual on all explanatory variables to prove 
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that none of them affects the variance of the error. The test results in not rejecting the 

hypothesis of homoscedasticity. 

For serial correlation I tested by regressing of the residuals from the original 

regression on its lagged values along with all the explanatory variables (in case one of 

the explanatory variables would not be strictly exogenous after all). The coefficient on 

the lagged residuals is significant on 1% level so the errors are strongly predetermined 

by the previous errors. For correction of serial correlation, Cochrane-Orcutt 

transformation is used but it is consistent only if all variables are strictly exogenous. 

Although I expect that, I report also fixed effects estimations using robust standard 

errors because that is the only way to correct for serial correlation if the variables would 

not be strictly exogenous (in spite of testing and rejecting endogeneity of taxes and GDP 

per capita). 

The Cochrane Orcutt method reports practically the same taxation coefficient as 

the normal fixed effects regression - around 0.23 - but it is still insignificant. All the 

other coefficients and most of the t-statistics increased. The coefficient of foreign aid 

becomes large, positive and significant on 10% significance level. But the focus of my 

study is the taxes variable which does not change much. It becomes even more 

insignificant as well as the other variables when I use the robust standard errors. But 

every variable which was significant is still significant on 5% significance level. 

The last assumption is normality of the residuals which may be tested by Shapiro-

Wilk test, Skewness and kurtosis test for normality and by plotting against quantiles of 

normal distribution. Both computing tests result in p-value equal or smaller than 0.01 so 

I reject the normality hypothesis which is confirmed by visible deviations from the 

normal distribution plot.  

Therefore, this method suffers from serial correlation for which I corrected and 

reported the results and also from non-normality which cannot be corrected (but it is 

needed only for the residuals to have exactly normal distribution). 

 

5.1.2 Assumptions of the other methods of estimation 

Next I test assumptions of the first difference estimator. Neither GDP nor taxes 

are endogenous. I tested both using the same test and the same instruments (which 

proved correct) as before. There is no heteroscedasticity present but, as the fixed effects 

estimator, the first differencing suffers from serial correlation. The Cochrane-Orcutt 
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correction provides similar result as the original method - slightly significant negative 

coefficient for taxes but the Prais-Winsten and the robust standard errors corrections 

both give insignificant taxation coefficient. Thus based on first differencing regression 

there does not seem to be a significant relation between education and taxes. The 

normality hypothesis is strongly rejected. 

Lastly, I test for the assumptions of the random effects approach. For the random 

effects estimation the situation is very similar as for the fixed effects estimation. All the 

assumptions tested for the fixed effects estimation need to be met. The tests for 

endogeneity of taxes, heteroscedasticity, serial correlation and non-normality result in 

the same outcomes. There is no endogeneity in taxes and the same instrument proved 

correct. Otherwise the model suffers from heteroscedasticity (but when I exclude 

mortality, heteroscedasticity ceases to be present), serial correlation, non-normality and 

endogeneity of GDP. Using the same instrument for GDP (rents form natural resources) 

the p-value of the residual is 0.096.  

 

5.1.3 Best method discussion 

There is one more warning that none of the models are actually ideal: all of the 

original models suffer from serial correlation and non-normality. This may be caused by 

the fact that I am using linear regression for a variable which is measured as a 

proportion. Implementing logarithms don´t improve the situation though. It would need 

a logistic regression. Logistic regression transforms the explained variable using 

following formula: 

 

It has several benefits over the classical linear regression. Firstly, the outcome 

variable measured in proportion is never above 100% (or 1) or under 0% (or 0). While 

fitted values from the linear regression may be out of the borders for some of the 

observations, the logistic regression always results in numbers within this interval. 

Although this was not the problem in my model (all fitted values for fixed effects, 

random effects and even OLS estimators were within [0;100]), there are two more 

improvements of the linear method: linear regression allows only for constant partial 

effect, and when the explained variable is binary, the disturbances after linear regression 

might easily be heteroscedastic. The logistic model could also solve the problem of 
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serial correlation and non-normality as it should fit the model with the proportional 

outcome variable much better. From the lack of knowledge about logistic model with 

panel data I do not perform this regression here. 

 

5.2 Alternative education and taxation variables 

As I have mentioned at the beginning in Data description, I want to try using 

different education and taxation variables in my model to find out how much is the 

model influenced by the choice of variables in my main model. Thus this subchapter 

contains a search for different views on the same issue - the influence of taxation on 

education outcomes. I am using the fixed effects estimator as it proved to be the most 

efficient for the main model.  

 

5.2.1 Education 

First I want to try out the four alternative education variables: persistence to grade 

5, primary completion rate, literacy rate and education attainment, and compare the 

results with the main regression. I tested for the assumptions and use robust standard 

errors when needed and the Cochrane-Orcutt correction for serial correlation for most of 

the models (apart from the education attainment which is reported with 5-years period 

and so I cannot perform the correction as it expects AR(1) disturbances).  For the 

regression with the primary completion rate I add a dummy variable for Maldives for 

the years 2001 till 2005. These are the only observations in the sample for which the 

values are above 140 percentage points while only 0.3% of the sample exceeds 110 

percentage points. 

When I run the simple regression of the education variables on tax_gdp, all the 

relations seem to be positive and very significant as for education_un. Thus there seems 

to be correlation between taxation and all the education outcomes. But it must be tested 

by a more specified model to find out if this relationship may be really attributed to 

taxes or if it is caused by correlation with some omitted variable.  

When I use for these alternative explained variables the main model from the 

chapter Analysis, the outcomes resemble the outcomes from my main regression. When 

I do not correct for any unfulfilled requirements of the model, both regressions for 

persistence till grade 5 and primary completion rate report very significant and positive 
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coefficient for the taxation variable. Yet these models suffer from endogeneity of taxes 

so I report results from the instrumental variable model. After all necessary corrections 

all models report an insignificant coefficient as is true also for the main variable - 

education_un.  

I expected the results from the regression for persistence till grade 5 to be similar 

to my main model. But when corrected for endogeneity the results become similar. This 

variable and my main education variable both measure persistence; the difference is that 

while the persevering in my main variable depends on the country´s curriculum, this 

new indicator concentrates always on children not leaving school till they reach the fifth 

grade. The fifth grade is chosen for the reason that five was found to be the minimum 

number of years for acquiring basic literacy and numeracy (Kite, 2013). The number of 

years of primary education has quite a large range of values - from 3 to 8 years - but 

according to a WDI indicator “Primary education, duration” most of countries had 5-

year or 6-year primary education in the last 40 years (the average is 5.66). I have not 

chosen this new variable as my main variable because there is the difficulty of what 

school follows in case the primary school has lower number of years than 5 and also the 

countries may distribute the acquisition of knowledge in more years in case of longer 

than 5-year primary education. It would require studying the education possibilities and 

the curricula of the poor countries. 

For literacy rate and education attainment there is only 2.9 and 3.2 average 

observations per unit. This is close to the minimum of at least 3 average observations 

per unit that are normally assumed necessary for panel data to function well. Therefore, 

it must be interpreted carefully as the panel data methods may not be valid. 

Nevertheless, I shortly report the results, even though the variability and the 

insignificance does not allow for much comparison. Contrary to the original regression, 

in all the alternative regressions tax_gdp has a negative sign when corrected for the 

problems present. All the other variables are significant (apart from GDP in literacy 

regression and poverty for the educational attainment) and when significant, it has same 

sign as in the main model. From this I can conclude that for my research it would not 

matter if I have chosen a different education variable though the difference might be 

important in case of better and more informative method (logistic regression). 
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5.2.2 Taxation 

Next I want to test the robustness of the taxation variable. For this variable I have 

a smaller range of alternatives: Taxes on Income, Profits, and Capital Gains in cash 

(from GFS) and Tax revenue as percentage of GDP (from WDI). I test using fixed 

effects regression for the main explained variable - education_un - with correction for 

the omnipresent serial correlation.  

In the simple regression, the most significant is the main taxation variable but the 

alternatives are still significant on 5% (the other GFS indicator) and 10% (the WDI 

indicator). All report a positive relation. 

The main regression for the WDI taxation indicator suffers from endogeneity of 

both taxes and GDP so I cannot correct for it using two stage least squares method. It 

even reports an insignificant coefficient for taxes. However, when I use the income 

taxation indicator the coefficient of taxes is positive and significant (on 1% significance 

level). The coefficient equals 1.346 (p-value = 0.005). Therefore, the effect at mean is 

7.777 percentage points (the mean of taxes on income is 5.778%). So it seems that not 

general tax revenue but the income taxes influence the education performance.  

 

5.3 Partial effect of taxes on expenditure and of expenditure on 

education 

The effect of taxes that I am trying to describe in my paper is indirect consisting 

from the effect of taxation on government expenditure and the effect of education 

expenditure on education outcomes. In this subchapter I am trying to analyse these two 

effects to learn if at least these two partial effects are significant. I expect them both to 

be positive. Government should invest more money when the proportion of taxes to 

GDP is higher and so they receive relatively more on taxes. And there should be a 

positive effect of education expenditure on the outcomes unless the education system is 

very inefficient. 

5.3.1 The effect of taxation on education expenditure 

As I write in Literature review, these two effects were already tested and reported. 

For the effect of taxation on expenditure, I have found only one book and it describes 
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the influence on general expenditure not education expenditure. But it reports a positive 

relationship leading from taxes to the expenditure and not in the reverse direction. 

To analyse this relationship, I have to create a new model:  

 

Here y stands for the education expenditure which is measured in the literature in 

several ways: spending per GDP, spending per student, allocation to primary education 

and pupil teacher ratio. I have found six possible measures which I try to put in the 

model to test how the results change with the choice of explained variable. These are: 

Expenditure per student of primary education (% of GDP per capita, WDI), Public 

spending on education (% of government expenditure, WDI), Public spending on 

education (% of GDP, WDI), Pupil teacher ratio in primary education (WDI), 

Expenditure on pre-primary and primary education as percentage of GDP (GFS, 

Budgetary Central Government), and Total expenditure on education as percentage of 

GDP (GFS, Budgetary Central Government). On all of these measures (apart from pupil 

teacher ratio) taxes are expected to have positive effect. For pupil teacher ratio this 

effect and all effects of the other variables are expected to be in the other direction as 

the quality of education decreases with higher number of pupils per teacher. 

From the rest of the variables it remains to describe only natur_resources_wdi, 

which stands for Total natural resources rents (% of GDP, WDI). 

I have included apart from taxes also foreign aid and rents from natural resources 

as these three form the most common sources of income for government (as I have 

already cited from Moore, 2007). GDP per capita shows how rich the country is with 

respect to number of its inhabitants and so what financial possibilities it has, and also it 

works as a proxy for other country´s specifications. There might be some important 

variables missing because the situation is complex and there are no similar books to 

base the model on.  

Nearly all the simple regressions and most of the main regressions for fixed and 

random effects regressions report a significantly positive coefficient. For the GFS 

indicators all the panel data methods report a significant and positive relationship. For 

expenditure on education per GDP the coefficient is around 0.155 for fixed and random 

effects methods, for expenditure on primary education it amounts to 0.074 (RE) or 

0.107 (FE). For the WDI indicators the significance of taxes varies but taxes have a 

significant coefficient for all the methods chosen by Hausman´s test as more 
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appropriate. For expenditure per student, expenditure as percentage of GDP and pupil 

teacher ratio the coefficients are positive (0.117, 0.043 and 0.145 respectively), for 

education expenditure as percentage of government expenditure the coefficient is 

negative and equal -0.322. 

There are from around 200 to 700 observations for each regression. The model is 

relatively simple but I do not try to make a full analysis rather to capture an approximate 

relationship of taxation and expenditure. From the results it seems that taxes influence 

positively expenditure on general education and primary education per GDP as well as 

expenditure on primary student as percentage of GDP per capita. The negative effect on 

education expenditure per total government expenditure may be caused by the fact that 

there are other expenditure needed (for example social and health expenditure) and 

increasing education at the expense of other fields may produce problems. The positive 

coefficient for pupil teacher ratio is more surprising but it could be related to delay of 

class size solving. First, countries aim to increase the enrolment and this increases the 

pupil teacher ratio. Only after that they try to decrease the pupil teacher ratio. It is 

possible that during the sample period the countries focused more on increasing the 

number of students. But the class size is an important school quality indicator. 

 

5.3.2 The effect of education expenditure on education outcomes 

For this effect there is a large amount of literature with different outcomes as I 

summarize it in Table 1. Most of the literature that I have found allows for a positive 

effect of the education expenditure on the education outcomes. They are testing the 

relationship for primary net or gross enrolment, persistence till grade 5 or drop-out rate. 

I use here my main education variable - education_un which stands for the persistence 

to the last grade of primary education. I use the same model as in my main analysis - 

only instead of taxation I use the education expenditure as a different mean of financing. 

I run the regression using fixed and random effects estimators and choose which 

result to interpret according to Hausman´s test. 

All simple regressions resulted in significantly positive relation apart from the 

primary education expenditure per GDP. For this GFS indicator all regressions (not only 

simple) were insignificant so there is found no relationship between expenditure on 

primary education and education outcomes. This is confirmed by the insignificant 
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coefficient for expenditure per primary student. The only indicators for which the 

method chosen by Hausman´s gives a positive and significant coefficient are both 

indicators of education expenditure per GDP. The values are 0.9 (for WDI) and 1.1 (for 

GFS). 

These results seem to prove that there is a positive relationship between taxes and 

education expenditure per GDP and between education expenditure per GDP and 

education outcomes. This supports the theory of the positive indirect effect of taxes on 

education. The slight insignificance in my main model and the insignificance for the 

other measures of education expenditure might be caused by some offsetting effects or 

by not enough specified or not appropriate model. 
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6. Conclusion 

 

In this thesis my goal was to analyse the relationship of taxation and education 

outcomes. I focused on the indirect effect that taxation could have through education 

expenditure. I expected such effect to be positive by taxation increasing education 

expenditure and education expenditure increasing the education outcomes, yet I could 

not prove it using the data and model I have. One of the problems is that education is 

influenced by many aspects for which there is no data and for some of them the data on 

the state level even cannot exist. These include for example parental education, ability 

of children or society attitude. Thus no analysis of education outcomes may be perfect 

and complete. In spite of this, it makes sense to perform analyses of education and what 

affects it as it suffices to find only one relationship if the method is correct. 

In my main model, I used persistence to the last grade of primary education (from 

United Nations Statistic) as explained variable and for the main explanatory variable I 

have chosen taxes as percentage of GDP (from Government Finance Statistics of IMF). 

The results of my analysis do not change with alternative variables used for education as 

I have separately tested. 

I performed and examined the results of three panel data approaches: first 

differencing, fixed effects estimator and random effects estimator. From the three 

methods I have used, most efficient proved to be fixed effects estimator because there 

are possibly some time-invariant characteristics of the countries which affect education 

and at the same time are correlated with the countries performance. The results vary a 

lot, not only with the choice of the method but also with different specification. I 

decomposed the effect of taxation based on the level of corruption and political stability 

but neither for less corrupt, nor for more stable countries did the effect prove to be 

significant enough.  

Reduced models for the persistence to the last grade resulted in slightly positive 

coefficients so there is probably some approximate relationship between this education 

variable and the main taxation variable but my main model does not capture the relation 

perfectly. When I change the general taxes per GDP variable to only income taxes per 

GDP the relationship becomes significant. Possible reason for it is that the revenue from 

direct taxes may be invested more on people because people may want to control the 

financing more when they pay the money to the government directly. 
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In addition to the problems mentioned all methods suffer from serial correlation 

and non-normality. Therefore, it is highly probable that a better method would be the 

logistic regression which is more favourable for proportional explained variables and 

could solve the problem of serial correlation and normality. However, I do not include 

this approach in my analysis because I lack sufficient knowledge about this regression 

applied on panel data.  

I tried to divide the indirect effect of taxation on education into two - the effect of 

taxation on education expenditure and the effect of education expenditure on education 

outcomes. These effects prove significantly positive for education expenditure as 

percentage of GDP (for both measures I used for it). Therefore, there is some positive 

indirect effect of taxation on education outcomes but the effect is not so clear that it 

would be proved by my main analysis. 

 A more thorough analysis could have different outcomes as I lacked data (like 

private expenditure) and could not perform the logistic regression. Also other limitation 

of my model is that I take all countries as equal observations regardless of their size. If I 

divided all observations by the appropriate population as in Kite (2013), the results 

might change. 

Thus I cannot conclude from my analysis that I proved a positive effect of 

taxation on education. To decide on the existence of such effect it would be needed to 

use a better method and possibly also richer dataset to eliminate the problems with 

methods and to reach more robust results.  
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