
Economic Modelling 136 (2024) 106754

A
0
n

Contents lists available at ScienceDirect

Economic Modelling

journal homepage: www.journals.elsevier.com/economic-modelling

Effects of higher education subsidies on equity and efficiency across
developmental stages✩

Yoseph Getachew
Department of Economics, University of Pretoria, 0028, Pretoria, South Africa

A R T I C L E I N F O

Dataset link: Matlab code for Effects of Higher E
ducation Subsidy (Original data)

JEL classification:
H2
I2
O1
O4

Keywords:
Education subsidy
Equity
Efficiency
Externality
Phases of higher education

A B S T R A C T

This study investigates the impact of taxes and subsidies for higher education on equity–efficiency trade-offs
under various phases of higher education development. A scholarship program emerges as the most effective
subsidy for higher education across all developmental stages. During both early and later phases, a universal
grant proves more effective than a scholarship grant in reducing inequality. At the later stages of higher
education development, the enrollment rate increases for universal grants but decreases for other policies,
implying that the recent shift away from universal grant schemes in the UK could lead the enrollment rate to
decline.
1. Introduction

The debate over whether the government should subsidize higher
education financing revolves around regressivity and externality ef-
fects. On the one hand, higher education subsidies and grants become
a concern of transferring resources away from unskilled to skilled
workers (Hansen and Weisbrod, 1969; Fernandez and Rogerson, 1995;
Garcia-Penalosa and Wälde, 2000; De Fraja, 2002). On the other hand,
they are justified based on the externality effects of human capital1
and the pervasiveness of borrowing constraints that prevent individuals
from investing optimally by borrowing against future human capital
(Barham et al., 1995; Fender and Wang, 2003). Furthermore, a third
case for education subsidies exists, alleviating the distortions in human
capital owing to redistributive policies such as progressive taxation

✩ I am grateful to Zhang Jie for extensive comments on a previous draft of the paper. I want to sincerely thank the editors and two anonymous reviewers
for their insightful comments and suggestions. Further thanks are due to participants of various conferences (World Congress of the Econometric Society; The
African Meeting of the Econometric Society; Biennial Conference of the Economic Society of South Africa; Brown Bag Seminar, Economics Department, University
of Pretoria) for fruitful discussions and suggestions. The usual disclaimers apply. The author acknowledges the financial support for this research from Economic
Research Southern Africa.

E-mail address: yoseph.getachew@up.ac.za.
1 There is some support from the empirical literature concerning human capital externality, but not without dispute. Moretti (2004) estimated human capital

externality (the effects of one more year of average education on income) up to 25% for the US. In contrast, Krueger and Lindahl (2001) and Acemoglu and
Angrist (2000) argued that the difference between the social and private education returns is not significantly different from zero for the US. Benhabib and Spiegel
(1994) found no relationship between human capital and growth but a positive relationship between human capital and total factor productivity.

(Benabou, 2002; Bovenberg and Jacobs, 2005; Krueger and Ludwig,
2016).

A common feature of the literature is its failure to account for
the different forms of the higher education system. The structure of
a country’s higher education system, particularly the developmental
stage in which it exists, primarily determines the equity and efficiency
impact of any higher education financing policy it adopts. When two
countries are at different stages of higher education development, they
will have different enrollment rates and class compositions, which in
turn may create disparities in the effectiveness of higher education
policies. Several countries in the developing world are at stages where
higher education is a luxury consumption good enjoyed by a few elites.
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In contrast, for economies in the developed world, the ‘‘massification’’
of higher education is at an advanced stage where most of their
population has access to it.2

This study investigates how alternative higher education subsidies
nd grants impact efficiency and equity when accounting for the transi-
ion and different phases of higher education.3 In doing so, it develops a
odel that captures the endogenous transformation of higher education
evelopment. Subsequently, it offers a comprehensive analysis of the
ffects of alternative higher education subsidies on efficiency, equity,
nd enrollment rates. In the model, agents are heterogeneous in their
nitial human capital and learning ability. Individuals are differentiated
s college-educated and non-college-educated based on their family
ackground and as high and regular ability based on their learning abil-
ty. Children of parents who can afford to pay the minimum tuition fee
p-front will join college. However, those whose parents cannot afford
o pay the college tuition fee will join the unskilled labor force and earn

lower wage income. Further, individuals with a college education
eceive an additional skill premium. Skilled labor (human capital) and
aw labor are the only factors of production at the aggregate level.
arents’ ability to pay for children’s education depends on their income
nd their children’s ability.

The economy starts from Stage I – an early stage of development –
nd evolves endogenously afterward. The aggregate human capital is
xtremely low at this stage; hence, productivity and income are low.
nly the upper class (wealthy families with high-ability children) can
fford to pay the college tuition fee while the rest of the population does
ot. As the economy continues to grow and individuals’ productivity
nd income increase due to positive human capital externality effects,
ore individuals could afford college tuition fees. In Stages II and

II, the middle class (affluent families with regular-ability children)
nd lower-middle class (low-income families with high-ability children)
an afford to pay the tuition fees. In Stage IV, aggregate productiv-
ty is large enough for everyone (including low-income families with
egular-ability children) to afford the college tuition fee. The different
hases of higher education can be associated with the stages of eco-
omic development that today’s higher-, upper- and lower-middle, and
ower-income countries exist, as reflected in the data (Fig. 1).

The government could adopt one of the three commonly practiced
uition subsidy programs in any developmental stage and finance it
ith flat-rate taxes. It can apply a universal tuition grant scheme that

argets any individual who joins college, a scholarship grant scheme
hat targets high-ability individuals, or a means-tested grant scheme
hat targets high-ability individuals from poor backgrounds. I examine
ow these policies affect individuals’ ability and decision to invest in
igher education and their implications for equity–efficiency trade-offs
t the different phases of higher education development. Furthermore,
compare each policy with a laissez-faire education system.4

Among the findings, a scholarship program is the most efficient
igher education subsidy program at all phases of higher education
evelopment as it mobilizes resources to high-ability individuals in the
conomy. Moreover, a means-tested grant is the least efficient policy

2 Tables 11 and 12 in Appendix F demonstrate that the gross enrollment
atio in tertiary education of some low-income countries in 2013 is comparable
o that in high-income countries registered in 1971.

3 Almost half a century ago, Trow (1973), in a seminal work, predicted the
ransformation of the higher education system of today’s advanced economies
rom an elite to a mass and a universal phase. Trow (1973) identifies the
lite phase, where less than 15% of the high school cohorts move beyond the
econdary level; the mass phase, where 16%–50% of high school graduates
ontinue their educations; and the universal phase, where over 50% of
raduates continue their higher education. See also Trow (2007).

4 The analysis does not include student loans, which are extensively studied
n the literature (Garcia-Penalosa and Walde, 2000; De Fraja, 2002; Del Rey
nd Racionero, 2010; Gary-Bobo and Trannoy, 2015; Heijdra et al., 2017; and
bbott et al. 2019).
2

c

in the early Stages I and II, as few are eligible for this program during
these stages. However, it is the most efficient one (along with the
scholarship scheme) in Stages III and IV through mobilizing resources
for the ablest individuals in the economy. Laissez-faire is the least effi-
cient in Stage III when high-ability individuals of low-income families
have access to higher education. At this stage, government intervention
is required to ensure that resource-poor but high-ability individuals
would not be left behind. A universal subsidy scheme performs as the
second-best in most developmental phases.

In the early stages (Stage II),5 the universal grant scheme is the
most effective in reducing inequality, followed by laissez-faire. Since
individuals in lower income groups do not invest in education at this
stage, a scholarship grant or means-tested may aggravate inequality.
The former is the most regressive as it mobilizes resources to the high-
ability individuals in the top-income class, and means-tested leaves
everyone worse off, as none of the groups who invest in education at
this stage qualify for the program. However, taxation (not followed
by subsidy) seems to hurt the middle-income group more. In Stage
III, the means-tested grant is best in reducing inequality, followed by
the scholarship program. Both programs (particularly means-tested)
selectively target high-ability individuals of low-income families who
begin investing in higher education during this stage. Laissez-faire is
the worst in Stage III; however, in Stage IV, the universal subsidy grant
scheme is the most effective in reducing inequality, followed by means-
tested, as it targets individuals in the bottom income group who begin
investing in higher education at this stage.

Regarding college enrollment rate, in Stage I, universal and scholar-
ship grant schemes (vis-à-vis laissez-faire) have similar positive effects.
Further, I find that the enrollment rate increases in universal subsidy
but decreases in other policies in Stage IV. This result primarily con-
firms other studies that find the policy shift in 2012 has led to a decline
in the enrollment rate in the UK (Geven, 2015).

This study is closely related to two strands of literature. Notably, it
is related to the literature that compares the efficiency and equity ef-
fects of different financing systems such as Garcia-Penalosa and Wälde
(2000), Caucutt and Kumar (2003), Akyol and Athreya (2005), Cigno
and Luporini (2009), Del Rey and Racionero (2010), Abbott et al.
(2019). For example, Garcia-Penalosa and Walde (2000) examine the
equity and efficiency effects of general tax subsidies, pure and income-
contingent loan schemes, and graduate tax. They argue that efficiency
targets could be achieved with the universal tax-subsidies scheme but
not equity and efficiency targets simultaneously, as the scheme is
regressive. A more comprehensive and unifying work has been done
by Abbott et al. (2019), who consider individuals’ decisions through
different life cycle stages—from high school to retirement; whether to
attend high school and college; and whether to complete or drop out
of high school and college. Moreover, they consider uncertain returns
to investment in education, endogenous life span, and parental transfer
of resources. They calibrate their model for the US economy and con-
clude that the current financial system in the US is welfare-improving.
However, they do not address equity issues. An important difference
between this study and the literature is that human capital externality
is modeled here as the driving force of economic development, enabling
the examination of the equity and efficiency effects of higher education
subsidy policies considering the different phases of higher education
development that countries go through.

This study is also related to the unified growth theory and the
literature that focuses on altruistic parents who face a warm glow
utility and human capital investment threshold (Galor and Zeira, 1993;
Moav, 2002; Galor and Moav, 2004; Getachew, 2016; Zeng and Zhang,
2022), which defines individual investment and consumption decision.
However, this literature abstracts from higher education policies but
inequality and growth issues.

5 In Stage I, only one group of individuals (the upper class) invests in human
apital.
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Fig. 1. Evolution and stages of higher education of countries at different stages of development.
Note: UIC, Upper income countries; HMIC, Upper middle-income countries; LMIC, Lower-middle income countries; LIC, Lower-income countries.
2. The model

Suppose heterogeneous agents in an overlapping generations model.
The size of the population is one. In the beginning, at time 𝑡 = 0, 𝜆
number of individuals are college-educated; therefore, the remaining
1 − 𝜆 are non-college-educated. Moreover, I assume the offspring of
these individuals differ in their learning ability, denoted as high and
regular ability, and their sizes are represented by 𝑝 and 1 − 𝑝, re-
spectively. Following Galor and Moav (2004), individuals are assumed
to be ex-ante homogeneous within a group, ensuring their offspring are
also homogeneous, thereby dividing the population into four classes:
(loosely identified as) the upper, middle, lower-middle, and lower
classes. In every period, any individual is identified as a descendant of
one of these groups. For example, a fraction of 𝜆𝑝 adults are identified
as descendants of the upper class. Similarly, a fraction of (1 − 𝑝)𝜆,
(1−𝜆)𝑝, and (1−𝜆)(1−𝑝) adults are known as descendants of the middle,
lower-middle, and lower class, respectively.6

Individuals live for two periods, namely, as a young person and as
an adult. Each individual is born with a unit of time. Conditioned on
parental investment (covering a fixed college tuition fee plus other vari-
able costs such as books and laptops), they could accumulate human
capital by joining a college. A college education is possible only if the
minimum tuition fee is paid up-front. Therefore, only households that
can afford the tuition fee (and find it optimal to do so) will send their
children to college. Otherwise, the child joins the unskilled labor force
when they become an adult.

6 Thus, as we see later, growth comes in this economy either from similar
individuals (who belong to the same descendant) who continue investing in
human capital or/and from other groups (who are not previously investing in
human capital) joining them in investing in human capital.
3

2.1. Human capital and preferences

The human capital of an individual with family education back-
ground 𝑖 and ability 𝑗 who is born at date 𝑡 is given as follows:

ℎ𝑗𝑖𝑡+1 = 𝜖𝑗𝑒𝑗𝑖𝑡 (1)

where 𝑒𝑗𝑖𝑡 represents additional parental investment (other than a fixed
tuition cost) in education. Implicit in Eq. (1) is that human capital will
be fully depreciated at the end of each period. Such specification is
not as restrictive as may at first appear. It is appropriate given that
human capital is embedded in individuals who have a finite life.7
Parents who send their children to college must pay a fixed tuition
fee up-front. If a parent chooses 𝑒𝑗𝑖𝑡 = 0, they do not need to pay
the tuition fee, but their child grows as an unskilled worker with no
human capital ℎ𝑗𝑖𝑡+1 = 0. 𝜖𝑗 represents the learning ability of a child,
where 𝑗 ≡ {𝑔, 𝑟}. 𝑔 and 𝑟 denote high and regular ability, respectively.
𝑖 ≡ {𝑐, 𝑛} denotes the agents’ educational background, where 𝑐 and 𝑛
represent college-educated and non-college-educated, respectively.

Suppose the following warm-glow utility function with logarithmic
preferences.8

𝑢𝑗𝑖𝑡 ≡ ln 𝑐𝑗𝑖𝑡 + 𝛽 ln
(

ℎ𝑗𝑖𝑡+1 + 1
)

(2)

7 Besides, it helps to obtain closed-form solutions without loss of generality.
Incorporating parental human capital in the production function to capture
intergenerational externality, for example, will not change the main results.

8 The use of logarithmic utility function is ubiquitous in the literature
(Glomm and Ravikumar, 1992; Galor and Zeira, 1993; Banerjee and Newman,
1993; Benabou, 2000; Moav, 2002; Galor and Maov, 2004). Its main advantage
(vis á vis other dynastic altruistic models that assume parents derive utility
from the utility of their children) is its greater analytical tractability while
keeping the qualitative results of the model unaffected.



Economic Modelling 136 (2024) 106754Y. Getachew

a
t
a
a
a

𝑐

̃

i
r
s
i

𝑧

U

𝑧

w
p
a
a

2

f

𝑒

w

v
s
c
t
n
c
c
f

𝑒

T
h
a
i
e
c

ℎ

C
c

i
t

ℎ

The utility function is thus set up to allow for the corner solution
ℎ𝑗𝑖𝑡+1 = 0. Such utility functions are commonly applied in the growth
nd inequality literature that relies on specific threshold requirements
o generate long-lasting inequality. For example, Moav (2002), Fishman
nd Simhon (2002), Galor and Moav (2004), and Asiedu et al. (2021)
pplied similar utility functions to generate a convex bequest (savings)
nd human capital accumulation functions.

The budget constraints are given as follows:

𝑗
𝑖𝑡 + �̃�𝑡.𝟏{𝑒𝑗𝑖𝑡>0

} + 𝑒𝑗𝑖𝑡 ≡ 𝐼 𝑗𝑖𝑡 =
{

(1 − 𝜏)𝑤𝑡 if ℎ𝑗𝑖𝑡 = 0
(1 − 𝜏)𝑤𝑡 + (1 − 𝜏)𝜙𝑡ℎ

𝑗
𝑖𝑡 if ℎ𝑗𝑖𝑡 > 0

(3a)

where

𝑠𝑡 ≡
{

𝑠𝑡 − 𝑥𝑡 if eligible for subsidy
𝑠𝑡 otherwise (3b)

and

𝑐𝑗𝑖𝑡 ≥ 0, 𝑒𝑗𝑖𝑡 ≥ 0 (3c)

𝜖𝑗 > 0 (3d)

where 𝑥𝑡 represents a per capita tuition grant provided by the govern-
ment to eligible individuals.9 𝜏 denotes the fixed tax rates imposed on
income. 𝑐𝑗𝑖𝑡 is the household’s consumption, and 𝐼 𝑗𝑖𝑡 is the disposable
income of the adult. An individual’s income is determined based on the
individual’s educational background, that is, whether they received a
college education as a child at date 𝑡− 1 (or equivalently whether they
are skilled at date 𝑡). 𝑤𝑡 and 𝜙𝑡 are the wage rate per unit of labor
and the skill premium, respectively. A skilled individual’s disposable
income constitutes labor income and skill premium minus the respec-
tive labor and capital taxes; for an unskilled person, it includes their
after-tax labor income. The tuition cost that an eligible household has
to pay up-front if they choose to send the child to college (𝑒𝑗𝑖𝑡 > 0)
is �̃�𝑡 ≡ 𝑠𝑡 − 𝑥𝑡. I make two assumptions here. First, tuition cost is
proportional to aggregate human capital (it increases with economic
development), and second, it is different at different stages.

𝑠𝑡 = 𝑠𝑘 + 𝑠ℎ𝑡

where 𝑠 > 0 is a parameter. 𝑠𝑘 > 0 is the exogenous component
of the tuition cost where 𝑘 ∈ {𝐼, 𝐼𝐼, 𝐼𝐼𝐼, 𝐼𝑉 } reflects that it could
differ at different stages of development. Therefore, with government
intervention, the tuition fee for those eligible individuals who invest in
education is reduced by 𝑥𝑡. However, individual incomes that are avail-
able for investment are reduced due to tax duties. Ineligible households
who send their children to college, however, incur the full tuition cost
(�̃�𝑡 ≡ 𝑠𝑡 ≠ 0) and still pay their taxes accordingly. Meanwhile, families
who do not invest in higher education (𝑒𝑗𝑖𝑡 = 0) will not pay the tuition
fee (�̃�𝑡 ≡ 𝑠𝑡 = 0) and consume the full amount of their after-tax income.

2.2. The firm

There is a representative firm that operates in a perfectly competi-
tive market. The firm uses both skilled and unskilled labor to produce
the final product, where the latter is augmented by the aggregate
capital stock in the economy (in the spirit of Romer (1986)). With
Cobb–Douglas technology, the production function could take the form
𝑦𝑡 = 𝐴

(

ℎ𝑡
)𝛼 (𝑙𝑡ℎ𝑡

)1−𝛼 where 𝑦𝑡 is aggregate output, produced using ag-
gregate human capital (ℎ𝑡) and augmented-labor (𝑙𝑡ℎ𝑡), 𝐴 is a constant
total factor productivity (TFP), and 𝛼 is a factor share.

Prices per unit of labor and human capital are thus given as follows,
respectively:

𝑤𝑡 = (1 − 𝛼)𝐴ℎ𝑡 (4a)

𝜙 = 𝛼𝐴 (4b)

9 I defer the definition and discussion of 𝑥𝑡 to Section 4, where I study the
equilibrium conditions under government interventions.
4

where 𝑙𝑡 = 1. Implicit in condition (4b) is perfect substitutability (or
homogeneity) among skilled workers. Both high- and regular-ability
individuals receive similar rates per unit of human capital holdings.
The only difference between these individuals is thus the quantity but
not the quality of human capital they possess.

2.3. Government budget

Given that there are 𝜆 college-educated and 1 − 𝜆 non-college-
educated individuals at time 𝑡, the total number of tax-payer individuals
s unity, implying that in a balanced budget, the total government
evenue, which is the sum of taxes collected from the labor income of
killed (𝜆𝑤𝑡) and unskilled individuals ((1 − 𝜆)𝑤𝑡) and human capital
ncomes (𝜆𝜙ℎ𝑗𝑖𝑡 = 𝜙ℎ𝑡), equals to the total education expenditure (𝑧𝑡).

𝑡 ≡ 𝜏𝑤𝑡 + 𝜏𝜙ℎ𝑡 (5a)

sing (4) this can be rewritten as follows:

𝑡 = 𝜏𝐴ℎ𝑡 (5b)

here 𝜏 is the grant ratio—the fraction of aggregate income used for
ublic subsidy. Note that 𝑧𝑡 is the aggregate tuition grant available
t time 𝑡 and could be different from the amount of tuition subsidy
vailable per person (𝑥𝑡).10

.4. Optimal education investment

The solution for the 𝑖th household education investment is given as
ollows:
𝑗∗
𝑖𝑡 = 𝑏

(

𝐼 𝑗𝑖𝑡 − �̃�𝑡
)

− 𝑏∕
(

𝛽𝜖𝑗
)

(6a)

here 𝑏 ≡ 𝛽∕ (1 + 𝛽) and 𝐼 𝑗𝑖𝑡 is defined in Eq. (3a).
Three observations immediately follow, from Eq. (6a). First, indi-

iduals with a total income below the tuition fee (�̃�𝑡) cannot afford to
end their children to college, considering that they face borrowing
onstraints. Second, even those who could afford the fixed college
uition fee may not necessarily invest in higher education, as they may
ot find it optimal. Third, agents with high income and high-ability
hildren are more likely to send their children to college than their
ounterparts. Therefore, income, tuition fees, and ability are crucial
actors in determining whether a child will have a college education.

Thus, effective college investment is given as follows:
𝑗
𝑖𝑡 = max

(

0, 𝑒𝑗∗𝑖𝑡
)

(6b)

he economy thus features two types of households. The first are
ouseholds whose consumption decision entails consuming the full
mount of their income and do not invest in education, because their
ncome falls short of the tuition fee, it is not optimal to invest in
ducation, or both. The second are those who send their children to
ollege. The optimal human capital is as follows:
𝑗
𝑖𝑡+1 = max

(

0, ℎ𝑗∗𝑖𝑡+1
)

(7a)

ondition (7a) includes the corner solution for individuals’ human
apital and follows (6b).

From (1), (3), (4) and (6a), the optimal human capital of a young
ndividual born at time 𝑡 and who receives a college education during
he same period is given as follows:

𝑗∗
𝑖𝑡+1 =

{

𝜖𝑗𝑏
(

𝐴′ℎ𝑡 − �̃�𝑡
)

+ 𝑏 − 1 if ℎ𝑗𝑖𝑡 = 0
𝜖𝑗𝑏

(

𝐵′ℎ𝑡 − �̃�𝑡
)

+ 𝑏 − 1 if ℎ𝑗𝑖𝑡 > 0
(7b)

10 See Section 4.
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and11

𝐴′ ≡ (1 − 𝜏) (1 − 𝛼)𝐴

𝐵′ ≡ (1 − 𝜏) (1 − 𝛼 + 𝛼∕𝜆)𝐴

The first and the second lines in Eq. (7b) denote the human capital
of a young individual with unskilled and skilled parents, respectively. In
addition to their family background, individuals differ in their learning
ability (indicated by the superscript 𝑗). 𝐴′ℎ𝑡 − �̃�𝑡 and 𝐵′ℎ𝑡 − �̃�𝑡 are the
average after-tax income of non-college-educated and college-educated
parents, respectively, net of college tuition fees and subsidies.

3. Laissez-faire

First, I analyze the economy based on a laissez-faire condition.
Subsequently, I introduce government interventions in the next section.
With no government interventions, both taxes and expenditures are nil.

𝜏 = 0 and 𝑧𝑡 = 𝑥𝑡 = 0 ⇔ �̃�𝑡 = 𝑠𝑡 = 𝑠𝑘 + 𝑠ℎ𝑡 (8)

3.1. Education investment threshold

Since household education investment is a function of their labor in-
come, depending on aggregate productivity, the level of aggregate hu-
man capital, in essence, determines individuals’ education investment.
Considering (3), (4), (6a), and (8), the threshold levels of aggregate
human capital in the economy below which individuals do not invest
in education under a laissez-faire condition are as follows:

ℎ
𝑗
𝑐 (𝑙) =

(

1
𝛽𝜖𝑗

+ 𝑠𝑘

)

(𝐵 − 𝑠)−1 (9a)

ℎ
𝑗
𝑛 (𝑙) =

(

1
𝛽𝜖𝑗

+ 𝑠𝑘

)

((1 − 𝛼)𝐴 − 𝑠)−1 (9b)

where12

𝜒 ≡ 1 − 𝛼 + 𝛼∕𝜆

𝐵 ≡ 𝜒𝐴

𝐵 is the average income share of a college-educated parent at time 𝑡.
ℎ
𝑗
𝑛 (𝑙) and ℎ

𝑗
𝑐 (𝑙) represent the threshold levels of aggregate human

capital beyond which non-college-educated and college-educated par-
ents invest in their children’s education, respectively.13 The superscript
𝑗 indicates that the thresholds are different for agents with varying
ability. If there are no differences in the parents’ educational level, the
parents with high-ability children are likelier to invest in their children

11 In deriving the second line of Eq. (7b), I use the fact that ℎ𝑗
𝑖𝑡 = ℎ𝑡∕𝜆, for

a college-educated parent. First, recall that at time 𝑡, there are 𝜆 and 1 − 𝜆
college-educated and non-college-educated individuals. Therefore, aggregate
income is the sum of the total income of these individuals.

𝑦𝑡 = (1 − 𝜆)𝑤𝑡 + 𝜆
(

𝑤𝑡 + 𝜙ℎ𝑗
𝑖𝑡
)

= 𝑤𝑡 + 𝜆𝜙ℎ𝑗
𝑖𝑡 = 𝐴ℎ𝑡

where 𝑤𝑡 and 𝑤𝑡 + 𝜙ℎ𝑗
𝑖𝑡 are before-tax income of a skilled and unskilled

individual, respectively. Then, substituting (4) into the above gives ℎ𝑗
𝑖𝑡 = ℎ𝑡∕𝜆.

12 The investment threshold associated with the 𝑖th individual of ability 𝑗 is
derived by applying 𝑒𝑗∗𝑖𝑡 = 0 in (6a); considering �̃�𝑡 = 𝑠𝑡 = 𝑠𝑘 + 𝑠ℎ𝑡 and 𝜆ℎ𝑗

𝑖𝑡 = ℎ𝑡;
using (3), (4) and (8); and solving for ℎ𝑡. For example, (9b) – the investment
threshold of the agent with non-college-educated parent – is derived as follows:

𝑒𝑗∗𝑖𝑡 = 0 = 𝑏
(

𝐼 𝑗
𝑖𝑡 − �̃�𝑡

)

− 𝑏∕
(

𝛽𝜖𝑗
)

⇔ ℎ
𝑗
𝑛 (𝑙) ≡ ℎ𝑡 =

(

1
𝛽𝜖𝑗

+ 𝑠𝑘

)

((1 − 𝛼)𝐴 − 𝑠)−1

That is, if the aggregate human capital is less than or equal to ℎ
𝑗
𝑛 (𝑙), the agent

ill not invest in college education.
13 Investment thresholds are commonly applied in unified growth and

nequality literature with multiple equilibria (Banerjee and Newman, 1993;
alor and Zeira, 1993; Moav, 2002; Galor and Moav, 2004).
5

than those with lower ability. However, if there are differences, the
parents’ educational background (whether they are college-educated)
and their children’s abilities are important in determining who is more
likely to attend college. In any group, parents invest in education more
likely if they have high-ability children, they are more altruistic, and
there is a lower tuition fee or a higher TFP. The higher the labor factor
shares, the more likely unskilled individuals are to invest in education.

It can be easily shown from (9) that ℎ
𝑔
𝑐 (𝑙) < ℎ

𝑟
𝑐 (𝑙) and ℎ

𝑔
𝑛 (𝑙) < ℎ

𝑟
𝑛 (𝑙)

old given 𝜖𝑔 > 𝜖𝑟; however, the comparison between ℎ
𝑔
𝑛 (𝑙) and ℎ

𝑟
𝑐 (𝑙)

is relatively less clear. Nevertheless, in general, I consider the case
ℎ
𝑗
𝑐 (𝑙) < ℎ

𝑗
𝑛 (𝑙), implying that regardless of their ability, poor individuals

re less likely to afford a college education by themselves.14 Therefore,
considering that the following relation holds:

ℎ
𝑔
𝑐 (𝑙) < ℎ

𝑟
𝑐 (𝑙) < ℎ

𝑔
𝑛 (𝑙) < ℎ

𝑟
𝑛 (𝑙) (10)

Eq. (10) implies that parents with a college education and high-
bility children are most likely to invest in children’s education. Mean-
hile, parents with no college education and regular-ability children
re least likely to invest in education. Wealthy parents are more likely
o invest in college education than poor parents, regardless of ability
ifferences.

.2. Aggregate capital dynamics

The aggregate human capital is the total human capital in the
conomy with regular and high-ability individuals in the population,
ith skilled and unskilled parents. The aggregate human capital (ℎ𝑡+1)

n the economy at time 𝑡 + 1 is given as follows:

𝑡+1 = 𝜆
(

𝑝ℎ𝑔𝑐𝑡+1 + (1 − 𝑝)ℎ𝑟𝑐𝑡+1
)

+ (1 − 𝜆)
(

𝑝ℎ𝑔𝑛𝑡+1 + (1 − 𝑝)ℎ𝑟𝑛𝑡+1
)

(11)

here ℎ𝑔𝑐𝑡+1 and ℎ𝑟𝑐𝑡+1 represent the human capital of high and regular-
bility individuals within the group of skilled parents, respectively.
urthermore, ℎ𝑔𝑛𝑡+1 and ℎ𝑟𝑛𝑡+1 represent the human capital of high
nd regular ability individuals within the group of unskilled parents,
espectively.

The first term (in the big bracket) thus captures the aggregate
uman capital of individuals with college-educated parents, and the
econd is the aggregate human capital of individuals with non-college-
ducated parents. Each group has high-ability individuals with size
and regular-ability individuals with size 1 − 𝑝. Eq. (11) implicitly

ssumes that all individuals in the economy invest in education. If only
art of the population invests in education, the aggregate human capital
ecomes smaller, accordingly.15

.3. Stage of development and aggregate human capital dynamics

Using Eqs. (7b) to (11), the dynamic system that characterizes the
conomy’s developmental stages under a laissez-faire condition can be
erived (see Appendix A.1 for details):

𝑡+1 =

⎧

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎩

ℎ𝑡+1 = 0 if ℎ𝑡 < ℎ
𝑔
𝑐 (𝑙)

𝑏𝜆𝑝𝜖𝑔
(

𝐵ℎ𝑡 − 𝑠𝑡
)

+ 𝜆𝑝 (𝑏 − 1) if ℎ
𝑔
𝑐 (𝑙) < ℎ𝑡 < ℎ

𝑟
𝑐 (𝑙)

𝑏𝜆 (𝑝𝜖𝑔 + 𝜖𝑟 (1 − 𝑝))
(

𝐵ℎ𝑡 − 𝑠𝑡
)

+ 𝜆 (𝑏 − 1) if ℎ
𝑟
𝑐 (𝑙) < ℎ𝑡 < ℎ

𝑔
𝑛 (𝑙)

𝑏
(

𝑝𝜖𝑔
(

𝐴ℎ𝑡 − 𝑠
)

+ 𝜆 (1 − 𝑝) 𝜖𝑟
(

𝐵ℎ𝑡 − 𝑠𝑡
))

+ 𝜔 (𝑏 − 1) if ℎ
𝑔
𝑛 (𝑙) < ℎ𝑡 < ℎ

𝑟
𝑛 (𝑙)

𝑏 (𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟)
(

𝐴ℎ𝑡 − 𝑠𝑡
)

+ 𝑏 − 1 if ℎ𝑡 > ℎ
𝑟
𝑛 (𝑙)

(12)

14 The sufficient condition for ℎ
𝑟
𝑐 (𝑙) < ℎ

𝑔
𝑛 (𝑙), given (9), is

𝑟 ((1 − 𝛼)𝐴 − 𝑠 + 𝛼𝐴∕𝜆) > ((1 − 𝛼)𝐴 − 𝑠) 𝜖𝑔 .
15 For example, if only parents with college education invest in education,

then ℎ𝑔
𝑛𝑡+1 = ℎ𝑟

𝑛𝑡+1 = 0 and the total human capital in the economy becomes
ℎ = 𝜆

(

𝑝ℎ𝑔 + 1 − 𝑝 ℎ𝑟 )

.
𝑡+1 𝑐𝑡+1 ( ) 𝑐𝑡+1
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where

𝜔 ≡ 𝜆 + (1 − 𝜆) 𝑝

The developmental stage is associated with the evolution of higher
education enrollment. The economy starts from an early phase where
only a limited elites have access to higher education, continues to
evolve endogenously, and ends up in a highly advanced economy where
all individuals invest in higher education.

The first line of Eq. (12) shows that aggregate human capital is zero
when the initial aggregate capital is too small, below the threshold level
ℎ
𝑔
𝑐 (𝑙). Even the rich and high-ability individuals do not find it optimal
o invest in education. The second line shows that some individuals,
pecifically college-educated parents with high-ability children, begin
nvesting in college education when the initial aggregate human capital
tock is greater than ℎ

𝑔
𝑐 (𝑙). The total aggregate education investment is

𝑏𝜆𝑝𝜖𝑔
(

𝐵ℎ𝑡 − 𝑠𝑡
)

+𝜆𝑝 (𝑏 − 1): 𝜆𝑝𝜖𝑔 implies only the rich, with high-ability
children of size 𝑝, send their children to college. 𝐵ℎ𝑡 − 𝑠𝑡 is the average
income of college-educated parents, net of the college tuition fee.

When the economy’s capital passes the threshold ℎ
𝑟
𝑐 (𝑙), children

with regular ability and college-educated parents join college (third
line). When it passes the threshold ℎ

𝑔
𝑛 (𝑙), high-ability children with non-

college-educated parents begin joining college (fourth line). 𝐴ℎ𝑡 − 𝑠𝑡 is
the average income of all parents, net of the college tuition fee. The
first term denotes education investment by all types of parents with
high-ability children, while the second captures investment by wealthy
parents with regular-ability children. Only when the aggregate human
capital stock passes ℎ

𝑟
𝑛 (𝑙), non-college-educated parents with regular

hildren start to invest in education (fifth line). At this stage, education
nvestment in the economy is simply a fraction of aggregate income net
f the tuition fee.

Fig. 2 demonstrates the different developmental stages that the
conomy experiences based on Eq. (12). As shown in the horizontal
ine, ℎ𝑡+1 = 0 for any initial capital ℎ𝑡 < ℎ

𝑔
𝑐 (𝑙). However, if ℎ

𝑔
𝑐 (𝑙) < ℎ𝑡 <

ℎ
𝑟
𝑐 (𝑙), the economy will be in Stage I, where ℎ𝑡+1 > 0 because some
ndividuals, specifically parents with college education backgrounds
nd high-ability children, begin investing in education. However, if the
nitial capital stock is not sufficiently high, the dynamic could go back
o the stable equilibrium, ℎ𝑡+1 = 0.

As a necessary condition for a growing economy, the following
arameter restriction is imposed.

𝜆𝑝𝜖𝑔 (𝐵 − 𝑠) − 1 > 0 (13)

t implies that the slope of the curve in the initial stage of the economy
hall be greater than unity. A further restriction should be imposed for
he economy to escape the low equilibrium. The associated threshold
ould be computed from Eq. (12) second line, as ℎ𝑇 (𝑙) ≡ ℎ𝑡+1 = ℎ𝑡.

𝑇 (𝑙) =
𝑏𝜆𝑝

(

𝜖𝑔𝑠𝑘 − 1∕𝛽
)

𝜖𝑔𝑏𝜆𝑝 (𝐵 − 𝑠) − 1
(14)

The economy continues to evolve endogenously as long as the initial
aggregate human capital is greater than these threshold levels, that is,
ℎ0 > ℎ𝑇 (𝑙) and (13) is satisfied. It eventually passes the thresholds
required for other individuals to begin investing in human capital
through productivity spillover that boosts individual labor income.
Stage II of development begins when ℎ

𝑟
𝑐 (𝑙) < ℎ𝑡 < ℎ

𝑔
𝑛 (𝑙). At this stage, all

individuals with college-educated parents invest in college education.
This is followed by Stages III and IV, when ℎ

𝑔
𝑛 (𝑙) < ℎ𝑡 < ℎ

𝑟
𝑛 (𝑙) and

𝑡 > ℎ
𝑟
𝑛 (𝑙), respectively. The latter represents the long-run path of

he economy where all individuals (rich and poor) invest in college
ducation. Meanwhile, the former represents a middle stage where all
ich and poor households with high-ability children invest in college
ducation.
6

Table 1
Per capita tuition subsidy at different stages of development and grant scheme.

Stages Grant available per person (𝑥𝑡)

Universal Scholarship Means-tested

Stage I 𝑧𝑡∕ (𝜆𝑝) 𝑧𝑡∕ (𝜆𝑝) 0
Stage II 𝑧𝑡∕𝜆 𝑧𝑡∕ (𝜆𝑝) 0
Stage III 𝑧𝑡∕𝜔 𝑧𝑡∕𝑝 𝑧𝑡∕ ((1 − 𝜆) 𝑝)
Stage IV 𝑧𝑡 𝑧𝑡∕𝑝 𝑧𝑡∕ ((1 − 𝜆) 𝑝)

4. Higher education policy

In this section, I introduce a government that offers different types
of higher education tuition grants, which will be financed through
taxes. I consider three higher education policies that are commonly
applied, namely, (i) a universal, (ii) scholarship, and (iii) means-tested
grant scheme. The policies differ in terms of eligibility criteria. In the
first case, the grant is available for any individual who enrolls in higher
education, and the government does not know individuals’ abilities and
backgrounds and thus provides grants for anyone who joins college. In
the second case, a tuition grant is available based on merit, and the
government knows individuals’ abilities but does not know their family
background. In the third case, the government provides tuition grants
for high-ability individuals from low-income families, as it knows their
abilities and family backgrounds.

4.1. Per capita tuition subsidy

Before characterizing the different phases of higher education de-
velopment under government interventions, it might be necessary to
explicitly define the per capita tuition subsidy (𝑥𝑡). The per capita
tuition subsidy is the total tuition subsidy (𝑧𝑡) divided by the number
of eligible individuals enrolled in college. Thus, the size of 𝑥𝑡 depends
n (i) the enrollment rate and (ii) eligibility. These, in turn, depend on
he stage of the country’s higher education development and the type
f grant scheme.

The per capita tuition grant could thus be different at different
hases of higher education and for different grant schemes due to
ariations in the number of eligible individuals enrolled in higher
ducation. For example, consider an economy with a higher education
evel of Stage II (where only the rich invest in college education).
uppose the tuition grant is a universal grant scheme. In that case, the
umber of eligible individuals with college access is 𝜆, and the amount
f tuition subsidy available to an individual is 𝑥𝑡 = 𝑧𝑡∕𝜆. However, if it
s a scholarship scheme, the number of eligible individuals with college
ccess is 𝜆𝑝; hence, the per capita tuition grant is 𝑥𝑡 = 𝑧𝑡∕ (𝜆𝑝). If the
rogram is a means-tested grant, then no one receives grants as no one
s eligible: 𝑥𝑡 = 0.

In determining the values of 𝑥𝑡, I adopt the same enrollment trend
hat I have in the laissez-faire case (10).16 That is, grant or no grant,
he upper class (𝜆𝑝) would most likely invest in college, followed by
he middle class, 𝜆 (1 − 𝑝), and then the lower middle class, 𝑝(1 − 𝜆).
eanwhile, the lower class, (1 − 𝜆)(1 − 𝑝), are the least likely ones

o invest in higher education. Table 1 summarizes the per capita
llocation of tuition grants that are available at different phases of
igher education development and for different grant schemes.

16 This makes a comparison with the laissez-faire case possible.
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Fig. 2. Stages of higher education development: The economy kicks off only if the initial capital stock exceeds the threshold capital (ℎ𝑇 (𝑙) ).
𝜔 is the number of individuals who enroll in college at Stage III.17

One immediately sees that during the same stage, the per capita tuition
grant varies as the number of eligible individuals changes over the type
of tuition grant scheme. For example, in the universal grant scheme,
𝑧𝑡∕𝜔 tuition grant is available for an individual who joins college. In
contrast, in the scholarship and means-tested schemes, the per capita
tuition grants are higher, 𝑧𝑡∕𝑝 and 𝑧𝑡∕ ((1 − 𝜆) 𝑝), respectively.

By substituting each column’s 𝑥𝑡 from Table 1 into (7b), and con-
sidering (3b), one obtains an individual’s optimal human capital as-
sociated with the different grant plans. For example, substituting 𝑥𝑡
from column 2 in (7b) gives an individual’s optimal human capital
investment under the universal grant scheme. In contrast, substituting
it from columns 3 and 4 gives the human capital investment under the
scholarship and means-tested programs, respectively.

5. Phases of higher education with government intervention

I characterize the different phases of higher education development
under government intervention as similar to the one in laissez-faire.
The difference from laissez-faire is that this time, the dynamics reflect
the taxes individuals pay and the tuition grant they may receive under
various grants such as a universal grant, scholarship, or means-tested
grant.

17 It is the sum of the lower-middle- 𝑝 (1 − 𝜆), middle- 𝜆 (1 − 𝑝), and
upper-class (𝜆𝑝) individuals.
7

5.1. Universal grant scheme

From (3b), (7b), (11) and Table 1 (column 2), the dynamics of
aggregate human capital under the universal grant scheme are given
as follows (see Appendix A.2):

ℎ𝑡+1 =

⎧

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎩

𝑏𝜆𝑝𝜖𝑔
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝑏𝜖𝑔𝑧𝑡 + 𝜆𝑝 (𝑏 − 1) if ℎ
𝑔
𝑐 (𝑢) < ℎ𝑡 < ℎ

𝑟
𝑐 (𝑢)

𝑏𝜆 (𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟)
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝑏 (𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟) 𝑧𝑡 + 𝜆 (𝑏 − 1)
if ℎ

𝑟
𝑐 (𝑢) < ℎ𝑡 < ℎ

𝑔
𝑛 (𝑢)

𝑏
(

𝑝𝜖𝑔
(

(1 − 𝜏)𝐴ℎ𝑡 − 𝑠𝑡
)

+ 𝜆 (1 − 𝑝) 𝜖𝑟
(

𝐵′ℎ𝑡 − 𝑠𝑡
))

+ 𝜗𝑏𝑧𝑡
𝜔

+ 𝜔 (𝑏 − 1)
if ℎ

𝑔
𝑛 (𝑢) < ℎ𝑡 < ℎ

𝑟
𝑛 (𝑢)

𝑏 (𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟)
(

𝐴ℎ𝑡 − 𝑠𝑡
)

+ 𝑏 − 1 if ℎ𝑡 > ℎ
𝑟
𝑛 (𝑢)

(15)

where

𝜗 ≡ 𝑝𝜖𝑔 + 𝜆𝜖𝑟 (1 − 𝑝)

Eq. (15), which is comparable to Eq. (12), characterizes the dynam-
ics of an economy that goes through four phases of higher education
development under a universal tuition grant scheme. The first terms,
from Stage I to III, represent fractions of after-tax average income
invested in education; the second terms show the amount of tuition
grant provided.18

18 In Stages I and II, 𝜆𝑝 and 𝜆 individuals invest in education while each
receives 𝑧𝑡∕ (𝑝𝜆) and 𝑧𝑡∕𝜆 per capita tuition grants, respectively. In Stages III
and IV, as increased individuals invest in education, per capita tuition grant
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Similar to the laissez-faire case, if the initial capital at the economy
level is smaller than the investment threshold (ℎ

𝑔
𝑐 (𝑢)), then no one in

the economy will enroll in higher education (i.e., ℎ𝑡+1 = 0 if ℎ𝑡 < ℎ
𝑔
𝑐 (𝑢)).

owever, the economy will be in Stage I if the current aggregate capital
s greater than the minimum investment threshold (ℎ𝑡 > ℎ

𝑔
𝑐 (𝑢)).19 In

tage I, only parents with college education and high-ability children
nvest in education. As the economy continues growing, if the growth
ondition is satisfied, other families will join in education investment
through productivity spillover).20 If not, the dynamics could go back
o the stable equilibrium, ℎ𝑡+1 = 0.

The threshold human capital for takeoff (ℎ𝑇 (𝑢) ≡ ℎ𝑡+1 = ℎ𝑡) is
dentified using similar logic as in the preceding section.

𝑇 (𝑢) =
𝜆𝑝𝑏

(

𝜖𝑔𝑠𝑘 − 1∕𝛽
)

𝜆𝑝𝑏𝜖𝑔 (𝐵′ − 𝑠) + 𝑏𝜖𝑔𝜏𝐴 − 1
(16)

Since ℎ𝑇 (𝑢) < ℎ𝑇 (𝑙), takeoff starts earlier under the universal tuition
grant compared with the laissez-faire case.

During the transition periods of the economy (Stages I—III), growth
is relatively higher than the ones in laissez-faire.21 That is, the laissez-
aire conditions are inferior in every stage of the higher education
evelopment process (except at the last stage, where all individuals
nroll in college), as seen from comparing Eqs. (12) and (15). Under
he universal grant, additional resources are mobilized for college
ducation investment from individuals who are not joining college and
onsume the full amount of their income. Therefore, individuals who
end their children to college and those who do not invest in college
ducation bear the cost of tuition subsidies.

In Stage IV, the growth rates are similar for laissez-faire and univer-
al grants. The intuition for that boils down to two factors. First, in this
tage, the universal grant is similar to a lump sum transfer, as everyone
eceives a certain amount of transfer equally. Second, both taxes are, in
ature, labor income taxes; since there are no labor leisure choices, the
axes are not distortionary. Therefore, the aggregate dynamics remain
he same regardless of taxes and transfers.

.2. Scholarship grant scheme

With the scholarship program, the dynamics of aggregate human
apital are given by from (3b), (7b), (11), and Table 1 (column 3), (see
ppendix A.3):

𝑡+1 =

⎧

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎩

𝑏𝜆𝑝𝜖𝑔
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝑏𝜖𝑔𝑧𝑡 + 𝜆𝑝 (𝑏 − 1) if ℎ
𝑔
𝑐 (𝑠) < ℎ𝑡 < ℎ

𝑟
𝑐 (𝑠)

𝑏𝜆 (𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟)
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝑏𝜖𝑔𝑧𝑡 + 𝜆 (𝑏 − 1) if ℎ
𝑟
𝑐 (𝑠) < ℎ𝑡 < ℎ

𝑔
𝑛 (𝑠)

𝑏
(

𝑝𝜖𝑔
(

(1 − 𝜏)𝐴ℎ𝑡 − 𝑠𝑡
)

+ 𝜆 (1 − 𝑝) 𝜖𝑟
(

𝐵′ℎ𝑡 − 𝑠𝑡
))

+ 𝑏𝜖𝑔𝑧𝑡 + 𝜔 (𝑏 − 1)
if ℎ

𝑔
𝑛 (𝑠) < ℎ𝑡 < ℎ

𝑟
𝑛 (𝑠)

𝑏 (𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟)
(

𝐴ℎ𝑡 − 𝑠𝑡
)

+ 𝑏 (1 − 𝑝) (𝜖𝑔 − 𝜖𝑟) 𝑧𝑡 + 𝑏 − 1 if ℎ𝑡 > ℎ
𝑟
𝑛 (𝑠)

(17)

Eq. (17) represents the different phases of higher education devel-
pment when the government provides a scholarship—a tuition grant
hat targets high-ability individuals. Stage I is attained if the initial
ggregate capital is greater than the minimum investment threshold
ℎ𝑡 > ℎ

𝑔
𝑐 (𝑠)). Furthermore, the economy continues to evolve, similar to

what is described above.22 Note also that in Stage I, aggregate human

reduces to 𝑧𝑡∕𝜔 and 𝑧𝑡, respectively. 𝜔 is the number of eligible individuals
for the grant in Stage III. Moreover, 𝜗 shows that the grant is distributed to 𝑝
poor and high ability and (1 − 𝑝) 𝜆 rich and regular ability individuals.

19 The threshold levels related to different stages of development are derived
in Eq. (33), Appendix B.

20 Note that (13) is a sufficient condition for the slope of the curve in the
initial stage of the economy under the universal grant scheme to be greater
than unity.

21 In Stage IV, the growth rates are similar.
22
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The thresholds related to Stages I–IV are given in (34), Appendix B.
capital is similar to the universal grant case due to the similarity in the
amount of per capita grants available during this time (𝑧𝑡∕ (𝜆𝑝)). This
also implies that the two economies face similar take-off conditions,
defined in (16) (ℎ𝑇 (𝑢) = ℎ𝑇 (𝑠)) while (13) remains to be the sufficient
condition for the slope of the curve be greater than unity.

The first terms in the big brackets, in Stages I–III, show the after-
tax average income invested in education by 𝜆𝑝, 𝜆, and 𝜔 individuals,
respectively. The second term, 𝑏𝜖𝑔𝑧𝑡, captures the total tuition grants
rovided to high-ability individuals at each stage. Unlike the previ-
us cases, in the last stage of development (Stage IV), there is a
edistribution from regular to high-ability individuals who invest in
ollege.23

.3. Means-tested grant scheme

Similarly, from (3b), (7b), (11), and Table 1 (column 4), the different
tages of higher education development for the case where the govern-
ent provides tuition subsidies based on both merit and need basis are

iven as follows (see Appendix A.4):

𝑡+1 =

⎧

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎩

𝑏𝜆𝑝𝜖𝑔
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝜆𝑝 (𝑏 − 1) if ℎ
𝑔
𝑐 (𝑚) < ℎ𝑡 < ℎ

𝑟
𝑐 (𝑚)

𝑏𝜆 (𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟)
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝜆 (𝑏 − 1) if ℎ
𝑟
𝑐 (𝑚) < ℎ𝑡 < ℎ

𝑔
𝑛 (𝑚)

𝑏𝑝𝜖𝑔
(

(1 − 𝜏)𝐴ℎ𝑡 − 𝑠𝑡
)

+ 𝜆 (1 − 𝑝) 𝜖𝑟
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝑏𝜖𝑔𝑧𝑡 + 𝜔 (𝑏 − 1)
if ℎ

𝑔
𝑛 (𝑚) < ℎ𝑡 < ℎ

𝑟
𝑛 (𝑚)

𝑏 (𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟)
(

𝐴ℎ𝑡 − 𝑠𝑡
)

+ (1 − 𝑝) 𝑏 (𝜖𝑔 − 𝜖𝑟) 𝑧𝑡 + 𝑏 − 1 if ℎ𝑡 > ℎ
𝑟
𝑛 (𝑚)

(18)

hile the minimum threshold to be satisfied for the economy to be at
tage I is ℎ𝑡 > ℎ

𝑔
𝑐 (𝑚), the same mechanism described above applies to

he evolution of the economy.24

As in the previous two cases, the first terms in the big brackets show
fter-tax average income. The second terms (if any) show total tuition
rants. In Stages I and II, the government provides no tuition grants,
s none of the individuals investing in education are not qualified for
he grant. These are the cases where the government collects taxes,
nd the revenues are ‘‘thrown to the ocean’’.25 Indeed, this would
ave the immediate effect of lowering aggregate efficiency during these
tages. Consequently, the economy may take off much later than any
f the earlier cases. The respective threshold to take off can easily be
omputed as in the above cases.

𝑇 (𝑚) =
𝜆𝑝𝑏

(

𝜖𝑔𝑠𝑘 − 1∕𝛽
)

𝜆𝑝𝑏𝜖𝑔 (𝐵′ − 𝑠) − 1
(19)

urthermore, the necessary condition for a growing economy is more
estrictive.

𝜆𝑝𝜖𝑔
(

𝐵′ − 𝑠
)

− 1 > 0 (20)

ndividuals eligible for the tuition grants begin to invest in education
nly in Stage III. At this stage and the next, the government’s revenue
ill be available as tuition grants for these households.

. Efficiency

Different grant schemes may have different implications for aggre-
ate productivity and welfare due to differences in their eligibility

23 If 𝜖𝑔 = 𝜖𝑟, aggregate investment in education becomes similar to the
previous cases.

24 The threshold levels related to Stages I–IV when the grant scheme is
means-tested are given in (35), Appendix B.

25 It might be questionable, however, why the government behaves in such
a counterintuitive manner. An alternative will be to consider the case where
there is no government involvement in Stages I and II but only in the later
stages. In this case, in the first two stages, aggregate capital dynamics are

identical to the laissez-faire case.
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Table 2
Productivity and welfare differences of moving from laissez-faire to the universal
scheme.

Stages Welfare gain Productivity gain

Stage I (1 + 𝛽) 𝜖𝑔 (1 − 𝜆𝑝𝜒) 𝑧𝑡 𝑏𝜖𝑔 (1 − 𝜒𝑝𝜆) 𝑧𝑡
+ (1 − 𝜆 + 𝜆 (1 − 𝑝)) ln (1 − 𝜏)

Stage II (1 + 𝛽) (𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟) 𝑧𝑡 (1 − 𝜆𝜒) 𝑏 (𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟) (1 − 𝜆𝜒) 𝑧𝑡
+ (1 − 𝜆) ln (1 − 𝜏)

Stage III (1 + 𝛽) 𝑝𝜖𝑔 (1 − 𝜔) 𝑧𝑡∕𝜔+ bp𝜖𝑔 (1 − 𝜔) 𝑧𝑡∕𝜔
(1 + 𝛽) 𝜆 (1 − 𝑝) 𝜖𝑟 (1 − 𝜔𝜒) 𝑧𝑡∕𝜔 +𝑏𝜆 (1 − 𝑝) 𝜖𝑟 (1 − 𝜔𝜒) 𝑧𝑡∕𝜔
+ (1 − 𝜔) ln (1 − 𝜏)

Stage IV 0 0

criteria and capacity to mobilize resources. In Stages I–III, there is
a productivity gain from laissez-faire to the universal grant scheme.
These can easily be computed by taking the differences between the
right-hand sides of Eqs. (12) and (15) for each stage. The results are
shown in the last column of Table 2.

The productivity gain primarily comes from resource mobilization
and redistribution from those who do not invest in college education to
those who do.26 In Stage I, for example, the tax contribution by the 𝑝𝜆
elite is 𝑝𝜆𝜒𝑧𝑡 but the same individuals receive 𝑧𝑡∕ (𝑝𝜆) each or 𝑧𝑡 in total.
Similarly, in Stage II, the tax contribution by the wealthy 𝜆 individuals
is 𝜆𝜒𝑧𝑡, whereas the same individuals receive 𝑧𝑡∕𝜆 each or 𝑧𝑡 in total.
There are 1 − 𝑝𝜆 individuals in Stage I and 1 − 𝜆 individuals in Stage
II who pay taxes but do not invest in higher education; therefore, they
do not receive any grant. Thus, resources are redistributed regressively
to the upper and middle class in the form of tuition grants.

In Stage III, (1 − 𝜆) (1 − 𝑝) individuals pay taxes but do not have
college access. The first and second terms capture net grants received by
𝑝 high-ability poor individuals and (1 − 𝑝) 𝜆 regular-ability wealthy in-
ividuals, respectively. Meanwhile, in Stage IV, all individuals who pay
axes send their children to college. Generally, the gain in productivity
ould reduce when moving up stages, which disappears eventually as

he number of college participants increases.
Column 2 of Table 2 shows a positive welfare gain in Stages I–

II when moving from laissez-faire to the universal grant scheme (see
ppendix E for details). It is similar to the last column except for the

ast terms. These terms are negative and reflect the relative advantage
f individuals who do not invest in children’s education (consume the
ull amount of their income) from not paying taxes in laissez-faire since
hese individuals would have paid taxes regardless of their situations in
ny of the grant programs. However, they are extremely small to create
ny difference, particularly given this is a growing economy.

Table 3 shows that the scholarship program is the most productive
nd efficient. Comparing Eq. (15) to Eq. (17), the latter is greater at
very stage of development, except in the first stage where they are
ied . There are 𝑏 (1 − 𝑝) (𝜖𝑔 − 𝜖𝑟) 𝑧𝑡 and (1 + 𝛽) (1 − 𝑝) (𝜖𝑔 − 𝜖𝑟) 𝑧𝑡 gain in
roductivity and efficiency by moving from a universal education grant
o a scholarship program, in Stages II and IV.27

The efficiency gain comes from mobilizing resources to high-ability
ndividuals. As the skill gap (𝜖𝑔 − 𝜖𝑟) widens, it becomes increasingly

efficient to shift to the scholarship program. Considering that 𝜆
𝜔 < 1,

he gap in efficiency gain between the two programs is smaller in
tage III. The means-tested grant is the least efficient grant scheme in
tages I and II, as everyone pays taxes, but no one qualifies to receive

26 It is straightforward that the first and the second equations in the last
olumn of Table 2 are positive since 𝜒𝜆 < 1. The first term for the third

equation is positive since 𝜔 < 1. The second term is also positive given
𝜒 = (𝜆 + 𝑝 (1 − 𝜆)) (𝜆 + 𝛼 (1 − 𝜆)) < 1. This is because 𝜔𝜒 increases in 𝛼 and 𝑝
nd attains its maximum value of unity when 𝛼 and 𝑝 approach unity.
27
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See Appendix E for the derivation and analysis of the welfare effects.
Table 3
Productivity and welfare differences of moving from universal to scholarship grant
scheme.

Stage Welfare gain Productivity gain

I 0 0

II (1 + 𝛽) (1 − 𝑝) (𝜖𝑔 − 𝜖𝑟) 𝑧𝑡 𝑏 (1 − 𝑝) (𝜖𝑔 − 𝜖𝑟) 𝑧𝑡

III (1 + 𝛽) 𝜆 1−𝑝
𝜔

(𝜖𝑔 − 𝜖𝑟) 𝑧𝑡 𝑏𝜆 1−𝑝
𝜔

(𝜖𝑔 − 𝜖𝑟) 𝑧𝑡

IV (1 + 𝛽) (1 − 𝑝) (𝜖𝑔 − 𝜖𝑟) 𝑧𝑡 𝑏 (1 − 𝑝) (𝜖𝑔 − 𝜖𝑟) 𝑧𝑡

Table 4
Ranking of higher education grant schemes for impacts on aggregate efficiency.

Laissez-faire Universal grant Scholarship Means-tested

Stage I 2nd 1st 1st 3nd
Stage II 3rd 2nd 1st 4th
Stage III 3rd 2nd 1st 1st
Stage IV 2nd 2nd 1st 1st

grants during those stages. Notably, the aggregate human capital under
the means-tested grant is similar to that of the scholarship program
in Stages III and IV. Aggregate welfare is also the same during these
advanced stages of higher education development.

6.1. Policy ranking

The scholarship program is the most efficient education subsidy
program regardless of the higher education developmental stage of the
economy. Table 4 ranks the public programs based on their efficiency
at each developmental phase based on the foregoing discussion.

The following proposition summarizes Table 4 and the foregoing
discussion.

Proposition 1.

(i) The universal and scholarship grants are the most efficient in Stage
I, followed by laissez-faire and means-tested grants.

(ii) In Stage II, the means-tested grant is the least efficient; the scholar-
ship is the most efficient, followed by the universal grant scheme.

(iii) The scholarship and means-tested programs are the most efficient in
Stages III and IV.

(iv) In Stage III, the universal grant is the second, and laissez-faire is the
last, whereas they are tied in Stage IV.

7. Equity

In this section, I investigate how higher education grant schemes
impact each group’s relative college education investment at the vari-
ous stages of higher education development. An analytical comparison
between the inequity impacts of each program at every stage may not
be feasible. Therefore, I conduct the analysis quantitatively. Thus, I
first construct the Gini coefficients for each phase of higher education
development associated with the various tuition grant schemes based
on an illustrative calibration and then compare them accordingly.

7.1. Higher education investment by income group

As noted earlier, only the upper and middle classes invest in higher
education during the early stages (Stages I and II). However, in the
later stages of higher education development (Stages III and IV), most
of the population starts to invest in higher education. Tables 5 and 6
present human capital investment by type of individual associated with
Stages I and II of higher education development. In Stage I, Table 5,
all human capital investment is made by the top 100𝜆𝑝 percentile of
the population. The rest of the population does not invest in education
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Table 5
Individual human capital: Stage I.

Schemes Human capital investment by individual type

𝜆𝑝 𝜆 (1 − 𝑝) (1 − 𝜆) 𝑝 (1 − 𝜆) (1 − 𝑝)

Laissez-faire 𝜖𝑔𝑏
(

𝐵ℎ𝑡 − 𝑠𝑡
)

+ 𝑏 − 1 0 0 0

Universal 𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡∕ (𝜆𝑝)
)

+ 𝑏 − 1 0 0 0

Scholarship 𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡∕ (𝜆𝑝)
)

+ 𝑏 − 1 0 0 0

Means-tested 𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝑏 − 1 0 0 0
Table 6
Individual human capital: Stage II.

Schemes Human capital investment by individual type

𝜆𝑝 𝜆 (1 − 𝑝) (1 − 𝜆) 𝑝 (1 − 𝜆) (1 − 𝑝)

Laissez-faire 𝜖𝑔𝑏
(

𝐵ℎ𝑡 − 𝑠𝑡
)

+ 𝑏 − 1 𝜖𝑟𝑏
(

𝐵ℎ𝑡 − 𝑠𝑡
)

+ 𝑏 − 1 0 0

Universal 𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡∕𝜆
)

+ 𝑏 − 1 𝜖𝑟𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡∕𝜆
)

+ 𝑏 − 1 0 0

Scholarship 𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡∕ (𝜆𝑝)
)

+ 𝑏 − 1 𝜖𝑟𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝑏 − 1 0 0

Means-tested 𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝑏 − 1 𝜖𝑟𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝑏 − 1 0 0
or has no human capital. In Stage II, Table 6, the 100𝜆 percentile of
the population invests in education. Therefore, the comparison is for
how the different policies impact the middle class (the 100𝜆 (1 − 𝑝)
percentile), and the upper class (the 100𝜆𝑝 percentile), as the remaining
100 (1 − 𝜆) percentile do not invest in education and remain unaffected
by any policy.

Human capital investment by type of individuals associated with
Stages III and IV of higher education development are presented in
Appendix C. In Stage III, the lower-middle class (the 100 (1 − 𝜆) 𝑝 per-
centile), middle class, and upper class invest in higher education. In
Stage IV, all individuals, including the lower class (the 100 (1 − 𝜆) (1 − 𝑝)
percentile), invest in higher education.

7.2. Quantitative analysis

We can have further insight into the inequality impacts of the dif-
ferent policies and compare policies at different stages of development
quantitatively by specifying parameter values. However, some caveats
must be noted before proceeding with the quantitative analysis. First,
estimates are only available for certain parameter values. Therefore, the
interpretation of the results should be made more cautiously. Second,
considering that this is a growing economy, the quantitative analysis
cannot be conducted at specific stationary points but between two
threshold points.28 My approach to dealing with these problems is to
conduct a sensitivity analysis considering various parameter values and
initial aggregate human capital.

Starting with the calibration, I set 𝜆 = 0.3 and 𝑝 = 0.4. This
implies that in Stage I, only 12% of the population can access higher
education. In Stages II and III, 30% and 58% of the population have
access to higher education, respectively.29 The capital share (𝛼), and
the preference parameter (𝛽) are set at standard values of 𝛼 = 0.36, and
𝛽 = 0.3 (de la Croix and Michel, 2002). Furthermore, I set 𝜏 = 0.05,
given public investment in education often ranges between 5%–6% of
GDP. No estimates for the ability and threshold parameters, 𝜖𝑗 , 𝑠 and
𝑠𝑘, are available. I chose their values, together with the TFP parameter
𝐴, targeting initial conditions that satisfy the necessary conditions for
a growing economy (Eqs. (13) and (20)), the threshold conditions for

28 Particularly, there is no stationary aggregate human capital. Growth
ecomes stationary only at the last stage of development.
29 This is in line with Trow’s (1973) stylized facts of the transformation of
igher education. See the discussion in Section 1 and Footnote 3.
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Table 7
Threshold levels for aggregate human capital.

Laissez-faire Universal Scholarship Means-tested

Stage I 0.12 0.10 0.10 0.13
Stage II 0.21 0.20 0.22 0.22
Stage III 1.14 1.00 0.92 0.83
Stage IV 1.50 1.44 1.64 1.64

Note: Individual investment thresholds based on Eq. (9), (33) to (35).

the initial aggregate human capital (Eqs. (14), (16), and (19)), and the
threshold conditions of individuals’ investment hierarchy (Eq. (10)). I
thus set 𝜖𝑔 = 6 and 𝜖𝑟 = 4.8, which implies a 25% productivity gap
between the high-ability individuals and the rest of the population.30

Finally, I let 𝐴 and 𝑠 take the values of 8 and 2 and 𝑠𝐼 , 𝑠𝐼𝐼 , 𝑠𝐼𝐼𝐼 and
𝑠𝐼𝑉 take the values of 1, 2, 3 and 4, respectively.

These values lead to the threshold levels of aggregate human capital
reported in Table 7. For example, the initial aggregate human capital
should be greater than 0.12 for the elite 𝜆𝑝 individuals to invest in
higher education if the government policy is laissez-faire. Similarly,
ℎ0 < 0.1 implies no education investment in any program. The threshold
for the means-tested scheme is higher at Stage I due to taxes (without
subsidy). As expected, the thresholds at the universal and scholarship
programs are small due to subsidies that reduce the tuition fees. When
ℎ > 0.22, the (1 − 𝑝) 𝜆 individuals with regular ability and from wealthy
backgrounds start investing in education in Stage II. When the aggre-
gate capital passes the 1.14 threshold, individuals with high ability and
from poor backgrounds start investing in education. The final stage of
higher education development takes place when the aggregate capital
passes the 1.64 threshold. I set aggregate human capital in Stages
I–IV slightly higher than these values at 0.15, 0.23, 1.20, and 2.0,
respectively. Moreover, these initial conditions satisfy the threshold
conditions for escaping the poverty trap, which is implied by the above-
specified parameters, namely, ℎ𝑇 (𝑙) = 0.066, ℎ𝑇 (𝑢) = ℎ𝑇 (𝑠) = 0.048, and
ℎ𝑇 (𝑚) = 0.075.31

30 We see later that the difference is more important than the actual values
of 𝜖𝑗 when it comes to the inequality impact of different policies.

31 The conditions for a growing economy are also satisfied by the parameter
values. Eq. (20) is easily satisfied since 𝑏𝜆𝑝𝜖𝑔

(

𝐵′ − 𝑠
)

−1 = 0.99 > 0, indicating

that (13) is satisfied.
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Table 8
Gini coefficients.

Laissez-faire Universal Scholarship Means-tested

Stage I 0.8785 0.8793 0.8793 0.8778
Stage II 0.7515 0.7403 0.8586 0.7990
Stage III 0.7072 0.6808 0.6694 0.6361
Stage IV 0.5696 0.5428 0.5738 0.5461

Table 8 reports Gini coefficients based on the specified values.
nequality in human capital is higher at the early stages, that is, 88% of

the Gini coefficient in Stage I. In this stage, no difference exists between
the inequality impact of the universal and scholarship grant schemes
(Table 5); both leave the top-income group better off compared with the
other programs. Compared with laissez-faire, the means-tested program
makes the middle and top-income groups worse off. However, the
impact of the fiscal policy on inequality seems trivial at this stage since
only one group of people invests in human capital.

In Stage II, the universal grant tops in reducing inequality, followed
by laissez-faire. The scholarship program is the most regressive one,
since it benefits only high-ability individuals or individuals in the top
income class (the top 100𝜆𝑝 percentile). Moreover, means-tested grants
leave everyone worse off, as none of the groups who invest in education
are eligible for the program. Despite all paying taxes and none being
eligible for the grant scheme, taxation seems to hurt individuals in the
middle-income group more.

In Stage III, the means-tested program ranks first, followed by the
scholarship program, whereas the universal grant performs better than
laissez-faire. The scholarship program at this stage performs better than
universal grants and laissez-faire, as it targets high-ability individuals
from poor backgrounds who are joining higher education at this stage.
The means-tested program, however, targets this group of individuals
and provides them with relatively more resources.

In Stage IV, the universal grant scheme is the most effective in
reducing inequality, as it targets individuals in the bottom income
group who begin investing in higher education at this stage. Means-
tested is second, followed by laissez-faire, as it targets individuals in
the lower-middle class. The scholarship program ranks last based on
its impact on inequality, as it also targets the top-income group.

The results are robust for alternative parameter specifications. I
have experimented with the range of values of aggregate human capital
within the threshold limits of Table 7 and for different parameter value
specifications. While the magnitudes of the Gini coefficients change, the
qualitative results (not reported) remain similar.

8. Enrollment

In this section, by comparing the education investment thresholds
associated with the different grant schemes to laissez-faire, I examine
how different higher education policies influence the college enroll-
ment rate. As college access is categorized based on class in each
phase of higher education development, I can compare the thresholds
associated with each policy for the group of individuals with access
to a college education for the first time at that stage. In Stage I, for
example, the elite will have access to higher education for the first time;
thus, I examine how a given policy (compared with laissez-faire) affects
their likelihood of enrolling in higher education. Similarly, in Stage
II, individuals with regular ability but from affluent families will have
access to higher education for the first time. Hence, the question will be
the following. How does each policy affect the investment thresholds
of this group of individuals? In Stages III and IV, high- and regular-
ability individuals from low-income families will have first-time access
to college. Therefore, I examine how the investment thresholds of high-
and regular-ability individuals are affected by each policy in Stages III
11

and IV.
The investment thresholds related to the grant schemes at different
stages of higher education development are derived in Appendix B.
The following propositions compare these thresholds to the investment
threshold associated with laissez-faire.

Proposition 2.

(i) Stage I: The universal and scholarship programs have a similar
positive effect on enrollment rate; means-tested grant has a negative
effect.

(ii) Stage II: The enrollment rate increases in the universal grant scheme
but decreases in other policies.

(iii) Stage III: Means-tested grant is the best in increasing the college
enrollment rate; scholarship and universal grants are the second and
third best, respectively.

(iv) Stage IV: The enrollment rate increases in the universal grant scheme
but decreases in other policies.

In Stage I, individuals likely to enroll in college do not qualify
for the means-tested grant scheme despite paying taxes. Moreover,
in the universal and scholarship programs, individuals with access
to a college education are better off than laissez-faire, as the tuition
grants they receive are more than the taxes they pay. In Stages II
and IV, the investment thresholds are associated with regular-ability
individuals not qualified for the scholarship and means-tested programs
despite paying taxes. They are thus better off with the universal grant
scheme, as the grants they receive are higher than the taxes they pay.
In Stage II, the additional fund comes from those who do not enroll
in college, and in Stage IV, it comes from individuals with a rich
background (from the capital tax revenue). Furthermore, in Stage III,
the investment thresholds are associated with high-ability individuals
with a low-income family background. The means-tested program is
the most effective one for boosting the enrollment rates of this group
of individuals as the whole fund is available for them. The fund is
distributed among a larger section of society in the scholarship or
universal grant schemes.

9. Conclusion

This study has comprehensively analyzed the effects of alternative
higher education financing policies on efficiency, equity, and enroll-
ment rates. Furthermore, it has ranked different higher education grant
schemes based on their impact on efficiency and equity vis-à-vis a
laissez-faire approach. What makes the work unique is that all the
analyses are conducted while considering the different phases of higher
education development that countries may have faced. Many of today’s
industrialized economies, more or less, have gone through what is
well known in the education literature as Trow’s phases of higher
education development – the transformation of the higher education
system from the elite to the mass and the universal system – since
the Second World War. The simple model employed herein accounts
for the ‘‘massification’’ of higher education. Simultaneously, it results
in closed-form solutions and offers a rich analysis of many aspects
of higher education grants. In particular, this study captured the four
phases and endogenous transition of the higher education system that
starts from an early stage where only a few elites have access to higher
education and evolves endogenously to eventually become a highly
advanced economy, where all individuals invest in higher education.

The analysis was conducted under both government intervention
and laissez-faire systems. In the former, the dynamics and equilibrium
reflect the taxes individuals must pay and the tuition grants they
could receive under alternatives such as universal, scholarship, and
means-tested grants. Moreover, different grant schemes are found to
have various implications for efficiency, equity, and enrollment due to

differences in their eligibility criteria and capacity to mobilize resources
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from individuals who do not invest in college to those who do and from
regular- to high-ability individuals.

Some primary results are that a scholarship program is the most
efficient higher education subsidy program at all stages of higher
education development. Means-tested grants are equally good during
the advanced stages. Both programs increase aggregate efficiency by
mobilizing resources to high-ability individuals within the economy. In
the early stages, universal grants can be an alternative to scholarship;
however, means-tested is the worst.

Regarding the impact on inequality, universal grants, followed by
means-tested, are best at reducing inequality in the latest stage of
development, as they reach the majority who have access to higher
education. If the bottom income group has no access to higher edu-
cation, means-tested, followed by scholarship, is the best, as it targets
individuals with high ability but lower income. During the early phase,
the universal grant is the best followed by laissez-faire. Scholarship is
worst because during this stage, only high-ability individuals from the
top-income group have access to higher education. At the later stages
of higher education development, the enrollment rate increases in the
universal grant scheme but decreases in other policies. The results
suggest that the recent shift away from the universal grant scheme in
the UK could go wrong on at least two fronts—it could lead to a decline
in the college enrollment rate and aggravate some of the equity issues
in higher education.
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Appendix A. Aggregate dynamics

A.1. Laissez-faire

A.1.1. Stage I
To derive the second line of Eq. (12), substitute the second line from

Eq. (7b) into the first term of Eq. (11) and use Eq. (8) to obtain the
following.

ℎ𝑡+1 = 𝜆𝑝ℎ𝑔𝑐𝑡+1
= 𝜆𝑝

(

𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − �̃�𝑡
)

+ 𝑏 − 1
)

= 𝜆𝑝𝜖𝑔𝑏
(

𝐵ℎ𝑡 − 𝑠𝑡
)

+ 𝜆𝑝 (𝑏 − 1) (21)

A.1.2. Stage II
To derive the third line of Eq. (12), substitute the second line from

Eq. (7b) into the first two terms of Eq. (11) and use again Eq. (8) to
obtain the following.

ℎ𝑡+1 = 𝜆𝑝ℎ𝑔𝑐𝑡+1 + 𝜆 (1 − 𝑝)ℎ𝑟𝑐𝑡+1
= 𝜆𝑝

(

𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − �̃�𝑡
)

+ 𝑏 − 1
)

+ 𝜆 (1 − 𝑝)
(

𝜖𝑟𝑏
(

𝐵′ℎ𝑡 − �̃�𝑡
)

+ 𝑏 − 1
)

= 𝑏𝜆 (𝑝𝜖𝑔 + (1 − 𝑝) (𝜖𝑟))
(

𝐵ℎ𝑡 − 𝑠𝑡
)

+ 𝜆 (𝑏 − 1) (22)

A.1.3. Stage III
I derive the fourth line of Eq. (12) from Eqs. (7b), (8), (11), and

(22).

ℎ𝑡+1 = 𝑏𝜆 (𝑝𝜖𝑔 + (1 − 𝑝) (𝜖𝑟))
(

𝐵ℎ𝑡 − 𝑠𝑡
)

+ 𝜆 (𝑏 − 1) + (1 − 𝜆) 𝑝ℎ𝑔𝑛𝑡+1
= 𝑏𝜆 (𝑝𝜖𝑔 + (1 − 𝑝) (𝜖𝑟))

(

𝐵ℎ𝑡 − 𝑠𝑡
)

+ 𝜆 (𝑏 − 1)

+ (1 − 𝜆) 𝑝
(

𝜖𝑔𝑏
(

𝐴ℎ𝑡 − 𝑠𝑡
)

+ 𝑏 − 1
)

𝑔 ( ) 𝑟 ( )
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= 𝑝𝜖 𝑏 𝐴ℎ𝑡 − 𝑠𝑡 + 𝑏𝜆 (1 − 𝑝) 𝜖 𝐵ℎ𝑡 − 𝑠𝑡 + 𝜔 (𝑏 − 1) (23)
A.1.4. Stage IV
I derive the fifth line of Eq. (12) using Eqs. (7b), (8), (11), and (23).

ℎ𝑡+1 = 𝑝𝜖𝑔𝑏
(

𝐴ℎ𝑡 − 𝑠𝑡
)

+ 𝑏𝜆 (1 − 𝑝) 𝜖𝑟
(

𝐵ℎ𝑡 − 𝑠𝑡
)

+ 𝜔 (𝑏 − 1) + (1 − 𝜆) (1 − 𝑝)ℎ𝑟
𝑛𝑡+1

= 𝑝𝜖𝑔𝑏
(

𝐴ℎ𝑡 − 𝑠𝑡
)

+ 𝑏𝜆 (1 − 𝑝) 𝜖𝑟
(

𝐵ℎ𝑡 − 𝑠𝑡
)

+ 𝜔 (𝑏 − 1) + (1 − 𝜔)
(

𝜖𝑟𝑏
(

𝐴′ℎ𝑡 − �̃�𝑡
)

+ 𝑏 − 1
)

= 𝑝𝜖𝑔𝑏
(

𝐴ℎ𝑡 − 𝑠𝑡
)

+ 𝑏𝜆 (1 − 𝑝) 𝜖𝑟
(

𝐵ℎ𝑡 − 𝑠𝑡
)

+ (1 − 𝜔) 𝜖𝑟𝑏
(

(1 − 𝛼)𝐴ℎ𝑡 − 𝑠𝑡
)

+ 𝑏 − 1

= 𝑏 (𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟)
(

𝐴ℎ𝑡 − 𝑠𝑡
)

+ 𝑏 − 1 (24)

A.2. Universal grant

A.2.1. Stage I
In deriving the first line of Eq. (15), note that in Stage I, only 𝜆𝑝

number of high-ability individuals from college-educated parents have
access to higher education. Therefore, from Eq. (11), the aggregate
human capital in Stage I is given as follows:

ℎ𝑡+1 = 𝜆𝑝ℎ𝑔𝑐𝑡+1

Then, substitute the second line from Eq. (7b) into the above to obtain
the following.

ℎ𝑡+1 = 𝜆𝑝
(

𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − �̃�𝑡
)

+ 𝑏 − 1
)

Under the universal grant scheme, anyone who enrolls in college is
eligible for tuition grants; therefore, given Eq. (3b), �̃�𝑡 = 𝑠𝑡 − 𝑥𝑡 where
𝑥𝑡 = 𝑧𝑡∕ (𝜆𝑝) (which is, from

Table 1, the value of 𝑥𝑡 for Stage I and the universal grant scheme).
Substituting that into the above gives the first line of Eq. (15):

ℎ𝑡+1 = 𝜆𝑝
(

𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡∕ (𝜆𝑝)
)

+ 𝑏 − 1
)

= 𝑏𝜆𝑝𝜖𝑔
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝑏𝜖𝑔𝑧𝑡 + 𝜆𝑝 (𝑏 − 1) (25)

A.2.2. Stage II
In Stage II, from Table 1, the value of 𝑥𝑡 for Stage II and the

universal grant scheme is 𝑥𝑡 = 𝑧𝑡∕𝜆. To derive the second line of
Eq. (15), substitute the second line from Eq. (7b) into the first two terms
of Eq. (11) to obtain the following.

ℎ𝑡+1 = 𝜆
(

𝑝ℎ𝑔
𝑐𝑡+1 + (1 − 𝑝)ℎ𝑟

𝑐𝑡+1
)

= 𝜆𝑝
(

𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − �̃�𝑡
)

+ 𝑏 − 1
)

+ 𝜆 (1 − 𝑝)
(

𝜖𝑟𝑏
(

𝐵′ℎ𝑡 − �̃�𝑡
)

+ 𝑏 − 1
)

= 𝜆𝑝𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡∕𝜆
)

+ 𝜆 (1 − 𝑝) 𝜖𝑟𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡∕𝜆
)

+ 𝜆 (𝑏 − 1)

= 𝑏𝜆 (𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟)
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝑏 (𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟) 𝑧𝑡 + 𝜆 (𝑏 − 1) (26)

A similar procedure can be used to derive the rest of the equations.

A.3. Scholarship

Under the scholarship program, in State I and II, 𝜆𝑝 individuals are
eligible for the tuition grants, while in Stage III and IV, 𝑝 individuals
are eligible. Therefore, the respective per capita tuition grants are,
considering (3b), 𝑥𝑡 = 𝑧𝑡∕ (𝜆𝑝) and 𝑥𝑡 = 𝑧𝑡∕𝑝 (see Table 1, scholarship).

A.3.1. Stage i
This further implies that aggregate capital dynamics in Stage I,

under the scholarship and universal grant schemes, are similar since,
in both cases, 𝑥𝑡 = 𝑧𝑡∕ (𝜆𝑝).

A.3.2. Stage II
Note that in Stage II, under the scholarship grant schemes, while 𝜆

individuals invest in higher education, only 𝜆𝑝 are eligible for grants. To
derive the aggregate dynamics for this stage, substitute the second line
from Eq. (7b) into the first two terms of Eq. (11), and use 𝑥𝑡 = 𝑧𝑡∕ (𝜆𝑝).

ℎ = 𝜆
(

𝑝ℎ𝑔 + (1 − 𝑝)ℎ𝑟
)

𝑡+1 𝑐𝑡+1 𝑐𝑡+1

https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1
https://data.mendeley.com/datasets/w8y95npv35/1


Economic Modelling 136 (2024) 106754Y. Getachew

w

B

c
a

= 𝜆𝑝
(

𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − �̃�𝑡
)

+ 𝑏 − 1
)

+ 𝜆 (1 − 𝑝)
(

𝜖𝑟𝑏
(

𝐵′ℎ𝑡 − �̃�𝑡
)

+ 𝑏 − 1
)

= 𝜆𝑏𝑝𝜖𝑔
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡∕𝜆𝑝
)

+ 𝜆 (1 − 𝑝) 𝜖𝑟𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝜆 (𝑏 − 1)

= 𝜆𝑏
(

(𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟)
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 1
)

+ 𝑏𝜖𝑔𝑧𝑡 + 𝜆 (𝑏 − 1) (27)

A similar procedure can be applied to derive the rest of the equations.

A.4. Means-tested grant

Under the means-tested grant scheme, in State I and II, no individual
with college access is eligible for the grants, while in Stage III and IV,
𝑝 (1 − 𝜆) individuals are eligible. Therefore, the respective per capita
tuition grants are, considering Eq. (3b), 𝑥𝑡 = 0 and 𝑥𝑡 = 𝑧𝑡∕ ((1 − 𝜆) 𝑝)
(Table 1, column 4).

A.4.1. Stage i and II
Therefore, at the early stages, aggregate dynamics are similar to

laissez-faire except that disposable income is income less taxes. That
is, aggregate dynamics in Stage I is as follows:

ℎ𝑡+1 = 𝜆𝑝𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝜆𝑝 (𝑏 − 1) (28)

and in Stage II is given as follows:

ℎ𝑡+1 = 𝑏𝜆 (𝑝𝜖𝑔 + (1 − 𝑝) (𝜖𝑟))
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝜆 (𝑏 − 1) (29)

A.4.2. Stage III
I derive the aggregate dynamics in Stage III, from Eqs. (7b), (11),

and (29) while considering �̃�𝑡 = 𝑠𝑡 − 𝑥𝑡 and 𝑥𝑡 = 𝑧𝑡∕ (𝑝 (1 − 𝜆)).

ℎ𝑡+1 = 𝑏𝜆 (𝑝𝜖𝑔 + (1 − 𝑝) (𝜖𝑟))
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝜆 (𝑏 − 1) + (1 − 𝜆) 𝑝ℎ𝑔
𝑛𝑡+1

= 𝑏𝜆 (𝑝𝜖𝑔 + (1 − 𝑝) (𝜖𝑟))
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝜆 (𝑏 − 1) + (1 − 𝜆) 𝑝
(

𝜖𝑔𝑏
(

𝐴′ℎ𝑡 − �̃�𝑡
)

+ 𝑏 − 1
)

= 𝑏
(

𝑝𝜖𝑔
(

(1 − 𝜏)𝐴ℎ𝑡 − 𝑠𝑡
)

+ 𝜆 (1 − 𝑝) 𝜖𝑟
(

𝐵′ℎ𝑡 − 𝑠𝑡
))

+ 𝑏𝜖𝑔𝑧𝑡 + 𝜔 (𝑏 − 1) (30)

Follow a similar procedure to derive the dynamics for Stage IV.

Appendix B. Investment thresholds under higher education policy

I derive the investment threshold levels, determining individu-
als’ college education investment, associated with the different grant
schemes in a similar fashion to the laissez-faire case (see (9)). That is,
the investment threshold associated with the 𝑖th individual of ability 𝑗
is derived by substituting 𝑒𝑗𝑖𝑡 = 0 and �̃�𝑡 = 𝑠𝑡−𝑥𝑡 into (6a) and solving for
ℎ𝑡. The value of 𝑥𝑡 is determined from (5b) and Table 1 , accordingly.

But note that the per capita tuition grant (𝑥𝑡) is different, for
different grant schemes and at different phases of higher education
development, as shown in Table 1. Furthermore, it may differ among
individuals due to differences in eligibility. Therefore, in contrast to
laissez-faire, one may end up having different threshold levels for
different phases of higher education development when applying the
same policy.

B.1. Universal grant

The investment threshold of the 𝑗 ability agents with non-college-
educated (ℎ

𝑗
𝑛 (𝑢)) and college-educated (ℎ

𝑗
𝑐 (𝑢)) agents are derived by

substituting 𝑒𝑗𝑖𝑡 = 0, �̃�𝑡 = 𝑠𝑡 − 𝑥𝑡 and 𝑠𝑡 = 𝑠𝑘 + 𝑠ℎ𝑡 into (6a), considering
𝜆ℎ𝑗𝑖𝑡 = ℎ𝑡, and using (3) and (4).

ℎ
𝑗
𝑛 (𝑢) ∶

(

𝐴′ℎ𝑡 − 𝑠𝑘 − 𝑠ℎ𝑡 + 𝑥𝑡
)

− 1∕
(

𝛽𝜖𝑗
)

= 0 (31)

ℎ
𝑗
𝑢 ∶

(

1 − 𝜏 𝐵′ℎ − 𝑠 − 𝑠ℎ + 𝑥
)

− 1∕
(

𝛽𝜖𝑗
)

= 0 (32)
13

𝑐 ( ) ( ) 𝑡 𝑘 𝑡 𝑡
Then, solving for ℎ𝑡 in Eqs. (31) and (32), considering Eq. (10),
Table 1, column 2, and Eq. (5b), gives the following.32

ℎ
𝑔
𝑐 (𝑢) ≡

(

1
𝜖𝑔𝛽

+ 𝑠𝐼

)

(

𝐵′ + 𝐴𝜏∕ (𝜆𝑝) − 𝑠
)−1 (33a)

ℎ
𝑟
𝑐 (𝑢) ≡

(

1
𝛽𝜖𝑟

+ 𝑠𝐼𝐼

)

(

𝐵′ + 𝐴𝜏∕𝜆 − 𝑠
)−1 (33b)

ℎ
𝑔
𝑛 (𝑢) ≡

(

1
𝛽𝜖𝑗

+ 𝑠𝐼𝐼𝐼

)

(

𝐴′ + 𝐴𝜏∕𝜔 − 𝑠
)−1 (33c)

ℎ
𝑟
𝑛 (𝑢) ≡

(

1
𝛽𝜖𝑟

+ 𝑠𝐼𝑉

)

(

𝐴′ + 𝐴𝜏 − 𝑠
)−1 (33d)

I follow similar steps to derive the investment thresholds associated
ith the scholarship and means-tested grant schemes.

.2. Scholarship

By solving for ℎ𝑡 in Eqs. (31) and (32), considering Eq. (10), Table 1,
olumn 3, and Eq. (5b), one derives individual investment thresholds
ssociated with the scholarship grant.

ℎ
𝑔
𝑐 (𝑠) ≡

(

1
𝜖𝑔𝛽

+ 𝑠𝐼

)

(

𝐵′ + 𝐴𝜏∕ (𝜆𝑝) − 𝑠
)−1 (34a)

ℎ
𝑟
𝑐 (𝑠) ≡

(

1
𝜖𝑟𝛽

+ 𝑠𝐼𝐼

)

(

𝐵′ − 𝑠
)−1 (34b)

ℎ
𝑔
𝑛 (𝑠) ≡

(

1
𝛽𝜖𝑔

+ 𝑠𝐼𝐼𝐼

)

(

𝐴′ + 𝐴𝜏∕𝑝 − 𝑠
)−1 (34c)

ℎ
𝑟
𝑛 (𝑠) ≡

(

1
𝛽𝜖𝑟

+ 𝑠𝐼𝑉

)

(

𝐴′ − 𝑠
)−1 (34d)

ℎ
𝑗
𝑖 (𝑠) is the threshold associated with the 𝑖th person of 𝑗 ability if

the grant scheme is scholarship. The number of eligible individuals for
the tuition grants is different from the college enrollment rate as the
scheme naturally excludes some individuals. In Stage I, 𝜆𝑝 individuals
enroll in college where all are eligible for tuition grants. Meanwhile,
in Stage II, 𝜆 individuals enroll in college but only the 𝜆𝑝 high-ability
individuals are eligible for the tuition grants. In Stages III and IV, 𝜔
and one unit of individuals enroll in college, respectively, but only the
𝑝 high-ability individuals are eligible for the tuition grants.

B.3. Means-tested grant

By solving for ℎ𝑡 in Eqs. (31) and (32), considering Eq. (10),
Table 1, column 4, and Eq. (5b), one derives the investment thresholds
associated with the means-tested grant program.

ℎ
𝑔
𝑐 (𝑚) =

(

1
𝜖𝑔𝛽

+ 𝑠𝐼

)

(

𝐵′ − 𝑠
)−1 (35a)

ℎ
𝑟
𝑐 (𝑚) =

(

1
𝜖𝑟𝛽

+ 𝑠𝐼𝐼

)

(

𝐵′ − 𝑠
)−1 (35b)

ℎ
𝑔
𝑛 (𝑚) =

(

1
𝛽𝜖𝑔

+ 𝑠𝐼𝐼𝐼

)

(

𝐴′ + 𝐴𝜏∕ ((1 − 𝜆) 𝑝) − 𝑠
)−1 (35c)

ℎ
𝑟
𝑛 (𝑚) =

(

1
𝛽𝜖𝑟

+ 𝑠𝐼𝑉

)

(

𝐴′ − 𝑠
)−1 (35d)

where ℎ
𝑗
𝑖 (𝑚) is the threshold associated with the 𝑖th person of 𝑗

ability if the grant scheme is means-tested. No one is eligible for this
scheme in Stages I and II. However, in Stages III and IV, there are
(1 − 𝜆) 𝑝 high-ability individuals who are eligible to the program.

32 Recall that the enrollment rate at each stage is similar to the number of
eligible individuals because, in the universal grant scheme, anyone who enrolls
in college is automatically eligible for the tuition grants.



Economic Modelling 136 (2024) 106754Y. Getachew

P
d

P
v

Table 9
Individual human capital: Stage III

Schemes Human capital investment by individual type

(1 − 𝜆) ×
𝜆𝑝 𝜆 (1 − 𝑝) (1 − 𝜆) 𝑝 (1 − 𝑝)

Laissez-faire 𝜖𝑔𝑏
(

𝐵ℎ𝑡 − 𝑠𝑡
)

𝜖𝑟𝑏
(

𝐵ℎ𝑡 − 𝑠𝑡
)

𝜖𝑔𝑏
(

𝐴 (1 − 𝛼)ℎ𝑡 − 𝑠𝑡
)

0
+𝑏 − 1 +𝑏 − 1 +𝑏 − 1

Universal 𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡∕𝜔
)

𝜖𝑟𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡∕𝜔
)

𝜖𝑔𝑏
(

𝐴′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡∕𝜔
)

0
+𝑏 − 1 +𝑏 − 1 +𝑏 − 1

Scholarship 𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡∕𝑝
)

𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

𝜖𝑔𝑏
(

𝐴′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡∕𝑝
)

0
+𝑏 − 1 +𝑏 − 1 +𝑏 − 1

Means-tested 𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

𝜖𝑔𝑏
(

𝐴′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡∕ (1 − 𝜆) 𝑝
)

0
+𝑏 − 1 +𝑏 − 1 +𝑏 − 1
Table 10
Individual human capital: Stage IV.

Schemes Human capital investment by individual type

𝜆𝑝 𝜆 (1 − 𝑝) (1 − 𝜆) 𝑝 (1 − 𝜆) (1 − 𝑝)

Laissez- 𝜖𝑔𝑏
(

𝐵ℎ𝑡 − 𝑠𝑡
)

𝜖𝑟𝑏
(

𝐵ℎ𝑡 − 𝑠𝑡
)

𝜖𝑔𝑏
(

𝐴 (1 − 𝛼)ℎ𝑡 − 𝑠𝑡
)

𝜖𝑟𝑏
(

𝐴 (1 − 𝛼)ℎ𝑡 − 𝑠𝑡
)

faire +𝑏 − 1 +𝑏 − 1 +𝑏 − 1 +𝑏 − 1

Universal 𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡
)

𝜖𝑟𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡
)

𝜖𝑔𝑏
(

𝐴′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡
)

𝜖𝑟𝑏
(

𝐴′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡
)

+𝑏 − 1 +𝑏 − 1 +𝑏 − 1 +𝑏 − 1

Scholarship 𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡∕𝑝
)

𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

𝜖𝑔𝑏
(

𝐴′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡∕𝑝
)

𝜖𝑟𝑏
(

𝐴′ℎ𝑡 − 𝑠𝑡
)

+𝑏 − 1 +𝑏 − 1 +𝑏 − 1 +𝑏 − 1

Means- 𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

𝜖𝑔𝑏
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

𝜖𝑔𝑏
(

𝐴′ℎ𝑡 − 𝑠𝑡 + 𝑧𝑡∕ (1 − 𝜆) 𝑝
)

𝜖𝑟𝑏
(

𝐴′ℎ𝑡 − 𝑠𝑡
)

tested +𝑏 − 1 +𝑏 − 1 +𝑏 − 1 +𝑏 − 1
f

𝑢

w

Appendix C. Equity

Tables 9 and 10 show human capital investment individual type
associated with Stages III and IV of the higher education development.

Appendix D. Proofs

This section provides the proofs for the Propositions.

D.1. Proposition 1

roof. It is straightforward that it follows Table 4 and the preceding
iscussion. □

D.2. Proposition 2

roof. Comparing the investment thresholds associated with the uni-
ersal ℎ

𝑗
𝑖 (𝑢), scholarship ℎ

𝑗
𝑖 (𝑠), and means-tested ℎ

𝑗
𝑖 (𝑚) grant schemes

in Eqs. (33), (34), and (35), respectively, to the thresholds associated
with laissez-faire ℎ

𝑗
𝑖 (𝑙) in Eq. (9), one notes the following.

(1) In Stage I, ℎ
𝑔
𝑐 (𝑚) > ℎ

𝑔
𝑐 (𝑙) > ℎ

𝑔
𝑐 (𝑢) = ℎ

𝑔
𝑐 (𝑠); the investment thresh-

old associated with the means-tested program is the largest
followed by the one for laissez-faire.

(2) In Stage II, ℎ
𝑔
𝑐 (𝑠) = ℎ

𝑔
𝑐 (𝑚) > ℎ

𝑟
𝑐 (𝑙) > ℎ

𝑟
𝑐 (𝑢); the investment

threshold for the universal grant scheme is the smallest followed
by the one for laissez-faire.

(3) In Stage III, ℎ
𝑔
𝑛 (𝑙) > ℎ

𝑔
𝑛 (𝑢) > ℎ

𝑔
𝑛 (𝑠) > ℎ

𝑔
𝑛 (𝑚); the invest-

ment threshold associated with the means-tested program is the
smallest followed by the one for the scholarship program. The
threshold associated with laissez-faire is the largest.

(4) In Stage IV, ℎ
𝑟
𝑛 (𝑠) = ℎ

𝑟
𝑛 (𝑚) > ℎ

𝑟
𝑛 (𝑙) > ℎ

𝑟
𝑛 (𝑢); the threshold for the

universal grant scheme is the smallest followed by the one for
laissez-faire. □
14
Appendix E. Welfare

In this section, I derive individual and aggregate welfare functions.
Depending on individual’s educational background, whether they in-
vest in their children’s education, and their ability level, the welfare
functions for them may vary.

E.1. Individual welfare

Individuals who do not invest in children’s education consume the
full amount of their income. Thus, their welfare is the log of their
income.

𝑢𝑗𝑖𝑡 ≡ ln 𝑐𝑗𝑖𝑡 = ln 𝐼 𝑗𝑖𝑡
Substituting Eqs. (3) and (4) into the above, one gets the welfare of
college- and non-college-educated individuals who do not invest in
children’s education.

𝑢𝑗𝑖𝑡 =
{

ln
(

𝐴′ℎ𝑡
)

if ℎ𝑗𝑖𝑡 = 0
ln
(

𝐵′ℎ𝑡
)

if ℎ𝑗𝑖𝑡 > 0
(36)

For individuals who invest in children’s education, their welfare
unction is derived from Eqs. (1), (2) and (6a).
𝑗
𝑖𝑡 ≡ ln 𝑐𝑗𝑖𝑡 + 𝛽 ln

(

ℎ𝑗𝑖𝑡+1 + 1
)

= ln
(

𝐼 𝑗𝑖𝑡 − 𝑒𝑗𝑖𝑡 − �̃�𝑡
)

+ 𝛽 ln
(

𝜖𝑗𝑒𝑗𝑖𝑡 + 1
)

= (1 + 𝛽) ln
(

𝜖𝑗
(

𝐼 𝑗𝑖𝑡 − �̃�𝑡
)

+ 1
)

+ 𝛽 ln 𝑏 + ln 𝑏
𝛽
− ln 𝜖𝑗

Substituting (3) and (4) into the above, one gets the welfare of college-
educated and non-college-educated individuals who invest in their
children’s education.

𝑢𝑗𝑖𝑡 =

{

(1 + 𝛽) ln
(

𝜖𝑗
(

𝐴′ℎ𝑡 − �̃�𝑡
)

+ 1
)

− ln 𝜖𝑗 + 𝑏 if ℎ𝑗𝑖𝑡 = 0
(1 + 𝛽) ln

(

𝜖𝑗
(

𝐵′ℎ𝑡 − �̃�𝑡
)

+ 1
)

− ln 𝜖𝑗 + 𝑏 if ℎ𝑗𝑖𝑡 > 0
(37)

here

𝑏 ≡ 𝛽 ln 𝑏 + ln 𝑏

𝛽
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Aggregate welfare is computed by aggregating the welfare of all indi-
viduals.

𝑈𝑡 = 𝜆
[

𝑝𝑢𝑔𝑐𝑡 + (1 − 𝑝) 𝑢𝑟𝑐𝑡
]

+ (1 − 𝜆)
[

𝑝𝑢𝑔𝑛𝑡 + (1 − 𝑝) 𝑢𝑟𝑛𝑡
]

(38)

Using Eqs. (36), (37) and (38), I derive the aggregate welfare functions
for different public programs and stages of development.

E.2. Aggregate welfare

I derive the utilitarian social welfare function, following a similar
approach to the literature in standard heterogeneous agent models
(Aiyagari and McGrattan, 1998; Gibson and Rioja, 2019). Notably,
aggregation is conducted after equal weight is applied to each agent.
Benabou (2002) argues that such aggregation overestimates the ef-
ficiency value of redistribution due to the concavity of the utility
function. However, this is not an issue here, given the main focus is not
on quantifying the welfare impact of redistribution but on conducting
a qualitative comparison.

E.2.1. Stage I
In Stage I, only 𝜆𝑝 rich individuals with high-ability children invest

in education. To derive the aggregate welfare in Stage I, first, substitute
the second lines of Eqs. (36) and (37) in the first two terms of Eq. (38).
Then, substitute the first line of Eq. (36) into the last two terms of
Eq. (38) to get the following.

𝑈 𝐼
𝑡 = 𝜆𝑝

[

(1 + 𝛽) ln
(

𝜖𝑔
(

𝐵′ℎ𝑡 − �̃�𝑡
)

+ 1
)

− ln 𝜖𝑔 + 𝑏
]

+ 𝜆 (1 − 𝑝) ln
(

𝐵′ℎ𝑡
)

+ (1 − 𝜆) ln
(

𝐴′ℎ𝑡
)

This can be further simplified using the relation ln (𝑦 + 1) ≈ 𝑦.

𝑈 𝐼
𝑡 ≈ 𝜆𝑝

[

(1 + 𝛽) 𝜖𝑔
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑥𝑡
)

− ln 𝜖𝑔 + 𝑏
]

+ 𝜆 (1 − 𝑝) ln
(

𝐵′ℎ𝑡
)

+ (1 − 𝜆) ln
(

𝐴′ℎ𝑡
)

(39)

I use the above to derive the aggregate welfare functions under the
three grant schemes and laissez-faire in Stage I.

Laissez-faire. In the laissez-faire case, substituting Eq. (8) into the
above, one obtains the following.

𝑈 𝐼
𝑡,𝑙 ≈ 𝜆𝑝 (1 + 𝛽) 𝜖𝑔

(

𝐵ℎ𝑡 − 𝑠𝑡
)

+ 𝜆 (1 − 𝑝) ln
(

𝐵ℎ𝑡
)

+ (1 − 𝜆) ln
(

(1 − 𝛼)𝐴ℎ𝑡
)

− 𝜆𝑝 ln 𝜖𝑔 + 𝜆𝑝𝑏 (40)

Universal and scholarship grants. Aggregate welfare is the same under
the universal and scholarship grant schemes, given 𝑥𝑡 = 𝑧𝑡∕ (𝜆𝑝).
ubstituting 𝑥𝑡 = 𝑧𝑡∕ (𝜆𝑝) in Eq. (39) leads to the following.
𝐼
𝑡,𝑢 ≈ 𝜆𝑝 (1 + 𝛽) 𝜖𝑔

(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ (1 + 𝛽) 𝜖𝑔𝑧𝑡

+ 𝜆 (1 − 𝑝) ln
(

𝐵′ℎ𝑡
)

+ (1 − 𝜆) ln
(

𝐴′ℎ𝑡
)

− 𝜆𝑝 ln 𝜖𝑔 + 𝜆𝑝𝑏 (41)

hus, 𝑈 𝐼
𝑡,𝑠 = 𝑈 𝐼

𝑡,𝑢.

eans-tested. Under the means-tested program, in Stage I, the agents
ho join college are not eligible for tuition subsidy thus 𝑥𝑡 = 0; this

mplies the following.
𝐼
𝑡,𝑚 ≈ 𝜆𝑝 (1 + 𝛽) 𝜖𝑔

(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝜆 (1 − 𝑝) ln
(

𝐵′ℎ𝑡
)

+ (1 − 𝜆) ln
(

𝐴′ℎ𝑡
)

− 𝜆𝑝 ln 𝜖𝑔 + 𝜆𝑝𝑏 (42)

E.2.2. Stage II
In Stage II, the 𝜆 rich individuals invest in their children’s education.

To derive the aggregate welfare in this stage, first substitute the second
line of Eq. (37) in the first two terms of Eq. (38) and then substitute
the first line of Eq. (36) into the last two terms of Eq. (38) to obtain
the following.

𝑈 𝐼𝐼 = 𝜆𝑝
[

(1 + 𝛽) ln
(

𝜖𝑔
(

𝐵′ℎ − �̃�
)

+ 1
)

− ln 𝜖𝑔 + 𝑏
]
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𝑡 𝑡 𝑡
+ 𝜆 (1 − 𝑝)
[

(1 + 𝛽) ln
(

𝜖𝑟
(

𝐵′ℎ𝑡 − �̃�𝑡
)

+ 1
)

− ln 𝜖𝑟 + 𝑏
]

+ (1 − 𝜆) ln
(

𝐴′ℎ𝑡
)

his can be further approximated.
𝐼𝐼
𝑡 ≈ 𝜆𝑝 (1 + 𝛽) 𝜖𝑔

(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑥𝑡
)

+ 𝜆 (1 − 𝑝) (1 + 𝛽) 𝜖𝑟
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑥𝑡
)

+ (1 − 𝜆) ln
(

𝐴′ℎ𝑡
)

+ 𝜆𝑏 − 𝜆 (𝑝 ln 𝜖𝑔 + (1 − 𝑝) ln 𝜖𝑟) (43)

I use the above to derive the aggregate welfare functions under the
three grant schemes, and laissez-faire, in Stage II.

Laissez-faire. In the Laissez-faire case, given Eq. (8), one obtains the
following.

𝑈 𝐼𝐼
𝑡,𝑙 ≈ 𝜆

[

𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟
]

(1 + 𝛽)
(

𝐵ℎ𝑡 − 𝑠𝑡
)

+ (1 − 𝜆) ln
(

(1 − 𝛼)𝐴ℎ𝑡
)

+ 𝜆𝑏 − 𝜆 (𝑝 ln 𝜖𝑔 + (1 − 𝑝) ln 𝜖𝑟) (44)

Universal grant. Under the universal grant scheme, in Stage II, 𝑥𝑡 =
𝑡∕𝜆. Substituting that into Eq. (43) and considering that all individuals
re eligible for the grant, one obtains the following.
𝐼𝐼
𝑡,𝑢 ≈ 𝜆

[

𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟
]

(1 + 𝛽)
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+
[

𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟
]

(1 + 𝛽) 𝑧𝑡

+ (1 − 𝜆) ln
(

𝐴′ℎ𝑡
)

+ 𝜆𝑏 − (𝜆𝑝 ln 𝜖𝑔 + 𝜆 (1 − 𝑝) ln 𝜖𝑟) (45)

cholarship. Under the scholarship program, only individuals with high
bility are eligible for the grant. Thus, I apply 𝑥𝑡 = 𝑧𝑡∕ (𝑝𝜆) in the first
ine of (43) and 𝑥𝑡 = 0 in the second line.
𝐼𝐼
𝑡,𝑠 ≈ (𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟) 𝜆 (1 + 𝛽)

(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ (1 + 𝛽) 𝜖𝑔𝑧𝑡

+ (1 − 𝜆) ln
(

𝐴′ℎ𝑡
)

+ 𝜆𝑏 − 𝜆 ((1 − 𝑝) ln 𝜖𝑟 + 𝑝 ln 𝜖𝑔) (46)

Means-tested. Under the means-tested grant, in Stage II, both types of
agents who join college are not eligible for the program thus 𝑥𝑡 = 0,
mplying the following.
𝐼𝐼
𝑡,𝑚 ≈ 𝜆

[

𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟
] (

𝐵′ℎ𝑡 − 𝑠𝑡
)

(1 + 𝛽)

+ (1 − 𝜆) ln
(

𝐴′ℎ𝑡
)

+ 𝜆𝑏 − 𝜆 (𝑝 ln 𝜖𝑔 + (1 − 𝑝) ln 𝜖𝑟) (47)

E.2.3. Stage III
In Stage III, 𝜔 number of individuals invest in their children’s

education. To derive the aggregate welfare for this stage, first substitute
Eq. (37) into the first three terms of Eq. (38) and then substitute the
first line of Eq. (36) into the last term.

𝑈 𝐼𝐼𝐼
𝑡 = 𝜆𝑝

[

(1 + 𝛽) ln
(

𝜖𝑔
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑥𝑡
)

+ 1
)

− ln 𝜖𝑔 + 𝑏
]

+ 𝜆 (1 − 𝑝)
[

(1 + 𝛽) ln
(

𝜖𝑟
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑥𝑡
)

+ 1
)

− ln 𝜖𝑟 + 𝑏
]

(1 − 𝜆) 𝑝
[

(1 + 𝛽) ln
(

𝜖𝑔
(

𝐴′ℎ𝑡 − 𝑠𝑡 + 𝑥𝑡
)

+ 1
)

− ln 𝜖𝑔 + 𝑏
]

+ (1 − 𝜔) ln
(

𝐴′ℎ𝑡
)

his can be further simplified using similar procedures as above.
𝐼𝐼𝐼
𝑡 ≈ 𝜆𝑝 (1 + 𝛽) 𝜖𝑔

(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑥𝑡
)

+ 𝜆 (1 − 𝑝) (1 + 𝛽) 𝜖𝑟
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑥𝑡
)

+ (1 − 𝜆) 𝑝 (1 + 𝛽) 𝜖𝑔
(

𝐴′ℎ𝑡 − 𝑠𝑡 + 𝑥𝑡
)

+ (1 − 𝜔) ln
(

𝐴′ℎ𝑡
)

− (𝜆 (1 − 𝑝) ln 𝜖𝑟 + 𝑝 ln 𝜖𝑔) + 𝜔𝑏 (48)

I use the above to derive the aggregate welfare functions under the
three grant schemes, and laissez-faire, in Stage III.

Laissez-faire. In the laissez-faire case, substituting Eq. (8) into Eq. (48)
gives the following.

𝑈 𝐼𝐼𝐼
𝑡,𝑙 ≈ 𝑝𝜖𝑔 (1 + 𝛽)

(

𝜆𝐵ℎ𝑡 + (1 − 𝜆) (1 − 𝛼)𝐴ℎ𝑡 − 𝑠𝑡
)

+ 𝜆 (1 − 𝑝) (1 + 𝛽) 𝜖𝑟
(

𝐵ℎ𝑡 − 𝑠𝑡
)

+ (1 − 𝜔) ln
(

(1 − 𝛼)𝐴ℎ𝑡
)

− (𝜆 (1 − 𝑝) ln 𝜖𝑟 + 𝑝 ln 𝜖𝑔) + 𝜔𝑏

𝑈 𝐼𝐼𝐼
𝑡,𝑙 ≈ 𝜆 (1 − 𝑝) (1 + 𝛽) 𝜖𝑟

(

𝐵ℎ𝑡 − 𝑠𝑡
)

+ 𝑝𝜖𝑔 1 + 𝛽
(

𝐴ℎ − 𝑠
)

( ) 𝑡 𝑡
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+ (1 − 𝜔) ln
(

(1 − 𝛼)𝐴ℎ𝑡
)

− (𝜆 (1 − 𝑝) ln 𝜖𝑟 + 𝑝 ln 𝜖𝑔) + 𝜔𝑏 (49)

since 𝜆𝐵ℎ𝑡 + (1 − 𝜆) (1 − 𝛼)𝐴ℎ𝑡 = 𝐴ℎ𝑡.

Universal grant. Under the universal grant scheme, in Stage III, 𝑥𝑡 =
𝑧𝑡∕𝜔. Substituting that into Eq. (48) and considering the fact that all
individuals are eligible for the grant, one obtains the following.

𝑈 𝐼𝐼𝐼
𝑡,𝑢 ≈ 𝜆𝑝 (1 + 𝛽) 𝜖𝑔

(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝜗 (1 + 𝛽) 𝑧𝑡∕𝜔

+ 𝜆 (1 − 𝑝) (1 + 𝛽) 𝜖𝑟
(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ (1 − 𝜆) 𝑝 (1 + 𝛽) 𝜖𝑔
(

𝐴′ℎ𝑡 − 𝑠𝑡
)

+ (1 − 𝜔) ln
(

𝐴′ℎ𝑡
)

− (𝜆 (1 − 𝑝) ln 𝜖𝑟 + 𝑝 ln 𝜖𝑔) + 𝜔𝑏

𝑈 𝐼𝐼𝐼
𝑡,𝑢 ≈ 𝜆 (1 − 𝑝) 𝜖𝑟 (1 + 𝛽)

(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝜗 (1 + 𝛽) 𝑧𝑡∕𝜔

+ 𝑝 (1 + 𝛽) 𝜖𝑔
(

(1 − 𝜏)𝐴ℎ𝑡 − 𝑠𝑡
)

+ (1 − 𝜔) ln
(

𝐴′ℎ𝑡
)

− (𝜆 (1 − 𝑝) ln 𝜖𝑟 + 𝑝 ln 𝜖𝑔) + 𝜔𝑏 (50)

here 𝜗 ≡ 𝑝𝜖𝑔 + 𝜆𝜖𝑟 (1 − 𝑝) and given 𝜆𝐵′ℎ𝑡 + (1 − 𝜆)𝐴′ℎ𝑡 = (1 − 𝜏)𝐴ℎ𝑡.

Scholarship. Under the scholarship program, only high-ability individ-
uals are eligible for the grant. Thus, I apply 𝑥𝑡 = 𝑧𝑡∕𝑝 for high-ability
individuals (𝜖𝑔) in Eq. (48) and 𝑥𝑡 = 0 for regular-ability individuals
(𝜖𝑟).

𝑈 𝐼𝐼𝐼
𝑡,𝑠 ≈ 𝜆𝑝 (1 + 𝛽) 𝜖𝑔

(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ 𝜆𝑝 (1 + 𝛽) 𝜖𝑔𝑧𝑡∕𝑝 + (1 − 𝜆) 𝑝 (1 + 𝛽) 𝜖𝑔𝑧𝑡∕𝑝

+ 𝜆 (1 − 𝑝) (1 + 𝛽) 𝜖𝑟
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑥𝑡
)

+ (1 − 𝜆) 𝑝 (1 + 𝛽) 𝜖𝑔
(

𝐴′ℎ𝑡 − 𝑠𝑡
)

+ (1 − 𝜔) ln
(

𝐴′ℎ𝑡
)

− (𝜆 (1 − 𝑝) ln 𝜖𝑟 + 𝑝 ln 𝜖𝑔) + 𝜔𝑏

𝐼𝐼𝐼
𝑡,𝑠 ≈ 𝜆 (1 − 𝑝) 𝜖𝑟 (1 + 𝛽)

(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ (1 + 𝛽) 𝜖𝑔𝑧𝑡
+ 𝑝 (1 + 𝛽) 𝜖𝑔

(

(1 − 𝜏)𝐴ℎ𝑡 − 𝑠𝑡
)

+ (1 − 𝜔) ln
(

𝐴′ℎ𝑡
)

− (𝜆 (1 − 𝑝) ln 𝜖𝑟 + 𝑝 ln 𝜖𝑔) + 𝜔𝑏 (51)

eans-tested. Under means-tested, in Stage III, only poor individuals
ith high ability are eligible for the program; thus, 𝑥𝑡 = 𝑧𝑡∕ ((1 − 𝜆) 𝑝)

is applied in the third line of Eq. (48) whereas 𝑥𝑡 = 0 is applied in the
rest.

𝑈 𝐼𝐼𝐼
𝑡,𝑚 ≈ 𝜆 (1 − 𝑝) 𝜖𝑟 (1 + 𝛽)

(

𝐵′ℎ𝑡 − 𝑠𝑡
)

+ (1 + 𝛽) 𝜖𝑔𝑧𝑡
+ 𝑝 (1 + 𝛽) 𝜖𝑔

(

(1 − 𝜏)𝐴ℎ𝑡 − 𝑠𝑡
)

+ (1 − 𝜔) ln
(

𝐴′ℎ𝑡
)

− (𝜆 (1 − 𝑝) ln 𝜖𝑟 + 𝑝 ln 𝜖𝑔) + 𝜔𝑏 (52)

.2.4. Stage IV
To derive the aggregate welfare in Stage IV, substitute (36) and (37)

nto (38) to obtain the following.
𝐼𝑉
𝑡 = 𝜆𝑝

(

(1 + 𝛽) ln
(

𝜖𝑔
(

𝐵′ℎ𝑡 − �̃�𝑡
)

+ 1
)

− ln 𝜖𝑔 + 𝑏
)

+ 𝜆 (1 − 𝑝)
(

(1 + 𝛽) ln
(

𝜖𝑟
(

𝐵′ℎ𝑡 − �̃�𝑡
)

+ 1
)

− ln 𝜖𝑟 + 𝑏
)

+ (1 − 𝜆) 𝑝
(

(1 + 𝛽) ln
(

𝜖𝑔
(

𝐴′ℎ𝑡 − �̃�𝑡
)

+ 1
)

− ln 𝜖𝑔 + 𝑏
)

+ (1 − 𝜆) (1 − 𝑝)
(

(1 + 𝛽) ln
(

𝜖𝑟
(

𝐴′ℎ𝑡 − �̃�𝑡
)

+ 1
)

− ln 𝜖𝑟 + 𝑏
)

Further simplifying the above gives the following.

𝑈 𝐼𝑉
𝑡 ≈ (1 + 𝛽) 𝜆

[

𝑝𝜖𝑔
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑥𝑡
)

+ (1 − 𝑝) 𝜖𝑟
(

𝐵′ℎ𝑡 − 𝑠𝑡 + 𝑥𝑡
)]

+ (1 − 𝜆) (1 + 𝛽)
[

𝑝𝜖𝑔
(

𝐴′ℎ𝑡 − 𝑠𝑡 + 𝑥𝑡
)

+ (1 − 𝑝) 𝜖𝑟
(

𝐴′ℎ𝑡 − 𝑠𝑡 + 𝑥𝑡
)]

− (𝑝 ln 𝜖𝑔 + (1 − 𝑝) ln 𝜖𝑟) + 𝑏 (53)

Applying the same procedures, I derive the aggregate welfare func-
tions associated with all the schemes in Stage IV.

Laissez-faire and universal grant. Aggregate welfare functions for laissez-
faire (𝑈 𝐼𝑉

𝑡,𝑢 ) and universal grants (𝑈 𝐼𝑉
𝑡,𝑙 ) are the same in Stage IV.

𝐼𝑉
𝑡,𝑙 ≈ (𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟) (1 + 𝛽)

(

𝐴ℎ𝑡 − 𝑠𝑡
)

− (𝑝 ln 𝜖𝑔 + (1 − 𝑝) ln 𝜖𝑟) + 𝑏 (54)

where 𝑈 𝐼𝑉 = 𝑈 𝐼𝑉 .
16

𝑡,𝑢 𝑡,𝑙 c
Table 11
Gross enrollment ratio in tertiary education—low-
income countries.

Country 2013

Benin 15.3628
Burkina Faso 4.77591
Burundi 4.40817
Congo, Dem. Rep. 6.64076
Guinea 10.3789
Madagascar 4.24579
Mozambique 5.04323
Rwanda 7.52925
Tanzania 3.64732
Togo 10.0422
Zimbabwe 5.87175

Table 12
Gross enrollment ratio in tertiary education—high-income countries.

Country 1971 2013

Argentina 15.3701 79.9867
Australia 17.0328 86.5546
Austria 12.2113 80.3868
Belgium 16.8641 72.3096
Chile 11.1577 83.8164
Czech Republic 8.92373 65.3774
Denmark 18.8583 81.237
Finland 13.1341 91.0658
France 18.5413 62.1469
Hong Kong SAR, China 6.83597 67.2759
Hungary 10.0217 57.0167
Ireland 10.5903 73.1685
Italy 16.8803 63.4551
Japan 17.6406 62.4116
Korea, Rep. 7.24645 95.3454
Malta 6.51885 45.6805
New Zealand 16.9108 79.7143
Norway 15.7949 76.1179
Panama 10.3144 38.7393
Poland 13.3588 71.1587
Portugal 7.27266 66.2216
Spain 8.66966 87.0658
Sweden 21.7328 63.3929
Switzerland 10.0385 56.2682
United Kingdom 14.5679 56.8701
United States 47.3235 88.8086

Scholarship and means-tested. Meanwhile, aggregate welfare functions
for the scholarship (𝑈 𝐼𝑉

𝑡,𝑠 ) and means-tested grants (𝑈 𝐼𝑉
𝑡,𝑚 ) are the same.

𝐼𝑉
𝑡,𝑠 ≈ (𝑝𝜖𝑔 + (1 − 𝑝) 𝜖𝑟) (1 + 𝛽)

(

(1 − 𝜏)𝐴ℎ𝑡 − 𝑠𝑡
)

+ (1 + 𝛽) 𝜖𝑔𝑧𝑡

− (𝑝 ln 𝜖𝑔 + (1 − 𝑝) ln 𝜖𝑟) + 𝑏 (55)

where 𝑈 𝐼𝑉
𝑡,𝑚 = 𝑈 𝐼𝑉

𝑡,𝑠 .

E.3. Welfare comparison

I derive the welfare impact of the different policies simply by
looking at the difference in aggregate welfare between the programs.
An alternative or a more standard approach is to measure the welfare
effects using an equivalent variation—the percentage of wealth the
average consumer must give up to be indifferent in the other state
(Conesa et al., 2018). For example, a comparison between laissez-faire
and universal grant can be made using the latter approach as 𝑈𝑡,𝑙 (ℎ) =
𝑡,𝑢 ((1 − 𝑐𝑣)ℎ), where 𝑐𝑣 is the percentage of wealth the average con-

umer should give up to be in the laissez-faire state. Qualitatively, the
wo approaches provide the same results, although they could differ
uantitatively. In the first approach, 𝑈𝑡,𝑢 (ℎ) > 𝑈𝑡,𝑙 (ℎ), implying that the
onsumer is better off with the universal grant, hereby 𝑐𝑣 > 0. Given
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𝑈𝑡 (ℎ) increases in ℎ, for 𝑈 𝐼
𝑡,𝑙 (ℎ) = 𝑈 𝐼

𝑡,𝑢 ((1 − 𝑐𝑣)ℎ) to hold, given the
onsumer is better off in universal grant, 1 − 𝑐𝑣 < 1 or 𝑐𝑣 > 0.33

The welfare gain when moving from laissez-faire to the universal
rant in column 2 of Table 2 is derived by taking the differences
etween Eqs. (40) and (41) for Stage I (𝑈 𝐼

𝑡,𝑢 − 𝑈 𝐼
𝑡,𝑙), between Eqs. (44)

nd (45) for Stage II (𝑈 𝐼𝐼
𝑡,𝑢 − 𝑈 𝐼𝐼

𝑡,𝑙 ), and between Eqs. (49) and (50) for
tage III (𝑈 𝐼𝐼𝐼

𝑡,𝑢 − 𝑈 𝐼𝐼𝐼
𝑡,𝑙 ). Moreover, for Stage IV, aggregate welfare is

imilar for laissez-faire and the universal grant (𝑈 𝐼𝑉
𝑡,𝑢 = 𝑈 𝐼𝑉

𝑡,𝑙 ); thus, the
ifference is zero.

The welfare gain when moving from the universal grant to the
cholarship grant, column 2 of Table 3, using the first approach, is
erived as follows. For Stage I, aggregate welfare is similar for both
he universal and scholarship grants as shown in Eq. (41) (𝑈 𝐼

𝑡,𝑠 = 𝑈 𝐼
𝑡,𝑢);

hus, the difference is zero. For Stage II, take the difference between
qs. (45) and (46) (𝑈 𝐼𝐼

𝑡,𝑠 −𝑈
𝐼𝐼
𝑡,𝑢 ); for Stage III, take the difference between

qs. (50) and (51) (𝑈 𝐼𝐼𝐼
𝑡,𝑠 − 𝑈 𝐼𝐼𝐼

𝑡,𝑢 ); and finally, for Stage IV, take the
ifference between Eqs. (54) and (55) (𝑈 𝐼𝑉

𝑡,𝑠 − 𝑈 𝐼𝑉
𝑡,𝑢 ).

ppendix F. Gross enrollment ratio in tertiary education

Tables 11 and 12 show the number of individuals enrolled in ter-
iary education as a percentage of the total population of the five-year
ge group following on from leaving secondary school.34
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