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Abstract

This paper studies the effect of income tax progressivity on the disproportionate use of pub-
licly funded higher education. We show that more progressive tax systems increase low-income
households’ net fiscal benefit of higher education, making their children more likely to attend uni-
versity. To increase the university enrollment of children from low-income households, the “degree”
of income tax progressivity must increase along the income distribution. “Weakly progressive” tax
systems can determine a perverse redistribution equilibrium, in which poorer households subsidize

the higher education for richer households.
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1 Introduction

In Europe, governments finance public higher education systems through taxes, particularly
income taxes.[Hﬂ Progressive income taxes are the most frequently used form of income taxes
— reducing the tax incidence for individuals with a lower ability to pay, thereby redistributing
the economic burden from high-income to low-income households. However, financing public
higher education via income taxes can lead higher education to become a regressive form of
public expenditure (e.g., OECD, 2020)). If higher education is difficult to access for many
children from lower-income households despite their parents paying income taxes, lower-
income households end up subsidizing the higher education of higher-income households
(e.g., Fernandez and Rogerson| 1995). This leads to a regressive redistribution of resources
that is termed as “perverse redistribution” (Diris and Ooghel 2018, p. 278)E|

In this paper, we develop a rational choice model of public higher education attendance
that shows that less progressive income tax systems are associated with larger perverse
redistribution in higher education. The model offers three key insights about the relationship
between income tax progressivity and households’ decision to send their children to higher
education: (i) higher levels of income tax progressivity led to higher enrollment rates in higher
education; (ii) more progressive income tax systems reduce lower-income households’ net
fiscal cost of higher education, thereby increasing the probability of lower-income households
sending their children to higher education; (iii) more progressive tax systems at the top of

the income distribution led to lower perverse redistribution in higher education because the

'In this paper, we will use university education and higher education, and tertiary education interchange-
ably. By this we mean all education undertaken after the completion of secondary school.

2Since 2000, total public expenditures in higher education increased by about 15% among European
countries before stabilizing after 2013. Apart from the UK and Ireland, European universities receive most
of their funding from government funding (Lepori, 2019)), which can define the quality of the higher education
system (e.g., see Lahmandi-Ayed, Lasram and Laussel (2021)) for a theoretical analysis). The UK and Ireland
draw on private contributions such as tuition fees, in addition to government supports.

3For instance, in Denmark, where the education system is predominantly public, children from high-
income families receive larger per capita public investments through upper-secondary and higher education
than children from low-income families who are less likely to attend university (Nielsen and Christensen,
2022). Similarly, |Bonneau and Grobon| (2022) show that, in France, which finances its education system
through public funds — children from high-income families receive approximately twice the amount of public
spending on higher education than children from low-income families.



likelihood of attending higher education for a child from a lower-income family is higher
when the tax system is more progressive at the top of the income distribution.

Our paper contributes to two distinct research areas. First, we contribute to the economic
theory linking the financing methods of public education and educational choices. One strand
of this literature focuses on how different financing schemes affect university participation
(e.g., |[Del Rey and Racionero| [2010). A second strand builds on political economy models
where citizens vote on a flat tax rate on income to finance public education after deciding
whether to attend public education[f] Unlike previous models, our paper sheds light on how
income tax progressivity affects households’ decision to send their children to university.
We show that, in a universal public higher education systemE] an increase in progressivity
raises the net fiscal benefit vis-a-vis the cost of higher education for lower-income households,
thereby increasing the probability of sending their children to higher education. The rise in
lower-income households’ net fiscal benefit can occur in two ways: (i) a reduction in the fiscal
cost of financing higher education for low-income households without changing the quality
of education or (ii) an increase in the fiscal benefit from higher education without adding
any additional fiscal cost for the lower-income households, i.e. financing higher education
through higher taxes on high-income households [

Our theoretical results also complement the theoretical works by [Nielsen and Sgrensen
(1997) and Alstadsaeter| (2002), who show that labor income tax progressivity reduces human
capital investments in favor of financial investments, such that tax progressivity reduces the

return to human capital. Particularly, as noted in |Alstadseeter, (2002)), when education

4This strand of literature is large and includes decisions about attending private versus public education
versus not attending education at all and going directly into the labor market. For examples of this work, see
Epple and Romano| (1996), Fernandez and Rogerson| (1995)), |Glomm and Ravikumar| (1998]), [Tanakal (2003),
or (Gutiérrez and Tanakal (2009)). |Glomm, Ravikumar and Schiopu| (2011) offers a comprehensive literature
review of the political economy of higher education.

5Starting from the second half of the 20" century, OECD countries moved from higher education as
the prerogative of the “elite” to “universal” higher education systems (see Marginson, 2016; (OECD) 2020).
Trow| (1973) defined a universal higher education system as one where more than 50 percent of an age cohort
access higher education.

5To some extent, our paper also contributes to the literature studying how income taxes and the design
of an income tax system — specifically, income tax progressivity — affects people’s preferences and decision
(see, e.g., Doerrenberg and Peichl, [2013; Beramendi and Rehm)| [2016} |Casarico and Sommacal, [2018)).



itself has a consumption value[] In contrast, we build a theoretical model in which more
progressive income taxes can increase the total higher education enrollment in countries
with “universal” public higher education. However, a progressive income tax system is not
enough to ensure higher participation in higher education. Our model highlights that, in
order to increase the total university enrollment, the “degree” of income tax progressivity
must increase along the income distribution. In recent years, the degree of tax progressivity
has gained particular prominence in the academic and public policy debate. For instance,
the EU Tax Observatory documents that for countries such as France, Netherlands, and the
US, the income tax systems are regressive at the top of the income distribution (Alstadsaeter,
Godar, Latitude, Nicolaides and Zucman, 2023)). Similarly, |Guzzardi, Palagi, Roventini and
Santoro| (2023) show that the Italian income tax system is regressive for individuals with
income above the 95% percentile of the income distribution. In this paper, we show that if a
country has a progressive tax system but the degree of progressivity declines with household
income or is not large enough compared to the bottom of the income distribution, then
perverse redistribution in higher education occurs.

Secondly, this paper builds on and contributes to the literature on human capital invest-
ments (see Becker, |1993)) and the choice of attending higher education. Previous models in
this literature assume that public education — in contrast to private alternatives — does not
involve private costs (see, e.g., Epple and Romano, [1996; (Glomm and Ravikumar, 1998]). At
face value, this assumption can capture the main difference between private and public higher
education; however, some public goods still require “costly access”, deterring some house-
holds from participating in them.ﬁ In this paper, we show that including the private costs of
participating in public higher education can highlight the role of the design of the tax system

in the decision to attend higher education. To this end, we assume that even if higher edu-

TAlstadszeter| (2002) describes the “consumption value of education” as the set of non-monetary values
attributed to the decision to attend education. See also |Alstadsaeter, Kolm and Larsen| (2008).

8We co-opt the term “public goods with costly access” from |Cremer and Laffont| (2003)). While Cremer
and Laffont| (2003]) mainly refer to “information goods” as an example of public goods with “costly access”,
the problem of participation costs can be easily extended to higher education, even in the context of a
universal public higher education system.



cation is publicly financed and universal, — with no private option available —, parents must
still make private investments to support their children’s education if they choose to send
them to university. In the context of higher education, these additional parental investments
cover expenses such as private tutoring, living near the university or in neighborhoods with
better amenities, and managing the higher general costs of living. Such investments directly
or indirectly contribute to improved children’s academic performance (e.g., |Psacharopoulos
and Papakonstantinou, 2005; Hamilton, 2013; [Kobus, Van Ommeren and Rietveld), 2015
Hardt, Nagler and Rincke, 2023)) and increase their probability of attending and completing
higher education (e.g., Frenette, 2006; Spiess and Wrohlich) 2010). However, they also rep-
resent a clear financial constraint, particularly for lower-income households. For instance,
lower-income households may choose not to send their children to university if they perceive
that, even with their investment, the probability of graduation — and, consequently, their
children’s future income prospects — are too low. Our model shows that if tax progressivity
increases, the cost of maintaining or increasing the quality of higher education shifts from
low-income to high-income households, increasing the participation of low-income individuals
and reducing perverse redistribution in higher education. This result can occur in two ways:
(i) taxes of low-income households decrease, thereby increasing their disposable income or
(ii) because high-income households sustain the costs of public higher education through
higher taxes.

Through various extensions of the basic model we introduce and discuss the implications
of different ways of financing higher education: (i) tuition fees, (ii) income-contingent, means-
tested, public grants, and (iii) income-contingent, publicly subsidized loans. For all the
extensions, the role of income tax progressivity does not change. However, we discuss the
limitations of tax progressivity in reducing perverse redistribution when tuition fees are
in place if a government does not also implement income-contingent, means-tested, public
grants or publicly subsidized loans.

The remainder of the paper is structured as follows: Section [2| presents stylized facts on



income tax progressivity and education enrollment rates across European OECD countries
that underpin this paper. Section |3| provides the general set-up of the theoretical model
before Section |4 shows how tax progressivity affects the decision to attend higher education
and the perverse redistribution. Section |5 presents the extensions of the basic model before

[6] concludes.

2 Stylized facts across Europe

Over the last 20 years, two major trends emerged in European OECD countries: a decline
in personal income tax progressivity and an increase in the gross enrollment rate in higher
education. In fact, both trends have been observed worldwide since the 1990s (Schofer and
Meyer, [2005; Strecker], 2017)).

We next present stylized facts on the development of tax progressivity, education, and
the relationship between the two, focussing on European OECD countries that took part
in the Bologna Process. This allows us to compare countries with similar economies and

university systems.ﬂ

2.1 Tax progressivity

The left-hand panel of Figure [I] shows the decline of personal income tax progressivity in
European OECD countries since 2000. Income tax progressivity is measured at three dif-
ferent points along the income distribution, namely at 67%, 100% and 167% of the average
production worker’s wage (APW)IT_U] taxed as a single male without dependents. The income
tax progressivity at 67% of the APW increased, the progressivity at the 167% of the APW

remained largely constant, and the progressivity at the 100% of the AWP declined before

9Starting in 1999 with the Bologna Declaration, the Bologna Process consisted of a series of agreements
between FEuropean countries intended to make the higher educational systems in Furope comparable, to
engage in common reforms, and to create a Furopean Higher Education Area.

10The average production worker earns the average income of a full-time production worker in the manu-
facturing sector of the respective country: https://stats.oecd.org/oecdstat_metadata/ShowMetadata.
ashx?Dataset=CSP6&Coords=[SUB] . [TAXAPW]&Lang,.


https://stats.oecd.org/oecdstat_metadata/ShowMetadata.ashx?Dataset=CSP6&Coords=[SUB].[TAXAPW]&Lang
https://stats.oecd.org/oecdstat_metadata/ShowMetadata.ashx?Dataset=CSP6&Coords=[SUB].[TAXAPW]&Lang

bouncing back to its initial level. Income tax progressivity increased more for poorer indi-
viduals, making the overall tax system less progressive since 2000. In other words, European
OECD countries experienced an increase in the fiscal cost for low-income households greater

than the change in the fiscal cost of high-income households.
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Figure 1: Local Income Tax Progressivity and Marginal Tax Rates in Europe at different
income levels: 2000-2021

Notes: Local tax progressivity (left) and marginal tax rates (right) at 67%, 100%, and 167% of the
average production worker (APW) in European countries. Tax progressivity calculated following
(2008) and Rieth et al.| (2016). Tax progressivity is higher when closer to 1. Countries are: Austria,

Belgium, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Ireland, Italy, Latvia,
Lithuania, United Kingdom, Luxembourg, Netherlands, Norway, Poland, Portugal, Slovak Republic,

Slovenia, Spain, Sweden, and Switzerland. Authors’ calculations using data from OECD Tax Database

This increase in the fiscal cost is also confirmed by the right-hand panel of Figure [I]
which presents that the marginal tax rate at 67% of the APW increased while the marginal
tax rates at 100% and 167% of the APW declined slightly since 2000.

Given the differential developments in progressivity and tax rates across the income
distribution, even de facto progressive tax systems may be considered “weakly progressive”.

This may be the case when it features increasing marginal tax rates across the income



distribution but still imposes a disproportionately heavier financial burden on individuals
with lower incomes compared to those with higher incomes. This occurs, for instance, when
the top marginal tax rate is not high enough or if the income distribution exhibits a long right
tail. In such cases, high-income households end up with a smaller tax burden relative to their
income, resulting in a lower average tax rates and lower tax progressivity than households

in the middle or left-tail of the distribution.

2.2 Higher education

The second trend is the expansion of higher education systems in European OECD countries.
The transition from elite to universal higher education systems has been well documented
by Trow| (1973) and became increasingly common across OECD countries (Marginson), 2016}

OECD], [2020).
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Figure 2: Gross enrollment rate in higher education in European countries between 2000
and 2019

Notes: Data on gross enrollment rate in higher education from |World Bank| (I2022|). The gross enrollment
ratio for higher education is calculated by dividing the number of individuals enrolled in higher education
(regardless of age) by the population of the age cohort that officially corresponds to higher education
and multiplying by 100. Thus, numbers can exceed 100. Red line plots simple European OECD average.




Figure [2| shows the gross enrollment trends in higher education in European OECD
countries between 2000 and 2019. The European OECD average (red line) highlights that,
for European countries, enrollment rates in higher education increased since 2000. However,
the trends in Figure [2| could hide the possible disproportionate use of higher education
across income classes in Europe. For instance, empirical evidence shows that the rise in
higher education enrollment and graduation rates in the UK between the 1970s and 1990s
were very unevenly distributed, with students from more affluent families being more likely

to participate in higher education (Blanden and Machin, [2004)).

2.3 Tax progressivity on education

Combining the insights on income tax progressivity and higher education enrollment, aggre-
gate enrollment is positively correlated with tax progressivity. The simple linear regressions
represented in the binned scatter plots in Figure [3| capture the results in Columns 1 and 4

in Table [3]in Appendix [H]
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Figure 3: University enrollment and tax progressivity

Notes: Binned scatter plots for the years 2000-2018 based on results in Table The left-hand figure
only accounts for tax progressivity, Column 1. The right-hand figure includes a set of additional controls
in Column 4. p — value < 0.05. We calculated the optimal number of bins by applying the integrated
mean square error-optimal number of bins (Cattaneo et al., [2024]).

Initial regressions of education on tax progressivity (left) and a whole additional set of
country-level control variables (right)ﬂ indicate that as lagged local tax progressivity at
100% APW increases so does gross enrollment in higher education. The coefficients on local
tax progressivity range from 3.04 to 3.2 from the least to the most restrictive estimations.
A breakdown across different specifications is available in Table [3]in Appendix [H]

Using to microdata from the Luxembourg Income Study, we highlight how individual
households’ uptake of higher education relates to tax progressivity and parental income.
Full results for these microdata-based estimations are available in Table ] in Appendix
. Households with children between 17 to 19 years of age (the approximate ages where

European upper secondary school graduates transition into higher education) demonstrate

1 The control variables include country-level lagged higher education expenditures as a percentage of
GDP, natural log of gross national income per capita, general government expenditure, Reynolds-Smolensky
index, the average annual unemployment rate, the annual inflation rate, the long-term interest rate, and the
percentage of people living in urban area.

11



a negative parental income gradient — negative coefficients in Column 1 in Table [T}
Households in the first few quintile have a lower probability of sending a child to higher

education relative to the highest income quintile. Columns 2-4 illustrate marginal effects

Table 1: REGRESSION: PARENTAL INCOME GRADIENT AND TAX PROGRESSIVITY

Average marginal effects

Prob. attending Tax progressivity Tax progressivity Tax progressivity
university 67% APW 100% APW 167% APW
Variables (1) (2) (3) (4)
Parental Income Quintile; -0.103*** -0.044** -0.007 0.088***
(0.015) (0.017) (0.021) (0.026)
Parental Income Quintiley -0.093*** -0.034** 0.002 0.044*
(0.012) (0.015) (0.017) (0.023)
Parental Income Quintileg -0.075%** -0.010 -0.003 0.013
(0.011) (0.015) (0.017) (0.023)
Parental Income Quintiley -0.037*** -0.021 -0.010 0.014
(0.010) (0.014) (0.015) (0.023)
Countries 17 17 17 17
Obs. 44,332 44,332 44,332 44,332
Adj. R-squared 0.380 0.380 0.380 0.380

Notes: The table shows the parental income gradient in higher education interacted with three measures
of progressivity (67%, 100% and 167% of the APW). Country-, year- and cohort-fixed effects, and country-
cohort interaction capturing linear trends for specific cohorts included. Household-level clustered standard
errors in parentheses. *** ** and * indicate levels of statistical significance at 1, 5, and 10 percent,
respectively.

of the differential relationship between the parental income gradient in attending higher
education and tax progressivity. On the one hand, the marginal effects in Column 4 show
that an increase in tax progressivity at the top of the income distribution (167% APW) is
correlated with a reduction in the negative parental income gradient for poorer households.
On the other hand, Column 2 shows that a reduction in the parental income gradient for
poorer households increases the probability of poorer households sending their children into
higher education, even if those households are paying income taxes — reducing perverse
redistribution in higher education. These correlations also indicate that as tax progressivity

increases at the bottom of the income distribution, the parental income gradient appears

more negative for households in the lower quintiles.

12



Overall these correlations indicate that an increase in tax progressivity could increase per-
verse redistribution and reduce the university enrollment of individuals from poorer house-
holds, if the increase in progressivity occurs in the poorest income classes.

However, while tax progressivity is correlated with individual household choice over
higher education attendance, there is no clear relationship between aggregate higher educa-
tion spending and tax progressivity (at various income levels) among European countries.

We present stylized regressions in Table

Table 2: REGRESSION: HIGHER EDUCATION SPENDING (% GDP) AND INCOME TAX
PROGRESSIVITY

Variables (1) (2) (3)
T67%APW,¢ -0.005

(0.024)
T100%APW,¢ 0.009

(0.021)
T167%APW,t -0.019
(0.029)

Constant 0.956***  (0.954%**  (.956***

(0.077) (0.077) (0.077)
Countries 25 25 25
Observations 467 467 467

Adj. R-squared 0.896 0.896 0.896

Notes: Columns (1)-(3) report the spending in higher education (% GDP) and the degree of income
tax progressivity at 67%, 100% and 167% of the average productive worker, respectively. Local tax
progressivity measures after standardizing around the mean. Country-level clustered bootstrap standard

k3 k 3k k

errors (1000 replications) in parentheses. , ** and * indicate levels of statistical significance at 1, 5,
and 10 percent, respectively. For brevity, the country- and year-fixed effects are suppressed.

We next formulate a theoretical model to integrate these stylized facts.

3 Theoretical Setting

Based on the stylized facts above, we formulate a theoretical model for the relationship
between the choice to attend higher education and tax progressivity. We first establish the

setting for our baseline model.

13



3.1 The economy

The economy consists of a continuum of households whose mass is normalized to 1, where
each household consists of one parent and one child. Parents are endowed with an income v,
which is continuously distributed with a c.d.f. F(y) that is strictly increasing in y and twice
continuously differentiable, and a p.d.f f(y) > 0 defined over a continuous support [y,7] C
R, .. We assume that the minimum income in the economy is strictly greater than 0, so that
each parent can afford at least some level of consumption. This is equivalent to ensuring a
lump-sum transfer for everyone in the economy which guarantees a minimum consumption
level.E In the economy, there exists only a public university system — without a private
option — that is tuition-free to students and entirely financed through a progressive income
tax, thereby receiving a portion of total tax revenues, F. Additionally, the government
allocates a portion of total tax revenues, GG, to other public spending targets.

At the beginning of Period 1, a parent pays taxes and decides if child will attend uni-
versity. In our model, higher education requires some private cost from the household. This
private cost increases the probability of the child successfully completing higher education.
Thus, parents can choose to pay the additional cost of higher education to increase the
probability of their child obtaining higher expected future income or can choose not to bear
the additional cost of higher education, in which case their child will get a lower expected
income in the future.

If a child attends university, the household must pay a private subsidy, s, for the dura-
tion of the child’s studies. Any additional unit in s is an investment in the future human
capital of the child. These additional parental costs and investments could cover private
tutoring, housing closer to campus and in neighborhoods with greater amenities, and higher
general costs of living, which ensures better university results by, either directly or indirectly,

increasing the time that can be devoted to learningﬂ

12While this transfer can be added to the model, it would unnecessarily complicate the baseline model
without substantially changing the findings.
13For instance, Hardt et al|(2023) show that online tutoring in higher education can increase the amount

14



Furthermore, a child’s expected post-graduation income stream (or wage) development is
a strictly increasing function of educational quality, which positively depends on the amount
of public funding directed into the university system. Thus, if a child earns a university
degree, they will get a future income stream equal to wW(F), such that W(E) : Ry, — R, and
w'(E) > 0; However, obtaining a university degree is still subject to uncertainty. If a child
attends university, they will graduate with a probability p(s), such that p(s) : R, — [0, 1),
or fail to graduate with a probability 1 — p(s). The probability of graduating cannot take
value 1, so that a child is never 100% certain to graduate, and is a strictly increasing and
concave function of parental investments, s, such that p’(s) > 0 and p”(s) < 0. The strong
concavity assumption captures the diminishing returns of monetary parental investments on
the probability of a child’s university graduation['] Moreover, we assume that p(0) = 0 and
that p’(0) = oo. If parents consider sending their child into higher education, they cannot

expect any increased returns without some investment in education.m In this context, the

private parental investment in a child’s education and government expenditures in public

of accumulated credits by almost one-third and the GPA by about one grade level. Private tutoring also
represents a large portion of private households’ university costs (Psacharopoulos and Papakonstantinou,
2005). Empirical evidence has also shown a negative impact of distance on various outcomes in higher
education, such as students’ grades (Kobus et al., |2015]) or the probability of attending university (Frenette,
2006} |Spiess and Wrohlich) |2010). The effect of distance on university participation is also heterogeneous
across social classes with a (larger) negative effect for people from low-income families (Spiess and Wrohlich|
2010; |Cullinan, Flannery, Walsh and McCoy}, 2013]).

4The assumption of diminishing returns to monetary parental investments in human capital accumulation
is widely accepted in economic theory (see, for instance, |Becker, Kominers, Murphy and Spenkuch| [2018)
and empirical research has shown that monetary parental investments made during higher education exhibit
diminishing returns on the likelihood of their children’s university graduation (Hamilton, 2013). The strong
concavity assumption can also be relaxed, such that p”(s) < 0, without changing the results of the model.
In this case, it is possible also to relax the assumption p(s) € [0,1) by introducing a private educational
investment threshold, s, such that p(s) = 1 for any s > 5. However, this assumption seems unrealistic to
us as it would exclude other unpredictable external factors that could affect the probability of graduating,
which we implicitly capture by assuming p(s) < 1 for each s > 0.

15The probability of graduating from higher education could also be an increasing function of skills and
knowledge acquired prior to enrollment. The work of [Kosse, Deckers, Pinger, Schildberg-Horisch and Falk
(2020) and |[Falk, Kosse, Pinger, Schildberg-Horisch and Deckers| (2021), among others, shows that children
from higher socioeconomic status (SES) families tend to have higher cognitive and non-cognitive skills,
which in our model would make them more likely to enroll in university. Thus, the probability function
would become: p(s,a(y)), where a(y) captures the skills accumulated by a child graduating secondary school
and positively depends on the economic status of their parents, such that a/(y) > 0. Interestingly, [Ichino,
Rustichini and Zanella|(2024) show that the expansion of higher education in the UK resulted in the admission
of students from high SES and lower levels of intelligence, which may suggest that skills are not the major
determinant in the decision to attend university.

15



higher education are complements. We assume that without some private support, a child
cannot attend and successfully complete higher education, as there are necessary costs that
complement attending higher education that households must bear. We will relax these
restrictions in the extensions to this baseline model. If a child does not attend university or
fails to graduate, they receive the future income stream of someone with completed upper-
secondary school education, w > 0, such that 0 < w < wW(E) for any E > OH This
assumption aligns with the fact that those with higher education have, on average, higher
incomes. Indeed, one can interpret wW(F)—w > 0 as the long-run income (or wage) premium
between university and secondary-school graduates.

In this model, there is no congestion effect on public goods, meaning that the mass of
households consuming the available public goods does not affect the quality of those public
goods. We exclude a congestion effect at the level of public spending G, as G represents a
large set of different public goods available to all households, with some households partaking
in some public goods more than others and ruling out an overall congestion effect. Regard-
ing the quality of higher public education, F, we exclude the congestion effect for several
reasons: (i) ambiguous empirical findings in the literature on the congestion effect in higher
educationﬂ (ii) ambiguous empirical findings on the effect of higher education expansion on
the higher education wage premium, which might depend on the quality of the accumulated

human capital or the general equilibrium effects on skill pricesﬁ (iii) the capacity of gov-

6Note that we always assume E > 0. We do not consider the case in which E = 0, which would occur
if a government cannot or does not finance a public higher education system, as we explain in subsection
[3:3] This scenario is unrealistic for European or developed countries. Moreover, if E = 0, a private higher
education option likely emerges as a unique option; However, this scenario goes beyond the purpose of this
paper.

"While a number of empirical findings point to a negative effect of class size in higher education out-
comes, (Kokkelenberg, Dillon and Christy, |2008; [De Giorgi, Pellizzari and Woolston, [2012; Kara, Tonin and|
Vlassopoulos, 2021, e.g.,), others find no effect, (e.g., Kennedy and Siegfried, 1997; |Cho, Baek and Chol,
2015; Bettinger, Doss, Loeb, Rogers and Taylor, [2017). Another strand of this literature finds mixed or het-
erogeneous results depending on the type of university course (Cheng), 2011; |De Paola, Ponzo and Scoppal,
2013; [Kara et al., 2021]).

BWhile |Carneiro and Lee (2011); Bianchi (2020) and [Ichino et al.| (2024), among others, find a negative
effect of higher education expansion due to lower quality accumulation of human capital or skill price general
equilibrium effects, Walker and Zhu (2008) and Blundell, Green and Jin| (2022) find no effect, and
[and Murphy| (1992); (Carneiro, Liu and Salvanes (2023, and [Westphal, Kamhofer and Schmitz (2022) find a
positive effect.
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ernments to absorb the excess demand for higher education in a universal higher education
system, which is the case of the European, high-income countries we are considering. In
the theoretical literature, the universality of a public education system is captured by fixing
the congestion effect, namely the mass, N, of users congesting the public good, at N =1
(e.g., see Glomm et al. (2011))), which illustrates the general idea that universal access does
not limit the size of institutions (Trow, [1973); (iv) households might be myopic regarding
the congestion effect (see, for instance, Glomm et al| (2011))) and might not consider the
expansion of higher education in their decision to attend it, thereby considering N as fixed.
If a congestion effect exists, myopic agents would explain the growing enrollment in higher

education in European and OECD countries (Marginson, 2016; OECD, 2020).@

3.2 Utility maximization problem

We assume that the household’s utility function is weakly additively separable into the par-
ent’s consumption utility, u(c), and the expected income utility of the child, which is linear in
their future income. The utility function, u(c) : Ry — R, is continuous, twice differentiable,
strictly increasing (u/(¢) > 0), and strictly concave (u”(¢) < 0) in parental consumption, c.
Moreover, we assume that the household cannot favor the child’s education over parental
consumption if that implies parental consumption equals 0 (v/(0) = 0o). We also assume
that the household cannot observe future tax rates; they can, however, observe the child’s
human capital. Thus, the household only explicitly cares about the child’s expected pre-tax
income, which is a function of the child’s human capital. While the assumption that house-
holds and parents consider the children’s future human capital or pre-tax income is already
widely used in the education choice literature”’| there are a number of reasons to justify this
assumption: (i) The empirical evidence shows that expected gross market wage or gross re-

turn to schooling are predictors of university enrollment (e.g., see |Attanasio and Kaufmann),

19See Online Appendix C for a detailed discussion and descriptive empirical evidence about points (i)-(iv).
20Examples are Epple and Romano (1996)), Fernandez and Rogerson| (1995) or De Donder and Martinez-
Mora) (2017). See |Glomm et al|(2011)) for a comprehensive literature review.
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2014; |Schweri and Hartog, 2017)); (ii) post-tax income depends on many factors (e.g., having
children, marital status, industry, etc.) and an individual will form their expectations based
on incomplete informationﬂ and (iii) considering the pre-tax future income incorporates the
preference for higher education, which is associated with lower income volatility and higher
returns to education, factoring in the lower unemployment risk, while any redistributive
effect of the tax system would not be considered ]

The household makes the choice that maximizes their utility depending on whether or not
they send the child to university. Namely, they maximize between V¢ and V%, max{V*¢, V"}.
The two functions are the present discounted indirect utility from sending the child to uni-
versity, V¢, and having the child entering the work force without a university degree, V*,
respectively.

If a household decides to send the child to university, they maximize the utility function
as follows:

max  u(c) + 0 [p(s) - wW(E) + (1 = p(s)) - w]

c,s

(1)

sit. e+ s < d(y),

whereby di(y) : [y, 7] — Ry is the post-tax income of a household in income class &, which
is continuously differentiable and strictly increasing in y, while 6 € (0,1) is the discount
factor for the child’s future utility. As result, the household obtains the indirect utility V¢

(see Appendix |Al for a detailed derivation):

Ve =uldi(y) — s) + 0 [p(s*) - w(E) + (1 = p(s7)) - w], (2)

such that s* > 0 is the optimal parental subsidy.

21For instance, KloBner and Pfeifer| (2019) show that the effect of tax progressivity on expected future
gross salaries is underestimated.

22Tn other words, agents consider the intrinsic labor market advantages of completing higher education,
irrespective of the tax and benefits system in which they live. See, for instance, [Delaney and Devereux
(2019) for the effect of higher education on lower income volatility and |Delaney| (2019) for an estimation of
the returns to education, accounting for the unemployment risk.
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If a household decides not to send their child to university, the parent ceases to invest in

their child’s education and, thus, maximizes the utility function as follows:

whereby they obtain the indirect utility V*:

V* = u(di(y)) + ow. (4)

The indirect utility in shows that, if a household chooses to send their child to university,
they have to invest an optimal amount of subsidy given parental net income to maximize
the probability p(s) € (0,1) of the child graduating and obtaining the child’s higher future
income. On the other hand, shows that, if a household does not send the child to
university, it will consume the entire parental income and the child will receive a income
w > 0 going forward. The differences between the indirect utility functions and

define the opportunity cost that the household faces in that decision.

3.3 Educational system and government budget constraint

Income earners in the economy pay income taxes in order to finance the public education
system and other public goods. The public education system of one cohort is financed only
through the taxes paid by their parents at the beginning of Period 1. The timing of events
implies that households whose children decide not to attend university do not finance the
public education system for children of the same cohort who did decide to attend univer-
sity. To make the tax function more mathematically tractable, we modify the classical linear
piece-wise tax function, in line with D’Antoni (1999), such that the tax function in the
model is non-linearly increasing to the right of each income threshold. This small modifica-

tion smooths the function around the income thresholds, making the function continuously
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differentiable in its domain. As a consequence, the function allows us to identify the different
income thresholds B and tax rates t, thereby allowing us to study the effect of changes in
the different tax rates. For simplicity, we assume that the tax system consists of only two
tax thresholds B = {4y, 71} and three different income classes K = {0,1,2}. We will refer
to the income classes as poor, middle class, and rich going forward. We define the poor as
the income class that includes the minimum income y, the middle class as the class that
includes incomes between the income thresholds 3, and 7; and the rich as the income class
which includes the maximum income y. We also assume that different marginal tax rates
are associated with each income class, such that t = {to,¢1,%2}. Thus, the tax liability of

a parent depends on their respective income class and follows the individual tax function

Ti(y) : [y, y] — R, defined in (5):

0 y<y<w

ti(y — o) + 1(y)(to — t1) Yo<y<UYote
Tiy) = 4 taly = o) + 723 + e)(to — 1) fo+e<y<p ()

ti(yr — Yo) +t2(y — Y1) + 11 (Yo + €)(to — t1) + T2(y) (t1 — 12) Y1 <y<uyte

() — o) +t2(y — 1) + (Mo +€)(to — 1) + Te(yi +€)(t —t2) Y= +e

where € > 0 and very small, ¢ty = 0 is the tax rate for incomes below the zero-tax threshold,
Yo, and the term 74 (y)(tr—1 — tx) < 0 is a tax credit function associated with income class
k. The tax liability function is increasing and progressive if t;, > t,_, for every k € K,

whereby 5, € [0,1) and if each 74 (y) in 7 = {70(y), 71 (y), 2(y) } has the following properties:

T1) Each function 7,(y) > 0 is an increasing, continuously differentiable function, such

that 0 < 7(y) < 1in (yx—1,7] (i-e., 7x(y) is a contraction mapping);
T2) 7o(y) = 0if y < Yo and 73(y—1) = 0 for each k € K;

T3) for k > 0, lim, 5, 77.(y) = 1 and lim, 5, +. 7.(y) = 0;
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T4) for y > Yp—1, ¥ — Yr—1 > T(Yr—1 +€).

Tax progressivity arises from t;.; > t5. Under this condition, the marginal tax rate
is strictly increasing in income for any ¢, > 0. Because of properties T1-T4 and because
ty > tp_, for every k € K, it follows that the tax system is also strongly incentive preserving
(e.g., see |Fei, (1981} |Eichhorn, Funke and Richter, [1984)), such that the ranking of tax payers
according to their pre-tax and post-tax incomes is constant (see Online Appendix D for
further discussion of the tax function). Moreover, property T4 guarantees that any marginal
tax credit never exceeds the marginal tax revenue. Figure [4] illustrates the tax revenue and

tax rate functions obtained at different levels of income.

(a) Tax Revenue (b) Tax Rate
T; 1 \
[¢b)}
= +~
5 2
> <
) —
9 o
% =ty | —_
=
t1 | 0 .
& + A |
Yy m m y Y Yo W ]
Income classes Income classes

Figure 4: Income tax revenue and rates

Notes: (a) Tax revenue given the level of income and the income classes. The blue dots represent the
function in the right-neighbor pairs (yg,yx + €). (b) Progressive tax rates per income classes. The red
(white) dots mean that the tax rate is (is not) applied to the income class.

The balanced government budget constraint is thus:

E+G=T, (6)
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whereby T' = fsz(y) f(y)dy > 0 is the total government tax revenue raised, which is also
equal to total government expenditures. £ = T'«a is the amount tax revenue then redirected
towards or spent on higher education, whereas G = T'(1 — «) is the amount of tax revenue
for public spending that spent on other policy objectives, which do not directly affect the
utility function of households in their educational choice; thus, GG includes, for instance, the
spending towards the public health system, national defence, or other social protections@
The parameter o € (0, 1) represents the portion of total tax revenue (or total expenditure)
that is directed towards public higher education. We assume that the percentage of tax
revenue in higher education is strictly greater than zero, such that £ > 0. This assumption
is consistent with the expenditure patterns in European OECD countries in Section [, and

holds in other countries around the globe.

3.4 Higher education choice

In order to understand how progressivity interacts with the decision of to attend higher
education, we next focus on the conditions under which a household decides to send the
child to university. First, we show the existence of a unique indifference pre-tax income

threshold over the income support [y, 7], under a progressive income tax scheme {t, 7}:

Lemma 1 Given a continuous income distribution with c.d.f F(y) and p.d.f f(y) over a
continuous support of [g, 7] C Ry, and given a progressive tax scheme {t, T}, there exists a

unique threshold y € [y,7] such that V*(dy(y)) > V(di(y)) if and only if y < y.

Proof. See Appendix[D.1] m
Lemma [1] illustrates a simple result — for a given distribution of incomes and a given
tax scheme, there exists a unique pre-tax income threshold such that households above

the threshold have a higher utility from sending their children to higher education, while

23 could also be a set of other public goods that explicitly or implicitly affect the utility function of
a household (i.e., u(c, G)), where the utilities of private and public goods are on average independent (i.e.,
ulle = 0). This independence assumption was first applied by |Aaron and McGuire| (1970) and does not change
the results of the model, because G would remain the same irrespective of a child’s university attendance.
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households below that threshold derive a greater utility from not investing in their children’s
higher education. Thus, for a given income distribution with c.d.f F(y), we can split the
population into two sub-samples: (i) the mass of households with y > y, who decide to
send their children to higher education, N¢ = P(V* < V¢) = P(y > y) = 1 — F(y), where
P is that probability of sending the child to higher education for a given income. (ii) the
mass of households with y < 7, who decide not to send their children to higher education,
Nv =P(V* >Ve) =Py <y) = F(y). Figure [y illustrates these two masses along the

income distribution.

: N = F(y) : Ne=1-F(y) :
Yy Jy y
- / - /

~ ~
Not attending HE Attending HE

Figure 5: Distribution of households by income and higher education attendance

We are interested in how the threshold y, and, thus, the decision of attending higher
education, changes when different parameters in the economy, such as « or w, change. If the
threshold is negatively or positively related to certain factors, such as the expected income of
individuals that do not graduate from higher education, w, or the share of revenue directed
towards higher public education, «, the threshold will move to the left or right, respectively,
as those factors increase. Lemma [2] clarifies the relationship between y and the different

structural parameters.

Lemma 2 The threshold vy is increasing in the expected income of individuals that do not
graduate from higher education, w (i.e., g—g > 0). The threshold y is decreasing in the share

of tax revenue directed towards public higher education, o (i.e., g—g < 0).

Proof. See Appendix[D.2] m
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These results have simple economic explanations: if the income of workers without a uni-
versity degree, w, increases, then the opportunity cost of sending a child to higher education
is lower and poorer households will prefer not to bear the additional private cost (the subsidy
s) for an investment with uncertain returns. On the other hand, if the government increases
the share of tax revenue directed to public higher education, the quality of education — and
thus the post-university incomes and wage premia — increases and more households will be

incentivized to send their children to higher education.

4 A model of perverse redistribution

As previously explained, perverse redistribution arises when poorer households sustain the
fiscal cost of a public good without partaking in its benefits. In other words, perverse
redistribution occurs if poorer households’ taxes go towards funding a public good, which
is more intensively used by the rich, due to the additional fiscal and opportunity costs of
accessing said public good. In higher education, this perverse redistribution arises because
poorer households may be paying positive taxes but cannot bear the additional required
costs of higher education.

We next explore the effect of progressivity on perverse redistribution in the baseline
setting. For a given tax system, the indifference threshold is located below the highest
income class, iy < 71, and households in the richest income class strongly prefer to send their
children into higher education.

If 5o < ¥ < 1, the population is separable into three groups:

(i) The mass of households that finance public higher education through their taxes and

decides to send their children to university, denoted N¢, such that N =1 — F(y).

(ii) The mass of households that finance public higher education through their income taxes
but who do not send their children to university (we will shorthand these households

as the middle class), denoted N, such that N* = F(y) — F(yo). The mass of this
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population also represents the extent of perverse redistribution ]

(iii) The mass of households that do not send their children to university and who do not
finance higher education because they are to the left of the zero-tax threshold, denoted

N, such that Ny’ = F(yo)-

Figure [0] illustrates the three groups for a given income distribution over the support

[y, 7]
Not paying taxes Paying taxes
A A
o N o N
Ny LN Ne i
y Yo y yi Y
- 7/ - 7/
~" ~"
Not attending HE Attending HE

Figure 6: Perverse redistribution

If o > vy, then N = 0 and three groups of household collapse into two, namely N}’ and
N°€. In this case, there is no perverse redistribution because poorer households do not send
their children to university and do not pay for it, while those attending university are richer

households and are paying taxes to finance public higher education.

4.1 Changes in progressive taxation

We next want to understand the effect of income tax progressivity on higher education
choice and consider the inherent level of perverse redistribution in a tax-financed public

higher education system. In line with |Doerrenberg and Peichl (2013), we model an increase

24N households are poorer than N€ households and do not send their children into higher education;
however, due to their tax payments being greater than zero, they do nonetheless contribute to the financing
of higher education for more affluent households’ children; thus, the larger N* is, the greater the perverse
redistribution.
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in progressivity as a positive change in the tax rate of the rich (¢3), while the tax rates on
the middle class (1) and the poor (fy) remain constant ]

While this definition of progressivity abstracts away from the complexities of real-world
tax systems, it is sufficiently detailed to theoretically analyze how changes in progressivity
can affect households’ educational choices and perverse redistribution. In reality, an increase
in progressivity can occur through a simultaneous non-proportional variation in more than
one tax rate without changing the overall tax collections and thus spending on education.
However, within this definition, we can disentangle the overall shift of the fiscal cost across
income classes as a result of an increase in educational spending through a change in pro-
gressivity.@

As described in Lemma[2] an increase in the total level of public higher education funding
moves the indifference threshold to the left. However, as is frequently the case, an increase
in tax progressivity may be required to finance other public spending targets rather than
higher education. Some countries may have highly progressive tax schemes but only direct
a limited amount towards public higher education. On the other hand, countries may have
relatively low levels of progressivity but funnel a higher share of funding into public higher
education.

To disentangle the effect of income tax progressivity on the choice to attend higher
education from changes in spending targets, we consider « to be the size of an educational
policy defining the portion of total tax revenue spent on higher education; thus, we assume
that « is a continuously differentiable function of the total tax revenue, such that o(7T) :
T — (0,1). There are three possible relationships between education spending and tax

progressivity, Oa(T')/0t,.

i. da(T)/0ts > 0: spending on higher education increases as income tax progressivity

25By increasing the number of the income classes to k > 3, an increase in progressivity would correspond
to a positive change in the marginal tax rate of any of the income classes above the indifference threshold,
while the other tax rates remain unchanged.

26Tn Online Appendix D and in Section we provide and discuss an alternative definition of an increase
in progressivity that captures the shift of the fiscal cost from the middle class and poor to the rich, without
changing the level of educational spending. The results remain unchanged.
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increases.

ii. da(T)/0ty < 0: spending in higher education decreases along with income tax pro-

gressivity.
iii. 0a(T) /0ty = 0: spending in higher education does not change with tax progressivity.

As seen in Section [2 among advanced economies with similar higher education systems,
income tax progressivity is not significantly correlated with higher educational spending,
consistent with the last possibility, da(T)/dts = 0. We will consider all three possibilities
going forward.

To explore the effect of progressivity on perverse redistribution in education, we focus on
two cases. First, we consider an increase in progressivity when the indifference threshold 7
is above the no-tax threshold, 7y. Second, we consider an increase in progressivity when the

indifference threshold ¥ is below the no-tax threshold, 7.

4.1.1 Increase in progressivity if gy < y < 7

If we assume that the income of the indifferent household is such that 7y < y < 71, we can
set the difference between the two indirect utility functions of the indifferent household equal

to 0.

Aly) = V*(di(y)) = V(di(y)) = 0 (7)

In our two tax bracket system, an increase in progressivity consists of an increase in the
highest tax rate, to. Totally differentiating the difference between the two utility functions

and applying the envelope theorem, we get

Marginal fiscal
cost=0

~ —~
oTr 6@) _ 0A(w)

Marginal fiscal benefit § 0
7\

Oty

|

|
VIA
=
=
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where D = 0A(y)/0y < 0, A(u) = u(di(y)) — u(dy(y) — s*) and «[0T/Ots] > 0.
Proof. See Appendix [E| m

Derivative represents the response of the threshold to a change in income tax pro-
gressivity. Its sign depends on the direction of the policy a. As previously mentioned, if
da /0ty > 0, then funding for public higher education increases in response to rising pro-
gressivity. This encompasses two of our previous possibilities — an increase in public funding
can be due to a change in spending targets (i.e., da /0ty > 0) or an overall increase in total
tax revenues, without a change in the share of public spending on public higher education
(i.e., da/Oty = 0). Under these circumstances, a more progressive tax schedule is negatively
related to the income of the indifferent households (i.e., dy/0ts < 0). An increase in pro-
gressivity then reduces the income level at which households are indifferent between sending
their child to higher education or not. After an increase in progressivity, the marginal fiscal
cost for higher quality public higher education paid by households in the poor and middle
income classes is equal to zero because their tax rates remained constant. On the other hand,
the marginal fiscal benefit from higher quality education is strictly positive for everyone in
the economy; thus, the net marginal fiscal benefit is strictly positive for all poor and middle
income households. With a more progressive tax system, the indifferent households have a
fiscal benefit greater than their fiscal cost. An increase in progressivity increases the oppor-
tunity cost of sending a child to university, incentivizing formerly indifferent households to
send their children into higher education.

If Oa/Oty < 0, the result is ambiguous. The increase in tax revenue may be offset by
a decrease in the overall funding share going towards public higher education, such that
ag—tTQ + Tg—g > 0. The sign of would then be positive and the increase in progressivity
will have a negative effect on the educational choice of the middle class. However,
will be smaller compared to when an increase in progressivity coincides with an increase in
educational funding «, da/0ty > 0. If the negative change in higher education funding is

smaller than the increase in total tax revenue, ag—g + Tg—f; < 0, then (8)) will be negative.
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The effect of an increase in progressivity can also be analyzed by focusing on how the
masses of the three population subgroups change. Consider the initial distribution that split
the population into its three subgroups: Ng’, N*, and N°. An increase in progressivity (i.e.,
an increase in t9) which does not affect o, dar/dty > 0, implies dy /0ty < 0. This will affect

the partition of the three subgroups as follows:

ONv 0y
9ty Oty (y) <0, (9)
ON®  Og
_ 9 1
ON
=0. 11

Derivative @ shows that a more progressive tax scheme reduces the mass of households
who contribute to the financing of the public higher public education system but do not send
their children into higher education. In other words, a more progressive tax system reduces
the extent of perverse redistribution in the economy. By extension, a more progressive tax
system increases in the number of households sending their children to higher education, as
shown by Derivative , while the mass of IV’ remains unchanged unless the new threshold
y moves below 7y. Figure [7] portrays this effect.

Figure m illustrates the dynamics of perverse redistribution (the area above the red line)
as the income tax becomes more progressive with respect to the indifferent household. As
the tax rate ty increases, the threshold y shifts to the left of the support [y,7], following
. As y shifts left, poorer households prefer to send their children to higher education and,
thus, perverse redistribution is reduced.

When 0a/0ty < 0, the signs of the Derivatives @ and may be different — if the in-

crease in total tax revenue is smaller than the reduction of funding going to higher education,

the sign in the Derivatives @ and reverse. Instead, if the increase in total tax revenue
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Figure 7: Perverse redistribution after an increase in progressivity
Notes: The graph shows that an increase in progressivity increases the number of people going to
university (blue area) and reduces the perverse redistribution (red area).
is larger than the reduction in the funding share «, then the sign of the Derivatives @ and

(10)) remain the same, while the size of the effect will be smaller than when da/0ts > 0.

Proposition 1 If yy < y < 41, it is possible to reduce perverse redistribution by increasing
the progressivity through an increase of the tax rate ty if and only if the amount of funding

directed to higher education o does not decrease more than the increase in total tax revenue.

Proposition 1] suggests that a more progressive tax system can mitigate perverse redis-
tribution in higher education. However, achieving this outcome relies on the government
avoiding significant reductions in the funding allocated to higher education. Simply put, if
the government does not invest enough public resources in the quality of the higher educa-
tion system, the reduction of perverse redistribution becomes unattainable. This is because
lower-income households may be less inclined to invest in their children’s higher education
if attending and graduating from higher education does not guarantee a large enough return

on their children’s future income.

4.1.2 Increase in progressivity if y < g

When da /0ty > 0 and iy < g, then N¥ = 0. In this case, the economy will only consist of

two groups of households, namely the poorer households who do not pay taxes and do not
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send their children to university, Ny’, and the richer households who pay taxes and send their
children to university, N¢. As a consequence, there is no perverse redistribution — households
who do not send their children to university also do not contribute to its financing and those
that are sending their children to attend university are the only ones financing public higher
education. Thus, an increase in progressivity will strictly increase the number of people
going to university by incentivizing households that do not pay taxes to nevertheless invest

the addition cost of university attendance and send their children into higher education.

ONe  OF
TR TS (y) >0, (12)
ONy 0

ONY

o =" (14)

If da/Oty < 0, the sign of the Derivatives and may reverse if and only if

the increase in total tax revenue is smaller than the reduction of funding going to higher

: orT [ole"
education, g + T4 > 0.

Proposition 2 Ify < ¥, the tax system is sufficiently progressive and there is no perverse
redistribution. An increase in progressivity then increases the number of poorer households
opting for their child to attend higher education if and only if the amount of funding directed

to higher education does not decrease more than the increase in total tar revenue.

4.2 Local progressivity

Our model so far has analyzed the relationship between perverse redistribution and an in-
crease in the tax rate of the richest income class, which in our very simple tax system served

as a proxy for an increase in tax progressivity. However, in Section , we show that (i) in-
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come tax progressivity varies along the income distribution; (ii) the heterogeneity of income
tax progressivity along the income distribution can affect low- and high-income households’
decision to send their children to university. We rely on the concept of local progressivity to
integrate this income-specific progressivity into our model. Analyzing the changes in local
progressivity allows us to identify variations in the incentive to consume and invest in higher
education along the income distribution. Consequently, it also allows to identify how the
design of a progressive tax system can affect perverse redistribution in higher education.
Ultimately, this will allow the model to be extendable to more complex tax systems and
more complex tax changes.

Consider the progressivity measure, 7, as applied by |Arnold (2008) and Rieth et al.
(2016)), for each income class k:

_ e — ag

m(t) = § o (15)

where ¢, € [0,1) is the marginal tax rate of a household in income class k and a; € [0, 1)
is the average tax rate of that same household in income class k defined as the total tax
paid by the household divided by the household’s total income, ar = Ty (y,t)/yr. 7 then
measures the local progressivity of the tax system for income class k. It structurally factors
in the complexity of the tax system below income class k through ay.

The local progressivity 7 in increases in the marginal tax rate t; and decreases in
the average rate ay. If m, > 0, the tax is progressive for a household in income class k, while
the tax is regressive if m, < 0. Finally, if 7, = 0, the marginal and average tax rate coincide
and the tax is proportional.

Considering the local progressivities of our model’s three income classes, we observe that
mo = 0, my > 0, and m > 0; Moreover, the overall tax scheme is progressive, as to > t;.
However, even if ¢t > t;, depending on the size of the marginal tax rate and the average

tax rate along the income distribution, richer households may have lower local progressivity
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than poorer households if:

t(l—ag) —ar > to(l —ay) —ay = m > 7o, (16)

which can occur if the income distribution is particularly right-skewed (i.e., if the right tail
is particularly long) and/or the difference ¢, — t; > 0 is small enough [

To understand how local progressivity factors into the households’ choice to invest in their
children’s higher education and perverse redistribution, we explore the following example.
The indifferent household, ¥, lies in the middle class and thus pays positive ¢; and ay.
An increase in t; then increases the progressivity in the middle class, m, but reduces the

progressivity in the income class of the rich, my:

om(t) 1 9 [Th(y,t)/y]

o (1-Ti(y t)/y) {1 o | a7
om(t)  O0[Ta(y,t)/yl 1—t,

o o [<1—T2<y,t>/y>2] <0 (18)

Proof. See Appendix [ |

Derivatives and show that the progressivity gap between the middle class and
the rich decreases as the increase in tax revenue is extracted via a greater tax burden for
the middle class. These results differ from the pure increase in ¢, analyzed in Section 4.1}
where the rich bear the cost of raising more revenue. Indeed, an increase in ¢, does not affect
the progressivity of the middle class but increases the progressivity at the top of the income

distribution, making the tax system “locally” more progressive:

(971'1 (t)
Oty

—0, (19)

27In reality, higher tax avoidance at the top of the income distribution can further exacerbate the problem
of w1 > mo.
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om(t) 1 C Dlynt)  9Dnt)/vl,,
Oty (1—Tu(yi,t) /) ! Yi Oty (1-1t)] >0 (20)

Proof. See Appendix [ |

To understand how an increase in the progressivity of the income class affects perverse
redistribution in higher education, we consider an increase in ¢;. Assuming da/0t; = 0, the
effect of an increase in ¢; has an ambiguous effect on the university choice of the indifferent

household, as their marginal fiscal cost is positive.

Proposition 3 If 5y < y < 41, an increase in local progressivity m will either maintain or

move the indifference threshold y to the right, g—g > 0, if the marginal fiscal cost exceeds the

marginal fiscal benefit.

Marginal fiscal

Marginal fiscal benefit > 0 cost>0
NN
()T E) (o) - =
dy _ oty oty <0 (21)
dt, D =

whereby D = 0A(y)/0y < 0, A(u) = u(di(y)) — u(di(y) — s*) and «[0T'/0t5] > 0.

An increase in local progressivity for the indifferent household could then have no or
even a negative effect on higher education choice and perverse redistribution, depending on
whether their marginal fiscal cost exceeds the marginal fiscal benefit. This occurs because an
increase in the progressivity, 7y, implies that the middle-income class — where the indifference
threshold is located — bears the cost of raising more tax revenue. In contrast, the progressivity
in the income class of the rich, my, decreases. Thus, when governments seek to increase
university enrollment and reduce perverse redistribution, they face several scenarios to adjust

income tax progressivity across the population.

4.3 Changes in local progressivity

The findings in Sections [4.1]and 4.2 highlight that as long as the marginal fiscal benefit of the

indifferent household exceeds their marginal fiscal cost, the policymaker is able to “target”
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the beneficiary of reduced perverse redistribution and the bearer of the cost. The concept
of local progressivity is then able to integrate tax changes across all income groups into our
analysis of perverse redistribution.

We show above that increasing the degree of tax progressivity at the top of the income
distribution can reduce perverse redistribution in higher education. This result occurs be-
cause a tax increase for high-income households leads to a better-quality higher education
system as the government can reinvest the extra tax revenue in higher education. Here we
explore the effect of a tax cut for middle-income households which does not alter the quality
of higher education. In other words, we assume that E remains fixed while ¢; decreases/”

Assuming the indifferent household is in the affected income group, 7o < y < ¥, and
Oa/0t; = 0, we formulate the difference between the two indirect utility functions of the

indifferent household as A(d;(y)) = V¥ — V¢ = 0, and apply the implicit function theorem:

OA(u)

ot1

D

sgn il = sgn
oty

: (22)

whereby D = 0A(y)/0y < 0 and A(u) = u(dy(y)) — u(di(y) — s¥).

The derivative (22)) is negative if we assume a decrease in ;. In other words, if we assume
a reduction of the marginal fiscal cost of the indifferent household, the difference between
the degree of income tax progressivity between the middle class and the rich increases and a
larger mass of middle-income households prefers to enroll their children in higher education.
The degree of perverse redistribution is thus decreased. Recall Figure [7] for visualization of
this reduction in perverse redistribution.

The result in further sheds light on the role of income tax progressivity and perverse
redistribution in higher education. When a cut in ¢; occurs while E remains fixed, middle-
income households benefit from the reduction in their fiscal cost without facing a reduction

in the quality of education. Moreover, when an increase in t5 implies a better-quality higher

28This could occur either because of a simultaneous increase in t, or a to compensate the decrease in t;.
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education (i.e., a larger F'), middle-income households benefit from an increase in the quality
of education without paying the cost. In both cases, the net fiscal benefit of middle-income

households is positive and perverse redistribution is reduced.

5 Extensions and further discussion

Here we present three extensions of the baseline model — the introduction of tuition fees, of
means-tested public grants, and of publicly subsidized loans[*]
In all extensions, we assume that da/0ty = 0, which is consistent with previous empirical

findings.

5.1 Tuition fees

In the baseline model, we assumed that the additional cost of sending a child into higher
education did not include tuition fees. However, in many European countries tuition fees
are part of the cost of attending public university. In some countries — such as in Germany
or Switzerland — tuition fees represent a negligible amount usually covering administrative
and regional fees only. In other countries — such as Italy, Spain, or the UK — tuition fees
form a more substantial amount, which the universities can reinvest to enhance the quality
of education. When tuition fees are sufficiently large, they create a significant financial
barrier and disincentive to enrollment (e.g., Bietenbeck, Leibing, Marcus and Weinhardt],
2023; OECD, 2020). This disincentive is particularly stark for low-income households, who
are more likely to suffer the higher costs of education (e.g., see Kelchtermans and Verboven),

2010; [Declercq and Verboven|, 2015).@

29A detailed discussion and mathematical proofs of all extensions can be found in the Online Appendix
D. Moreover, we introduce further plausible extensions to the baseline model in Online Appendix D. While
these further extensions highlight extra discussion of the concept of perverse redistribution, they do not
change the general validity of the baseline model.

30Declercq and Verboven| (2015) study the effect on an increase in tuition fees by 1000$ in Belgium,
which reduced the participation rate by around 2 percentage points on average. However, among low-income
students participation is reduced by about 3 percentage points. Similarly, Kelchtermans and Verboven| (2010))
use Finnish data to highlight that a uniform increase in tuition fees can reduce the total participation rate
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Building on our baseline model, we set a one-time per-student lump-sum tuition payment,
¢ > 0, to enroll a child in higher education. We assume that these tuition fees are entirely
reinvested in the quality of higher education, such that the future post-graduation income
rises to W(E + ¢). To isolate the effect of tuition fees on perverse redistribution, we further
assume that no forms of financial help — such as means-tested grants or loans — are available.

If the level of pre-tax income, y4, such that di(y,) = ¢, lies in the middle class, we
can define a new (fourth) population group, that is N3’ = F(ys) — F'(y). This group Ny’
represents the mass of households who pay taxes but who cannot send their children to
university because they have an income below or equal to the tuition fees, ¢. In contrast
to the remaining households in N*, those in NJ’ cannot afford to send their children to
university because the cost of tuition fees exceeds or is equal to their disposable income.
Therefore, the mass of perverse redistribution is the sum of Nj and N, corresponding to

the sum of the red and green areas in Figure 8]

Not paying taxes Paying taxes
o - N o - N
. Ny L Ny Nw o N° :
y Yo Yo y o y
- / - / - /
~" ~ ~"
Income lower than or  Not attending HE Attending HE

equal to tuition fees.
Not attending HE

Figure 8: Perverse redistribution with tuition fees

Notes: The graph shows that the poorest part of the population, N§’, does not attend university and does
not subsidize it. People in the middle N§’ (green area) do not attend university because their income is
lower than the tuition fees but subsidize university for richer households. People in the middle N* (red
area) have an income higher than tuition fees, do not attend university, but do subsidize higher education
for richer households. Richer households N¢ (blue area) send their children to higher education and pay

for it.

in higher education by about 1% for a 1000$ increase to about 7% for a 5000$ increase.
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An increase in tax progressivity at the top of the income distribution then shifts the

indifference threshold to the left, as in the baseline model:

aj ()T (E+0) (o)
dty D

(23)

where D = 0A(y)/0y < 0 and o[0T /0ts] > 0.

Following an increase in t,, a larger portion of middle-income households send their
children to college and perverse redistribution declines (see Figure E[) Nonetheless, the mass
of households with disposable incomes below or equal to the level of tuition fees, ¢, that
are unable to bear the private cost of their children’s higher education remains unchanged.

Thus, perverse redistribution will not fall below N, unless y, < p.

2
g
>
g

R e ]

- N N*
EA% ...... R S y
Ny N;;’E N 0
; ’yio y:¢ 'ylv’<—§ /yil %

Figure 9: Perverse redistribution after an increase in progressivity

The introduction of tuition fees in the baseline model shows that while tax progressivity
can reduce perverse redistribution the reduction is limited if tuition fees create a sufficiently
large financial barrier for middle-income households. In fact, if tuition fees are large enough,
perverse redistribution will persist even with highly progressive tax systems. If a public
university system requires the payment of tuition fees, different forms of financial help may
be needed to allow low- and middle-income households to access higher education. See Online
Appendix D.2 for a more detailed discussion and mathematical proof.

We next discuss the introduction of two forms of financial help: means-tested public
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grants and publicly subsidized loans.

5.2 Means-Tested Public Grants

Almost all European-OECD countries offer public grants for students, based on students’
(and their families’) financial situation (Eurydice, 2020). The main characteristic of these
means-tested grants is that they are monetary transfers offered on the condition of attending
higher education and which do not have to be repaid by the Studentﬂ

We amend the baseline model by including public means-tested grants for students with
parents below an income threshold ¥, < yo, such that the probability of succeeding in higher
education becomes the result of parental investment and the receipt of the public grant.
These means-tested grants are assumed to be targeted towards the poorest income group in
the population such that y, < ¥. This is in line with Hatsor and Zilcha| (2021)), who showed
that targeting the poorest households for education subsidies has been shown to reduce the
distortions in human capital accumulation.

The government allocates an amount of resources, £, = a(1—m)T, to finance the means-
tested grants, where 1 — 7 € (0,1) is the portion of the education spending that goes
to financing the means-tested grants. The amount of grant per student is defined by a
continuously differentiable function, g(E,,y) : R, — R, with g(E,,y) = 0if y > 7, which
increases in the total amount of resources allocated towards the grants, £,, and decreases
in the student’s parental income, y. The financial grant allows eligible students to increase
their probability of graduating from higher education even if their parents’ economic support
is equal to zero, so that p(g) > 0@ This aligns with findings in Modena, Rettore and Tanzi
(2020)), among others, which showed that means-tested grants can reduce university dropout

and increase the probability of completing a higher education degree.

310ne generous example is the means-tested public grant in Denmark is the State Educational Grant
SU (Statens Uddannelsesstotte). The Danish grants are only available to full-time students in recognized
degrees, whose income does not exceed a specific threshold (approximately 30% of the average wage in 2020).
Where students live with their parents, the grant considers parental income.

32Means-tested grants allow eligible households to choose s* = 0 even if they decide to send their child
to higher education, while p’(0) = oo cannot happen.
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The introduction of means-tested grants in the baseline model shows that the households
eligible for said grants will always prefer to send their children into higher education as the
government subsidy remedies the lack of parental investment. Therefore, the total mass of
households opting their children into higher education is composed of the poorest households
who do not pay taxes but receive the means-tested grant, N§, and the richest households
who send their children into higher education and do pay taxes, N¢. As shown in Figure
10l even in the presence of means-tested grants, perverse redistribution may persist if the
indifferent threshold is above the no-tax threshold 7, and richer households are nevertheless
more likely to send their children into higher education. However, in the case of means-
tested grants, perverse redistribution decreases as a larger mass of poorer households enroll
their children in higher education. Moreover, financial aid, such as means-tested grants, can
eliminate the perverse redistribution caused by the introduction of tuition fees in Section [5.2
if the means test is set such that y, > y, and the per-capita grant is sufficiently generous.
In practice, this scenario reflects publicly financed scholarships and tuition waivers for low-

income households.

| R MO OO 2727272727272 7272 72 2 2 2 72 72 72 72 72 2 1

vy, Yo y i y
Figure 10: Perverse redistribution with public means-tested grants

Notes: The figure shows that a portion of the poorest part of the population, N§, opts into higher
education as they are eligible of public means-tested grants.

See Online Appendix D.3 for a more detailed discussion and proof of the introduction of

public means-tested grants.
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5.3 Publicly Subsidized Loans

An alternative to public means-tested grants are publicly subsidized student loans — loans
that must be repaid, in part or entirety, with reduced or zero interest rates, which can include
a parental income test (Eurydice, 2020). This approach to subsidizing students in higher
education is less frequently used in Europe than means-tested grants, with the exception
of Germany and the UK. The UK student loans are not parental-income contingent and
are due to be repaid once the student’s (graduate’s) income exceeds a minimum threshold.
Moreover, UK student loans are charged between 4.3% and 7.3% interest, depending on the
loan plan in 2024.The German BAf6G (Federal Training Assistance Act) applies a parental
income test, awards half of the financial support a grant which does not have to be repaid
and the other half as an interest-free loan 7]

We model publicly subsidized loans as a combination of the loans applied in the UK
and Germany. Similar to the public means-tested grants, a publicly subsidized loan is a
government subsidy to the student conditional on their university attendance. However,
the loan must be repaid from future income. We assume that the amount of resources in
education is split into funding going directly to improve the quality of education E, = anT
and funding for publicly subsidised loans E; = o(1 — 7)T', where 1 — 7 € (0,1) is the share
of resources in higher education invested for student loans. Thus, the amount of per-student
public loans is defined by the continuously differentiable function, I[(E;,y) : R, — Ry,
with [(E},y) = 0 if y > 7, which is increasing in the total amount of resources invested by
the government, £, and decreasing in the student’s parental income, y. In other words, we
assume that the publicly subsidized loans are income-contingent and decrease with household

income. Similar to the means-tested grants, a household is eligible for a publicly subsidized

33While |Cigno and Luporini (2009) show that student loans are “sub-optimal” for efficiency and redistri-
bution, even if student loans are income-contingent, |[Eckwert and Zilcha| (2014)) show that income-contingent
student loans can decrease both inequality and underinvestment in human capital. Moreover, [Del Rey and
Racionero| (2010) find that the implementation of income-contingent student loans shifts the optimal level of
higher education uptake as long as the direct financial costs and any forgone earnings are covered. Finally,
Van Long| (2019) demonstrate that income-contingent loans satisfy the efficiency and equity properties if
they include a “piecewise-linear repayment schedule”.
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student loan only if 7, < Jo. In contrast to the means-tested grants, the student loan must
be repaid conditional to having a future income strictly greater than w, similar to the loan
conditions applied in the UK.@ If a student graduates, they must repay part of the loan ml
with m € (0, 1] at an interest rate r € [0, 1) so that they repay an amount equal to m(1+r)l.
As before, incomes with a higher education degree are strictly greater than incomes without

a degree, even with the loan repayment.
W(E,) —m(l+r)l>w>0

Similar to the means-tested grant, if a poor individual has access to the loan, then V¢ > V%,
even if parents invest s* = 0. Thus, results on perverse redistribution are similar to the
results in Figure for means-tested public grants and lead to similar implications. We
relegate a more complete discussion and mathematical proof of publicly subsidized loans to

Online Appendix D.4.

6 Concluding remarks

Starting from stylised facts from Europe, this paper develops a theoretical model to inves-
tigate the disproportionate usage of public higher education and how it is affected by pro-
gressive income taxes. More precisely, in this study, we focus on how “weakly progressive”
tax systems can negatively affect the decision to attend higher education for lower-income
families. Although these tax systems have increasing marginal tax rates across the income
distribution, they also present a disproportionate increase in fiscal cost for those with lower

incomes compared to those with higher incomes.

34This assumption is similar to other theoretical economic models of higher education finance (e.g., see
Del Rey and Racionero], |2010). We do not consider the scenario where loans will still need to be repaid if a
student fails to graduate, as is the case in the U.S. or when loans are provided through banks and guaranteed
by the state. The effect of such loans would be ambiguous if the student is forced to repay at least part of
the loan even when they only earn future income w. The ambiguity stems from the households’ general risk
aversion and the significant heterogeneity across Europe repayment requirements.
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The model shows that such tax systems reduce poorer households’ net fiscal benefit from
higher education, making their children less likely to attend university. However, poorer
households continue to pay the fiscal cost of higher education through their income taxes,
thereby financing the higher education of the rich. The literature has referred to this sce-
nario as perverse redistribution — a redistribution of resources from poorer to more affluent
households, in this case via the public financing of higher education.

The model draws on three empirical realities: (i) countries with higher levels of pro-
gressivity have higher enrollment rates in higher education; (ii) for a given level of public
education spending, the parental income gradient in children’s higher education attendance
is lower in countries with more progressive tax systems at the top of the income distribu-
tion; (iii) countries with more progressive tax systems have a lower perverse redistribution
in higher education. The baseline model integrates these empirical findings to establish the
relationship between parental income, higher education attendance, and taxation.

The thorough theoretical model that illuminates the mechanisms and consequences of
tax progressivity on the disproportionate usage of public higher education. Moreover, the
model can be extended to accommodate the complex considerations and measures that
countries have undertaken to support and finance higher education, such as subsidized loans
or government-sponsored grants, just to name a few.

The baseline model of a progressive-tax-financed public good with prohibitive addi-
tional /opportunity costs and thus unequal usage patterns can be extended to address other
essential public goods, such as the non-emergency health system, the non-felony justice sys-
tem, or even banking and finance. [lluminating the role of tax progressivity can help develop

more effective and efficient public policies aimed at reducing economic and social inequalities.

43



References

Aaron, Henry and Martin McGuire, “Public goods and income distribution,” FEcono-
metrica: Journal of the Econometric Society, 1970, 38 (6), 907-920.

Alstadsseter, Annette, “Does the tax system encourage too much education?,” Finan-
zArchiv/Public Finance Analysis, 2002, 59 (1), 27-48.

_ , Ann-Sofie Kolm, and Birthe Larsen, “Money or joy: The choice of educational
type,” Furopean Journal of Political Economy, 2008, 2/ (1), 107-122.

_, Sarah Godar, Anne-Cécile Leroux Latitude, Panayiotis Nicolaides, and
Gabriel Zucman, “Global tax evasion report 2024,” Technical Report, EU-Tax Ob-
servatory 2023.

Arnold, Jens M., “Do Tax Structures Affect Aggregate Economic Growth?: Empirical
Evidence from a Panel of OECD Countries,” OFECD FEconomics Department Working
Papers, 2008, 643.

Attanasio, Orazio P and Katja M Kaufmann, “Education choices and returns to
schooling: Mothers’ and youths’ subjective expectations and their role by gender,” Journal
of Development Economics, 2014, 109, 203-216.

Becker, Gary S., Human Capital: A Theoretical and Empirical Enalysis, with Special
Reference to Education, 3rd ed., London; Chicago: The University of Chicago Press, 1993.

_, Scott D. Kominers, Kevin M. Murphy, and Jorg L. Spenkuch, “A theory of
intergenerational mobility,” Journal of Political Economy, 2018, 126 (S1), 7-25.

Beramendi, Pablo and Philipp Rehm, “Who gives, who gains? Progressivity and pref-
erences,” Comparative Political Studies, 2016, 49 (4), 529-563.

Bettinger, Eric, Christopher Doss, Susanna Loeb, Aaron Rogers, and Eric Taylor,
“The effects of class size in online college courses: Experimental evidence,” Economics of
Education Review, 2017, 58, 68-85.

Bianchi, Nicola, “The indirect effects of educational expansions: Evidence from a large
enrollment increase in university majors,” Journal of Labor Economics, 2020, 38 (3), 767
804.

Bietenbeck, Jan, Andreas Leibing, Jan Marcus, and Felix Weinhardt, “Tuition
fees and educational attainment,” European FEconomic Review, 2023, 154, 104431.

Blanden, Jo and Stephen Machin, “Educational inequality and the expansion of UK
higher education,” Scottish Journal of Political Economy, 2004, 51 (2), 230-249.

Blundell, Richard, David A Green, and Wenchao Jin, “The UK as a technological
follower: Higher education expansion and the college wage premium,” The Review of
Economic Studies, 2022, 89 (1), 142-180.

44



Bonneau, Cécile and Sébastien Grobon, “Unequal access to higher education based on

parental income: evidence from France,” Documents de travail du Centre d’Economie de
la Sorbonne, 2022.

Carneiro, Pedro and Sokbae Lee, “Trends in quality-adjusted skill premia in the United
States, 1960-2000,” American Economic Review, 2011, 101 (6), 2309-2349.

_ , Kai Liu, and Kjell G Salvanes, “The supply of skill and endogenous technical change:
evidence from a college expansion reform,” Journal of the Furopean Economic Association,
2023, 21 (1), 48-92.

Casarico, Alessandra and Alessandro Sommacal, “Taxation and parental time allo-

cation under different assumptions on altruism,” International Tax and Public Finance,
2018, 25 (1), 140-165.

Cattaneo, Matias D, Richard K Crump, Max H Farrell, and Yingjie Feng, “On
binscatter,” American Economic Review, 2024, 114 (5), 1488-1514.

Cheng, Dorothy A., “Effects of class size on alternative educational outcomes across
disciplines,” Economics of Education Review, 2011, 80 (5), 980-990.

Cho, Donghun, Wonyoung Baek, and Joonmo Cho, “Why do good performing stu-
dents highly rate their instructors? Evidence from a natural experiment,” FEconomics of
Education Review, 2015, 49, 172-179.

Cigno, Alessandro and Annalisa Luporini, “Scholarships or student loans? Subsidizing

higher education in the presence of moral hazard,” Journal of Public Economic Theory,
2009, 11 (1), 55-87.

Cremer, Helmuth and Jean-Jacques Laffont, “Public goods with costly access,” Jour-
nal of Public Economics, 2003, 87 (9-10), 1985-2012.

Cullinan, John, Darragh Flannery, Sharon Walsh, and Selina McCoy, “Distance
effects, social class and the decision to participate in higher education in Ireland,” The
Economic and Social Review, 2013, 44 (1), 19-51.

Declercq, Koen and Frank Verboven, “Socio-economic status and enrollment in higher
education: do costs matter?,” Education Economics, 2015, 23 (5), 532-556.

Delaney, Judith M, “Risk-adjusted returns to education,” Education Economics, 2019, 27
(5), 472-487.

_ and Paul J Devereux, “More education, less volatility? The effect of education on
earnings volatility over the life cycle,” Journal of Labor Economics, 2019, 37 (1), 101-137.

Diris, Ron and Erwin Ooghe, “The economics of financing higher education,” Fconomic
Policy, 2018, 33 (94), 265-314.

Doerrenberg, Philipp and Andreas Peichl, “Progressive taxation and tax morale,”
Public Choice, 2013, 155 (3), 293-316.

45



Donder, Philippe De and Francisco Martinez-Mora, “The political economy of higher
education admission standards and participation gap,” Journal of Public Economics, 2017,
154, 1-9.

D’Antoni, Massimo, “Piecewise linear tax functions, progressivity, and the principle of
equal sacrifice,” Economics Letters, 1999, 65 (2), 191-197.

Eckwert, Bernhard and Itzhak Zilcha, “Higher education: Subsidizing tuition versus
subsidizing student loans,” Journal of Public Economic Theory, 2014, 16 (6), 835-853.

Eichhorn, Wolfgang, Helmut Funke, and Wolfram F. Richter, “Tax progression
and inequality of income distribution,” Journal of Mathematical Economics, 1984, 13 (2),
127-131.

Epple, Dennis and Richard E. Romano, “Ends against the middle: Determining public
service provision when there are private alternatives,” Journal of Public Economics, 1996,

62 (3), 297-325.

Eurostat, “Employment rates by sex, age and educational attainment level (%),”
2022. https://ec.europa.eu/eurostat/databrowser/view/LFSA_ERGAED__custom_

3242457 /default/table, Access: 23-08-2022.

_, “General government expenditure by function (COFOG),” 2022. https://ec.europa.
eu/eurostat/databrowser/view/GOV_10A_EXP__custom_3169938/default/table, Ac-
cess: 08-08-2022.

Eurydice, National student fee and support systems in European higher education : 2020/21,
Publications Office, 2020.

Falk, Armin, Fabian Kosse, Pia Pinger, Hannah Schildberg-Horisch, and Thomas
Deckers, “Socioeconomic status and inequalities in children’s 1QQ and economic prefer-
ences,” Journal of Political Economy, 2021, 129 (9), 2504-2545.

Fei, John C.H., “Equity oriented fiscal programs,” FEconometrica: Journal of the FEcono-
metric Society, 1981, 49 (1), 869-881.

Fernandez, Raquel and Richard Rogerson, “On the political economy of education
subsidies,” The Review of Economic Studies, 1995, 62 (2), 249-262.

Frenette, Marc, “Too far to go on? Distance to school and university participation,”
Education Economics, 2006, 14 (1), 31-58.

Giorgi, Giacomo De, Michele Pellizzari, and William Gui Woolston, “Class size
and class heterogeneity,” Journal of the Furopean Economic Association, 2012, 10 (4),

795-830.

Glomm, Gerhard and Bala Ravikumar, “Opting out of publicly provided services: A
majority voting result,” Social Choice and Welfare, 1998, 15 (2), 187-199.

46


https://ec.europa.eu/eurostat/databrowser/view/LFSA_ERGAED__custom_3242457/default/table
https://ec.europa.eu/eurostat/databrowser/view/LFSA_ERGAED__custom_3242457/default/table
https://ec.europa.eu/eurostat/databrowser/view/GOV_10A_EXP__custom_3169938/default/table
https://ec.europa.eu/eurostat/databrowser/view/GOV_10A_EXP__custom_3169938/default/table

_, _,and Ioana C. Schiopu, “The political economy of education funding,” in “Hand-
book of the Economics of Education,” Vol. 4, Elsevier, 2011, pp. 615-680.

Gutiérrez, Catalina and Ryuichi Tanaka, “Inequality and education decisions in devel-
oping countries,” The Journal of Economic Inequality, 2009, 7, 55-81.

Guzzardi, Demetrio, Elisa Palagi, Andrea Roventini, and Alessandro Santoro,
“Reconstructing income inequality in Italy: New evidence and tax system implications

from distributional national accounts,” Journal of the European FEconomic Association,
2023, 22 (5), 2180-2224.

Hamilton, Laura T, “More is more or more is less? Parental financial investments during
college,” American Sociological Review, 2013, 78 (1), 70-95.

Hardt, David, Markus Nagler, and Johannes Rincke, “Tutoring in (online) higher
education: Experimental evidence,” Fconomics of Education Review, 2023, 92, 102350.

Hatsor, Limor and Itzhak Zilcha, “Subsidizing heterogeneous higher education systems,”
Journal of Public Economic Theory, 2021, 23 (2), 318-344.

Ichino, Andrea, Aldo Rustichini, and Giulio Zanella, “College, cognitive ability, and
socioeconomic disadvantage: policy lessons from the UK in 1960-2004,” CEPR Discussion
Paper, 2024, DP 1728,.

Kara, Elif, Mirco Tonin, and Michael Vlassopoulos, “Class size effects in higher edu-
cation: Differences across STEM and non-STEM fields,” Economics of Education Review,
2021, 82, 102104.

Katz, Lawrence F and Kevin M Murphy, “Changes in relative wages, 1963-1987:
supply and demand factors,” The Quarterly Journal of Economics, 1992, 107 (1), 35-78.

Kelchtermans, Stijn and Frank Verboven, “Participation and study decisions in a
public system of higher education,” Journal of Applied Econometrics, 2010, 25 (3), 355—
391.

Kennedy, Peter E. and John J. Siegfried, “Class size and achievement in introductory
economics: Evidence from the TUCE III data,” Economics of Education Review, 1997, 16
(4), 385-394.

Klof3ner, Stefan and Gregor Pfeifer, “The importance of tax adjustments when evaluat-
ing wage expectations,” The Scandinavian Journal of Economics, 2019, 121 (2), 578-605.

Kobus, Martijn BW, Jos N Van Ommeren, and Piet Rietveld, “Student commute
time, university presence and academic achievement,” Regional Science and Urban FEco-
nomics, 2015, 52, 129-140.

Kokkelenberg, Edward C, Michael Dillon, and Sean M. Christy, “The effects of
class size on student grades at a public university,” Economics of Education Review, 2008,
27 (2), 221-233.

47



Kosse, Fabian, Thomas Deckers, Pia Pinger, Hannah Schildberg-Horisch, and
Armin Falk, “The formation of prosociality: causal evidence on the role of social envi-
ronment,” Journal of Political Economy, 2020, 128 (2), 434-467.

Lahmandi-Ayed, Rim, Hejer Lasram, and Didier Laussel, “Is partial privatization of

universities a solution for higher education?,” Journal of Public Economic Theory, 2021,
23 (6), 1174-1198.

Lepori, B., “How are European Higher Education Institutions funded? New evidence from
ETER microdata,” Technical Report, European Tertiary Education Register 2019.

Long, Ngo Van, “Financing higher education in an imperfect world,” Economics of Edu-
cation Review, 2019, 71, 23-31.

Luxembourg Income Study (LIS), “Luxembourg Income Study Database,” http://
www.lisdatacenter.org (multiple countries; Data access: 10/11/2022) 2022.

Marginson, Simon, “High participation systems of higher education,” The Journal of
Higher Education, 2016, 87 (2), 243-271.

Modena, Francesca, Enrico Rettore, and Giulia Martina Tanzi, “The effect of grants
on university dropout rates: Evidence from the Italian case,” Journal of Human Capital,

2020, 1/ (3), 343-370.

Nielsen, Arendt Jacob and Mads Lybech Christensen, “Public Redistribution and
Intergenerational Income Dependency,” Awvailable at SSRN 4116233, 2022.

Nielsen, Sgren Bo and Peter Birch Sdgrensen, “On the optimality of the Nordic system
of dual income taxation,” Journal of Public Economics, 1997, 63 (3), 311-329.

OECD, Resourcing Higher Education 2020.
_, “OECD Main Economic Indicators,” doi: 10.1787/662d712c-en 2022. Access: 21-07-2022.

—, “OECD National Accounts Statistics,” doi: 10.1787/na-data-en 2022. Access: 21-07-
2022.

—, “OECD Tax Database,” https://stats.oecd.org/index.aspx?DataSetCode=AWCOMP
2022. Access: 21-07-2022.

Paola, Maria De, Michela Ponzo, and Vincenzo Scoppa, “Class size effects on student
achievement: heterogeneity across abilities and fields,” Fducation Economics, 2013, 21 (2),
135-153.

Psacharopoulos, George and George Papakonstantinou, “The real university cost in
a “free” higher education country,” Economics of Education Review, 2005, 24 (1), 103-108.

Rey, Elena Del and Maria Racionero, “Financing schemes for higher education,” Fu-
ropean Journal of Political Economy, 2010, 26 (1), 104-113.

48


http://www.lisdatacenter.org
http://www.lisdatacenter.org
https://stats.oecd.org/index.aspx?DataSetCode=AWCOMP

Reynolds, Morgan and Eugene Smolensky, “Post-Fisc Distributions of Income in 1950,
1961, and 1970,” Public Finance Quarterly, 1977, 5, 419-443.

Rieth, Malte, Cristina Checherita-Westphal, and Maria-Grazia Attinasi, “Per-
sonal income tax progressivity and output volatility: Evidence from OECD countries,”
Canadian Journal of Economics/Revue canadienne d’économique, 2016, 49 (3), 968-996.

Schofer, Evan and John W Meyer, “The worldwide expansion of higher education in
the twentieth century,” American Sociological Review, 2005, 70 (6), 898-920.

Schweri, Juerg and Joop Hartog, “Do wage expectations predict college enrollment?
Evidence from healthcare,” Journal of Economic Behavior € Organization, 2017, 141,
135-150.

Solt, Frederick, “Measuring Income Inequality Across Countries and Over Time: The
Standardized World Income Inequality Database,” Social Science Quarterly, 2020, 101,
1183-1199. SWIID Version 9.3, June 2022.

Spiess, C Katharina and Katharina Wrohlich, “Does distance determine who attends
a university in Germany?,” Economics of Education Review, 2010, 29 (3), 470-479.

Strecker, Nora, Labor Income Tazxation in a Globalizing World: 1980-2012, Vol. 27, KOF
Swiss Economic Institute, ETH Zurich, 2017.

Tanaka, Ryuichi, “Inequality as a determinant of child labor,” Economics Letters, 2003,
80 (1), 93-97.

Trow, Martin, “Problems in the transition from elite to mass higher education,” Carnegie
Commission on Higher Education Research Studies, 1973.

Walker, Ian and Yu Zhu, “The college wage premium and the expansion of higher edu-
cation in the UK,” The Scandinavian Journal of Economics, 2008, 110 (4), 695-709.

Westphal, Matthias, Daniel A Kamhofer, and Hendrik Schmitz, “Marginal college
wage premiums under selection into employment,” The Economic Journal, 2022, 132 (646),
2231-2272.

World Bank, World Development Indicators 2022. Web. 2022-06-28.

49



A Derivation: Maximization problem

The maximization problem when a household decides not to send their child to university is
trivial because the household consumes all their income. A household that decides to send

their child to university solves the following problem:

max u(c) +d[p(s) - w(E) + (1 —p(s)) - w] sit. ¢+ s < d(y) (A.1)

c,s

Because the utility function is the sum of strictly increasing and concave functions and
because the budget constraint is compact, the budget constraint is binding and we can write

the constrained maximization problem as an unconstrained maximization problem:
max  u(di(y) — s) +0[p(s) - W(E) + (1 = p(s)) - w] (A.2)
We compute the FOCs to find the interior optimal solution, s*:
—u/(dr(y) — s) + 0p/(s7) - [W(E) — w] =0, (A.3)

where W(E) — w > 0 is the wage premium of being a graduate with respect to being a

non-graduate. The SOCs computed at s* are negative, thus s* > 0 is the unique optimal

value solving (A.2):
u'(di(y) — 57) + 0p"(s7) - [w(E) —w] <0, (A.4)

Using the optimal solution, s*, we obtain the indirect utility:

Ve =uldi(y) — s*) +0[p(s”) - w(E) + (1 = p(s7)) - w]. (A.5)
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B Household tax liability and total tax revenue

The tax function is a progressive tax liability function because the marginal tax rate T"(y) is
strictly increasing in y everywhere in [y, 7]. To see it, we write the marginal tax rate function

T!(y), such that:

0 y<y<Wu
ti[1 — 71 (y)] Yo<y<WYo+te
Ti(y) = t Yo+e<y<uy (B.1)

Ll =W +mWt h<y<iyi+e

to Y>>y te

Notice that, as (3] is continuously differentiable in y € [y, 7], T;(3o) = 0 with 71(7) = 0 and
as T!(y) > 0 everywhere because of T1-T4, this implies that the total tax revenue for each

interval of (p]) is positive, such that:

T = / L) f(w)dy > 0 (B.2)
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C Disposable income function

Following , we can write the disposable income function of an individual household 7 as:

¢

Y

(1—t)y+tiyo+7ni(y)t

di(y) = (1—t)y+tigo+ 711 (Yo + €)ta

\

(1 —t2)y +tifo + 11 (Yo + €)ts + (t2 — t1)y1 + 72(y)(t2 — 1)

(1 =ta)y + 1o + 11 (Yo + €)t1 + (t2 — t1)y1 + 72(Y1 + €)(t2 — 1)

y<y <

Yo<y<UYote
w+esy<i
Y <y<uy te

Y>>y te
(C.1)

The function (C.1)) is continuous, continuously differentiable in y and strictly increasing in

y. Indeed, the first derivative by y of (C.1)) is continuous and strictly increasing:

di(y)

p

1

(1 —t1) +71(y)ta
(1—t1)

(1 —t2) + 75(y)(t2 — t1)

(1 — t2>

D Proof: Lemmas

D.1 Lemmal

y<y <

Yo<y<UYote
Yo+te<y<i
i <y<uy te

y>yte

To prove Lemma [I, we use the intermediate value theorem. For any individual house-

hold in any income class k, let’s define the difference between their two indirect utilities as

A(di(y)) = V*(dir(y)) — Ve(dr(y)):

uldi(y)) — uldi(y) — s%) — op(s™)[W(E) — w]
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The function (D.1]) is continuously differentiable in the pre-tax income y. Differentiating by

Y, one gets:

= di(y)[u'(di(y)) — v/ (di(y) — s")] <O, (D.2)

The Derivative is strictly decreasing because: (i) [v/(dk(y)) — v/ (dk(y) — s*)] < 0, as
u(-) is continuous, strictly increasing and strictly concave; (ii) dj.(y) is strictly increasing in
Y.

If A(do(y)) < 0, then, because A(d(y)) is continuous and strictly decreasing in y,
A(di(y)) < 0 for any y € (y,y]. Thus, A(do(y)) = 0, implying y = y. In this case,
everyone at least weakly prefers education to work.

If A(do(y)) > 0, then we can have either A(dy(7)) < 0 or A(dy(y)) > 0. If A(dy(y)) <
0, because A(dk(y)) is continuous and strictly decreasing in y, by the intermediate value
theorem, 3!y € (y, 7] such that A(dy(y)) = 0. It follows that if y < y, then V* > V¢, If
y >y, then V¥ < Ve If A(dy(y)) > 0 working is always the best option and there is no

indifference threshold in [y,7]. Thus, if a threshold y € [y, 7] exists, it must be unique.

D.2 Lemma 2

Let us consider the indifferent individual such that A(d(y)) = V¥ (dk(y)) — VE(di(y)) = 0.

To simplify the notation, we define the optimal subsidy simply as s*:

u(di(y)) — uldi(y) — s*) — op(s™)[W(E) — w] = 0 (D.3)

In order to study how the variables o and w affect the threshold y we use the implicit function
theorem. Let’s define the derivative in (D.2) as D = 0A(y)/dy < 0. By the implicit function
theorem, we can compute the variation of 3 given a change in v and w, obtaining the results

of Lemma [2}
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% _ [H (Tsp(s* )@ (E)] < 0, (D.4)

W _ {_MS*) >0, (D.5)

dw D

E Proof: Progressive taxation

We obtain by applying the implicit function theorem to the indifferent individual. Con-
sider the indifferent individual household such that A(d;(y)) = V* — V¢ = 0. To simplify

the notation, we define the optimal subsidy simply as s*:

u(di(y)) — uldi(y) — s7) — op(s") [w(E) — w] =0 (E.1)

Differentiating by ¢, and applying the implicit function theorem we get:

dy  [dp(s")w'(E) or O
dty { D o T Tog (E2)
——

Tax Revenue H.E. funding

F Proof: Local progressivity

F.1 Increase in t;

Consider the two measures for tax progressivity for a household ¢ in the middle- and rich-

income classes. They can be written as:

_th— T (yi, t)/y:
1 =T (yit) )y

7T2(t) _ lo — TQ(ylvt)/yl

m1(t) 1= Ty, t) /s

o4



whereby ¥; is the income of household ¢. If 7 is in the middle class, then the derivative of the

average tax rate, T (y;, t)/y; with respect to t; is:

Jo 71(yi)

O[Ti(yt)/y] )1 —w— " Hyvelonited

i (F.4)

1 — %o _ nGote

" o ity eo+ei]

which is always strictly positive by property T4 of the tax function . Moreover, since

(F.4) is bounded from above at 1, the following inequality must hold:

0T (y, t )/yz]

i (F.5)

If ¢ is in the rich income class, then the derivative of the average tax rate, T5(y;, t)/y; with

respect to t; is:

J1—Yo+72(yi)—71 (Ho+e) . ~ o~
O [To(yi, ) /il _ m if y € (J1,91 +¢) )
ot Y1 —Yo+712(Po+€)—71 (Yo +¢€)

lfye [@\14—6,00)

Yi

which is always strictly positive by property T4 of the tax function .
Applying the quotient rule to calculate the derivative of the progressivity measure (F'.3)) with

respect to t; if ¢ is in the middle class, we get:

om(t) _ 1 [ Ty t)  O[Ti(yit)/uil,,
ot (1—Ti(yit)/y:) -1 Yi ot (1—t)
= 1 [ O[T (yi, t)/vi]
B (1 —Th(yi, t)/y:)° -1 oty >0, (F.7)

whereby (F.7)) holds because of condition ([F.5)) and because:

Tl(yi7t) _ [Tl(yza )/yz]

Y oty
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Applying the quotient rule to calculate the derivative of the progressivity measure (F.3)) with

respect to t; for ¢ if they are in the highest income class, we get:

871-2( ) = 1 [a[TQ(yi’t)/yi] (T2(yi>t) . 1) + O[Ta(yi,t) /yil (t . T2(yi,t))]
oty (1=Ta(yi,t) /i) ot ; 9 — ——~

Y ot Yi
[T2 (yzv )/yz] { 1 =1
oty (1 — To(yi,t) /y:)?

<0 (F.8)
F.2 Increase in t,

The derivative of Om(t) by ¢y is straightforward, as households in the middle class do not
pay t:

O (t)
o, =0 (F.9)

Applying the quotient rule to calculate the derivative of the progressivity measure mo(t) with

respect to to for an agent ¢ in the rich income class, we get:

oma(t) 1 1 — A0et)/ul) (1 Lewit)) | owit)/v) (f _ Talit)
oty (1=Ta(yi,t)/y:)* dto 2 —

Yi Ota Yi

1 {1 _ D(yit)  0[1a(yit)/yil

(- Tl )/ | v b <1—f2>]>07 (F.10)

/
-~

S}

which can be proven to be positive. To do so, we explore the terms in the square brackets
in (F.10]) next.

t1(¥1—%o) Ui 71 (Ho+€)(to—t1) o (i) (t1 —t2)
M Lol 4 g1 — 1) 4 1@ot)(to—t) | T2(u)(ta—to

_ vi vi vi v if y; € (Y1, 91 +¢€)
Yi w +t (1 0 ) + Tl@o+z)r(t07tl) + T2(§1+6y)v(t17t2) if yi € [@\1 te OO)
(F.11)
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(1_%_%> (1—ty) ifye(@,m+e)

0 [To(ys, t) /il

(1—t) = (F.12)
Ot 1 _ 2(Jote) ; n
(1—;—T>(1—t2) if y € [1 +¢€,00)

Let us consider the terms in parenthesis, defined as O, in (F.10). Then, remembering that

to < t1,if yi € (1,71 +€):

R e )\ ntelo—t) Tyt — 1)
B =1 m t (1 y)

Yi Yi
0 i Y i)l
B (1_£_7—2(y)> Yt (1_&) ~ 7a(yi) 2
Y1 Yi Yi Yi

(i —y) mWo+e)(to—t) m(y)ti W n 72(y:)

Yi Yi Yi 1 Yi
goti @+ eto—t) 7 Ta(yi) (1 — ¢
_ Yolr 1(Ho + €)(to 1)4—@(1—251)%— 2 (i) ( 1)

Y; Yi Y1 Y;

Y

>0 (F.13)

Remembering that ¢y < ty, if y € [y1 + €, 00), then [O] becomes:

Yi Yi

O] =1- M —ty < @1) _ T1(Yo +€)(to —t1)  T2(Yo +€)(ts —t2)

1— £
Yi Yi

0 U m o + )t
B (1_&_72(%-1-6))_‘%2 (1_&) _72(y0+e)2’

Y1 Yi Yi Yi

@ =) nHot+elo—t) m+eh n U n To(Yo + €)
Yi Yi Yi hn Yi

)

Yot1 (Yo +€)(to—t v To(Yo +€)(1 — ¢
_ Yol1 1(%o + €)(to 1)+&(1—t1)—|— 2 (Yo + €)( 1)

Y Yi Y1 Y;

>0 (F.14)

Thus, because (F.14)) and (F.13)) are always positive, it must be true that derivative (F.10))

is positive.
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G Data

We draw on several data sources for our stylized facts: (i) household-level microdata from
the |(2022) Luxembourg Income Study (LIS)| (LIS)) to gain information on household incomes
and education choices across a large panel of countries and years, (ii) a detailed set of in-
come tax calculations from (OECD) (2022¢) to identify local tax progressivities at different
points along the income distribution and households above the zero-tax threshold ¥y, (iii)
country-level data on higher education enrollment from [World Bank (2022)), higher educa-
tional spending from Eurostat| (2022b), and various macroeconomic variables from World

Bank! (2022)), (OECD, [2022a), and (Eurostat, 2022a).

G.1 Household microdata

The LIS database provides harmonized household microdata on incomes, labor choices,
and demographic characteristics for about 50 countries across the globe spanning over five
decades. We use all available European OECD country-year samples between 2000 and 2018,
which contain information about a household’s children and their higher education atten-
dance, as well as total parental income, 22 countries in allff] We use this LIS microdata to
estimate the parental income gradient in children higher education choices.

In our analysis, we define a child’s parents as the head of the household and their partner,
if any; thus, parental income is the sum of the income of the head of the household and their
partner. In this way, we exclude the income of other household members, such as grandpar-
ents’ pensions or siblings’ incomes, which are unlikely to finance the higher education of a
child. We exclude households for which either the head of the household’s or their partner’s
income is missing, rather than imposing a lower total parental income. Student-workers are
also excluded from the sample as they might reduce or do not ask for financial help to their

parents.

35The countries are Austria, Belgium, Czechia, Denmark, Estonia, Finland, France, Hungary, Germany,
Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Poland, Slovak Republic, Slovenia, Spain,
Sweden, and Switzerland.
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Because we do not have information about permanent parental income, we only consider
children between the ages of 17-19. Those ages correspond to the approximate ages at which
students choose whether or not to attend university in Europe. A child attending higher
education is defined as a child who reports upper-secondary education as their highest level
of completed education and whose current employment status is reported as in education.
While this means that we include both those in higher education and advanced non-higher
(generally, post-secondary) education, this inclusion is nevertheless necessary as the data
specify neither the current type of education nor the type of upper-secondary school that
has been completed P The household income is also adjusted by using the 2017 USD PPPs

deflators as provided by the Luxembourg Income Study.

G.2 Income taxes

We use data on income taxes from the OECD Tax Database (OECD| [2022¢), which provides
the marginal and average personal income tax rates for all OECD countries at different point
along the income distribution: namely, 67%, 100%, and 167% of the average production
worker’s wage. We use these data to calculate the local tax progressivity measures at the
different income estimates, denoting them mgro,4pw, Ti00%4apPw, and mTigrpapw. We include

the local tax progressivity measures after standardizing around the mean.

G.3 Country-level data

Using the LIS microdata, we have 199 country-year observations, and while we can adjust
the regression weights within the microdata, the corresponding country-year panel would be
highly unbalanced. Thus, we turn to information from cross-country sources to compile a
more balanced country-year sample to supplement our empirical evidence.

We take the gross enrollment rate in higher education, the unemployment rate, the

360ur analysis further excludes children whose employment status is reported as disabled, homemakers,
or retired, or who report an age gap to the head of the household under 14 years.
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inflation rate, gross national income per capita, the percentage of people living in urban
area, and the gross graduation rate from first degree programs (at ISCED 6 and 7) from
World Bank (2022)). We rely on Eurostat for data on higher education expenditures as a
percentage of GDP (Eurostat, |2022b) and the employment rate of individuals with upper
secondary and post-secondary (non-higher) education (Eurostat, [2022al). We also include
countries’ long-term interest rate from |OECD| (2022a) and general government spending
from (OECD| (2022b).

To be able to hold the overall level of redistribution built into the tax and welfare system
constant, we estimate the Reynolds-Smolensky index based on the market and disposable
income Gini coefficients from the Standardized World Income Inequality Database (SWIID),
see Solt| (2020). The Reynolds-Smolensky index was proposed by Reynolds and Smolensky
(1977) as the difference between the pre-tax (or market) Gini coefficient and the post-tax
(or disposable) Gini coefficient.

For the aggregate estimations below, we are able to include 20 countries — although we

lose a few observations due to data availability[|

H Empirical evidence

H.1 Higher education enrollment and income tax progressivity

The stylized facts present the relationship between the enrollment rate in higher education
and tax progressivity. We regress the gross enrollment rate in higher education on the local
progressivity measure. We follow the previous literature on tax progressivity with aggregate

data (Arnold, 2008; [Rieth et al., [2016) in considering the average production worker’s wage

3"We include the following countries in the aggregate estimations: Austria, Belgium, Denmark, Finland,
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Poland,
Slovak Republic, Slovenia, Spain, Sweden, and Switzerland. The UK is excluded because of missing data on
higher education expenditure in [Eurostat| (2022b)).
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(OECD) 2022¢)). We estimate the following regression:

Gross enrollment.; = By + im0 apwiei—1 + 7' Xeg—1 + Oc + 0 + €cy (H.15)

where Ti00%apw.—1 is the local progressivity measure at the average productive wage of
country c in the year ¢ — 1, X.;_; includes a set of aggregate and macroeconomic variables
in the year t — 1. 6. and #; summarize the country- and year-fixed effects. We use lagged
explanatory variables to account for a delayed reaction in the enrollment rate. In this way,

we also try to mitigate the possibility of reverse causality.

Table 3: REGRESSION: GROSS ENROLLMENT IN HIGHER EDUCATION AND PROGRES-
SIVITY

Gross enrollment in higher education
Variables (1) (2) (3) (4) (5) (6)

Tlo0%apwa—1  3.039%%  2.880%F 2.938%FF  3199%F  2386%  2.884**
(1.402)  (1.301)  (1.137)  (1.315) (1.430) (1.144)

Countries 20 20 20 20 20 20
Observations 314 309 296 296 258 296
R-squared 0.859 0.875 0.925 0.926 0.923 0.926

Notes: Columns (1)-(6) report the gross enrollment in higher education regressed
on the lagged income tax progressivity computed at the average production
worker’s wage (1), and lagged control variables such as higher education expen-
ditures as a percentage of GDP (2), natural log of gross national income per
capita, general government expenditure, Reynolds-Smolensky index, the aver-
age annual unemployment rate, the annual inflation rate, the long-term interest
rate (3), the percentage of people living in urban area (4), the gross graduation
rate from first degree programs (at ISCED 6 and 7) (5) and the employment
rate of individuals with upper secondary and post-secondary (non-higher) edu-
cation (6). Country-level clustered bootstrap standard errors (1000 replications)
in parentheses. ***  ** and * indicate levels of statistical significance at 1, 5,
and 10 percent, respectively. For brevity, the country- and year-fixed effects are
suppressed. Full results are reported in the Online Appendix.

Table [3| presents the results of the effect of progressivity on the gross enrollment rate
in higher education. The most basic specification in Column (1) shows that an increase
in the lagged local progressivity is positively correlated with the enrollment rate in higher

education and highly statistically significant. This relationship remains consistent and sta-

61



tistically significant across all other specifications. Columns (2)-(6) expand the specification
to control for lagged higher education spending, which has no significant relationship on
gross enrollment. Columns (3)-(6) include a set of lagged macroeconomic factors that affect
the university enrollment, such as the log of GNI per capita, general government expendi-
tures, the Reynolds-Smolensky index, the unemployment rate, the inflation rate, and the
real interest rate.

Columns (4)-(6) expand to include lagged proxies for different parameters from the the-
oretical model. Column (4) includes the lagged share of the urban population to account
for the ease of access to higher education and the additional cost that is required to at-
tend.Column (5) includes the lagged gross graduation rate . Column (6) includes the lagged
employment rate of individuals with upper secondary and post-secondary (non-tertiary) ed-

ucation.

H.2 Parental income gradient, local progressivity, and perverse

redistribution

In Table [1}, we use microdata and we regress the binary choice to attend higher education
on parental incomes quintile dummy variables to capture the negative gradient and interact
these quintile dummies with the local progressivity measures. Pooling all available LIS
microdata samples and adjusting the sampling weights, we estimate the following linear

probability model:

HEd; s = ag + o/Parental Income Quintile; ., + 5"y apw,ei—1
+ 7'Parental Income Quintile; ., X Tyapw,ei—1 + 1 Xep—1 + (' Zicy (H.16)

+ 90 + gt + ecohort + 90 * COhorti,c,t + €icits

where H Ed; ., is a binary indicator variable equal to one if a child in household ¢ in country ¢

in year t attends higher education, Parental Income Quintile; .; is a set of dummy variables
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representing household ¢’s income quintile, excluding the highest quintile, 7oapw.ci—1 is
a vector of progressivity measures computed at the 67%, 100% and 167% of the average
production wage in country c at time ¢t — 1, X.;_; a set of one-year-lagged macroeconomic
variables (i.e., government general spending, government redistributive capacity, government
spending in higher education), Z.;_; a set of individual control variables (i.e., number of
households members without labor income, household type, head of household” and partner’s
years of education and dummies for living in a rural area, gender and individual immigrant
status), 0. , 6, and O.opere are the country-, year- and cohort-fixed effects, while 6. % cohort; .
is the country-cohort interaction capturing linear trends for specific cohortsﬁ

Table 4| presents the results of using measures of local tax progressivity at different
multiples of the average productive wage. The correlation between the probability of a
household’s child attending higher education and the income quintiles, with respect to the
richest quintile Parental Income Quintiles, is negative and highly statistically significant. As
incomes increase from the first to the fourth quintile, the correlation becomes more negative,
meaning that the probability of sending a child into higher education compared to the highest
quintile decreases.

These results are robust to adding aggregate and individual controls, even if the sam-
ple size reduces due to data availability. Table [4] also shows that the effect of progressivity
is negative and statistically significant only at 167% APW; however, when we control for
individual control variables, this effect becomes statistically insignificant. Given the large
number of interactions included in , we calculate the marginal effect of the interac-
tions between tax progressivity and income quintiles on the probability of going into higher
education by income quintiles. We present these marginal effects in Table 5| Recall that the

reference category is the highest income quintile, Parental Income Quintiles.

38We include the following countries in the pooled microdata estimations: Austria, Belgium, Czech Re-
public, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Luxembourg,
Netherlands, Norway, Poland, Slovak Republic, Slovenia, Spain, Sweden, and Switzerland. In the Online
Appendix B, we run the same regression without Austria, Germany and Switzerland as those countries have
high school tracks that can allow directly go into tertiary education (but only into advanced non-tertiary
education) after the high school graduation.
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Table 4: REGRESSION: PARENTAL INCOME GRADIENT AND TAX PROGRESSIVITY

Probability of university attendance

Variables (1) (2) (3)
Parental Income Quintile; -0.191%**  _0.191***  .0.103***
(0.009) (0.009) (0.015)
Parental Income Quintile, S0.154%%*  _0.151***F  _(.093%**
(0.008) (0.008) (0.012)
Parental Income Quintiles -0.131%%*  _0.130***  -0.075%**
(0.008) (0.008) (0.011)
Parental Income Quintiley -0.079%%*  _0.07T*¥**  -0.037FF*
(0.008) (0.008) (0.010)
TOT%APW.A—1 -0.008 -0.009 -0.022
(0.012) (0.013) (0.014)
T100%APW -1 -0.001 -0.013 0.006
(0.014) (0.014) (0.014)
TAGTAAPW 1 “0.030%%  -0.032%* -0.010
(0.014) (0.014) (0.022)
Parental Income Quintile X my 4 py1—1 v v v
Aggregate Controls v v
Individual Controls v
Year FE v v v
Country FE v v v
Cohort FE v v v
Country-Cohort FE v v v
Countries 22 22 17
Obs. 70,877 68,489 44,332
Adj. R-squared 0.340 0.346 0.380

Notes: The table shows the parental income gradient in higher education interacted
with three measures of progressivity (67%, 100% and 167% of the APW): without
controls (1), with aggregate controls (2) and with aggregate and individuals con-
trols (3). Household-level clustered standard errors in parentheses. *** ** and *
indicate levels of statistical significance at 1, 5, and 10 percent, respectively.
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Table 5: MARGINAL EFFECT: PARENTAL INCOME QUINTILES AND LOCAL PROGRES-

SIVITY

Marginal Effects

T%APW,67 T%APW,100 T%APW,167
(1) (2) (3)
A No Controls
Parental Income Quintile; —0.028%* —0.015 0.029*
(0.013) (0.016) (0.015)
Parental Income Quintile, —0.025%* 0.009 —0.004
(0.012) (0.015) (0.014)
Parental Income Quintileg —0.008 0.013 —0.024*
(0.012) (0.014) (0.013)
Parental Income Quintiley —0.014 —0.004 —0.009
(0.012) (0.015) (0.014)
B Aggregate Controls
Parental Income Quintile; —0.029** —0.028* 0.028*
(0.013) (0.016) (0.015)
Parental Income Quintiles —0.026** —0.003 —0.007
(0.013) (0.015) (0.015)
Parental Income Quintileg —0.010 0.001 —0.026*
(0.013) (0.014) (0.014)
Parental Income Quintiley —0.016 —0.017 —0.011
(0.013) (0.015) (0.014)
C Aggregate + Individual Controls
Parental Income Quintile; —0.044** —0.007 0.088***
(0.017) (0.021) (0.026)
Parental Income Quintiley —0.034** 0.002 0.044*
(0.015) (0.017) (0.023)
Parental Income Quintileg —0.010 —0.003 0.013
(0.015) (0.017) (0.023)
Parental Income Quintiley —0.021 —0.010 0.014
(0.014) (0.015) (0.023)

Notes: The table shows the marginal effect of the interaction between
parental income quintiles and three measures of progressivity (Columns
(1)-(3) are 67%, 100% and 167% of the APW, respectively). Panel A rep-
resents the marginal effects of the regression without controls, Panel B with
aggregate controls, and Panel C with aggregate and individuals controls.
Household-level clustered standard errors in parentheses. ***, ** and * in-
dicate levels of statistical significance at 1, 5, and 10 percent, respectively.
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Exploring the estimates of the local tax progressivity and the parental income quintiles,
in Panel A (based on Table {4} first column), Column (1) illustrates that, without additional
controls, an increase in the local progressivity at 67% of APW is negatively and significantly
correlated with the probability of a household sending their child into higher education for
the lowest quintiles, Parental Income Quintile; and Parental Income Quintile;. We argue
that this result occurs because higher progressivity at the bottom of the income distribution
implies that the poorer households bear more of the cost of the increase in progressivity. If
households do not value the marginal benefit of a better quality higher education higher than
the marginal fiscal cost, they will be less likely to send their children into higher education.
Column (2) shows that the interaction effect at 100% of APW is statistically insignificant for
everyone. We interpret this result as the marginal benefit and the marginal cost offsetting
each other. Column (3) shows that an increase in local progressivity at 167% of APW
increases the first household quintile’s propensity to send their children to university, but
the effect is dampened significantly in the third quintile, Parental Income Quintiles.

Panel B presents the marginal effects when we include aggregate controls in (H.16)) (based
on Table , second column). The aggregate controls include lagged general governmental
spending and lagged government spending in higher education. As before, we include the
lagged Reynolds-Smolensky index to take into account the effective overall redistributive
capacity of the tax and redistribution system. Panel B presents similar results to Panel
A, in terms of sign, statistical significance, and size of the effect. The only difference is
that the probability of sending children into higher education for households belonging to
the lowest quintile is negative and statistically significant at 10% level when governments
increase the progressivity at 100% of APW. However, this effect is not robust to the inclusion
of additional controls.

In Panel C (based on Table {4} third column), we observe the marginal effects when we
include both aggregate and individual controls in . The individual controls include the

number of households members without labor income, household type, the head of house-
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hold’s and their partner’s years of education, as well as dummies for living in a rural area,
a child’s gender, and immigrant status. Results in Panel C are similar to the results in
Panel A and B, confirming the robustness of the statistical model: an increase in the local
progressivity at 67% of APW is negatively and significantly correlated with the probability
of a household sending their child into higher education for the lowest quintiles, Parental
Income Quintile; and Parental Income Quintile,. Similar to Panel A, the effect of an in-
crease in progressivity at 100% of APW is not statistically correlated with the probability of
a household’s child attending higher education. Lastly, Column (3) in Panel C shows that
the progressivity at 167% of APW is positively and significantly (at the 1% level) correlated
with the probability of a household in the first quintile, Parental Income Quintile;, and in
the second quintile, Parental Income Quintile; (at the 10% level), sending their children
into higher education. Column (3) confirms that the probability of the poorest households
sending their children into higher education increases when the local progressivity of richer
households is increased.

The marginal effects reported in Table [5| highlight that local income tax progressivity at
the top of the income distribution reduces the parental income gradient for poorer households;
on the other hand, if the parental income gradient falls for poorer households, the probability
of poorer households not sending their children into higher education, even if they are paying
income taxes, decreases. This represents a reduction in the perverse redistribution in higher
education. The empirical analysis also illustrates that when the local tax progressivity
increases at the bottom of the income distribution, the parental income gradient becomes
more negative for households in the lower quintiles. As a result, the empirical specification
confirms that an increase in local tax progressivity could increase perverse redistribution
and reduce the university enrollment of individuals from poorer households, if the increase

in progressivity occurs in the poorest income classes.
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