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Essays on the Provision of HE, Student Loans and Second 

Chance Policies 

Author: Jiaqi Jiang 

Abstract 

In many countries including the UK, the higher education (HE) sector is increasingly being 

funded by student loans while the level and methods of funding HE continues to be a hotly 

debated political topic. This thesis includes four theoretical papers on the provision of HE, 

student loans and Second Chance policies and is divided into two parts. 

 

There is evidence of improved labour market performance for mature university students 

who completed HE and for workers who succeeded in the labour retraining program. It could 

be beneficial for the government to provide a second chance at HE to those who failed their 

first chance at HE and to provide a labour retraining program to those who suffered 

downward labour mobility. The first part explores how to design a student loan system that 

takes into account foreseeable potential HE and labour market failures by extending the 

model of Gary-Bobo and Trannoy (2015). Chapter 3 investigates how to optimally provide a 

HE system that offers a second chance to all failed students and analyses the impact of such 

an optimally provided second chance on inequality. We found the second chance policy 

increases the degree of ex-ante inequality and causes the students who failed twice in HE to 

be worse off than everyone when old. Chapter 4 investigates how to optimally provide HE 

with a labour retraining program and the effect of this program on inequality. Although the 
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labour retraining program has increased the degree of ex-ante inequality we found the degree 

of ex-post inequality can be decreased but only when the government knows who needs 

retraining. Our results suggest that if the government wants to use a labour retraining 

program to reduce inequality, it needs to improve its ability to correctly identify which 

workers are at risk of downward mobility. Our results in both chapters also support the 

findings in the related literature on the usefulness of ICL schemes to fund HE and suggest that 

the government cannot charge a separate ordinary loan for using these Second Chance 

policies. 

 

Part 2 focuses on the political economy of HE, a relatively underexplored field. Chapter 5  

investigates the effect of the design of the constitution on the level of HE spending and 

income inequality between the presidential and parliamentary regimes by modifying the 

model of Persson, Roland and Tabellini (2000). We show the way the level of HE spending is 

determined in the two regimes is fundamentally different because the identity of the residual 

claimant of tax revenue is different and this presents a mechanism on how the constitution 

of the presidential regimes itself leads to a higher level of income inequality compared to the 

parliamentary regimes. In the UK and the US, the rising tuition fees and the building up of 

student loan debt have caused concern over its potential default. Chapter 6 examines 

whether a government could be motivated to increase the level of student loans and tuition 

fees when facing political uncertainty and a polarised society in theory by modifying the 

model of Persson and Svensson (1989). Our results agree with the insights in the related 

literature on the incentives to use public investment to influence the decision of the future 

government but we do not predict the incumbent government must increase or decrease the 

level of investment under uncertain re-election prospects.  
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Chapter 1: Introduction 

1.1 Introduction 

In many countries including the UK, the higher education (HE) sector is increasingly funded by 

the university students themselves in the form of student loans. Although the concept of 

student loans to finance HE is not new, the issue of the optimal design of student loans has 

not been resolved yet. There is also a lack of papers examining the political economy 

dimension of the provision of HE and student loans. This thesis aims to explore the optimal 

provision of HE combined with Second Chance policies and examine the impact of the design 

of the constitution, political uncertainty and polarisation on the provision of HE and student 

loans.  

 

An income-contingent loan (ICL) is a loan in which the repayment is dependent on the income 

of the borrower. If the HE sector is funded by mortgage-style loans, there will be an under-

provision of these loans by private lenders because if the graduate defaults on the loan, there 

is no collateral to be sold and the graduate cannot sell part of the investment to refinance his 

HE. Friedman and Kuznets (1945) and Friedman (1955) recognized these capital market 

failures and proposed a possible solution with the graduates using their human capital as 

equity to finance HE which could be achieved using an ICL. In the more recent theoretical 

studies of ICL, papers compare the different possible funding schemes of HE, including ICL, 

and explore the welfare under different schemes (Del Rey and Racionero, 2010; Garcia-

Penalosa and Wälde, 2000). There are also papers using the optimal taxation models with 
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endogenous human capital to study the optimal design of student loans (Findeisen and Sachs, 

2016; Gary-Bobo and Trannoy, 2015; Stantecheva, 2017).  

 

Although the workers who graduated from university enjoy a higher level of income 

compared to the non-graduates on average, for the individual university students, the higher 

income is not guaranteed as they face potential HE and labour market failures in the future. 

HE failure meant the student failed to successfully graduate from the university. Labour 

market failures meant the worker experienced a reduction in income due to being displaced 

which could happen because of the pressure from international trade and technological 

changes. Various empirical studies have found that the benefits of completing HE also exist 

for mature students (>25 years old) and that the labour retraining programs are effective in 

providing long-term help to displaced workers (Kim and Baker, 2015; Kruppe and Lang, 2018). 

These empirical results suggest it would be beneficial for the government to provide a second 

chance at HE to those students who have previously failed their first chance at HE and to 

provide a labour retraining program to those displaced workers who were previously earning 

a relatively high level of income. Despite this evidence, to our knowledge, there are no 

theoretical papers on financing HE that explicitly include a second chance for failed students 

or a labour retraining program for those who experienced downward labour mobility.  

 

There will be two theoretical papers to fill in this literature gap. The models in the two papers 

will be based on Gary-Bobo and Trannoy (2015). Gary-Bobo and Trannoy (2015) is chosen 

because it is the only theoretical paper on the optimal provision of student loans that includes 

both adverse selection caused by private abilities and moral hazard with unobservable 

learning effort. Our first paper will examine the way to optimally provide the HE with a 
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government-provided second chance and the effect of this second chance policy. Our first 

paper addresses the following two questions: “How do we optimally provide a HE system that 

offers a second chance to all failed students?” and “What is the impact of such an optimally 

provided second chance on inequality and insurance?” Our second paper will examine the 

way to optimally provide the HE with the labour retraining program given to those at risk of 

downward mobility and the effect of the labour retraining. Our second paper aims to answer 

the following research questions: “How do we optimally provide HE with a labour retraining 

program?” and “What is the impact of this optimally provided labour retraining programme 

on inequality and insurance?” Our first two papers go beyond a simple student loan model to 

explore how to design a student loan system that considers foreseeable potential HE and 

labour market failures. Furthermore, the empirical papers on the effect of completing HE on 

mature students and the effect of completing the labour retraining program only measure 

the effect on those who directly experienced them. Our first two papers provide theoretical 

predictions on the effect of Second Chance policies when they are optimally provided on the 

wider economy including the workers who do not need them.  

 

In addition to the optimal provision of HE, we also analyse the problems related to the political 

decisions on HE and student loans. Many economics papers on the political decisions of the 

provision of HE often involve the unrealistic assumptions of a benevolent government and 

direct democracy (Del Rey and Racionero, 2012; Del Rey and Racionero, 2014). A few 

empirical papers have measured the effect of various political factors on HE spending, for 

example on the impact of interest groups and the budgetary power of the governor on the 

government support of HE, but the results are not based on economic models. Furthermore, 

there are also no attempts in the literature to model the government's decision on HE funding 
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in a regime of student loans that takes into account the issue of the political economy of 

student debt.  

 

We will use two papers focusing on the political economy dimension of the provision of HE 

and student loans to fill in these significant literature gaps and answer some of the most hotly 

debated problems related to the funding of HE using methods from political economy. Our 

third paper explores how the differences in the constitution between the presidential and 

parliamentary regimes affect the government's decision on HE spending. We model the 

differences between the constitutions of presidential and parliamentary regimes based on 

the sequence of events of the legislative bargaining game of the two regimes in Persson, 

Roland and Tabellini (2000). The constitution of the presidential regimes is characterized by 

more separation of powers and less legislative cohesion than the constitution of the 

parliamentary regimes and it affects the policy choices. We provide a modelling framework 

for HE spending to demonstrate the different decision-making processes for HE in the two 

regimes. Because HE spending increases the income of the beneficiary, we also analyse how 

the constitution of the presidential regime may result in a higher level of inequality than the 

parliamentary regime. This contributes to the literature examining the potential reasons for 

the difference in the within-nation income inequality between different countries. In our third 

paper we answer the following questions: “Do the different political systems such as 

presidential and parliamentary regimes differ in the level of HE spending?” and “Does a 

presidential regime lead to a higher degree of inequality compared to a parliamentary 

regime?” In the UK and the USA, the level of tuition fees and student loan debt have been 

steadily increasing over time and some US papers have examined the factors causing this 

increase (Belfield, 2013; Goodell, 2016). A common factor found in these papers is that 
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attending for-profit colleges will lead to a significantly higher average level of debt after 

graduation. Our fourth paper examines the incentives facing an incumbent government on 

the decision of the student loan levels when facing political uncertainty and a polarised 

society with the model based on Persson and Svensson (1989). The incumbent government 

may increase the level of student loans even if its voters do not engage in HE. In our fourth 

paper, we explore the question: “Why would an incumbent government increase spending 

on HE and student loan levels when its voters are not directly benefitting from HE?” We 

contribute to the literature examining the rise in tuition fees and debt levels by presenting an 

additional potential factor to explain the increase that has not been studied before.  

 

1.2 Organisation of the thesis 

The thesis is composed of Chapter 2 detailing and reviewing the related literature and the 

research gaps the thesis intends to address while Chapters 3 to 6 are four theoretical papers 

to address the research questions on HE, student loans and Second Chance policies. 

 

Chapter 2 will first define the concepts used in the thesis, including the definition of HE, 

student loans, mature students, political regimes, political uncertainty and polarisation as 

well as the differences between the Second Chance policies used in Chapter 3 and Chapter 4. 

We then survey the related empirical and theoretical literature for the four papers, the 

respective literature gaps and the contribution each paper made. We also focus on the three 

key theoretical papers that the thesis is based on: Gary-Bobo and Trannoy (2015), Persson, 

Roland and Tabellini (2000) and Persson and Svensson (1989). 
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Chapter 3 presents our first paper which investigates how to optimally provide a HE system 

that offers a second chance to all failed students and primarily analyses the impact of such an 

optimally provided second chance on inequality. We extend the model of Gary-Bobo and 

Trannoy (2015) by adding a second chance at HE to all failed students and comparing the 

degree of ex-ante inequality to the “equal treatment” second-best optimum found in Gary-

Bobo and Trannoy (2015). We examine the optimal repayment schedules and the relations 

between different utilities in the second-best optimum. Our results agree with other papers 

on the necessity of the ICL to implement the second-best optimum. Furthermore, we found 

the introduction of a second chance has increased the degree of ex-ante inequality. 

 

Chapter 4 presents our second paper which investigates how to optimally provide HE with a 

labour retraining program and primarily analyses the effect of this retraining program on 

inequality. We extend the model in Gary-Bobo and Trannoy (2015) by adding the possibility 

of experiencing downward labour mobility after succeeding in HE and a labour retraining 

program to help those at risk to maintain their earning levels. The degree of inequality is also 

compared to the results found in the “equal treatment” second-best optimum of Gary-Bobo 

and Trannoy (2015). Similar to our first paper, our results show that the ICL is needed to 

implement the second-best optimum. We also found the introduction of labour retraining has 

increased the degree of ex-ante inequality. Importantly, the government’s ability to identify 

which workers are at risk of downward mobility is important for the effect of the retraining 

program on ex-post inequality. Ex-post inequality can only be reduced when the government 

can identify who needs retraining.  
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Chapter 5 presents our third paper which investigates whether the design of a country’s 

constitution would affect its level of HE spending and the level of income inequality. Persson, 

Roland and Tabellini (2000) created the separation of powers by separating the voting of the 

tax and spending proposals, each made by a different agenda setter and created legislative 

cohesion by giving veto rights to the coalition’s junior partner which gave this junior partner 

and her voters more bargaining power and induces legislative cohesion. We use an infinite 

horizon model based on Persson, Roland and Tabellini (2000). We modified the original model 

by assuming one group requires income-increasing HE spending instead of a direct transfer 

and allowing the tax rates on different groups’ income to differ as long as the tax revenue 

from each group is equal to each other. Our most important result is to show the different 

ways HE spending is determined in the presidential and parliamentary regimes. Additionally, 

we show the parliamentary regime generally provides more public goods and results in more 

political rents than the presidential regime but in certain cases the opposite is true.  

 

Chapter 6 presents our fourth paper which examines whether an incumbent government 

could in theory be motivated to increase the level of student loans and tuition fees when 

facing political uncertainty and a polarised society. We modify the model of Persson and 

Svensson (1989) which examined a similar question about public borrowing by adding a 

student loan level decision representing an investment into funding HE. We assume the 

country’s HE is completely funded by government-sanctioned student loans. Similar to the 

insights of other theoretical papers analysing the incentives on public investment, our results 

show that the incumbent government is incentivised to use student loans level to influence 

the decisions of the future government to be closer to its preferred policies when the 

incumbent’s government re-election prospect decreases. However, we do not predict the 



 8 

incumbent government must increase or decrease the level of investment when facing 

uncertain re-election prospects. Furthermore, our computational results support our 

theoretical analysis in indicating that the incumbent government will change the level of 

student loans in response to shifts in its re-election prospects. 

 

Chapter 7 concluded the thesis with a summary of results, a discussion on the contributions 

and limitations of the thesis and directions for future research.  
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Chapter 2: Background and Literature Review 

2.1 Introduction 

The thesis will include four theoretical papers on the provisions of higher education (HE), 

student loans and Second Chance policies. It is divided into two main parts. The first part, 

including Chapter 3 and Chapter 4, focuses on the optimal design of student loans by 

combining Second Chance policies with HE. It builds on the literature analysing the optimal 

design of student loans, especially on Gary-Bobo and Trannoy (2015) and explores how to 

design a student loan system that takes into account foreseeable potential HE and labour 

market failures. The second part, including Chapter 5 and Chapter 6, will analyse the political 

economy dimension of HE spending and student loan problems. It will mainly draw from 

Persson, Roland and Tabellini (2000) and Persson and Svensson (1989).  We will analyse the 

effect of the design of the constitution, political uncertainty and polarisation on the level of 

HE spending and student loans using methods from the political economy. In this chapter, we 

will review the empirical and theoretical literature background as well as the key papers for 

each subsequent chapter. Moreover, we will examine the literature gaps they filled.  

 

The structure of this literature review will be as follows. Section 2.2 will define the 

fundamental concepts used in the thesis. Section 2.3 presents the literature review for 

Chapter 3 and Chapter 4 and includes one section on stylized facts about the benefits of 

Second Chance policies and another section exploring the related theoretical field of study of 

funding HE using student loans. Section 2.4 offers the literature review for Chapter 5. It 

includes a detailed description of the studies on which Chapter 5 is based and highlights the 
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literature gaps that it fills. Section 2.5 contains the literature review for Chapter 6. It also 

includes stylized facts on the growth of student loan debt and explains how Chapter 6 

contributes to this literature.  

 

2.2 Definitions of Main Concepts 
 

For the definition of HE, we refer to the UK experience. In the UK HE is distinct from further 

education (FE). The HE is taught in universities with Undergraduate and Postgraduate level 

courses while FE refers to any study after secondary education that is not HE. FE is provided 

in FE colleges and it is at a lower level than HE. However, this distinction between different 

education systems is ignored in the theoretical literature on student loans, especially within 

the optimal taxation literature with endogenous human capital. In these papers, the content 

of education is not relevant in designing the optimal student loan, it is the effect of education 

on labour market outcome that’s important. The only difference between HE and FE could be 

a difference in the level of human capital investment. In Gary-Bobo and Trannoy (2015) and 

my model, the quality of education has two different levels. The higher quality could be seen 

as HE while the lower quality could be seen as FE. This difference is not relevant to the real-

life difference in definition between HE and FE and they only differ in their effect on students’ 

labour market outcomes.  

 

The student loans in this thesis are defined as government-provided loans for students to 

fund a specific education program. In the UK, student loans are provided by the Student Loans 

Company, a non-profit government-owned organisation. The key type of student loan in 

question is the income-contingent loan (ICL), these are loans that the students only repay 
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once their income is above a certain threshold. In my models in Chapters 3 and 4, the student 

loans are offered by the government which cover the cost of HE and the Second Chance 

policies. The students will repay these loans once they are in the labour market. The levels of 

repayment are dependent on the quality of education, the current earnings and potentially 

on the past earnings as well. 

 

The second chance explored in Chapter 3 refers to policies that support adult HE and is 

defined as a measure implemented in adult HE that grants students who did not succeed in 

their first attempt at HE the opportunity to enrol again and complete their studies. Chapter 4 

deals with a general labour retraining program that is provided to all workers in danger of 

downward labour mobility. Labour retraining programs could be seen as having another 

chance in the labour market. Together they make up the two Second Chance policies I 

analysed in the thesis.  

 

For mature students, UCAS defines them as anyone going to university or college after a 

period of time out of full-time education. The mature students are by definition the ones 

receiving adult HE. In much of the empirical literature that estimates the benefit of providing 

HE to adult learners, these adult learners are any students who are over 25 years old (Bennett, 

Blundell and Salvanes, 2020; Caruth, 2014; Mason, 2020). In other studies, adult learners are 

not specifically defined but are just referred to as students older than typical university 

students. Like in Carnoy et al. (2012), the data pool for adult learners is a group of older 

students with an average age of 32. In Chapter 3’s model, this exact age for defining a mature 

student is not important. To capture the fact that the students are older, the second chance 
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policy is modelled so that it is given after the students have spent time working in the labour 

market.  

 

In terms of definitions of political regimes, we refer to Persson and Tabellini (2003). A regime 

is classified as presidential if the government's survival is not subject to a confidence 

procedure. If the existence of the government is subject to a confidence procedure, then the 

regime is classified as parliamentary. In a regime where both the president and the legislative 

assembly have some control over the appointment and/or dismissal of the executive, if this 

control primarily rests with the president, such a regime would be classified as presidential. 

 

In Chapter 6, the term “political uncertainty” simply means that the incumbent government 

is uncertain of its re-election. The term “polarisation” refers to the difference in preferences 

for optimal policies’ levels between voter groups that are represented by partisan politicians.  

 

2.3 Literature Review for Chapters 3 and 4 

In section 2.3.1 below, we provide the motivation for the first part of this thesis. I will outline 

the current student loan system in the UK and current government support for Second Chance 

policies. Then we will draw from the papers highlighting the benefits to the individual and 

labour market of the labour retraining programs and of HE (and high school education) for 

mature students. Table 2.1 gives a general overview of some of the empirical papers that 

found them to be beneficial.  
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Section 2.3.2 gives an overview of the literature on funding HE with student loans. We 

especially present papers that use optimal taxation modelling with endogenous human 

capital to study the optimal design of student loans. Then we focus on how Gary-Bobo and 

Trannoy (2015) differs from the existing literature and how Chapters 3 and 4 will extend the 

model of Gary-Bobo and Trannoy (2015). Table 2.2 gives an overall view of the differences 

and findings of the most relevant theoretical papers in Chapters 3 and 4. In section 2.3.3 the 

contributions to the literature of Chapters 3 and 4 are highlighted. 

 

Table 2.1: Results of the Benefits of Adult HE and Labour Retraining Summarised 

Paper Topic 
Examined 

Questions of the 
Paper Data Used Main Findings 

Bennett, 
Blundell and 

Salvanes (2020) 

Adult High 
School 

Education 

What is the 
impact of 

completing high 
school as an 

adult? 

Adults over 25 
years old that 

were high 
school dropouts. 

Completing high 
school later in life 
also led to higher 

earnings and a 
higher probability 
of employment. 

Carnoy et al. 
(2012) Adult HE 

What is the 
impact of online 

HE on adult 
learners? 

Students with 
an average age 
of 32 attended 

the Open 
University of 

Catalonia. 

Some 
programmes 

increased 
earnings but 

some did not. 

Desjardins and 
Lee (2016) Adult HE 

Is the benefit of 
completing HE 

as an adult 
lower than 

completing it as 
a younger 
student? 

Data set of 
OECD Survey of 

Adult Skills 
which includes 
adult learners 
between 25 to 

65 years old 
from 23 

countries. 

There is no 
evidence that 

completing HE at 
an older age is 

less 
advantageous 

than completing 
them at a 

younger age. 

Dorsett, Lui and 
Weale (2010) Adult HE 

Are there any 
benefits of 

lifelong 
learning? 

Data on men 
aged 25 to 60 

from the British 
Household 

Panel Survey 
from 1991 to 

2007. 

Upgrading to 
Level 4 

qualifications 
beyond 

conventional age 
resulted in higher 

earnings. 
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Kim and Baker 
(2015) Adult HE 

What is the 
impact of 

graduating from 
a two-year 

college? 

Workers aged 
25 to 55 from 
the National 
Longitudinal 

Survey of Youth 
79. 

Acquiring a two-
year college 

degree led to a 
4.2% increase in 

hourly wage 

Bailey, Chapain 
and de Ruyter 

(2012) 

Labour 
retraining 

What is the 
impact of a job 

loss on the 
employment 

trajectory of ex-
workers? 

Ex-workers of an 
MG-Rover plant 

in the city of 
Birmingham. 

Strong retraining 
initiatives have 

brought 
disadvantaged 

workers who are 
older and less 
skilled back to 
employment. 

Kruppe and Lang 
(2018) 

Labour 
retraining 

Is the German 
labour retraining 
policy effective? 

Data includes all 
participants of 

Germany's 
labour 

retraining 
program from 
2004 to 2007. 

Retraining on 
average has 

strongly 
improved the 
employment 

prospects of the 
participants. 

Dyke et al. 
(2006) 

Labour 
retraining 

What is the 
employment 
effect of the 

welfare-to-work 
program in the 

US? 

The welfare 
recipients in 
Missouri and 

North Carolina. 

The more 
intensive 

program that 
improved human 
capital resulted in 
long-run earning 

gains. 

Sianesi (2008) Labour 
retraining 

Do different 
active labour 

market policies 
differ in their 

effectiveness? 

Data set of 
Händel and 

Akstat which 
includes labour 

market 
information of 
unemployed in 

Sweden. 

Labour training 
programs are 

most effective in 
helping 

unemployed 
workers when 
they provide 

work experience 
and on-the-job 

training. 
 

 
2.3.1   Motivation for Chapters 3 and 4 

The policy focus of Chapters 3 and 4 is about student loans, provision of HE to mature students 

and labour retraining programs. The first income-contingent loans (ICL) for students were 
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implemented by the Australian government in 1989 by the Higher Education Contribution 

Scheme (HECS). In England, the public universities charged no tuition fees before 1998 and 

offered maintenance loans. After 1998 upfront tuition fees of up to £1,000 were introduced. 

A mortgage-style repayment system was replaced by an income-contingent repayment 

system. Throughout the years many reforms were made to England HE finance with a shift 

towards higher tuition fees and an increase in the amount available for ICL. The most famous 

change was perhaps the tripling of the tuition fee to £9,000 per year in 2012. The history of 

the UK HE student finance can be found in many of the papers assessing the impact of UK HE 

reforms, for example Murphy, Scott-Clayton and Wyness (2018).  

    

The UK government also implements policies to support mature students and vocational 

training programmes although in a more limited way (UK Government, 2022a). The 

government currently does not seem to offer a “second chance” at completing HE for 

students who desire and are capable of undertaking HE studies but who for some reason have 

failed.  However, the government does provide policies that encourage the employees to give 

a “second chance” with apprenticeship training by paying up to 95% of the cost up to the 

funding band maximum to the training provider. The employment allowance also encourages 

small employers to hire more workers by reducing eligible employers’ national insurance 

liability by up to £5,000, so students without qualifications will have a higher chance of being 

employed. The government also provides Advanced Learner Loans for courses of levels 3 to 6 

qualifications at an approved college or training provider and it is income contingent (UK 

Government, 2022b). Despite the lower level of attention, the government is paying more 

attention to support for older students compared to the fall in spending by 35% between 

2009-2010 and 2019-2020.  A recent White Paper from the Department of Education includes 
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a plan to increase and reform funding for programs taken by more mature students (see 

Sibieta, Tahir and Waltmann (2021) for a summary). One planned policy is to increase funding 

for mature students through a National Skills Fund which includes entitlements for three fully 

funded selected level 3 qualifications for adults who are earning below the National Living 

Wage. 

    

HE has important consequences for the labour market outcomes throughout a worker’s life. 

The benefits of HE on a worker’s income are widely documented. The UK Department of 

Education (2020) reported that graduates have a higher employment rate (86.4%) compared 

to non-graduates (71.3%), as well as an extra £9,500 median salary premium over the non-

graduates. Many papers estimate a positive labour market outcome for achieving a HE degree 

(Baum, Ma and Payea, 2010; Baum, Ma and Payea, 2013; Ma, Pender and Welch, 2016).  

    

Interestingly, although many papers measure the benefits of HE, the benefits of obtaining HE 

for older students are not given much attention as reported by Bennett, Blundell and Salvanes 

(2020), Carnoy et al. (2012) and Caruth (2014). Donaldson and Townsend (2007) found that 

only around 1-2% of published papers in their seven selected HE journals published between 

1990 and 2003 deal mainly with adult learners. Caruth (2014) argued that national policies 

are biased toward youth HE and universities are not designed for adult learners. Mason (2020) 

found the UK government’s support for prospective adult learners over 25 years old to be 

weak and Desjardins and Lee (2016) found that adult learners are viewed as causing 

inefficiency in the HE systems. 
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In the empirical papers that do deal specifically with mature university students, they all find 

completing HE is beneficial for older graduates in the form of a higher probability of 

employment and wage level (Desjardins and Lee, 2016; Dorset, Lui and Weale, 2010; Kim and 

Baker, 2015). Completing high school late in life could also bring benefits. Bennett, Blundell 

and Salvanes (2020) measured the impact in Norway of lowering the opportunity cost of 

attending high school on previous high school dropouts. The late high school graduates' 

labour market prospects were improved. Given these benefits, it is not surprising to come 

across recommendations for easing access to education for adults, especially by offering 

financial support (Kim and Baker, 2015; Mason, 2020). Orr and Hovdhaugen (2014) compared 

the approaches taken by Sweden, Norway and Germany on widening access to HE by 

removing academic success at secondary school as the determining factor for entering HE. 

One of the aims of these policies is to allow older people to re-enter HE to update their skills 

as the population ages. Furthermore, these results indicate the potential labour market 

benefits of a government policy that gives another chance to workers to complete their HE 

program if they failed before.  

    

Labour retraining aims to provide long-term help for displaced workers. There are different 

reasons for a worker in a developed country with a decent job to be displaced, e.g. 

technological changes including automation or competition from developing countries (Utar, 

2018). These two factors often affect the manufacturing sector disproportionately. There 

have been many empirical papers that have estimated the scale of the displacement problem 

(Couch and Placzek, 2010). Autor, Dorn and Hansen (2013) assessed the impact of Chinese 

import competition on the US labour market and found it to result in not only lower wages 

and employment but also lower labour force participation and increased benefits usage. 
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However, the size of these negative effects is not without disagreement. Rothwell (2017) 

reassessed the impact and although agreed with the lower wage rate in the highly exposed 

manufacturing sector and its contribution to rising inequality, he didn’t find the other 

negative effects measured in Autor, Dorn and Hansen (2013) which they attributed to being 

instead caused by a period of general poor macroeconomic performance. Acemoglu and 

Restrepo (2020) found the negative impact of implementing robots is concentrated on low 

and medium-skill occupations with one extra robot for 6 fewer workers. Nedelkoska and 

Quintini (2018) found 14% of jobs in the OECD to be highly automatable with the jobs in the 

manufacturing and agriculture sectors, characterised by a low level of education, being most  

at risk. These papers although all dealt with different topics, all similarly pointed out the fact 

that due to various factors, in developed countries workers that previously earned a decent 

level of income are facing a higher probability of unemployment and/or have lower income 

than before.  

    

For the empirical papers that estimated the benefits of the various retraining programs in 

different countries. Bailey, Chapain and de Ruyter (2012) measured the effectiveness of a 

retraining policy response to a factory shutdown on workers' subsequent labour market 

experience. In combination with other factors, the retraining initiative was effective in 

bringing displaced workers back to employment although for lower wages. Kruppe and Lang 

(2018) analysed the impact of retraining in Germany and found a larger benefit for female 

participants and differences in effects between occupation choices. Jacobson, LaLonde and 

Sullivan (2005) found retraining to be a good investment as unemployment insurance cannot 

provide displaced workers with long-term help. For US studies, both Hotz, Imbens and 

Klermans (2006) and Dyke et al. (2006) have found that the more intensive retraining 
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programs can have long-term benefits by increasing participant’s human capital and these 

are more effective than the less intensive programs such as job search assistance. Sianesi 

(2008) evaluated the effectiveness of the various active labour market policies in Sweden in 

improving the employment probabilities of the unemployed. It found that a training program 

is more effective when it is more similar to actual employment and gives workplace 

experience to participants. For retraining workers, the results are more mixed in comparison 

to the results from completing HE degrees as adults. After retraining, the workers can return 

to the labour market but their earnings are not certain to be higher than their pre-displaced 

level and some retraining programmes are not as effective as others.  

    

Many papers suggest either increasing spending on government retraining programmes or 

subsidising private firms' retraining. Vocational training has been suggested to deal with 

technological change such as automation that is making predominantly low-skill workers 

obsolete. (Gvaramadze, 2010; Manyika et al., 2017). Lerman, Loprest and Kuehn (2020) 

suggested ways to improve the labour retraining programme in the US by making it more 

straightforward and labour market focused to fix the skill mismatch between college 

graduates and employers. More recently because of Covid-19, the UK government intervened 

and used the Job Retention Scheme to avoid large-scale redundancies. Mayhew and Anand 

(2020) commented on the effectiveness and the problems associated with this policy and 

along with Li, Valero and Ventura (2020) suggested increasing funding for job-related training 

to deal with the Covid-19 labour market fallout which disproportionately affected young 

people. 
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The main difference between adult HE and labour retraining seems to be that labour 

retraining is specifically aimed to mitigate the problem of downward labour mobility while 

adult HE is just regular HE but specifically aimed at mature students. The UK currently uses 

income-contingent repayment for HE which offers important labour benefits but there is less 

support available for mature students who failed HE as well as for labour retraining programs. 

However, research has shown or at least indicated that the Second Chance policies are 

effective in improving the labour market outcomes of the participants. In many countries 

including the UK, HE is funded by student loans. Since the Second Chance policies are offered 

to older members of the economy who may or may not succeed in HE when they are younger, 

current students could reasonably expect the possibility of needing these policies when they 

are older. Given the benefits of these Second Chance policies, it is important to analyse the 

optimal design of current student loans that incorporate these Second Chance policies.  

    

Furthermore, the various empirical papers naturally only estimated (or for the second chance 

at HE, only indicated) the impact of these Second Chance policies on those who directly 

experienced them. There is a gap in the literature on how these policies will affect others in 

the economy that doesn’t need them for various reasons. Therefore Chapters 3 and 4 provide 

additional theoretical predictions on the effect of these optimally provided policies on the 

wider economy, which includes the workers that don’t need them. 

 

2.3.2   Related Theoretical Studies 

In many countries, the HE is increasingly being funded by student loans. Many of these 

student loans differ from ordinary loans in that they are ICL. As a result, many papers that 

studied the method of funding HE at least include an analysis of the ICL. ICL is not a new idea 
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in theory. Many papers have proposed ICL for funding HE and discussed its advantages and/or 

disadvantages. One of the reasons that the student loan market suffers from market failures 

is due to the riskiness of education investment as well as the nature of human capital itself. 

Friedman and Kuznets (1945) is perhaps the earliest paper that proposed ICL to solve these 

market failures. ICL is then restated and refined in Friedman (1955). ICL is proposed for 

vocational education instead of a mortgage-like loan because for lenders the students have 

no security but their future income unlike in capital investment with physical collateral and 

the high risk of failure led to underinvestment of human capital as lenders would provide 

insufficient capital for education. The risk is high since students may not successfully graduate 

and they could change their interest while the university may not provide the appropriate 

labour market skills. Friedman (1955) did not use ICL for income redistribution nor account 

for information asymmetry in the HE, but these aspects are introduced in later papers and 

importantly the idea of ICL will always be related to investment in one’s human capital.  

 

Shell et al. (1968) analysed the feasibility and desirability of an ICL proposal. The advantage 

of ICL is again recognized as a potential tool to improve the imperfect capital market for HE 

and repayment could be coordinated with a government income tax which in theory could 

make long-term collection feasible and relatively costless. Nerlove (1975) commented on the 

ICL proposal made by Friedman (1955) and discussed potential reasons for modifications. The 

concerns for the operation of an ICL at the time were the political and social resistance to 

such an idea and a lack of understanding of how individuals’ behaviour would be affected by 

these loans makes planning for these loans difficult. It commented on the failure of the Yale 

plan which is a risk-pooling ICL which suffers from adverse selection problems by encouraging 

higher-ability students to enrol in other universities. 
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The above papers examined ICL before ICL was widely used in student loans. Chapman (2014) 

gave a general background on the conceptual and empirical basis for ICL and its adoption 

history around the world. It summarised the theoretical argument for using ICL to finance HE 

developed from past papers over time, they include lack of collateral in human capital 

investment as well as the inherent risks in education and the labour market. An ICL for HE 

compared to a typical bank loan that is insensitive to the borrower’s financial situation, 

provides consumption smoothing and insurance against default. The borrower pays nothing 

when facing periods of low income and pays proportionally more in periods of high income. 

Chapman (2014) and Van Long (2019) also stated that the ICL should be provided by the 

government because the government has a superior ability to collect information about the 

income of its citizens through the income tax system. The use of ICL fits with the potential 

role of the government as a manager of risks and this concept has potential applications 

beyond student loans. Shireman (2017) also gave a history of ICL but is focused on the US. It 

pointed out that an ICL system is simply a way to tax the higher income resulting from HE in 

order to finance HE investment in the first place, so it is equivalent to a “graduate tax”. If 

more and more people partake in HE, or if everyone goes to the university as in a model, the 

graduate tax would just be a tax on higher income.  

 

Besides discussion on the potential benefits of introducing ICL to HE, many theoretical papers 

also dealt with this issue. These papers compare the different funding schemes for HE, to see 

which policy would achieve the largest welfare gain compared to the case without 

government intervention. 
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De Fraja (2002) found student support policy is justified and many other papers seek to find 

which policy instrument is the most justified without dealing with asymmetric information, 

for example, Migali (2012) used a calibrated model to examine how the degree of risk 

aversion and earning volatility would influence student’s preference on the HE funding 

method between mortgage-based loan or ICL. It found that ICL is preferred especially by 

students from poorer families and with greater earning volatility because it offered insurance 

benefits over mortgage-based repayment. Del Rey and Racionero (2010) analysed the 

insurance role and effect on HE participation by several HE funding schemes. The model was 

built on Garcia-Penalosa and Wälde (2000) and solely focused on efficiency. In this paper, a 

policy is optimal if it maximizes the output and found that the optimal policy should fully 

insure the lowest ability individual who should enrol in HE which achieves optimal 

participation level. The policy to achieve this is an ICL that covers both the financial costs of 

education and forgone earnings. However, this is only acceptable if individuals have the same 

probability of succeeding in education. If this probability is positively dependent on ability 

then the higher-ability student wants to opt out of such a scheme. Garcia-Penalosa and Wälde 

(2000) and Hanushek, Leung and Yilmaz (2014) on the other hand using different methods, 

found ICL to not be the best policy when other options are introduced. However, all these 

papers lacked some important attributes related to student loans, for example, some of them 

assume the government have the same information on student ability as students themselves, 

so there is no adverse selection, and some of them did not account for individual study effort 

so there is no moral hazard. Moreover, some assume students have the same abilities.   

 

Some student loan papers dealt explicitly with some aspects of asymmetric information. 

These papers examined a wide range of related issues using different methods. Cigno and 
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Luporini (2009) stated the problem of breaking even requires successful graduates to pay back 

more than a loan at a normal interest rate which causes students with the means to self-

finance to not participate. It focused on the moral hazard aspect of the HE which is individual 

study effort. The way the paper assessed policy is like optimal tax literature, instead of starting 

with different policies and comparing them according to some criterion, they maximize a 

social welfare function and investigate how to implement it. However, there is no adverse 

selection as the government is assumed to have the same information as students on their 

abilities. The result is implementable by a “scholarship scheme financed by graduate tax” 

which is an ICL without restrictions on setting the size of loan/tuition fees and interest rate. 

If there are, then ICL would be suboptimal as it excludes more than the optimal amount of 

high-ability students from credit-constrained families. In the UK, the adjustment of ICL policy 

saw a massive increase in tuition fees and maximum student loans as well as the eligibility of 

who could borrow them over a relatively short period.  

 

Del Rey (2012) focused on adverse selection to explore the scope for the government to 

produce an efficient scheme which guarantees student participation and does not rely on 

taxpayers or force students to participate in the programme. This question is also explored in 

Cigno and Luporini (2009) but theirs was from a moral hazard angle. The paper set up a set of 

risk-averse students with different innate abilities which affect their probabilities of success. 

The model’s equilibrium depends on the proportion between high- and low-ability individuals. 

The results show that if there are too many high-ability individuals the equilibrium does not 

exist without government coercion for a programme like ICL, the high-ability students do not 

want this much insurance and would opt out if possible. This finding highlights the similarity 

between the ICL programme and traditional insurance which high-ability students find it 
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beneficial to not be grouped with low-ability individuals. Consequently, ICL in real life is often 

provided by the government as a major or sole way to fund one’s HE. This finding which paints 

government ICL in a negative light in that it restricts choices is contrasted to Stiglitz (2016) 

that laid out the many problems in the private loan market for funding education and the 

many potential advantages of government-provided ICL.  

 

Chatterjee and Inonescu (2012) addressed the issue of the financial risk of attempting college 

and found it to be welfare-improving if loan forgiveness is offered to failed students. An ICL 

also offers insurance, but the loan is not immediately forgiven if students fail college. Both 

adverse selection and moral hazard are modelled but the paper differs from others by using 

quantitative analysis of US college statistics to model the optimal insurance to different ability 

groups given the modelled costs of moral hazard and adverse selection. In other papers, the 

student loan contract is designed to prevent moral hazard and/or adverse selection. Here 

loan forgiveness is found to be optimal despite it induces moral hazard and adverse selection.  

Matsuda and Mazur (2022) quantitatively evaluated the impact of ICL reform and found that 

ICL increases the welfare and the cost of moral hazard and adverse selection induced by the 

reform is mild. 

 

Overall, despite the differences in questions and the way the problem is treated, the student 

loan literature all showed that the standard mortgage-style loan is not suitable for student 

loans, confirming the theoretical benefits in earlier papers on financing HE by replacing 

mortgage-style loans with ICL. The above literature generally does not derive the optimal 

policy but considers and compares specific policy interventions in the education market. 

Chapters 3 and 4 is related to the literature that analyses the optimal student loans using 
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optimal taxation models with endogenous human capital. Optimal taxation is the study of 

how to design a tax system to maximize social welfare function subject to a set of constraints. 

Makris and Pavan (2021) studied the effect of learning by doing on the design of optimal 

taxation in which human capital accumulation is a side product of the labour supply process. 

In contrast, we focus on human capital accumulation through education. This design of the 

tax system could be translated into the design of student loans. 

 

The optimal taxation literature starting from Mirrlees (1971) typically assumes exogenous 

abilities between agents and does not consider an endogenous human capital investment. 

Some papers included endogenous human capital and jointly considered optimal taxation 

policy with human capital policy. In one approach the education system is financed by 

education subsidies. For example, Bovenberg and Jacob (2005) used a static model that 

studies optimal education subsidy with endogenous human capital formation in terms of 

redistributive concerns and finds optimal subsidy alleviates the distortion in human capital 

investment induced by the redistributive policy. Unlike in other papers, human capital 

accumulation had no risks involved. Benabou (2002) examined the impact of progressive 

income tax and education subsidies on income levels and distribution in a dynamic setting. 

For optimal government policy in the dynamic setting with the government cannot observe 

private abilities, Bohacek and Kapicka (2008) found positive education subsidy is an optimal 

policy since labour supply is distorted by positive marginal income tax which causes 

downward distortion to the level of schooling. This distortion is reduced by a positive 

education subsidy. Kapicka and Neira (2019) modelled a two-period life-cycle economy with 

partially observable human capital investment and found the optimal education subsidy is 

substantial (between 86 to 100% of the cost of education). 
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The other approach to financing the education system is by analysing the optimal repayment 

schedule. With ex-ante identical agents but unobservable human capital investments and 

productivity shocks, Anderberg (2009) considered the consequences on optimal education 

and tax policy when individuals make a human capital investment while facing future wage 

uncertainty due to shocks. It finds optimal education policy and tax policy depend on whether 

education increases or decreases the future wage risk, if it increases wage risks optimal policy 

should ensure that there is less education in equilibrium and if it decreases wage risk then 

optimal policy should ensure there is more education in equilibrium. Grochulski and Piskorski 

(2010) extended this analysis to include multiple working periods and found that optimal 

policy requires “deferred taxation of capital”. The marginal tax rate must be history-

dependent with high capital tax for those with low labour income to prevent high-skilled 

agents from pretending to be low-skilled agents later in life. Deferred capital tax is efficient 

since more information is revealed about an individual’s human capital investment. The 

optimal policy can be implemented by an income-contingent repayment scheme in which the 

repayment depends on shocks experienced throughout the working period. In both papers at 

optimum, the consumption is distorted towards current consumption.  

 

Conceptually the following three papers are closer to this thesis, compared to Anderberg 

(2009) and Grochulski and Piskorski (2010). They additionally include heterogeneity between 

agents, individuals with different innate abilities will be affected differently by education. In 

Findeisen and Sachs (2016), the wage is determined endogenously by an individual’s one-time 

binary education decision before entering the labour market. The result is that government-

provided ICL can implement the second-best Pareto efficient optimum. Extension to the one-
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time education decision is to include human capital investment in every period, this is done 

in Stantcheva (2017) and ICL is still found to be an optimal policy. Koeniger and Prat (2018) 

extended the literature by focusing on financial and human capital transmission from parents 

to children and studied the optimal taxation of intergenerational transfers in a model with 

altruistic dynasties. Again, the social optimum is implemented by ICL and education finance 

alone can achieve this optimum. The timing of human capital investment is also different, in 

other papers like Stantcheva (2017) human capital investment affects productivity “today” 

while in Koeniger and Prat (2018) the investment benefits the children in the next period. 

 

Gary-Bobo and Trannoy (2015) combined the theoretical student loan problem with an 

optimal income taxation problem that also included heterogeneity in innate abilities as well 

as uncertainty in the labour market. The student’s innate type affects the probability of 

success in education. The labour market type is affected by the quality of education but is not 

100% determined. The conclusion is still that optimal policy is based on ICL. 

 

The one area that is mostly absent from other research papers is moral hazard constraints on 

the educational decision, the students are assumed to undertake their education with a high 

level of effort and no effort cost needs to be satisfied. Therefore, the key departure/extension 

in Gary-Bobo and Trannoy (2015) is the inclusion of genuine moral hazard for study effort and 

is combined with unobserved ex-ante types. The human capital investment is completely 

unobservable. There aren’t many papers on student loans that include asymmetric 

information let alone consider both hidden action and hidden types. The ex-ante moral 

hazard is about the unobservable study effort which affects the study’s success. Information 

asymmetry is an important aspect of the HE loan market and given that it is unrealistic to 
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assume that study effort is perfectly observable or has no effect, I decided to follow and 

extend the model in Gary-Bobo and Trannoy (2015) which is less complicated than models 

with continuous types but capture more properties of the HE decisions. In Gary-Bobo and 

Trannoy (2015) a static model is used but the following aspects of HE investment are included: 

risky labour market outcomes, adverse selection, moral hazard and risk aversion. The three 

papers that were said to be conceptually close used more complicated dynamic models but 

didn’t include genuine moral hazard problems for education. Table 2.2 presents a synopsis 

table to show the differences between the most relevant papers on ICL in HE.  

 

Table 2.2: Papers of Optimal Taxation Model with Endogenous Human Capital 

Paper 
Number 
of Time 
Periods 

Moral 
Hazard 

in 
Learning 

Adverse 
Selection/Ex-

ante 
Differences 

Number of 
Individual 

Types 
Main Findings 

Anderberg 
(2009) 2 No No Singular 

Optimal tax/education 
policy is dependent on 

the riskiness of 
education. 

Grochulski 
and 

Piskorski 
(2010) 

Dynamic No No Singular 

Deferred taxation is 
necessary when the 

human capital 
investment has a risky 
impact on wages and is 

private information 
which is only revealed 

later by observing 
labour income history. 
This deferred taxation 

is very similar to an 
income-contingent 
repayment scheme. 

Findeisen 
and Sachs 

(2016) 
Dynamic No Yes Continuous 

The optimal repayment 
schedule for education 

investment could be 
approximated by a 
linear schedule that 
depends on income. 
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Stantcheva 
(2017) Dynamic No Yes Continuous 

Building on Findeisen 
and Sachs (2016), even 

when risky human 
capital investment 

occurs in every period 
along with other 

shocks, an ICL that is 
also conditioned on 

human capital 
investment can 
implement the 

optimum. 

Koeniger 
and Prat 
(2018) 

Dynamic 
with 

dynasties 
No Yes Continuous 

In a dynastic economy 
with endogenous 

human capital 
investment and 
transmission of 

financial and human 
capital from parents to 

children. The social 
optimum can be 

implemented using ICL 
alone. 

Gary-Bobo 
and 

Trannoy 
(2015) 

Static Yes Yes 2 

The optimal way of 
financing HE is by ICL or 

a graduate tax even 
with moral hazards in 
education efforts. The 

paper found the 
second-best optimum 

to exhibit “equal 
treatment”, the 

poststudy prework 
expected utility of 

different student types 
is equalized. 

 

 

2.3.3   Contributions of Chapters 3 and 4 
 
Studying the optimal policy for HE combined with another government programme has been 

done before in Paluszynski and Yu (2023) which examined the optimal design of student loans 

and retirement policies jointly. Despite the evidence of the benefits of HE for more mature 
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students, to our knowledge, there is no paper from the optimal taxation perspective or other 

theoretical studies on financing HE that explicitly includes the second chance education for 

adults into the optimal income taxation model with human capital, that also includes moral 

hazard problem for the education and labour market risk. Chapter 3 addresses the following 

two questions: 1. How do we optimally provide a HE system that offers a second chance to all 

failed students? 2. What is the impact of such an optimally provided second chance on 

inequality and insurance?  

 

In some of the dynamic models, agents can invest in human capital each period, but here the 

focus is solely on investment by those who failed HE initially. There is no paper explicitly 

exploring the effect on allocations if the government guarantees a second chance to those 

who have failed in their first HE opportunity, how that will affect an economy’s equity and 

how that will affect the design of student loans and income tax. By directly forming these 

problems, we believe it is much clearer to see their effects. Intuitively, the economy could be 

more equitable given that there are more opportunities for a student to ultimately succeed 

in HE and earn a higher wage. Therefore, the first paper of this thesis is to extend the model 

used in Gary-Bobo and Trannoy (2015) by adding another period for a second chance 

education for those who have failed their youth education in the first period and explore any 

insights into optimal policy designs. The modelling of this second chance education is based 

on a political economy paper by Arawatari and Ono (2009) that examined what are the factors 

that determine a nation’s voters’ choice of taxation policy when the poor have a second 

chance of success at a later period. Therefore, this paper could also be seen as how the 

government should optimally provide this second chance.  
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The second paper of the thesis is another extension of Gary-Bobo and Trannoy’s model by 

including a downward mobility risk for those who succeeded in their HE initially. Chapter 4’s 

research questions mirror Chapter 3: 1. How do we optimally provide HE with a labour 

retraining program? 2. What is the impact of this optimally provided labour retraining 

program on inequality and insurance?  

 

Similar to our first paper, there also haven’t been papers that combined downward mobility 

and labour retraining to student loans within optimal taxation literature with endogenous 

human capital. There is no paper explicitly exploring the effect of an optimally provided labour 

retraining program on an economy’s equity, we will fill in this literature gap by extending the 

model in Gary-Bobo and Trannoy (2015) and compare our results to it. As shown by stylised 

facts, this is another important part of the current economy which is about the people who 

felt their skills are made redundant by various factors that are outside their control and the 

benefits of government providing retraining opportunities for those who face this risk to 

update their skills. This downward mobility risk is modelled based on Arawatari and Ono 

(2015) and the retraining programme has its moral hazard constraints. The more talented 

agents are more likely to succeed initially but it also means they are subjected to more 

downward mobility risks. I want to examine the influence of this retraining programme on 

the model’s results. Furthermore, both papers would be further extended by relaxing the 

assumption that the government is assumed to be able to commit to its promises of future 

policies and examine time-consistent policies.  

 

2.4 Literature Review for Chapter 5 
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The previous surveyed literature so far is shedding light on what kind of education finance 

and tax policy the government should implement and not on what determined the level of 

support for HE and related policies by the government. Chapter 5 explores the potential 

difference in HE spending between presidential and parliamentary regimes. Section 2.4.1 

gives some examples of the theories that have been applied in the research of HE funding and 

identifies the weakness within both economics literature and empirical papers concerning the 

political analysis of HE funding. 

 

Data show presidential regimes are associated with a higher level of inequality than 

parliamentary regimes. Chapter 5 also examines whether the presidential regime itself is 

responsible for the higher level of inequality compared to the parliamentary regime. Section 

2.4.2 first examines the difference between presidential and parliamentary regimes and how 

they are modelled in the literature. We also identify the gaps in the existing literature and 

explain how our third paper will fill those gaps. In Table 2.3 we summarised some of the 

theoretical and empirical papers within the positive constitutional economics and their 

findings. Table 2.3 highlights the lack of theoretical analysis of the effect of different political 

systems on the degree of inequality within the nation. 

 
2.4.1   Literature Gap About the Political Determinants of the Level of HE Spending 

Various theories have been used in the research related to the funding of HE (Elbasir and 

Siddiqui, 2018; Zhang, Kang and Barnes, 2016). There are many issues concerning HE funding. 

The principal-agent theory is concerned with the degree of control the government (the 

principal) has over the public universities (the agent) through policies and regulations 

(Gornitzka et al., 2004; Kivistö, 2007; Liefner, 2003; McLendon, 2003; Sanginmvibool and 

https://www.tandfonline.com/author/Kivist%C3%B6%2C+Jussi
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Conglerttham, 2016). It is also used to analyse the adverse selection and moral hazard 

problem that exist between the government and the public university as the university may 

present false information to obtain funding or the public university pursue their private 

interest rather than accomplish the agreed goal set by the government (Kivistö, 2005; Kivistö, 

2008). The Research Assessment Exercise (RAE) used in the UK and the current Research 

Excellence Framework (REF) is the way the government screens the universities to provide 

information on the quality of different universities and to inform the allocation of funding for 

research (Thomas, 2001; UKRI, 2022) (UKRI stands for UK Research and Innovation). The 

resource dependence theory assumes that the essential aim of any organisation, like a 

university, is to survive by obtaining an uninterrupted flow of resources from the environment 

(Pfeffer and Salancik, 2003). It predicts the more an organisation is reliant on a particular 

supplier, the greater the impact that supplier has on the said organisation. Some papers 

applied the resource dependence theory to HE funding (Pilbeam, 2012; Santos, 2007), for 

example, the resource dependence theory is used by empirical papers as a guide to examine 

the effect of greater reliance on tuition fees on the share of expenditure on education by the 

university (Fowles, 2013; Kholmuminov, Kholmuminov and Wright, 2019). Sanford and 

Hunter (2011) also used the resource dependence theory to explain the limited effect of 

performance-based funding on universities, arguing that the size of the performance-based 

funding is too small to meaningfully influence the university’s behaviour. Despite the 

applications of various theories, to our best knowledge, there hasn’t been any paper that 

applies positive constitutional economics to analyse the funding of HE. 

 

This paper's main contribution is to examine whether political institutions have an impact on 

the level of support for HE in political economy. Existing papers have also analysed the 

https://www.tandfonline.com/author/Kivist%C3%B6%2C+Jussi
https://www.tandfonline.com/author/Kivist%C3%B6%2C+Jussi
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reasons for individuals' preferences/voting behaviour towards different policy options to 

finance HE. The voters differ in their ability to benefit from HE and/or their inherited wealth. 

Fernandez and Rogerson (1995) examined the level of HE subsidy chosen through majority 

voting by voters who differ in income and cannot borrow. They showed that high- and middle-

class voters vote for a low level of subsidy which excludes the poor from choosing HE and 

simultaneously extracts resources from them as the subsidy is only given to those who 

participate in HE. A similar regressive element is also found in Anderberg and Balestrino (2008) 

who showed in their model that subsidy to HE involves a transfer from the poor to the middle 

class. In De Fraja (2001), the voters did not have a choice between different financing options 

but they voted on the level of a university admission test and the level of university subsidy. 

In Del Rey and Racionero (2012), the voters were choosing between a tax subsidy and a (risk-

sharing) ICL. In Del Rey and Racionero (2014), the choice was between 2 different kinds of ICL, 

risk-sharing and risk-pooling and it also considered the impact of giving student mobility after 

graduation. Risk-sharing meant defaulted student loans would be covered by general tax 

revenue and risk-pooling meant defaulted loans would be covered by the income of the 

successful students. In Borck and Wimbersky (2014) all funding schemes are considered 

alongside a normal loan and while the voters only differed by income, the paper extends by 

having the wage rates being determined endogenously in the model. A common finding in 

these papers is that the higher the degree of risk aversion, the more likely there will be 

majority support for ICL over other funding schemes. This literature in general is trying to find 

the factors that led to voters’ support for different funding methods for HE and is ultimately 

implying the policy enacted by the government is what the voters want and that most politics 

involved in these papers are just majority voting. This is unrealistic because it assumes a 

government with no agency problem and that policies are chosen by direct democracy. In real 
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life, it is rare that voters would vote on a method for funding a specific program and are 

especially unlikely to vote on specific details like risk-sharing versus risk-pooling ICL as in Del 

Rey and Racionero (2014). Related to the political economy of HE there is a relatively larger 

literature on the political economy of public education. They examined the level of 

government spending on public education with an option for households to opt out and pay 

for private education. The public education in question here refers to elementary and 

secondary education. Much of the literature also only used majority voting as the political 

mechanism to determine the equilibrium level of funding for public education (Glomm, 

Ravikumar and Schiopu, 2011). Glomm and Ravikumar (1998) and Epple and Romano (1996) 

are seminal papers that established the existence of a political equilibrium with voters who 

differ in their income. Bearse, Glomm and Janeba (2001) and Bearse, Glomm and Patterson 

(2005) extended the model by adding another policy-lump sum transfer and by allowing the 

household to supplant public education with private services, respectively. Besides income 

heterogeneity among the voters, other types of heterogeneity have also been examined, for 

example, heterogeneity in student ability (Epple and Romano, 1998; Epple and Romano, 

2008), heterogeneity in the preferences over different types of public education (Alesina, 

Baqir and Easterly, 1999) and differences in preferences for public education between the 

young and the old (Levy, 2005). 

    

Older studies that addressed the determinants of government support for HE have often 

focused on economic and demographic factors such as unemployment rate and enrolment 

levels (Clotfelter, 1976; Humphreys, 2000; Leslie and Ramey, 1986; Lowry, 2001; Peterson, 

1976). More recently, there are some empirical papers focused on examining the potential 

impact of different political factors on levels of support for HE (Archibald and Feldman, 2006; 
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McLendon, Hearn and Mokher, 2009; Tandberg and Griffith, 2013). These different factors 

include the presence of term limits for the legislators, the political view of the governor and 

the number of HE interest groups. Tandberg (2010a) and Tandberg (2010b) developed and 

tested a fiscal policy framework that attempts to understand and explain the differences in 

state support for HE based on new institutionalism with different political factors, non-

governmental special interest groups and socioeconomic factors which include the share of 

the population over 65 years old and the unemployment rate. They found that a stronger 

presence of the HE interest groups will result in higher state spending on HE. Ness, Tandberg 

and McLendon (2015) reviewed the literature on the impact of interest groups. Dar and Lee 

(2014) examined the influence of political parties and polarisation on the downward trend of 

HE funding among the state governments in the US. Tandberg, Fowles and McLendon (2017) 

extended these studies by including the potential influence of State HE executive officers who 

are in charge of the agency that oversees public post-secondary education. Overall, these 

works studied how the interplays between different institutions within the society determine 

the level of support for HE with empirical work to test out whether one of the included 

variables has a significant effect. Some papers (Ness and Tandberg, 2013; Tandberg, 2010b) 

measured the potential impact of the budgetary power of the governor on state education 

spending. A higher budgetary power is an indication of separation of powers and a lack of 

legislative cohesion in the government and this powerful governor could be likened to a 

powerful president who could directly control a nation’s policy. There seems to be no 

consensus on the effect of the budgetary power of the governor on education spending. Some 

papers such as Tandberg (2010b) did not find a significant impact on the budgetary power of 

the governor while some papers such as Ness and Tandberg (2013) found greater budgetary 

power meant higher funding for HE. 
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The main difference between the listed economics literature and empirical papers is that the 

first strand simply models voters directly choosing between HE-related policies while the 

second strand includes multiple factors, such as the presence of interest groups and the 

budgetary power of the governor but these papers did not use economic models to derive 

the government decisions on the HE spending based on the behaviours and interactions of 

utility maximizing agents including voters and politicians. The models used in the public choice 

literature based on Persson, Roland and Tabellini (2000) and Persson and Tabellini (1999) 

should be able to provide more realistic modelling on the political side of HE spending 

combined with utility maximizing agents. Acemoglou and Robinson (2013) argued for the 

importance of understanding the political economy to give sound economic policies. Withers 

(2013) also considered the political economy of HE to be an underexplored area in the 

literature when recommending possible future directions for research in ICL. One area that 

has not been properly explored is how constitutions between different political regimes 

(presidential regime and parliamentary regime) affect the levels of HE spending in a legislative 

bargaining model despite evidence that separation of powers could influence the level of HE 

spending. The policy outcome should be influenced by both the design of the political 

institutions and the different voter’s utilities. This is one of the two contributions of our third 

paper and this paper could be seen as a first step into a potentially fruitful field of research. 

 
 
2.4.2   Literature Review of the Key Papers and Literature Gap on the Effects of the 

Constitution on Inequality 

The second contribution of this paper is to model the potential link between a political regime 

(presidential or parliamentary) and its level of inequality. The theoretical foundation is built 
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directly on the following papers, especially Persson, Roland and Tabellini (2000). Diermeier 

and Feddersen (1998) showed that a government coalition should be more stable when 

political institutions remove the legislators’ agenda-setting power after their policy proposals 

are rejected by a majority, this creates an incentive for politicians to vote together which 

changes the policy outcome. Persson, Roland and Tabellini (1998) and Persson, Roland and 

Tabellini (2000) as well as Persson and Tabellini (1999) utilized this insight and examined the 

differences in equilibrium outcome between the presidential regime and parliamentary 

regime in a legislative bargaining game. They built the model by explicitly combining three 

assumptions, (1) No benevolent actors, all agents motivated by self-interest. (2) No direct 

democracy. (3) Politicians cannot commit to policies. The parliamentary regimes have more 

legislative cohesion as members of the government in the parliamentary regime require 

continuous support from the legislature to avoid a government crisis. The politicians in 

government have an incentive to maintain a stable legislative majority that does not shift 

from issue to issue. As a result, the parliamentary regime is less competitive for voters and 

has a larger scope for colluding against them to obtain higher political rents. In the 

presidential regime, this cohesion does not exist as no stable congressional majority is needed 

to support the executive. The presidential regime is characterized by its separation of powers 

over taxation and expenditure as well as stronger competition among voters. The voters for 

the tax minister can exploit this separation of powers to limit government spending that does 

not benefit them. The papers predicted that the parliamentary regime has a higher level of 

government spending, a higher level of corruption and a higher level of transfers than the 

presidential regime. Interestingly, there is a lack of papers examining the link between the 

political regimes of a nation to inequality within the said nation. In the literature review, we 
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will therefore also list down several related fields that have been done to investigate the gap 

that exists within the current literature.  

    

Congleton (2018) gave a brief overview of the history of intellectual development over 

comparative constitutional research and demonstrated that the details of a democratic 

constitution matter for the final economic outcome. Voigt (2011) offered a very detailed 

review of the various theoretical and empirical papers that studied the economic effects of 

different constitutions. In Table 2 in Voigt (2011) various empirical papers that have 

constitutional rules as an explanatory variable are listed along with their results. There isn’t a 

single paper there directly analysing the effect on the level of inequality. Various other fields 

are examined such as the size of government, composition of government spending and 

government corruption in Persson (2002) and Scartascini and Crain (2021). In Agnello and 

Sousa (2014), even a relatively niche topic, the volatility of discretionary fiscal policy between 

presidential and parliamentary regimes had been examined. I could only find two papers that 

explicitly estimated the potential impact of a presidential regime on a nation’s inequality (Feld 

and Schnellenbach, 2014; McManus and Ozkan, 2018) and they did not have many relevant 

papers in their literature review. This paper is contributing to a relatively scarce field of 

positive constitutional economics and the Table 2.3 below provides a summary of a sample 

of the papers within this field. 

 

Table 2.3: Summary of a Sample of the Theoretical and Empirical Papers on Positive Constitutional Economics 

Paper Constitutional 
Rule 

Main Policy and 
Economic 
Outcomes 

Does It 
Include 

Predictions 
from Its  

Theoretical 
Model(s) 

Main Results 
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Persson and 
Tabellini (1999) 

Proportional vs 
Majoritarian 

elections. 
Presidential vs 
Parliamentary 
government. 

The size of the 
government. Yes 

Strong support for 
the prediction that 

the presidential 
regimes have 

smaller 
governments but 

weaker support for 
the prediction that 

majoritarian 
elections are 

associated with 
smaller 

governments. 

Persson, Roland 
and Tabellini 

(2000) 

Presidential vs 
Parliamentary 
government. 

The level of 
transfers and 

size of the 
government. 

Yes. 

The parliamentary 
regimes are 

predicted to have 
more transfers and 

shown to have a 
larger government 

than the 
presidential 

regimes. 

Agnello and 
Sousa (2014) 

Presidential vs 
Parliamentary 
government. 

The volatility of 
the 

discretionary 
component of 

fiscal policy 

No. 

Parliamentary 
governments are 

associated with less 
volatility in fiscal 
policy discretion. 

Feld and 
Schnellenbach 

(2014) 

Presidential vs 
Parliamentary 
government. 

The degree of 
income 

inequality. 
No. 

The presidential 
regimes are 

associated with a 
less equal 

distribution of 
disposable income. 

McManus and 
Ozkan (2018) 

Presidential vs 
Parliamentary 
government. 

The degree of 
income 

inequality. 
No. 

The presidential 
regimes are 

associated with Gini 
coefficients 

between 11% and 
24% larger than the 

parliamentary 
regimes. 

Iverson and 
Soskice (2006) 

Proportional vs 
Majoritarian 

elections. 

The level of 
redistribution. Yes. 

The electoral rules 
affect the party 

composition of the 
governing coalition, 
hence the level of 

redistribution. 
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Genicot, 
Bouton and 
Castanheira 

(2021) 

Proportional vs 
Majoritarian 

elections. 

The inequality 
in government 
interventions. 

Yes. 

The paper 
uncovered a novel 
relative electoral 
sensitivity effect 

only in majoritarian 
elections. This 

meant the 
majoritarian 

electoral rules may 
cause a more equal 

distribution of 
government 

intervention than  
proportional 

representation. 

Kammas and 
Sarantides 

(2019) 

Democracy vs 
Dictatorship. 

The level of 
redistribution. No. 

Dictatorial regimes 
have a significantly 

greater fiscal 
redistribution as 
they rely more 
heavily on cash 
transfers. The 

democratic regimes 
spend more on 

public goods and 
services. 

 

    

Within Voigt (2011), it could be seen that there are more papers devoted to examining the 

differences between majoritarian and proportional electoral rules. Iverson and Soskice (2006) 

used a model and found that the majoritarian system favours centre right coalition while the 

proportional system favours the centre-left coalition and this is a major determinant of the 

level of redistribution in a democracy as it changes the political position of the incumbent. 

However, more recent theoretical papers indicate that a majoritarian system can provide a 

more equal outcome as the government may have less incentive to intervene for specific 

voter groups (Genicot, Bouton and Castanheira, 2021). Another branch of the relevant studies 

compares the differences in economic effects and policy choices between democracies and 
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autocracies. Between targeted direct transfer and public goods, the democracies favour 

higher levels of public goods provision as the government is controlled by a larger fraction of 

the population which would dilute the direct transfer. In contrast, a dictatorship would prefer 

targeted spending to powerful groups (Deacon, 2009). This finding is also found in Kammas 

and Sarantides (2019) but it suggested that because dictatorships rely more on cash transfers, 

they could end up having a larger impact on reducing the market Gini index than democracy 

which relies more on investment on various public goods and services. Link to Persson and 

Tabellini (1999) in terms of the mechanism by which voters pay rent to their politicians to 

ensure they do not take everything while in office, a similar method was used in Acemoglu, 

Ticchi and Vinbigni (2010) to outline a theory of why a nation’s military would support a non-

democratic regime or its democratic successor. The ruling oligarchs need to pay an efficient 

wage to the military so they do not turn on oligarchs.  

    

Despite not much attention has been paid to examining the link between presidential regimes 

and inequality, the obvious fact that the USA is more unequal than Europe on average has not 

gone unnoticed (Atkinson, 1996; Blanchet, Chancel and Gethin, 2022; Piketty and Saez, 2014) 

and many papers have attempted to list down potential reasons for this. Alesina, Glaeser and 

Sacerdote (2001) attribute this reason to the lack of proportional representation and lack of 

major political upheaval in the US which caused the federalist structure that was strictly 

designed to protect property to be retained. Furthermore, it was suggested that racial 

heterogeneity and discord in the US led to a dislike towards redistribution as minorities are 

overrepresented among poor Americans. Bonica et al. (2013) listed 5 potential political 

reasons for the US to be more unequal than other advanced countries. It mentioned the 

presidential compared to the parliamentary regime citing Persson, Roland and Tabellini (2000) 
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but its main point on the potential impact of political institution in the US is that filibuster and 

a greater degree of polarisation have led to the status quo policy being gridlocked. The US 

therefore could not react quickly to a rise in inequality by updating the social safety net and 

regulations. Nikoloski (2007) focused on examining the economic and political determinants 

of inequality. The degree of democracy measured by the Freedom House Index is the only 

political factor being considered and the type of constitution a regime has is not considered. 

Almås, Cappenlen and Tungodden (2020) directly surveyed the difference in social 

preferences between Americans and Scandinavians on inequality. It found when presenting 

the same situation to redistribute income, Americans accept a higher degree of inequality 

than Norwegians because more Americans consider inequality (no matter due to luck or 

difference in productivity) to be fair. The paper suggests this difference in preference 

corresponds to the different ways society is organized in these countries. Inequality in the US 

is not the only phenomenon that has been studied. The high level of inequality in Latin 

America has naturally led to questions about why the democratic governments in that region 

haven’t implemented policies to reduce inequality. Ardanaz and Scartascini (2011) examined 

the question of why many developing countries (especially Latin American ones) have a low 

personal income tax despite economic development and democratization through a more in-

depth look into the proportional versus majoritarian systems. The paper attributed 

“legislative malapportionment”, a discrepancy between the share of legislative seats and the 

share of the population held by an electoral district, as one of the determinants. Higher 

legislative malapportionment enables the elite to ally with overrepresented regions to block 

progressive taxes and protect their interest. In addition to the above works, this paper 

therefore also serves as a contribution to the literature that tries to answer this difference in 

the degree of inequality between these countries using political factors.  
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The lack of literature formally examining how presidential regimes have a higher level of 

inequality is surprising. Figure 2.1 is a map of Gini coefficients from World Bank data indicating 

the differences in the degree of income inequality between different countries and Figure 2.2 

shows the map of democratic countries in the world divided between majoritarian and 

proportional electoral rules and presidential and parliamentary forms of government. Figure 

2.1 is extracted from Kohnert (2022) and Figure 2.2 is extracted from Persson and Tabellini 

(2003). 

 

Figure 2.1: World Map of Gini Coefficients by Country Extracted from Kohnert (2022) 
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Figure 2.2: Electoral Rules and Forms of Government Extracted from Persson and Tabellini (2003) 

 

 

Immediately, it could be seen that the map of presidential versus parliamentary regimes in 

Figure 2.2 roughly matches up with the degree of income inequality in Figure 2.1, especially 

when comparing between Americas and Europe. 

    

Persson and Tabellini (1999) provided a link between voting rules and inequality. The 

mechanism behind majoritarian electoral rule caused stiffer electoral competition by 

concentrating it towards a key marginal district. This caused the district to receive more 

targeted redistribution from both politicians than under proportional electoral rules. Under 

this insight, majoritarian electoral rules could therefore cause higher inequality. However, for 

presidential versus parliamentary regimes, the reason that the parliamentary regime has a 

higher level of redistribution is due to the voters behind the parliamentary majority forming 

a bilateral monopoly and jointly exploiting the remaining minority who is out of power. The 

redistribution is not based on income and given to low-income groups but it is a transfer to 

the groups based on their political power. Parliamentary regimes are predicted to be more 

Figure 4.1
Electoral rules and forms of government 1998

MAJ=1
PRES=1

MAJ=0
PRES=1

MAJ=1
PRES=0

MAJ=0
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corrupt and more prone to exploit the minority to redistribute to the powerful majority. It is 

hard to conclude from this that parliamentary regimes are more equal just because they also 

have a larger provision of public goods. In this paper, the previous group transfers of one 

group have changed into a policy that directly augments the income of voters of said group, 

for example, education spending. This allows the tax minister in the presidential regime to 

use separation of powers to directly increase the income of his voters or limit the income of 

others to benefit his group. Under this model, it could be concluded more naturally that a 

parliamentary regime that relied more on cohesion between the members of the ruling 

majority would achieve a more equal outcome. 

 

2.5 Literature Review for Chapter 6 

Section 2.5.1 will first show the significance of the student loan crisis. It then shows how our 

fourth paper contributes to the analysis of the building up of student loan debt from a political 

economy perspective, embedding political uncertainty and polarisation.  

 

Section 2.5.2 presents and discusses the relevant theoretical literature that models the effect 

of political uncertainty and polarisation on the incumbent government’s decisions in terms of 

public debt and public investment. Table 2.4 summarises various papers that examined the 

potential effect of political uncertainty and polarisation on public investment. 

 
2.5.1   Motivation for and Contribution of Chapter 6 

Closely linked to the government's decision on HE spending is its effect on the level of student 

debt. Historically many HE systems offer free HE to qualified students but there is a worldwide 

trend of shifting the cost of HE onto the students themselves (Johnstone, 2003; Johnstone, 
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2004; Marcucci and Johnstone, 2007). When a student loan scheme is the major way of 

funding HE, the government could increase the level of HE spending by increasing the cap on 

tuition fees and student loans. The total level of student debt in England has grown each year 

and has reached £182 billion at the end of 2021-22 while the total level of student loans in 

the US has been growing to $1.762 trillion in 2021 with 91.2% being federal loans (Bolton, 

2022; Hanson, 2022a). For a more recent overview of the history of student loans in the UK 

look at Bolton (2019), which contains detailed statistics on the student loan in the UK and 

documents their increase over the years. Both the size of the student debt and its growth 

have not been unnoticed by many observers. Friedman (2018) a much-cited Forbes article on 

the US student loan statistics in 2018 called it a crisis. This growth of student loan debt in the 

UK and the US can be seen clearly in the figures below.  

 

Figure 2.3: The Growth of Student Loan Debt in the UK. Source: Bolton (2022) 
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Figure 2.4: The Growth of Student Loan Debt in the US. Source: Board of Governors of the Federal Reserve System (US) 
(2022). 

 
 

The build-up of student loans and their potential default by a substantial number of graduates 

is a motivating factor in searching for an optimal way of funding higher education (Hedlund, 

2022; Radomska, 2019). Over the last three decades, the level of tuition fees has grown 

significantly in the US, although the average net tuition fees (difference between tuition fees 

and average grant aid received by first-time full-time students) has declined in recent years 

(Ma and Pender, 2022; Mitchell and Leachman, 2015). Despite the optimism in earlier student 

loan papers in the US which found that university students taking an excessive level of debt 

that would lead to default are a minority case (Hansen and Rhodes, 1988), this proved to be 

false as the rate of default of student debt is much higher currently with one out of every ten 

Americans having defaulted on a student loan (Hanson, 2022b) and many papers aim to find 

factors that lead to the higher average level of debt taken by students as well as a higher rate 

of default (Addo, Houle and Simon, 2016; Belfield, 2013; Dean Craig and Raisanen, 2014; 

Goodell, 2016; Hillman, 2014; Houle and Addo, 2019; Looney and Yannelis, 2015; Scott-

Clayton, 2018), the most important and commonly found institutional factors that led to a 

higher level of student loan debt and higher rate of student loan default is attending for-profit 
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colleges instead of non-profit or public colleges. For students’ characteristics, having a poorer 

education performance, a lower income family background as well as being a minority are 

found to be associated with higher levels of student loan debt and default rates. Akers, 

Chingos and Henriques (2015) and Hershbein and Hollenbeck (2014) found that increases in 

tuition fees are an important factor in causing the rise in student loan debt and borrowing in 

the USA. In the US there are not only papers exploring the long-run impact of holding student 

loans on graduates (Gayardon et al., 2018; Houle and Berger, 2015; Mezza et al., 2020; Roots, 

1999; Rothstein and Rouse, 2011) but also on how the student loans could negatively impact 

the community around the debt holder as the debt affects student’s behaviour (Deller and 

Parr, 2021). 

    

In the UK, many student loans motivated papers are focused on the impact of the important 

2012-2013 reform. Crawford, Crawford and Jin (2014) aimed to estimate the long-run cost of 

this program to the government as a portion of the student loan would inevitably be written 

off and paid by higher future taxes or lower spending. There are many papers estimating the 

effect of the dramatic reform in 2012 on student enrolment rate, university funding and the 

distributional effect of this reform (Azmat and Simion, 2018; Chowdry et al., 2012; Murphy, 

Scott-Clayton and Wyness, 2019; Sá, 2019). Marginson (2018) found the 2012 tuition fee 

increase has increased the total funding for universities, reversed the trend in the 1990s and 

increased the funding per student. Some papers could indirectly point to the effect of the 

reform by estimating the degree of debt aversion among potential UK undergraduates 

(Callender and Mason, 2017).  
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As listed in the paragraphs above, many US papers were trying to determine which factors 

are causing the rising average level of student debt and rate of default while in the UK the 

relevant papers often outline the history of policies leading to the tripling of the tuition fee in 

2012-2013 reform and linked it to the global trend of seeing HE as a private investment 

instead of a public good and shifting the cost of HE from the taxpayers onto the students 

themselves (Callender and Mason, 2017; Saunders, 2012). However, why doesn’t the US 

government enforce much greater regulation on the ability of for-profit colleges to set tuition 

fees and recommend bad loans or limit the increase in tuition fees in general? Overall, I could 

not find many papers that formally question and examine “why do government allow tuition 

fees and student debt to increase?”. In the UK case, the Conservative-led government actively 

tripled tuition fees and tuition loans which did not increase its popularity with young voters 

who already favoured the Labour Party. Could political uncertainty facing the incumbent 

government and polarisation between the parties influence its setting of the student loan 

levels in theory? Formally the question I am asking in Chapter 6 is: Why would an incumbent 

government increase spending on HE and student loan levels when its voters are not directly 

benefitting from HE? 

 

2.5.2   Relevant Theoretical Studies 

The question I am answering in Chapter 6 is related to the topic of the political economy of 

public debt and within the field of literature that argues incumbent government uses public 

debt as a strategic variable to influence future government. Mawejje and Odhiambo (2020) 

briefly discussed this topic and various other economic explanations of public debt. The 

review paper on the political economy of government debt, Alesina and Passalacqua (2016), 

offered a more detailed analysis of the literature in this field. The two most important papers 
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in this field are Alesina and Tabellini (1990) and Persson and Svensson (1989). The models in 

the two papers are similar to each other. Two groups of voters are equivalent to each other, 

and each is represented by a party that acts fully in their own voters’ interest. The voters only 

differ in their preference for public goods. The government must honour the debt it inherited 

from its predecessors. In Alesina and Tabellini (1990), the voters disagree on the composition 

of the public goods, they each want the government to spend on different public goods. When 

the incumbent government is unsure of his re-election, he would issue more debt to increase 

spending on current public goods his voters preferred optimally since the cost of lower public 

goods in the future due to higher debt is no longer internalized by him as the other 

government would not provide the public goods he wanted. In Persson and Svensson (1989), 

there is only one public good but the voters differ on the overall size of the spending. When 

a “stubborn” conservative government knows it will be replaced by a liberal government in 

the future, he would issue a higher level of debt to strategically tie the hands of his successor 

to force the liberal government to cut spending on its preferred level of the public good. The 

insights behind these papers are that debt is a state variable that allows the incumbent to 

control the future government by essentially taking tax revenue away from the future 

government. Given the similarity between the two papers and the same insights they offered, 

either could be chosen to extend upon. I choose to build upon Persson and Svensson (1989) 

because in 2012 it was a Conservative-led coalition that tripled the tuition fee and loans in 

the UK which can be compared to the “conservative government” discussed in Persson and 

Svensson (1989).  

    

Various papers have extended the model based on the above two papers to explore various 

topics. Aghion and Bolton (1990) used a model in which voters have different incomes but 
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identical preferences, the incumbent left-wing government voted by low-income voters 

knows it will be replaced by a conservative government uses higher debt to fund higher 

current spending while forcing higher tax revenue in the future on the higher income group. 

Aghion and Bolton (1990) also consider a situation with costless default and debt policies 

affecting incumbent re-election probability. Lizzeri (1999) linked the strategic use of debt to 

a redistribution policy in which rational voters reward the incumbent’s myopic behaviour as 

the future government might not distribute resources to them. Alt and Lassen (2006) used 

the model to relate government transparency to its fiscal performance. The career-concerned 

but incompetent politicians have the incentive to use debt to appear competent to voters 

whose knowledge of debt depends on government transparency. Song, Storesletten and 

Zilibotti (2012) modelled intergenerational conflict over debt, taxes and public goods. They 

found that countries with stronger public good preferences have a stronger preference for 

fiscal discipline and have smaller debt.  

 

 

Table 2.4: Public Investment under Political Uncertainty and Polarisation 

Paper 
Conflicts 
between 

Voter Groups 

Is the 
Political 
Conflict 

between 
Two 

Partisan 
Parties 

Probability 
of Re-

election 

Specific 
Government 

Policy/Policies 
Analysed 

Effect of 
Uncertainty and 

Polarisation 

Azzimonti 
(2011) 

Preferences 
over the 

composition 
of public 

expenditure 
and 

preferences 
over 

policymakers. 

Yes Endogenous 

Public 
spending and 
distortionary 

tax. 

Underinvestment 
by voters due to 
higher levels of 

distortionary 
taxation to fund 
higher levels of 
public goods. 
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Azzimonti 
(2015) 

Preferences 
over the 

composition 
of public 

expenditure. 

Yes Exogenous Public 
investment. 

Lower level of 
public 

investment and 
fluctuation in 

public 
investment. 

Battaglini 
and Coate 

(2007) 

Preferences 
over the 

composition 
of public 

expenditure. 

No Exogenous 

Public 
investment 

and 
distortionary 

tax. 

If  public 
investment is not 
important to the 

voters, then 
public 

investment will 
be too low and 
the tax will be 

too high to fund 
district-specific 

transfers. 
Besley and 

Coate 
(1998) 

The level of 
redistribution. No Endogenous 

A discrete 
public 

investment. 

Public 
investment is not 

undertaken. 

Devereux 
and Wen 

(1998) 

Preferences 
over the 

composition 
of public 

expenditure. 

Yes Exogenous Capital tax. 

Capital tax is too 
high and reduces 

the long-run 
economic 
growth. 

Peletier, 
Dur and 
Swank 
(1999) 

Preferences 
over the 

composition 
of public 

expenditure. 

No Exogenous 

Public 
investment 
and a deficit 

rule. 

A balanced 
budget rule 

removed 
excessive public 
borrowing but 
resulted in too 

little public 
investment. 

Svensson 
(1998) 

The conflict is 
between the 
two potential 
governments. 

Yes Exogenous 

Investment 
(reform) in 

legal 
infrastructure. 

No reform in the  
legal system 
results in low 

private 
investment. 

Bohn 
(2007) 

Preferences 
over the 

composition 
of public 

expenditure. 

Yes Exogenous Public 
investment. 

Underinvestment 
with polarisation 
and uncertainty 

reinforce one 
another in their 

impact. 
Elder and 
Wagner 
(2015) 

Preferences 
over the 

composition 
Yes Exogenous 

Level of 
pension 
funding. 

Pension funding 
decreases. 
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of public 
expenditure. 

Beetsma 
and Ploeg 

(2007) 

Different 
ideological 

returns over 
different 

public 
investments . 

Yes Exogenous. Public 
investment. 

Increase public 
investment by 
issuing more 

debt. 

Glazer 
(1989) 

Different 
utilities over a 
government 

project. 

No Exogenous 

Whether to 
undertake an 
investment 
project and 

the durability 
of said 

project. 

A durable project 
is built even 

though under 
private decisions 

the decisive 
voter would 

prefer no 
project. 

 

    

The tuition fees and loans set up and given by the UK government are a public investment 

into HE in the form of student debt which unpaid parts will be written off in a set future. Many 

other papers have extended from Alesina and Tabellini (1990) and Persson and Svensson 

(1989) to study the incumbent government’s incentives for public investment in a politically 

unstable and polarised society. Table 2.4 summarises the models and the findings in these 

papers. Many papers’ models found the following reasons for underinvestment. First, the 

incumbent fully internalizes the cost of public investment but does not fully benefit from the 

investment’s future benefit if the future government has a different policy preference. 

Second, lowering current investment limits the future resources or tax base of a future 

government. This increase in the cost of tax collection reduces the tax revenue levied by the 

future government that would be spent on public goods that the incumbent does not want. 

This lack of investment is not only about physical investment but also about costly legal 

reforms in lowering the barrier to private investment or protecting property rights (Azzimonti, 

2011; Azzimonti, 2015; Svensson, 1998). Third, in the citizen-candidate model, the incumbent 
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also wouldn’t invest if it either changed the identity of the future policymaker or changed the 

future policies in ways that are disadvantageous to the incumbent (Besley and Coate, 1998). 

Peletier, Dur and Swank (1999) added public investment and a rule that eliminates excessive 

borrowing to the model used in Tabellini and Alesina (1990) and found it caused 

underinvestment. The model in Devereux and Wen (1998) is related to the optimal capital tax 

of Chamley (1986) but the idea is similar to the first and second points as the incumbent 

optimally leaves the future government with smaller assets. More uniquely, Natvik (2009) and 

Fiva and Natvik (2013) emphasised the importance of the complementarity of invested public 

capital and other factors of production in the economy. If the successor could control labour 

supply, and that capital and labour are complements in production, then a lower re-election 

probability meant lower investment. Elder and Wagner (2015) used the same insight to create 

a model that explains polarisation and electoral uncertainty led incumbents to discount the 

future more heavily and underfund pensions to expand their current preferred public goods. 

Political uncertainty encourages policies that favour short-term payoffs over long-term 

payoffs. An obvious gap we are filling is that these papers are explaining underinvestment but 

the 2012-13 student loan reform in the UK was a rise in investment that further increases 

graduates’ income. It is not obvious how this benefitted the Conservative coalition as this 

policy is unpopular with the student group that already prefers voting for Labour and from 

around 2010 to 2012 the Conservatives were expected to lose the next general election to 

Labour. Furthermore, assuming Conservative voters are older and do not participate in HE in 

general, they always only benefit from improvement in HE indirectly, so the first reason 

linking political uncertainty to public investment also cannot be applied here at face value. 

This seeming paradox cannot be explained directly by any of the above papers and I will 

explore these questions in Chapter 6.  
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Some papers linked political uncertainty and polarisation to excessive public investment. In 

Beetsma and Ploeg (2007), the reason for the incumbent to increase investment in a project 

they otherwise would not do is because the excessive public investment in their model is 

funded by excessive borrowing, so the investment in period 1 is limiting the choices available 

for future government. The future government needs to service the debt and would not be 

able to undertake activities that the incumbent doesn’t want. The same insights are shown in 

Glazer (1989) as the decisive voter in period 1 chooses to invest in a durable project, despite 

preferring no projects privately, to limit the choices available to the future decisive voter. This 

explanation cannot answer the student loan question. Investment in HE funded by student 

loans not only increases the future income but also leads to future loan repayment, both of 

which increase the revenue and therefore choices available for future government. Therefore, 

a new model is needed to link political uncertainty and polarisation to higher public 

investment in this case. 

    

Finally, completely unrelated to political uncertainty and polarisation, there are also papers 

using a political economy framework to investigate how a group of voters would vote on HE 

issues such as education subsidies. For example, Poutvaara (2011) used a median voter model 

to present a situation where a majority of voters agree on a generous subsidy of HE so that 

the median voter also undertakes HE and would not vote for a higher level of redistribution 

in the future. Haupt (2012) used an overlapping generation model to illustrate the evolution 

of the government subsidy for HE as a result of the increase in the number and voting power 

of skilled people. When the skilled people reach a majority, they will vote for an increase in 

the level of HE subsidy which increase the number of students and skilled people in the future. 
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However, this higher level of subsidy per student is politically unsustainable with the higher 

number of students which results in the fall of the level of subsidy per student. Our paper 

could be seen as another way of formulating a political economy explanation of HE policy.  
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Chapter 3: Optimal Provision of Higher Education with 

Second Chance 

3.1 Introduction 

The private returns of higher education (HE) have been widely documented in the economics 

literature (Baum, Ma and Payea, 2010; Baum, Ma and Payea, 2013; Ma, Pender and Welch, 

2016). Nevertheless, there is relatively less attention paid to private returns to education for 

mature university students. Donaldson and Townsend (2007) found only 1-2% of the 

published papers in their seven selected HE journals published between 1990 and 2003 deal 

mainly with mature students. In empirical papers, a university student usually is considered 

as mature or old if he is older than 25 years old. The empirical papers that specifically measure 

the benefits of HE for mature university students all found that older graduates’ probability 

of employment and wage level have increased after completing their HE (Carnoy et al., 2012;  

Desjardins and Lee, 2016; Dorset, Lui and Weale, 2010; Kim and Baker, 2015). Both young and 

mature students benefitted from HE. This benefit of completing education later in life is not 

exclusive to completing HE, Bennett, Blundell and Salvanes (2020) found high school dropouts 

in Norway that were over 25 years old obtain higher earnings and a higher probability of 

employment after completing high school. However, the current government policy does not 

consider education support for mature students to be a priority; Mason (2020) found that the 

UK education system has been heavily biased towards HE for 18-24 years old and Desjardins 

and Lee (2016) stated that in some countries education for mature students are discouraged 

because the mature students in HE system are often seen as an indication of inefficiency. The 

high returns to education accruing to mature students suggest that the government should 
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pay more attention to the education needs of these older prospective students. These results 

also indicate the potential labour market and public finance benefits if the government gives 

a second chance to all failed students to complete their HE program. Despite the UK 

government not offering a second chance at HE, the government does provide policies that 

could improve the labour market performance for these failed students with apprenticeship 

funding and employment allowance to encourage apprenticeship training and small business 

employment. Although not policies that target the students who failed in HE specifically, the 

effect of these policies could fit into our general framework as these policies also improve the 

earnings of workers with the lowest wage. In this chapter, the second chance policy refers to 

the government providing all students who have failed their first try at HE another chance to 

succeed at HE. These students have all engaged with the labour market and this second 

chance is offered when they are older.  

   

Given that student loans are an important source of funding for HE in many countries 

including the UK, many papers have analysed the optimal design of these student loans. This 

paper is also within the theoretical literature investigating the role of student loans in funding 

HE. In this field, many papers have recommended the use of income-contingent loans (ICL) to 

fund HE. The ICL is a type of loan for which the borrower’s repayment is contingent on his 

income. The earliest papers that recommended ICL include Friedman and Kuznets (1945), 

Friedman (1955) and Shell et al. (1968). An ICL scheme was argued to be able to solve the 

student loan market failures resulting from the riskiness of education and the fact that human 

capital cannot be used as collateral. Nerlove (1975) commented on the ICL proposal made by 

Freidman (1955) and expressed concern for its feasibility due to the potential social and 

political resistance to such a policy and at the time a lack of understanding of how individuals’ 
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behaviour would be affected by these loans. These papers mainly discussed the potential 

benefits and feasibility of ICL before ICL were widely used in funding HE. Chapman (2014) 

summarised the conceptual and empirical basis for ICL and Shireman (2017) provided a 

focused history of the debate and applications of the ICL in the US.  

 

There are also more recent papers that examined the potential benefits of ICL in HE. These 

papers compared different funding schemes for HE, to investigate which policy would achieve 

the largest welfare gain compared to the case without government intervention. Migali (2012) 

examined the factors influencing students’ preference for HE funding methods between 

mortgage-styled loans and ICL. He found that ICL is preferred by students from poorer families 

and with greater earning volatility because ICL offers a greater degree of insurance. Del Rey 

and Racionero (2010) considered and compared the insurance role of several different HE 

funding schemes against uncertain education outcomes and their effects on HE participation. 

They proposed an ICL scheme that covers both the financial cost of education and foregone 

earnings to fully insure the lowest-ability individuals who should enrol in education and 

induce an optimal level of participation. Chatterjee and Ionescu (2012) considered student 

loans that offered insurance against failing education. They explicitly account for the costs of 

moral hazard in the form of low effort in education and adverse selection in the form of 

students who originally aimed to leave college but now choose to stay in college. They found 

that if loan forgiveness is offered to students who failed university, there would be a 

significant welfare gain without many adverse effects on graduation rates. 

 

The model of this paper is also related to the literature that uses optimal taxation models 

with endogenous human capital to study the optimal design of student loans. Optimal 
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taxation is the study of how to design the tax system to maximize a social welfare function 

subject to a set of constraints. The optimal labour taxation literature started with the static 

model of Mirrlees (1971) that assumes exogenous individual abilities and has subsequently 

been extended into a multiperiod model still with exogenous individual abilities (Farhi and 

Werning, 2013; Golosov, Tsyvinski and Werning, 2006; Kapicka, 2013). A few papers also 

considered endogenous human capital in the framework of the optimal taxation model. 

Anderberg (2009) and Grochulski and Piskorski (2010) analysed the optimal tax policy with 

ex-ante identical agents but unobservable human capital investments and productivity shocks. 

Realistically, different agents should have different private abilities. Findeisen and Sachs 

(2016), Stantcheva (2017) and Koeniger and Prat (2018) explicitly studied the feasibility of 

using ICL to implement the second-best allocations with heterogeneous (by abilities) 

individuals. Radomska (2019) gave an overview of the important literature in this field of 

study and summarised their results. In all these papers, they found that the second-best 

optimum can be implemented by an ICL.  

 

Among the different optimal taxation papers with endogenous human capital, this paper’s 

model is a direct extension of the model used in Gary-Bobo and Trannoy (2015). Gary-Bobo 

and Trannoy (2015) differed from other optimal taxation papers with endogenous human 

capital by considering the combination of private abilities with genuine moral hazard in 

education. In their model, individuals are born with an unobservable high- or low-ability type 

(ex-ante type) and need to choose their quality of education. After succeeding in HE, students 

will gain an unobservable labour market type (ex-post type) that can be interpreted as some 

job-market skills. Students could choose to exert an unobservable effort in HE to increase 

their chance of success. There is also an unobservable labour market effort which affects an 
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individual’s labour earnings. Consequently, there is an adverse selection problem in terms of 

students choosing the different qualities of education and also moral hazard problems in both 

HE and the labour market. The government wants to assign each student the quality of 

education that matches their ability and incentivise high study effort for all students but only 

high labour market effort for those of high ex-post type. Similarly to other papers, Gary-Bobo 

and Trannoy (2015) confirmed the need for ICL to implement the second-best allocations and 

that second-best loan repayments are always income contingent. Besides, in Gary-Bobo and 

Trannoy (2015), the second-best optimum has several implications for the degree of ex-ante 

inequality, ex-post inequality and insurance in the economy. The second-best optimum 

resulted in ex-ante inequality which meant that the high-ability students have a higher 

expected utility net of study effort cost than low-ability students before they know the 

outcome of education. It also resulted in ex-post inequality in the labour market as the 

students with a higher ex-post type have higher utilities as well as incomplete insurance 

against failing in HE because the government needs to give more utility to those who 

succeeded in HE to incentivise the students to exert a high study effort. The second-best 

optimum also exhibits a form of insurance called equal treatment: the students' expected 

utility after finishing education but before knowing their ex-post types are equalized between 

different ex-ante types conditional on academic success.  

 

There is insufficient attention paid to the optimal design of student loans that explicitly 

includes a HE policy for older students. By extending the model in Gary-Bobo and Trannoy 

(2015) with an additional period, we include a second chance given to all failed students. The 

modelling of the second chance is based on the political economy paper-Arawatari and Ono 

(2009) in which the poor have a second chance of success through education at a later period. 
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This paper could inform governments on how to design the current student loan contracts in 

such a way as to provide incentives to induce the failed student to put effort into trying HE 

again later in life.   

 

This paper explores two main questions: 1. How do we optimally provide a HE system that 

offers a second chance to all failed students? 2. What is the impact of such an optimally 

provided second chance on inequality and insurance? The second question fills in another 

literature gap. The empirical papers only examined the impact of HE on those mature 

students who enrolled in adult HE. This paper thus provides a theoretical framework for the 

impact of an optimally provided guaranteed second chance focusing on a) the utilities of the 

mature students who failed the second chance at HE and b) the expected utilities of students 

before finishing their first chance at HE. Because the model is a direct extension of Gary-Bobo 

and Trannoy (2015), the changes in inequality and insurance due to the introduction of the 

second chance will be compared to the results found in Gary-Bobo and Trannoy (2015) that 

did not include the second chance policy.  

 

This paper is organized in the following way. Section 3.2 sets up the model and studies the 

first-best optima. Section 3.3 analyses different incentive constraints. Section 3.4 derives the 

common second-best optimality properties and answers the two questions. Section 3.5 

extends the model by providing policy implications in the time-consistent optimum. Section 

3.6 concludes.                 
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Figure 3.1: Possible Education and Labour Market Outcomes Facing Type 𝑖 Students 

Students have choices of quality 𝑞 of education 
and exert study effort induced by the 

government.

Students of type 𝑖 succeed 
in HE in their youth.

Students end up with labour 
market type 𝑘 = 2. Continue to earn 𝑊! wage.

Students end up with labour 
market type 𝑘 = 1. Continue to earn 𝑤! wage.

Students of type 𝑖 fail HE in 
their youth.

Students are offered a 
second chance with effort 

induced by the 
government. 

Students of type 𝑖 succeed 
in second chance and end 

up with labour market type 
𝑘 = 2.

Students of type 𝑖 succeed 
in second chance and end 

up with labour market type 
𝑘 = 1. 

Students failed the second 
chance and continue to 

earn the lowest basic wage.

Youth Adult Old 
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3.2   Model Setup    

The main difference with Gary-Bobo and Trannoy’s (GT’s) model is that the students who 

failed in school when young have now a second chance in HE. Thus, when the failed students 

are earning the lowest wage 𝑤 in their adult period, they are also simultaneously having a 

“second chance” where they are given the same quality 𝑞 HE and choose to exert study effort.  

    

If they have finally succeeded, they could earn a higher wage depending on their ex-post type 

𝑘. The failed student does not have their ex-post type 𝑘 revealed, to do that they had to 

succeed in education. Figure 3.1 above shows the different possible education and labour 

market outcomes facing students of ex-ante type 𝑖 from when they are young till when they 

are old. To better understand the model and the analysis, below we will define several 

important terms that will be widely used in this chapter: 

Ex-ante: Before taking the first chance at HE. 

Interim expected utility: The expected utility of a student after taking the first chance at HE 

but before entering the labour market. 

Ex-post utility: The actual utility a worker obtains when working in the labour market. 

Equal treatment second-best optimum: The second-best optimum in which the students’ 

interim expected utility is equalized between different ex-ante types conditional on academic 

success. 

 

The government is assumed to have full commitment to the contract/repayment and cannot 

change the policies when old after learning what ex-ante type 𝑖 each individual has. Section 

3.2.1 will begin to set up the model. 
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3.2.1   Assumptions 

There are three periods in this model: a youth period, an adult period and an old period. All 

students have the same intertemporal von Neumann-Morgenstern utility: 

𝛿𝑢"(. ) + 𝛿#𝑢$(. ), 

where 𝛿 is the discount factor. The subscripts “𝑎” and “𝑜” denote “the adult period” and “the 

old period” respectively. 𝑢"(. ) and 𝑢$(. ) are the same function. The student’s intertemporal 

utility function is additively separable over the two time periods. There is no storage 

technology in the economy. Each student uses all his net income for consumption within a 

period. We omit the youth period utility function to simplify the model's presentation. We 

could add a youth period utility function with an exogenous government transfer in the youth 

period so the students have positive utility in the youth period but its inclusion will not affect 

the analysis in this model.  

 

    

The students have two-dimensional unobservable characteristics: ex-ante type 𝑖  which 

represents the student’s study/cognitive skill and ex-post type 𝑘 which represents job market 

skills/opportunities.  

    

The timing of information revelation is the following. Both the ex-ante type 𝑖 and ex-post type 

𝑘  are private information. Ex-ante type 𝑖  is known to students before they decide on the 

choice of HE quality while the ex-post type 𝑘 is only revealed to students after they succeed 

in HE and enter the labour market. The unsuccessful students earning 𝑤 could learn their type 

𝑘 if they succeeded in the second chance in their adult period. 
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An individual’s skill is characterized by his pair of types (𝑖, 𝑘). Assume the types can each take 

only one of the two values, 𝑖, 𝑘 = 1, 2. Assume the students’ ex-ante types are independently 

drawn from the same distribution. The frequency of ex-ante type 𝑖 in the student population 

(the proportion of type i students in the population) is denoted by 𝜆%, and since there are only 

two possible types of 𝑖, 𝜆& + 𝜆# = 1.  

    

The three building blocks of the model can be divided into Education, the Job Market and the 

Loan Contract. Each of them will be examined below.  

 

Education 

Both the youth period education and the second chance will be analysed here with the first 

chance at HE described first and the second chance described next. The students are given 

their first chance at HE when they are young. In the beginning, the student learns her ex-ante 

type 𝑖, this ex-ante type 𝑖 will not change and remain the same for both the first chance and 

the second chance if the student needs it. The student then chooses the quantity/quality of 

her education 𝑞  which can either be 𝑞 = 1  or 𝑞 = 2 . The cost of education (in terms of 

resources) for the first chance is denoted by 𝑦' for choice 𝑞 and assumes that 𝑦# ≥ 𝑦&.  

    

The students’ decision on choosing the education quality 𝑞 for their first chance depends only 

on ex-ante type 𝑖 since the ex-post type 𝑘 is unknown when the education decision on 𝑞 is 

made. The government is assumed to be able to observe education choice 𝑞.  
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Let 𝑞%  be the education choice of students with ex-ante type 𝑖, and the efficient choice of 𝑞 

for the first chance at HE for the ex-ante type 𝑖 students will be 𝑞% = 𝑖 (they choose the same 

level of education as their ex-ante type), this will be presented in Assumption 3.4 (b). The 

students either succeed or fail in their education and if they succeed when young they will 

not need to try again in the adult period. If they fail their first chance, they have a second 

chance to succeed in HE in the adult period. The variable determining the probability of 

success for the first chance at HE is explained below.  

    

Each student will choose an ex-ante effort for study in the first chance. This effort has two 

possible values: 1 or 0. We denote the study effort for the first chance as: 

𝑒	%
( is the ex-ante effort for the first chance. 

 

The study effort cost for type 𝑖 ’s first chance is 𝑐%
(𝑒	%

( . The parameter 𝑐%
(	 is >0. The 

government cannot observe study efforts for the first chance and this creates ex-ante moral 

hazard problems. Also assume that 𝑐&
( ≥ 𝑐#

(. 

    

The probability of success of student 𝑖 exerting an ex-ante effort is denoted as 𝑝%(𝑒	%
() for the 

first chance, where 

𝑝%;𝑒	%
(< = Pr(𝑠𝑢𝑐𝑐𝑒𝑠𝑠	| 𝑖	𝑎𝑛𝑑	𝑒	%

(). 

 

Denote 𝑃% = 𝑝%(1) as the probability of success in the first chance under high ex-ante effort 

and denote 𝑝% = 𝑝%(0) as the probability of success in the first chance under low ex-ante 

effort.  
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If the students fail their first chance, they have a second chance to succeed in HE in the adult 

period. The cost of education (in terms of resources) for the second chance is denoted by 

𝜂"𝑦' for choice 𝑞. The parameter 𝜂" is for the second chance (for first chance 𝜂" = 1), so if 

𝜂" > 1, then the second chance is more expensive than the first chance. 

 

For the students engaged in the second chance, their choice of education quality 𝑞  also 

depend only on ex-ante type 𝑖 because they also don’t know their ex-post type 𝑘 since that 

failing school does not reveal students’ ex-post type 𝑘.    

 

The efficient choice of 𝑞 for the second chance at HE for the ex-ante type 𝑖 students will also 

be 𝑞% = 𝑖  (they choose the same level of education as their ex-ante type), this will be 

presented in Assumption 3.4 (c). The variable determining the probability of success for the 

second chance at HE is explained below.  

 

Each student will also choose an ex-ante effort for study in the second chance if needed. This 

effort will have the same two possible values: 1 or 0. We denote the second chance study 

effort as: 

𝑒	%" is the ex-ante effort for the second chance. 

 

The study effort cost for type 𝑖’s second chance is 𝑐%"𝑒	%". The parameter 𝑐%" is >0. Furthermore, 

assume that 𝑐%" > 𝑐%
(, meaning to exert study effort is more costly for an older individual. The 

government also cannot observe the study effort for the second chance and this creates 

additional ex-ante moral hazard problems. Also, we assume that 𝑐&" ≥ 𝑐#". 
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The probability of success of student 𝑖 exerting an ex-ante effort is denoted as 𝑝%"(𝑒	%") for the 

second chance, where 

𝑝%";𝑒	%
(< = Pr(𝑠𝑢𝑐𝑐𝑒𝑠𝑠	| 𝑖	𝑎𝑛𝑑	𝑒	%"). 

 

Denote 𝑃%" = 𝑝%(1) as the probability of success in the second chance under high ex-ante 

effort and denote 𝑝%" = 𝑝%(0) as the probability of success in the second chance under low 

ex-ante effort. Besides the difference in the cost of education and study effort cost, we also 

allow the probability of success to differ between the first chance and the second chance. The 

government can observe whether an individual succeeds or fails his education. 

 

Furthermore, assume the more talented student (𝑖 = 2) is more likely to succeed given the 

study effort. Formally, we make the assumption: 

Assumption 3.1:    0 < p) < P) < 1, i = 1, 2 and P# > P&, p# > p&. 0 < p)* < P)* < 1, i = 1, 2 

and P#* > P&*, p#* > p&*.  

 

In summary, the student’s ex-ante type and their effort are not observable by the government 

but the individual wage, the choice of education 𝑞 and the success or failure of education are 

observed by the government.  

 

Job Market 

In this section, we will first describe how the wage is determined in this model and introduce 

the ex-post moral hazard problem. Then, we describe all the possible wage levels and our 

assumptions of their ranking. Next, we will list all the disutility of effort at work and the total 
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effort costs in this model, and finally, we will state our assumption on the size of the disutility 

of effort at work.  

 

Now the students work for two periods. In both the adult and the old period:  Failure at school 

means earning the lowest/basic wage 𝑤 and success at school means the wage would be 

dependent on the quality of education 𝑞 and the ex-post type 𝑘. Once type 𝑘 is determined, 

it will not change from period to period. 

    

The student’s ex-post type 𝑘 is not determined with certainty. The probability of ex-post type 

𝑘, given success in HE and education quality 𝑞, is defined as, 

Pr(𝑘 = 𝑞|𝑞, 𝑠𝑢𝑐𝑐𝑒𝑠𝑠) = 1 − 𝜋, 

and                                                    Pr(𝑘 ≠ 𝑞|𝑞, 𝑠𝑢𝑐𝑐𝑒𝑠𝑠) = 𝜋,                            assume that 𝜋 < &
#
.   

 

Following the model of Gary-Bobo and Trannoy (2015) we assume that 𝜋 is exogenous. If a 

student has an ex-post type 𝑘 = 2, it means that he can occupy a top job and if a student has 

an ex-post type 𝑘 = 1, it means that he will occupy a middle job. These are related to the 

later assumption of labour effort cost. Since we assume 𝜋 < &
#
, this is interpreted as there is 

a small probability that an individual with quality 𝑞  HE will be endowed with ex-post 

characteristics 𝑘 ≠ 𝑞. For example, for students with ex-ante type 𝑖 = 2 who chooses quality 

𝑞 = 2 HE, most of them can meet expectations and become a type (𝑖, 𝑘) = (2,2), with a high 

ex-ante and ex-post type, and occupy a top job. However, a small proportion of these students, 

type (𝑖, 𝑘) = (2,1), will lack the necessary skills/opportunities and only find a middle job. 

Similarly, the assumption meant that most of the ex-ante type 𝑖 = 1 student who succeeded 
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in quality 𝑞 = 1 HE will obtain a middle job but a small part of said students possess the 

necessary labour skills/opportunities to obtain the top job. This interpretation fits findings in 

real life, in the UK, on average, students who obtained a first earn more than students who 

obtained a 2.1 who earn more than those with 2.2 while male Russell Group graduates earn 

over 40% more than those who attended the average post 1992 institution (35% for women) 

(Belfield, Britton and Erve, 2018; Social Mobility Commission, 2023). Both earning a higher 

university degree and being in Russel group could be interpreted as having a higher ex-ante 

type 𝑖 in this model.  

    

The ex-post type 𝑘 creates an ex-post moral hazard problem. Assume that a failed student 

does not need to exert any ex-post labour market effort and the successful student needs to 

choose her level of ex-post labour market effort. Let 𝜀%+ denotes the ex-post effort of a type 

(𝑖, 𝑘) student. 𝜀%+ could either be 0 or 1. For it to be a moral hazard problem related to the 

realization of the ex-post type 𝑘, assume that high effort 𝜀 = 1 is required for a top job and 

low effort 𝜀 = 0 is required for a middle job. The effect of type 𝑘 is to affect the utility cost of 

ex-post effort. The moral hazard is for a 𝑘 = 2 type to exert no effort and occupy a middle 

job.  

    

The possible wage levels are assumed to be the same in both periods. The wage is determined 

by the quality of education 𝑞 and the effort at work 𝜀%+ only. The wage level is denoted by: 

𝜔(𝑞, 𝜀) 

Let 𝜔(𝑞, 1) = 𝑊'      be the top job wage (top job needs 𝜀 = 1). 

Let 𝜔(𝑞, 0) = 𝑤'      be the middle job wage (middle job needs 𝜀 = 0). 
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In total, in each period, there are five possible wage levels in the economy: 𝑤, 𝑤&, 𝑤#, 𝑊& and 

𝑊#. We make the following assumption on the ranking between the wage levels.  

 
Assumption 3.2. 

(a). 𝜔(𝑞, 𝜀) ≥ 𝑤                 for all 𝑞 and 𝜀. 

(b). 𝜔(2, 0) > 𝜔(1, 0),      meaning that 𝑤# > 𝑤&. 

(c). 𝜔(2, 1) − 𝜔(2, 0) ≥ 𝜔(1, 1) − 𝜔(1, 0) > 0,   meaning that  𝑊#−𝑤# ≥ 𝑊& −𝑤& > 0 

and implies 𝑊' > 𝑤'. 

(d). 𝜔(1, 1) ≥ 𝜔(2, 0),      meaning that 𝑊& ≥ 𝑤#. 

    

𝜔(𝑞, 𝜀) is the function measuring the wage level for a worker who succeeded in quality 𝑞 HE 

and exert 𝜀 labour market effort. 𝜔(1, 1) and 𝜔(1, 0) are the functions for the wage levels, 

𝑊& and 𝑤&, for a worker who succeeded in quality 𝑞 = 1 HE exerting high and low labour 

market effort respectively. 𝜔(2, 1) and 𝜔(2, 0) are the functions for the wage levels, 𝑊# and 

𝑤#, for a worker who succeeded in quality 𝑞 = 1 HE exerting high and low labour market 

effort respectively. From Assumptions 3.2 (b) and (c) we can derive the following relation: 

(3.1)                                                 𝑊# −𝑊& ≥ 𝑤# −𝑤& > 0. 

 

Write the two wage levels that a worker could face in the two periods as (adult period wage 

level, old period wage level), these are the following possible combinations of wage levels 

that an individual would earn in the two periods: 

1. (𝑤,𝑤) 

2. (𝑤,𝑊') 

3. (𝑤,𝑤') 
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4. (𝑊' ,𝑊') 

5. (𝑤' , 𝑤') 

    

The disutility of effort at work would be determined by the ex-post type 𝑘.  

    

𝛽'+𝜀%+ denotes the disutility of effort at work in state (𝑖, 𝑘), the 𝛽'+ is assumed to not change 

across periods.  

 

Assume that  

𝛽## = 𝛽&# = 𝑏 > 0,      

𝛽&& = 𝛽#& = 𝐵 > 0.       

 

The total cost of the effort includes all periods and both the study and work effort. They are 

denoted respectively:  

For students who succeeded in the first chance:     𝑐%
(𝑒	%

( + 𝛿𝛽'+𝜀%+ + 𝛿#𝛽'+𝜀%+ . 

For students who succeeded in the second chance:      𝑐%
(𝑒	%

( +d𝑐%"𝑒	%" + 𝛿#𝛽'+𝜀%+ . 

For students that failed twice:    𝑐%
(𝑒	%

( + 𝛿𝑐%"𝑒	%" . 

    

Let 𝐵 > 𝑏. An ex-post type 𝑘 = 2 incurs a disutility of 𝑏 when doing the top job (as it requires 

ex-post effort 𝜀 = 1) while an ex-post type 𝑘 = 1 incurs a disutility 𝐵. Same as in GT’s model, 

assume the level of 𝐵 is so large that no student of type 𝑘 = 1 will ever exert high effort to 

obtain the top job. Only the 𝑘 = 2 type will consider obtaining the top job and the type 𝑘 =

1 will only have the middle job.  
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The government cannot observe the ex-post type 𝑘 and the individual’s labour effort 𝜀%+ but 

can observe the wage rate. 

 

Loans 

For the government, the student loan repayments cover the full financial cost of HE for both 

the first chance and the second chance.   

    

Given the assumptions on 𝐵 and 𝑏 as well as the assumption on the government’s desired 

labour effort stated in section 3.2.2, the possible combination of repayment schedules for a 

student choosing a quality 𝑞 level of education is as follows, the superscript “𝑎” for the adult 

period and “𝑜” for the old period: 

Students fail twice:                                                                                        𝑟'" ,     𝑟'$(𝑤) 

Students succeed in second chance with ex-post type 𝑘 = 2:              𝑟'" ,     𝑅'#$ (𝑤) 

Students succeed in second chance with ex-post type 𝑘 = 1:              𝑟'" ,     𝑅'&$ (𝑤) 

Students succeed in the first chance with ex-post type 𝑘 = 2:            𝑅'#" ,    𝑅'#$ (𝑊') 

Students succeed in the first chance with ex-post type 𝑘 = 1:           𝑅'&" ,    𝑅'&$ (𝑤') 

    

The government is assumed to have full commitment and when they designed the repayment 

contract they do not know the individuals’ ex-ante type 𝑖 as students have not self-select 

themselves yet. In the beginning, the government announces to everyone all of the possible 

repayment schedules for both quality 𝑞 HE for the adult and the old period that a student 

would face. As shown by the combinations of repayment schedules above, the repayment 

scheme when old is possibly dependent on the adult period repayment level, which is itself 

dependent on the adult period wage level. The government cannot change its promised 
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policies when students become old. In the original GT’s model, the assumption of the 

government having full commitment is unnecessary because there is only one period for 

policies. The addition of an old period meant that if the government cannot commit to its 

future policies it will change them when students are old. As a result, the youth, as well as the 

government, would take this into account when offering the contract to the youth.  

    

The allocation in this model is an array {(𝑒	%
( , 𝑒	%" , 𝑞% , 𝜀%+ , 𝑟%" , 𝑟%$;𝑤<, 𝑅%+" , 𝑅%+$ (𝑤))} i,k=1,2. 𝑤 

represents the wage level in the adult period. The menu of contracts is an array 

{(𝑞( , 𝑞" , 𝑟'" , 𝑟'$;𝑤<, 𝑅'&" , 𝑅'#" , 𝑅'&$ ;𝑤<, 𝑅'&$ ;𝑤'<, 𝑅'#$ ;𝑤<, 𝑅'#$ (𝑊'))}q=1,2. 

 

We will now write the resource constraint when the above menu is chosen by students who 

chose education 𝑞 = 𝑖 (the quality of education is the same as the ex-ante type). Note that 

for the second chance education, the government will provide the same quality of HE as the 

students’ chosen quality when young and the students know this when choosing their quality 

𝑞 when young.  

 

Resource Constraint 

Assume the government discounts future revenue at the same rate as students discount their 

utility, at 𝛿. Through assumptions on 𝐵 and 𝑏 as well as the assumption on the government’s 

desired labour effort stated in section 3.2.2, the labour effort has the following numerical 

meaning 𝜀#& = 𝜀&& = 0, 𝜀## = 𝜀&# = 1. 
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(I) For students who succeeded in education when young and with type 𝑖 = 𝑘. This kind 

of student has a probability 𝑝%(𝑒%
()(1 − 𝜋) to happen. The government collects the 

following amount from these type 𝑖 students: 

                  𝑋% = 𝛿𝜀%%𝑅%#" + 𝛿(1−𝜀%%)𝑅%&" + 𝛿#[𝜀%%𝑅%#$ (𝑊%) + (1 − 𝜀%%)𝑅%&$ (𝑤%)] = 𝛿𝑋%" + 𝛿#𝑋%$ . 

(II) For students who succeeded in education when young and with type 𝑖 ≠ 𝑘. This kind 

of student has a probability 𝑝%(𝑒%
()𝜋  to happen. From these type 𝑖  students, the 

government collects the amount: 

𝑌% = 𝛿𝜀%+𝑅%#" + 𝛿(1 − 𝜀%+)𝑅%&" + 𝛿#[𝜀%+𝑅%#$ (𝑊%) + (1 − 𝜀%+)𝑅%&$ (𝑤%)]

= 𝛿𝑌%" + 𝛿#𝑌%$ . 

(III) For students who failed the first chance but then succeeded in the second chance 

and have type 𝑖 = 𝑘. These students have a probability (1 − 𝑝%;𝑒%
(<)𝑝%"(𝑒%")(1 − 𝜋) 

to happen. From these type 𝑖 students, the government collects the amount: 

𝑍% = 𝛿𝑟%" + 𝛿#\𝜀%%𝑅%#$ ;𝑤< + (1 − 𝜀%%)𝑅%&$ ;𝑤<] = 𝛿𝑍%" + 𝛿#𝑍%$ . 

(IV) For students who failed the first chance but then succeeded in the second chance 

and have type 𝑖 ≠ 𝑘 . These students have a probability (1 − 𝑝%;𝑒%
(<)𝑝%"(𝑒%")𝜋  to 

happen. From these type 𝑖 students, the government collects the amount: 

𝑇% = 𝛿𝑟%" + 𝛿#\𝜀%+𝑅%#$ ;𝑤< + (1 − 𝜀%+)𝑅%&$ ;𝑤<] = 𝛿𝑇%" + 𝛿#𝑇%$ . 

(V) For students who failed both chances and don’t know their ex-post type 𝑘. This has 

a probability (1 − 𝑝%(𝑒%
())(1 − 𝑝%"(𝑒%"))  to happen. From these ex-ante type 𝑖 

students, the government collects the amount: 

𝐴% = 𝛿𝑟%" + 𝛿#𝑟%$;𝑤< = 𝛿𝐴%" + 𝛿#𝐴%$ . 

   

Note that 𝑍%" = 𝑇%" = 𝐴%" by definition. 
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Now with the different probabilities for each situation to happen, we can calculate the 

expected cost of education. The cost for first chance education is 𝑦%  and for the discounted 

second chance is 𝛿𝜂"𝑦%. The expected cost of education for type 𝑖 students is: 

𝑦% + `1 − 𝑝%;𝑒%
(<a 𝛿𝜂"𝑦% . 

 

Using the notations just defined, and given that there are two different values of ex-ante type 

𝑖, the resource constraint can be written as,            

(𝑅𝐶)					c𝜆%{
%

𝑝%;𝑒%
(<[(1 − 𝜋)𝑋% + 𝜋𝑌%] + `1 − 𝑝%;𝑒%

(<a 𝑝%"(𝑒%")[(1 − 𝜋)𝑍% + 𝜋𝑇%]

+ `1 − 𝑝%;𝑒%
(<a ;1 − 𝑝%"(𝑒%")<𝐴% − 𝑦% − `1 − 𝑝%;𝑒%

(<a 𝛿𝜂"𝑦%} ≥ 0. 

 

We also make a formal assumption about students being risk averse. 

Assumption 3.3: 𝑢"(. )  and 𝑢$(. )  are strictly increasing, strictly concave and continuously 

differentiable for both adult and old age utility functions.  

 

3.2.2   First-Best Optimality 

In this model, there are five possibilities of ex-post utilities to be realized by a student of ex-

ante type 𝑖. The ex-post utility is the actual utility that an individual would receive after he 

first finished his HE and started working in the labour market.  First, for the students who 

succeed in the first chance, denote the following: 

   𝑉%: The ex-post utility of a successful student with education 𝑞% = 𝑖, when the ex-post type 

is 𝑘 = 𝑖.  

   𝑣%: The ex-post utility of a successful student with education 𝑞% = 𝑖, when the ex-post type 

is 𝑘 ≠ 𝑖. 
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The interim expected utility of a successful student who chooses education 𝑞% = 𝑖  is by 

definition  

(3.2𝑎)            𝑈%, = 𝜋(𝑣% − 𝛿𝛽%+𝜀%+ − 𝛿#𝛽%+𝜀%+) + (1 − 𝜋)(𝑉% − 𝛿𝛽%%𝜀%% − 𝛿#𝛽%%𝜀%%), 

where   𝑣% = 𝛿𝑢"[𝜔(𝑞% , 𝜀%+) − 𝑌%"] + 𝛿#𝑢$[𝜔(𝑞% , 𝜀%+) − 𝑌%$],	

               𝑉% = 𝛿𝑢"[𝜔(𝑞% , 𝜀%%) − 𝑋%"] + 𝛿#𝑢$[𝜔(𝑞% , 𝜀%%) − 𝑋%$],																						with 𝑖 ≠ 𝑘. 

    

Second, for the ex-post utilities of students that failed the first time but succeeded in the 

second chance. “ex-post” also includes the adult period for them since the utility at the adult 

period for the failed students is the same whether they succeed in the second chance or not. 

Denote the following: 

   𝐹%: The ex-post utility of a student who succeeds in the second chance with education 𝑞% =

𝑖, when the ex-post type is 𝑘 = 𝑖.  

			𝑓%: The ex-post utility of a student who succeeds in the second chance with education 𝑞% =

𝑖, when the ex-post type is 𝑘 ≠ 𝑖. 

    

The interim expected utility of a student who succeeds in the second chance and chooses 

education 𝑞% = 𝑖 is by definition  

(3.2𝑏)                            𝑈%- = 𝜋(𝑓% − 𝛿#𝛽%+𝜀%+) + (1 − 𝜋)(𝐹% − 𝛿#𝛽%%𝜀%%), 

where,     𝑓% = 𝛿𝑢"\𝑤 − 𝑇%"] + 𝛿#𝑢$[𝜔(𝑞% , 𝜀%+) − 𝑇%$],	

																		𝐹% = 𝛿𝑢"\𝑤 − 𝑍%"] + 𝛿#𝑢$[𝜔(𝑞% , 𝜀%%) − 𝑍%$],																				with 𝑖 ≠ 𝑘. 

    

Third, for the utility of a student of ex-ante type 𝑖 that failed both of his education chances. 

Denote the following, 
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   𝑢%: the utility of a type 𝑖 student that failed twice, 

where   𝑢% = 𝛿𝑢"\𝑤−𝐴%"] + 𝛿#𝑢$\𝑤 − 𝐴%$].	

				

The ex-ante expected utility of a student with ex-ante type 𝑖, net of expected study effort cost, 

is defined as follows 

(3.3)   𝑝%(𝑒%
()𝑈%, + (1 − 𝑝%(𝑒%

())𝑝%"(𝑒%")𝑈%- + (1 − 𝑝%(𝑒%
())(1 − 𝑝%"(𝑒%"))𝑢%−𝑐%

(𝑒%
( − (1 −

𝑝%(𝑒%
())𝛿𝑐%"𝑒%",  where 𝑖 = 1, 2. 

 

Solved the first-best problem in the standard utilitarian case, in which the social welfare 

weight placed on ex-ante type 𝑖 is equal to the proportion of ex-ante type 𝑖 in the population. 

As the government wants to provide students of ex-ante type 𝑖  with quality 𝑖  HE (formal 

assumption in Assumption 3.4 (b) and (c)), the first-best utilitarian optimum can be obtained 

by solving the following: 

(3.4)		𝑀𝑎𝑥	c𝜆%
%

[𝑝%(𝑒%
()𝑈%, + (1 − 𝑝%(𝑒%

())𝑝%"(𝑒%")𝑈%- + (1 − 𝑝%(𝑒%
())(1

− 𝑝%"(𝑒%"))𝑢%−𝑐%
(𝑒%

( − (1 − 𝑝%(𝑒%
())𝛿𝑐%"𝑒%"] 

with respect to {(𝑒	%
( , 𝑒	%" , 𝑞% , 𝜀%+ , 𝑟%" , 𝑟%$;𝑤<, 𝑅%+" , 𝑅'&$ (𝑤))} i,k=1,2, subject to 𝑅𝐶 , with each 

effort level chosen in the set {0, 1}.   

 

Given the many possible effort level combinations in this model each with its level of welfare, 

the only case of the government's intended effort levels that will be analysed here is the case 

in which succeeding in education is valuable to the social welfare of both education chances 

and those with ex-post type 𝑘 = 2 should not waste their labour market opportunity. In 

terms of effort vector, assume the government requires a high study effort for both types of 
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students for both education chances, ;𝑒	&
(∗, 𝑒	#

(∗, 𝑒	&"∗, 𝑒	#"∗< = (1, 1, 1, 1) , and that the 

government requires the ex-post labour effort to be high if and only if the individuals’ ex-post 

type 𝑘  is high at 2, it meant that (𝑒%&∗ , 𝑒%#∗ ) = (0, 1). We assume that the provision of HE 

benefits society in the case we studied but our model can study other cases as well. For 

example, our model can present the case in which HE is an inefficient policy if the study effort 

is very costly for a student type. In that scenario, the optimal student effort is zero for said 

type as the government does not aim to induce any study effort from said students. The 

objective of the government and the interests of said students are automatically aligned from 

the start.  

    

Given the assumption on the socially efficient effort level, we can derive the ex-post utility of 

both ex-ante types, firstly for the students who succeeded in the first chance and then for 

students who succeeded in the second chance. The ex-post utilities are presented in the 

following equations: 

(3.5)                  𝑉# = 𝛿𝑉#" + 𝛿#𝑉#$ = 𝛿𝑢"(𝑊# − 𝑅##" ) + 𝛿#𝑢$;𝑊# − 𝑅##$ (𝑊#)<, 

𝑣# = 𝛿𝑣#" + 𝛿#𝑣#$ = 𝛿𝑢"(𝑤& − 𝑅#&" ) + 𝛿#𝑢$(𝑤# − 𝑅#&$ (𝑤#)), 

𝑉& = 𝛿𝑉&" + 𝛿#𝑉&$ = 𝛿𝑢"(𝑤& − 𝑅&&" ) + 𝛿#𝑢$(𝑤& − 𝑅&&$ (𝑤&)), 

𝑣& = 𝛿𝑣&" + 𝛿#𝑣&$ = 𝛿𝑢"(𝑊& − 𝑅&#" ) + 𝛿#𝑢$(𝑊& − 𝑅&#$ (𝑊&)), 

𝐹# = 𝛿𝐹#" + 𝛿#𝐹#$ = 𝛿𝑢";𝑤 − 𝑟#"< + 𝛿#𝑢$ `𝑊#−𝑅##$ ;𝑤<a, 

𝑓# = 𝛿𝑓#" + 𝛿#𝑓#$ = 𝛿𝑢";𝑤 − 𝑟#"< + 𝛿#𝑢$ `𝑤# − 𝑅#&$ ;𝑤<a, 

𝐹& = 𝛿𝐹&" + 𝛿#𝐹&$ = 𝛿𝑢";𝑤 − 𝑟&"< + 𝛿#𝑢$ `𝑤& − 𝑅&&$ ;𝑤<a, 

𝑓& = 𝛿𝑓&" + 𝛿#𝑓&$ = 𝛿𝑢";𝑤 − 𝑟&"< + 𝛿#𝑢$ `𝑊&−𝑅&#$ ;𝑤<a. 
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note that 𝐹#" = 𝑓#" = 𝑢#"  and 𝐹&" = 𝑓&" = 𝑢&" , furthermore 𝑢& = 𝛿𝑢&" + 𝛿#𝑢&$  with 𝑢&$ =

𝑢$ `𝑤 − 𝑟&$;𝑤<a and 𝑢# = 𝛿𝑢#" + 𝛿#𝑢#$ with 𝑢#$ = 𝑢$ `𝑤 − 𝑟#$;𝑤<a. 

    

Given the assumption of the optimal choice of labour efforts, the expected wage 𝐸/',  of a 

student who succeeds in the first chance and with education quality 𝑞 is  

𝐸/&, = (1 − 𝜋)(𝛿𝑤& + 𝛿#𝑤&) + 𝜋(𝛿𝑊& + 𝛿#𝑊&), 

𝐸/#, = (1 − 𝜋)(𝛿𝑊# + 𝛿#𝑊#) + 𝜋(𝛿𝑤# + 𝛿#𝑤#). 

    

The expected wage 𝐸/'-  of a student who succeeds in the second chance and with education 

quality 𝑞 is  

𝐸/&- = 𝛿𝑤 + (1 − 𝜋)𝛿#𝑤& + 𝜋𝛿#𝑊&, 

𝐸/#- = 𝛿𝑤 + (1 − 𝜋)𝛿#𝑊# + 𝜋𝛿#𝑤#. 

    

Denote the social surplus by 𝑆% , it is the expected social benefit of education for a type 𝑖 

student choosing 𝑞 = 𝑖 with the amount of ex-ante study effort and ex-post labour effort that 

is assumed to be socially efficient above 

𝑆% = 𝑃%𝐸/%, + (1 − 𝑃%)𝑃%"𝐸/%- + (1 − 𝑃%)(1 − 𝑃%");𝛿𝑤 + 𝛿#𝑤< − 𝑦% − (1 − 𝑃%)𝛿𝜂"𝑦% . 

 

Similar to GT’s model we make Assumption 3.4:  

Assumption 3.4 

(a) 𝑆% ≥ 𝛿𝑤 + 𝛿#𝑤 for all 𝑖; 

(b) 𝑃#[𝐸/#, − 𝐸/&, ] ≥ 𝑦# − 𝑦& ≥ 𝑃&[𝐸/#, − 𝐸/&, ]; 

(c) 𝑃#"[𝐸/#- − 𝐸/&- ] ≥ 𝛿𝜂"(𝑦# − 𝑦&) ≥ 𝑃&"[𝐸/#- − 𝐸/&- ]. 
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𝑃#[𝐸/#, − 𝐸/&, ] is the expected wage gain for an ex-ante type 𝑖 = 2 student to choose quality 

𝑞 = 2 HE instead of quality 𝑞 = 1 HE for the first chance at HE and 𝑃&[𝐸/#, − 𝐸/&, ] is the 

expected wage gain for an ex-ante type 𝑖 = 1 student to choose quality 𝑞 = 2 HE instead of 

quality 𝑞 = 1 HE for the first chance at HE. 𝑃#"[𝐸/#- − 𝐸/&- ] is the expected wage gain for an 

ex-ante type 𝑖 = 2 student to choose quality 𝑞 = 2 HE instead of quality 𝑞 = 1 HE for the 

second chance at HE and 𝑃&"[𝐸/#- − 𝐸/&- ] is the expected wage gain for an ex-ante type 𝑖 = 1 

student to choose quality 𝑞 = 2 HE instead of quality 𝑞 = 1 HE for the second chance at HE. 

Assumption 3.4 (b) meant that for an ex-ante type 𝑖 student who succeeds in the first chance, 

choosing education quality 𝑞 = 𝑖 generates more social surplus than choosing the alternative, 

and Assumption 3.4 (c) states that for an ex-ante type 𝑖 student that succeeds in the second 

chance, choosing education quality 𝑞 = 𝑖 also generates more social surplus than choosing 

the alternative, given the probability of success. Combined, it means a student of ex-ante type 

𝑖 should choose education 𝑞 = 𝑖.  

    

There need to be two inverse utility functions, one for each of the utility functions in the two 

periods, 

(3.6)                                   ℎ"(𝑥) = 𝑢"0&(𝑥),                ℎ$(𝑥) = 𝑢$0&(𝑥).                 

 

By using the inverse functions on the student’s utility function of each period, we can obtain 

the following function of repayments, 

(3.7)                   𝛿𝑅##" + 𝛿#𝑅##$ (𝑊#) = 𝛿𝑊# + 𝛿#𝑊# − 𝛿ℎ"(𝑉#") − 𝛿#ℎ$(𝑉#$), 

𝛿𝑅#&" + 𝛿#𝑅#&$ (𝑤#) = 𝛿𝑤# + 𝛿#𝑤# − 𝛿ℎ"(𝑣#") − 𝛿#ℎ$(𝑣#$), 

𝛿𝑅&&" + 𝛿#𝑅&&$ (𝑤&) = 𝛿𝑤& + 𝛿#𝑤& − 𝛿ℎ"(𝑉&") − 𝛿#ℎ$(𝑉&$), 

𝛿𝑅&#" + 𝛿#𝑅&#$ (𝑊&) = 𝛿𝑊& + 𝛿#𝑊& − 𝛿ℎ"(𝑣&") − 𝛿#ℎ$(𝑣&$), 
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𝛿𝑟#" + 𝛿#𝑅##$ ;𝑤< = 𝛿𝑤 + 𝛿#𝑊# − 𝛿ℎ"(𝐹#") − 𝛿#ℎ$(𝐹#$), 

𝛿𝑟#" + 𝛿#𝑅#&$ ;𝑤< = 𝛿𝑤 + 𝛿#𝑤# − 𝛿ℎ"(𝑓#") − 𝛿#ℎ$(𝑓#$), 

𝛿𝑟&" + 𝛿#𝑅&&$ ;𝑤< = 𝛿𝑤 + 𝛿#𝑤& − 𝛿ℎ"(𝐹&") − 𝛿#ℎ$(𝐹&$), 

𝛿𝑟&" + 𝛿#𝑅&#$ ;𝑤< = 𝛿𝑤 + 𝛿#𝑊& − 𝛿ℎ"(𝑓&") − 𝛿#ℎ$(𝑓&$), 

𝛿𝑟&" + 𝛿#𝑟&$;𝑤< = 𝛿𝑤 + 𝛿#𝑤 − 𝛿ℎ"(𝑢&") − 𝛿#ℎ$(𝑢&$), 

𝛿𝑟#" + 𝛿#𝑟#$;𝑤< = 𝛿𝑤 + 𝛿#𝑤 − 𝛿ℎ"(𝑢#") − 𝛿#ℎ$(𝑢#$). 

 

Similarly, if this is done without writing down what the student’s specific ex-ante type 𝑖 is, we 

obtain 

𝑌% = 𝛿𝑌%" + 𝛿#𝑌%$ = 𝛿𝜔(𝑞% , 𝜀%+) + 𝛿#𝜔(𝑞% , 𝜀%+) − 𝛿ℎ"(𝑣%") − 𝛿#ℎ$(𝑣%$), 

𝑋% = 𝛿𝑋%" + 𝛿#𝑋%$ = 𝛿𝜔(𝑞% , 𝜀%%) + 𝛿#𝜔(𝑞% , 𝜀%%) − 𝛿ℎ"(𝑉%") − 𝛿#ℎ$(𝑉%$), 

𝑇% = 𝛿𝑇%" + 𝛿#𝑇%$ = 𝛿𝑤 + 𝛿#𝜔(𝑞% , 𝜀%+) − 𝛿ℎ"(𝑓%") − 𝛿#ℎ$(𝑓%$), 

𝑍% = 𝛿𝑍%" + 𝛿#𝑍%$ = 𝛿𝑤 + 𝛿#𝜔(𝑞% , 𝜀%%) − 𝛿ℎ"(𝐹%") − 𝛿#ℎ$(𝐹%$), 

𝐴% = 𝛿𝐴%" + 𝛿#𝐴%$ = 𝛿𝑤 + 𝛿#𝑤 − 𝛿ℎ"(𝑢%") − 𝛿#ℎ$(𝑢%$). 

 

The expected amount of resources that are needed to provide the expected utility 𝑃%𝑈%, +

(1 − 𝑃%)𝑃%"𝑈%- + (1 − 𝑃%)(1 − 𝑃%")𝑢%, is denoted as 

(3.8)																															𝐸(ℎ%) = 𝑃%\(1 − 𝜋);𝛿ℎ"(𝑉%") + 𝛿#ℎ$(𝑉%$)< + 𝜋;𝛿ℎ"(𝑣%") +

𝛿#ℎ$(𝑣%$)<] + (1 − 𝑃%)𝑃%"\(1 − 𝜋);𝛿ℎ"(𝐹%") + 𝛿#ℎ$(𝐹%$)< + 𝜋;𝛿ℎ"(𝑓%") + 𝛿#ℎ$(𝑓%$)<] +

(1 − 𝑃%)(1 − 𝑃%");𝛿ℎ"(𝑢%") + 𝛿#ℎ$(𝑢%$)<.        

 

The resource constraint 𝑅𝐶 can be simplified by substituting the terms for 𝑋%, 𝑌%, 𝑍%, 𝑇%  and 𝐴%  

and separating the terms into the expression for 𝑆%  and 𝐸(ℎ%), the resource constraint is now, 



 86 

;𝑅𝐶<																																																			c𝜆%
%

{𝑆% − 𝐸(ℎ%)} ≥ 0. 

The repayment schemes are eliminated from the resource constraint and since 𝑃% = 𝑝%(1) 

and 𝑃%" = 𝑝%"(1), the first-best utilitarian problem is expressed as the following 

(3.9)		𝑀𝑎𝑥		c𝜆%
%

\𝑃%𝑈%, + (1 − 𝑃%)𝑃%"𝑈%- + (1 − 𝑃%)(1 − 𝑃%")𝑢% − 𝑐%
(𝑒%

( − (1 − 𝑃%)𝛿𝑐%"𝑒%"], 

with respect to (𝑉%" , 𝑉%$ , 𝑣%" , 𝑣%$ , 𝐹%" , 𝐹%$ , 𝑓%$ , 𝑢%$) i=1,2,	 subject to 𝑅𝐶 .	 Note that due to the 

model’s construction, 𝐹%" = 𝑓%" = 𝑢%" by definition. 

    

Solving problem (3.9) and obtain the following proposition. The proposition is obtained in the 

Appendix A3.1.  

 

Proposition 3.1: 

Under Assumption 3.1-3.4, the first-best optimum implies full insurance for any student, that 

is for all	𝑖 

𝑉%" = 𝑉%$ = 𝑣%" = 𝑣%$ = 𝐹%" = 𝐹%$ = 𝑓%$ = 𝑢%$ , 

and in the standard utilitarian case, the first-best optimum exhibits full equality between ex-

ante types, which means 

𝑉&" = 𝑉#" , 𝑉&$ = 𝑉#$ ,	𝑣&" = 𝑣#" ,	𝑣&$ = 𝑣#$ ,	

𝐹&" = 𝐹#" , 𝐹&$ = 𝐹#$ , 𝑓&$ = 𝑓#$ , 𝑢&$ = 𝑢#$ .	

The resource constraint 𝑅𝐶tttt must be binding at the first-best optimum.  

 

The students are insured against education risks and labour market risks. Students are also 

provided with intertemporal insurance. This is a common first-best result in which the 

government offered the maximum possible insurance in the economy. This result would not 



 87 

be attainable with asymmetric information as students with ex-ante type 𝑖 = 2 will pretend 

to be ex-ante type 𝑖 = 1 students since if they tell the truth with quality 𝑞 = 2 education they 

are more likely to obtain a high ex-post type and resulting in extra effort cost in the labour 

market. Also, no students would exert effort in either HE or the labour market since they 

would not be compensated for exerting effort in either HE or the labour market. 

 

3.3 Asymmetric Information and Incentive Constraints 

For the second-best case, the same assumptions on the effort levels are maintained, which 

are ;𝑒	&
(∗, 𝑒	#

(∗, 𝑒	&"∗, 𝑒	#"∗< = (1, 1, 1, 1) for study effort and (𝑒%&∗ , 𝑒%#∗ ) = (0, 1) for the ex-post 

effort. The second-best effort levels that the government wishes to induce are the same as 

the first-best effort levels for both study and ex-post effort for both of the periods that they 

respectively occur.   

    

In the second-best case, the students’ ex-ante types, ex-post types and effort levels are not 

observable by the government. The problem for the government is to satisfy the adverse 

selection and moral hazard incentive constraints. The students must self-select the contracts 

designed for them.  

 
3.3.1   Incentives 

The ex-post incentives (labour effort constraints) must be satisfied for both the students who 

succeeded in the first chance and the students who succeeded in the second chance. Due to 

the assumption of the large size of 𝐵, the only ex-post effort that needs to worry about are 

the students with ex-post type 𝑘 = 2 pretending to be 𝑘 = 1 to obtain a middle-level job and 
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save on ex-post effort cost. The ex-post moral hazard constraints, which will be called labour 

effort constraints, should be separated for the two periods since the type 𝑘 = 2 student 

needs to exert effort in both periods. 

    

For the students who succeeded in the first chance. Those who chose education quality 𝑞 =

1 and with ex-post type 𝑘 = 2 will not choose a middle-level job in either period ex-post if 

and only if 

(𝐼𝐶𝑋&,)                         𝑣&" − 𝑏 ≥ 𝑉&"                  and                  𝑣&$ − 𝑏 ≥ 𝑉&$ .                   

 

Those students have education quality 𝑞 = 2  and with ex-post type 𝑘 = 2 , they will not 

choose a middle-level job in either period ex-post if and only if 

(𝐼𝐶𝑋#,)                        𝑉#" − 𝑏 ≥ 𝑣#"                  and                   𝑉#$ − 𝑏 ≥ 𝑣#$ .                   

 

For students who succeeded in the second chance. Those students have chosen education 

quality 𝑞 = 1 and with ex-post type 𝑘 = 2, they will not choose a middle-level job when old 

ex-post if and only if 

(𝐼𝐶𝑋&-)                                                          𝑓&$ − 𝑏 ≥ 𝐹&$ .                        

 

If the student has chosen education quality 𝑞 = 2 and with ex-post type 𝑘 = 2, he will not 

choose a middle-level job ex-post when old if and only if  

(𝐼𝐶𝑋#-)                                                          𝐹#$ − 𝑏 ≥ 𝑓#$ . 
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Note that different to the students who succeeded in the first chance, there are no labour 

effort constraints to satisfy in the adult period for the students who succeeded in the second 

chance. 

 

The interim expected utilities from (3.2a) and (3.2b) of ex-ante type 𝑖 = 1, 2, for both the 

students who succeeded in the first chance and the students who succeeded in the second 

chance, with their ex-post utilities can be written as  

(𝐸𝑈&,)    𝑈&, = 𝜋(𝛿𝑣&" + 𝛿#𝑣&$ − 𝛿𝑏 − 𝛿#𝑏) + (1 − 𝜋)(𝛿𝑉&" + 𝛿#𝑉&$), 

(𝐸𝑈#,)    𝑈#, = 𝜋(𝛿𝑣#" + 𝛿#𝑣#$) + (1 − 𝜋)(𝛿𝑉#" + 𝛿#𝑉#$ − 𝛿𝑏 − 𝛿#𝑏), 

(𝐸𝑈&-)    𝑈&- = 𝜋(𝛿𝑓&" + 𝛿#𝑓&$ − 𝛿#𝑏) + (1 − 𝜋)(𝛿𝐹&" + 𝛿#𝐹&$), 

(𝐸𝑈#-)    𝑈#- = 𝜋(𝛿𝑓#" + 𝛿#𝑓#$) + (1 − 𝜋)(𝛿𝐹#" + 𝛿#𝐹#$ − 𝛿#𝑏). 

    

Given values of the ex-post utilities that satisfy all the labour effort constraints, the students 

need to simultaneously self-select the right contract that reveals their ex-ante type and exert 

the correct ex-ante (study) effort. Now we will present the ex-ante self-selection constraints 

and the study effort constraints for both the first chance at HE when young and the second 

chance.  

    

The ex-ante self-selection constraint 𝐼𝐶%  means that a student of ex-ante type 𝑖 does not want 

to mimic to be ex-ante type 𝑗 while exerting a high study effort at both periods (the expected 

intertemporal study effort costs cancelled each other out),  

(𝐼𝐶%)   𝑃%𝑈%, + (1 − 𝑃%)𝑃%"𝑈%- + (1 − 𝑃%)(1 − 𝑃%")𝑢% ≥ 𝑃%𝑈1, + (1 − 𝑃%)𝑃%"𝑈1- + (1 − 𝑃%)(1 −

𝑃%")𝑢1 ,              

for all 𝑖 = 1, 2 and 𝑖 ≠ 𝑗. 
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The study effort constraints are needed because the government wants a high study effort 

for both education opportunities and both types of students.  

    

For a student with an ex-ante type 𝑖 who experiences a second chance, the second chance 

effort constraint states that he will prefer to exert a high study effort level over a low study 

effort during the second chance, 

(𝑀𝐻%)   																								𝑃%"𝑈%- + (1 − 𝑃%")𝑢% − 𝛿𝑐%" ≥ 𝑝%"𝑈%- + (1 − 𝑝%")𝑢% . 

 

For students in their youth who just learnt their ex-ante type 𝑖, and are determining whether 

to exert high study effort for the first chance or not, given the possibility of receiving a second 

chance in the future adult period, their first chance effort constraint meant they should prefer 

high study effort for the first chance at HE over low study effort, given a high effort at the 

second chance. 

;𝑀𝐻%<																		𝑃%𝑈%, + (1 − 𝑃%)𝑃%"𝑈%- + (1 − 𝑃%)(1 − 𝑃%")𝑢% − 𝑐%
( − (1 − 𝑃%)𝛿𝑐%" ≥ 𝑝%𝑈%, +

(1 − 𝑝%)𝑃%"𝑈%- + (1 − 𝑝%)(1 − 𝑃%")𝑢% − (1 − 𝑝%)𝛿𝑐%" .           

 

If both 𝑀𝐻%  and 𝑀𝐻%  are satisfied, then the combined moral hazard constraint of exerting 

high study effort on both the first chance and the second chance over low study effort for 

both is automatically satisfied. 

 

In this model, it is not possible for an ex-ante type 𝑖 student who self-selects and is revealed 

to be type 𝑖 when young for the first chance at HE to mimic being an ex-ante type 𝑗 for the 

second chance since no contract would be designed that way. 
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In addition, there are additional combined incentive constraints so that an ex-ante type 𝑖 

student would prefer to exert high study effort for the first chance at HE than to mimic type 

𝑗 and exert low study effort for the first chance at HE, given high study effort level in the 

second chance, 

(𝐼𝐶%)																					𝑃%𝑈%, + (1 − 𝑃%)𝑃%"𝑈%- + (1 − 𝑃%)(1 − 𝑃%")𝑢% − 𝑐%
( − (1 − 𝑃%)𝛿𝑐%" ≥ 𝑝%𝑈1, +

(1 − 𝑝%)𝑃%"𝑈1- + (1 − 𝑝%)(1 − 𝑃%")𝑢1 − (1 − 𝑝%)𝛿𝑐%" .                  

 

Also, ex-ante type 𝑖  students should prefer high study effort to low study effort at both 

education opportunities and to mimic ex-ante type 𝑗, 

(𝐼𝐶%)        			𝑃%𝑈%, + (1 − 𝑃%)𝑃%"𝑈%- + (1 − 𝑃%)(1 − 𝑃%")𝑢% − 𝑐%
( − (1 − 𝑃%)𝛿𝑐%" ≥ 𝑝%𝑈1, +

(1 − 𝑝%)𝑝%"𝑈1- + (1 − 𝑝%)(1 − 𝑝%")𝑢1 . 

 

One additional combined incentive constraint is that ex-ante type 𝑖 students should prefer to 

exert high study effort at both study opportunities compared to mimic ex-ante type 𝑗 and 

exert high study effort at the first chance and low study effort at the second chance, 

(𝐼𝐶𝐴%)                  𝑃%𝑈%, + (1 − 𝑃%)𝑃%"𝑈%- + (1 − 𝑃%)(1 − 𝑃%")𝑢% − 𝑐%
( − (1 − 𝑃%)𝛿𝑐%" ≥ 𝑃%𝑈1, +

(1 − 𝑃%)𝑝%"𝑈1- + (1 − 𝑃%)(1 − 𝑝%")𝑢1 − 𝑐%
( . 

 

The second-best optimality problem is the following: 

𝑀𝑎𝑥c𝑙%23

%

\𝑃%𝑈%, + (1 − 𝑃%)𝑃%"𝑈%- + (1 − 𝑃%)(1 − 𝑃%")𝑢% − 𝑐%
( − (1 − 𝑃%)𝛿𝑐%"], 

subject to 𝑅𝐶 ,	𝐼𝐶% , 𝑀𝐻% ,	𝑀𝐻% , 𝐼𝐶% , 𝐼𝐶% , 𝐼𝐶𝐴% , 𝐼𝐶𝑋%  and 𝐸𝑈%  along with 𝐹&" = 𝑓&" = 𝑢&"  and 

𝐹#" = 𝑓#" = 𝑢#", 𝑖 = 1, 2. 𝑙%23 represents the social welfare weight given to the ex-ante type 𝑖 
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student by the government in the welfare function. Assume that 𝑙&23 + 𝑙#23 = 1, and 𝑙%23 > 0 

for both 𝑖. In the second-best problem without any treatment, there are 20 variables to be 

differentiated and 16 incentive constraints. Preliminary treatment to simplify the problem 

should be done first. The second-best optimum will be characterised by the relations between 

the ex-post utilities obtained from solving the second-best optimality problem. 

 
3.3.2   Labour Effort Constraints 

In the second-best optimality problem, if any of the labour effort constraints are not binding, 

based on the first-order conditions the respective ex-post utilities in that labour effort 

constraint are equal to each other which violates that labour effort constraint. Therefore, in 

any second-best optimum, the 𝐼𝐶𝑋%  constraints need to be binding. 

 

Lemma 3.1. The 𝐼𝐶𝑋%  constraints must be binding in any second-best optimum, which means, 

(3.10)                    𝑣&" − 𝑏 = 𝑉&" , 𝑣&$ − 𝑏 = 𝑉&$ , 𝑉#" − 𝑏 = 𝑣#" , 𝑉#$ − 𝑏 = 𝑣#$ , 

𝑓&$ − 𝑏 = 𝐹&$ , 𝐹#$ − 𝑏 = 𝑓#$ . 

(3.11)                              𝑈&, = 𝛿𝑉&" + 𝛿#𝑉&$ ,              𝑈#, = 𝛿𝑣#" + 𝛿#𝑣#$ , 

𝑈&- = 𝛿𝐹&" + 𝛿#𝐹&$ ,               𝑈#- = 𝛿𝑓#" + 𝛿#𝑓#$ . 

 

We will replace the ex-ante expected utilities with the ex-post utilities in the study effort 

constraints using (3.11). 

    

The relationships between the sums of the ex-post utilities are as follows, 

(3.12)   𝛿𝑣&" + 𝛿#𝑣&$ − 𝛿𝑏 − 𝛿#𝑏 = 𝛿𝑉&" + 𝛿#𝑉&$ , 𝛿𝑉#" + 𝛿#𝑉#$ − 𝛿𝑏 − 𝛿#𝑏 = 𝛿𝑣#" + 𝛿#𝑣#$ , 

𝛿𝑓&" + 𝛿#𝑓&$ − 𝛿#𝑏 = 𝛿𝐹&" + 𝛿#𝐹&$ , 𝛿𝐹#" + 𝛿#𝐹#$ − 𝛿#𝑏 = 𝛿𝑓#" + 𝛿#𝑓#$ . 
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Using (3.10) and the fact that 𝐹&" = 𝑓&" = 𝑢&"  and 𝐹#" = 𝑓#" = 𝑢#" , the following ex-post 

utilities can be eliminated from the second-best problem, they are 𝑣&", 𝑣&$, 𝑉#", 𝑉#$ ,	𝑓&" ,	𝑓&$ ,	𝑓#" ,	

𝐹#$ ,	𝑢&"	and 𝑢#". After these eliminations, there are ten remaining variables in the second-best 

problem.  

 

3.3.3   Study Effort Constraints for the Second Chance 

The second chance study effort constraint for the student with ex-ante type 𝑖 (𝑀𝐻%) can be 

rewritten as  

(𝑀𝐻%)                                     𝑈%- − 𝑢% ≥ 𝛿𝐾%" ,       where 𝐾%" =
-!
"

4!
"05!

".                   

 

We assume that an ex-ante type 𝑖 = 2 student is more efficient than an ex-ante type 𝑖 = 1 

student at exerting study effort, formally with the following assumption 

Assumption 3.5: 𝐾&" ≥ 𝐾#" . 

    

In terms of ex-post utilities, for students of ex-ante type 𝑖 = 1, we can derive that  

(𝑀𝐻&)                                                    𝛿#𝐹&$ − 𝛿#𝑢&$ ≥ 𝛿𝐾&" . 

 

For students of ex-ante type 𝑖 = 2, we can derive that 

(𝑀𝐻#)                                                    𝛿#𝑓#$ − 𝛿#𝑢#$ ≥ 𝛿𝐾#" . 
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3.3.4   Study Effort Constraints for the First Chance 

The study effort constraints for the first chance at HE when young for a student of ex-ante 

type 𝑖 (𝑀𝐻%) can be similarly rewritten as  

(𝑀𝐻%)               𝑈%, − 𝑃%"𝑈%- − (1 − 𝑃%")𝑢% + 𝛿𝑐%" ≥ 𝐾%
( ,          where 𝐾%

( = -!
#

4!05!
.           

 

It is also reasonable to have a similar assumption about ex-ante type 𝑖 = 2 students being 

more efficient at exerting study effort for the first chance as well, which formally we assume 

Assumption 3.6: 𝐾&
( ≥ 𝐾#

( . 

    

In terms of ex-post utilities, for students of ex-ante type 𝑖 = 1, we can derive that  

(𝑀𝐻&)               𝛿𝑉&" + 𝛿#𝑉&$ − 𝑃&"𝛿#𝐹&$ − 𝛿𝐹&" − (1 − 𝑃&")𝛿#𝑢&$ + 𝛿𝑐&" ≥ 𝐾&
( . 

 

For students of ex-ante type 𝑖 = 2, we have  

(𝑀𝐻#)              𝛿𝑣#" + 𝛿#𝑣#$ − 𝑃#"𝛿#𝑓#$ − 𝛿𝐹#" − (1 − 𝑃#")𝛿#𝑢#$ + 𝛿𝑐#" ≥ 𝐾#
( . 

 

3.3.5   Adverse Selection 

Rewrite the ex-ante self-selection constraints 𝐼𝐶%  by putting 𝑢%  on one side and combining 

them to obtain the following string of inequality, 

𝑃#
(1 − 𝑃#)(1 − 𝑃#")

(𝑈#, − 𝑈&,) +
𝑃#"

(1 − 𝑃#")
(𝑈#- − 𝑈&-) ≥ 𝑢& − 𝑢#

≥
𝑃&

(1 − 𝑃&)(1 − 𝑃&")
(𝑈#, − 𝑈&,) +

𝑃&"

(1 − 𝑃&")
(𝑈#- − 𝑈&-), 
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(3.13)           4$
(&04$)(&04$")

z𝑈#, − 𝑈&, +
4$"

4$
(1 − 𝑃#)(𝑈#- − 𝑈&-){ ≥ 𝑢& − 𝑢# ≥

4%
(&04%)(&04%")

z𝑈#, −

𝑈&, +
4%"

4%
(1 − 𝑃&)(𝑈#- − 𝑈&-){. 

 

By assumption 𝑃# > 𝑃& , 𝑃#" > 𝑃&" , therefore 4$
(&04$)(&04$")

> 4%
(&04%)(&04%")

, but in (3.13) there 

are also 4$
"

4$
(1 − 𝑃#) and 4%

"

4%
(1 − 𝑃&) inside the [.] as well. For (3.13), the various terms of 

interim expected utilities can take on different relationships to each other for example 𝑈#- ≤

𝑈&-, while keeping the inequality satisfied. Unlike the adverse selection constraint without a 

second chance, it does not require strict restrictions on what 𝑈%  and 𝑢%  need to be. If both 𝐼𝐶%  

are binding in the second-best optimum, the GT’s model’s equal treatment result 𝑈#, = 𝑈&,, 

𝑢& = 𝑢# is not the only result that would satisfy the condition of both 𝐼𝐶%  being binding. 

  

3.3.6   Simplifying the Combined Incentive Constraints 

Given the combination of adverse selection and moral hazard as well as the possibility of 

second chance education, there are six more additional combined incentive constraints in this 

model and two of them are automatically satisfied.  

Lemma 3.2 

(a). For the incentive constraint 𝐼𝐶#, if 𝐼𝐶# and 𝑀𝐻& are satisfied, then by Assumption 3.5 the 

𝐼𝐶# is satisfied. 

(b). For the incentive constraint 𝐼𝐶𝐴#, if 𝐼𝐶# and 𝑀𝐻& are satisfied, then by Assumption 3.5 

the 𝐼𝐶𝐴# is satisfied.  
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3.4 Properties of the Second-Best Optimums 
 

In section 3.4.1, the common properties of the second-best optimums and the effect of 

introducing the second chance are discussed. In section 3.4.2, we examined the necessity of 

using ICL to implement the second-best optimum. In section 3.4.3, we analysed the effect of 

introducing the second chance on the degree of ex-ante inequality.  

 
3.4.1   Common Second-Best Relationships and Implications on Inequality and Insurance 

There are relationships between the ex-post utilities that are common across all possible 

cases of second-best optimum in this model and they are derived in Appendix A3.3. 

Proposition 3.2: In all the second-best optimums the ex-post utilities have the following 

relations: 

(a). 𝑉&" = 𝑉&$ , 𝑣#" = 𝑣#$ . 

(b). 𝑓&$ > 𝐹&" > 𝑢&$, 𝐹#$ > 𝐹#" > 𝑢#$, 

(c). 𝑉#$ = 𝑉#" > 𝐹#",  

 

Additionally, in all possible second-best optimums, the resource constraint 𝑅𝐶  and the 

second chance study effort constraint 𝑀𝐻&  must be binding. 

 

Corollary 3.1: The common properties of the second-best optimums meant the optimal 

repayment schedule must obey the following relations: 

(a). 𝑉&" = 𝑉&$ implies 𝑅&&" = 𝑅&&$ (𝑤&), 

       𝑣#" = 𝑣#$ implies 𝑅#&" = 𝑅#&$ (𝑤#). 

(b). 𝑓&$ > 𝐹&" > 𝑢&$ implies 𝑊&−𝑅&#$ ;𝑤< > 𝑤 − 𝑟&", 𝑟&$;𝑤< > 𝑟&", 
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       𝐹#$ > 𝐹#" > 𝑢#$ implies 𝑊#−𝑅##$ ;𝑤< > 𝑤 − 𝑟#", 𝑟#$;𝑤< > 𝑟#". 

(c). 𝑉#$ = 𝑉#" > 𝐹#" implies 𝑅##" = 𝑅##$ (𝑊#), 𝑊# − 𝑅##" = 𝑊# − 𝑅##$ (𝑊#) > 𝑤 − 𝑟#". 

 

As shown in Corollary 3.1 (a), the government continue to provide intertemporal insurance 

for the students who succeed in their first chance of HE as their loan repayment level is the 

same across periods for each ex-ante type 𝑖 student because it is optimal for the government 

to maintain the same level of ex-post utilities for those students who succeeded in their first 

chance of HE. 

 

Proposition 3.2 (b) meant the introduction of the second chance removes intertemporal 

insurance for those who failed their first chance at HE. From Corollary 3.1 (b), for students 

who failed in their first chance but succeeded in the second chance and gained the ex-post 

type 𝑘 = 2, the net wage at old age is higher than their net wage in the adult period and for 

students who failed twice, they will repay more or receive fewer transfers when old than in 

the adult period. 

 

Corollary 3.1 (c) implies that there is a limit to the degree of redistribution in the adult period. 

The most successful student in terms of labour market performance who succeeds in their 

first chance needs to be made better off than students who have failed their first chance. 

Otherwise, it would be difficult to create incentives to exert study effort for HE when young.  

 

Because of the additional incentive constraints, we cannot fully characterize the relations in 

the second-best optimums but a valid potential solution to the second-best problem is 𝑈#, =

𝑈&,, 𝑈#- = 𝑈&-  and 𝑢# = 𝑢& with both 𝐼𝐶& and 𝐼𝐶# being binding constraints. All the additional 
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combined incentive constraints are automatically satisfied along with 𝑀𝐻# in this new equal 

treatment outcome. 

 

In the second-best optimum of GT’s model without a second chance, their 𝑀𝐻& constraint is 

binding with 𝑈&, − 𝑢& = 𝐾&
(, the insurance against failing HE is incomplete. With the addition 

of the second chance the second chance study effort constraint 𝑀𝐻&  must be binding which 

substitute into our 𝑀𝐻&  implies 𝑈&, − 𝑢& ≥ 𝐾&
( + 𝑝&"𝛿𝐾&" > 𝐾&

( . The difference in utilities 

between those who succeeded HE when young and those who failed HE in general and earned 

the lowest wage in both periods has widened. The second chance reduced the degree of 

insurance against failing HE for the type 𝑖 = 1  (low ability) students compared with the 

corresponding insurance in GT’s model when taking the incomplete insurance against failing 

second chance into account. 

 

The final common properties in the model are derived through the satisfaction of the study 

effort constraints 𝑀𝐻%  and 𝑀𝐻%, which together with Proposition 3.2 (b) concludes that for 

each ex-ante type 𝑖  student, 𝑢%$ , the ex-post utility at old age when he failed his second 

chance is the lowest possible utility he would obtain.  

{𝑉%" , 𝑉%$ , 𝑣%" , 𝑣%$ , 𝐹%" , 𝑓%" , 𝑢%" , 𝐹%$ , 𝑓%$} > 𝑢%$ , 𝑖 = 1, 2. 

 

Policy-wise, this could be implemented if the student loan contract includes a clause that 

decreases the repayment threshold for an individual student if said student fails in HE again. 

Additionally, because the intertemporal insurance is maintained for the workers who 

succeeded in their first chance at HE while the workers earning the lowest income will receive 

a lower utility if they fail their second chance, the introduction of a second chance requires 
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the optimal repayment schedule to widen the inequality between those who succeed in HE 

when young and those who failed in HE if they failed their second chance at HE. Furthermore, 

ex-post inequality in the labour market which is the difference in utility between type 𝑘 = 2 

and 𝑘 = 1 workers after succeeding in the HE with the same quality and chance still exists 

between these workers of different ex-post types due to labour effort constraints. From this 

point of view, the second chance policy has also created more cases of ex-post inequality in 

the labour market as the workers that succeeded in second chance are previously treated the 

same because their ex-post type was unknown. Now they face inequality depending on their 

labour market outcomes because of the labour market effort constraints.  

 

In conclusion, from these common properties, the optimal second-best policy offers 

intertemporal insurance only to students who succeed in youth HE. In the second-best 

optimums, the second chance policy improves the utility of those who succeed in the second 

chance. However, by removing the intertemporal insurance for those who failed youth HE as 

well as preventing moral hazard in both chances of HE, when old, the workers that have failed 

twice in HE would be worse off than they are in the adult period and any other workers of the 

same ex-ante type in the economy. The inequality is widened when old between those who 

succeeded in HE when young and those who earn the lowest wage. 

 

The aim of a second chance policy in real life is to help out those who missed their first chance 

at succeeding in HE. However, because of the effects of the second chance policy listed above, 

a second chance policy should not be used as a redistributive policy.  
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3.4.2   The Necessity of ICL 

For the question of whether a non-income-contingent loan (non-ICL) could implement the 

second-best optimum. Given that this model’s possible repayment levels, agent types and 

assumptions on wage levels are not largely changed from GT’s model, for the equal treatment 

case we could use the same method to show that it is only in rare conditions could a non-ICL 

be optimal, which is when education increases earning in a completely additive way for 

different types of jobs, 𝑊# −𝑊& − (𝑤# −𝑤&) = 0. Non-ICL means the optimal repayment 

schedule can be decomposed into an ordinary loan repayment that depends only on 

education quality and education history and an ordinary tax that does not depend on 

education factors. Here “does not depend on education factors” means the income tax 

depends only on the ex-post type and ignores the students' past education outcomes and the 

effects of education on income level between workers of the same ex-post type. The student 

loan should be income contingent, or the income tax needs to depend on the quality and 

history of education. Intuitively, in our model and real life, the wage rate depends on both 

education quality and labour effort, but in a non-specific way. This means that within a job 

type, a higher quality education has a different effect on wage rate than in other job types 

and for students with a level of quality of education increasing the labour effort will have a 

different effect on wage rate than students with other levels of quality of education. However, 

this first method did not consider the impact of the government providing a second chance 

and is only applicable to the equal treatment case. 

 

The second way of showing non-ICL is not optimal applies to all second-best optimums. The 

intuition of this method is that we aim to show the government cannot use non-ICL to 

simultaneously implement all of the ex-post utility relations common in all the second-best 
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optimums. We assume policies cannot be age dependent, meaning an ordinary tax and 

ordinary loan repayment cannot change across periods if the worker’s income and education 

history are not changed. When old, students succeeded in their first chance and students who 

succeeded in second chance are engaged in their separate repayment schedules. For the 

students that have the same ex-post types and chose the same education quality, their only 

difference to the government is their education history (superscript “𝑠” will indicate both 

education opportunities taken). We have the following eight equations for the levels of 

repayment for different old workers if tax schedule and loan repayment can be separated 

from each other, 

𝑅&&$ (𝑤&) = 𝑇& + 𝐿&,   				𝑅&&$ ;𝑤< = 𝑇& + 𝐿&, , 

𝑅##$ (𝑊#) = 𝑇# + 𝐿#,     	𝑅##$ ;𝑤< = 𝑇# + 𝐿#, , 

𝑅&#$ (𝑊&) = 𝑇# + 𝐿&,     	𝑅&#$ ;𝑤< = 𝑇# + 𝐿&, , 

𝑅#&$ (𝑤#) = 𝑇& + 𝐿#,     	𝑅#&$ ;𝑤< = 𝑇& + 𝐿#, .	

 

This implies that  

1. 𝑅&&$ ;𝑤< − 𝑅&&$ (𝑤&) = 𝐿&, − 𝐿& = 𝑅&#$ ;𝑤< − 𝑅&#$ (𝑊&), 

2. 𝑅##$ ;𝑤< − 𝑅##$ (𝑊#) = 𝐿#, − 𝐿# = 𝑅#&$ ;𝑤< − 𝑅#&$ (𝑤#). 

 

Define  

∆&= \𝑅&&$ ;𝑤< − 𝑅&&$ (𝑤&)] − \𝑅&#$ ;𝑤< − 𝑅&#$ (𝑊&)], 

∆#= \𝑅##$ ;𝑤< − 𝑅##$ (𝑊#)] − \𝑅#&$ ;𝑤< − 𝑅#&$ (𝑤#)]. 

 

If ∆&= 0, then it can be shown that an ICL and/or graduate tax is unnecessary. The only 

observable difference between students with the same ex-post type within equation ∆& is 
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their education history as they are earning the same wage and chose the same quality HE and 

its loan when young. Utilizing equation (3.7) and substituting ∆&  with the repayment 

schedules expressed by wage rate and the inverse utility function, we obtain 

∆&= 𝑤& − ℎ$(𝐹&$) − ;𝑤& − ℎ$(𝑉&$)< − ;𝑊& − ℎ$(𝑓&$)< + ;𝑊& − ℎ$(𝑣&$)<, 

∆&= ℎ$(𝑉&$) − ℎ$(𝐹&$) − ;ℎ$(𝑣&$) − ℎ$(𝑓&$)<. 

 

Although the differences between pairs of ex-post utilities are the same, 𝑣&$ − 𝑉&$ = 𝑓&$ −

𝐹&$ = 𝑏 due to labour effort constraints, because of Assumption 3.3, ℎ(. ) is a strictly convex 

function, as a result ∆&≠ 0  unless 𝑣&$ = 𝑓&$  and 𝑉&$ = 𝐹&$ . Now consider the type 𝑖 = 1 

workers who are earning the lowest wage in both periods. Their repayment schedules with 

just an ordinary tax and ordinary loan would be: 𝑟&" = 𝑡& + 𝐿& , 𝑟&$;𝑤< = 𝑡& + 𝐿&, , with 𝑡& 

denoting the tax charged to those earning the lowest wage. 𝑢&" > 𝑢&$ is a common property 

of the second-best optimum. This meant 𝐿&, > 𝐿& is needed to implement this second-best 

optimum property. However, this policy meant 𝑣&$ > 𝑓&$  and 𝑉&$ > 𝐹&$  would also be 

implemented regardless of their relationship. Therefore, even if 𝑣&$ = 𝑓&$ and 𝑉&$ = 𝐹&$ is the 

relation in the second-best optimum, non-ICL cannot be used to implement it without 

destroying other properties in the second-best optimum. The only non-ICL method to 

implement 𝑣&$ = 𝑓&$  and 𝑉&$ = 𝐹&$  is to enforce 𝐿&, = 𝐿&  which would cause 𝑢&" = 𝑢&$ , a 

violation of a common property of the second-best optimum. 

 

The same transformation can be applied to ∆# and results in  

∆#= ℎ$(𝑉#$) − ℎ$(𝐹#$) − ;ℎ$(𝑣#$) − ℎ$(𝑓#$)<. 
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The utility relationship to achieve ∆#= 0 to conclude that ICL is unnecessary are 𝑉#$ = 𝐹#$ and 

𝑣#$ = 𝑓#$. Using another common property of the second-best optimum, 𝑢#" > 𝑢#$. We use the 

same method and conclude that even if 𝑉#$ = 𝐹#$ and 𝑣#$ = 𝑓#$ is in the second-best optimum, 

enforcing 𝑉#$ = 𝐹#$  and 𝑣#$ = 𝑓#$  would violate the property of 𝑢#" > 𝑢#$  in the second-best 

optimum. 

 

So far we have assumed the repayment for both the first chance and the government-

provided second chance HE is in a standard loan repayment format. A further question would 

be “Could the second-best optimum be implemented by charging a separate ordinary loan 

for using the second chance at HE while using the first chance at HE is charged by ICL?”. The 

answer is no, even if the student loan for HE of the youth is provided by an ICL, the 

government-provided second chance still cannot be provided by a non-ICL loan. To see this, 

the formulation is changed a bit with the other parts remaining the same, for example, let 

𝑅&&$ ;𝑤< = 𝑅&&$ (𝑤&) + 𝑎& , 𝑅&#$ ;𝑤< = 𝑅&#$ (𝑊&) + 𝑎&  and 𝑟&$;𝑤< = 𝑟&" + 𝑎&  and again unless 

𝑣&$ = 𝑓&$  and 𝑉&$ = 𝐹&$  this non-income-contingent second chance loan cannot implement 

the second-best. “𝑎&” is interpreted as a separate loan repayment when old for the workers 

that used the second chance. The optimal relation 𝑢&" > 𝑢&$ meant 𝑎& must be positive. We 

have an corresponding argument as even if 𝑣&$ = 𝑓&$  and 𝑉&$ = 𝐹&$  is the relation in the 

second-best optimum, we cannot implement the second-best optimum with an ordinary loan 

for the second chance without destroying other properties of the second-best optimum. The 

same argument applies to the type 𝑖 = 2 workers. In terms of policy implication, this meant 

that when the government promises the current youth a guaranteed second chance to all 

who fail in HE, the government cannot ignore this second chance policy in the design of the 

student loan repayment. In the student loan contract, the government need to specify the 
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difference in the repayment levels if the student fails HE but later succeeds in the second 

chance and earns an equally high wage rate. This feature currently does not exist in UK 

student loans despite it being an ICL. The introduction of the second chance meant that the 

optimal ICL or equivalent graduate tax needed to take all the possible workers’ education 

paths or their education history into account. 

 

We still obtain the same results if we only allow the ordinary loan repayment to be age 

dependent. Because the utilities for those who succeeded in HE in the first chance are the 

same across periods in the second-best optimum, the loan repayment 𝐿& and 𝐿# still need to 

be the same across periods which allows us to still examine the utilities’ relations within a 

period with utilities’ relations across periods. 

 

3.4.3   The Effect of the Second Chance on the Degree of Ex-ante Inequality 

The degree of ex-ante inequality is defined by using equation (3.3) to compare the ex-ante 

expected utility of ex-ante type 𝑖 student net of expected study effort cost. We can formally 

compare the difference in expected utility net of expected study effort cost between type 𝑖 =

2 and type 𝑖 = 1 students. In GT’s model that doesn’t have a second chance, the ex-ante 

expected utility of type 𝑖 = 2 minus the ex-ante expected utility of type 𝑖 = 1, net of study 

effort cost, in the equal treatment second-best optimum is:  

(𝑃# − 𝑃&)𝐾&
( + 𝑐&

( − 𝑐#
( > 0 

 

The (𝑃# − 𝑃&)𝐾&
(  exists because the ex-ante type 𝑖 = 2 student has a higher probability of 

success in HE and the government needs to satisfy the effort constraints in HE. 𝑐&
( − 𝑐#

( is the 

difference in study effort cost of HE between the two types of students. This term is positive 
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because 𝑃# > 𝑃&  and 𝑐&
( ≥ 𝑐#

( . For ease of comparison, we assume the parameters of the 

model are such that in equal treatment with 𝑈&, = 𝑈#, , 𝑈&- = 𝑈#-  and 𝑢& = 𝑢# , if 𝑀𝐻&  is 

satisfied then 𝑀𝐻#  is automatically satisfied. If instead the parameters meant 𝑀𝐻&  is 

automatically satisfied in equal treatment, our analysis still applies since in that case the 

degree of ex-ante inequality is even larger. This new equal treatment outcome is a potential 

solution for our second-best optimality problem. With the addition of the second chance the 

ex-ante expected utility of type 𝑖 = 2 minus the ex-ante expected utility of type 𝑖 = 1 in the 

equal treatment second-best optimum with 𝑀𝐻& binding is now equal to: 

(𝑃# − 𝑃&)𝐾&
( + (𝑃# − 𝑃&)𝑝&"𝛿𝐾&" + [(1 − 𝑃#)𝑃#" − (1 − 𝑃&)𝑃&"]𝛿𝐾&" + 𝑐&

( − 𝑐#
(

+ (1 − 𝑃&)𝛿𝑐&" − (1 − 𝑃#)𝛿𝑐#" 

 

The terms (𝑃# − 𝑃&)𝐾&
( and 𝑐&

( − 𝑐#
( are still present. There are additional terms introduced 

by the second chance. 𝑝&"𝛿𝐾&" is the additional utility that the government needs to give to 

students to exert effort in their first chance at HE because the students who failed in their 

youth expect another chance to succeed in HE. From a student’s perspective, this reduces the 

benefit of succeeding in HE when young relative to failing in them before a second chance is 

introduced. Therefore, the government need to give extra utility for students to put high 

effort into their first chance at HE. (𝑃# − 𝑃&)𝑝&"𝛿𝐾&"  is strictly positive. Another additional 

term (1 − 𝑃&)𝛿𝑐&" − (1 − 𝑃#)𝛿𝑐#"  is also positive since by assumption, (1 − 𝑃&) > (1 − 𝑃#) 

and 𝑐&" ≥ 𝑐#". The ex-ante type 𝑖 = 1’s expected effort cost for a second chance is greater 

than ex-ante type 𝑖 = 2 since they are more likely to fail in HE and their cost of effort in the 

second chance is not smaller than the ex-ante type 𝑖 = 2 students. The term 𝛿𝐾&" arises due 

to the government giving additional utility to those who succeeded in the second chance to 

induce study effort in the second chance. The sign of the term [(1 − 𝑃#)𝑃#" − (1 −
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𝑃&)𝑃&"]𝛿𝐾&" depends on the difference in the size of the probabilities of a student's expected 

chance of succeeding in the second chance program before they know the education outcome 

of their first chance in HE which could be negative since low-ability students are more likely 

to need a second chance. 

 

Simplify all the additional terms and obtain (1 − 𝑃#)[(𝑃#" − 𝑝&")𝛿𝐾&" − (𝑃#" − 𝑝#")𝛿𝐾#"] > 0, 

the introduction of the second chance has increased the degree of ex-ante inequality in the 

equal treatment second-best case and reduced the insurance provided to youth against being 

born with low innate ability. 

 

Is it possible for the second chance to lower the degree of ex-ante inequality found in the 

equal treatment case of GT’s model in other possible second-best optimums?  

Proposition 3.3: The introduction of the second chance increases the degree of the ex-ante 

inequality compared to the equal treatment outcome without the second chance.  

 

The equal treatment case with the second chance saw an increase in the degree of ex-ante 

inequality, utilizing this insight, for the ex-ante inequality to fall, the government must offer 

a higher degree of insurance against failing first chance or second chance for type 𝑖 = 2 

students than their type 𝑖 = 1 counterpart. However, both cannot be the case since it would 

violate the adverse selection constraint for ex-ante type 𝑖 = 2  student 𝐼𝐶#  as he is not 

compensated enough for his study effort. Can there be a combination of the difference 

between 𝑈#,  to 𝑢# , 𝑈#-  to 𝑢#  and 𝑈&,  to 𝑢&  such that the degree of ex-ante inequality has 

fallen? No, because it will still lead to a violation of the adverse selection constraint for type 



 107 

𝑖 = 2,	𝐼𝐶#. The introduction of a second chance increases the degree of ex-ante inequality. 

The proof of Proposition 3.3 is in Appendix A3.4. 

 

3.5 Time-Consistent Optimum 

The analysis so far has assumed that the government can commit to its promises of the old 

period policy when it announces its policy to the youth when they are choosing their quality 

of education. If the government cannot commit to its future policy it has an incentive to 

change its old period policy in the future while the students take this into account when 

making education decisions, the second-best results are no longer valid. The derivation of the 

properties in the time-consistent optimum will be shown in the Appendix A3.5.  

 

The results derived will be summarised below: 

3.5.1   The Degree of Insurance Against Failing the Second Chance 

Given Assumption 3.5, if 𝐾&" > 𝐾#" then in the time-consistent optimum 𝑈&- − 𝑢& > 𝑈#- − 𝑢#  

because in the time-consistent optimum not only does 𝑀𝐻&  needs to be binding but the 

constraint 𝑀𝐻#  also needs to bind. This relationship implies a lower degree of insurance for 

failing the second chance for the low-ability students in the time-consistent optimums. If 

𝐾&" = 𝐾#", the government will provide the same degree of insurance for failing the second 

chance for both types of students. 

 
3.5.2   The Need for ICL 

We obtain 𝐹&$ > 𝑉&$, 𝑓#$ > 𝑣#$ in the time-consistent optimum. Using the same argument as 

in section 3.4.2, this property of the old workers’ ex-post utilities meant that an ICL is needed 
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to implement the time-consistent optimum. The reason that the utility of those who 

succeeded in the second chance is greater than those who do not need a second chance is 

that the government still must satisfy the study effort constraint for the second chance for 

both ex-ante types of students. To induce effort for the second chance, the level of 𝐹&$ and 

𝑓#$ are now certain to be higher than 𝑉&$ and 𝑣#$. If an individual’s past income is low (at basic 

wage) and only increased due to success at a second chance. Then he will face a smaller 

repayment level, policy-wise it might be some cancelling of the student debt based on 

whether he succeeds in the second chance.  

 

3.5.3 Relationships of Ex-post Utilities 

Proposition 3.4: In the time-consistent optimum with 𝑙&23 ≥ 𝜆&  and 𝑙#23 ≤ 𝜆# , 𝑉&$ > 𝑣#$ . 

Without a second chance, 𝑢&$ > 𝑉&$  and 𝑢#$ > 𝑣#$  in all time-consistent optimums. With the 

addition of a second chance, the relation between 𝑢&$ and 𝑉&$ and the relation between 𝑢#$ and 

𝑣#$ are uncertain. 

 

In terms of repayment level, 𝑉&$ > 𝑣#$ means that 𝑅#&$ (𝑤#) > 𝑅&&$ (𝑤&). The increase in the 

level of repayment is higher than the increase in wage rate from 𝑤&  to 𝑤# , the same 

relationship applies for the ex-post type 𝑘 = 2 workers as well. Politically if such a policy is to 

be implemented, loan repayment is probably more feasible than a tax. 

    

The time-consistent optimum implies a stronger level of insurance in old age because it is 

optimal for the government to ensure the utility relationships in old age are as close to the 

first-best outcomes as possible. For the students who succeed in their first chance at HE, the 

various first-order conditions derived with and without a utilitarian social welfare objective 
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are equivalent to the first-best outcome only with the addition of labour effort constraints. 

This degree of insurance does not exist in the adult period. The time-consistent optimum also 

lacks intertemporal insurance. The second-best optimum always results in 𝑅&&$ (𝑤&) = 𝑅&&"  

and 𝑅#&$ (𝑤#) = 𝑅#&" . However, when the government cannot commit, we lose the certainty 

of the intertemporal insurance provided to these workers no matter whether a second chance 

is introduced or not.  

 

Now examine additional policy implications for the time-consistent policy without the second 

chance for the utility relationships of 𝑢&$ > 𝑉&$  and 𝑢#$ > 𝑣#$ . When old, the students who  

succeeded in HE are worse off than the students who failed. However, for students to exert 

effort in HE when young, this would mean a much higher value of 𝑉&" and 𝑣#" compared to 𝑢&$ 

and 𝑢#$ relative to the second-best case. With the addition of the second chance, because of 

the need to satisfy the second chance study effort constraint, the utility relations between 

students who succeeded in HE and those who failed twice are no longer certain when old. 

 

3.6 Conclusion 

This paper addresses the following two questions: 1. How do we optimally provide a HE 

system that offers a second chance to all failed students? 2. What is the impact of such an 

optimally provided second chance on inequality and insurance? 

 

For the first question, we assume that government policies cannot be age dependent. We 

demonstrate the necessity of using the ICL or a graduate tax to implement all the optimal 

relations in the second-best optimum. Even if the first chance of HE is implemented by ICL or 
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a graduate tax, the government still cannot charge an ordinary loan for using the second 

chance. 

 

For the second question, we benchmarked the results against the inequality and insurance 

properties found in Gary-Bobo and Trannoy (2015). The addition of a second chance meant 

the “equal treatment” second-best found in Gary-Bobo and Trannoy (2015) rarely occurred 

in our framework. Besides, in the “equal treatment” second-best optimum, we find that the 

second chance increases the degree of ex-ante inequality between those of high and low 

abilities compared to the results in Gary-Bobo and Trannoy (2015). Furthermore, utilising the 

insights from this result we conclude that the second chance increases the degree of ex-ante 

inequality in all possible second-best scenarios compared to the equal treatment second-best 

optimum without the second chance. We also found that it is only optimal to provide 

intertemporal insurance to university students who succeeded on their first try at HE. The 

introduction of a second chance policy removes intertemporal insurance for students who 

failed their first chance at HE and this combined with the requirement to induce study effort 

in both the first chance at HE and their second chance at HE leads to the students who failed 

twice being worse off than all other students when old. The second chance also reduced the 

degree of insurance against failing HE in general for the low-ability students when compared 

with the corresponding utilities in Gary-Bobo and Trannoy (2015). Moreover, the second 

chance will widen the degree of inequality between those who succeed in their first chance 

at HE and those earning the lowest wage when old. 
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The government will not provide a higher degree of insurance for failing second chances for 

the low-ability students in the time-consistent optimum. The time-consistent optimum also 

cannot be implemented by an ordinary loan.  

 

This paper confirms the usefulness of ICL schemes found in the related literature on funding 

HE with student loans. The optimal student loan needs to be designed with the second chance 

in mind when the government promised to give a second chance to all failed students. The 

repayment for the second chance also needs to be income contingent. Furthermore, although 

the second chance policy seems to be redistributive, it has increased the degree of ex-ante 

inequality in the economy and worsened the individual ex-post utility when old for those who 

failed twice in HE. Therefore, if the government is considering expanding education to older 

workers, it should not view this second chance as a tool for redistribution.  
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Chapter 4: Optimal Provision of Higher Education with 

Labour Retraining 

4.1 Introduction 
 
Completing Higher Education (HE) brings significant labour market benefits to graduates 

including higher average wage rate and higher probability of employment and these benefits 

have been widely documented in the economics literature (Baum, Ma and Payea, 2010; Baum, 

Ma and Payea, 2013; Ma, Pender and Welch, 2016). However, it does not mean that all those 

workers will earn a high level of income throughout their lifetime and some of them will face 

downward mobility in the labour market. Many papers have found various factors that caused 

the workers in developed countries who previously earned a decent level of income to now 

face a lower level of income and/or a higher probability of unemployment. The factors that 

caused this labour displacement include technological changes such as improvement in ICT 

and automation (Acemoglu and Restrepo, 2020; Michaels, Natraj and Van Reenen, 2014; 

Nedelkoska and Quintini, 2018) and international competition from developing countries 

(Autor, Dorn and Hansen, 2013; Rothwell, 2017). Education is inherently risky, for example, 

what seems to be a good subject choice at the time could turn out to be a poor choice as the 

labour market is undergoing constant changes. The labour retraining program aims to provide 

long-term help to those workers, unlike unemployment insurance which does not change the 

skill set of the unemployed workers nor increase their human capital which means the 

displaced workers will be reemployed in low-paying jobs (Jacobson, LaLonde and Sullivan, 

2005). Various empirical papers have found this policy to be effective in bringing those 

displaced workers back to employment (Bailey, Chapain and de Ruyter, 2012; Dyke et al., 2006; 
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Hotz, Imebns and Klermans, 2006; Kruppe and Lang, 2018). Consequently, there are papers 

recommending that the government should increase spending on labour retraining programs 

(Gvaramadze, 2010; Manyika et al., 2017). UK  government also planned to provide three fully 

funded selected Level 3 qualifications for adults who are earning below the National Living 

Wage (Sibieta, Tahir and Waltmann, 2021). In this paper, in addition to providing HE, the 

government also provide a labour retraining program to all workers in danger of downward 

labour mobility.  

 

The first income-contingent loans (ICL) for university students were implemented by the 

Australian government in 1989 through the Higher Education Contribution Scheme (HECS). 

Since then, HE is increasingly being funded by student loans and many papers have analysed 

the optimal design of these student loans. This paper is also within the theoretical literature 

investigating the role of student loans in funding HE. An ICL is a loan in which the repayment 

depends on the income of the borrower. Some papers recommended the use of ICL to solve 

student loan market failures before ICL became widely used in funding HE, these include 

Friedman and Kuznets (1945), Friedman (1955) and Shell et al. (1968). Chapman (2014) 

summarised the conceptual and empirical basis for ICL. The student loan market suffers 

market failure because the educational investments are risky since the students have a 

probability of failing HE and even after succeeding in HE the students face labour market risks. 

These risks are combined with the fact that if the future income of the student is lower than 

expected the student cannot sell a part of the HE investment and there is no collateral for the 

lenders. This meant the lenders would not provide student loans to students that are 

considered risky and students without any loan repayment guarantors. The ICL is 

recommended since it provides consumption smoothing to the students and insurance 
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against default in periods of low income. With ICL, the graduates’ human capital is used to 

finance HE. 

 

There are also more recent papers that examined the potential benefits of using ICL to finance 

HE and compared different funding schemes for HE according to some criteria set in their 

model. Garcia-Penalosa and Wälde (2000) found using education subsidies funded by general 

taxation to finance the HE cannot simultaneously achieve the efficiency and equity targets. 

Del Rey and Racionero (2010) analysed the insurance role of several HE funding schemes with 

a model built on Garcia-Penalosa and Wälde (2000). In their model, the optimal education 

policy maximizes the output. They found the optimal policy to be an ICL scheme that covers 

both the financial cost of education and foregone earnings to fully insure the lowest ability 

individuals that should enrol in education. Hanushek, Leung and Yilmaz (2014) used a three-

period live OLG model with intergenerational bequests and exogenous borrowing constraints 

to examine the welfare properties between different education policies. They found that the 

ICL is effective in providing insurance against poor labour market outcomes and reducing 

inequality, it is also possible for the ICL to subsidize low-ability students from rich parents at 

the cost of high-ability students from poor parents since high-ability students are subject to a 

higher level of repayment under ICL. Del Rey (2012) focused on adverse selection to explore 

the scope for the government to produce an efficient scheme which guarantees student 

participation and does not rely on forcing students to participate in any programme. It found 

that when a student’s ability is private information and there are a low number of high-ability 

students in the economy, without government coercion, the low-ability student would choose 

ICL and the high-ability student would opt out and prefer to repay his loan as a percentage of 

his income. When the number of low-ability students is too low, no equilibrium would exist 
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and all students would be better off if the government forced them to choose the ICL funding 

scheme.  

 

The model of this paper is also related to the literature that uses optimal taxation models 

with endogenous human capital. These papers aim to design the tax system and the 

repayment schedule to maximize a social welfare function subject to a set of constraints. 

Radomska (2019) gave an overview of the important literature in this field of study and 

summarised their results.  The optimal income taxation literature started with the static 

model of Mirrlees (1971) that assumes exogenous individual abilities and has subsequently 

been extended into a multiperiod model still with exogenous individual abilities (Farhi and 

Werning, 2013; Golosov, Tsyvinski and Werning, 2006; Kapicka, 2013). Some papers have 

included endogenous human capital and considered an education system financed by 

education subsidy as an instrument to alleviate the distortion in human capital investment by 

taxation (Benabou, 2002; Bovenberg and Jacob, 2005). The other approach to financing the 

HE system is by analysing the optimal repayment schedule. Anderberg (2009) and Grochulski 

and Piskorski (2010) both analysed the optimal tax policy with ex-ante identical agents but 

unobservable human capital investments and productivity shocks. Some papers included 

agents with private heterogeneous abilities. Findeisen and Sachs (2016) considered the 

optimal repayment schedule for an individual’s one-time binary education investment and 

found an ICL could implement the second-best optimum, the optimal repayment schedule 

could be approximated by a schedule that linearly increases in income up to a threshold and 

constant afterwards. Stantcheva (2017) included risky human capital investment in every 

period and agreed on the usefulness of ICL to implement the second-best optimum. Koeniger 

and Prat (2018) examined the optimal taxation with endogenous human capital investment 
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combined with the transmission of financial and human capital from parents to children in a 

dynastic economy.  Again, the social optimum is implemented by ICL.  

 

Among the different optimal taxation papers with endogenous human capital, this paper’s 

model is a direct extension of the model used by Gary-Bobo and Trannoy (2015). Gary-Bobo 

and Trannoy (2015) differed from other optimal taxation papers with endogenous human 

capital by considering the combination of private abilities with genuine moral hazard in 

education. In their model, individuals are born with an unobservable high- or low-ability type 

(ex-ante type) and need to choose their quality of HE. After succeeding in HE, the individual 

will gain an unobservable labour market type (ex-post type) that represents job market skills 

and opportunities. Consequently, the model included an adverse selection problem in terms 

of students choosing the different qualities of education and also a moral hazard problem in 

both HE and the labour market. In other papers the moral hazard problem of education 

decisions is absent, the students are assumed to undertake their education with a high level 

of study effort. The government aims to assign each student the quality of HE that matches 

their ex-ante type and incentivises high study effort for all students but only high labour 

market effort for those of high ex-post type. Gary-Bobo and Trannoy (2015) also found the 

second-best optimum needs to be implemented by an ICL. Gary-Bobo and Trannoy (2015) 

also found ex-ante inequality in the second-best optimum meaning the high-ability students 

have a higher expected utility net of study effort cost than the low-ability students before the 

education outcome is known. The second-best optimum also resulted in ex-post inequality: 

after the workers gain their ex-post types, the workers with a higher ex-post type will have a 

higher level of utility because of the moral hazard problem in the labour market. The second-

best optimum also exhibits equal treatment: the students' expected utility after finishing 
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education but before knowing their ex-post types are equalized between different ex-ante 

types conditional on academic success. 

 

There has been insufficient attention paid to the optimal design of student loans that combine 

downward labour mobility and a labour retraining program. In this model, the government is 

not only financing the HE system but is also financing a labour retraining program that some 

students need after graduation. The modelling of downward mobility and a retraining 

program is based on a political economy paper-Arawatari and Ono (2015). After succeeding 

in HE, the workers with the low ex-post type are at risk of downward mobility. Those who  

suffer from downward labour mobility will earn the same wage as those who have failed HE 

in the next period. The government knows this risk of downward mobility to workers and 

offers a labour retraining program to all workers who need retraining to maintain their wage 

level in the next period. This paper is exploring two questions: 1. How do we optimally provide 

HE with a labour retraining program? 2. What is the impact of this optimally provided labour 

retraining program on inequality and insurance?  The effect on inequality and insurance is 

examined by comparing the outcome to the results found in Gary-Bobo and Trannoy (2015).  

We will also present the different results of the two questions that resulted from whether the 

government could observe who needs retraining or not. 

 

The subsequent sections of this paper are structured as follows. Section 4.2 sets up the model 

and studies the first-best optima. Section 4.3 analyses the incentive constraints. Section 4.4 

presents the relations between the ex-post utilities in the second-best optimum and answers 

the two questions. Section 4.5 extends the model by presenting the policy implications in the 

time-consistent optimum. Section 4.6 concludes. 
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Figure 4.1: Possible Education and Labour Market Outcomes Facing Type 𝑖 Students

Students have choices of quality 𝑞 of education 
and exert study effort induced by the government.

Students of type 𝑖 succeed in  
HE.

Students end up with labour 
market type 𝑘 = 2. Continue to earn 𝑊! wage.

Students end up with labour 
market type 𝑘 = 1 and not 

in danger of downward 
mobility.

Continue to earn 𝑤! wage.

Students end up with 𝑘 = 1
and face downward mobility 

risk. They undergo labour  
retraining. 

Success in retraining, 
workers retain status of 𝑘 =
1 and continue earn 𝑤!.

Failure in retraining, workers 
now earn the lowest basic 

wage.

Students of type 𝑖 fail in HE  
and earn the lowest basic 

wage
Students continue to earn 

the lowest basic wage.

Old Youth Adult 
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4.2 Model Setup 

The main extension of the model compared to the Gary-Bobo and Trannoy’s (GT’s) model is 

that downward labour mobility risk is included. In this model, downward labour mobility is 

formulated as an exogenous possibility that will happen to adults who succeeded in HE but 

only have ex-post type 𝑘 = 1 (the lowest ex-post type). For these at-risk workers, the way to 

prevent earnings from falling to the lowest wage when old is to succeed in retraining. If the 

worker is successful then he will retain his status as an ex-post type 𝑘 = 1 worker. If he fails 

then he will only earn the basic wage 𝑤 in his old age.  

 

Figure 4.1 above shows the different possible education and labour market outcomes facing 

students of ex-ante type 𝑖  from when they are young till when they are old. To better 

understand the model and the analysis, below we will define several important terms that 

will be widely used in this chapter: 

Ex-ante: Before taking HE. 

Interim expected utility: The expected utility of a student after finishing his HE but before 

entering the labour market. 

Ex-post utility: The actual utility a worker obtains when working in the labour market. 

Equal treatment second-best optimum: The second-best optimum in which the students’ 

interim expected utility is equalized between different ex-ante types conditional on academic 

success. 
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4.2.1   Assumptions 

There are three periods in this model: a youth period, an adult period and an old period. All 

students have the same intertemporal von Neumann-Morgenstern utility: 

𝛿𝑢"(. ) + 𝛿#𝑢$(. ) 

where 𝛿 is the discount factor. 𝑢" and 𝑢$ are the same functions just for utility in the adult 

and old periods respectively. The student’s intertemporal utility function is additively 

separable over the two time periods. There is no storage technology in the economy. Each 

student uses all of his net income for consumption within a period. We omit the youth period 

utility function to simplify the model's presentation. We could add a youth period utility 

function with an exogenous government transfer in the youth period so the students have 

positive utility in the youth period but its inclusion will not affect the analysis in this model.  

 

The students have two-dimensional unobservable characteristics: ex-ante type 𝑖 and ex-post 

type 𝑘. The ex-ante type could be interpreted as representing the individual’s cognitive skills 

while the ex-post type could be interpreted as the individual’s labour market skills and 

opportunities. The timing of information revelation is the following: Both the ex-ante type 𝑖 

and ex-post type 𝑘 are private information. Students know their ex-ante type 𝑖 before they 

decide on the choice of HE quality while the ex-post type 𝑘 is only revealed to students after 

they succeed in HE and enter the labour market.  

 

An individual is characterised by his pair of types (𝑖, 𝑘). Each type can only take one of the 

two values, 𝑖, 𝑘 = 1, 2. The students’ ex-ante types are independently drawn from the same 

distribution. The proportion of ex-ante type i in the population is denoted by 𝑙%, and since 

there are only two possible types 𝑙& + 𝑙# = 1.  
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The three building blocks of the model are: Education and Retraining, the Job Market and the 

Loan Contract. Each of them will be examined in the following sections.  

 
Education and Retraining 

The youth period education will be described first, followed by the retraining program. The 

students learn their ex-ante type 𝑖 at the beginning and their ex-ante type remains the same 

across periods. The students then choose the quantity/quality of education 𝑞 which is either 

low or high (1 or 2). 

 

The cost of HE in terms of resources is denoted by 𝑦' for education choice q and assumes that 

𝑦# ≥ 𝑦&. 

 

Let 𝑞%  be the education choice of students with ex-ante type 𝑖 , and assume the efficient 

choice of education quality for ex-ante type 𝑖 students is 𝑞% = 𝑖, the same quality as their ex-

ante type 𝑖.  

 

The ex-ante effort for HE is denoted by 𝑒	%
(  and it can be either 1 or 0 (high or low), with the 

study effort cost for the ex-ante type 𝑖 agent being 𝑐%
(𝑒	%

(. The government cannot observe 

the study effort. The parameter 𝑐%
( is >0. Assume that 𝑐&

( ≥ 𝑐#
(. 

 

For HE, the probability of success for students with ex-ante type 𝑖 is denoted by 𝑃% = 𝑝%(1) 

for high ex-ante study effort and 𝑝% = 𝑝%(0) for low ex-ante study effort. The workers with 

the higher ex-ante type are more likely to succeed in HE, given the same effort. 
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The retraining program in the adult period is different from the HE in the youth period in that 

there is no difference in the retraining program offered between different ex-ante types as 

the government provides the same quality of retraining program to workers and the worker 

retains his ex-post type after succeeding in retraining. This is made to show that retraining as 

a policy is different to HE with a greater focus on labour market skills.  

 

The cost of retraining in terms of resources is denoted by 𝜂8. This parameter 𝜂8  can be higher 

or lower than the cost of HE, 𝑦'. The cost of retraining 𝜂8  does not depend on the workers’ 

ex-ante type.  

 

The students either succeed or fail their HE. If they succeed and end up with high ex-post type 

𝑘 = 2 they will face no danger of downward mobility in the labour market. However, if they 

end up with 𝑘 = 1 we include a probability they will be downgraded in the next period if the 

student is not retrained. The government will offer a labour retraining program in response 

to the risk of downward mobility. If the student succeeds in retraining he will maintain his ex-

post type and continue earning the same wage. 

 

The choice of effort for retraining in the adult period is denoted by 𝑒	%8  which also takes either 

1 or 0 and the retraining effort cost for ex-ante type 𝑖 agent is 𝑐%8𝑒	%8. The government cannot 

observe retraining efforts either. The parameter 𝑐%8  is >0. 𝑐%8  can be larger or smaller than 𝑐%
(. 

Assume that 𝑐&8 ≥ 𝑐#8. 
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For the retraining, the probability of success of a student exerting ex-ante effort 𝑒	%8 , is 

denoted by 𝑝%8(𝑒%8). 𝑃%8 = 𝑝%8(1) is denoted as the probability of success with high retraining 

effort and 𝑝%8 = 𝑝%8(0) is for low retraining effort. The workers with the higher ex-ante type 

are also more likely to succeed in retraining, given the same effort. Formally, we make the 

following assumption on the probabilities of success for HE and retraining,  

 

Assumption 4.1: 0 < p) < P) < 1, i = 1, 2 and P# > P&  , p# > p& . 0 < p)9 < P)9 < 1, i = 1, 2 

and P#9 > P&9, p#9 > p&9 . 

                      

In terms of what the government can and cannot observe: the student’s ex-ante type and 

their effort in HE and retraining are not observable by the government but the individual wage, 

the choice of education 𝑞 and the success or failure in HE and retraining are observed by the 

government.  

 

Job Market 

In this section, we will first describe how the wage is determined in this model and how we 

model downward mobility. Then, we describe the possible wage levels facing the students 

and our assumption of their ranking. Next, we will list all the disutility of effort at work and 

the total effort costs in this model and state our assumption on the size of the disutility of 

effort at work. Finally, we state our assumption on the availability of information on who 

needs retraining and examine its implications.  
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The students work for two periods. In both periods: Failing HE means earning the lowest/basic 

wage 𝑤  and success at school means the wage would be dependent on the quality of 

education 𝑞 and the ex-post type 𝑘.  

    

The student’s ex-post type 𝑘  is not determined with certainty after success in HE. The 

probability of ex-post type 𝑘, given success in HE and education quality 𝑞, is defined as, 

Pr(𝑘 = 𝑞|𝑞, 𝑠𝑢𝑐𝑐𝑒𝑠𝑠) = 1 − 𝜋, 

and                                                    Pr(𝑘 ≠ 𝑞|𝑞, 𝑠𝑢𝑐𝑐𝑒𝑠𝑠) = 𝜋,                           assume that 𝜋 < &
#
.   

 

Following the model of Gary-Bobo and Trannoy (2015) we assume that 𝜋 is exogenous. 𝜋 is 

the probability for an ex-ante type 𝑖 student to end up with a different ex-post type 𝑘 in the 

labour market than his choice of HE quality 𝑞. The assumption that 𝜋 < &
#
 is interpreted as 

there is a small probability that an individual with quality 𝑞 HE will be endowed with ex-post 

characteristics 𝑘 ≠ 𝑞. For example, for students with ex-ante type 𝑖 = 2 who chooses quality 

𝑞 = 2 HE, most of them can meet expectations and become a type (𝑖, 𝑘) = (2,2), with a high 

ex-ante and ex-post type, and occupy a top job. However, a small proportion of these students, 

type (𝑖, 𝑘) = (2,1), will lack the necessary skills/opportunities and only find a middle job. 

Similarly, the assumption meant that most of the ex-ante type 𝑖 = 1 student who succeeded 

in quality 𝑞 = 1 HE will obtain a middle job but a small part of said students possess the 

necessary labour skills/opportunities to obtain the top job. This interpretation fits findings in 

real life, in the UK, on average, students who obtained a first earn more than students who 

obtained a 2.1 who earn more than those with 2.2 while male Russell Group graduates earn 

over 40% more than those who attended the average post 1992 institution (35% for women) 
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(Belfield, Britton and Erve, 2018; Social Mobility Commission, 2023). Both earning a higher 

university degree and being in Russel group could be interpreted as having a higher ex-ante 

type 𝑖 in this model.  

    

The probability of the need for retraining for a worker is added by the potential of downward 

labour market mobility for one who succeeded in HE but only has an ex-post type 𝑘 = 1. 

Formally, for someone who only has ex-post type 𝑘 = 1, there is a probability 𝑃%:  that he will 

be risking a downward labour shift when old. If this person fails in retraining he will lose his 

ex-post type and only earn the lowest basic wage when old, the same wage as those who 

failed in HE. We assume the probability of facing downward mobility is purely dependent on 

exogenous factors that are not influenced by the worker’s ex-ante type. This meant the 

probability 𝑃%:  between ex-ante type 𝑖 = 1 and 𝑖 = 2 workers are equal, 𝑃&: = 𝑃#:. Formally,  

Assumption 4.2: 𝑃&: = 𝑃#: = 𝑃:. 

 

The labour market effort of a type (𝑖, 𝑘) individual is denoted by 𝜀%+. We assume that a high 

labour market effort 𝜀 = 1 is required for a top job and only a low effort 𝜀 = 0 is necessary 

for a middle job. The wage is determined by the quality of HE 𝑞 and the labour effort 𝜀%+. The 

wage level is denoted by: 

𝜔(𝑞, 𝜀),   

𝜔(𝑞, 1) = 𝑊' denotes the top job wage and 𝜔(𝑞, 0) = 𝑤' denotes the middle job wage. We 

make the following assumption on the ranking between the wage levels.  

 
Assumption 4.3. 

(a). 𝜔(𝑞, 𝜀) ≥ 𝑤                 for all 𝑞 and 𝜀. 
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(b). 𝜔(2, 0) > 𝜔(1, 0),      meaning that 𝑤# > 𝑤&. 

(c). 𝜔(2, 1) − 𝜔(2, 0) ≥ 𝜔(1, 1) − 𝜔(1, 0) > 0,   meaning that  𝑊# −𝑤# ≥ 𝑊& −𝑤& > 0 

and implies 𝑊' > 𝑤'. 

(d). 𝜔(1, 1) ≥ 𝜔(2, 0),      meaning that 𝑊& ≥ 𝑤#. 

 

𝜔(𝑞, 𝜀) is the function measuring the wage level for a worker who succeeded in quality 𝑞 HE 

and exert 𝜀 labour market effort. 𝜔(1, 1) and 𝜔(1, 0) are the functions for the wage levels, 

𝑊& and 𝑤&, for a worker who succeeded in quality 𝑞 = 1 HE exerting high and low labour 

market effort respectively. 𝜔(2, 1) and 𝜔(2, 0) are the functions for the wage levels, 𝑊# and 

𝑤#, for a worker who succeeded in quality 𝑞 = 1 HE exerting high and low labour market 

effort respectively. From Assumptions 4.3 (b) and (c) we can derive the following relation: 

(4.1)                                                 𝑊# −𝑊& ≥ 𝑤# −𝑤& > 0. 

 

In the two periods of working, there are five possible wage levels: 𝑤, 𝑤&, 𝑤#, 𝑊& and 𝑊#. The 

two wage levels that the worker could face in the two periods are denoted as (the adult period 

wage level, the old period wage level). The possible combinations are: 

1. (𝑤,𝑤) 

2. (𝑊' ,𝑊') 

3. (𝑤' , 𝑤') 

4. (𝑤' , 𝑤) 

    

The disutility of effort at work would be determined by the ex-post type 𝑘. 𝛽'+𝜀%+ denotes 

the disutility of effort at work in state (𝑖, 𝑘), the 𝛽'+ is assumed to not change across periods.  

    



 127 

Assume that  

𝛽## = 𝛽&# = 𝑏 > 0,       

𝛽&& = 𝛽#& = 𝐵 > 0. 

 

The possible total cost of study and labour effort for both periods are denoted by: 

Students succeed in HE and don’t need retraining: 𝑐%
(𝑒	%

( + 𝛿𝛽'+𝜀%+ + 𝛿#𝛽'+𝜀%+ . 

Students who need retraining and succeeded: 𝑐%
(𝑒	%

( + 𝛿𝑐%8𝑒	%8 + 𝛿𝛽'&𝜀%& + 𝛿#𝛽'&𝜀%&. 

Students who need retraining and failed: 𝑐%
(𝑒	%

( + 𝛿𝑐%8𝑒	%8 + 𝛿𝛽'&𝜀%&. 

Students failed their HE: 𝑐%
(𝑒	%

( . 

 

Let 𝐵 > 𝑏. An ex-post type 𝑘 = 2 incurs a disutility of 𝑏 when doing the top job while an ex-

post type 𝑘 = 1 incurs a disutility 𝐵. Same as in GT’s model, assume the level of 𝐵 is so large 

that no student of type 𝑘 = 1 will ever exert high effort to obtain the top job. Only the 𝑘 = 2 

type will consider obtaining the top job and the type 𝑘 = 1 will only have the middle job. The 

labour market moral hazard is for a high ex-post type 𝑘 = 2 to exert no labour effort and 

occupy a middle job. 

 

There are two kinds of workers with ex-post type 𝑘 = 1, one needs retraining and the other 

doesn’t. We assume during the adult period, no workers are at risk of downward mobility and 

they do not know whether they will be at risk of downward mobility when old. The factors 

causing downward mobility come at the end of the adult period which influences the affected 

workers' labour market outcomes when old and it is only afterwards the individual worker 

knows whether they will face downward mobility when old. We will examine the case with 

the assumption that the government can observe which worker is at risk of downward 
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mobility and the case in which the government cannot observe this. The utility relations in 

the second-best problem are solved under the assumption that the government knows who 

needs retraining, and then we analyse what is changed when the government cannot observe 

who needs retraining. When the government have information on which worker is subject to 

downward mobility, an individual with ex-post type 𝑘 = 1 and is not at risk of downward 

mobility cannot pretend that his career is at risk and undergo the retraining process. This 

assumption may not be unrealistic. If a worker knows that his job will be made redundant in 

the future, the government could potentially also observe the factors that caused this and 

reach the same conclusion on said worker’s future job security. Note that this assumption is 

different to knowing someone’s innate ability, this is about whether the government could 

observe whether someone’s job is at risk. It is still the case that the government cannot 

observe an individual’s ex-ante type 𝑖 . The government doesn’t want to provide labour 

retraining to those workers who are not in danger of downward mobility since it would just 

be a waste of resources spent on extra labour retraining programs. We assume that after HE 

and in the labour market, the worker knows if he is facing a downward mobility risk. The 

alternative assumption that workers don’t know themselves does not add anything 

interesting to the question. If they don’t know but the government knows who needs 

retraining, then the results are the same as assuming both workers and the government know. 

If neither the workers nor the government knows, then the model would only change into 

one in which the government assigns all workers with a middle job into the retraining program 

which results in a waste of resources. 

 

We assume the government can track an individual’s learning record so someone who 

succeeds in HE but fails in retraining cannot pretend that he is someone who failed in HE.  
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Loans 

For the government, the loan repayments will cover the full cost of HE and labour retraining. 

Given the assumptions on 𝐵 and 𝑏 as well as the assumption on the government’s desired 

labour effort stated in section 4.2.2, all the possible combinations of repayments for students 

choosing quality 𝑞 HE in the two periods are listed below: 

For students who failed in HE:                                                                                         𝑟'" , 𝑟'$(𝑤) 

For successful students with ex-post type 𝑘 = 2:                                                      𝑅'#" , 𝑅'#$ (𝑊') 

For successful students with ex-post type 𝑘 = 1 and don’t need retraining:       𝑅'&" , 𝑅'&$ (𝑤') 

For successful students with ex-post type 𝑘 = 1 that succeeded in retraining:   𝑅'&" , 𝑅'&$8(𝑤') 

For successful students with ex-post type 𝑘 = 1 that failed in retraining:            𝑅'&" , 𝑟'$(𝑤') 

    

The government is assumed to have full commitment when they offer the contract to the 

youth and when they designed the repayment contract they do not know the individuals’ ex-

ante type 𝑖 as students have not self-select themselves yet. The government cannot change 

its promised policies when students become old. The repayment level when old is dependent 

on the need for retraining and if retraining is undertaken then also whether the worker 

succeeded in retraining or not.  

    

The allocation in this model can be represented by the array 

{`𝑒	%
( , 𝑒	%8 , 𝑞% , 𝜀%+ , 𝑟%" , 𝑟%$(𝑤), 𝑅%+" , 𝑅%+$ (𝑤)a} i,k=1,2. 𝑤  represents the wage level in the adult 

period and 𝑅$8  is included in the 𝑅%+$ . The menu of contracts is an array 

{`𝑞, 𝑟'" , 𝑟'$;𝑤<, 𝑟'$;𝑤'<, 𝑅'&" , 𝑅'#" , 𝑅'&$ ;𝑤'<, 𝑅'&$8;𝑤'<, 𝑅'#$ ;𝑊'<a}q=1,2.  
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Resource Constraints 

We will now write the amount of revenue collected by the government from different 

students when the above menu is chosen by students who chose education 𝑞 = 𝑖 (the quality 

of education is the same as the ex-ante type). Assume the government discounts future 

revenue at the same rate as students discount their utility, at 𝛿. Through assumptions on 𝐵 

and 𝑏 as well as the assumption on the government’s desired labour effort stated in section 

4.2.2, the labour effort has the following numerical meaning 𝜀#& = 𝜀&& = 0, 𝜀## = 𝜀&# = 1. 

 

(I) For students with type 𝑖 = 𝑘 that succeeded in education in youth and don’t need 

retraining. The probability for this to happen to an ex-ante type 𝑖 = 1 student is 

𝑝%(𝑒%
()(1 − 𝜋)(1 − 𝑃:) and the probability for this to happen to an ex-ante type 𝑖 =

2 student is 𝑝%(𝑒%
()(1 − 𝜋). The government collects the following amount from 

these type 𝑖 students: 

                 𝑋% = 𝜀%%𝛿𝑅%#" + (1 − 𝜀%%)𝛿𝑅%&" + 𝛿#[𝜀%%𝑅%#$ (𝑊%) + (1 − 𝜀%%)𝑅%&$ (𝑤%)] = 𝛿𝑋%" + 𝛿#𝑋%$ 

(II) For students with type 𝑖 ≠ 𝑘 that succeeded in HE and don’t need retraining. The 

probability for this to happen to an ex-ante type 𝑖 = 1 student is 𝑝%(𝑒%
()𝜋 and the 

probability for this to happen to an ex-ante type 𝑖 = 2 student is 𝑝%(𝑒%
()𝜋(1 − 𝑃:). 

From these ex-ante type 𝑖 students, the government collects the amount: 

𝑌% = 𝜀%+𝛿𝑅%#" + (1 − 𝜀%+)𝛿𝑅%&" + 𝛿#[𝜀%+𝑅%#$ (𝑊%) + (1 − 𝜀%+)𝑅%&$ (𝑤%)] = 𝛿𝑌%" + 𝛿#𝑌%$ 

(III) For students with type 𝑖 = 𝑘 that succeeded in HE and succeeded in retraining. This 

is only possible for ex-ante type 𝑖 = 1 students, the probability of this happening is 

𝑝&(𝑒&
()(1 − 𝜋)𝑃:𝑝&8(𝑒&8). This is not possible for an ex-ante type 𝑖 = 2 student. The 

government collects the following amount from these ex-ante type 𝑖 = 1 students: 
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𝑄& = 𝛿𝑅&&" + 𝛿#𝑅&&$8(𝑤&) 

(IV) For students with type 𝑖 ≠ 𝑘 that succeeded in HE and succeeded in retraining. This 

is only possible for ex-ante type 𝑖 = 2 students and the probability of this happening 

is 𝑝#(𝑒#
()𝜋𝑃:𝑝#8(𝑒#8). The government collects the following amount from these ex-

ante type 𝑖 = 2 students: 

𝑄# = 𝛿𝑅#&" + 𝛿#𝑅#&$8(𝑤#) 

(V) For students with type 𝑖 = 𝑘 that succeeded in HE but failed retraining. This is only 

possible for ex-ante type 𝑖 = 1  students, the probability of this happening is 

𝑝&(𝑒&
()(1 − 𝜋)𝑃:(1 − 𝑝&8(𝑒&8)). The government collects the following amount from 

these ex-ante type 𝑖 = 1 students: 

𝑁& = 𝛿𝑅&&" + 𝛿#𝑟&$(𝑤&) 

(VI) For students with type 𝑖 ≠ 𝑘 that succeeded in HE but failed retraining. This is only 

possible to happen to ex-ante type 𝑖 = 2  students and the probability of this 

happening is 𝑝#(𝑒#
()𝜋𝑃:(1 − 𝑝#8(𝑒#8)) . The government collects the following 

amount from these ex-ante type 𝑖 = 2 students 

𝑁# = 𝛿𝑅#&" + 𝛿#𝑟#$(𝑤#) 

(VII) For students that failed in HE and don’t know their ex-post type 𝑘 . This has a 

probability of 1 − 𝑝%(𝑒%
() to happen to ex-ante type 𝑖 students. From these ex-ante 

type 𝑖 students, the government collects the amount: 

𝐴% = 𝛿𝑟%" + 𝛿#𝑟%$;𝑤< = 𝛿𝐴%" + 𝛿#𝐴%$ 

 

Now we formulate the expected cost of education and retraining. Due to the difference in the 

probability of facing downward mobility, the expected cost is different between ex-ante types 

in terms of formulation. We obtain the following: 
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The expected cost for ex-ante type 𝑖 = 1 student is: 𝑦& + 𝑝&;𝑒&
(<(1 − 𝜋)𝑃:𝛿𝜂8 . 

The expected cost for ex-ante type 𝑖 = 2 student is: 𝑦# + 𝑝#;𝑒#
(<𝜋𝑃:𝛿𝜂8 . 

 

The resource constraint 𝑅𝐶 is the summation between both ex-ante types 𝑖 students of the 

proportion of population times the equation of the expected amount of revenue collection 

minus the expected cost of HE and retraining.  

 

We also make a formal assumption about students being risk averse. 

Assumption 4.4: 𝑢"(. )  and 𝑢$(. )  are strictly increasing, strictly concave and continuously 

differentiable. 

 

4.2.2   First-Best Optimality 

In this model, four possible routes of ex-post utilities could be realized by a student of ex-ante 

type 𝑖 when he succeeds in HE. The ex-post utility is the actual utility that an individual would 

receive after he first finished his HE and started working in the labour market.  First, for the 

students who succeeded in HE and don’t need retraining, denote the following: 

   𝑉%: The ex-post utility of a student that succeeded in HE and does not need retraining, when 

the ex-post type is 𝑘 = 𝑖.  

   𝑣%: The ex-post utility of a student that succeeded in HE and does not need retraining, when 

the ex-post type is 𝑘 ≠ 𝑖. 

where   𝑉% = 𝛿𝑢"[𝜔(𝑞% , 𝜀%%) − 𝑋%"] + 𝛿#𝑢$[𝜔(𝑞% , 𝜀%%) − 𝑋%$],	

               𝑣% = 𝛿𝑢"[𝜔(𝑞% , 𝜀%+) − 𝑌%"] + 𝛿#𝑢$[𝜔(𝑞% , 𝜀%+) − 𝑌%$],																																						with 𝑖 ≠ 𝑘. 
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For students that need retraining but succeeded in them: 

   𝐵& : The ex-post utility of a student of ex-ante type 𝑖 = 1  with ex-post type 𝑘 = 1  that 

succeeded in HE and succeeded in the needed retraining. 

   𝑏# : The ex-post utility of a student of ex-ante type 𝑖 = 2  with ex-post type 𝑘 = 1  that 

succeeded in HE and succeeded in the needed retraining. 

where 𝐵& = 𝛿𝑢"[𝑤& − 𝑅&&" ] + 𝛿#𝑢$[𝑤& − 𝑅&&$8(𝑤&)],	

													𝑏# = 𝛿𝑢"[𝑤# − 𝑅#&" ] + 𝛿#𝑢$[𝑤# − 𝑅#&$8(𝑤#)]. 

   

For students that succeeded in HE but failed the retraining: 

   𝐵𝐹& : The ex-post utility of a student of ex-ante type 𝑖 = 1 with ex-post type 𝑘 = 1 that 

succeeded in HE but failed the retraining. 

   𝑏𝑓# : The ex-post utility of a student of ex-ante type 𝑖 = 2 with ex-post type 𝑘 = 1 that 

succeeded in HE but failed the retraining. 

where 𝐵𝐹& = 𝛿𝑢"[𝑤& − 𝑅&&" ] + 𝛿#𝑢$\𝑤 − 𝑟&$(𝑤&)],	

													𝑏𝑓# = 𝛿𝑢"[𝑤# − 𝑅#&" ] + 𝛿#𝑢$\𝑤 − 𝑟#$(𝑤#)], 

 

The interim expected utility is the expected utility of a student poststudy but before they 

know their ex-post type if they are successful in HE. The interim expected utility of a student 

who succeeded in HE who chose education 𝑞% = 𝑖 is by definition:  

(4.2)𝑈&, = (1 − 𝜋)\(1 − 𝑃:)𝑉& + 𝑃:𝑝&8(𝑒&8)𝐵& + 𝑃:;1 − 𝑝&8(𝑒&8)<𝐵𝐹&] + 𝜋[𝑣& − 𝛿𝑏 − 𝛿#𝑏], 

							𝑈#, = (1 − 𝜋)[𝑉# − 𝛿𝑏 − 𝛿#𝑏] + 𝜋\(1 − 𝑃:)𝑣# + 𝑃:𝑝#8(𝑒#8)𝑏# + 𝑃:;1 − 𝑝#8(𝑒#8)<𝑏𝑓#�. 

 

Lastly, for the utility of a student of ex-ante type 𝑖 that failed in HE. Denote the following,  

   𝑢%: the utility of a type 𝑖 student that failed in HE, 
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where   𝑢% = 𝛿𝑢"\𝑤 − 𝐴%"] + 𝛿#𝑢$\𝑤 − 𝐴%$] = 𝛿𝑢%" + 𝛿#𝑢%$ . 

 

The ex-ante expected utility of a type 𝑖 student net of expected study effort cost and expected 

retraining effort cost is defined as follows: 

(4.3)       𝑝&;𝑒&
(<𝑈&, + `1 − 𝑝&;𝑒&

(<a 𝑢& − 𝑐&
(𝑒&

( − 𝑝&(𝑒&
()(1 − 𝜋)𝑃:δ𝑐&8𝑒&8  for 𝑖 = 1, 

𝑝#;𝑒#
(<𝑈#, + `1 − 𝑝#;𝑒#

(<a 𝑢# − 𝑐#
(𝑒#

( − 𝑝#(𝑒#
()𝜋𝑃:δ𝑐#8𝑒#8  for 𝑖 = 2. 

  

The first-best optimum is obtained by maximizing the sum of the ex-ante expected utility with 

the social welfare weight placed on each ex-ante type 𝑖  student subject to the resource 

constraint. Given the many possible effort level combinations in this model each with its level 

of welfare, the only case of the government's intended effort levels that will be analysed here 

is the case in which succeeding in education and retraining is valuable to the social welfare 

and those with ex-post type 𝑘 = 2 should not waste their labour market opportunity. In 

terms of effort vector, assume the government requires a high study and retraining effort for 

both types of students, ;𝑒	&
(∗, 𝑒	#

(∗, 𝑒	&8∗, 𝑒	#8∗< = (1, 1, 1, 1), and that the government requires 

the ex-post labour effort to be high if and only if the individuals’ ex-post type 𝑘 is high at 2, it 

meant that (𝑒%&∗ , 𝑒%#∗ ) = (0, 1). Furthermore, the government only wants to provide labour 

retraining to those at risk of downward mobility. We assume that the provision of HE benefits 

society in the case we studied but our model can study other cases as well. For example, our 

model can present the case in which HE is an inefficient policy if the study effort is very costly 

for a student type. In that scenario, the optimal student effort is zero for said type as the 

government does not aim to induce any study effort from said students. The objective of the 

government and the interests of said students are automatically aligned from the start. 
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Given the assumption on the socially efficient effort level, we can derive the ex-post utility of 

both ex-ante types 𝑖  in the optimum. The ex-post utilities are presented in the following 

equations: 

(4.4)                 𝑉# = 𝛿𝑉#" + 𝛿#𝑉#$ = 𝛿𝑢"(𝑊# − 𝑅##" ) + 𝛿#𝑢$;𝑊# − 𝑅##$ (𝑊#)<, 

𝑣# = 𝛿𝑣#" + 𝛿#𝑣#$ = 𝛿𝑢"(𝑤# − 𝑅#&" ) + 𝛿#𝑢$;𝑤# − 𝑅#&$ (𝑤#)<, 

𝑉& = 𝛿𝑉&" + 𝛿#𝑉&$ = 𝛿𝑢"(𝑤& − 𝑅&&" ) + 𝛿#𝑢$;𝑤& − 𝑅&&$ (𝑤&)<, 

𝑣& = 𝛿𝑣&" + 𝛿#𝑣&$ = 𝛿𝑢"(𝑊& − 𝑅&#" ) + 𝛿#𝑢$;𝑊& − 𝑅&#$ (𝑊&)<, 

𝑏# = 𝛿𝑏#" + 𝛿#𝑏#$ = 𝛿𝑢"(𝑤# − 𝑅#&" ) + 𝛿#𝑢$;𝑤# − 𝑅#&$8(𝑤#)<, 

𝐵& = 𝛿𝐵&" + 𝛿#𝐵&$ = 𝛿𝑢"(𝑤& − 𝑅&&" ) + 𝛿#𝑢$;𝑤& − 𝑅&&$8(𝑤&)<, 

𝑏𝑓# = 𝛿𝑏𝑓#" + 𝛿#𝑏𝑓#$ = 𝛿𝑢"(𝑤# − 𝑅#&" ) + 𝛿#𝑢$ `𝑤 − 𝑟#$(𝑤#)a, 

𝐵𝐹& = 𝛿𝐵𝐹&" + 𝛿#𝐵𝐹&$ = 𝛿𝑢"(𝑤& − 𝑅&&" ) + 𝛿#𝑢$ `𝑤 − 𝑟&$(𝑤&)a,	

𝑢& = 𝛿𝑢&" + 𝛿#𝑢&$ = 𝛿𝑢";𝑤 − 𝑟&"< + 𝛿#𝑢$ `𝑤 − 𝑟&$;𝑤<a, 

𝑢# = 𝛿𝑢#" + 𝛿#𝑢#$ = 𝛿𝑢";𝑤 − 𝑟#"< + 𝛿#𝑢$ `𝑤 − 𝑟#$;𝑤<a. 

Note that 𝑉&" = 𝐵&" = 𝐵𝐹&" and 𝑣#" = 𝑏#" = 𝑏𝑓#".  

 

Given the assumption of the optimal choice of labour effort, the expected wage 𝐸/',  of an ex-

ante type 𝑖 student who succeeded at HE and with education 𝑖 = 𝑞 is  

𝐸/&, = (1 − 𝜋)\𝛿𝑤& + (1 − 𝑃:)𝛿#𝑤& + 𝑃:𝑃&8𝛿#𝑤& + 𝑃:(1 − 𝑃&8)𝛿#𝑤] + 𝜋(𝛿𝑊& + 𝛿#𝑊&), 

𝐸/#, = (1 − 𝜋)(𝛿𝑊# + 𝛿#𝑊#) + 𝜋\𝛿𝑤# + (1 − 𝑃:)𝛿#𝑤# + 𝑃:𝑃#8𝛿#𝑤# + 𝑃:(1 − 𝑃#8)𝛿#𝑤]. 

 

The expected wage 𝐸/',"  of an ex-ante type 𝑖 student who succeeded at HE and with education 

𝑖 ≠ 𝑞 is 
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𝐸/&," = (1 − 𝜋)\𝛿𝑤& + (1 − 𝑃:)𝛿#𝑤& + 𝑃:𝑃#8𝛿#𝑤& + 𝑃:(1 − 𝑃#8)𝛿#𝑤] + 𝜋(𝛿𝑊& + 𝛿#𝑊&), 

𝐸/#," = (1 − 𝜋)(𝛿𝑊# + 𝛿#𝑊#) + 𝜋\𝛿𝑤# + (1 − 𝑃:)𝛿#𝑤# + 𝑃:𝑃&8𝛿#𝑤# + 𝑃:(1 − 𝑃&8)𝛿#𝑤]. 

   

Denote the social surplus by 𝑆%, it is the expected social benefit of HE for an ex-ante type 𝑖 

student choosing 𝑞 = 𝑖 with the amount of ex-ante study effort, retraining effort and ex-post 

labour effort that is assumed to be socially efficient above. The 𝑆%  for each ex-ante type is 

formulated below 

𝑆& = 𝑃&𝐸/&, + (1 − 𝑃&);𝛿𝑤 + 𝛿#𝑤< − 𝑦& − 𝑃&(1 − 𝜋)𝑃:𝛿𝜂8 , 

𝑆# = 𝑃#𝐸/#, + (1 − 𝑃#);𝛿𝑤 + 𝛿#𝑤< − 𝑦# − 𝑃#𝜋𝑃:𝛿𝜂8 . 

 

Similar to GT’s model we make Assumption 4.5: 

Assumption 4.5. 

(a) 𝑆% ≥ 𝛿𝑤 + 𝛿#𝑤 for all 𝑖; 

(b) 𝑃#[𝐸/#, − 𝐸/&," ] ≥ 𝑦# − 𝑦& + [2𝜋 − 1]𝑃#𝑃:𝛿𝜂8; 

(c) 𝑃&[𝐸/#," − 𝐸/&, ] ≤ 𝑦# − 𝑦& + [2𝜋 − 1]𝑃&𝑃:𝛿𝜂8 . 

       

𝑃#[𝐸/#, − 𝐸/&," ] is the expected wage gain for an ex-ante type 𝑖 = 2 student to choose quality 

𝑞 = 2  HE instead of quality 𝑞 = 1  HE and 𝑦# − 𝑦& + [2𝜋 − 1]𝑃#𝑃:𝛿𝜂8  is the expected 

amount of additional resources needed for this choice of the ex-ante type 𝑖 = 2 student. 

𝑃&[𝐸/#," − 𝐸/&, ] is the expected wage gain for an ex-ante type 𝑖 = 1 student to choose quality 

𝑞 = 2  HE instead of quality 𝑞 = 1  HE and 𝑦# − 𝑦& + [2𝜋 − 1]𝑃&𝑃:𝛿𝜂8  is the expected 

amount of additional resources needed for this choice of the ex-ante type 𝑖 = 1 student. 

Assumptions 4.5 (b) and (c) meant that for an ex-ante type 𝑖 student, choosing education 
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quality 𝑞 = 𝑖 generates more social surplus than choosing the alternative. Consequently, the 

government should design a policy that provides quality 𝑞 = 𝑖 HE to ex-ante type 𝑖 students.  

 

There are two inverse utility functions, one for each period,  

(4.5)                                   ℎ"(𝑥) = 𝑢"0&(𝑥),                ℎ$(𝑥) = 𝑢$0&(𝑥). 

 

Apply the inverse functions on the ex-post utility functions, we will write down every pair of 

functions of repayments below, 

(4.6)                   𝛿𝑅##" + 𝛿#𝑅##$ (𝑊#) = 𝛿𝑊# + 𝛿#𝑊# − 𝛿ℎ"(𝑉#") − 𝛿#ℎ$(𝑉#$), 

𝛿𝑅#&" + 𝛿#𝑅#&$ (𝑤#) = 𝛿𝑤# + 𝛿#𝑤# − 𝛿ℎ"(𝑣#") − 𝛿#ℎ$(𝑣#$), 

𝛿𝑅&&" + 𝛿#𝑅&&$ (𝑤&) = 𝛿𝑤& + 𝛿#𝑤& − 𝛿ℎ"(𝑉&") − 𝛿#ℎ$(𝑉&$), 

𝛿𝑅&#" + 𝛿#𝑅&#$ (𝑊&) = 𝛿𝑊& + 𝛿#𝑊& − 𝛿ℎ"(𝑣&") − 𝛿#ℎ$(𝑣&$), 

𝛿𝑅#&" + 𝛿#𝑅#&$8(𝑤#) = 𝛿𝑤# + 𝛿#𝑤# − 𝛿ℎ"(𝑏#") − 𝛿#ℎ$(𝑏#$), 

𝛿𝑅&&" + 𝛿#𝑅&&$8(𝑤&) = 𝛿𝑤& + 𝛿#𝑤& − 𝛿ℎ"(𝐵&") − 𝛿#ℎ$(𝐵&$), 

𝛿𝑅#&" + 𝛿#𝑟#$(𝑤#) = 𝛿𝑤# + 𝛿#𝑤 − 𝛿ℎ"(𝑏𝑓#") − 𝛿#ℎ$(𝑏𝑓#$), 

𝛿𝑅&&" + 𝛿#𝑟&$(𝑤&) = 𝛿𝑤& + 𝛿#𝑤 − 𝛿ℎ"(𝐵𝐹&") − 𝛿#ℎ$(𝐵𝐹&$), 

𝛿𝑟&" + 𝛿#𝑟&$;𝑤< = 𝛿𝑤 + 𝛿#𝑤 − 𝛿ℎ"(𝑢&") − 𝛿#ℎ$(𝑢&$), 

𝛿𝑟#" + 𝛿#𝑟#$;𝑤< = 𝛿𝑤 + 𝛿#𝑤 − 𝛿ℎ"(𝑢#") − 𝛿#ℎ$(𝑢#$). 

 

Define 𝐸(ℎ%) as the expected amount of resources needed to provide the expected utility 

𝑃%𝑈%, + (1 − 𝑃%)𝑢%. It is formulated differently for different ex-ante types and is respectively 

(4.7)                                   𝐸(ℎ&) = 𝑃&\(1 − 𝜋)[𝛿ℎ"(𝑉&") + (1 − 𝑃:)𝛿#ℎ$(𝑉&$) +

𝑃:𝑃&8𝛿#ℎ$(𝐵&$) + 𝑃:(1 − 𝑃&8)𝛿#ℎ$(𝐵𝐹&$)] + 𝜋;𝛿ℎ"(𝑣&") + 𝛿#ℎ$(𝑣&$)<] + (1 −

𝑃&);𝛿ℎ"(𝑢&") + 𝛿#ℎ$(𝑢&$)<, 
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(4.8)                 𝐸(ℎ#) = 𝑃#z(1 − 𝜋)[𝛿ℎ"(𝑉#") + 𝛿#ℎ$(𝑉#$)] + 𝜋[𝛿ℎ"(𝑣#") +

(1 − 𝑃:)𝛿#ℎ$(𝑣#$) + 𝑃:𝑃#8𝛿#ℎ$(𝑏#$) + 𝑃:(1 − 𝑃#8)𝛿#ℎ$(𝑏𝑓#$)]{ + (1 − 𝑃#);𝛿ℎ"(𝑢#") +

𝛿#ℎ$(𝑢#$)<. 

    

The resource constraint can be written as 

;𝑅𝐶<																																																			c𝜆%
%

{𝑆% − 𝐸(ℎ%)} ≥ 0. 

 

If the government has a utilitarian social welfare function, it will attach the same weight to 

the utility of each ex-ante type as the proportion of this ex-ante type in the population. The 

first best utilitarian optimum is obtained by solving the following problem,  

(4.9)					𝑀𝑎𝑥c𝜆%
%

\𝑃%𝑈%, + (1 − 𝑃%)𝑢% − 𝑐%
(] − 𝜆&𝑃&(1 − 𝜋)𝑃:δ𝑐&8 − 𝜆#𝑃#𝜋𝑃:δ𝑐#8 , 

with respect to (𝑉%" , 𝑉%$ , 𝑣%" , 𝑣%$ , 𝑏#$ , 𝐵&$ , 𝑏𝑓#$ , 𝐵𝐹&$ , 𝑢%" , 𝑢%$) i=1,2, subject to 𝑅𝐶 . Note that by 

model’s construction 𝑉&" = 𝐵&" = 𝐵𝐹&" and 𝑣#" = 𝑏#" = 𝑏𝑓#".  

 

The following proposition for the first-best optimum is obtained in the Appendix A4.1.  

 

Proposition 4.1: 

Under Assumptions 4.1 to 4.5, the first-best Pareto optimality implies full insurance for any 

ex-ante type 𝑖 student,      

𝑉%" = 𝑉%$ = 𝑣%" = 𝑣%$ = 𝑢%" = 𝑢%$ = 𝐵&$ = 𝐵𝐹&$ for 𝑖 = 1 and  

𝑉%" = 𝑉%$ = 𝑣%" = 𝑣%$ = 𝑢%" = 𝑢%$ = 𝑏#$ = 𝑏𝑓#$ for 𝑖 = 2. 

In the standard utilitarian case 
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𝑉&" = 𝑉#" , 𝑉&$ = 𝑉#$ , 𝑣&" = 𝑣#" , 𝑣&$ = 𝑣#$ , 𝑢&" = 𝑢#" , 𝑢&$ = 𝑢#$ , 𝐵&$ = 𝑏#$ , 𝐵𝐹&$ = 𝑏𝑓#$ . 

The resource constraint 𝑅𝐶 must be binding in the first-best optimum.  

 

The students are insured against education risks and labour market risks. Students are also 

provided with intertemporal insurance. This is a common first-best result in which the 

government offered the maximum possible insurance in the economy. This result would not 

be attainable with asymmetric information as students with ex-ante type 𝑖 = 2 will pretend 

to be ex-ante type 𝑖 = 1 students since if they tell the truth with quality 𝑞 = 2 education they 

are more likely to obtain a high ex-post type and resulting in extra effort cost required for the 

top job. Also, no students would exert effort in either HE, labour retraining or the top job 

since they would not be compensated for exerting any effort. 

 

4.3 Asymmetric Information and Incentive Constraints 

For the second-best case, the same assumptions on the required effort levels are maintained, 

which are ;𝑒	&
(∗, 𝑒	#

(∗, 𝑒	&8∗, 𝑒	#8∗< = (1, 1, 1, 1) for study and retraining effort and (𝑒%&∗ , 𝑒%#∗ ) =

(0, 1) for the labour effort. The second-best effort levels that the government wishes to 

induce are the same as the first-best effort levels.  

 

In the second-best problem, the government can still observe the choice of HE quality and its 

outcome, the outcome of the retraining and the wage level. We are also currently assuming 

that the government could observe who is at risk of downward mobility in the labour market. 

The government does not know the students’ ex-ante types and ex-post types. It cannot 

observe their study effort, retraining effort and labour effort. The problem for the 
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government is to satisfy the adverse selection and moral hazard incentive constraints. The 

students must self-select the contracts designed for them.  

 

4.3.1   Incentives 

The downward mobility does not affect labour effort constraints. In the construction of the 

model, the possibility of experiencing the downward labour mobility risk is tied to a worker’s 

ex-post type 𝑘 and not on occupying the “middle-level job”. This is reasonable because the 

ex-post type 𝑘 represents a worker’s labour market skills and opportunities, which is a highly 

important factor in determining whether a worker could re-enter the labour market and 

maintain his previous level of earning if he is displaced. Consequently, if an ex-post type 𝑘 =

2 worker pretends to be ex-post type 𝑘 = 1 he does not need to worry about downward 

labour mobility. Furthermore, even though effort cost 𝐵 is already assumed to be too large 

so ex-post type 𝑘 = 1 worker does not want to mimic ex-post type 𝑘 = 2, in this case even if 

he mimics he will still face the possibility of downward mobility risk. Now to list the labour 

effort constraints. 

    

For the successful students who chose education 𝑞 = 1 and with ex-post type 𝑘 = 2, they 

will not choose a middle-level job if and only if,  

(𝐼𝐶𝑋&,)                         𝑣&" − 𝑏 ≥ 𝑉&"                  and                  𝑣&$ − 𝑏 ≥ 𝑉&$ .                   

 

For the successful students who chose education 𝑞 = 2 and with ex-post type 𝑘 = 2, they 

will not choose a middle-level job if and only if, 

(𝐼𝐶𝑋#,)                        𝑉#" − 𝑏 ≥ 𝑣#"                  and                   𝑉#$ − 𝑏 ≥ 𝑣#$ .       
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If the government does not offer the worker with ex-post type 𝑘 = 2 a high utility when old 

to compensate for the labour effort, these workers will not reveal themselves to be high ex-

post type at all since their total utility would be lower than pretending to be ex-post type 𝑘 =

1. The interim expected utilities of ex-ante type 𝑖 = 1, 2 for the students who succeeded in 

HE with high effort in retraining can be written in their ex-post utilities as   

(𝐸𝑈&,)                           𝑈&, = (1 − 𝜋)[𝛿𝑉&" + (1 − 𝑃:)𝛿#𝑉&$ + 𝑃:𝑃&8𝛿#𝐵&$ + 𝑃:(1 −

𝑃&8)𝛿#𝐵𝐹&$] + 𝜋[𝛿𝑣&" + 𝛿#𝑣&$ − 𝛿𝑏 − 𝛿#𝑏], 

(𝐸𝑈#,)				                𝑈#, = (1 − 𝜋)[𝛿𝑉#" + 𝛿#𝑉#$ − 𝛿𝑏 − 𝛿#𝑏] + 𝜋[𝛿𝑣#" + (1 − 𝑃:)𝛿#𝑣#$ +

𝑃:𝑃#8𝛿#𝑏#$ + 𝑃:(1 − 𝑃#8)𝛿#𝑏𝑓#$]. 

 

We will introduce additional notations that will be used in other constraints. 𝐸𝑈&, and 𝐸𝑈#, 

are not the interim expected utility for ex-ante type 𝑖 = 1  and 𝑖 = 2  if they choose the 

contract designed for the other ex-ante type 𝑗. This is because the probability of success in 

retraining is dependent on the ex-ante type 𝑖.  

    

The interim expected utility for an ex-ante type 𝑖 = 1 student who mimics an ex-ante type 

𝑖 = 2, has succeeded in HE, and exerts high retraining effort is 

(𝐸𝑈#,&)				             𝑈#,& = (1 − 𝜋)[𝛿𝑉#" + 𝛿#𝑉#$ − 𝛿𝑏 − 𝛿#𝑏] + 𝜋[𝛿𝑣#" + (1 − 𝑃:)𝛿#𝑣#$ +

𝑃:𝑃&8𝛿#𝑏#$ + 𝑃:(1 − 𝑃&8)𝛿#𝑏𝑓#$]. 

 

If he exerts low retraining effort the interim expected utility would be 

(𝐸𝑈𝐿#,&)             𝑈#,8& = (1 − 𝜋)[𝛿𝑉#" + 𝛿#𝑉#$ − 𝛿𝑏 − 𝛿#𝑏] + 𝜋[𝛿𝑣#" + (1 − 𝑃:)𝛿#𝑣#$ +

𝑃:𝑝&8𝛿#𝑏#$ + 𝑃:(1 − 𝑝&8)𝛿#𝑏𝑓#$].  
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The interim expected utility for an ex-ante type 𝑖 = 2 student who mimics ex-ante type 𝑖 = 1,  

has succeeded in HE, and exerts high retraining effort is  

(𝐸𝑈&,#)                        𝑈&,# = (1 − 𝜋)[𝛿𝑉&" + (1 − 𝑃:)𝛿#𝑉&$ + 𝑃:𝑃#8𝛿#𝐵&$ + 𝑃:(1 −

𝑃#8)𝛿#𝐵𝐹&$] + 𝜋[𝛿𝑣&" + 𝛿#𝑣&$ − 𝛿𝑏 − 𝛿#𝑏]. 

 

If he exerts low retraining effort the interim expected utility will be  

(𝐸𝑈𝐿&,#)                     𝑈&,8# = (1 − 𝜋)[𝛿𝑉&" + (1 − 𝑃:)𝛿#𝑉&$ + 𝑃:𝑝#8𝛿#𝐵&$ + 𝑃:(1 −

𝑝#8)𝛿#𝐵𝐹&$] + 𝜋[𝛿𝑣&" + 𝛿#𝑣&$ − 𝛿𝑏 − 𝛿#𝑏]. 

𝑈#,&, 𝑈#,8&, 𝑈&,# and 𝑈&,8# will be denoted as 𝑈1,%  and 𝑈1,8%.  

    

The ex-ante self-selection constraint 𝐼𝐶%  means that students of ex-ante type 𝑖 do not want 

to mimic to be ex-ante type 𝑗 by selecting the contract designed for ex-ante type 𝑗 while 

exerting high education effort as well as retraining effort, for all 𝑖 = 1, 2 and 𝑖 ≠ 𝑗. The self-

selection constraint for the ex-ante type 𝑖 = 1 is, 

(𝐼𝐶&)                    𝑃&𝑈&, + (1 − 𝑃&)𝑢& − 𝑐&
( − 𝑃&(1 − 𝜋)𝑃:𝛿𝑐&8 ≥ 𝑃&𝑈#,& + (1 − 𝑃&)𝑢# − 𝑐&

( −

𝑃&𝜋𝑃:𝛿𝑐&8,       

and for the ex-ante type 𝑖 = 2 is, 

(𝐼𝐶#)                 𝑃#𝑈#, + (1 − 𝑃#)𝑢# − 𝑐#
( − 𝑃#𝜋𝑃:𝛿𝑐#8 ≥ 𝑃#𝑈&,# + (1 − 𝑃#)𝑢& − 𝑐#

( − 𝑃#(1 −

𝜋)𝑃:𝛿𝑐#8.       

    

The model includes a moral hazard constraint for retraining to those who face downward 

mobility and it means ex-ante type 𝑖 students should prefer to exert high retraining effort to 

low retraining effort. The retraining effort constraint for ex-ante type 𝑖 = 1 students is, 

(𝑀𝑅&)                𝑃&8𝛿#𝐵&$ + (1 − 𝑃&8)𝛿#𝐵𝐹&$ − 𝛿𝑐&8 ≥ 𝑝&8𝛿#𝐵&$ + (1 − 𝑝&8)𝛿#𝐵𝐹&$ ,  
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and for the ex-ante type 𝑖 = 2 students, 

(𝑀𝑅#)                 𝑃#8𝛿#𝑏#$ + (1 − 𝑃#8)𝛿#𝑏𝑓#$ − 𝛿𝑐#8 ≥ 𝑝#8𝛿#𝑏#$ + (1 − 𝑝#8)𝛿#𝑏𝑓#$ .  

 

For students who just learnt their ex-ante type 𝑖 , the study effort constraint meant they 

should prefer high study effort over low study effort, given a high effort at the retraining if 

needed. The study effort constraint for the ex-ante type 𝑖 = 1 students is, 

(𝑀𝐻&)                             𝑃&𝑈&, + (1 − 𝑃&)𝑢& − 𝑐&
( − 𝑃&(1 − 𝜋)𝑃:𝛿𝑐&8 ≥ 𝑝&𝑈&, + (1 − 𝑝&)𝑢& −

𝑝&(1 − 𝜋)𝑃:𝛿𝑐&8 , 

for the ex-ante type 𝑖 = 2 student, 

(𝑀𝐻#)  𝑃#𝑈#, + (1 − 𝑃#)𝑢# − 𝑐#
( − 𝑃#𝜋𝑃:𝛿𝑐#8 ≥ 𝑝#𝑈#, + (1 − 𝑝#)𝑢# − 𝑝#𝜋𝑃:𝛿𝑐#8 . 

 

If both 𝑀𝐻%  and 𝑀𝐻%  are satisfied, then the combined moral hazard constraint of exerting 

high study effort and retraining effort over low effort for both is automatically satisfied. 

 

There are additional incentive constraints that are a combination of adverse selection and 

moral hazard constraints. The ex-ante type 𝑖 = 1  students should prefer to exert high 

education effort than to mimic ex-ante type 𝑖 = 2 and exert low education effort, given high 

retraining effort  

(𝐼𝐶&)                              𝑃&𝑈&, + (1 − 𝑃&)𝑢& − 𝑐&
( − 𝑃&(1 − 𝜋)𝑃:𝛿𝑐&8 ≥ 𝑝&𝑈#,& + (1 − 𝑝&)𝑢# −

𝑝&𝜋𝑃:𝛿𝑐&8 , 

and for the ex-ante type 𝑖 = 2 students 

(𝐼𝐶#) 𝑃#𝑈#, + (1 − 𝑃#)𝑢# − 𝑐#
( − 𝑃#𝜋𝑃:𝛿𝑐#8 ≥ 𝑝#𝑈&,# + (1 − 𝑝#)𝑢& − 𝑝#(1 − 𝜋)𝑃:𝛿𝑐#8 . 
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Ex-ante type 𝑖 = 1 students should prefer to exert high retraining effort than to mimic ex-

ante type 𝑖 = 2 and exert low retraining effort, given high education effort, 

(𝐼𝐶𝐴&)  𝑃&𝑈&, + (1 − 𝑃&)𝑢& − 𝑐&
( − 𝑃&(1 − 𝜋)𝑃:𝛿𝑐&8 ≥ 𝑃&𝑈#,8& + (1 − 𝑃&)𝑢# − 𝑐&

( , 

and for the ex-ante type 𝑖 = 2 students 

(𝐼𝐶𝐴#)       𝑃#𝑈#, + (1 − 𝑃#)𝑢# − 𝑐#
( − 𝑃#𝜋𝑃:𝛿𝑐#8 ≥ 𝑃#𝑈&,8# + (1 − 𝑃#)𝑢& − 𝑐#

( . 

 

Ex-ante type 𝑖 = 1  students should prefer to exert high effort in both education and 

retraining than to mimic ex-ante type 𝑖 = 2 and exert low effort in both, 

(𝐼𝐶𝐵&)       𝑃&𝑈&, + (1 − 𝑃&)𝑢& − 𝑐&
( − 𝑃&(1 − 𝜋)𝑃:𝛿𝑐&8 ≥ 𝑝&𝑈#,8& + (1 − 𝑝&)𝑢#, 

and for the ex-ante type 𝑖 = 2 students,  

(𝐼𝐶𝐵#)            𝑃#𝑈#, + (1 − 𝑃#)𝑢# − 𝑐#
( − 𝑃#𝜋𝑃:𝛿𝑐#8 ≥ 𝑝#𝑈&,8# + (1 − 𝑝#)𝑢&. 

 

4.3.2   Labour Effort Constraints 

The second-best optimum will be characterised by the relations between the ex-post utilities 

obtained from solving the second-best optimality problem. In the second-best optimality 

problem, if any of the labour effort constraints are not binding, based on the first-order 

conditions the respective ex-post utilities in that labour effort constraint are equal to each 

other which violates that labour effort constraint. Therefore, in any second-best optimum, 

the 𝐼𝐶𝑋%, constraints need to be binding. 

 
Lemma 4.1: In the second-best optimum, the labour effort constraints, 𝐼𝐶𝑋%,, 𝑖 = 1, 2 must be 

binding, 

(4.10)                 𝑣&" − 𝑏 = 𝑉&" = 𝐵&" = 𝐵𝐹&" ,          and                  𝑣&$ − 𝑏 = 𝑉&$ ,             

𝑉#" − 𝑏 = 𝑣#" = 𝑏#" = 𝑏𝑓#" ,           and                   𝑉#$ − 𝑏 = 𝑣#$ . 
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The interim expected utility 𝑈%, can now be written as, 

(4.11)  𝑈&, = 𝛿𝑉&" + (1 − 𝑃: + 𝜋𝑃:)𝛿#𝑉&$ + (1 − 𝜋)[𝑃:𝑃&8𝛿#𝐵&$ + 𝑃:(1 − 𝑃&8)𝛿#𝐵𝐹&$], 

𝑈#, = 𝛿𝑣#" + (1 − 𝜋𝑃:)𝛿#𝑣#$ + 𝜋[𝑃:𝑃#8𝛿#𝑏#$ + 𝑃:(1 − 𝑃#8)𝛿#𝑏𝑓#$]. 

    

𝑈1,%  and 𝑈1,8%  are now written as  

(4.12) 𝑈&,# = 𝛿𝑉&" + (1 − 𝑃: + 𝜋𝑃:)𝛿#𝑉&$ + (1 − 𝜋)[𝑃:𝑃#8𝛿#𝐵&$ + 𝑃:(1 − 𝑃#8)𝛿#𝐵𝐹&$], 

𝑈#,& = 𝛿𝑣#" + (1 − 𝜋𝑃:)𝛿#𝑣#$ + 𝜋[𝑃:𝑃&8𝛿#𝑏#$ + 𝑃:(1 − 𝑃&8)𝛿#𝑏𝑓#$], 

(4.13) 𝑈&,8# = 𝛿𝑉&" + (1 − 𝑃: + 𝜋𝑃:)𝛿#𝑉&$ + (1 − 𝜋)[𝑃:𝑝#8𝛿#𝐵&$ + 𝑃:(1 − 𝑝#8)𝛿#𝐵𝐹&$],	

𝑈#,8& = 𝛿𝑣#" + (1 − 𝜋𝑃:)𝛿#𝑣#$ + 𝜋[𝑃:𝑝&8𝛿#𝑏#$ + 𝑃:(1 − 𝑝&8)𝛿#𝑏𝑓#$]. 

 

4.3.3   Retraining Effort Constraints 

For the ex-ante type 𝑖 = 1 students, the retraining effort constraint 𝑀𝑅& can be rewritten as, 

(𝑀𝑅&)                                   𝛿#𝐵&$ − 𝛿#𝐵𝐹&$ ≥ 𝛿𝐾&8 ,    with 𝐾&8 =
-%&

4%&05%&
.  

 

For the ex-ante type 𝑖 = 2 students, the retraining effort constraint 𝑀𝑅# can be rewritten as 

(𝑀𝑅#)                                   𝛿#𝑏#$ − 𝛿#𝑏𝑓#$ ≥ 𝛿𝐾#8 ,    with 𝐾#8 =
-$&

4$&05$&
.  

 

We assume the ex-ante type 𝑖 = 2  workers are more efficient than ex-ante type 𝑖 = 1 

workers in exerting retraining effort. Formally 

Assumption 4.6: 𝐾&8 ≥ 𝐾#8 . 
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4.3.4   Study Effort Constraints 

For the ex-ante type 𝑖 = 1 students, the study effort constraint 𝑀𝐻& can be rewritten as 

(𝑀𝐻&)                         𝑈&, − 𝑢& − (1 − 𝜋)𝑃:𝛿𝑐&8 ≥ 𝐾&
( ,       with 𝐾&

(= -%
#

4%05%
. 

 

The possibility of needing to exert effort in retraining has made study effort constraints harder 

to satisfy compared to a model without retraining due to the additional effort cost in 

retraining.  

 

For ex-ante type 𝑖 = 2 student, the study effort constraint 𝑀𝐻# can be rewritten as 

(𝑀𝐻#)                             𝑈#, − 𝑢# − 𝜋𝑃:𝛿𝑐#8 ≥ 𝐾#
( ,     with 𝐾#

( = -$
#

4$05$
. 

 

We assume the ex-ante type 𝑖 = 2  workers are more efficient than ex-ante type 𝑖 = 1 

workers in exerting study effort. Formally 

Assumption 4.7: 𝐾&
( ≥ 𝐾#

( . 

 

4.3.5   Ex-ante Self-Selection Constraints 

The ex-ante self-selection constraints have 𝑈#,& on the RHS of 𝐼𝐶& and 𝑈&,# on the RHS of 𝐼𝐶#. 

They are not 𝑈#, and 𝑈&, since even if ex-ante type 𝑖 students choose quality 𝑗 education, they 

still have a probability 𝑃%8  of succeeding in retraining. 

    

Rewriting 𝐼𝐶%  in the same style as GT’s model, we obtain the following string of inequalities, 
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(4.14)																			
𝑃#

(1 − 𝑃#)
(𝑈#, − 𝑈&,# + (1 − 2𝜋)𝑃:𝛿𝑐#8) ≥ 𝑢& − 𝑢#

≥
𝑃&

(1 − 𝑃&)
(𝑈#,& − 𝑈&, + (1 − 2𝜋)𝑃:𝛿𝑐&8).	

 
4.3.6   Simplifying the Combined Incentive Constraints 

In GT’s model without downward mobility and the labour retraining program, both 𝐼𝐶%  being 

binding in equilibrium gives strict conditions on the relationships between interim expected 

utilities and the ex-post utilities. Namely, it meant the equilibrium has an equal treatment 

condition in which 𝑈&, = 𝑈#, and 𝑢& = 𝑢#, the prework but poststudy expected utility is equal 

between different ex-ante types conditional on outcomes of HE. The ex-post utility relations 

are that 𝑢& = 𝑢# < 𝑉& = 𝑣# < 𝑣& = 𝑉#. Although (4.14) looks similar, the 𝐼𝐶%  being binding in 

equilibrium does not have any strict implications on the relations of the utilities because it 

also has 𝑈&,# and 𝑈#,& in the brackets of (4.14) instead of just 𝑈&, and 𝑈#,. The “equal treatment” 

becomes not possible to achieve for both 𝑈&, = 𝑈#, and 𝑢& = 𝑢#  by simple modification of the 

original model unless 𝑏#$ − 𝑏𝑓#$ has a specific value in the optimum based on the parameters. 

“Equal treatment” shouldn’t be an official goal for the government when they are designing 

ICL offers to students with different innate abilities. Furthermore, because of the introduction 

of downward labour mobility, the relations between 𝑈&, and 𝑈#, no longer derive any relations 

between different ex-post utilities inside the interim expected utility. To answer the paper’s 

questions, we will examine the common second-best relations between ex-post utilities that 

could be derived from the first-order conditions (𝐹𝑂𝐶) in the maximization problem.  

 

There are still combined incentive constraints that could be simplified and dropped out of the 

second-best maximization problem.  
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Lemma 4.2: In the second-best optimum 

(a). If both 𝐼𝐶#  and 𝑀𝑅&  are satisfied then due to Assumption 4.6 𝐼𝐶𝐴#  is automatically 

satisfied.  

(b). If 𝐼𝐶#  and 𝑀𝑅&  are both satisfied then due to Assumption 4.6 𝐼𝐶𝐵#  is automatically 

satisfied. 

 
The second-bet maximization problem is the following:  

𝑀𝑎𝑥c𝑙%23

%

\𝑃%𝑈%, + (1 − 𝑃%)𝑢% − 𝑐%
(] − 𝑙&23𝑃&(1 − 𝜋)𝑃:𝛿𝑐&8 − 𝑙#23𝑃#𝜋𝑃:𝛿𝑐#8 , 

with respect to (𝑉&" , 𝑉&$ , 𝑣#" , 𝑣#$ , 𝑏#$ , 𝐵&$ , 𝑏𝑓#$ , 𝐵𝐹&$ , 𝑢%" , 𝑢%$), subject to 𝑅𝐶,	𝐼𝐶% , 𝑀𝑅% ,	𝑀𝐻% , 𝐼𝐶% , 

𝐼𝐶𝐴& and 𝐼𝐶𝐵&, 𝑖 = 1, 2. 𝑙%23 represents the social welfare weight given to the ex-ante type 𝑖 

student by the government in the welfare function. Assume that 𝑙&23 + 𝑙#23 = 1, and 𝑙%23 > 0 

for both 𝑖. 

 

4.4 Properties of the Second-Best Optimums 

In section 4.4.1, we listed the certain relations between the ex-post utilities in the second-

best optimum when the government is assumed to be able to identify who needs retraining  

and what happens if it cannot identify them. We also listed its implications on the levels of 

repayment. At the end, we discuss the potential solution to the second-best problem and the 

effect of labour retraining on the incomplete insurance against failing HE which are not 

affected by the assumption of the government’s ability to identify who needs retraining. In 

section 4.4.2, we show in general, an ICL or a graduate tax is needed to implement the second-

best optimum. In section 4.4.3 and section 4.4.4, we examine the effect of the impact of 
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labour retraining program on the degree of ex-ante inequality compared to its level in the 

equal treatment second-best and on the degree of ex-post utility under the different 

assumptions on whether the government could identify who needs retraining.  

 
4.4.1   The Common Relations between Ex-post Utilities and Implications on the 

Repayment Schedules 

When the Government Knows Who Needs Retraining 

Proposition 4.2: In the second-best optimums with the government knowing who needs to be 

retrained, the ex-post utilities have the following certain relations:  

(a). 𝑢&" = 𝑢&$ , 𝑢#" = 𝑢#$; 

(b). 𝑉&" > 𝑉&$ , 𝑉&" + 𝑏 > 𝑉&$ + 𝑏; 

(c). 𝑣#" > 𝑣#$ , 𝑣#" + 𝑏 > 𝑣#$ + 𝑏; 

(d). 𝐵&$ > 𝑉&"; 

(e). 𝑏#$ > 𝑣#"; 

(f). 𝑣#" + 𝑏 > 𝑏𝑓#$ and 𝑣#$ + 𝑏 > 𝑏𝑓#$ . 

 

Besides the relationship between the ex-post utilities, the resource constraint 𝑅𝐶 and the 

retraining effort constraint 𝑀𝑅& must be binding in every second-best optimum. 

 

To implement the second-best optimum, the optimal repayment schedule needs to obey the 

following relations  

Corollary 4.1: When the government knows who needs retraining, the optimal repayment 

schedule has the following properties in the second-best optimum:  

(1). 𝑢&" = 𝑢&$ implies 𝑟&" = 𝑟&$;𝑤<, 
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       𝑢#" = 𝑢#$ implies 𝑟#" = 𝑟#$;𝑤<. 

(2). 𝑉&" > 𝑉&$ implies 𝑅&&$ (𝑤&) > 𝑅&&" , 

       𝑉&" + 𝑏 > 𝑉&$ + 𝑏 implies 𝑅&#$ (𝑊&) > 𝑅&#" . 

(3). 𝑣#" > 𝑣#$ implies 𝑅#&$ (𝑤#) > 𝑅#&" , 

       𝑣#" + 𝑏 > 𝑣#$ + 𝑏 implies 𝑅##$ (𝑊#) > 𝑅##" . 

(4). 𝐵&$ > 𝑉&" implies 𝑅&&" > 𝑅&&$8(𝑤&), 

       𝐵&$ > 𝑉&$ implies 𝑅&&$ (𝑤&) > 𝑅&&$8(𝑤&). 

(5). 𝑏#$ > 𝑣#" implies 𝑅&#" > 𝑅#&$8(𝑤#), 

       𝑏#$ > 𝑣#$ implies 𝑅#&$ (𝑤#) > 𝑅#&$8(𝑤#). 

(6). 𝑣#" + 𝑏 > 𝑏𝑓#$ implies 𝑊# −𝑤 > 𝑅##" − 𝑟#$(𝑤#), 

       𝑣#$ + 𝑏 > 𝑏𝑓#$ implies 𝑊# −𝑤 > 𝑅##$ (𝑊#) − 𝑟#$(𝑤#). 

 

Corollary 4.1 (1) meant that the optimal level of repayment/transfer for a student of ex-ante 

type 𝑖 who has failed HE is the same across the two periods. The introduction of the retraining 

program does not mean the second-best optimum stop providing these failed students 

intertemporal insurance. 

 

Corollary 4.1 (2) is about the ex-ante type 𝑖 = 1 students who succeeded in HE and are at no 

risk of downward mobility. For these students, the effect of the introduction of downward 

mobility and the government retraining programme is to remove the insurance across periods 

enjoyed in the first best optimum and the level of repayment when old is higher than in the 

adult period.  
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The relationship presented in Corollary 4.1 (3) is for the ex-ante type 𝑖 = 2 and is equivalent 

to the relationship presented in Corollary 4.1 (2). The policy implication is the same but for 

ex-ante type 𝑖 = 2 students.  

    

Corollary 4.1 (4) is for ex-ante type 𝑖 = 1 students who are at risk of downward mobility. The 

repayment levels 𝑅&&" > 𝑅&&$8(𝑤&) and 𝑅&&$ (𝑤&) > 𝑅&&$8(𝑤&) meant that for students with ex-

ante type 𝑖 = 1  and ex-post type 𝑘 = 1 , the students at risk of downward mobility but 

succeeded in the retraining faced the lowest level of repayment in the second-best optimum. 

In terms of policy design, this meant that the student loan contract should include a clause 

such that if the student’s skills become obsolete and he encounters a labour market problem 

after successfully graduating from university, his loan repayment would be reduced if he 

signed up for government provided retraining program and succeeded in it. Note the outcome 

𝐵&$ > 𝑉&$  is not possible if the government is assumed to not know who needs retraining. 

Because if 𝐵&$ > 𝑉&$  and the government does not know who needs retraining, those who 

were at no risk of downward mobility can pretend they need the retraining while never in any 

danger of failure even without any effort.  

 

The relationship presented in Corollary 4.1 (5) is for the ex-ante type 𝑖 = 2 and is equivalent 

to the relationship presented in Corollary 4.1 (4). The policy implication is the same but for 

ex-ante type 𝑖 = 2 students.  

 

In Corollary 4.1 (6) both 𝑊# −𝑤 > 𝑅##" − 𝑟#$(𝑤#) and 𝑊# −𝑤 > 𝑅##$ (𝑊#) − 𝑟#$(𝑤#) simply 

mean that the students with ex-ante type 𝑖 = 2 and ex-post 𝑘 = 2 should always have a 



 152 

higher ex-post utility than students with ex-ante type 𝑖 = 2  and ex-post type 𝑘 = 1  who 

failed the retraining.  

 

When the government knows who needs retraining and uses a graduate tax to implement the 

second-best optimum, succeeding in retraining means facing lower taxes compared to other 

students earning the same wage. Furthermore, the optimal policy should make sure the 

displaced workers who failed the retraining and remained in the industry threatened by 

foreign competition and/or technological change have a lower utility than the successfully 

retrained workers who went to the healthier industry. This tax policy may seem to be 

counterintuitive as it seems to be actively undermining the sectors that are already in danger 

but the reason is to incentivise those workers in actual danger of displacement to put the 

effort into the retraining programme and to move out of the ailing sectors.  

 

New Utility Relations When the Government Does Not Know Who Needs Retraining 

Proposition 4.2 is obtained based on the assumption that the government could observe who 

needs retraining. Proposition 4.2 points (a) and (f) do not depend on this assumption and still 

apply but Proposition 4.2 points (b) to (e) are dependent on this assumption. If the 

government does not know and still allocates the utilities such that 𝐵&$ > 𝑉&$ and 𝑏#$ > 𝑣#$, 

the workers that are not in danger of downward mobility will pretend to need retraining, 

exert no retraining effort and pretend to succeed to obtain the higher utility. Consequently, 

the government have additional constraints 𝐵&$ ≤ 𝑉&$  and 𝑏#$ ≤ 𝑣#$  for the second-best 

problem.  
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Proposition 4.3: In the second-best optimum with the government not knowing who needs to 

be retrained, it results in new relations between the ex-post utilities:  

(a). 𝐵&$ = 𝑉&$ > 𝑉&";  

(b). 𝑏#$ = 𝑣#$ > 𝑣#" .  

 

The relationships between the ex-post utilities in Propositions 4.2 and 4.3 are derived in 

Appendix A4.3. 

 

To maintain the same level of utilities between 𝐵&$ and 𝑉&$ as well as between 𝑏#$ and 𝑣#$, the 

level of repayment between these workers of the same wage must be the same regardless of 

their participation in the labour retraining program, although we still don’t know the relation 

between 𝐵𝐹&$ and 𝑢&$ as well as between 𝑏𝑓#$ and 𝑢#$ who also are earning the same lowest 

basic wage. The government still does not provide intertemporal insurance to the students 

who succeeded in HE but opposite to the results in Proposition 4.2, when the government 

cannot identify who needs training, the level of repayment is lower when old. Also, 

Proposition 4.3 meant it is certain now in the second-best optimum 𝑉&$ > 𝐵𝐹&$ and 𝑣#$ > 𝑏𝑓#$. 

 

Because of the additional incentive constraints, we cannot fully characterize the relations in 

the second-best optimum but a valid potential solution to the second-best problem is 𝑈#, −

𝑈&,# + (1 − 2𝜋)𝑃:𝛿𝑐#8 = 𝑈#,& − 𝑈&, + (1 − 2𝜋)𝑃:𝛿𝑐&8 = 0  and 𝑢& = 𝑢#  with both 𝐼𝐶&  and 

𝐼𝐶# being binding constraints. All the combined adverse selection and moral hazard incentive 

constraints are automatically satisfied along with 𝑀𝑅# and 𝑀𝐻#. If we have 𝑢& ≤ 𝑢# in the 

second-best optimum, it is certain that 𝛿𝑏#$ − 𝛿𝑏𝑓#$ ≥
&05
5
(𝛿𝐵&$ − 𝛿𝐵𝐹&$) +
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&0#;
;

&
(4$&04%&)

(𝛿𝑐&8 − 𝛿𝑐#8), the optimal policy offer less insurance against failing in retraining 

for the high ex-ante type students than for low ex-ante type students. 

 

In the second-best optimum of GT’s model without labour retraining their 𝑀𝐻& is binding 

with 𝑈&, − 𝑢& = 𝐾&
( which meant incomplete insurance against failing HE (adding downward 

mobility would not change this result). As discussed in section 4.3.4 the need to exert effort 

in retraining meant the 𝑀𝐻& now implies 𝑈&, − 𝑢& ≥ 𝐾&
( + (1 − 𝜋)𝑃:𝛿𝑐&8 > 𝐾&

(. The labour 

retraining has reduced the degree of insurance against failing HE for the type 𝑖 = 1 (low 

ability) students as the difference in utility between succeeding and failing HE has widened. 

 

4.4.2   The Necessity of ICL or Graduate Tax 

Could a non-graduate tax or a non-ICL be possible to implement the second-best outcome? 

Given that this model’s possible repayment levels, agent types and assumptions on wage 

levels are not largely changed from GT’s model, for the second-best optimum with 𝑉&$ = 𝑣#$ <

𝑣&$ = 𝑉#$ and/or 𝑉&" = 𝑣#" < 𝑣&" = 𝑉#" we could use the same method to show that an ICL is 

needed to implement the second-best optimum in general. GT’s model specifically showed 

that in the equal treatment second-best optimum, unless HE increases earning in a 

completely additive way for different types of jobs, 𝑊# −𝑊& − (𝑤# −𝑤&) = 0, a non-ICL will 

not be optimal. Intuitively, in our model and real life, the wage rate depends on both 

education quality and labour effort, but in a non-specific way. This means that within a job 

type a higher quality education has a different effect on wages than in other job types and for 

students with a level of quality of education increasing the labour effort will have a different 

effect on wage rate than students with other levels of quality of education. However, this first 
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method did not consider the impact of downward mobility and labour retraining and is only 

applicable to the case with 𝑉&$ = 𝑣#$ < 𝑣&$ = 𝑉#$ and/or 𝑉&" = 𝑣#" < 𝑣&" = 𝑉#". 

 

The second way of showing non-ICL is not optimal includes labour retraining and applies to 

all second-best optimums. The intuition of this method is that we aim to show the 

government cannot use non-ICL to simultaneously implement all of the ex-post utility 

relations common in all the second-best optimums both when the government knows who 

needs retraining and when it does not. In this model with the addition of the labour retraining 

program, non-ICL or non-graduate tax means the optimal repayment schedule can be 

decomposed into an ordinary loan repayment that depends only on the education factors 

including the choice of HE quality and the use of the retraining program and an ordinary tax 

that only determined by the workers’ ex-post type 𝑘. We assume the government policies 

cannot be age dependent meaning the ordinary loan repayment and the ordinary tax cannot 

change over time if the only thing changed for the worker is his age. We will examine the 

optimal repayment schedule both when the government knows who needs retraining and 

when the government doesn’t know who needs retraining. Here are some of the non-ICL 

repayment schedules: 

𝑟&" = 𝑡& + 𝐿&, 𝑟&$(𝑤) = 𝑡& + 𝐿&, 

𝑟#" = 𝑡& + 𝐿#, 𝑟#$(𝑤) = 𝑡& + 𝐿#, 

𝑅&&" = 𝑇& + 𝐿&, 𝑅&&$ (𝑤&) = 𝑇& + 𝐿&, 

𝑅#&" = 𝑇& + 𝐿#, 𝑅#&$ (𝑤#) = 𝑇& + 𝐿#. 

 

When the government knows who needs retraining, the second-best optimum requires 𝑉&" >

𝑉&$ and 𝑣#" > 𝑣#$ based on Proposition 4.2 points (b) and (c). Without age-dependent policies, 
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𝑅&&" = 𝑅&&$ (𝑤&)  and 𝑅#&" = 𝑅#&$ (𝑤#) cannot implement the second-best optimum with the 

non-ICL policies when the government knows who needs retaining. Note that if the 

government wants to lower the utility of 𝑉&$ and 𝑣#$ with a non-ICL, they can charge a fee on 

the workers that do not need labour retraining when the retraining is offered. However, 

because the workers that failed HE also do not need retraining by definition, this fee will also 

lower the utility of 𝑢&$ and 𝑢#$. This will violate Proposition 4.2 (a) which requires 𝑢&" = 𝑢&$ and 

𝑢#" = 𝑢#$. If the government only charge this fee to the workers who succeeded in HE, this 

policy then becomes an income-contingent repayment at old age as only the workers who 

earn above the lowest wage will pay (it could also be interpreted as a graduate tax as only 

those who succeeded in HE will pay). 

 

When the government does not know who needs retraining, the second-best optimum 

requires 𝑉&$ > 𝑉&" and 𝑣#$ > 𝑣#" based on Proposition 4.3 points (a) and (b). Since the second-

best optimum relation of Proposition 4.2 (a) is not changed while 𝑉&$ and 𝑣#$ is still different 

to 𝑉&"  and 𝑣#" , the government still cannot use non-ICL to implement the second-best 

optimum. If the government states they will offer a loan repayment reduction to those who 

are offered labour retraining, this policy is also income contingent since only those with ex-

post type 𝑘 = 1 and not earning the lowest wage would be offered labour retraining. 

 

For a further question, we ask “Could the second-best optimum be implemented by an ICL for 

HE while charging an ordinary loan or subsidy for using the labour retraining, both when the 

government knows who needs retraining and when the government does not know who 

needs retraining?” First we consider the case when the government knows who needs 

retraining. Let 𝑎 to denote a charge given to those workers that don’t need retraining and 
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succeeded in HE and let 𝑏 to denote a “reward” (flat payment) to those that need retraining. 

We have the following repayment schemes: 

𝑅&&$8(𝑤&) = 𝐼𝐶𝐿& − 𝑏, 𝑟&$(𝑤&) = 𝐼𝐶𝐿< − 𝑏, 

𝑅&&" = 𝐼𝐶𝐿&, 𝑟&" = 𝐼𝐶𝐿<, 

𝑅&&$ (𝑤&) = 𝐼𝐶𝐿& + 𝑎,	𝑟&$;𝑤< = 𝐼𝐶𝐿<. 

 

𝑎  is already an income-contingent policy as it is only charged to those who don’t need 

retraining while earning above the lowest wage. So even if the policy for using labour 

retraining is ordinary, we need additional income-contingent policies for those who don’t use 

retraining. This repayment scheme implies 𝑅&&$8(𝑤&) − 𝑟&$(𝑤&) = 𝐼𝐶𝐿& − 𝐼𝐶𝐿< = 𝑅&&" − 𝑟&" . 

The retraining effort constraint 𝑀𝑅&  must be binding in every second-best optimum, this 

meant the difference between 𝑉&" and 𝑢&" must be fixed at a level that is directly related to 

𝐾&8  under this loan repayment scheme. There is no reason this must be the case in the second-

best optimum so giving an equal 𝑏 to both 𝐵&$ and 𝐵𝐹&$ is inappropriate. For example, if 𝑐&8 ⟶

0, 𝐾&8 ⟶ 0 then 𝐵&$ ≈ 𝐵𝐹&$. Under the above repayment scheme, this meant 𝑉&" ≈ 𝑢&" = 𝑢&$ 

would be implemented despite 𝐾&8 ⟶ 0 does not imply 𝑉&" ≈ 𝑢&" should be the case at the 

second-best optimum. If the amount 𝑏 given to 𝐵&$ and 𝐵𝐹&$ are different then 𝑏 is no longer 

ordinary and is income contingent. In the second way to illustrate why 𝑏  should not be 

ordinary we consider 𝐼𝐶𝐿& and 𝐼𝐶𝐿< are at the level so 𝑉&" and 𝑢&" are at their optimal value 

in the second-best optimum. Because 𝑢(. ) is strictly concave, if 𝑉&" > 𝑢&" and 𝑉&" − 𝑢&" < 𝐾&8, 

then 𝑏 must be negative to satisfy the binding 𝑀𝑅& constraint. However, if 𝑏 is negative the 

above repayment scheme results in 𝑉&" > 𝐵&$ which violates Proposition 4.2 (d). 
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Next, we consider the case when the government does not know who needs retraining. 

Proposition 4.3 (a) states 𝐵&$ = 𝑉&$ > 𝑉&"  will be the optimal relation. The retraining effort 

constraint 𝑀𝑅& still binds. We will show that to implement the optimal relation 𝐵&$ = 𝑉&$ >

𝑉&", the additional policy for using the retraining program “𝑏” can no longer be ordinary.  The 

optimal repayment scheme for 𝑉&$, 𝐵&$ and 𝐵𝐹&$ can be written as follows: 

𝑅&&$ (𝑤&) = 𝐼𝐶𝐿& − 𝑎, 

𝑅&&$8(𝑤&) = 𝐼𝐶𝐿& − 𝑎 − 𝑏 + 𝑏, 

𝑟&$(𝑤&) = 𝐼𝐶𝐿< + 𝑏. 

 

Now 𝑎 is a “reward” that is given to every worker in old age who doesn’t need retraining or 

succeeded in it, it is still income contingent as it is only given to those earning a high wage at 

𝑤& . Now 𝑏 could be interpreted as a loan or a fee charged to all those who used labour 

retraining but is forgiven or waived if the worker succeeded in retraining. Since succeeding in 

retraining directly affects the income, 𝑏  is now also income contingent. The second-best 

optimum also cannot be implemented by an ICL for HE while charging an ordinary loan for 

using the labour retraining program when the government does not know who needs 

retraining. The conclusion still applies even if age-dependent policies are allowed as we 

demonstrated the inadequacy of ordinary loans without using utilities across periods. 

 

The government's objective of social welfare maximization is achieved by altering workers’ 

disposable income based on their differences in HE, retraining and labour market outcomes. 

Ideally for a government to achieve this, the policy instrument should treat ex-ante types, ex-

post types and the need for retraining together since a worker’s wage is determined by the 

combination of these factors. Policies such as ICL or graduate tax are more flexible than an 
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ordinary mortgage style loan that is insensitive to a borrower’s income or income tax that 

does not consider an individual’s education history since they can be designed to fit different 

workers based on an individual’s choice of quality of HE, need of retraining and the student's 

labour market outcomes. 

 

4.4.3   The Effect of the Labour Retraining Program on the Degree of Ex-ante Inequality 

The degree of the ex-ante inequality is the difference in the expected utility net of study effort 

cost and expected retraining effort cost between ex-ante type 𝑖=2 and ex-ante type 𝑖=1 

students before they know their outcomes in HE. In the GT’s model, the only degree of ex-

ante inequality that could be formulated is in the equal treatment second-best optimum. The 

“equal treatment” meant in the second-best optimum the interim expected utility is equal 

between the two ex-ante types conditional on HE outcome. In the following sections, we will 

show whether the introduction of labour retraining could result in an equilibrium that has a 

lower level of ex-ante inequality. 

 

When the Government Knows Who Needs Retraining 

Without labour retraining, this model is not meaningfully different from the GT’s model. With 

only downward labour mobility and no labour retraining, the ex-post utilities 𝐵&$ and 𝑏#$ does 

not exist. We have equal treatment in which 𝑢& = 𝑢# and 𝑈&, = 𝑈#,  when both ex-ante self-

selection constraints are binding in the second-best optimum. In this optimum, the study 

effort constraint for the ex-ante type 𝑖 = 1 students binds, and for the ex-ante type 𝑖 = 2 

students, it is automatically satisfied, 

𝑈#, − 𝑢# = 𝑈&, − 𝑢& = 𝐾&
( . 
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The degree of ex-ante inequality of the equal treatment case is the same as in GT’s model and 

is equal to  

𝑃#𝑈#, + (1 − 𝑃#)𝑢# − 𝑐#
( − \𝑃&𝑈&, + (1 − 𝑃&)𝑢& − 𝑐&

(] = (𝑃# − 𝑃&)𝐾&
( + 𝑐&

( − 𝑐#
( > 0. 

 

This term is positive since by assumption 𝑃# > 𝑃& and 𝑐&
( ≥ 𝑐#

( . 𝐾&
(  is the utility difference 

between 𝑈, and 𝑢 because the government need to satisfy the study effort constraint in the 

second best. The students with the higher ex-ante type have a strictly higher expected utility 

than the students with lower ex-ante type before knowing the outcome of their HE.  

 

With the introduction of the labour retraining program, we have the interim expected utilities 

𝑈&,, 𝑈&,#, 𝑈#, and 𝑈#,& written in (4.11) and (4.12). Given that 𝑃#8 > 𝑃&8, it is certain 𝑈&,# > 𝑈&, 

and 𝑈#, > 𝑈#,&. We could examine whether the labour retraining program has increased the 

degree of ex-ante inequality in the optimum with double binding self-selection constraint and 

𝑢& = 𝑢# , which has equal treatment for students who failed in HE. Now in the equal 

treatment second-best optimum with double binding self-selection constraint and 𝑢& = 𝑢#, 

the following can be derived from (4.14): 𝑈#, − 𝑈&,# + (1 − 2𝜋)𝑃:𝛿𝑐#8 = 𝑈#,& − 𝑈&, +

(1 − 2𝜋)𝑃:𝛿𝑐&8 = 0 . This new equal treatment outcome is a potential solution for our 

second-best optimality problem. The difference between 𝑈#, − 𝑢#  and 𝑈&, − 𝑢&  is (1 −

𝜋)𝑃:[𝑃#8 − 𝑃&8]𝛿𝐾&8 − (1 − 2𝜋)𝑃:𝛿𝑐#8. Therefore, the minimum degree of ex-ante inequality 

in the equal treatment case with the addition of the labour retraining program is  

(𝑃# − 𝑃&)𝐾&
( + 𝑐&

( − 𝑐#
( + (𝑃# − 𝑃&)(1 − 𝜋)𝑃:𝛿𝑐&8 + 𝑃#(1 − 𝜋)𝑃:(𝑃#8 − 𝑃&8)𝛿𝐾&8 − 𝑃#(1

− 2𝜋)𝑃:𝛿𝑐#8 + 𝑃&(1 − 𝜋)𝑃:𝛿𝑐&8 − 𝑃#𝜋𝑃:𝛿𝑐#8 . 
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(𝑃# − 𝑃&)𝐾&
( + 𝑐&

( − 𝑐#
( is the original term for ex-ante inequality without labour retraining. 

For the additional terms, (1 − 𝜋)𝑃:𝛿𝑐&8  is the additional utility needed to satisfy the study 

effort constraint due to the introduction of labour retraining. The promised labour retraining 

program increased the expected effort cost of succeeding in HE for the students since they 

expect a probability of facing downward mobility in the labour market after succeeding and 

are required to exert effort in the retraining program. This additional utility increased the 

degree of ex-ante inequality because the ex-ante type 𝑖 = 2  students are more likely to 

succeed in HE so they are more likely to benefit from the additional utility. The second 

additional term, (1 − 𝜋)𝑃:(𝑃#8 − 𝑃&8)𝛿𝐾&8 − (1 − 2𝜋)𝑃:𝛿𝑐#8 , is the additional utility over 

𝑈&, − 𝑢&  that is needed to satisfy the utility difference between 𝑈#,  and 𝑢#  in the equal 

treatment second-best optimum. For the final additional term, 𝑃&(1 − 𝜋)𝑃:𝛿𝑐&8 − 𝑃#𝜋𝑃:𝛿𝑐#8, 

it is the difference in the expected effort cost for the labour retraining between ex-ante type 

𝑖 = 1 and ex-ante type 𝑖 = 2 students before knowing the outcome of HE. Its sign is uncertain 

and depends on the size of the parameters, the ex-ante type 𝑖 = 1 is less likely to succeed in 

HE but after succeeding in HE they are more likely to obtain an ex-post type 𝑘 = 1 and be at 

risk of downward mobility. Since (𝑃# − 𝑃&)(1 − 𝜋)𝑃:𝛿𝑐&8  plus 𝑃&(1 − 𝜋)𝑃:𝛿𝑐&8 −

𝑃#𝜋𝑃:𝛿𝑐#8 − 𝑃#(1 − 2𝜋)𝑃:𝛿𝑐#8  is not negative, overall, the degree of ex-ante inequality is 

increased compared to the equal treatment optimum in GT’s model. Moreover, this meant 

even if 𝑈#, − 𝑢# is equal to 𝑈&, − 𝑢& in equal treatment, the degree of ex-ante inequality is still 

increased. 

 

Is it possible for the labour retraining program to reduce the degree of ex-ante inequality in 

any second-best optimum below the level found in the equal treatment case in GT’s model? 

It is shown in the Appendix A4.5 that it is not possible because of any combination of utility 
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differences of 𝑈#, − 𝑢# and 𝑈&, − 𝑢& that reduces the ex-ante inequality below the GT’s level 

would violate ex-ante self-selection constraint 𝐼𝐶# . The government labour retraining 

program can only increase the degree of ex-ante inequality.  

 

When the Government Does Not Know Who Needs Retraining  

The above analysis is done assuming the government knows which worker is at risk of 

downward labour mobility. Is it possible for labour retraining to reduce the degree of ex-ante 

inequality below the equal treatment level when the government does not know who needs 

retraining?  

 

This answer is not changed because the method of proving the rise in the degree of ex-ante 

inequality is the same. The labour retraining program always increases the degree of ex-ante 

inequality.  

Proposition 4.4: The introduction of labour retraining increases the degree of ex-ante 

inequality compared to the equal treatment outcome independent of whether the 

government could identify who needs retraining or not. 

 

In conclusion, although the labour retraining program seems like a policy capable of reducing 

the degree of ex-ante inequality. No matter the assumption on the government’s ability to 

identify who needs retraining between workers of the same ex-post types, the program will 

lead to an increase in the degree of ex-ante inequality above the level in the equal treatment 

case without the labour retraining program.  
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4.4.4   The Effect of the Labour Retraining Program on the Degree of Ex-post Inequality 

Ex-post inequality is the difference in utility between type 𝑘 = 2 and 𝑘 = 1 workers after 

succeeding in HE of the same quality. In the original GT’s model without labour retraining, 

among the successful students, those with the higher ex-post type 𝑘 = 2 will always have a 

higher utility than those with the lower ex-post type 𝑘 = 1  due to the labour effort 

constraints, specifically, 𝑣& − 𝑏 = 𝑉&  and 𝑉# − 𝑏 = 𝑣# . Could the introduction of labour 

retraining change the difference in ex-post utility between workers with ex-post type 𝑘 = 2 

and workers with ex-post type 𝑘 = 1? 

When the Government Knows Who Needs Retraining  

For the ex-ante type 𝑖 = 1 workers when old, we have  

𝑣&$ − 𝑏 = 𝑉&$ but since 𝐵&$ > 𝑉&$, the relationship between 𝑣&$ and 𝐵&$ is uncertain.  

 

This is the effect of labour retraining. For all students with ex-ante type 𝑖 = 1 and succeed in 

HE, a portion of “(1 − 𝜋)𝑃:𝑃&8 ” will end up with 𝐵&$ . For successful ex-ante type 𝑖 = 1 

students, the labour retraining program has at least reduced the difference in ex-post utility 

between those workers with ex-post type 𝑘 = 2 and those workers with ex-post type 𝑘 = 1 

and succeeded in retraining below 𝑏. For all the students born with ex-ante type 𝑖 = 1, being 

successful in the labour market and gaining ex-post type 𝑘 = 2 does not guarantee obtaining 

the highest possible utility for them when old. Even if 𝐵&$ > 𝑣&$ , the ex-post type 𝑘 = 2 

workers will not pretend to be ex-post type 𝑘 = 1 and need retraining since we assume the 

government knows who needs retraining here. The ex-post type 𝑘 = 2  does not need 

retraining by assumption and when they pretend to be ex-post type 𝑘 = 1, they will be 

assigned the lower utility of 𝑉&$. 
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For the ex-ante type 𝑖 = 2 students, the effect of the labour retraining program on the ex-

post inequality is the same since it is certain that 𝑏#$ > 𝑣#$ in the second-best optimum. For 

successful ex-ante type 𝑖 = 2  students, the labour retraining program has also at least 

reduced the difference in ex-post utility between those workers with ex-post type 𝑘 = 2 and 

those workers with ex-post type 𝑘 = 1 and succeeded in retraining below 𝑏. 

 

When the Government Does Not Know Who Needs Retraining 

When the government does not know who needs retraining, the labour effort constraints 

𝐼𝐶𝑋%, are still binding in the second-best optimum.  

 

For the ex-ante type 𝑖 = 1 workers when old, the government ensures that in the second-

best optimum  

𝑣&$ − 𝑏 = 𝑉&$ = 𝐵&$ . 

 

The government needs to make sure 𝑉&$ = 𝐵&$ since if 𝐵&$ > 𝑉&$, the workers that don’t need 

retraining will pretend to need retraining and pretend to succeed in them. As a result of the 

government's lack of information, the labour retraining program does not reduce the 

difference between the utility of those with ex-post type 𝑘 = 2  and ex-post type 𝑘 = 1, 

which is still 𝑏.  

 

For the ex-ante type 𝑖 = 2 workers when old, we reach the same conclusion. Since 𝑏#$ > 𝑣#$ 

is the second-best outcome when the government knows who needs retraining and now the 

government ensures that 𝑉#$ − 𝑏 = 𝑣#$ = 𝑏#$  when the government does not know who 
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needs retraining. The difference between the utility of those with ex-post type 𝑘 = 2 and ex-

post type 𝑘 = 1 is still 𝑏. 

 

In conclusion, with the introduction of the labour retraining program, the workers with ex-

post type 𝑘 = 1 who succeeded in retraining will obtain a higher ex-post utility than the 

workers earning the same wage who did not participate in retraining only if the government 

could identify who needs retraining. If the government lacks information on who needs 

retraining, the labour retraining program can only maintain the same degree of ex-post 

inequality compared to when the labour retraining is not offered by the government.  

 

4.5 Time-Consistent Optimum 

The second-best optimum assumes that the government can commit to its promises of future 

policies when old when it announces its policy to the youth when they are choosing their 

quality of education. If the government cannot commit to its future policy it has an incentive 

to change its policies when old while the students take this into account when making 

education decisions, the second-best results are no longer valid. The government time-

consistent maximization problem in the old period is equivalent to the first-best problem but 

with the addition of labour effort constraints and retraining effort constraints. The derivation 

of the properties in the time-consistent optimum is shown in the Appendix A4.6. The 

following properties are found. 
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4.5.1   The Necessity of ICL and the Low Utility for Those Who Failed the Retraining 

Proposition 4.5: In all the time-consistent optimum without labour retraining, 𝑢&$ = 𝐵𝐹&$, 𝑢#$ =

𝑏𝑓#$ . With labour retraining, 𝑢&$ > 𝐵𝐹&$ , 𝑢#$ > 𝑏𝑓#$ . If the government knows who needs 

retraining, 𝐵&$ > 𝑉&$ , 𝑏#$ > 𝑣#$  and if the government does not know who needs retraining, 

𝐵&$ = 𝑉&$, 𝑏#$ = 𝑣#$.  

 

We will demonstrate the necessity of the ICL to implement the time-consistent optimum 

using the non-ICL repayment schedules of 𝑉&$ , 𝐵&$ , 𝑢&$  and 𝐵𝐹&$ , these workers can be 

arranged into pairs that earn the same wage and take the same quality of HE and only differ 

in that one of them also took the labour retraining: 

𝑅&&$ (𝑤&) = 𝑇& + 𝐿&, 𝑅&&$8(𝑤&) = 𝑇& + 𝐿&8 , 

𝑟&$(𝑤) = 𝑡& + 𝐿&, 𝑟&$(𝑤&) = 𝑡& + 𝐿&8 . 

 

We obtain 

𝑅&&$ (𝑤&) − 𝑅&&$8(𝑤&) = 𝐿& − 𝐿&8 = 𝑟&$;𝑤< − 𝑟&$(𝑤&), 

Δ& = 𝑅&&$ (𝑤&) − 𝑅&&$8(𝑤&) − [𝑟&$;𝑤< − 𝑟&$(𝑤&)] 

						= 𝑤& − ℎ$(𝑉&$) − [𝑤& − ℎ$(𝐵&$)] − [𝑤 − ℎ$(𝑢&$) − `𝑤 − ℎ$(𝐵𝐹&$)a] 

						= ℎ$(𝐵&$) − ℎ$(𝑉&$) + ℎ$(𝑢&$) − ℎ$(𝐵𝐹&$). 

 

If Δ& is equal to zero, then an ICL or a graduate tax is unnecessary. If 𝑢&$ > 𝐵𝐹&$, 𝐵&$ must be 

smaller than 𝑉&$  for Δ&  to be zero. From Proposition 4.5, 𝐵&$ ≥ 𝑉&$ , 𝑢&$ > 𝐵𝐹&$  in the time-

consistent optimum, Δ&  is strictly positive, so the time-consistent optimum must be 

implemented using an ICL. The same argument can be applied to the ex-ante type 𝑖 = 2 
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students to demonstrate the necessity of ICL. Using the same method, we conclude that the 

time-consistent optimum also cannot be implemented by an ICL for HE while charging an 

ordinary loan for using the labour retraining. 

 

For students who are earning the lowest basic wage 𝑤, those who failed retraining become 

worse off than those who failed HE. If the current government cannot commit, when the need 

to retrain workers who are facing downward mobility arises, the optimum policy entails a 

harsh term for those who failed the retraining program. If labour retraining is not offered, 

then workers earning the basic wage with the same quality of HE would obtain the same level 

of utility when old. 

 

For the relationship between 𝑢&$ and 𝑉&$ and the relationship between 𝑢#$ and 𝑣#$, it is unclear 

when the government is providing labour retraining but does not know who needs it, in all 

other time-consistent optimums, 𝑢&$ > 𝑉&$ and 𝑢#$ > 𝑣#$. 

 

4.5.2   The Degree of Insurance Against Failing the Retraining 

Both retraining effort constraints 𝑀𝑅&  and 𝑀𝑅#  are binding in the time-consistent optimum, 

this meant that 𝐵&$ − 𝐵𝐹&$ > 𝑏#$ − 𝑏𝑓#$ would be the case when 𝐾&8 > 𝐾#8. The ex-ante type 

𝑖 = 1 workers who are at risk of downward mobility receive less insurance against failing the 

retraining than the ex-ante type 𝑖 = 2 workers. Only when 𝐾&8 = 𝐾#8  would the two different 

ex-ante types 𝑖 workers receive the same level of insurance against failing labour retraining.  
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4.6 Conclusion 

This paper addresses the two following questions: 1. How do we optimally provide HE with a 

labour retraining program? 2. What is the impact of this optimally provided labour retraining 

program on inequality and insurance? 

 

For the first question. The ICL is a more flexible instrument compared to an ordinary 

mortgage-style loan. We assume the government policies are not allowed to be age 

dependent and show the ICL is needed to implement the second-best optimum with HE and 

labour retraining. Moreover, the second-best optimum cannot be optimally provided by 

charging a separate ordinary loan to students who used the labour retraining program that is 

independent of their income while charging an ICL for using the HE.  

 

For the second question, we benchmarked the results against the inequality and insurance 

properties found in Gary-Bobo and Trannoy (2015). The labour retraining has made the “equal 

treatment” second-best optimum found in Gary-Bobo and Trannoy (2015) into an unlikely 

outcome. The introduction of labour retraining has increased the degree of ex-ante inequality 

in all possible second-best optimums compared to the level of ex-ante inequality found in the 

equal treatment second-best optimum without labour retraining both when the government 

could identify who needs retraining and when the government could not identify who needs 

retraining. The effect of labour retraining on the degree of ex-post inequality for workers with 

the same ex-ante types who succeeded in HE is dependent on whether the government can 

identify who needs retraining. If the government can, then the labour retraining program will 

reduce the degree of ex-post inequality for those workers when old. If the government cannot, 
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the same level of ex-post inequality is maintained. It is still optimal to provide intertemporal 

insurance to students who failed HE. However, the introduction of downward labour mobility 

and labour retraining has removed intertemporal insurance for the students who succeeded 

in HE. Labour retraining also has reduced the degree of insurance against failing HE for the 

low-ability students because of the possibility of the need to exert effort in retraining after 

succeeding in HE. 

 

The time-consistent optimum also needs to be implemented by an ICL. The government will 

not offer the high ex-ante type less insurance against failing labour retraining than to low ex-

ante type. To satisfy the retraining effort constraints, the utility of the workers who failed 

retraining will be lower than those who failed HE. 

 

This paper confirms the usefulness of ICL schemes found in the related literature on funding 

HE with student loans. When the government plans to introduce labour retraining programs 

because it is expected that a part of the graduates with lower labour market skills and 

opportunities will face downward mobility, our findings suggest that the government could 

implement the second-best optimum by including the need for retraining in the ICL for HE to 

differ the loan repayment between those who need retraining and those who don’t. The 

labour retraining has increased the degree of ex-ante inequality resulting in a larger difference 

in the net expected utility before knowing HE outcomes between the high- and low-ability 

students. In terms of the effect on ex-post inequality, the effect is dependent on whether the 

government can identify which worker needs to be retrained. We show that the ex-post 

inequality can only be reduced if the government can identify who needs retraining. This 

meant if the government wished to use the labour retraining program to achieve a 
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redistributive effect and reduce the level of inequality, it needed to improve its information 

on factors causing labour displacement in the nation such as which sector of the economy is 

facing pressure from international competition and what skills are potentially made obsolete 

by technological changes to better identify which worker needs to be retrained.  
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Chapter 5: Political Equilibrium and Higher Education 

Spending in Presidential and Parliamentary Regimes 

5.1 Introduction 

There are economics papers examining the provision of higher education (HE) from a political 

angle and we contribute to this literature by examining whether a nation’s constitution affects 

the level of its HE spending. Some of these papers aimed to determine which factors affect 

the voters' support for different methods of funding HE (Borck and Wimbersky, 2014; Del Rey 

and Racionero, 2012; Del Rey and Racionero, 2014) and different levels of university subsidy 

(Anderberg and Balestrino, 2008; De Fraja, 2001; Fernandez and Rogerson, 1995). Haupt 

(2012) illustrated that the level of HE subsidy would first increase when the number of skilled 

people reaches a majority but then falls as this high level of subsidy per student is politically 

unsustainable with a large number of students. However, the modelling of these papers 

involves unrealistic assumptions on politics, they assume the government would enact the 

exact policy demanded by the voters and the policy is chosen by direct democracy. They 

ignore any agency problem and the most politics involved in these papers is just majority 

voting. The question of whether the government constitution could affect the level of HE 

spending has not been properly explored in the literature despite the evidence that the form 

of the government being a presidential or parliamentary regime directly affects many aspects 

of the economy.  

 

Some empirical papers examined the potential impact of different political factors, such as 

the number of HE interest groups and the budgetary power of the governor, on the level of 
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state spending on HE (Ness and Tandberg, 2013; Tandberg, 2010a; Tandberg, 2010b). A higher 

budgetary power for the governor indicates a stronger separation of powers and there is a 

lack of consensus on its effect. Tandberg (2010b) did not find a greater budgetary power 

would have a significant effect on HE spending while Ness and Tandberg (2013) found that 

greater budgetary power increased the spending on HE. McLendon, Hearn and Mokher (2009) 

found more powerful governors decreased the spending on HE. However, these papers did 

not use economic models to derive the effect of different political factors on the 

government's decision on HE spending with utility maximizing voters and politicians. The 

constitution of the presidential regime gives it more separation of powers and less legislative 

cohesion when compared to the parliamentary regimes. This paper fills in a literature gap 

between the economic literature and relevant empirical papers on the government’s decision 

on HE spending by combining more realistic assumptions of politics with utility-maximizing 

agents using a model based on Persson, Roland and Tabellini (2000). We provide a tailored 

modelling framework demonstrating the different decision-making processes for HE in the 

two regimes. The first question in this paper is: Do the different political systems such as 

presidential and parliamentary regimes differ in the level of HE spending? Different theories 

such as the principal-agent theory and the resource dependence theory have been applied to 

analyse the funding of HE (Elbasir and Siddiqui, 2018; Fowles, 2013; Kivistö, 2008; Zhang, Kang 

and Barnes, 2016). To answer our question, we will use the methods from positive 

constitutional economics. 

 

There are a few papers that linked HE spending to regressive policies that would lead to a 

higher level of inequality. Fernandez and Rogerson (1995) showed that high- and middle-class 

voters would vote for a low level of HE subsidy which excludes the poor from HE. This subsidy 

https://www.tandfonline.com/author/Kivist%C3%B6%2C+Jussi
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also extracts resources from the poor because it is only given to those who participate in HE. 

Anderberg and Balestrino (2008) showed that subsidy to HE involves a transfer from the poor 

to the middle class in their model. Poutvaara (2011) showed how voters would vote for a large 

subsidy of HE so the median voter would also participate in HE and not vote for a high level 

of redistribution in the future and choose lower taxes instead. However, Anderberg (2013) 

constructed a quantitative political economy model of public spending on post-compulsory 

education, calibrated to the UK economy. It found the UK level of public spending on post-

compulsory education corresponded to a majority voting equilibrium that is supported 

primarily by low- and middle-income groups which suggest the HE policy need not be as 

regressive. Di Gioacchino and Sabini (2009) developed a model that explains why a more 

unequal society tends to spend proportionately more on higher levels of education than on 

basic education. In their model lower ability individuals benefit more from basic education, 

so public investment in basic education would reduce future labour income inequality. Since 

labour income inequality is reduced, the future government would redistribute resources 

using capital income taxation. Di Gioacchino and Sabini (2009) found the greater the wealth 

inequality, the more likely that public investment in basic education would be politically 

unfeasible and public investment would be biased towards HE. Because we directly contrast 

the outcome of the HE spending between presidential and parliamentary regimes, we also 

answer the following question: Does a presidential regime lead to a higher degree of 

inequality compared to a parliamentary regime? The review paper-Voigt (2011) has a detailed 

description and analysis of the various papers that studied the economic effects of different 

constitutions and there isn’t any paper in Voigt (2011) directly analysed the effect on the level 

of inequality. Various other topics are examined including the difference in the size of the 

government and corruption between presidential and parliamentary regimes (Blume, Müller 
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and Voigt, 2009; Gerring and Thacker, 2004; Lederman, Loayza and Soares, 2005; Persson and 

Tabellini, 1999; Persson and Tabellini, 2003). Fumagalli and Narciso (2012) argued the reason 

why parliamentary regimes have a larger government spending than presidential regimes is 

because parliamentary regimes are associated with higher voter participation. It is higher 

voter participation that increases government spending. Some papers examined the 

difference in policy outcomes between majoritarian and proportional electoral rules (Lizzeri 

and Persico, 2001; Milesi-Ferretti, Perotti and Rostagno, 2002; Persson and Tabellini, 2004) 

as well as between democracy and dictatorships (Deacon, 2009; Kammas and Sarantides, 

2019). The only empirical papers we could find that estimate the potential effect of the 

presidential system on the countries' inequality compared to the parliamentary system are 

Feld and Schnellenbach (2014) and MacManus and Ozkan (2018). To our best knowledge, 

there also aren’t any theoretical papers after 2011 that analysed the effect of presidential 

and parliamentary regimes on inequality. This paper aims to contribute to this relatively 

scarce field of positive constitutional economics.  

 

Despite the lack of attention paid to examining the potential link between being a presidential 

regime and higher inequality, the fact that the USA is more unequal than Europe on average 

has not gone unnoticed. We also contribute to the papers examining the differences in the 

level of inequality between the USA and Europe (Alesina, Glaeser and Sacerdote, 2001; Almås, 

Cappenlen and Tungodden, 2020; Bonica et al, 2013). These papers attributed various factors 

including lack of proportional representation, a greater degree of polarisation in politics and 

differences in social preferences towards inequality as potential factors causing the US to 

have a higher degree of inequality than Europe on average. We present another explanation 

of how the US, a presidential regime is more unequal than Europe, a continent dominated by 
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parliamentary regimes by illustrating how the differences in the design of the constitution 

would lead to different policies that result in different levels of inequality. 

 

The model of this paper is based on Persson, Roland and Tabellini (2000). They included three 

assumptions to create more realistic politics: (1) No benevolent actors: All agents, including 

politicians, are motivated by self-interests. (2) No direct democracy: The voters elect their 

representatives to participate in the government's decision-making process. (3) No outside 

enforcement: Politicians cannot commit to any policies before they are elected. The three 

groups of voters are identical in all aspects except each group desires a specific transfer to 

their group only. The political process determines the level of the common tax rate and 

allocates the tax revenue to public goods, transfers and rents for the politicians. This 

combined with the three assumptions creates three conflicts of interest: politicians and voters 

disagree over the size and the use of tax revenue; the different groups of voters disagree over 

the distribution of the transfers; the politicians disagree over the distribution of the rents. The 

model focuses on two important features of the presidential and parliamentary regimes-

separation of powers and legislative cohesion. The difference in the constitution between the 

two regimes meant the presidential regime has more separation of powers but less legislative 

cohesion than the parliamentary regime. A strong legislative cohesion means the government 

coalition is stable and does not shift from issue to issue. Legislative cohesion arises when it is 

costly for the coalition to break up (Diermeier and Feddersen, 1998). The presidential regime 

is modelled by sequential voting over taxation and spending by separate agenda setters. In 

the parliamentary regime, the majority coalition government in power is subject to a vote of 

confidence which could trigger a government crisis. The taxation and spending decisions are 

voted together and require the support of both members of the coalition. They found 
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parliamentary regimes would result in a higher level of redistribution than presidential 

regimes. However, this is because the voters behind the parliamentary majority coalition can 

form a bilateral monopoly and jointly exploit the minority group that is out of power. This 

redistribution is not given to groups with low income but is transferred to groups with political 

power. We cannot conclude that this is the mechanism that causes the parliamentary regime 

to be able to produce a lower level of inequality than the presidential regime. 

 

To answer the two questions, we did not make any major changes to the political aspect of 

the model from Persson, Roland and Tabellini (2000). The definition of an equilibrium of a 

political regime is also the same. To include the HE spending into the model, not every group 

of voters has a fixed level of income as in the original model and one requires HE spending to 

gain a positive level of income. This HE spending replaces the transfer for this group. 

Completing HE will improve the wage rate of the graduates on average is a well-documented 

finding (Baum, Ma and Payea, 2010; Baum, Ma and Payea, 2013; Ma, Pender and Welch, 

2016). A higher level of HE spending will result in a higher level of income for the recipient 

group. The common tax rate assumption is unrealistic but completely removing it in the 

original model will simply result in the groups in power charging a 100% tax rate on others 

while a 0% tax rate on themselves. We allow the tax rates to differ between different groups 

of voters but the government is constrained by the fact that it must obtain an equal level of 

tax revenue from each group. In the original model with only fixed income, this new 

assumption is equivalent to the common tax rate assumption.  

 

The paper is organized in the following ways: Section 5.2 presents the equilibriums of the 

infinite horizon model based on Persson, Roland and Tabellini (2000) with one group needing 
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the HE spending. Section 5.3 answers the two questions based on the equilibriums of the 

model. Section 5.4 concludes. 

 

5.2 Infinite Horizon Model 

We will present the model in section 5.2.1 and the equilibriums of the simple legislature, the 

presidential and parliamentary regimes in sections 5.2.2, 5.2.3 and 5.2.4. 

 

5.2.1 The New Model of Public Finance 

Assume three groups of voters, 𝑖 = 1, 2, 3, each group has a continuum of voters with unit 

mass. Time is measured discretely: a typical period is denoted by 𝑡 and we consider an infinite 

horizon model.  

 

The preferences of a member of group 𝑖 in an arbitrary starting period 𝑗 are given by  

𝑢1% =cβ=01
>

=?1

𝑈%(𝑞=), 

where 𝛽 < 1 is the discount factor for the future utilities, 𝑞= is the vector of policies at period 

𝑡 and 𝑈%  is the utility function of a member of group 𝑖 per period. We assume that in each 

period, there will only be one group of voters needing education spending and each group 

has an equal chance to be the group needing the education, the other two groups will be the 

traditional groups which each have a fixed income equal to one and bargain for the group-

specific transfers. The group’s needs or nature in that period deciding whether a group needs 

HE or not is random and cannot be known beforehand. For clarity in the notations, we assume 

in the period that we study for all different regimes, group 1 ends up being the group needing 



 178 

the HE spending while the other groups are traditional groups. If there is no HE spending in 

the period, then group 1’s income in the period is equal to zero. The group 1 utility function 

𝑈& in period 𝑡 = 𝑗 is written as  

𝑈&;𝑞1< = 𝑐1& + 𝐻;𝑔1< = 𝑃&𝑓1! − 𝜏1 + 𝐻;𝑔1<. 

 

If the other groups are chosen to be the ones needing HE, we assume every group’s ability to 

benefit from HE spending is the same, 𝑃& = 𝑃# = 𝑃@ >
&
#
. For group 2 and group 3, their utility 

functions in period 𝑡 = 𝑗 are written as  

𝑈%;𝑞1< = 𝑐1% + 𝐻;𝑔1< = 1 − 𝜏1 + 𝑓1% + 𝐻;𝑔1<, 𝑖 = 2, 3. 

 

We assume the tax rates could differ between different groups of voters but it is restricted by 

the constraint that each group of voters need to contribute the same amount of tax revenue, 

𝜏1. 𝑓1!is the income increasing HE spending, 𝑓1%  is a group-specific transfer payment to group 

𝑖 that does not need HE spending (groups 2 and 3 in the case we study) and 𝑔1  is the public 

goods. The function 𝐻(. ) is concave and monotonically increasing and we assume that the 

public goods are valuable to the citizens, meaning 𝐻A(0) > max	[1, 𝑃&]. 

 

Define the public policy vector 𝑞 as  

𝑞= = [𝜏= , 𝑔= , {𝑓=%}, {𝑟=B}]. 

 

{𝑟=B} denotes the political rents taken by the legislators at period 𝑡 with 𝑟=B  being the political 

rents taken by legislator 𝑙, but not other legislators.  
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The public policy vector in period 𝑡, 𝑞=, must satisfy the government budget constraint: 

(5.1)																																					3𝜏= =c𝑓=%
%

+c𝑟=B
%

+ 𝑔= ≡ 𝑓= + 𝑟= + 𝑔= , 

where 𝑓= is the aggregate spending on HE and transfers at period 𝑡 and 𝑟= is the aggregate 

rent taken by the legislators.  

 

5.2.2 A Simple Legislature 

We set up a simple legislature which lacks separation of powers and legislative cohesion. The 

equilibrium outcome of the simple legislature is used as a comparison to the presidential 

regime and parliamentary regime. In the simple legislature and other political regimes, each 

group 𝑖  is represented by one legislator so that 𝑖 = 𝑙 = 1, 2, 3 . Separate elections under 

plurality rule take place in each of these groups for electing the legislator to represent them 

in parliament. 

 

In period 𝑗, the incumbent legislator has preferences over outcomes, given by  

𝑣1B =cb=01
>

=?1

𝑉B(𝑞=)𝐷=B , 

where the utility per period is  

𝑉B(𝑞=) = 𝑟=B . 

 

The legislator’s utility in a period is the rent he takes in that period and 𝐷=B  is a dummy variable 

that is equal to one if legislator 𝑙 holds office in period 𝑡 and zero otherwise.  
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At the end of each period, each group holds an election for re-electing the legislator and the 

candidate with the largest number of votes wins. The incumbent runs against a randomly 

drawn opponent that is identical in preferences and is not different in any attitudes that affect 

their competence. An incumbent who is not re-elected can never return to being a legislator.  

 

In period 𝑡, the incumbent legislators elected to the simple legislature at the end of period 

𝑡 − 1 decide on public policy in a legislative bargaining game with the following sequence of 

events: 

1. Nature randomly selects an agenda setter 𝑎 among the three legislators. The voters’ 

groups’ nature/needs are also revealed with one of them needing HE spending and 

this becomes public information. 

2. Voters set their re-election strategy and reservation utilities, which become publicly 

visible. 

3. The agenda setter proposes a public policy 𝑞=. 

4. The legislature vote on the proposal. If a majority (≥2) supports the proposal, it is 

implemented. If not a default policy is implemented, with 𝑃&𝑓! = 𝜏 = 𝑟 > 0, 𝑟B =

@0 %
'%
@
𝑟 and 𝑔 = 𝑓# = 𝑓@ = 0.  

5. Elections are held. 

 

Throughout this chapter, any information stated to be public meant that every voter and 

legislator would be able to observe it. In every regime studied, the political positions of the 

legislators and the groups’ nature/needs will be publicly known after they are determined by 

nature. The voters’ reservation utilities also become public information immediately after 
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they are set. The legislators cannot commit, the voters can observe the outcomes in the policy 

vectors after the policy is implemented and before elections. We restrict the attention to the 

equilibria in which voters of the same group coordinate their strategy but the voters across 

different groups do not cooperate. For every possible type of regime, we assume both voters 

and legislators are restricted to using strategies that condition their actions in period 𝑡 on 

observable payoff relevant information in period 𝑡 only and not on outcomes in any earlier 

periods. This essentially makes the equilibrium outcome stationary and the time subscript will 

be dropped for the equilibrium outcomes. 

 

The voters within the same group coordinate their voting rule and they re-elect their 

incumbent if their reservation utility 𝐵=%  is satisfied, 

𝐷=C&B = 1 if 𝑈%(𝑞=) ≥ 𝐵=% , 𝑖 = 𝑙, 

for 𝑖 = 𝑎 and 𝑖 ≠ 𝑎 at 𝑡. All voters simultaneously set their reservation utilities 𝐵=%  in a utility-

maximizing fashion.  

 

Define 𝑊 as the expected equilibrium continuation value for each legislator at the start of 

each period, before nature has selected the agenda setter and revealed the needs of their 

voters being HE spending or a traditional transfer. 𝑊 should be interpreted as how much a 

legislator at the beginning expects to gain for all future periods given he will always be re-

elected. 

 

The equilibrium of the simple legislature game is defined below with 𝐵= denotes the vector 

of the reservation utilities 𝐵=%  (The L superscript stands for the simple legislature). 
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An equilibrium of the simple legislature is a vector of policies 𝑞=D(𝐵=)  and a vector of 

reservation utilities 𝐵=D , such that, in any period 𝑡 , when all players take as given the 

equilibrium outcomes of periods 𝑡 + 𝑘, 𝑘 ≥ 1: 

1. for any given 𝐵= , at least one legislator 𝑖 ≠ 𝑎 weakly prefers 𝑞=D(𝐵=) to the default 

outcome; 

2. for any given 𝐵=, the agenda setter 𝑎 prefers 𝑞=D(𝐵=) to any other policy satisfying the 

first condition; 

3. the reservation utilities 𝐵=%D are optimal for the voters in each group 𝑖, when one takes 

into account that policies in the current period are set according to 𝑞=D(𝐵=) and taken 

as given the reservation utilities of other groups and the identity of the agenda setter.  

 

Two cases of simple legislature with different agenda setters will be examined. One is the 

legislator from group 1, 𝑎&, whose voters need HE spending as the agenda setter and the 

other one is the legislator from group 3, 𝑎@ , being the agenda setter. The equilibrium 

outcomes of the two cases are summarised in Propositions 5.1 and 5.2. The steps used to 

prove the Propositions are written in the Appendix A5.1. 

 

Proposition 5.1: In the equilibrium of the simple legislature with the legislator of the group 

needing HE spending being the agenda setter,  

𝜏 = 1, 

𝑟 = 3 − 2𝛽
1 − 13

1
𝑃&

1 − 13𝛽
−
1
𝑃&
, 
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𝑔 = min �𝐻A0&(𝑃&), 2𝛽
1 − 13

1
𝑃&

1 − 13𝛽
�, 

𝑓! =
1
𝑃&
+ 2𝛽

1 − 13
1
𝑃&

1 − 13𝛽
− 𝑔, 𝑓# = 𝑓@ = 0. 

All legislators are re-elected. 

 

Proposition 5.2: In the equilibrium of the simple legislature with the legislator of the traditional 

group being the agenda setter, 

𝜏 = 1, 

𝑟 = 3 − 2𝛽
1 − 13

1
𝑃&

1 − 13𝛽
−
1
𝑃&
, 

𝑔 = min �𝐻A0&(1), 2𝛽
1 − 13

1
𝑃&

1 − 13𝛽
�, 

𝑓@ = 2𝛽
1 − 13

1
𝑃&

1 − 13𝛽
− 𝑔, 𝑓# = 0, 𝑓! =

1
𝑃&
. 

All legislators are re-elected. 

 

In the equilibrium, the only way for there to be any additional HE spending above &
4%

 is for the 

legislator of the group needing HE to be the agenda setter. Otherwise, 𝑓! would be kept at 

the minimum level ( &
4%

) that is needed to maximize the tax revenue. The agenda setter acts as 

a “residual claimant of tax revenue” by minimizing the rent to the coalition partner and voters 



 184 

can only obtain public goods and transfers by appealing to the future benefits of re-election 

with the rest of the tax revenue being claimed as rents. 

 

5.2.3 A Presidential Regime 

In the presidential regime, the voters’ voting rule for their representatives remains the same 

as in the simple legislature. They condition their reservation utilities on whether their agenda 

representative is the agenda setter for the allocation of spending (𝑖 = 𝑎E), for taxes (𝑖 = 𝑎=) 

or neither (𝑖 = 𝑛): 

𝐷=C&B = 1 if 𝑈%(𝑞=) ≥ 𝐵=% , 𝑖 = 𝑙 at 𝑡.  

 

The timing of the game in a typical period follows this sequence of events and is based closely 

on Persson, Roland and Tabellini (2000): 

1. Nature randomly selects two different agenda setters among the incumbent 

legislators, one for taxes and one for the allocation of public spending, 𝑎=  and 𝑎E , 

respectively. The voters’ groups’ nature/needs are also revealed with one of them 

needing HE spending and this becomes public information. 

2. Voters set reservation utilities for their voting rule, {𝐵%}. The voters could choose to 

set their reservation utilities to be dependent on the tax level/rates they face.  

3. The agenda setter 𝑎= proposes different tax rates for the different groups and 𝜏 which 

is the common tax level. 

4. Congress vote. If at least two legislators are in favour of the proposal, the policy is 

implemented. Otherwise, a default tax level 𝜏 = 𝑟 < 1 is implemented with the tax 
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rates for the group needing HE spending not being decided. Note if the tax default 

occurs, the value of 𝑓!  must obey 𝑃&𝑓! ≥ 𝑟 in the final equilibrium outcome. 

5. Agenda setter 𝑎E proposes [𝑔, 𝑓! , 𝑓#, 𝑓@, �𝑟%�] subject to the budget constraint: 𝑓 +

𝑟 + 𝑔 ≤ 3𝜏. The agenda setter chooses a legislator as the coalition partner to support 

his policies.  

6. Congress votes. If at least two legislators are in favour, the policy is implemented. If 

the coalition partner votes no to the package, the spending agenda setter will choose 

the other legislator as the replacement for the coalition partner and vote on another 

spending proposal with the same level of rent to the coalition partner. If failed again, 

a default policy of 𝑃&𝑓! = 𝜏, 𝑟B =
@0 %

'%
@
𝜏 and 𝑔 = 𝑓# = 𝑓@ = 0 is implemented. If the 

default occurred at stage (4) and happened again at this stage, 𝑃&𝑓! = 𝜏 = 𝑟 will be 

implemented in default.  

7. Elections are held.  

 

We assume the voters can set their reservation utilities to be dependent on the tax level they 

face. This removes a complication in the first presidential case in which the voters of the 

legislator not in any government position cause a disequilibrium to reduce the tax level in 

which the tax agenda setter is not re-elected, but both his legislator and the spending agenda 

setter are re-elected. The voters of the spending agenda setter will set their reservation utility 

to be dependent on the tax level. The other voters, especially the voters of the tax agenda 

setter will not set their utility to be dependent on the tax level. 
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At stage (5), legislator 𝑎E attempts to form a coalition that maximizes his utility. Since 𝑎E is 

indifferent between the other two legislators, we assume they have the same probability of 

being included in the winning coalition. This is important because legislators are forward-

looking, their behaviour at stages (3) and (4) depends on their expectation of being a part of 

the coalition later. 

 

The equilibrium of the presidential regime is defined below (The superscript P stands for the 

presidential regime). 

 

An equilibrium of the presidential regime is a vector of policies 𝑞=F(𝐵=)   and a vector of 

reservation utilities 𝐵=F , such that, in any period 𝑡, with all players taking as given the expected 

equilibrium outcomes of periods 𝑡 + 𝑘, 𝑘 ≥ 1: 

1. for any given 𝐵=, at stage 4, at least one legislator 𝑖 ≠ 𝑎t, weakly prefers accepting 

rather than rejecting the tax policy proposal, given the expected equilibrium proposals 

and decisions at stages 5 and 6; 

2. for any given 𝐵= , 𝑎t  prefers proposing the equilibrium tax policy to any other tax 

policies that satisfies condition 1, given the expected equilibrium proposals and 

decisions at stages 5 and 6; 

3. for any given 𝐵= and tax policy, at stage 6, at least one legislator 𝑖 ≠ 𝑎E weakly prefers 

accepting rather than rejecting the spending policy proposal; 

4. for any given 𝐵=  and tax policy, at stage 5, 𝑎E  prefers the equilibrium spending 

proposal to any other proposal satisfying condition 3 and the budget constraint; 
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5. the reservation utilities 𝐵=%F  are optimal for the voters of each group 𝑖  when one 

considers that policies of the current period will be set according to 𝑞=F(𝐵=) and take 

as given the other group’s reservation utilities as well as the identity of the agenda 

setters 𝑎E and 𝑎t. 

 

We will analyse three different cases of presidential regimes with the legislator of the group 

1 voters who are assumed to turn out needing HE spending being the tax agenda setter, being 

the spending agenda setter and not being an agenda setter: 

1. The tax agenda setter is from group 1, 𝑎=& and the spending agenda setter is from 

group 3, 𝑎E@.  

2. The tax agenda setter is from group 3, 𝑎=@ and the spending agenda setter is from 

group 1, 𝑎E&. 

3. The tax agenda setter is from group 3, 𝑎=@ and the spending agenda setter is from 

group 2, 𝑎E#. 

 

We only consider the presidential regime’s equilibriums in which all legislators are re-elected. 

The voters of the tax agenda setter will not receive a higher utility from manipulating the 

public goods set by the spending agenda setter to deviate from the level preferred by the 

voters of the spending agenda setter. In the infinite horizon model, this meant assuming for 

groups 2 and 3, 𝐻A(𝑔) > 1 when 𝑔 < 𝛽𝑊, look in the Appendix A5.2 which explains why this 

is the case. The assumption that when the spending proposal fails, the spending agenda setter 

could choose the other legislator as the replacement for the coalition partner removes a 

possible disequilibrium in the third presidential case in which the tax agenda setter could be 
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incentivised to cause legislator 1 to not be re-elected. We also assume the maximum 𝑓! level 

to be 𝜏 + 2
%
'%
@
𝜏 because if 𝑓!  has no upper limit the tax agenda setter can and will force the 

default to occur in which he receives a higher expected utility. 

 

The steps used to prove the equilibriums of all three cases of presidential regimes are shown 

in the Appendix A5.3. For the presidential regimes, 𝑟G denote the rents given to the spending 

agenda setter's coalition partner. 

 

Proposition 5.3: In the equilibrium of the presidential regime with the tax agenda setter 𝑎=&, 

who represents the group needing HE spending, and the spending agenda setter 𝑎E@, who 

represents a traditional group, 

𝜏 = 1, 

𝑟"() = 𝑟G = 1 −
1
3
1
𝑃&
−
2
3

9
9 + 𝛽 �1 −

1
3
1
𝑃&
�𝛽, 

𝑔 = min �𝐻A0&(1),
2
3

9
9 + 𝛽 �1 −

1
3
1
𝑃&
�2𝛽�, 

𝑓@ =
2
3

9
9 + 𝛽 �1 −

1
3
1
𝑃&
� 2𝛽 − 𝑔, 

𝑓! = 1 + 2

1
𝑃&
3 , 

𝑓# = 0. 

All legislators are re-elected. 

 

The separation of powers interacting with the restrictions on the tax system gives power to 

the voters behind the tax agenda setter who use the position to manipulate the spending on 



 189 

HE 𝑓!  which changes the relative income between different groups to maximize their income. 

The 𝑊  is also smaller than in the simple legislature case, which means more revenue for 

spending on HE 𝑓!  and less spending on transfers 𝑓@.  

 

A confusion that could be had here is: Isn’t it in the spending agenda setter’s interest to charge 

the maximum tax at 𝜏 = 1 and take all additional revenue as his rent? What is to stop the 

spending agenda setter to not spending the massive tax revenue on 𝑓!  after the tax agenda 

setter announces the tax plan? This problem can be explained by differentiating the tax rates 

from the tax level. The taxation plan made by the tax agenda setter could be made to force 

the spending agenda setter to propose such high spending on 𝑓! by setting a low tax rate on 

group 1 voters, for example, 20% and the tax rate on group 2 and group 3 voters to be 100%. 

Group 1’s voters’ income only exists after the spending on 𝑓! has occurred so the spending 

agenda setter cannot take all the tax revenue as his political rents without spending the 

required amount on 𝑓!  constraint by the taxation set by the tax agenda setter.  

 

If the group 2 voters are unsatisfied with the equilibrium outcome and want to cause the 

default tax 𝜏 = 𝑟 < 1  to happen, the only possible action they could take is to set their 

reservation utility above 𝐻(𝑔) so their legislator will perhaps not support 𝑎=&’s proposal to 

earn his re-election. If no other legislators support 𝑎=& ’s proposal then 𝑎=&  will not be re-

elected since 𝑎=& failed to satisfy his own voters’ reservation utility, foreseeing this when the 

different groups of voters set up their reservation utilities at stage 2, 𝑎=& will propose the tax 

rates such that 𝜏 = 1, 𝑓! = &
4%

 for the disequilibrium in which no legislator is re-elected. 𝑎E@ 

will always support this tax proposal and plan for no re-election because he will receive a 

higher utility than to reject the proposal (and plan for either re-election or no re-election) or 
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support the proposal but plan for re-election. When facing 𝜏 = 1 , 𝑓! = &
4%

 proposal, 𝑎E@ 

should always take everything and leave 𝑔 = 𝑓# = 𝑓@ = 0. Therefore no group 2 nor 3 voters 

will set their reservation utility purposefully high so that this disequilibrium happens. 

 

Proposition 5.4: In the equilibrium of the presidential regime with the tax agenda setter 𝑎=@, 

who represents the traditional group, and the spending agenda setter 𝑎E&, who represents the 

group needing HE, 

𝜏 = 1 −
3𝛽

`3 − 1
𝑃&
a

2
3

9
9 + 𝛽 �1 −

1
3
1
𝑃&
� < 1, 

𝑟"(% = 𝑟G = �
3 − 1

𝑃&
3 � �1 −

3𝛽

`3 − 1
𝑃&
a

2
3

9
9 + 𝛽 �1 −

1
3
1
𝑃&
�� − 𝛽

2
3

9
9 + 𝛽 �1 −

1
3
1
𝑃&
�, 

𝑔 =
2
3

9
9 + 𝛽 �1 −

1
3
1
𝑃&
� 2𝛽, 

𝑓! = �1 + 2

1
𝑃&
3 � �1 −

3𝛽

`3 − 1
𝑃&
a

2
3

9
9 + 𝛽 �1 −

1
3
1
𝑃&
��, 

𝑓# = 𝑓@ = 0. 

All legislators are re-elected. 

Proposition 5.5: In the equilibrium of the presidential regime with the tax agenda setter 𝑎=@ 

and the spending agenda setter 𝑎E#, both represent their respective traditional groups, 

𝜏 = 1 −
3𝛽

`3 − 1
𝑃&
a

2
3

9
9 + 𝛽 �1 −

1
3
1
𝑃&
� < 1, 

𝑟"($ = 𝑟G = �
3 − 1

𝑃&
3 � �1 −

3𝛽

`3 − 1
𝑃&
a

2
3

9
9 + 𝛽 �1 −

1
3
1
𝑃&
�� − 𝛽

2
3

9
9 + b �1 −

1
3
1
𝑃&
�, 
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𝑔 = min �𝐻A0&(1),
2
3

9
9 + 𝛽 �1 −

1
3
1
𝑃&
�2𝛽�, 

𝑓# =
2
3

9
9 + 𝛽 �1 −

1
3
1
𝑃&
� 2𝛽 − 𝑔, 

𝑓! = �1 + 2

1
𝑃&
3 � �1 −

3𝛽

`3 − 1
𝑃&
a

2
3

9
9 + 𝛽 �1 −

1
3
1
𝑃&
��, 

𝑓@ = 0. 

All legislators are re-elected. 

 

For the three cases of presidential regimes, the important mechanism of the interaction of 

the separation of powers, the tax revenue requirement and the HE spending causes a high 

level of spending on 𝑓!  and it implies a high degree of inequality. The position of the tax 

agenda setter is the most politically important position due to how the tax rates can 

determine spending on 𝑓!.  In the first case, group 1’s voters behind the tax agenda setter 

exploit his power to maximize their utility at the expense of the other groups. In the other 

two cases, the traditional groups are indifferent to the level of HE spending since an increase 

in the level of 𝑓!  does not mean an increase in their tax burden. Using this indifference, the 

level of 𝑓!  could be maximized at the tax level even if group 1’s legislator is not any agenda 

setter. Because there is no collusion, the tax agenda setter is indifferent to the rents given to 

the spending agenda setter, the level of 𝑓!  is therefore maximized by reducing the rents given 

to the spending agenda setter and the spending agenda setter receives the same level of rents 

as rents given to the coalition partner. This outcome in the presidential regime also isn’t 

caused solely by allowing the tax rates to differ between different groups because if there is 

no spending that alters relative income between different groups our results would not be 

generated.  
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We can modify and extend the constitutional rules of the presidential regimes following 

Persson, Roland and Tabellini (2000) by adding a nationally elected president to the model. 

One way of doing it is to add a president with a block veto after Congress votes on the 

spending proposal. The president would be given rents to not exercise his veto power in the 

equilibrium. We can also give the power of the tax agenda setter to the president instead of 

one of the legislators. Same as in Persson, Roland and Tabellini (2000), this creates a stronger 

separation of powers and reduces the equilibrium tax level because the president would 

never be a part of the spending agenda setter’s coalition. The president only wishes to be re-

elected and satisfy the low tax demand from the majority of the voters. Moreover, because 

the legislator of the group 1 voter can never be the tax agenda setter, the tax level is 

minimized in all cases of the presidential regime. However, our insight that the voters that 

need HE maximize the level of 𝑓!  at a given tax level by minimizing the rents to the spending 

agenda setter is not changed in either modification of the presidential regime. Similar to the 

tax agenda setter, the president is indifferent to the rents given to the spending agenda setter. 

The addition of a president did not remove any of the mechanisms that created the high level 

of 𝑓!. 

 

Adding a Large Exogenous Threat of No Re-election 

In the preceding analysis, the voters cannot stop the legislators from taking away everything 

by appealing to any future exogenous utility the legislators obtain if they are continuously re-

elected because we assume there are no exogenous rents from office. We could modify the 

model for the presidential regime by adding an exogenous utility 𝑅 for the legislator for being 

in office. The utility of the legislator per period is 
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𝑉B(𝑞=) = 𝑟=B + 𝑅. 

 

The incumbent legislator’s preferences over the outcome in period 𝑗 in equilibrium with all 

legislators re-elected is  

𝑣1B =cb=01
>

=?1

𝑟=B𝐷=B +
𝑅

1 − 𝛽. 

 

We assume H
&0H

𝑅 >
@0 %

'%
@

, the voters have a strong exogenous threat of no re-election against 

their legislators. Under this assumption, the spending agenda setter will not give his coalition 

partner any rent if he plans for re-election and the spending agenda setter prefers to be re-

elected than default even if he receives zero rents in re-election. For the tax agenda setter, 

the minimum tax level in equilibrium is determined by the inequality below 

𝑟G

2 + 𝛽𝑊 +
𝑅

1 − 𝛽 ≥
1
2 −

1
𝑃&
6 + 𝑅, 

substitute 𝑟G =
@0 %

'%
@
𝜏 − 𝛽𝑊 − I

&0H
, we obtain 

𝜏 ≥ 1 −
3

3 − 1
𝑃&

𝛽
1 − 𝛽 𝑅 −

3

3 − 1
𝑃&

𝛽𝑊. 

 

Given the assumption on 𝑅, the minimum tax level the tax agenda setter is willing to set in 

equilibrium is zero. The political rents are eliminated in all equilibriums and the spending 

agenda setter is indifferent between re-election and taking away everything. If the tax agenda 

setter’s voters have fixed income they want to minimize both the tax level and the 𝑓!. The 

level of 𝑓!  will only increase group 1 voters’ income to the tax level to generate the tax 
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revenue needed to spend on other policies. In the second case of the presidential regime, 

𝑃&𝑓! = 𝜏 = J*CE
@

 (note that the group 1 voters also want the maximum possible level of 

public goods in this case) and in the third case 𝑃&𝑓! = 𝜏 = J*CECJ$

@
. In the first presidential 

case the tax agenda setter’s voters do benefit from higher 𝑓!, they still want to maximize the 

tax level to maximize the level of 𝑓!. Group 1 voters remain as the residual claimant of tax 

revenue, after spending on the transfers to group 3 and the public goods, all the tax revenue 

is spent on 𝑓!. 

 

The tax level and 𝑓!  in the new equilibriums corresponding to each presidential case analysed 

above are: 1. 𝜏 = 1, 𝑓! = 2 + &
@4%

− H
&0H

𝑅 . 2. 𝜏 = 4%
@4%0&

@
#

H
&0H

𝑅 , 𝑓! = &
@4%0&

@
#

H
&0H

𝑅 . 3. 𝜏 =

4%
@4%0&

@
#

H
&0H

𝑅, 𝑓! = &
@4%0&

@
#

H
&0H

𝑅. 

 

5.2.4 A Parliamentary Regime 

At the beginning of each period, nature picks two legislators as members of a majority 

coalition which makes up the government. One of the legislators prepares a budget proposal 

which is then voted on in the parliament. In this vote, each coalition partner has a veto right 

and a veto is essentially a vote of confidence on the government. When the veto is exercised 

by either partner, a government crisis ensues. A new agenda setter is picked at random and 

the decision-making becomes the same as the simple legislature analysed in section 5.2.2.  

 

The sequence of events in a parliamentary regime game consists of the following stages: 
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1. Nature randomly selects two coalition partners among the incumbent legislators; one 

becomes the agenda setter for all the public finance decisions (tax and spending), 𝑎, 

and the other his junior partner, 𝑚. 

2. The voters' groups’ nature/needs are revealed. One of the groups would be the one 

needing 𝑓!  (assume this group is group 1). All groups have an equal chance of being 

the group needs 𝑓!  spending. 

3. The voters set their reservation utilities for their voting rule, {𝐵%}.  

4. The agenda setter 𝑎 proposes [𝜏" , 𝑔" , �𝑓"%�, {𝑟"B}] subject to 3𝜏" ≥ 𝑓" + 𝑟" + 𝑔". 

5. The junior partner can veto the joint proposal from stage 4. If approved, the proposal 

is implemented and the game goes to stage 10. If not the government falls and the 

game goes to stage 6’.  

6’.  Nature randomly selects a new agenda setter 𝑎A among the three legislators.  

7’. Voters reformulate their re-election strategies, conditional on the status of their 

representatives after the government crisis. 

8’. The agenda setter 𝑎A proposes an entire allocation 𝑞"+. 

9’. The parliament votes on this proposal. If approved by at least two legislators, 𝑞"+  is 

implemented. If not, the legislature bargaining ends and a default outcome with 𝑃&𝑓! =

𝜏 = 𝑟 > 0, 𝑟B =
@0 %

'%
@
𝑟 and 𝑔 = 𝑓# = 𝑓@ = 0 is implemented.  

10. Elections are held.  

 

Compared to the simple legislature, the current junior partner has pre-assigned veto rights in 

the parliamentary regime. These veto rights give the junior coalition partner and the voters 

she represents more bargaining power and induce legislative cohesion. The voters' re-election 
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strategy in each group is the same as in the simple legislature and the presidential regime. 

They set their reservation utilities based on the political position of their legislator. 

 

An alternative formulation of the parliamentary regime is to add sequential proposals within 

the government. It is stated in Persson, Roland and Tabellini (2000) that in a previous version 

of their paper with sequential proposals, they obtained identical results to their current paper 

without sequential proposals. This statement is incorrect as the tax level will be reduced from 

the maximum level due to sequential proposals in their model. The main insight of sequential 

proposals is that the legislative cohesion induced by the veto did limit the separation of 

powers induced by the sequential proposals compared to the presidential regime due to the 

simple legislature subgame the agenda setters could trigger if either vetoed. 𝑓! cannot be 

maximized by minimizing the level of rent and making the spending agenda setter indifferent 

to the default outcome. Sequential proposals did not change the results that different to the 

presidential regime, additional spending on 𝑓! does not exist unless the group 1’s legislator 

is within the governing coalition and different to the simple legislature, additional spending 

on 𝑓!  would exist if group 1’s legislator is the coalition partner to the spending agenda setter. 

To focus on the effect of legislative cohesion in the parliamentary regime, we choose to model 

the constitutional rules of our parliamentary regime as closely to Persson, Roland and 

Tabellini (2000) as possible. 

 

The equilibrium of the parliamentary regime is defined below. We use 𝐵=A to denote the vector 

of the reservation utilities set by the voters if the government falls at stage 5 (The superscript 

R stands for parliamentary regime). 

 



 197 

An equilibrium of the parliamentary regime is defined by a vector of policies 𝑞=I(𝐵=) and 

vectors of reservation utilities 𝐵=I  and 𝐵=IA , such that, in any period 𝑡, given the expected 

equilibrium outcomes of periods 𝑡 + 𝑘, 𝑘 ≥ 1: 

1. for any given vector 𝐵= and given the proposal made at stage 4, at stage 5, the junior 

partner of the coalition optimally chooses whether to accept or veto the proposal, 

given the expected reservation utilities and the expected policy outcomes in stages 6’ 

to 9’; 

2. the reservation utilities 𝐵=%IA set at stage 6’ after the fall of the government are optimal 

for the voters of each group when taking into account that the policies will be set as 

in the simple legislature equilibrium and take as given the reservation utilities set by 

other groups; 

3. for any given vectors of reservation utilities 𝐵=  and 𝐵=A , the agenda setter in the 

coalition prefers to pass their proposal 𝑞=I(𝐵=)  over the government crisis given 

conditions 1 and 2 and the government budget constraint; 

4. the reservation utilities 𝐵=%I  are optimal for the voters of each group 𝑖 when one takes 

into account that the policies in the current period set by the agenda setter follow 

condition 3, take as given the expected reservation utilities set by other groups if the 

government falls, and the fact that policies will be set as in the simple legislature 

equilibrium after a government crisis at stage 5, and also take as given the reservation 

utilities set by other groups at stage 7’. 

 

We examine the case of group 1 and group 3’s representatives being in the coalition 

government. Which is the agenda setter and which is the junior partner is not important for 
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deriving the equilibrium outcome and the mechanism of policy formation in the 

parliamentary regime is the same, we assume the agenda setter will be from group 1, 𝑎& and 

the junior partner is from group 3, 𝑚@. The alternative case with groups 2 and 3 being inside 

the coalition government will not be studied since its equilibrium outcome will be nearly 

identical to Persson, Roland and Tabellini (2000) with the addition of 𝑓! = &
4%

. 

 

The equilibrium outcome is summarised in the following proposition and the steps used to 

prove the equilibrium are in the Appendix A5.4. 𝑟4 is the total rent taken by the legislators in 

the parliamentary regime. 𝐴 denotes the additional spending on HE that pushes group 1 

voter’s income above the tax level. Similar to the presidential regime, for the parliamentary 

regime, we use 𝑟G to denote the rents given to the agenda setter's junior partner. 

 

Proposition 5.6: In the parliamentary regime with the agenda setter from group 1 and the 

junior partner from group 3, there is a continuum of equilibria such that 

𝜏 = 1, 

𝑟" =
2
3 𝑟

4 , 𝑟G =
1
3 𝑟

4 , 𝑟4 = 3 −
1
𝑃&
− 2𝛽

1 − 13
1
𝑃&

1 − 13𝛽
, 

𝑓! =
1
𝑃&
+ 𝐴, 

𝐴 + 𝑓@ = 2𝛽
1 − 13

1
𝑃&

1 − 13𝛽
− 𝑔, 

𝑓# = 𝑟# = 0 as 𝑛 = 2.  

If 𝐴 > 0, 𝑓@ > 0 then 
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𝐻A(𝑔) =
𝑃&

1 + 𝑃&
.	

If 𝐴 = 0, 𝑓@ = 0 then  

𝑔 = 2𝛽
1 − 13

1
𝑃&

1 − 13𝛽
. 

In other possible equilibria, if 𝑃& < 1, in the equilibrium with 𝐴 = 0 but 𝑓@ > 0 or 𝐴 > 0 but 

𝑓@ = 0, then the level of public goods obey the following condition 

𝐻(𝑔) ≥
1
3𝐻

(𝑔!A ) +
2
3𝐻

(𝑔KA ). 

Since 𝑃& < 1, 𝑔!A > 𝑔KA , it is possible for 𝑔 < 𝑔!A  in equilibrium.  

If 𝑃& > 1, in the equilibrium with 𝐴 > 0 but 𝑓@ = 0, then the public goods also obey the same 

condition 

𝐻(𝑔) ≥
1
3𝐻

(𝑔!A ) +
2
3𝐻

(𝑔KA ). 

Since 𝑃& > 1 , 𝑔!A < 𝑔KA , then it is possible for 𝑔 < 𝑔KA  in equilibrium, with 𝑔!A =

min	[𝐻A0&(𝑃&), 2𝛽
&0%)

%
'%

&0%)H
] and 𝑔KA = min	[𝐻A0&(1), 2𝛽

&0%)
%
'%

&0%)H
]. 

All legislators are re-elected. 

 

Different to the simple legislature, even if group 1’s legislator is not the agenda setter, they 

can still obtain additional spending on 𝑓! if their legislator is the junior partner within the 

government coalition. For the level of public goods, the level of public goods in the 

parliamentary regime can be lower than in the presidential regime. The level of public goods 

in the presidential regime is either the same as the simple legislature counterpart in the 

interior solutions or in the case when the spending agenda setter represents the group that 

needs HE, potentially higher than the simple legislature counterpart. The reason for the level 
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of public goods in the parliamentary regime to be possible to be smaller than in the 

presidential regime case is because in the subsequent simple legislature subgame if the 

government crisis occurred, the agenda setter’s level of public goods is uncertain as different 

groups being chosen as 𝑎A  will result in different levels of public goods. This affected the 

reservation utilities and the possible public goods level in the equilibrium.  

 

Following the focus of Becher (2019) and Becher and Christiansen (2015) on the ability of the 

prime minister to dissolve the parliament to call an early election, we could extend the 

parliamentary regime by giving the agenda setter the power to dissolve the parliament. The 

agenda setter could choose to directly move to the election stage instead of the simple 

legislature subgame when he triggers a government crisis. This threat of dissolution would 

not affect the equilibrium outcome. It is an empty threat because the agenda setter is always 

worse off using the dissolution than not using it. 

 

5.3 Analysis of the Outcomes 

In this section, we will use our findings to answer the two questions. In section 5.3.1, we 

examine the effect of the constitutions in different regimes on the level of HE spending. In 

section 5.3.2, we examine its implications on the degree of income inequality within a nation. 

In section 5.3.3, we discuss the implications on the public goods level and political rents level.  

 

5.3.1 The Difference in HE Spending between Presidential and Parliamentary Regimes 

The key finding of our model is to present the different ways that HE spending is determined 

in the two regimes. In our model, the separation of powers property in the presidential 
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regimes allows the voters needing HE spending to become the residual claimant of tax 

revenue instead of the spending agenda setter because of the tax revenue requirement and 

the income-increasing property of the HE spending. The group needing HE requires HE 

spending to generate any income. Because we allow tax rates to differ between different 

groups and the requirement of each group to generate an equal amount of tax revenue, the 

spending agenda setter is restricted by the tax policy set at the previous period and cannot 

freely choose the level of HE spending. Instead, he must spend the required amount of 𝑓!  to 

meet the tax revenue requirement based on the tax rates. When the threat of no re-election 

is endogenously determined the political rents cannot be eliminated. There is a minimum 

required tax level that is needed for the expected utility of the tax agenda setter of being re-

elected to be equal to his highest expected utility of proposing a tax plan that led to no re-

election for all legislators. Within the same tax level, even though the legislator of the group 

of voters that needs HE is not the tax agenda setter, they can increase their spending on HE 

by minimizing the rents to the spending agenda setter (the spending agenda setter is 

indifferent between being re-elected and the default outcome). The tax burden on the voters 

with fixed income is not increased. Since there is no collusion because the spending agenda 

setter cannot make credible promises to other legislators, the tax agenda setter is indifferent 

to the utility of the spending agenda setter and would propose the tax plan that results in the 

desired HE spending to ensure his re-election. The highest level of spending of HE occurs when 

the legislators of the voters needing HE is the tax agenda setter because the maximum tax 

level would be charged.  

 

In the parliamentary regime, the coalition government remains the residual claimant of tax 

revenue. Without separation of powers and with legislative cohesion in the parliamentary 
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regime, the voters needing HE cannot minimize the rents to the agenda setter. It is always 

optimal for the government coalition to charge the maximum tax revenue to maximize the 

political rents and it is also optimal for their voters as it allows them to obtain as many 

transfers as possible. Any additional spending on HE reflects the voters’ legislator’s position 

of power. If the group needing HE is not a part of the coalition government, they will not 

receive any additional spending on HE. Because of the different ways the HE spending is 

determined under the two regimes, comparing the highest level of HE spending between the 

two regimes is uncertain. However, we do know that HE spending is always set at the 

maximum level that is possible in the equilibriums of the presidential regime whereas in the 

parliamentary regime additional spending on HE is shared with the available tax revenue on 

public goods and transfers that the voters obtained from appealing to re-election. 

 

Additionally, for the presidential regime, we present an extreme case in which the voters 

possessed a strong threat of no re-election over their legislator represented by a large 

exogenous utility for being in office. The utility of re-election becomes exogenously 

determined and the utility the non-spending agenda setters gain in default and no re-election 

is smaller than the exogenous utility of being re-elected even if they receive no rents. This 

meant in equilibrium with the separation of powers, the voters behind the tax agenda setter 

were capable of letting the tax agenda setter propose a tax plan that eliminates political rents 

through the threat of no re-election with the tax revenue only spent on policies that benefit 

the voters. Here the voters can truly minimize the tax level in equilibrium, any increase in the 

HE spending will increase the tax level. If the voters have fixed incomes, they are no longer 

indifferent to HE spending, they want to minimize the tax level and therefore the HE spending. 

The level of HE spending would either be maximized or minimized depending on the identity 
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of the tax agenda setter. It will be maximized if the tax agenda setter represents the group 

that benefited directly from HE spending with the tax revenue being solely used to fund the 

relatively low level of public goods and transfers with the rest being used to spend on HE. It 

will be minimized if the tax agenda setter represent a fixed income group as the tax agenda 

setter charges the minimum tax revenue possible combined with 100% tax rates on the group 

needing HE to be just enough to fund the various spending. 

 

We also predict the HE spending between different parliamentary regimes is less varied on 

average than the HE spending between different presidential regimes meaning the extremely 

high and extremely low levels of HE spending should be more likely to be found in the 

different presidential regimes.  

 

There is some evidence supporting the prediction of a greater variation in HE spending 

between different presidential nations. Figure 5.1 is based on the latest OECD data on tertiary 

education spending between different countries measured in US dollars per student. The 

presidential regimes are indicated by red dots and the parliamentary regimes are indicated 

by blue dots. Except for Luxembourg, the USA had the highest spending at $35,347 per 

student above the OECD average of $17,599 per student. For the countries with the lowest 

tertiary education spending per student, except Greece and Lithuania, all these nations are 

presidential regimes. The only presidential regime with a spending level close to the OECD 

average is Costa Rica which spends $15,786 per student on tertiary education.  
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5.3.2 The Effect of the Political Institution on Inequality within a Nation 

Because the HE spending directly affects the relative income between different voters, the 

different ways the HE spending is determined also explain why the presidential regime has a 

higher degree of inequality on average compared to the parliamentary regime. In the 

presidential regime, the HE spending is always either maximized or minimized which 

maximizes the difference between group 1's income and the fixed income. This greater 

degree of income inequality in the presidential regime is a direct result of the constitution’s 

design. Although generating inequality is not the goal of any voters or legislators, due to the 

separation of powers property and the tax revenue requirement, the voters would generate 

a higher level of income inequality through utility maximization.  
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This high degree of inequality is not found in the presidential regime of Persson, Roland and 

Tabellini (2000) that does not include the HE spending changing the relative income between 

different groups. In their model, even if inequality is artificially introduced by changing the 

fixed income in the different groups, this inequality is not affected by whether the richer or 

poorer groups are in positions of power. When the poor group’s legislator is the tax agenda 

setter they cannot charge low tax on themselves and high tax on the rich group even if the 

tax rates are allowed to be different between groups since they are constraint by the need to 

raise an equal amount of revenue from every group. If the voters behind the tax agenda setter 

are a relatively poor group, it is unrealistic that they would choose to perpetuate the current 

inequality that does not benefit them when they become a powerful group in the government 

and are in charge of government taxation. 

 

The 𝑓!  in this model could have other interpretations than HE spending. For example, 𝑓! 

could be a public investment or represent the ease of private investment into a specific region 

or in a specific economic sector. Our model illustrates that the legislator could exploit the 

separation of powers by announcing plans for tax breaks on certain regions or certain 

economic sectors that his voters are more heavily involved with while requiring a roughly 

equal amount of tax revenue to be generated from different parts of the economy. After 

passing the tax proposal, the government is under pressure to generate enough tax revenue 

from different parts of the country or different sectors of the economy to fund the supply of  

various public goods and spending while restricted by the tax policy set previously. As a result, 

it will enact the level of public investment desired by the voters who benefit from them. 
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It is a well-established fact that on average, presidential regimes have a higher level of income 

inequality than parliamentary regimes. It is useful to examine the differences in the level of 

income inequality within each country between parliamentary regimes and presidential 

regimes. Table 5.1 reports the available data for the average Gini index (Gini) (World Bank 

Open Data, 2021) and the Top 20% pre-tax income share (Top20) (WID.world, 2022) (WID 

stands for World Inequality Database) from 2015 to 2019 for all the available parliamentary 

and presidential countries. Appendix A5.5 details the definitions of Gini and Top20, along with 

their sources. The classification of a country as being a presidential regime or a parliamentary 

regime is based on the classification in Persson and Tabellini (2003). Based on their 

classification, if the country’s government’s survival is not subject to a vote of confidence, 

that country would be classified as a presidential regime and if its survival is subject to a vote 

of confidence, the country would be classified as a parliamentary regime. In countries with an 

elected president, its classification depends on whether the president or the legislative 

assembly has more control over the appointment and/or dismissal of the executive. If such 

control rests primarily with the legislative assembly, the country is classified as parliamentary. 

Therefore, many Eastern European countries, like Ukraine, are classified as parliamentary 

regimes despite having a president. 

 

Table 5.1: Degrees of Income Inequality between Different Countries 

Parliamentary Regime Presidential Regime 
Country Gini Top20 Country Gini Top20 
United 

Kingdom 34.37 0.506 Cyprus 32.44 0.5198 

Austria 30.4 0.4828 United 
States 41.28 0.6076 

Belgium 27.42 0.481 Switzerland 32.78 0.4709 
Denmark 28.2 0.4782 Argentina 41.825 0.5776 

France 32.15 0.4728 Bolivia 44.16 0.6635 
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Germany 31.53 0.5277 Brazil 53.18 0.7261 
Italy 35.43 0.479 Chile 44.4 0.7496 

Luxembourg 33.74 0.4904 Colombia 50.6 0.6899 

Netherlands 28.44 0.4528 Dominican 
Republic 43.74 0.6635 

Norway 27.66 0.4496 Ecuador 45.36 0.5777 
Sweden 29.38 0.4412 El Salvador 39.2 0.6211 
Canada 33.23 0.5608 Guatemala  0.6635 
Japan 33.4 0.5892 Mexico 47.2 0.7491 

Finland 27.32 0.489 Nicaragua  0.6635 
Greece 34.28 0.4916 Paraguay 47.14 0.6635 
Iceland 26.7 0.4374 Peru 42.86 0.7081 
Ireland 31.65 0.5044 Uruguay 39.74 0.572 
Malta 29.48 0.4918 Venezuela  0.6635 

Portugal 34.16 0.529 Egypt 31.65 0.6371 
Spain 35.14 0.4942 Sri Lanka 39.3 0.6296 

Australia 34 0.5078 Korean 
Republic 31.4 0.5986 

New Zealand  0.479 Nepal  0.5693 
Trinidad and 

Tobago  0.66346 Philippines 43.45 0.6166 

Israel 38.88 0.64 Gambia 35.9 0.6024 
India  0.6788 Russia 36.05 0.5853 

Malaysia 41.1 0.5543 Costa Rica 48.32 0.685 
Botswana 53.3 0.7335 Ghana 43.5 0.6401 
Papa New 

Guinea  0.6222 Honduras 49.1 0.6635 

Estonia 31.08 0.5164 Malawi 41.6 0.6857 
Latvia 34.74 0.5153 Namibia 59.1 0.7746 
Poland 30.73 0.5185 Zambia 57.1 0.7551 
Ukraine 25.84 0.4785    
Czech 

Republic 25.3     

Slovak 
Republic 24.62 0.4311    

Hungary 30.18 0.4699    
Romania 35.38 0.5565    
Bulgaria 40.24 0.5643    
Pakistan 30.45 0.5763    

Bangladesh 32.4 0.5719    
Fiji 30.7     

Mauritius 36.8 0.6171    
Singapore  0.5931    
Average: 32.43 0.5261 Average: 43.05 0.645 

Note: The missing area indicates there is no available data on either the Gini index or the Top 20% income share for that 
country between 2015 to 2019 in World Bank Open Data (2021) or WID.world (2022).  
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A clear picture emerged suggesting the presidential regime has a higher degree of income 

inequality both before and after taxes and transfers, agreeing with our model’s prediction. 

The presidential regimes’ Gini index on average is about 33% higher than parliamentary 

regimes and the top 20% income share on average is about 12 percentage points higher than 

parliamentary regimes. However, there is a wide range of results within different regimes 

with the Korean Republic and Switzerland having a low level of inequality despite both being 

presidential regimes. Furthermore, the nation with the highest Gini index is a parliamentary 

regime, Botswana, signifying that there are other factors involved in determining the level of 

inequality inside a country. 

 

5.3.3 Public Goods Level and Level of Political Rents 

In general, our equilibrium results agree with the prediction of the level of public goods 

between the presidential and parliamentary regimes in Persson, Roland and Tabellini (2000). 

Unless the equilibrium in the parliamentary regime is a corner solution, the level of public 

goods is greater than the presidential regime in Propositions 5.3 and 5.5. However, we do 

provide a different and new prediction for the level of public goods in the presidential regime 

with the HE needing group’s legislator being the spending agenda setter and the traditional 

group’s voter being the tax agenda setter. When the level of HE spending is capped by 

assumption or minimized by the tax agenda setter, the voters needing HE optimally set their 

reservation utility to obtain the maximum level of public goods that is possible in the 

presidential regime. 
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In terms of the total level of rents in equilibrium, Persson, Roland and Tabellini (2000) 

predicted the parliamentary regime also results in a higher level of rents than the presidential 

regime. In our model with the value of re-election being determined endogenously, the voters 

desiring HE spending exploit the separation of powers to minimize the rents to the spending 

agenda setter that made him indifferent between re-election and default. However, this 

means the equilibrium continuation value for the legislators is lower in the presidential 

regime than in the parliamentary regime. The threat of no re-election is weaker in the 

presidential regime. Although the total level of rents in the parliamentary regime in 

Proposition 5.6 is greater than the presidential regime with the minimized tax level in 

Propositions 5.4 and 5.5. Comparing the level of total rents between Proposition 5.3 and 

Proposition 5.6, if the discount factor 𝛽 is large enough (𝛽 > 0.739), the total rents in the 

presidential regime with the maximum tax level is larger than the level of rents in the 

parliamentary regime in Proposition 5.6. 

 

The original model does not offer any suggestions on which political institution is strictly 

better than the other but instead finds a trade-off: the parliamentary regime solves the under-

provision of public goods 𝑔 better while the presidential regime is strictly better in terms of 

solving the political agency problem. Political institution strictly dominates in one aspect of 

the outcome. The importance of education spending 𝑓!  for both voters and the legislators 

has offered more possibilities in the final economic outcome than the strict “parliamentary 

regime provides more public good while presidential regime limits taxation and waste”. It is 

not simply that one government must be better at one aspect than the other government, 

now the composition of the government and the underlying economic nature of the voters 

will affect the outcome. It is still not possible to give any normative implications on 
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constitution reforms as the outcome becomes more varied but it does offer a richer 

prediction of the outcome between different political regimes than the original model. 

 

5.4 Conclusions 

In this paper we address the two following questions: 1. Do the different political systems 

such as presidential and parliamentary regimes differ in the level of HE spending? 2. Does a 

presidential regime lead to a higher degree of inequality compared to a parliamentary regime? 

 

The constitutional difference between the presidential and parliamentary regimes we 

focused on is that the presidential regimes have more separation of powers but less legislative 

cohesion than parliamentary regimes. For the first question, the levels of HE spending differ 

because of the different ways the level of HE spending is determined in the two regimes. In 

the presidential regime, the voters needing the HE spending can maximize the spending on 

HE by becoming the residual claimant of tax revenue no matter their legislator’s political 

position. In the parliamentary regime, the coalition government remains the residual claimant 

of tax revenue due to the threat of veto power and the subsequent simple legislature game. 

There will only be additional spending on HE if the group is included in the coalition and they 

need to share the tax revenue with their coalition partner’s transfers. Additionally in the 

presidential regime with a large exogenous utility for being in office, we show the level of HE 

spending is minimized when the voters of the tax agenda setter have fixed income. We predict 

the presidential regimes have a greater variation in HE spending than the parliamentary 

regimes. For the second question, our model predicts due to the separation of powers the 

presidential regimes will generate a higher level of income inequality than the parliamentary 
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regimes. Our prediction is supported by previous research in Feld and Schnellenbach (2014) 

and McManus and Ozkan (2018). They showed that presidential regimes have a statistically 

significant higher post-tax income inequality compared to the parliamentary regime. 

 

There is no collusion between the tax agenda setter and the spending agenda setter in the 

presidential regime. The tax agenda setter effectively controls the HE spending decision of 

the spending agenda setter despite not officially controlling it, even if the spending agenda 

setter tries to take away everything. The tax agenda setter would propose a tax plan that 

maximizes the spending on HE at a given tax level by minimizing the rents to the spending 

agenda setter. The spending agenda setter is indifferent between re-election and the default 

outcome. With a high exogenous utility from office, the voters behind the tax agenda setters 

could eliminate all rents to both agenda setters. Here any increase in HE spending above the 

minimum meant an increase in the tax level. If the voters behind the tax agenda setter have 

fixed income their utility would decrease from a higher tax level, to maximize their utility they 

would require the minimum tax burden and minimum spending on HE as well. In the 

parliamentary regime with greater legislative cohesion, the level of HE spending will be 

relatively moderate because the tax revenue will be shared with spending on the transfers to 

other groups. The greater legislative cohesion also meant the voters could no longer exploit 

the indifference between the different agenda setters to use the HE spending to minimize the 

rents.  

 

In terms of additional findings in our infinite horizon model, we generally agree with the 

conclusions of Persson, Roland and Tabellini (2000) that the parliamentary regimes provide a 

higher level of public goods and result in a higher level of rents but we find in corner solutions 
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the parliamentary regime can produce a lower level of public goods. Moreover, with a high 

discount factor, the total level of rents in the parliamentary regime is lower than the total 

level of rents in the presidential regimes when the tax agenda setter’s voters need HE 

spending because of the lower equilibrium continuation value in the presidential regime and 

when the tax agenda setter’s voters need HE, the tax level is maximized instead of minimized.  

 

We contribute to the economics literature on the political decision on HE with a more realistic 

political environment including self-interested agents, representative democracy and 

politicians being incapable of commitment which the previous papers lack. We answer a 

previously unexplored question on the effect of the design of the constitution on the nation’s 

HE spending. This analysis could also be applied in future research to analyse the effect of the 

electoral rule, i.e., between the proportional and majoritarian electoral systems, on 

government decisions on HE spending. Furthermore, we provide a formal mechanism on how 

the nature of the presidential regime’s constitution with its separation of powers and lack of 

legislative cohesion results in a higher level of income inequality. This adds to the literature 

examining the potential reasons for the difference in the within-nation income inequality 

between different countries, especially between the USA, Canada and various European 

nations.  
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Chapter 6: Government’s Student Loans and HE 

Spending Policy under Uncertainty and Polarisation 

6.1 Introduction 

Historically many countries offered free higher education (HE) to qualified students but there 

is a worldwide trend of shifting the cost of HE onto the students themselves in the form of 

tuition fees (Johnstone, 2003; Johnstone, 2004; Marcucci and Johnstone, 2007). In the UK and 

the USA, the total level of student loan debt has been increasing over the years as shown in 

the two figures below. A large concern for the build-up of student loan debt is the risk of 

default and Glater (2016) even compared this to the financial mortgage crisis.  

 

Figure 6.1: The Growth of Student Loan Debt in the UK. Source: Bolton (2022) 
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Figure 6.2: the Growth of Student Loan Debt in the US. Source: Board of Governors of the Federal Reserve System (US) 
(2022). 

 
 

There is a large number of US studies examined the factors that led to the rising student loan 

debt and rising rates of default (Addo, Houle and Simon; 2016; Belfield, 2013; Dean Craig and 

Raisanen, 2014; Goodell, 2016; Hillman, 2014; Scott-Clayton, 2018). A common institutional 

factor found in these papers is that attending for-profit colleges will lead to a significantly 

higher average level of debt after graduation and a higher risk of default in the future. 

Individual factors such as a low-income background or belonging to a minority group are also 

found to be associated with higher rates of default. Moreover, Akers, Chingos and Henriques 

(2015) and Hershbein and Hollenbeck (2014) found the rise in tuition fees to be an important 

factor in causing the rise of student loan debt and borrowing in the USA. However, these 

papers did not question why the government allowed this rise in tuition and student loans. 

Similarly, although many UK papers examined the impact of the various UK HE funding 

reforms (Azmat and Simion, 2018; Murphy, Scott-Clayton and Wyness, 2019; Sá, 2019), they 

did not formally examine the potential reasons for the government to increase the tuition fee 

cap. When the HE spending of a country is mainly funded by student loans like in the UK and 

the USA, an increase in the tuition fee represents an increase in HE spending. Marginson (2018) 

found the UK’s tripling of tuition fees from £3,000 to £9,000 in 2012 increased both the total 
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funding for universities and funding per student. This reform of HE finance is unpopular and 

caused student protests against the Conservative-led government in 2010. Could the 

government be motivated to increase student loans and tuition fees when facing political 

uncertainty and polarisation between the voters in theory? Formally, we examine the 

following question in this paper: Why would an incumbent government increase spending on 

HE and student loan levels when its voters are not directly benefitting from HE? 

 

The model used in this paper is based on the model in Persson and Svensson (1989), one of 

the most important papers on examining the role of public debt as a strategic variable for the 

incumbent government and the effect of political uncertainty on the government debt policy 

(Alesina and Passalacqua, 2016; Mawejje and Odhiambo, 2020; Yared, 2019). Persson and 

Svensson (1989) examined the incentives facing a conservative government’s borrowing level 

when the conservative government knows it will be replaced by a liberal successor next 

period. Alesina and Tabellini (1990) used a similar model but the different governments prefer 

different kinds of public goods (e.g., pork-barrel spending) which results in conflict over the 

composition of spending. In Persson and Svensson (1989) the different governments 

disagreed over the levels of government spending with the conservative government 

favouring a lower level of government spending. There are two groups of voters each 

represented by a partisan politician. The voters are identical except for their preferences 

towards public goods. There are two periods in the model. In the first period, the incumbent 

government sets up the level of tax rates and could choose to issue government debt for 

borrowing. In the second period, the successor government sets up a new tax rate and the 

level of public goods and will pay back all of the government debt it inherited. The political 

uncertainty meant the incumbent government was unsure of its re-election next period and 
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polarisation refers to the different preferences for the level of public goods between the two 

groups of voters in this model. When the incumbent government knows it will be succeeded 

by a liberal government that prefers a larger level of public goods, a stubborn conservative 

government that puts a relatively large weight on public goods distortion will borrow more 

than it would had it remained in power in the future. This is because public debt acts as a 

strategic variable that allows the incumbent government to influence the policy of the future 

government. By increasing the level of public debt, the incumbent government ties the hands 

of the liberal successor as the successor must honour the inherited debt by using tax revenue 

and make it optimal for this future government to spend less on public goods. Various other 

papers have extended this model to explore different topics including redistribution policy, 

government transparency and intergenerational conflicts over debt, taxes and public goods 

(Aghion and Bolton, 1990; Alt and Lassen, 2006; Lizzeri, 1999; Song, Storesletten and Zilibotti, 

2012). 

 

The tuition loans set up and given by the UK government using the Student Loans Company 

are a public investment into HE in the form of private debt which the unrepaid parts will be 

written off after 30 years. Other papers have extended from Alesina and Tabellini (1990) and 

Persson and Svensson (1989) to study the reasons for government public underinvestment in 

a politically unstable and polarised society (Azzimonti, 2011; Azzimonti, 2015; Battaglini and 

Coate, 2007; Besley and Coate, 1998; Devereux and Wen, 1998; Peletier, Dur and Swank, 1999; 

Svensson, 1998). These papers have found the following reasons for the government’s 

underinvestment: (1). The incumbent government fully internalizes the cost of public 

investment but does not fully benefit from it if the future government has a different 

preference. (2). Reducing investment reduces the future resources available for the successor 
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government so it cannot spend as much on the public goods the incumbent does not want. 

(3). The incumbent would not invest if the investment changes the identity of the future 

policymakers in a way that is not beneficial to the incumbent. Bohn (2007) and Elder and 

Wagner (2015) used their model to show that when facing political uncertainty and 

polarisation the incumbent will choose to favour short-term payoffs instead of longer-term 

payoffs resulting from public investment. Besides explaining underinvestment, a smaller 

number of papers examined how uncertainty and polarisation could lead to an excessive level 

of public investment (Beetsma and Ploeg, 2007; Glazer, 1989).  

 

Given the subject matter, the papers explaining underinvestment cannot be readily applied 

to explain the student loan question. The rise in the UK’s tuition fees and loans led to greater 

investment in HE and around 2010 to 2012 the Conservative party were expected to lose the 

2015 general election to the Labour party. For the papers that deal with over-investment,  

excessive public investment is used to limit the choices available for the future government. 

This explanation is similar to explaining how a conservative government could choose an 

excessive level of borrowing. However, increasing investment in HE funded by student loans 

should not only increase the recipients’ future income but also increase the future loan 

repayment, both of which increase the revenue and therefore choices available for the future 

government. Consequently, this explanation cannot answer the student loan question. Since 

the current literature cannot offer suitable explanations, this question will be answered using 

our model.  

 

We modify the model in Persson and Svensson (1989) by adding a student loan level decision 

for the incumbent government. We assume the HE is completely funded by student loans and 
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a higher level of student loans means a higher level of investment into HE and results in a 

higher level of income for the graduates. In the UK, university students who are 

predominately young people have a low level of support for the Conservative party. To 

answer the question, in our model only one group of voters’ future income will be affected 

by the student loan levels while the other group’s future income is not dependent on the 

student loan level. Although the other group is not directly benefitting from HE investment, 

they are indirectly benefiting from them in the form of higher tax revenue from the other 

group in the future. We present the results both with government borrowing and without 

government borrowing in period 1. In addition to the theoretical analysis, we will also present 

the computational results with our general model that includes government borrowing 

substituted with specific functions. 

 

The paper is organized in the following way: Section 6.2 presents the model and examines the 

different policy preferences of the voters. Section 6.3 presents the result of the government 

borrowing decision in Persson and Svensson (1989) and examines the incentives facing the 

incumbent government on its student loan decision when its probability of re-election 

changes. Section 6.4 presents the computational model and results. Section 6.5 concludes.  

 

6.2 Model of Student Loans with Time-Consistent Preferences 

We assume a small open economy. There are two periods in the model, 𝑡 = 1, 2 . The 

government can borrow and lend at a world interest rate of zero which is also the interest 

rate on individual savings. The individual preferences over the private economic outcomes 

(private consumption 𝑐=L ,	 𝑐=! 	and leisure) are additively separable and concave which is 
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increasing in consumption and decreasing in labour supply. There are two groups in the 

economy. They are group 𝑛 whose income does not depend on the level of student loans and 

group 𝑒 whose income depends on the level of student loans. A higher level of student loans 

is interpreted as paying for higher tuition and results in higher spending on HE. The 

representative consumer in both groups is endowed with one unit of time in each period 

which they choose between labour denoted by 𝑙=L,	𝑙=! and leisure denoted by 𝑥=L,	𝑥=!.  

    

For group 𝑛, their utility function is 

(6.1)                  𝑢L(𝑐&L, 𝑐#L, 𝑙&L, 𝑙#L) = 𝐹(𝑐&L) + 𝑐#L + 𝑉&L(1 − 𝑙&L) + 𝑉#L(1 − 𝑙#L). 

 

Group 𝑒 is assumed to not work during period 1 and focus on education, assuming they are 

working in period 1 does not change the result, their utility function is  

(6.2)                          𝑢!(𝑐&! , 𝑐#! , 𝑙#!) = 𝐹(𝑐&!) + 𝑐#! + 𝑉&!(1) + 𝑉#!(1 − 𝑙#!). 

 

All 𝑉(. ) functions are concave functions. 𝑉=L(. ) and 𝑉=!(. ) are the same function with “𝑛” and 

“𝑒” denoting the group that the individual belongs.  

 

For the private budget constraint, the group 𝑛 ’s budget constraints for each of the two 

periods are  

𝑐&L + 𝑠L = (1 − 𝜏&)𝑙&L, 

𝑐#L = (1 − 𝜏#)𝑙#L + 𝑠L. 

 

For group 𝑒, their private budget constraint in each period is 

𝑐&! + 𝑠! = 𝑤, 
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𝑐#! = 𝑃(𝑓!)(1 − 𝜏#)𝑙#! + 𝑠! − (1 + 𝑟)𝑚𝑓! . 

    

To explain each term, 𝜏&  and 𝜏#  are the labour tax rates in periods 1 and 2. 𝑓!  is the 

government spending on HE in the form of student loans and 𝑃(𝑓!) is a concave function that 

is increasing in 𝑓!. 𝑃(𝑓!) is the group 𝑒’s wage and it represents the quality of HE. Group 𝑒’s 

wage is increasing in 𝑓!. Even if group 𝑒 members have not received any HE, they should still 

be able to obtain the same jobs as group 𝑛 members and receive the same wage which is 

equal to one. Formally, we assume 

 

Assumption 6.1: 𝑃(𝑓!) = 1 when 𝑓! = 0. 

 

𝑠L  and 𝑠!  are the private saving decisions made by consumers in group 𝑛  and group 𝑒 

respectively. 𝑚  is an exogenous parameter that signifies the proportion of student loan 

repayment the group 𝑒 will be responsible for in the second period. 1 −𝑚 could represent 

either the proportion of students who defaulted on their student loan in mortgage-style 

student loans or the proportion of loans not repaid due to having too low of an income to 

fully repay their income-contingent student loan (ICL). 𝑟 is the interest rate on a student loan 

that is above the world interest rate of zero. The parameter 𝑤  represents an exogenous 

endowment for group 𝑒 in period 1.  

    

Combine the two budget constraints into an intertemporal budget constraint and for group 

𝑛 it will be 

𝑐&L + 𝑐#L = (1 − 𝜏&)𝑙&L + (1 − 𝜏#)𝑙#L. 
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The intertemporal budget constraint for group 𝑒 will be 

𝑐&! + 𝑐#! = 𝑃(𝑓!)(1 − 𝜏#)𝑙#! +𝑤 − (1 + 𝑟)𝑚𝑓! . 

 

The representative consumer in each group will maximize their utility function choosing 

consumption and labour supply subject to their respective private budget constraint, taking 

the government policies as given. Substitute the intertemporal budget constraint into the 

utility function, both group 𝑛 and group 𝑒 will optimally consume at period 1 to the point 

where the marginal utility of period 1 consumption is equal to one. The labour supply for 

group 𝑛 members at the two periods are 𝐿&L(𝜏&) and 𝐿#L(𝜏#), both are decreasing in the tax 

rates in the same period and are not affected by other policies. The labour supply for group 𝑒 

members at period 2 is 𝐿#! (𝑓! , 𝜏#) which is decreasing in 𝜏# and increasing in 𝑓!. Substitute 

the labour supply functions and optimal consumption, 𝑐=L∗, 𝑐=!∗  creates the indirect utility 

functions for each group’s representative consumer. We assume the labour supply functions 

are concave.  

    

For the government behaviour, following Persson and Tabellini (1989) we only include 

government consumption 𝑔  in period 2. Each group is represented by a partisan party, 

denoted by party 𝑛 and party 𝑒. The government for a period would be controlled by either 

party 𝑛 or party 𝑒. The two groups could have different preferences for this public good and 

they are expressed by a concave utility function added to the private indirect utility, 𝛼L𝐻(𝑔) 

and 𝛼!𝐻(𝑔). If 𝛼L < 𝛼!, it means that group 𝑛 has a lower preference for public goods 𝑔 

than group 𝑒. We define the conservative group as having a lower preference for public goods 

and we assume that group 𝑛 is the conservative group. Formally 
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Assumption 6.2: 𝛼L < 𝛼! . 

 

The government could decide to borrow in period 1, denoted by 𝑏, if 𝑏 is a negative it means 

the government is saving/accumulating tax revenue. In period 2, the government is assumed 

to always honour the debt it inherited. The government budget constraint in each period is 

written as 

Period 1:                                               𝜏&𝐿&L(𝜏&) = −𝑏 + 𝑓! , 

Period 2:                (1 + 𝑟)𝑚𝑓! + 𝜏#𝐿#L(𝜏#) + 𝜏#𝐿#! (𝑓! , 𝜏#)𝑃(𝑓!) = 𝑔 + 𝑏. 

 

The incumbent government set the student loan level 𝑓!  in period 1. The nation’s HE is 

funded by government-sanctioned student loans with the loans paying for the group 𝑒 ’s 

tuition fee. A larger loan is needed for a higher tuition fee. The graduates then pay off the 

debt themselves in the future period. Since HE and the labour market have risks, it is possible 

that not all the student loans would be repaid, the proportion of student loans that are not 

repaid in period 2, (1 − 𝑚)𝑓!, would be the losses covered by the general taxpayer’s revenue.  

 

In terms of the information available to each group and their partisan party, we assume the 

individuals know which group they belong to and they know the policies they face when they 

make their private economic decisions. The incumbent government knows its probability of 

re-election when making its policy decisions in period 1 and both parties know how the voters 

change their private economic decisions given the policies. Below I will define the equilibrium 

of the model with the * superscript to signify a variable at the equilibrium. 
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An equilibrium of the model is defined by a vector of policies [𝑓!∗, 𝑏∗, 𝜏&∗, 𝜏#∗, 𝑔∗] and a vector 

of private economic decisions [𝑐&L∗, 𝑐#L∗, 𝑙&L∗, 𝑙#L∗, 𝑐&!∗, 𝑐#!∗, 𝑙#!∗] such that: 

1. the [𝑐&L∗, 𝑐#L∗, 𝑙&L∗, 𝑙#L∗, 𝑐&!∗, 𝑐#!∗, 𝑙#!∗]	are optimal for the consumers in the respective 

group in each period given the policies, [𝑓!∗, 𝑏∗, 𝜏&∗, 𝜏#∗, 𝑔∗], they face and their private 

budget constraints; 

2. In period 2, given the period 1 policies, the elected party prefers 𝜏#∗  and 𝑔∗  to any 

other 𝜏#  and 𝑔 that satisfy the period 2 government budget constraint, taking the 

consumers’ decisions into account; 

3. In period 1, given the probability of re-election, the incumbent government prefers 

policies 𝑓!∗, 𝑏∗ and 𝜏&∗ to any other 𝑓!, 𝑏 and 𝜏& that satisfy the period 1 government 

budget constraint, taking the potential future government and the consumers’ 

decisions into account. 

    

The events’ timing is as follows: 1. One of the parties, party 𝑛 or party 𝑒 holds office in period 

1; the party sets various period 1 public policies 𝑓! , 𝑏 and 𝜏& . Then the private economic 

decisions in period 1 are made. 2. Election is held. 3. The elected party took office and sets 

public policies for period 2, the period 2 public policies are 𝜏#  and 𝑔; after which private 

economic decisions in period 2 are made. This sequence of events is illustrated in Figure 6.3.  

Note in section 6.3.3 we examine the results without government borrowing. The only change 

in the model is the removal of 𝑏.  
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In period 2 either party could be in office and they will make decisions based on the policies 

of the government made in period 1 and subject to period 2’s government budget constraint. 

Given that the policies are made sequentially (potentially by different governments) and the 

period 2 policies are made after the election, it is reasonable to assume that the incumbent 

government cannot commit to future policies in period 1. Following Persson and Svensson 

(1989), for the period 1 government, the assumption of having commitment and no 

commitment would not have any impact on the result for optimal 𝑓!  level when the period 1 

government knows it will be re-elected for sure in the next period because the preferences 

are time-consistent, the first-order conditions are the same. The time-consistent preferences 

also meant the first-order conditions for the optimal choice of 𝜏# and 𝑔 are the same for the 

period 1 government ex-ante (in period 1) and ex-post (in period 2).  When the period 2 party 

in charge is different to the party in period 1, the assumption of commitment and no 

commitment again results in the same outcome since even if the period 1 government could 

commit to period 2 policies we assume they are not binding for a different government. 

 

Polarisation between Group 𝑛 and Group 𝑒    

Polarisation in our model refers to the difference in the preferred levels of the optimal period 

2 policies between group 𝑛 and group 𝑒. In Appendix A6.1 and A6.2, we have derived the first-

order condition that determined the optimal period 2 tax rate chosen by each party and their 

Incumbent
t 

𝑓! , 𝑏, 𝜏& 

Voters 

𝑐&, 𝑙&  

Election Elected Party 

𝜏#, 𝑔 

Voter
s 

𝑐#, 𝑙#  

Figure 6.3: Sequence of Events 
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reaction functions. The reaction function of 𝜏# as a function of period 1 HE investment level 

𝑓!  and government borrowing 𝑏 for party 𝑛 is 𝑇L(𝑓! , 𝑏), and for party 𝑒 is 𝑇!(𝑓! , 𝑏). The 

optimal level of public goods 𝑔 is determined by the period 2 government budget constraint 

with the optimal period 2 tax rate. The marginal tax revenue (MTR) is positive in all optimums 

for both party 𝑛 and party 𝑒, so the optimal level of public goods is increasing in 𝜏#.  

    

The size of period 2 policies of government spending 𝑔 and tax rate 𝜏# between party 𝑛 and 

party 𝑒  in charge when they face the same period 1 government policies is compared in 

Appendix A6.3. For the level of government spending, the party that set the higher tax rate 

will have a higher level of spending on 𝑔 . For the period 2 tax rate 𝜏#  and government 

spending 𝑔, let 𝑇L and 𝐺L denote the period 2 tax rate and public goods set by party 𝑛 and 

𝑇!  and 𝐺!  denote the period 2 tax rate and public goods set up by party 𝑒, we obtain the 

following relations based on the first-order conditions 

• If &
M,
𝐿#L(𝑇) >

&
M*
𝑃(𝑓!)𝐿#! (𝑓! , 𝑇), then 𝑇L < 𝑇!  and 𝐺L < 𝐺!. 

• If &
M,
𝐿#L(𝑇) <

&
M*
𝑃(𝑓!)𝐿#! (𝑓! , 𝑇), then 𝑇L > 𝑇!  and 𝐺L > 𝐺!. 

• If &
M,
𝐿#L(𝑇) =

&
M*
𝑃(𝑓!)𝐿#! (𝑓! , 𝑇), then 𝑇L = 𝑇! and 𝐺L = 𝐺!. 

𝑇 = 𝑇L, 𝑇! . 

 

With both HE investment and Assumption 6.2, the optimal level of policies and their 

comparison depends on both the preference for public goods and 𝑃(𝑓!), which represents 

the quality of HE. These two factors jointly determine the degree of polarisation in our model.  

In the model in Persson and Svensson (1989) without HE investment group 𝑛 and group 𝑒 

have the same preferences for private economic outcomes and only differ in their preference 
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for public goods, the party with the higher preference for public goods will always set a higher 

tax rate and result in higher public goods level. With Assumption 6.2, this meant 𝑇L < 𝑇!  and 

𝐺L < 𝐺!  is always the outcome in Persson and Svensson (1989).  

 

6.3 The Government Decision on Student Loans 

In section 6.3.1, we examine the conflicting incentives facing the incumbent conservative on 

government borrowing based on the same model as in Persson and Svensson (1989) and the 

modified model with student loans as an exogenous variable. In section 6.3.2, we present the 

conditions that determine how the period 2 government will change the period 2 tax rate 

when facing a higher level of student loans. In section 6.3.3, we examine the incentives facing 

the incumbent on the level of student loans without government borrowing. The incentives 

examined in sections 6.3.1 and 6.3.3 are both presented by functions derived by applying the 

implicit function theorem when the incumbent’s re-election probability falls. In section 6.3.4, 

using the results in sections 6.3.1 and 6.3.3, we present the government's decision on the 

level of student loans with the ability to borrow. 

 

6.3.1   Results of the Model in Persson and Svensson (1989) 

Here we will present the results of Persson and Svensson (1989) in function (6.3) below. 

Because our model is built on Persson and Svensson (1989), our results of a government 

decision on student loan level without government borrowing are presented in a similar 

function to (6.3). In Persson and Svensson (1989), only the inventive facing government 

borrowing 𝑏 under uncertainty and polarisation is analysed and the HE investment does not 

exist. Both groups’ income and labour supply in period 2 are only affected by the period 2 tax 



 227 

rate and the two group’s income and labour supply are the same when facing the same tax 

rate. The only difference between the two groups is that group 𝑛 has a lower preference for 

public goods represented by Assumption 6.2. When the incumbent government 𝑛 faces a 

lower probability of re-election, whether it will increase or decrease the level of government 

debt is determined by the sign of the following term: 

(6.3)																											𝛼L[𝐻A(𝐺L) − 𝐻A(𝐺!)] + �
𝛼L

𝛼! − 1� 𝐿#
(𝑇!)𝑇N!(𝑏). 

 

In Persson and Svensson (1989), whether the incumbent will increase or decrease the level of 

borrowing is uncertain and the above function (6.3) represents the two incentives for 

changing the level of borrowing facing the government 𝑛 when its re-election probability falls. 

As discussed in section 6.2, group 𝑛’s preferred level of period 2 tax rate and public goods is 

always lower than group 𝑒 when facing the same level of 𝑏 in Persson and Svensson (1989). 

The first term 𝛼L[𝐻A(𝐺L) − 𝐻A(𝐺!)] > 0 represents the incentive to reduce the spending on 

public goods by issuing more debt. As shown by the period 2 government budget constraint, 

an increase in 𝑏 (with others being equal) will reduce the available tax revenue to spend on 

public goods and constrain party 𝑒 in period 2. For the second term `O
,

O*
− 1a 𝐿#(𝑇!)𝑇N!(𝑏) <

0, note that 𝑇N!(𝑏) > 0, a rise in debt will result in an increase in the period 2 tax rate by party 

𝑒. This term represents the expected future tax distortion as higher debt causes the period 2 

government 𝑒 to increase the tax rates. Since group 𝑛 preferred a lower tax rate than group 

𝑒 in period 2, government 𝑛 has an incentive to reduce the level of debt so party 𝑒 would 

lower the period 2 tax rate.  
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Results with an Exogenous Level of HE Investment  

Now the group 𝑒’s period 2 labour supply depends on the level of 𝑃(𝑓!). When 𝑃(𝑓!) > 1, 

the group 𝑒’s labour supply is greater than group 𝑛 under the same period 2 tax rate and 

when 𝑃(𝑓!) = 1, the labour supply are equal. The incumbent government 𝑛  still cannot 

choose the level of HE investment. Assume here the two groups have the same preference 

for public goods, 𝛼L = 𝛼!. When the incumbent government 𝑛 faces a lower probability of 

re-election, whether it will increase or decrease the level of borrowing is determined by the 

following similar function: 

𝛼L[𝐻A(𝐺L) − 𝐻A(𝐺!)] + [𝑃(𝑓!)𝐿#! (𝑓! , 𝑇!) − 𝐿#L(𝑇!)]𝑇N!(𝑏). 

 

The two incentives facing the incumbent government 𝑛 on changing the public goods and the 

period 2 tax rate of party 𝑒  are represented by the two terms respectively but the key 

determinant of the different preferences on the period 2 tax rates and the level of public 

goods between group 𝑛  and group 𝑒  is represented by the quality of HE, 𝑃(𝑓!) . When 

𝑃(𝑓!) > 1, the signs of the two terms are reversed compared to their counterpart in the 

original model in Persson and Svensson (1989). When 𝑃(𝑓!) = 1, the incumbent has no 

incentive to change the level of borrowing since the party 𝑒’s preferred policy is the same as 

party 𝑛 (meaning no polarisation).  

 

If 𝛼L < 𝛼!, then whether the incumbent 𝑛 will increase or decrease the level of borrowing is 

determined by the following function: 

(6.4)																𝛼L[𝐻A(𝐺L) − 𝐻A(𝐺!)] + �
𝛼L

𝛼! 𝑃
(𝑓!)𝐿#! (𝑓! , 𝑇!) − 𝐿#L(𝑇!)� 𝑇N!(𝑏). 
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The two terms of (6.4) still represent the same two incentives facing the incumbent 

government 𝑛. Note that if 𝑇! = 𝑇L, (6.4) is equal to zero and the incumbent will not change 

the level of 𝑏  when its probability of re-election falls. In section 6.3.3 with 𝑓!  but no 

government borrowing decisions, we will compare the similarities and differences of the 

incentives facing the incumbent on 𝑓! by comparing the function to (6.4). In section 6.3.4 the 

incumbent chooses both 𝑓!  and 𝑏, condition (6.4) still exists and is part of the indirect effect 

of the change in probability of re-election on the incumbent decision on 𝑓!. 

 

6.3.2   The Decision on Period 2 Tax Rates by Party 𝑒 and Party 𝑛 

Now the incumbent government is choosing the level of HE investment 𝑓! in period 1, we 

need to know whether the period 2 party would increase or decrease the tax rate when facing 

a higher level of 𝑓! . For the condition that determined the sign of the party 𝑒’s reaction 

functions of 𝜏# to changes in 𝑓!:  

(6.5) 𝑇J!(𝑓!) > 0 if −\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!)] +

P++(Q*)
P+(Q*)

𝑃(𝑓!)𝐿#! (𝑓! , 𝑇!) z(1 + 𝑟)𝑚 + 𝑇!\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!)]{ +

𝛼!𝐻A(𝐺!) z𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!) + 𝑇!\𝑃J(𝑓!)𝐿#R$
! (𝑓! , 𝑇!) +

𝑃(𝑓!)𝐿#R$J
! (𝑓! , 𝑇!)]{ > 0, 

         𝑇J!(𝑓!) < 0 if −\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!)] +

P++(Q*)
P+(Q*)

𝑃(𝑓!)𝐿#! (𝑓! , 𝑇!) z(1 + 𝑟)𝑚 + 𝑇!\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!)]{ +

𝛼!𝐻A(𝐺!) z𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!) + 𝑇!\𝑃J(𝑓!)𝐿#R$
! (𝑓! , 𝑇!) +

𝑃(𝑓!)𝐿#R$J
! (𝑓! , 𝑇!)]{ < 0, 

with 𝐺! = (1 + 𝑟)𝑚𝑓! − 𝑏 + 𝑇!𝐿#L(𝑇!) + 𝑇!𝐿#! (𝑓! , 𝑇!)𝑃(𝑓!). 
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If 𝑇J!  is negative, a higher 𝑓!  will lead to a reduction in tax rate by party 𝑒 in period 2 and if 

𝑇J!  is positive, a higher 𝑓!  will lead to an increase in tax rate by party 𝑒 in period 2. 

 

For the condition that determined the sign of party 𝑛’s reaction functions of 𝜏# to changes in 

𝑓!:  

(6.6) 𝑇JL(𝑓!) > 0 if P
++(Q,)
P+(Q,)

𝐿#L(𝑇L) z(1 + 𝑟)𝑚 + 𝑇L\𝑃J(𝑓!)𝐿#!(𝑓! , 𝑇L) +

𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇L)]{ + 𝛼L𝐻A(𝐺L) z𝑃J(𝑓!)𝐿#!(𝑓! , 𝑇L) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇L) +

𝑇L\𝑃J(𝑓!)𝐿#R$
! (𝑓! , 𝑇L) + 𝑃(𝑓!)𝐿#R$J

! (𝑓! , 𝑇L)]{ > 0,  

          𝑇JL(𝑓!) < 0 if P
++(Q,)
P+(Q,)

𝐿#L(𝑇L) z(1 + 𝑟)𝑚 + 𝑇L\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇L) +

𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇L)]{ + 𝛼L𝐻A(𝐺L) z𝑃J(𝑓!)𝐿#!(𝑓! , 𝑇L) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇L) +

𝑇L\𝑃J(𝑓!)𝐿#R$
! (𝑓! , 𝑇L) + 𝑃(𝑓!)𝐿#R$J

! (𝑓! , 𝑇L)]{ < 0, 

with  𝐺L = (1 + 𝑟)𝑚𝑓! − 𝑏 + 𝑇L𝐿#L(𝑇L) + 𝑇L𝐿#! (𝑓! , 𝑇L)𝑃(𝑓!). 

 

If 𝑇JL is negative, a higher 𝑓!  will lead to a reduction in tax rate by party 𝑛 in period 2 and if 

𝑇JL is positive, a higher 𝑓!  will lead to an increase in tax rate by party 𝑛 in period 2. 

       

The condition that determines the sign of the period 2 tax rate’s reaction function of party 𝑒 

and party 𝑛 is the change in the net marginal benefit of the tax rate of party 𝑒 and party 𝑛 

respectively when 𝑓!  rises. If an increase in the level of HE investment increases the net 

marginal benefit of tax, then the period 2 government should increase the tax rate to 

maximize utility and if it decreases the net marginal benefit of tax, then the period 2 
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government should decrease the tax rate. The conditions in (6.5) and (6.6) are derived in 

Appendix A6.4.  

 

6.3.3   The Period 1 Incumbent’s Incentive on the Level of 𝑓)  without Government 

Borrowing 

To focus on the incentives facing the incumbent’s decision on the student loans level 𝑓!, first, 

we consider the case in which the incumbent cannot issue debt 𝑏 in period 1. The model is 

the same as the one in section 6.2 except there is no government debt 𝑏. Assume party 𝑛 is 

in charge in period 1. The optimal period 1 tax rate set by incumbent 𝑛 will always be an 

interior solution, meaning it is below the rate that maximizes the period 1 tax revenue. Let 

𝑝L denote the probability that party 𝑛 will be re-elected next period and 𝑝! = 1 − 𝑝L be the 

probability that party 𝑒 will be elected next period.  

(6.7)		𝛼L(1 + 𝑟)𝑚[𝐻A(𝐺!) − 𝐻A(𝐺L)]

+ 𝛼L z𝐻A(𝐺!)𝑇!\𝑃J(𝑓L!)𝐿#!(𝑓L! , 𝑇!) + 𝑃(𝑓L!)𝐿#J! (𝑓L! , 𝑇!)]

− 𝐻A(𝐺L)𝑇L\𝑃J(𝑓L!)𝐿#! (𝑓L! , 𝑇L) + 𝑃(𝑓L!)𝐿#J! (𝑓L! , 𝑇L)]{

+ 𝑇J!(𝑓L!) �
𝛼L

𝛼! 𝑃
(𝑓L!)𝐿#! (𝑓L! , 𝑇!) − 𝐿#L(𝑇!)�. 

 

Proposition 6.1: Whether party 𝑛 would increase or decrease its optimal choice of 𝑓! , 𝑓L! , 

when it realizes its re-election chances are decreased depends on the sign of (6.7):  

• If (6.7) > 0, then party 𝑛 increases 𝑓*).    

• If (6.7) < 0, then party 𝑛 decreases 𝑓*). 

• If (6.7) = 0, then party 𝑛 does not change 𝑓*). 
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When 𝑉A(1 − 𝑙) = 𝜙𝑙  with 𝜙  being a positive constant, as 𝐻AA(𝑔) ⟶ 0 , incumbent 𝑛  will 

increase 𝑓!  when its probability of re-election falls if 𝑇! > 𝑇L  and decrease 𝑓!  when its 

probability of re-election falls if 𝑇! < 𝑇L. 

 

𝑉A(1 − 𝑙) is the marginal utility of leisure. Condition (6.7) and the incumbent 𝑛’s decision 

under specific leisure functions that result in  𝑉A(1 − 𝑙) = 𝜙𝑙 are derived in Appendix A6.5. 

We will use (6.7) and (6.4) to compare the incentives of changing the level of 𝑓!  and changing 

the level of 𝑏. Moreover, the sign of condition (6.7) allows us to compare the optimal level of 

𝑓!  when the re-election is certain to not happen and when the re-election is certain for the 

incumbent. If (6.7) is positive, then incumbent 𝑛 will set 𝑓! at a higher level when re-election 

does not happen compared to when it is certain to happen. If (6.7) is negative, then 

incumbent 𝑛 will set 𝑓!  at a lower level when re-election does not happen compared to when 

it is certain to happen. 

 

Note that if 𝑇! = 𝑇L , then (6.7) = 0 and party 𝑛 will not change its optimal choice of 𝑓! 

when its re-election probability falls. This is because if the incumbent and its potential 

successor preferred the same level of period 2 policies, the partisan incumbent is indifferent 

between being re-elected and not re-elected. Changing its re-election prospect will not 

change its optimal policy. If there is no polarisation, increased political uncertainty will not 

affect the incumbent’s policies. 

 

The second term 𝛼L[𝐻A(𝐺!)𝑇!\𝑃J(𝑓L!)𝐿#! (𝑓L! , 𝑇!) + 𝑃(𝑓L!)𝐿#J! (𝑓L! , 𝑇!)] −

𝐻A(𝐺L)𝑇L\𝑃J(𝑓L!)𝐿#! (𝑓L! , 𝑇L) + 𝑃(𝑓L!)𝐿#J! (𝑓L! , 𝑇L)]]  is new compared to (6.4) and can be 

treated as the “pure investment” incentive facing incumbent 𝑛  under increased political 
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uncertainty. This term exists in this case with HE investment because of an increase in 𝑓! 

results in an increase in the labour supply from group 𝑒 and their labour productivity which 

increases the tax revenue available in period 2 and the size of this increase is different under 

different tax rates. This term is the difference between group 𝑒 and group 𝑛 of the product 

of the marginal utility of public goods and the marginal revenue of investment (MRI). If 𝑇L <

𝑇!  and the MRI is increasing in period 2 tax rate, the incumbent 𝑛  has the incentive to 

increase 𝑓!  when it is less likely to be re-elected as it expects a higher tax rate in period 2. 

Here, this higher tax rate increases the return on investment for the incumbent 𝑛. However, 

the MRI is weighted by the marginal utility of public goods as 𝑔 is what the tax revenue is 

spent on. When 𝐺L < 𝐺! , the marginal utility of public goods is lower when party 𝑒 is in 

charge and this creates an incentive to decrease 𝑓!. Overall, the sign of this second term is 

unknown. 

 

The remaining terms have their counterpart in condition (6.4) with the modified model based 

on Persson and Svensson (1989) with only government borrowing and are focused on the 

differences in the preferred level of period 2 policies between the two groups. In the first 

term 𝛼L(1 + 𝑟)𝑚[𝐻A(𝐺!) − 𝐻A(𝐺L)], the position of 𝐺!  and 𝐺L  is switched compared to 

(6.4) and represents the opposite incentives for the decision on 𝑓! compared to the decision 

on 𝑏. This term comes from the student loan repayment from group 𝑒 in period 2, the higher 

the student loan level in period 1 the higher the level of loan repayment available in period 2 

to be spent on public goods. Assuming we are in the case with 𝐺L < 𝐺!, the conservative 

group 𝑛 prefers a lower public goods level than group 𝑒. The term 𝛼L(1 + 𝑟)𝑚[𝐻A(𝐺!) −

𝐻A(𝐺L)] is negative, the incumbent 𝑛 has the incentive to reduce the level of 𝑓!  when its 
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probability of re-election falls to lower the level of loan repayment in period 2 so that party 𝑒 

has less revenue available and will reduce spending on 𝑔, ceteris paribus.  

 

The final term in (6.7), 𝑇J!(𝑓L!)[
O,

O*
𝑃(𝑓L!)𝐿#! (𝑓L! , 𝑇!) − 𝐿#L(𝑇!)] , is the expected future tax 

distortion and can find a similar function/incentive represented in (6.4). The bracket 

[O
,

O*
𝑃(𝑓L!)𝐿#!(𝑓L! , 𝑇!) − 𝐿#L(𝑇!)] is the difference in the marginal cost of taxation weighted by 

the inverse of public goods preferences at the tax rate set by party 𝑒 in period 2. The group 

with the higher weighted marginal cost of taxation prefers a lower tax rate, e.g. if 

O,

O*
𝑃(𝑓L!)𝐿#! (𝑓L! , 𝑇!) − 𝐿#L(𝑇!) < 0 , then 𝑇L < 𝑇! . The term outside the bracket, 𝑇J!(𝑓L!) , 

represents how would party 𝑒  change the tax rate when facing a higher level of 𝑓! . The 

incumbent has an incentive to change 𝑓! so its potential successor’s period 2 tax rate will be 

set closer to its preferred level. 

 

When party 𝑒 is in charge in period 1, the incentives facing party 𝑒 on whether it will increase 

or decrease the level of student loans under increased political uncertainty are evaluated by 

a similar function to (6.7). Because group 𝑒 does not supply labour in period 1, a rise in period 

1 tax rate does not reduce the group 𝑒’s utility. Incumbent 𝑒 will set the period 1 tax rate to 

extract tax revenue from group 𝑛 to match the optimal level of 𝑓! . The period 1 budget 

constraint for incumbent 𝑒 could be thought of as an inequality constraint with an upper limit 

for 𝑓!. We assume this constraint does not bind, meaning the optimal level of 𝑓! is below the 

maximum period 1 tax revenue. 
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(6.8)		𝑃J(𝑓!!)[(1 − 𝑇L)𝐿#! (𝑓!! , 𝑇L) − (1 − 𝑇!)𝐿#! (𝑓!! , 𝑇!)]

+ 𝛼!(1 + 𝑟)𝑚[𝐻A(𝐺L) − 𝐻A(𝐺!)]

+ 𝛼! z𝐻A(𝐺L)𝑇L\𝑃J(𝑓!!)𝐿#! (𝑓!! , 𝑇L) + 𝑃(𝑓!!)𝐿#J! (𝑓!! , 𝑇L)]

− 𝐻A(𝐺!)𝑇!\𝑃J(𝑓!!)𝐿#! (𝑓!! , 𝑇!) + 𝑃(𝑓!!)𝐿#J! (𝑓!! , 𝑇!)]{

+ 𝑇JL(𝑓!!) �
𝛼!

𝛼L 𝐿#
L(𝑇L) − 𝑃(𝑓!!)𝐿#! (𝑓!! , 𝑇L)�. 

 

Proposition 6.2: Whether party 𝑒 would increase or decrease its optimal level of 𝑓!, 𝑓!!, when 

it realizes it is less likely to be re-elected depends on the sign of (6.8): 

• If (6.8) > 0, then party 𝑒 increases 𝑓!!, 

• If (6.8) < 0, then party 𝑒 decreases 𝑓!!, 

• If (6.8) = 0, then party 𝑒 does not change 𝑓!!. 

When 𝑉A(1 − 𝑙) = 𝜙𝑙  with 𝜙  being a positive constant, as 𝐻AA(𝑔) ⟶ 0 , incumbent 𝑒  will 

increase 𝑓!  when its probability of re-election falls if 𝑇! > 𝑇L  and decrease 𝑓!  when its 

probability of re-election falls if 𝑇! < 𝑇L. 

 

Condition (6.8) and the incumbent 𝑒’s decision under specific leisure functions are derived in 

Appendix A6.6. Similar to condition (6.7), if (6.8) is positive, incumbent 𝑒 will set 𝑓! at a higher 

level when its re-election would not happen compared to when its re-election is certain. If 

(6.8) is negative, incumbent 𝑒 will set 𝑓! at a lower level when re-election would not occur 

compared to when it is certain. 

 

For the same reason, incumbent 𝑒 will also not change the level of 𝑓!! when its probability of 

re-election falls if 𝑇! = 𝑇L. 
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The last 3 terms of condition (6.8) 𝛼!(1 + 𝑟)𝑚[𝐻A(𝐺L) − 𝐻A(𝐺!)] , 

𝛼![𝐻A(𝐺L)𝑇L\𝑃J(𝑓!!)𝐿#! (𝑓!! , 𝑇L) + 𝑃(𝑓!!)𝐿#J! (𝑓!! , 𝑇L)] − 𝐻A(𝐺!)𝑇!\𝑃J(𝑓!!)𝐿#!(𝑓!! , 𝑇!) +

𝑃(𝑓!!)𝐿#J! (𝑓!! , 𝑇!)]]  and 𝑇JL(𝑓!!)[
O*

O,
𝐿#L(𝑇L) − 𝑃(𝑓!!)𝐿#!(𝑓!! , 𝑇L)]  all have its symmetric 

counterpart in condition (6.7) but with 𝑇JL(𝑓!!) since now it is incumbent 𝑒 trying to influence 

the period 2 tax rate set by party 𝑛 as the incumbent 𝑒 expect a higher probability of party 𝑛 

being elected in period 2. 

 

The additional term 𝑃J(𝑓!!)[(1 − 𝑇L)𝐿#!(𝑓!! , 𝑇L) − (1 − 𝑇!)𝐿#! (𝑓!! , 𝑇!)] exists because group 

𝑒’s wage directly benefits from investment in HE. 𝑃J(𝑓!!) is the increase in group 𝑒’s wage 

because of higher 𝑓!. This is not affected by the identity of the period 2 government. The 

bracket [(1 − 𝑇L)𝐿#! (𝑓!! , 𝑇L) − (1 − 𝑇!)𝐿#!(𝑓!! , 𝑇!)] is the difference in the net income of 

group 𝑒 (divided by 𝑃(𝑓!)) between when party 𝑛 is in charge in period 2 and when party 𝑒 

is in charge in period 2. Combined, this new term is the difference in the benefit of a higher 

𝑓!  through the increase in wage on the group 𝑒’s net income between the party 𝑛’s period 2 

tax rate and the party 𝑒’s period 2 tax rate and could be interpreted as the private economic 

incentive facing incumbent 𝑒 when its re-election chances fall. It represents the difference in 

the benefit of improving the quality of HE on the group 𝑒’s net income between the two 

period 2 governments. This term is positive if 𝑇L < 𝑇!  and is negative if 𝑇L > 𝑇!. Therefore, 

if group 𝑛 prefers a lower period 2 tax rate than group 𝑒, this term represents an incentive 

for incumbent 𝑒 to increase the level of 𝑓! because the private benefit of HE investment is 

greater the lower the period 2 tax rate is expected.  
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Using the insights from our specific example, we conclude that when facing the same period 

1 policies, if the two parties’ response to a change in the level of 𝑓!  is always consistent to 

itself and opposite to each other, then we can always make a certain prediction on the 

incumbent’s decision on 𝑓!  when its probability of re-election changes by comparing the 

preferred levels of period 2 policies. 

    

As conditions (6.7) and (6.8) have shown, the direction that the incumbent government in 

period 1 chooses to respond to a change in its re-election probability by changing the optimal 

issuing of 𝑓!  depends on several factors: 

1. The function 𝑃(. ) which represents the quality of HE.  

2. The difference between public goods preferences, 𝛼L  and 𝛼! , between the two 

groups of voters. 

3. The direction and magnitude of the period 2 party changing their period 2 tax rate in 

response to the increase in student loan debt 𝑓!, which depends on conditions in (6.5) 

and (6.6). 

    

The first and second factor determines the difference in the preferred levels of period 2 tax 

rate and public goods between group 𝑛 and group 𝑒. The third factor determines everything 

else in (6.7) and (6.8) given the preferred tax rates due to the equivalence of cross derivatives. 

Using conditions (6.7) and (6.8), we investigate how the incentives facing the incumbent on 

the student loan level decision under political uncertainty relate to and also differ from the 

decision on government borrowing in Persson and Svensson (1989), these different kinds of 

incentives are summarised in Table 6.1. 
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Table 5.1: Summary of the Incentives Facing the Incumbent Presented in Sections 6.3.1 and 6.3.3 

 𝑏 𝑓! with Incumbent 
𝑛 𝑓!  with Incumbent 𝑒 

Public Goods 
Distortion Exist Exist Exist 

Period 2 Tax Rate 
Distortion Exist Exist Exist 

Investment 
Incentive for Public 

Goods 
Does not exist Exist Exist 

Private Economic 
Incentive Does not exist Does not exist Exist 

 

Same as Persson and Svensson (1989), it is uncertain whether the incumbent will increase or 

decrease the student loan level in general even though we provide a specific example in which 

the incumbent decision is certain given the difference in preferred period 2 tax rates. Even if 

the incumbent conservative government’s voters’ income does not increase from higher 

investment in HE, it is still possible for the conservative government to increase the student 

loan level when it expects to be replaced by a different government in the future. 

 

6.3.4   The Period 1 Incumbent’s Incentive on the Level of 𝑓)  with Government 

Borrowing 

In sections 6.3.1 and 6.3.3, we have separately considered the case with only government 

borrowing 𝑏  and only student loans 𝑓!  and analysed the incentives facing the incumbent 

when its probability of re-election changed. In this section, we will consider the incumbent 

decision on 𝑓!  when the incumbent is deciding both the level of 𝑓! and 𝑏 in period 1. The 

incentives examined in sections 6.3.1 and 6.3.3 still apply. The period 2 tax rate 𝑇L and 𝑇! is 

now a function of both 𝑓!  and 𝑏 set by the incumbent. 
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In Appendix A6.7, we derive the condition that decides whether the incumbent would 

increase or decrease the level of student loans using the implicit function theorem for a 

system of equations. Conditions (6.7) and (6.8) are still important determinants of the 

incumbent’s decision on 𝑓!  but we also need to take the government decision on debt 𝑏 into 

account since the government is also incentivised to change the level of 𝑏 when its re-election 

probability falls. 

 

When the incumbent government is party 𝑛 the incumbent is maximizing the expected utility 

of group 𝑛 (𝐸𝑈L) with respect to 𝑓!  and 𝑏. The optimal level of 𝑓! and 𝑏 are determined by 

two first-order conditions: 

(𝐹𝑂𝐶6.1)		
𝜕𝐸𝑈L

𝜕𝑓!

= −𝐿&L;𝑇&L(𝑓! − 𝑏)<𝑇&JL (𝑓! − 𝑏)

+ 𝑝L �𝛼L𝐻A(𝐺L) z(1 + 𝑟)𝑚 + 𝑇L\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇L) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇L)]{�

+ (1 − 𝑝L)  −𝑇J!(𝑓! , 𝑏)𝐿#L(𝑇!) + 𝑇J!(𝑓! , 𝑏)
𝛼L

𝛼! 𝑃
(𝑓!)𝐿#! (𝑓! , 𝑇!)

+ 𝛼L𝐻A(𝐺!) z(1 + 𝑟)𝑚 + 𝑇!\𝑃J(𝑓!)𝐿#!(𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!)]{¡ = 0. 

 

(𝐹𝑂𝐶6.2)		
𝜕𝐸𝑈L

𝜕𝑏

= −𝐿&L;𝑇&L(𝑓! − 𝑏)<𝑇&NL (𝑓! − 𝑏) + 𝑝L[−𝛼L𝐻A(𝐺L)]

+ (1 − 𝑝L) �𝑇N!(𝑓! , 𝑏) �
𝛼L

𝛼! 𝑃
(𝑓!)𝐿#! (𝑓! , 𝑇!) − 𝐿#L(𝑇!)� − 𝛼L𝐻A(𝐺!)� = 0. 
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As shown in Appendix A6.7, whether incumbent 𝑛 will increase or decrease the level of 𝑓! 

when its probability of re-election falls is the same as the sign of the following term (with 

ST2FU.#
SN

 denoted by (−)): 

(6.9) 																																				− �
𝜕𝐹𝑂𝐶6.1
𝜕𝑝!

(−) −
𝜕𝐹𝑂𝐶6.2
𝜕𝑝!

𝜕𝐹𝑂𝐶6.1
𝜕𝑏 �. 

 

The first part of the condition (6.9), ST2FU.&
S5*

, is the condition (6.7) with the period 2 tax rate 

being dependent on both 𝑓!  and 𝑏. The economic interpretations of the various terms in 

ST2FU.&
S5*

 are the same as in the case without government borrowing. This first part of (6.9) 

represents the direct effect of an increase in 𝑝!. For the second part of the condition (6.9), 

the term ST2FU.&
SN

 is the change in the net marginal benefit of HE investment 𝑓!  after an 

increase in the government borrowing 𝑏 . If ST2FU.&
SN

 is positive, it means the government 

should increase the level of HE investment if the government decides to increase the level of 

government borrowing, ceteris paribus. The term ST2FU.#
S5*

 is the same as condition (6.4) on the 

incumbent 𝑛’s decision on the level of 𝑏 with exogenous HE investment and the terms have 

the same economic interpretation. Multiply the two terms, and if both terms are positive, the 

economic interpretation of the product is that under lower re-election chances, the 

incumbent 𝑛 is incentivised to increase the level of borrowing and this creates an incentive 

for the incumbent to increase the level of 𝑓!  because the net marginal benefit of HE 

investment increases under a higher level of 𝑏 . The second part of (6.9) is the indirect 

influence of 𝑝!  on the government decision of 𝑓! through affecting the borrowing decision. 

In this example ST2FU.#
S5*

 and ST2FU.&
SN

 having the same sign, the incumbent is incentivised to 

increase 𝑓!  from the indirect effect of 𝑝! through 𝑏.  
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If the incumbent government is party 𝑒 and the period 1 tax rate is an interior solution, the 

sign of SJ
*

S5,
 is determined by a similar condition to (6.9) with the same interpretation but for 

party 𝑒. In Appendix A6.7, we derived this condition using the same method.  

−�
𝜕𝐹𝑂𝐶6.3
𝜕𝑝L

(−) −
𝜕𝐹𝑂𝐶6.4
𝜕𝑝L

𝜕𝐹𝑂𝐶6.3
𝜕𝑏 �, 

with ST2FU.W
SN

 denoted by (−) and  

(𝐹𝑂𝐶6.3)	
𝜕𝐸𝑈!

𝜕𝑓!

= −(1 + 𝑟)𝑚

+ 𝑝L  𝑃J(𝑓!)(1 − 𝑇L)𝐿#! (𝑓! , 𝑇L) − 𝑃(𝑓!)𝑇JL(𝑓! , 𝑏)𝐿#!(𝑓! , 𝑇L)

+
𝛼!

𝛼L 𝑇J
L(𝑓! , 𝑏)𝐿#L(𝑇L)

+ 𝛼!𝐻A(𝐺L) z(1 + 𝑟)𝑚 + 𝑇L\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇L) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇L)]{¡

+ (1 − 𝑝L) �𝑃J(𝑓!)(1 − 𝑇!)𝐿#!(𝑓! , 𝑇!)

+ 𝛼!𝐻A(𝐺!) z(1 + 𝑟)𝑚 + 𝑇!\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!)]{� = 0. 

 

(𝐹𝑂𝐶6.4)	
𝜕𝐸𝑈!

𝜕𝑏

= 𝑝L �𝑇NL(𝑓! , 𝑏) �
𝛼!

𝛼L 𝐿#
L(𝑇L) − 𝑃(𝑓!)𝐿#!(𝑓! , 𝑇L)� − 𝛼!𝐻A(𝐺L)�

+ (1 − 𝑝L)[−𝛼!𝐻A(𝐺!)] = 0. 

When the period 1 tax rate is at the corner solution, the incumbent 𝑒  is effectively only 

choosing the optimal level of 𝑓!  with 𝑏 written as a function of 𝑓!  based on the period 1 



 242 

budget constraint with SN
SJ*

= 1. An additional unit of HE investment 𝑓! will be funded by an 

additional unit of debt. Whether incumbent 𝑒 will increase or decrease the level of 𝑓!  when 

its probability of re-election falls depends on the sign of the following term 

(6.10)		𝑃J(𝑓!)[(1 − 𝑇L)𝐿#! (𝑓! , 𝑇L) − (1 − 𝑇!)𝐿#! (𝑓! , 𝑇!)] + 𝛼!(1 + 𝑟)𝑚[𝐻A(𝐺L) −

𝐻A(𝐺!)] + 𝛼! z𝐻A(𝐺L)𝑇L\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇L) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇L)] −

𝐻A(𝐺!)𝑇!\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!)]{ + \𝑇JL(𝑓! , 𝑏) + 𝑇NL(𝑓! , 𝑏)] z
O*

O,
𝐿#L(𝑇L) −

𝑃(𝑓!)𝐿#! (𝑓! , 𝑇L){ + 𝛼![𝐻A(𝐺!) − 𝐻A(𝐺L)]. 

 

The condition (6.10) is similar to condition (6.8). If (6.10) is positive, incumbent 𝑒 will increase 

the optimal level of 𝑓!  and 𝑏 when its probability of re-election falls. If (6.10) is negative, 

incumbent 𝑒  will instead lower the optimal level of 𝑓!  and 𝑏  when the probability of re-

election falls. The condition (6.10) is ST2FU.@
S5,

+ ST2FU.W
S5,

 because SN
SJ*

= 1. When the incumbent 

𝑒’s probability of re-election falls, its decision to change the optimal level of 𝑓!  is jointly 

determined by the terms representing the incentives of only changing 𝑓!  plus the terms 

representing the incentives of only changing 𝑏 since when incumbent 𝑒 changes 𝑓!, he will 

also change 𝑏 by the same amount. 

 

Note that in all the cases we examined above, if 𝑇! = 𝑇L, the incumbent will not change the 

level of 𝑓!  and 𝑏 when its probability of re-election changes. 

 

Similar to Propositions 6.1 and 6.2, under specific leisure functions and with 𝐻(. ) being as 

linear as possible, we will obtain certain predictions for the incumbent decision on 𝑓!. 
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As 𝐻AA(𝑔) ⟶ 0, (ST2FU.#
S5*

, ST2FU.W
S5,

) ⟶ 0. The incumbent 𝑛’s decision on 𝑓! is determined by 

the sign of ST2FU.&
S5*

 and Proposition 6.1 applies to this case with both 𝑓! and 𝑏. The incumbent 

𝑒’s decision on 𝑓!  is determined by the sign of ST2FU.@
S5,

 both when the period 1 tax rate is an 

interior solution and when it is a corner solution, so Proposition 6.2 applies here.  

 

Proposition 6.3: When the incumbent controls both 𝑓! and 𝑏 and the voters’ leisure function 

results in 𝑉A(1 − 𝑙) = 𝜙𝑙 with 𝜙 being a positive constant, as 𝐻AA(𝑔) ⟶ 0, both incumbent 𝑛 

and 𝑒  will increase 𝑓!  when its probability of re-election falls if 𝑇! > 𝑇L  and decrease 𝑓! 

when its probability of re-election falls if 𝑇! < 𝑇L. 

 

Under these assumptions, as voters’ utility from public goods approaches a linear function, 

the incumbent’s decision on 𝑓!  under increasing political uncertainty is determined by the 

preferred levels of period 2 policies. 

 

6.4 Computational Model and Results 

In this section, we will present the computational results of the model generated using 

MATLAB. We will first introduce the specific functions used in our computation. Then we will 

present the values of the parameters. Finally, we will present and discuss the quantitative 

results.  

6.4.1 The Computational Model 

Table 6.2 matches the specific functions used to the general functions presented in Section 

6.2.  
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Table 6.2: Specific Functions Used for Computation 

General Function Specific Function 

𝐹(𝑐&) ln	(𝑐&) 

𝑉(1 − 𝑙) 1 − 𝜑𝑙# 

𝑃(𝑓!) 1 + (𝑓!)X 

𝐻(𝑔) ln	(𝑔) 

 
 

For computing our results, we removed the assumption that there is one unit of time in each 

period, and we added an assumption that the incumbent is making sure all period 2 

consumptions are not negative when maximizing its group’s utility. For our theoretical results 

based on the general model, we assumed that all period 2 consumptions are positive even 

without the constraints which is a reasonable assumption that is also implicitly assumed in 

Persson and Svensson (1989). For our specific functions which created a stylized model, we 

take the possibility that some of the period 2 consumption could be negative without taking 

these constraints into account. The code for incumbent 𝑛 ’s optimization problem is in 

Appendix 6.8 and the code for incumbent 𝑒’s optimization problem is in Appendix 6.9. 

 

6.4.2 Parameters 

Table 6.3 presents the values of our parameters. 
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Table 6.3: Parameters’ Values 

Parameters Values 

𝛾 0.13 

𝛼L 0.677 

𝛼! 1.323 

𝑟 0 

𝑚 1 

𝑤 1 

𝜑 0.6 

 

The value of 𝛾  is estimated using two relations: 1. :4(J*)
:J*

J*

4(J*)
=

𝑒𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦	𝑜𝑓	𝑤𝑎𝑔𝑒	𝑤𝑖𝑡ℎ	𝑟𝑒𝑠𝑝𝑒𝑐𝑡	𝑡𝑜	𝐻𝐸	𝑠𝑝𝑒𝑛𝑑𝑖𝑛𝑔. 2. 4(J
*)

&
= 𝑔𝑟𝑎𝑑𝑢𝑎𝑡𝑒	𝑤𝑎𝑔𝑒	𝑝𝑟𝑒𝑚𝑖𝑢𝑚. 

For the wage elasticity, we used Tremblay (1986) which estimated the elasticity for the US 

southern and non-southern men aged 24-34 in 1976. We weighted the elasticity based on the 

number of southern and non-southern men used in Tremblay (1986) and obtained 0.0399. 

Our wage premium is 1.444 which is the wage premium for men of all experience from 1975 

to 1980 estimated by Murphy and Welch (1989). Based on these data, we obtained 𝛾 = 0.13.  

 

Using data from the International Monetary Fund (IMF) website for the US government 

expenditure as a percentage of GDP from 1973 to 2020, we calculated that when the 
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president is a Republican this percentage is 35.67% and when the president is a Democrat this 

percentage is 36.37%. For parameter 𝛼L , its value is chosen so that incumbent 𝑛 ’s 

government expenditure over GDP ratio is close to 35.76% when 𝑝L = 1. For parameter 𝛼!, 

its value is chosen so that incumbent 𝑒’s government expenditure over GDP ratio is close to 

36.37% when 𝑝L = 0. 

 

We assume 𝑟 = 0, meaning the student loans’ interest rate is equal to the world interest rate 

and 𝑚 = 0, meaning all the student loans will be repaid. The assumption 𝑤 = 1 means group 

𝑒 does not need to borrow anything to cover their consumption in period 1. We also assume 

𝜑 = 0.6. 

 

Given our specific functions and parameters’ values, unless the optimal 𝑓!  is around 

0.000835, there will be polarisation in the model. If 𝑓! is greater than 0.000835, group 𝑛 will 

prefer a higher period 2 tax rate and government spending than group 𝑒. 

 

6.4.3 Results and Discussion 

Figure 6.4 shows the values of the incumbent 𝑛’s optimal period 1 policies and the expected 

utility of group 𝑛  at every level of 𝑝L . Figure 6.5 shows the values of the incumbent 𝑒 ’s 

optimal period 1 policies and the expected utility of group 𝑒  at every level of 𝑝L . Both 

incumbents’ groups’ expected utility is higher when the incumbent’s re-election is more 

certain. 
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Figure 6.4: Incumbent 𝑛’s Optimal Period 1 Policies and Group 𝑛’s Expected Utility 

 

 

Figure 6.5: Incumbent 𝑒’s Optimal Period 1 Policies and Group 𝑒’s Expected Utility 
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Our computational results support the argument that changes in the incumbent’s re-election 

probability will affect public investment (𝑓! ) and public debt (𝑏). This is in line with our 

theoretical results that the incumbent government is incentivised to change the level of 𝑓! 

when its probability of re-election changes. In both Figure 6.4 and Figure 6.5, when the 

incumbent’s re-election becomes more uncertain, the incumbent will reduce the level of 

investment into HE, this result agrees with the papers that found political uncertainty and 

polarisation lower the level of public investment. However, this observation needs to be 

interpreted with caution as our computational model is based on specific functions which 

limits the generalizability of this finding. Table 6.4 presents the percentage change in 𝑓!  when 

the incumbent switches from a certain re-election to its re-election being certain to not 

happen. In terms of percentage, incumbent 𝑒 decreases 𝑓! by 8.525% which is larger than 

incumbent 𝑛 which only decreases 𝑓! by 0.639%.   

 

Table 6.4: Percentage Change in 𝑓! 

 Incumbent  𝑓!  when 𝑝L = 0 𝑓! when 𝑝L = 1   Percentage Change 

 𝑛 0.5199  0.5223 -0.639  

 𝑒 0.1759 0.1609  -8.525  

 

Figure 6.6 and Figure 6.7 show the incumbent’s group’s actual utility when the incumbent is 

re-elected and when the incumbent is not re-elected. The incumbent sets the period 1 policies 

taking into account the effects on period 2 policies so that the actual utility when re-elected 

increases when re-election becomes more certain and the actual utility when not re-elected 
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increases when re-election becomes more uncertain as 𝑝L  is the weight the incumbent 

attaches to the utilities in the two possible scenarios. 

Figure 6.6: Group 𝑛’s Actual Utility at the Two Election Possibilities with Incumbent 𝑛 

 

Figure 6.7: Group 𝑒’s Actual Utility at the Two Election Possibilities with Incumbent 𝑒 
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The two incumbents set different period 1 policies at every re-election probability. Incumbent 

𝑛 subsidize the period 1 labour supply with a negative tax rate with the period 1 government 

budget entirely funded by debt. It makes sense for incumbent 𝑛 to offer a lower period 1 tax 

rate than incumbent 𝑒 because only group 𝑛 supplies labour and earns income in period 1 

and would benefit from such a policy. Perhaps surprisingly, incumbent 𝑛 invests more into HE 

than incumbent 𝑒 despite group 𝑛’s wage is not dependent on 𝑓!. This is likely a result of the 

fact that this HE investment is in the form of a loan that group 𝑒 needs to pay back which 

reduces group 𝑒’s period 2 consumption. Because incumbent 𝑛 does not maximize group 𝑒’s 

expected utility, it does not take this into account, unlike incumbent 𝑒. 

 

Figure 6.8: Period 2 Consumptions under Incumbent 𝑒 
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Figure 6.9: Incumbent 𝑒’s Optimal Period 1 Policies and Group 𝑒’s Expected Utility with 𝜑 Reduced from 0.6 to 0.3 

 

Figure 6.10: Period 2 Consumptions under Incumbent 𝑒 with 𝜑 Reduced from 0.6 to 0.3 
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A limitation of our model is that some of the results are dependent on the assumptions of 

parameter values. As shown in Figure 6.8, group 𝑛’s period 2 consumptions are at a corner 

solution with incumbent 𝑒. The reason incumbent 𝑒 set a low period 1 tax rate is to make sure 

group 𝑛’s period 2 consumption will not be negative. Figure 6.9 and Figure 6.10 show that if 

we change 𝜑 to 0.3 (reduce the marginal disutility of labour) and keep all other parameters 

constant, the group 𝑛’s period 2 consumption will be strictly positive and the period 1 tax rate 

will be close to 0.5 which maximize the period 1 tax revenue which are either saved or spend 

on 𝑓! . Despite incumbent 𝑒  effectively no longer changing its period 1 tax rate when its 

probability of re-election changes, he still changes 𝑓! and b. Unless the different groups in 

the economy prefer the same period 2 policies (no polarisation), we should expect the 

partisan incumbent to change its policies when its probability of re-election changes. 

 

6.5 Conclusion 

In this paper, we examine the question: Why would an incumbent government increase 

spending on HE and student loan levels when its voters are not directly benefitting from HE? 

 

Using our model without government borrowing, we show in a polarised society, when the 

incumbent conservative government knows its re-election probability in the next period falls, 

there are several incentives determining whether it will increase or decrease the tuition fees 

and student loan level. These incentives are presented in condition (6.7) of Proposition 6.1. 

The first is a “pure investment” incentive and it is the difference in the product of the marginal 

utility of public goods and the MRI between the two different parties being in charge in period 

2. The other two terms can be interpreted as the incentives behind the decision of the 
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incumbent to optimally distort the level of student loans to influence the period 2 

government’s decision on tax rates and public goods and they have their corresponding 

counterpart in the model of Persson and Svensson (1989) on government borrowing. For 

example, when the potential liberal successor government prefers a higher level of tax rates 

and public goods than the incumbent conservative government, if the liberal government’s 

preferred level of tax rates falls when their voters face a higher level of student loan debt, 

then the incumbent conservative government has conflicting incentives, it wants to increase 

the level of student loans to reduce the period 2 tax rates but it also wants to reduce the level 

of loans to reduce the level of student loans repayment which lowers the level of public goods 

set by the liberal successor. In our model, the conservative group have a lower preference for 

public goods but if the quality of HE is high enough, the liberal group can prefer lower tax 

rates and public goods due to the high cost of taxation. If the incumbent government is liberal, 

it faces an additional incentive to change the student loan level when its probability of re-

election falls because its own voters’ wage is increasing in 𝑓! and the benefit of this wage 

increase on the net income is larger the lower the period 2 tax rate. Consequently, if the 

conservative successor prefers a lower period 2 tax rate, the liberal incumbent is incentivised 

to increase 𝑓!. All the incentives discussed above are summarised in Table 6.1.  

 

In addition to the other papers within the literature that include only government borrowing 

or only some types of public investment, we present the incentives facing the conservative 

incumbent on the student loan decision under political uncertainty in which the incumbent is 

simultaneously deciding the level of government borrowing. Condition (6.7) in Proposition 6.1 

derived from the model without government borrowing still exists and represents the direct 

effect of a change in the re-election probability. Since the marginal benefit of 𝑓! is different 
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under different levels of debt, the change in re-election probability also indirectly affects the 

decision on 𝑓!  by affecting the borrowing decision.  

 

We also show that under specific leisure functions, as the utility function for public goods 

becomes more and more linear, whether the incumbent will increase or decrease 𝑓!  when 

its probability of re-election falls is dependent on the difference of the preferred period 2 tax 

rate between the two possible period 2 governments under the same period 1 policies. The 

incumbent will increase 𝑓!  if 𝑇! > 𝑇L and will decrease 𝑓! if 𝑇! < 𝑇L. 

 

Finally, our computational results based on a stylized model also showed that the incumbent 

government will set different levels of student loans at different probabilities of re-election. 

It provides support to our theoretical results that the incumbent is incentivised to change the 

level of student loans when its probability of re-election changes. 

 

We applied the literature on the theories of public investment under uncertainty and 

polarisation to the government's decision on setting tuition fees and student loan levels. 

Unlike other papers in the literature, our results did not strictly predict the government must 

reduce investment or increase investment when the probability of re-election falls. Instead, 

the government's decision depends on several incentives which could act in opposite 

directions to each other. Like government debt and public investment, in theory, the HE policy 

is another way for the government to exert some influence over future policies. We present 

an additional potential factor to explain the rise in student loan debt and tuition fees that has 

not been studied before.  
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Chapter 7: Conclusions 

This chapter will conclude the thesis by summarising the key research findings of each of the 

four papers, corresponding to Chapters 3 to 6, and discussing their contributions. It will also 

review the limitations of each of the four papers and propose directions for future research.  

 

7.1   Overall Findings in Each Paper 

Our first paper which is in Chapter 3 aims to investigate the optimal way to provide a higher 

education (HE) system with the government providing a second chance to all failed students 

and analyse the effect of this optimally provided second chance on inequality. By not allowing 

the policies to be age dependent, our results show that the optimal repayments must be 

income contingent. Moreover, the optimal repayments in the second-best optimum cannot 

be provided by charging a separate ordinary loan for using the second chance while the first 

chance at HE is charged by an income-contingent loan (ICL). Compared to the benchmark 

“equal treatment” second-best optimum in Gary-Bobo and Trannoy (2015), the second 

chance policy increases the degree of ex-ante inequality between the low- and high-ability 

type students. Furthermore, the second chance makes the students who failed twice in HE to 

be worse off than everyone when old. Additionally, we found that the second chance has 

reduced the degree of insurance against failing HE for the low-ability students when 

compared to the corresponding utilities in Gary-Bobo and Trannoy (2015). 

 

Our second paper which is in Chapter 4 aims to investigate the optimal way to provide a HE 

system with a labour retraining program given to those at risk of downward labour mobility 
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and analyse the effect of this retraining program on inequality. Similar to our first paper we 

do not allow the policies to be age dependent, our results show that the optimal repayments 

must be income contingent and the second-best optimum cannot be implemented by 

charging a separate ordinary loan to those who used the retraining program that is 

independent of their income while the repayments for enrolling in the HE is income 

contingent. The labour retraining program has increased the degree of ex-ante inequality 

compared to the benchmark “equal treatment” second-best optimum in Gary-Bobo and 

Trannoy (2015). Our results indicate the effect of the labour retraining program on the degree 

of ex-post inequality depends on whether the government can identify which workers are at 

risk of downward mobility. The labour retraining program can only reduce the degree of ex-

post inequality if the government can identify who needs retraining and the degree of ex-post 

inequality is maintained if the government cannot identify who needs retraining. Labour 

retraining has also reduced the degree of insurance against failing HE for the low-ability 

students. 

 

In both papers, we also extend the model by removing the assumption that the government 

can commit to its future policies and analyse the time-consistent optimum. Our results 

indicate that the optimal repayments to implement the time-consistent optimum must be 

income contingent.  

 

Our third paper which is in Chapter 5 aims to investigate the effect of the design of the 

constitution on the level of HE spending and income inequality between the presidential 

regime and the parliamentary regime. We show the differences in the constitution results in 

different ways the HE spending is determined in the presidential and the parliamentary 
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regimes. In the parliamentary regime, the coalition government remained as the residual 

claimant of tax revenue and any revenue available for the additional HE spending is shared 

with the transfers desired by the voters of the coalition partner. In the presidential regime, 

the group of voters needing HE exploits the separation of powers property and can maximize 

the HE spending by minimizing the rent to the spending agenda setter and becomes the 

residual claimant of tax revenue. Moreover, we show when the exogenous threat of re-

election is high the spending on HE is minimized in the presidential regime when the tax 

agenda setter’s voters do not benefit from additional HE spending and these voters only want 

to minimize the tax burden. Since HE spending affects the relative income between different 

groups of voters, both the maximized case and minimized case explain how the constitution 

of the presidential regime would lead to a higher level of income inequality compared to the 

parliamentary regime. Our results also indicate the parliamentary regime should produce 

more public goods and result in more political rents than the presidential regime but in certain 

cases the opposite is true.  

 

Our fourth paper which is in Chapter 6 aims to investigate the incentives facing the incumbent 

government on tuition fees and student loan levels when facing political uncertainty and 

polarisation and examine whether the incumbent government could be motivated to increase 

their levels in theory. Our research reveals a range of strategic incentives for the incumbent 

government. One key finding indicates that when the incumbent government’s re-election 

prospect decreases, the incumbent government is incentivised to distort the level of student 

loans to change the next period’s government’s policies on tax rates and public goods level 

to be closer to its preferred level, for example, if the successor government prefer a higher 

level of public goods and tax rates than the incumbent and the successor government would 
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reduce the level of tax rates when the student loans rise, the incumbent government is 

incentivised to reduce the level of student loan to reduce the successor’s spending on public 

goods but is also incentivised to increase the level of student loans so the successor would 

lower the tax rate in the next period. Additionally, our study identifies several other incentives, 

including a pure investment incentive for public goods and a private economic incentive, 

demonstrating the complex interplay between the incumbent’s re-election prospects and its 

student loans and HE spending policy in a polarised society. We also show that under specific 

leisure functions, as the utility function for public goods becomes more and more linear, 

whether the incumbent will increase or decrease 𝑓!  when its probability of re-election falls is 

dependent on the difference of the preferred period 2 tax rate between the two possible 

period 2 governments under the same period 1 policies. Incumbent will increase 𝑓! if the 

group needing HE prefers a higher level of period 2 tax rate and public goods and will decrease 

𝑓!  if they prefer a lower level instead. Our computational results also indicate that the 

incumbent government will change the level of student loans when its re-election prospects 

change. 

 

7.2   Contributions of the Thesis 

Although using student loans to fund HE is not new in both theory and practice, the issue of 

the optimal design of the student loan system is not resolved yet. Given the evidence of 

improvement in the labour market outcomes after completing HE for mature students and 

after completing the labour retraining program, we extend the literature on the optimal way 

to finance HE by adding additional policies with a second chance at HE in our first paper and 

a labour retraining program in our second paper. We agree with other papers in the literature 
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on the necessity of using ICL to implement the second-best optimum because of the flexibility 

of ICL as a policy instrument compared to separating policies into an ordinary loan that only 

depends on education and an income tax that only depends on income.  

 

In terms of additional policy recommendations, our results suggest if the government is 

planning to provide future policies targeted at the current prospective HE students, these 

policies cannot be separately funded by an ordinary loan. The government also should not 

use the second chance at HE as a tool for redistribution. If the government want to use the 

optimally provided labour retraining program to reduce the difference in utility between high- 

and middle-earning workers, the government needs to improve their ability to identify which 

workers need to be retrained and understand what factors are causing downward mobility in 

the economy.  

 

Our third paper contributes to the literature focusing on the political economy dimension of 

the HE and compares it to the previous economic literature on the provision of HE (De Fraja, 

2001) we include more realistic assumptions on politics. To our best knowledge, there are no 

theoretical papers using methods from political economy to examine the impact of the design 

of the constitution on the level of HE spending despite empirical evidence that separation of 

powers could influence the level of state HE spending. Additionally, we contribute to the 

literature that examines the potential reasons for the differences in the within nation 

inequality between different nations. There is a lack of papers examining the potential link 

between a nation’s constitution and its level of inequality. By adding an income-increasing HE 

spending and relaxing the equal tax rates assumption in Persson, Roland and Tabellini (2000), 

we demonstrate that the way the level of HE spending is determined in the presidential and 
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parliamentary regimes are fundamentally different and results in a higher degree of income 

inequality in the presidential regime. Our prediction on inequality is supported by empirical 

papers such as Feld and Schnellenbach (2014) and McManus and Ozkan (2018) which both 

found that presidential regimes are associated with greater income inequality.  

 

In the UK and the US, rising tuition fees are hotly debated topics and the building up of student 

loan debt has raised concerns. To our best knowledge, there are no theoretical papers using 

methods from political economy to analyse the effect of political uncertainty and polarisation 

on the decisions on the level of tuition fees and student loans as in our fourth paper. We 

confirm the insights in other literature on public investment under uncertainty and 

polarisation that the incumbent government is incentivised to use available policies to 

influence the decisions made by the successor government. We contribute to the literature 

that studies the factors leading to rising student loans and rising rates of default (Belfield, 

2013; Goodell, 2016; Scott-Clayton, 2018) by presenting an additional potential factor to 

explain the rise in student loan debt and tuition fees that have not been studied before.  

 

7.3   Limitations of the Thesis 

Our first two papers only included two ability types based on the model of Gary-Bobo and 

Trannoy (2015) instead of a continuum of types and it could be argued that this is too 

simplistic. However, like Gary-Bobo and Trannoy (2015), the essential ideas and intuitions on 

the usefulness of ICL are conveyed. Furthermore, we use this model with two ability types to 

assess the effect of the second chance and labour retraining program by directly contrasting 
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it to the benchmark “equal treatment” second-best optimum results in Gary-Bobo and 

Trannoy (2015) with two ability types.  

 

For our third paper, the policies are determined in the legislative bargaining game and it can 

be criticized that the results are sensitive to the particular extensive form of the game. In the 

presidential regime of the infinite horizon model, because of the combination of the addition 

of the income-increasing HE spending and the relaxation of the equal tax rates assumption, 

we make assumptions on preferences and policies as well as additions to the sequence of 

events of the legislative bargaining game to limit the possible equilibriums and only consider 

the one in which all legislators are re-elected. However, the key feature of the presidential 

regime-the separation of powers and the key feature of the parliamentary regime-the 

legislative cohesion are fully captured in the game and are both key determinants of the 

equilibrium outcome.  

 

In our fourth paper, we analyse the case in which the HE sector is completely funded by 

government-sanctioned student loans and any increase in tuition fees/student loan level 

results in an increase in investment in the HE sector. Our model cannot be used to 

meaningfully analyse the decision between choosing different methods of funding the HE 

system by the government because of the assumption of partisan politicians. With a partisan 

government that only takes its own group’s voters’ welfare into account, if the incumbent 

government’s supporters are voters not engaged in HE, the HE sector will be chosen to be 

completely funded by student loans. We cannot use the model to explain why historically the 

HE system is funded by the government using tax revenue in the UK and other countries. 

Furthermore, our computational results are derived from a stylized model with specific 
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functions and precise parameter values which inherently constrained the generalizability of 

our findings. For example, while the computational results support our theoretical results that 

the incumbent government is incentivised to change the tuition fees/student loan level in 

response to diminishing re-election prospects by showing a reduction, it cannot be 

conclusively determined that the response must be a reduction in tuition fees/student loan 

level. 

 

7.4   Recommendations for Future Research 

Students’ migration after graduation poses a well-known problem for collecting loan 

repayments as it is more difficult for the government to pursue debts of overseas workers in 

the absence of bilateral or multilateral agreements between countries for coordinating the 

collection of student loan repayment. Chapman and Higgins (2013) estimated that the 

amount of uncollected overseas debt from the ICL of the Higher Education Contribution 

Scheme (HECS) between 1989-2011 from the graduates working overseas is between $400-

$800 million. We could extend the models of our first two papers by including both the 

emigrations of domestic students and the immigration of workers to examine the impact of 

migration on the second-best allocations and the optimal design of the student loans system 

that combines both adverse selection and moral hazard. We could also examine any potential 

change in the effect of these Second Chance policies when migration is introduced since now 

fewer domestic graduates are using these policies while the immigrant workers may now 

engage in these policies if the government allows it.  
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Our third and fourth papers studied and applied the HE and student loans in two specific fields 

within political economy, one is the positive analysis of the effect of the constitution design 

and one is the effect of political uncertainty and polarisation. There are multiple directions to 

extend the analysis of the political economy of HE without the benevolent government and 

direct democracy. Close to our third paper, we could analyse the effect of different electoral 

rules on the level of HE spending. We could examine any potential difference in the level of 

HE spending between countries with proportional elections, like Belgium and Netherlands, 

and countries with majoritarian elections (first-past-the-post), like the UK. Furthermore, as 

the HE sector is increasingly being funded by student loans, future research in the political 

economy could also model and examine any potential factors causing the government to 

switch from a taxpayer-funded HE system to one being funded by students themselves.  
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Appendices 

Appendix for Chapter 3 

A3.1: Appendix for Proposition 3.1 

Let 𝜃 be the Lagrange multiplier for the resource constraint in Proposition 3.1. Use 𝜆&23 and 

𝜆#23 to indicate the social welfare weight attached to the ex-ante type 𝑖’s utility and in the 

standard utilitarian case it will be 𝜆&23 = 𝜆& and 𝜆#23 = 𝜆#. The Lagrange function for the first-

best optimization problem can be written as the following, 

𝐿 =c𝜆%23

%

\𝑃%𝑈%, + (1 − 𝑃%)𝑃%"𝑈%- + (1 − 𝑃%)(1 − 𝑃%")𝑢% − 𝑐%
(𝑒%

( − (1 − 𝑃%)𝛿𝑐%"𝑒%"]

+ 𝜃c𝜆%
%

{𝑆% − 𝐸(ℎ%)} 

 

Differentiate w.r.t the ex-post utility levels and obtain the following equality for 𝑖 = 1, 2. 

𝜆%23

𝜆%
= 𝜃ℎ"A (𝑉%") = 𝜃ℎ$A (𝑉%$) = 𝜃ℎ"A (𝑣%") = 𝜃ℎ$A (𝑣%$) = 𝜃ℎ"A (𝐹%") = 𝜃ℎ$A (𝐹%$) = 𝜃ℎ$A (𝑓%$)

= 𝜃ℎ$A (𝑢%$). 

 

First, the above equalities yield 𝜃 > 0 since ℎ(. ) is a strictly convex function and that ℎ"A (. ) 

and ℎ$A (. ) are both positive, so 𝜃 must be positive for the above equalities to be satisfied. The 

resource constraint is binding at the first-best optimum.  

    

Second, in the standard utilitarian case with 𝜆%23 = 𝜆%, divide the above term of equalities 

between 𝑖 = 1 and 𝑖 = 2, obtain 
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1 =
ℎ"A (𝑉&")
ℎ"A (𝑉#")

=
ℎ$A (𝑉&$)
ℎ$A (𝑉#$)

=
ℎ"A (𝑣&")
ℎ"A (𝑣#")

=
ℎ$A (𝑣&$)
ℎ$A (𝑣#$)

=
ℎ"A (𝐹&")
ℎ"A (𝐹#")

=
ℎ$A (𝐹&$)
ℎ$A (𝐹#$)

=
ℎ$A (𝑓&$)
ℎ$A (𝑓#$)

=
ℎ$A (𝑢&$)
ℎ$A (𝑢#$)

. 

 

The two terms of equalities meant that 

𝑉%" = 𝑉%$ = 𝑣%" = 𝑣%$ = 𝐹%" = 𝐹%$ = 𝑓%$ = 𝑢%$ 

in the first-best optimum and in the standard utilitarian case, 

𝑉&" = 𝑉#" , 𝑉&$ = 𝑉#$ , 𝑣&" = 𝑣#" , 𝑣&$ = 𝑣#$ , 

𝐹&" = 𝐹#" , 𝐹&$ = 𝐹#$ , 𝑓&$ = 𝑓#$ , 𝑢&$ = 𝑢#$ .	

 
 

A3.2: Appendix for Lemma 3.2 

(a). The LHS of 𝐼𝐶# and 𝐼𝐶# are the same, so if 𝐼𝐶# is satisfied and the RHS of 𝐼𝐶# is larger than 

𝐼𝐶# , then 𝐼𝐶#  is satisfied as well. The RHS of 𝐼𝐶#  compare to the RHS of 𝐼𝐶#  leads to the 

inequality below, 

𝑝#𝑈&, + (1 − 𝑝#)𝑃#"𝑈&- + (1 − 𝑝#)(1 − 𝑃#")𝑢& − (1 − 𝑝#)𝛿𝑐#"

≥ 𝑝#𝑈&, + (1 − 𝑝#)𝑝#"𝑈&- + (1 − 𝑝#)(1 − 𝑝#")𝑢&. 

 

Through simplification and dividing both sides first by (1 − 𝑝#) and then by (𝑃#" − 𝑝#"), we 

obtain 

𝑈&- − 𝑢& ≥ 𝛿𝐾#" . 

    

By Assumption 3.5 𝐾&" ≥ 𝐾#" , and if 𝑀𝐻& holds 𝑈&- − 𝑢& ≥ 𝛿𝐾&" , then the above inequality 

automatically holds. 

 

In summary, if 𝑀𝐻& and 𝐼𝐶# are satisfied, 𝐼𝐶# is satisfied. 
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(b). For the incentive constraint 𝐼𝐶𝐴#, if the RHS of 𝐼𝐶# is greater than or equal to the RHS of 

𝐼𝐶𝐴#, we will obtain the following inequality, 

𝑃#𝑈&, + (1 − 𝑃#)𝑃#"𝑈&- + (1 − 𝑃#)(1 − 𝑃#")𝑢& − 𝑐#
( − (1 − 𝑃#)𝛿𝑐#"

≥ 𝑃#𝑈&, + (1 − 𝑃#)𝑝#"𝑈&- + (1 − 𝑃#)(1 − 𝑝#")𝑢& − 𝑐#
( . 

 

Through the same simplification process, the following can be obtained 

𝑈&- − 𝑢& ≥ 𝛿𝐾#" . 

 

By Assumption 3.5 𝐾&" ≥ 𝐾#" , this meant that if 𝐼𝐶#  and 𝑀𝐻&  are satisfied, then 𝐼𝐶𝐴#  is 

automatically satisfied. 

 

A3.3: Appendix for the Common Properties of the Second-Best Optima 

The interim expected utilities in the incentive constraints are substituted by Lemma 3.1’s ex-

post utility equivalent. Let 𝜅, 𝜇& , 𝜇# , 𝜓& , 𝜓# , 𝜎& , 𝜎# , 𝜉& , 𝜁& , 𝜉#  and 𝜑&  be the non-negative 

Lagrange multipliers of 𝑅𝐶, 𝐼𝐶&, 𝐼𝐶#, 𝑀𝐻&, 𝑀𝐻#,	𝑀𝐻&, 𝑀𝐻#, 𝐼𝐶&, 𝐼𝐶&, 𝐼𝐶# and 𝐼𝐶𝐴&. Let the 

objective function 𝑂𝐵 be defined as  

c𝜆%23

%

\𝑃%𝑈%, + (1 − 𝑃%)𝑃%"𝑈%- + (1 − 𝑃%)(1 − 𝑃%")𝑢% − 𝑐%
(𝑒%

( − (1 − 𝑃%)𝛿𝑐%"𝑒%"]. 

 

The Lagrange function will be of the form 

𝐿 = 𝑂𝐵 + 𝜅𝑅𝐶 + 𝜇&𝐼𝐶& + 𝜇#𝐼𝐶# + 𝜓&𝑀𝐻& + 𝜓#𝑀𝐻# + 𝜎&𝑀𝐻& + 𝜎#𝑀𝐻# + 𝜉&𝐼𝐶& + 𝜉#𝐼𝐶#

+ 𝜁&𝐼𝐶& + 𝜑&𝐼𝐶𝐴&. 
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The first-order conditions are 

(𝐹𝑂𝐶3.1𝑎)	
𝜕𝐿
𝜕𝑉&"

= 𝜆&23𝑃&𝛿 − 𝜆&𝜅𝑃&[(1 − 𝜋)𝛿ℎ"A (𝑉&") + 𝜋𝛿ℎ"A (𝑉&" + 𝑏)] + 𝜇&𝑃&𝛿 − 𝜇#𝑃#𝛿

+ 𝜎&𝛿 + 𝜉&𝑃&𝛿 − 𝜉#𝑝#𝛿 + 𝜁&𝑃&𝛿 + 𝜑&𝑃&𝛿 = 0, 

(𝐹𝑂𝐶3.2𝑎)	
𝜕𝐿
𝜕𝑉&$

= 𝜆&23𝑃&𝛿# − 𝜆&𝜅𝑃&[(1 − 𝜋)𝛿#ℎ$A (𝑉&$) + 𝜋𝛿#ℎ$A (𝑉&$ + 𝑏)] + 𝜇&𝑃&𝛿#

− 𝜇#𝑃#𝛿# + 𝜎&𝛿# + 𝜉&𝑃&𝛿# − 𝜉#𝑝#𝛿# + 𝜁&𝑃&𝛿# + 𝜑&𝑃&𝛿# = 0, 

(𝐹𝑂𝐶3.3𝑎)	
𝜕𝐿
𝜕𝑣#"

= 𝜆#23𝑃#𝛿 − 𝜆#𝜅𝑃#[(1 − 𝜋)𝛿ℎ"A (𝑣#" + 𝑏) + 𝜋𝛿ℎ"A (𝑣#")] − 𝜇&𝑃&𝛿 + 𝜇#𝑃#𝛿

+ 𝜎#𝛿 − 𝜉&𝑝&𝛿 + 𝜉#𝑃#𝛿 − 𝜁&𝑝&𝛿 − 𝜑&𝑃&𝛿 = 0, 

(𝐹𝑂𝐶3.4𝑎)	
𝜕𝐿
𝜕𝑣#$

= 𝜆#23𝑃#𝛿# − 𝜆#𝜅𝑃#[(1 − 𝜋)𝛿#ℎ$A (𝑣#$ + 𝑏) + 𝜋𝛿#ℎ$A (𝑣#$)] − 𝜇&𝛿#𝑃&

+ 𝜇#𝑃#𝛿# + 𝜎#𝛿# − 𝜉&𝑝&𝛿# + 𝜉#𝑃#𝛿# − 𝜁&𝑝&𝛿# − 𝜑&𝑃&𝛿# = 0, 

(𝐹𝑂𝐶3.5𝑎)	
𝜕𝐿
𝜕𝐹&"

= 𝜆&23(1 − 𝑃&)𝛿

− 𝜆&𝜅[(1 − 𝑃&)𝑃&"[(1 − 𝜋)𝛿ℎ"A (𝐹&") + 𝜋𝛿ℎ"A (𝐹&")]

+ (1 − 𝑃&)(1 − 𝑃&")𝛿ℎ"A (𝐹&")] + 𝜇&(1 − 𝑃&)𝛿 − 𝜇#(1 − 𝑃#)𝛿 − 𝜎&𝛿

+ 𝜉&(1 − 𝑃&)𝛿 − 𝜉#(1 − 𝑝#)𝛿 + 𝜁&(1 − 𝑃&)𝛿 + 𝜑&(1 − 𝑃&)𝛿 = 0, 
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(𝐹𝑂𝐶3.6𝑎)	
𝜕𝐿
𝜕𝐹#"

= 𝜆#23(1 − 𝑃#)𝛿

− 𝜆#𝜅[(1 − 𝑃#)𝑃#"[(1 − 𝜋)𝛿ℎ"A (𝐹#") + 𝜋𝛿ℎ"A (𝐹#")]

+ (1 − 𝑃#)(1 − 𝑃#")𝛿ℎ"A (𝐹#")] − 𝜇&(1 − 𝑃&)𝛿 + 𝜇#(1 − 𝑃#)𝛿 − 𝜎#𝛿

− 𝜉&(1 − 𝑝&)𝛿 + 𝜉#(1 − 𝑃#)𝛿 − 𝜁&(1 − 𝑝&)𝛿 − 𝜑&(1 − 𝑃&)𝛿 = 0, 

(𝐹𝑂𝐶3.7𝑎)	
𝜕𝐿
𝜕𝐹&$

= 𝜆&23(1 − 𝑃&)𝑃&"𝛿# − 𝜆&𝜅(1 − 𝑃&)𝑃&"[(1 − 𝜋)𝛿#ℎ$A (𝐹&$) + 𝜋𝛿#ℎ$A (𝐹&$ + 𝑏)]

+ 𝜓&𝛿# + 𝜇&(1 − 𝑃&)𝑃&"𝛿# − 𝜇#(1 − 𝑃#)𝑃#"𝛿# − 𝜎&𝑃&"𝛿# + 𝜉&(1 − 𝑃&)𝑃&"𝛿#

− 𝜉#(1 − 𝑝#)𝑃#"𝛿# + 𝜁&(1 − 𝑃&)𝑃&"𝛿# + 𝜑&(1 − 𝑃&)𝑃&"𝛿# = 0, 

(𝐹𝑂𝐶3.8𝑎)	
𝜕𝐿
𝜕𝑓#$

= 𝜆#23(1 − 𝑃#)𝑃#"𝛿# − 𝜆#𝜅(1 − 𝑃#)𝑃#"[(1 − 𝜋)𝛿#ℎ$A (𝑓#$ + 𝑏) + 𝜋𝛿#ℎ$A (𝑓#$)]

+ 𝜓#𝛿# − 𝜇&(1 − 𝑃&)𝑃&"𝛿# + 𝜇#(1 − 𝑃#)𝑃#"𝛿# − 𝜎#𝑃#"𝛿# − 𝜉&(1 − 𝑝&)𝑃&"𝛿#

+ 𝜉#(1 − 𝑃#)𝑃#"𝛿# − 𝜁&(1 − 𝑝&)𝑝&"𝛿# − 𝜑&(1 − 𝑃&)𝑝&"𝛿# = 0, 

(𝐹𝑂𝐶3.9𝑎)	
𝜕𝐿
𝜕𝑢&$

= 𝜆&23(1 − 𝑃&)(1 − 𝑃&")𝛿# − 𝜆&𝜅(1 − 𝑃&)(1 − 𝑃&")𝛿#ℎ$A (𝑢&$) − 𝜓&𝛿#

+ 𝜇&(1 − 𝑃&)(1 − 𝑃&")𝛿# − 𝜇#(1 − 𝑃#)(1 − 𝑃#")𝛿# − 𝜎&(1 − 𝑃&")𝛿#

+ 𝜉&(1 − 𝑃&)(1 − 𝑃&")𝛿# − 𝜉#(1 − 𝑝#)(1 − 𝑃#")𝛿# + 𝜁&(1 − 𝑃&)(1 − 𝑃&")𝛿#

+ 𝜑&(1 − 𝑃&)(1 − 𝑃&")𝛿# = 0, 
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(𝐹𝑂𝐶10𝑎)	
𝜕𝐿
𝜕𝑢#$

= 𝜆#23(1 − 𝑃#)(1 − 𝑃#")𝛿# − 𝜆#𝜅(1 − 𝑃#)(1 − 𝑃#")𝛿#ℎ$A (𝑢#$) − 𝜓#𝛿#

− 𝜇&(1 − 𝑃&)(1 − 𝑃&")𝛿# + 𝜇#(1 − 𝑃#)(1 − 𝑃#")𝛿# − 𝜎#(1 − 𝑃#")𝛿#

− 𝜉&(1 − 𝑝&)(1 − 𝑃&")𝛿# + 𝜉#(1 − 𝑃#)(1 − 𝑃#")𝛿# − 𝜁&(1 − 𝑝&)(1 − 𝑝&")𝛿#

− 𝜑&(1 − 𝑃&)(1 − 𝑝&")𝛿# = 0. 

 

Simplify the 10 𝐹𝑂𝐶s, we obtain 

(𝐹𝑂𝐶3.1𝑏)		𝜆&23𝑃& + 𝜇&𝑃& − 𝜇#𝑃# + 𝜎& + 𝜉&𝑃& − 𝜉#𝑝# + 𝜁&𝑃& + 𝜑&𝑃& = 𝜆&𝜅𝑃&𝐸ℎA(𝑉&"), 

(𝐹𝑂𝐶3.2𝑏)		𝜆&23𝑃& + 𝜇&𝑃& − 𝜇#𝑃# + 𝜎& + 𝜉&𝑃& − 𝜉#𝑝# + 𝜁&𝑃& + 𝜑&𝑃& = 𝜆&𝜅𝑃&𝐸ℎA(𝑉&$), 

(𝐹𝑂𝐶3.3𝑏)		𝜆#23𝑃# − 𝜇&𝑃& + 𝜇#𝑃# + 𝜎# − 𝜉&𝑝& + 𝜉#𝑃# − 𝜁&𝑝& − 𝜑&𝑃& = 𝜆#𝜅𝑃#𝐸ℎA(𝑣#"), 

(𝐹𝑂𝐶3.4𝑏)		𝜆#23𝑃# − 𝜇&𝑃& + 𝜇#𝑃# + 𝜎# − 𝜉&𝑝& + 𝜉#𝑃# − 𝜁&𝑝& − 𝜑&𝑃& = 𝜆#𝜅𝑃#𝐸ℎA(𝑣#$), 

(𝐹𝑂𝐶3.5𝑏)		𝜆&23(1 − 𝑃&) + 𝜇&(1 − 𝑃&) − 𝜇#(1 − 𝑃#) − 𝜎& + 𝜉&(1 − 𝑃&) − 𝜉#(1 − 𝑝#)

+ 𝜁&(1 − 𝑃&) + 𝜑&(1 − 𝑃&) = 𝜆&𝜅(1 − 𝑃&)ℎ"A (𝐹&"), 

(𝐹𝑂𝐶3.6𝑏)		𝜆#23(1 − 𝑃#) − 𝜇&(1 − 𝑃&) + 𝜇#(1 − 𝑃#) − 𝜎# − 𝜉&(1 − 𝑝&) + 𝜉#(1 − 𝑃#)

− 𝜁&(1 − 𝑝&) − 𝜑&(1 − 𝑃&) = 𝜆#𝜅(1 − 𝑃#)ℎ"A (𝐹#"), 

(𝐹𝑂𝐶3.7𝑏)		𝜆&23(1 − 𝑃&)𝑃&" + 𝜓& + 𝜇&(1 − 𝑃&)𝑃&" − 𝜇#(1 − 𝑃#)𝑃#" − 𝜎&𝑃&" + 𝜉&(1 − 𝑃&)𝑃&"

− 𝜉#(1 − 𝑝#)𝑃#" + 𝜁&(1 − 𝑃&)𝑃&" + 𝜑&(1 − 𝑃&)𝑃&" = 𝜆&𝜅(1 − 𝑃&)𝑃&"𝐸ℎA(𝐹&$), 

(𝐹𝑂𝐶3.8𝑏)		𝜆#23(1 − 𝑃#)𝑃#" + 𝜓# − 𝜇&(1 − 𝑃&)𝑃&" + 𝜇#(1 − 𝑃#)𝑃#" − 𝜎#𝑃#" − 𝜉&(1 − 𝑝&)𝑃&"

+ 𝜉#(1 − 𝑃#)𝑃#" − 𝜁&(1 − 𝑝&)𝑝&" − 𝜑&(1 − 𝑃&)𝑝&" = 𝜆#𝜅(1 − 𝑃#)𝑃#"𝐸ℎA(𝑓#$), 

(𝐹𝑂𝐶3.9𝑏)		𝜆&23(1 − 𝑃&)(1 − 𝑃&") − 𝜓& + 𝜇&(1 − 𝑃&)(1 − 𝑃&") − 𝜇#(1 − 𝑃#)(1 − 𝑃#")

− 𝜎&(1 − 𝑃&") + 𝜉&(1 − 𝑃&)(1 − 𝑃&") − 𝜉#(1 − 𝑝#)(1 − 𝑃#")

+ 𝜁&(1 − 𝑃&)(1 − 𝑃&") + 𝜑&(1 − 𝑃&)(1 − 𝑃&")

= 𝜆&𝜅(1 − 𝑃&)(1 − 𝑃&")ℎ$A (𝑢&$), 
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(𝐹𝑂𝐶3.10𝑏)		𝜆#23(1 − 𝑃#)(1 − 𝑃#") − 𝜓# − 𝜇&(1 − 𝑃&)(1 − 𝑃&") + 𝜇#(1 − 𝑃#)(1 − 𝑃#")

− 𝜎#(1 − 𝑃#") − 𝜉&(1 − 𝑝&)(1 − 𝑃&") + 𝜉#(1 − 𝑃#)(1 − 𝑃#")

− 𝜁&(1 − 𝑝&)(1 − 𝑝&") − 𝜑&(1 − 𝑃&)(1 − 𝑝&")

= 𝜆#𝜅(1 − 𝑃#)(1 − 𝑃#")ℎ$A (𝑢#$),	

where 

 𝐸ℎA(𝑉&") denote (1 − 𝜋)ℎ"A (𝑉&") + 𝜋ℎ"A (𝑉&" + 𝑏), 

𝐸ℎA(𝑉&$) denote (1 − 𝜋)ℎ$A (𝑉&$) + 𝜋ℎ$A (𝑉&$ + 𝑏), 

𝐸ℎA(𝑣#") denote (1 − 𝜋)ℎ"A (𝑣#" + 𝑏) + 𝜋ℎ"A (𝑣#"), 

𝐸ℎA(𝑣#$) denote (1 − 𝜋)ℎ$A (𝑣#$ + 𝑏) + 𝜋ℎ$A (𝑣#$), 

𝐸ℎA(𝐹&$) denote (1 − 𝜋)ℎ$A (𝐹&$) + 𝜋ℎ$A (𝐹&$ + 𝑏), 

𝐸ℎA(𝑓#$) denote (1 − 𝜋)ℎ$A (𝑓#$ + 𝑏) + 𝜋ℎ$A (𝑓#$). 

 

Lemma 3.5: In the second-best optimum:  

(a) The 𝑅𝐶 is a binding constraint. 

(b) 𝑀𝐻& needs to be binding in every possible second-best optimum. 

 

Proof of Lemma 3.5(a) 

Adding up the ten 𝐹𝑂𝐶3𝑏s, for the LHS we obtain two and for the RHS the following term is 

obtained, 

𝜅c𝜆%
%

[𝑃%[𝐸ℎA(𝑉%") + 𝐸ℎA(𝑉%$)] + (1 − 𝑃%)ℎ"A (𝐹%") + (1 − 𝑃%)𝑃%"𝐸ℎA(𝐹%$)

+ (1 − 𝑃%)(1 − 𝑃%")ℎ$A (𝑢%$)]. 

 

Consequently 
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(∑𝐹𝑂𝐶)		
2
κ =c𝜆%

%

[𝑃%[𝐸ℎA(𝑉%") + 𝐸ℎA(𝑉%$)] + (1 − 𝑃%)ℎ"A (𝐹%") + (1 − 𝑃%)𝑃%"𝐸ℎA(𝐹%$)

+ (1 − 𝑃%)(1 − 𝑃%")ℎ$A (𝑢%$)] > 0. 

 

𝜅 > 0  as the different ℎA(. )  are positive. By the complementary slackness condition 

𝜅\𝜆&[𝑆& − 𝐸(ℎ&)] + 𝜆#[𝑆# − 𝐸(ℎ#)]] = 0, we conclude that 𝑅𝐶 is a binding constraint. 

 

Proof of Lemma 3.5(b) 

Using 𝐹𝑂𝐶3.7𝑏 and 𝐹𝑂𝐶3.9𝑏, if 𝑀𝐻& does not bind (𝜓& = 0), then 𝑢&$ > 𝐹&$ will be the result 

based on the first-order conditions which violate the study effort constraint 𝑀𝐻&. 

 

Analysing the Common Properties in the Model 

Common properties meant common relationships between the ex-post utilities that we can 

always derive from the model no matter what constraints are binding or not.  

Lemma 3.6: In all the second-best optimums the ex-post utilities have the following relations: 

(a). 𝑉&" = 𝑉&$ , 𝑣#" = 𝑣#$ . 

(b). 𝑓&$ > 𝐹&" > 𝑢&$, 𝐹#$ > 𝐹#" > 𝑢#$. 

(c). 𝑉#$ = 𝑉#" > 𝐹#". 

 

Intertemporal Insurance 
 
Firstly, 𝐹𝑂𝐶3.1𝑏 equals 𝐹𝑂𝐶3.2𝑏 and 𝐹𝑂𝐶3.3𝑏 equals 𝐹𝑂𝐶3.4𝑏, which means in terms of 

ex-post utilities, 

𝑉&" = 𝑉&$ and 𝑣#" = 𝑣#$ . 
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Students who succeeded in HE in their youth will receive constant utility across periods.  

 

Secondly,  𝐹𝑂𝐶3.7𝑏 + 𝐹𝑂𝐶3.9𝑏 = 𝐹𝑂𝐶3.5𝑏, which means, 

ℎ"A (𝐹&") = 𝑃&"𝐸ℎA(𝐹&$) + (1 − 𝑃&")ℎ$A (𝑢&$). 

 

By definition 𝐸ℎA(𝐹&$) > ℎ$A (𝐹&$), and constraint 𝑀𝐻& implies that ℎ$A (𝐹&$) > ℎ$A (𝑢&$). Based 

on these relations, the above equation implies 𝑓&$ > 𝐹&" > 𝑢&$ in the second-best optimum. 

 

Equally, 𝐹𝑂𝐶3.8𝑏 + 𝐹𝑂𝐶3.10𝑏 = 𝐹𝑂𝐶3.6𝑏, which is, 

ℎ"A (𝐹#") = 𝑃#"𝐸ℎA(𝑓#$) + (1 − 𝑃#")ℎ$A (𝑢#$). 

 

By definition 𝐸ℎA(𝑓#$) > ℎ$A (𝑓#$), and constraint 𝑀𝐻# implies that ℎ$A (𝑓#$) > ℎ$A (𝑢#$). Based 

on these relations, the above equation implies 𝐹#$ > 𝐹#" > 𝑢#$ in the second-best optimum. 

 

𝑉#$ = 𝑉#" > 𝐹#" 

There is one more additional common property that could be obtained by comparing 

𝐹𝑂𝐶3.3𝑏  and 𝐹𝑂𝐶3.6𝑏 . It is certain that 𝑣#" + 𝑏 > 𝐹#"  because based on 𝐹𝑂𝐶3.3𝑏  and 

𝐹𝑂𝐶3.6𝑏 , 𝐸ℎA(𝑣#")  will not be smaller than ℎ"A (𝐹#")  in any second-best optimum. Since 

ℎ"A (𝑣#" + 𝑏) > 𝐸ℎA(𝑣#"), this meant that 𝑣#" + 𝑏 > 𝐹#". With 𝑣#" = 𝑣#$, it is also the case that 

𝑣#$ + 𝑏 > 𝐹#".  

 

A3.4: Appendix for Proposition 3.3 

In the equal treatment second-best optimum of 𝑈#, − 𝑢# = 𝑈&, − 𝑢& and 𝑈#- − 𝑢# = 𝑈&- − 𝑢& 

with both 𝑀𝐻&  and 𝑀𝐻&  being binding constraints. The degree of ex-ante inequality has 
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increased due to the second chance. Utilizing this insight, the only possible way to decrease 

the degree of inequality is to let 𝑈&, − 𝑢& > 𝑈#, − 𝑢# or 𝑈&- − 𝑢& > 𝑈#- − 𝑢# be the case in the 

second-best optimum but both cannot be the case because 𝐼𝐶# would be violated.  

 

In every possible second-best optimum, the second chance effort constraint 𝑀𝐻&  binds. Is 

there any arrangement of the other study effort constraints 𝑀𝐻# , 𝑀𝐻&  and 𝑀𝐻#  in any 

second-best optimum that led to a lower level of ex-ante inequality compared to the result in 

GT’s model’s equal treatment optimum? Write down the study effort constraints with the 

potential deviation from the equal treatment second-best, 

𝑈#, = 𝐾&
( + 𝑝&"𝛿𝐾&" + 𝑢# − 𝜀#,, 𝑈#- = 𝛿𝐾&" + 𝑢# − 𝜀#- , 

𝑈&, = 𝐾&
( + 𝑝&"𝛿𝐾&" + 𝑢& + 𝜀&,, 𝑈&- = 𝛿𝐾&" + 𝑢&. 

 

The difference in the degree of ex-ante inequality is written below 

𝑃#𝑈#, + (1 − 𝑃#)𝑃#"𝑈#- + (1 − 𝑃#)(1 − 𝑃#")𝑢# − 𝑐#
( − (1 − 𝑃#)𝛿𝑐#"

− \𝑃&𝑈&, + (1 − 𝑃&)𝑃&"𝑈&- + (1 − 𝑃&)(1 − 𝑃&")𝑢& − 𝑐&
( − (1 − 𝑃&)𝛿𝑐&"]

− (𝑃# − 𝑃&)𝐾&
( − 𝑐&

( + 𝑐#
( . 

 

Substituting 𝑈#,, 𝑈#-, 𝑈&, and 𝑈&-  into the above function and obtain 

𝑢# + (1 − 𝑃#)(𝑃#" − 𝑝&")𝛿𝐾&" − (1 − 𝑃#)(𝑃#" − 𝑝#")𝛿𝐾#" − 𝑢& − 𝑃#𝜀#, − (1 − 𝑃#)𝑃#"𝜀#-

− 𝑃&𝜀&,. 

 

For the degree of ex-ante inequality to not be increased by the second chance, this term must 

be not positive, which meant 𝑃#𝜀#, + (1 − 𝑃#)𝑃#"𝜀#- + 𝑃&𝜀&, have a minimum value needed to 

not increase the inequality 
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𝑃#𝜀#, + (1 − 𝑃#)𝑃#"𝜀#- + 𝑃&𝜀&, ≥ 𝑢# − 𝑢& + (1 − 𝑃#)[(𝑃#" − 𝑝&")𝛿𝐾&" − (𝑃#" − 𝑝#")𝛿𝐾#"]. 

 

Substituting 𝑈#,, 𝑈#-, 𝑈&, and 𝑈&-  into the ex-ante self-selection constraint for ex-ante type 𝑖 =

2 students 𝐼𝐶#, we obtain 

𝑃#\𝐾&
( + 𝑝&𝛿𝐾&" + 𝑢# − 𝜀#,] + (1 − 𝑃#)𝑃#"[𝛿𝐾&" + 𝑢# − 𝜀#-] + (1 − 𝑃#)(1 − 𝑃#")𝑢#

≥ 𝑃#\𝐾&
( + 𝑝&𝛿𝐾&" + 𝑢& + 𝜀&,] + (1 − 𝑃#)𝑃#"[𝛿𝐾&" + 𝑢&]

+ (1 − 𝑃#)(1 − 𝑃#")𝑢&, 

𝑢# − 𝑢& ≥ 𝑃#𝜀#, + (1 − 𝑃#)𝑃#"𝜀#- + 𝑃#𝜀&,. 

 

Substituting the minimum required value of 𝑃#𝜀#, + (1 − 𝑃#)𝑃#"𝜀#- + 𝑃&𝜀&,  needed to not 

increase inequality into  

𝑢# − 𝑢& ≥ 𝑃#𝜀#, + (1 − 𝑃#)𝑃#"𝜀#- + 𝑃&𝜀&, 

and obtain the following 

0 ≥ (1 − 𝑃#)[(𝑃#" − 𝑝&")𝛿𝐾&" − (𝑃#" − 𝑝#")𝛿𝐾#"] 

which is not possible as by Assumptions 3.1 and 3.5 on the value of the parameters the term 

on the RHS is positive. Given that 𝑃#𝜀#, + (1 − 𝑃#)𝑃#"𝜀#- + 𝑃#𝜀&, ≥ 𝑃#𝜀#, + (1 − 𝑃#)𝑃#"𝜀#- +

𝑃&𝜀&,  as 𝑃# > 𝑃&  and 𝜀&, ≥ 0, 𝑢# − 𝑢& ≥ 𝑃#𝜀#, + (1 − 𝑃#)𝑃#"𝜀#- + 𝑃#𝜀&,  is also not possible as 

the RHS is larger than the LHS. Any potential arrangement of the study effort constraint that 

would not lead to an increase in the degree of ex-ante inequality led to the violation of 𝐼𝐶#. 

The second chance can only increase the degree of ex-ante inequality in any valid second-

best optimum.  
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A3.5: The Properties of the Time-Consistent Optimum 

The properties of the time-consistent optimum are derived from the relations of the 𝐹𝑂𝐶s in 

the utility maximization problem for the last period. Consequently, only the utility 

maximization problem for students when old will be written here. The labour effort 

constraints are still binding in the time-consistent optimum. The social welfare when old for 

the government to maximize is  

𝑀𝑎𝑥	𝑊E = 𝜆&23 ­𝑃&𝑉&$ + (1 − 𝑃&) �𝑃&"𝐹&$ + (1 − 𝑃&")𝑢&$ −
1
𝛿 𝑐&

"�®

+ 𝜆#23 ­𝑃#𝑣#$ + (1 − 𝑃#) �𝑃#"𝑓#$ + (1 − 𝑃#")𝑢#$ −
1
𝛿 𝑐#

"�®.	

 

This will be maximized subject to the relevant resource constraint when old: 𝑅𝑒𝑣$ − 𝐶𝑜𝑠𝑡$ −

(1 + 𝑟)𝑇 ≥ 0, the term 𝑇 is introduced to account for inter-period transfers that could be 

done by the government. If 𝑇 is positive, it means the government is repaying the borrowing 

from the last period along with the interest rate. The part of the old period resource 

constraint that mattered in the maximization is the part with the inverse utility functions, this 

part is  

…− [𝜆&{𝑃&[(1 − 𝜋)ℎ$(𝑉&$) + 𝜋ℎ$(𝑉&$ + 𝑏)] + (1 − 𝑃&)𝑃&"[(1 − 𝜋)ℎ$(𝐹&$) + 𝜋ℎ$(𝐹&$ + 𝑏)]

+ (1 − 𝑃&)(1 − 𝑃&")ℎ$(𝑢&$)}

+ 𝜆#{𝑃#[(1 − 𝜋)ℎ$(𝑣#$ + 𝑏) + 𝜋ℎ$(𝑣#$)]

+ (1 − 𝑃#)𝑃#"[(1 − 𝜋)ℎ$(𝑓#$ + 𝑏) + 𝜋ℎ$(𝑓#$)] + (1 − 𝑃#)(1 − 𝑃#")ℎ$(𝑢#$)}]

− (1 + 𝑟)𝑇 ≥ 0, 

 

The government also need to satisfy the second chance study effort constraints, 𝑀𝐻& and 

𝑀𝐻#,  
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𝑀𝐻&: 𝐹&$ − 𝑢&$ ≥
&
Y
𝐾&" , 

𝑀𝐻#: 𝑓#$ − 𝑢#$ ≥
&
Y
𝐾#" . 

    

The students have already made their education quality choices in their youth and they can 

no longer change them. The government is assumed to have a record of students' past 

education and therefore the government is not concerned with education choice incentive 

constraints in the second period.  

    

The Lagrange for the maximization problem is 

𝐿 = 𝑊E + 𝜅$[𝑅𝑒𝑣$ − 𝐶𝑜𝑠𝑡$ − (1 + 𝑟)𝑇] + 𝜓& �𝐹&$ − 𝑢&$ −
1
𝛿 𝐾&

"� + 𝜓# �𝑓#$ − 𝑢#$ −
1
𝛿 𝐾#

"�. 

 

The Lagrange function is maximized with respect to the utilities 𝑉&$, 𝐹&$, 𝑢&$, 𝑣#$, 𝑓#$ and 𝑢#$. 

(𝐹𝑂𝐶3.1𝑐)	
𝜕𝐿
𝜕𝑉&$

= 𝜆&23𝑃& − 𝜆&𝜅$𝑃&[(1 − 𝜋)ℎ$A (𝑉&$) + 𝜋ℎ$A (𝑉&$ + 𝑏)] = 0, 

(𝐹𝑂𝐶3.2𝑐)	
𝜕𝐿
𝜕𝐹&$

= 𝜆&23(1 − 𝑃&)𝑃&" − 𝜆&𝜅$(1 − 𝑃&)𝑃&"[(1 − 𝜋)ℎ$A (𝐹&$) + 𝜋ℎ$A (𝐹&$ + 𝑏)] + 𝜓&

= 0, 

(𝐹𝑂𝐶3.3𝑐)	
𝜕𝐿
𝜕𝑢&$

= 𝜆&23(1 − 𝑃&)(1 − 𝑃&") − 𝜆&𝜅$(1 − 𝑃&)(1 − 𝑃&")ℎ$A (𝑢&$) − 𝜓& = 0, 

(𝐹𝑂𝐶3.4𝑐)	
𝜕𝐿
𝜕𝑣#$

= 𝜆#23𝑃# − 𝜆#𝜅$𝑃#[(1 − 𝜋)ℎ$A (𝑣#$ + 𝑏) + 𝜋ℎ$A (𝑣#$)] = 0, 

(𝐹𝑂𝐶3.5𝑐)	
𝜕𝐿
𝜕𝑓#$

= 𝜆#23(1 − 𝑃#)𝑃#" − 𝜆#𝜅$(1 − 𝑃#)𝑃#"[(1 − 𝜋)ℎ$A (𝑓#$ + 𝑏) + 𝜋ℎ$A (𝑓#$)] + 𝜓#

= 0, 
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(𝐹𝑂𝐶3.6𝑐)	
𝜕𝐿
𝜕𝑢#$

= 𝜆#23(1 − 𝑃#)(1 − 𝑃#") − 𝜆#𝜅$(1 − 𝑃#)(1 − 𝑃#")ℎ$A (𝑢#$) − 𝜓# = 0. 

 

Simplifying the 𝐹𝑂𝐶s and obtain the following,  

(𝐹𝑂𝐶3.1𝑑)		
𝜆&23

𝜆&
= 𝜅$𝐸ℎA(𝑉&$), 

(𝐹𝑂𝐶3.2𝑑)		
𝜆&23

𝜆&
+ 𝜓&

1
(1 − 𝑃&)𝑃&"𝜆&

= 𝜅$𝐸ℎA(𝐹&$), 

(𝐹𝑂𝐶3.3𝑑)		
𝜆&23

𝜆&
− 𝜓&

1
(1 − 𝑃&)(1 − 𝑃&")𝜆&

= 𝜅$ℎ$A (𝑢&$), 

(𝐹𝑂𝐶3.4𝑑)		
𝜆#23

𝜆#
= 𝜅$𝐸ℎA(𝑣#$), 

(𝐹𝑂𝐶3.5𝑑)		
𝜆#23

𝜆#
+ 𝜓#

1
(1 − 𝑃#)𝑃#"𝜆#

= 𝜅$𝐸ℎA(𝑓#$), 

(𝐹𝑂𝐶3.6𝑑)		
𝜆#23

𝜆#
− 𝜓#

1
(1 − 𝑃#)(1 − 𝑃#")𝜆#

= 𝜅$ℎ$A (𝑢#$). 

 

Both 𝑀𝐻& and 𝑀𝐻# are Binding Constraints 

If the 𝑀𝐻# is slack in the optimum, which meant 𝜓# = 0, a comparison between 𝐹𝑂𝐶3.5𝑑 

and 𝐹𝑂𝐶3.6𝑑 suggests that 𝑓#$ < 𝑢#$ which would violate the constraint 𝑀𝐻#. Consequently, 

it meant that 𝑀𝐻# must be a binding constraint. The same comparison between 𝐹𝑂𝐶3.2𝑑 

and 𝐹𝑂𝐶3.3𝑑  leads to the conclusion that 𝑀𝐻&  must be binding in the time-consistent 

optimum as well. 

 

The Ex-post Utility Relationships 𝐹&$ > 𝑉&$, 𝑓#$ > 𝑣#$ 

The two relationships are derived from the comparison between 𝐹𝑂𝐶3.1𝑑 and 𝐹𝑂𝐶3.2𝑑 and 

between 𝐹𝑂𝐶3.4𝑑 and 𝐹𝑂𝐶3.5𝑑, the fact that both 𝑀𝐻& and 𝑀𝐻# are binding results in  
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𝐸ℎA(𝐹&$) > 𝐸ℎA(𝑉&$) and 𝐸ℎA(𝑓#$) > 𝐸ℎA(𝑣#$). 

 

These two inequalities meant 𝐹&$ > 𝑉&$ and 𝑓#$ > 𝑣#$.  

 

Additional Properties in the Time-Consistent Optimum 

If 𝑙&23 ≥ 𝜆& and 𝑙#23 ≤ 𝜆#, then the following relation could be discerned by comparing the 

𝐹𝑂𝐶3.1𝑑 with 𝐹𝑂𝐶3.4𝑑, 

𝑉&$ > 𝑣#$. 

 

If 𝑙&23 < 𝜆& and 𝑙#23 > 𝜆#, then  𝐸ℎA(𝑉&$) < 𝐸ℎA(𝑣#$) and the relation between 𝑉&$  and 𝑣#$  is 

uncertain. 

 

When the government is offering a second chance, the relations of 𝑢&$ , 𝑢#$  to 𝑉&$ , 𝑣#$  is 

uncertain. If there is no second chance, there are no second chance effort constraints. If the 

model is simply extended by one period, then compare 𝐹𝑂𝐶3.1𝑑 with 𝐹𝑂𝐶3.3𝑑, we obtain 

𝑢&$ > 𝑉&$ and compare 𝐹𝑂𝐶3.4𝑑 with 𝐹𝑂𝐶3.6𝑑 we obtain 𝑢#$ > 𝑣#$.  
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Appendix for Chapter 4 

A4.1: Appendix for Proposition 4.1 

For the first-best utilitarian problem (4.9), use 𝜅 as the Lagrange multiplier for the resource 

constraint. For the objective function we use 𝜆&23  and 𝜆#23  to indicate the social welfare 

weight attached to the ex-ante type 𝑖’s utility. In the standard utilitarian case, it will be 𝜆&23 =

𝜆& and 𝜆#23 = 𝜆#. The Lagrange function for solving the first-best problem is  

𝐿 =c𝜆%23

%

\𝑃%𝑈%, + (1 − 𝑃%)𝑢% − 𝑐%
(] − 𝜆&23𝑃&(1 − 𝜋)𝑃:𝛿𝑐&8 − 𝜆#23𝑃#𝜋𝑃:𝛿𝑐#8

+ 𝜅c𝜆%
%

{𝑆% − 𝐸(ℎ%)}. 

 

Differentiating the Lagrange function with respect to the ex-post utility levels in (4.9). From 

the first-order conditions, the following is derived: 

𝜆%23

𝜅𝜆%
= ℎ"A (𝑉%") = ℎ$A (𝑉%$) = ℎ"A (𝑣%") = ℎ$A (𝑣%$) = ℎ$A (𝐵𝐹%$) = ℎ$A (𝐵%$) = ℎ"A (𝑢%") = ℎ$A (𝑢%$). 

 

Here 𝐵𝐹%$  denotes either 𝐵𝐹&$  or 𝑏𝑓#$  and 𝐵%$  denotes either 𝐵&$  or 𝑏#$  depends on 𝑖 . The 

resource constraint 𝑅𝐶 is binding as 𝜅 > 0 since ℎ"(. ) and ℎ$(. ) are strictly convex and ℎ"A  

and ℎ$A  are positive. The above string of equalities meant that 𝜅 > 0. The above equalities 

create the result in Proposition 4.1 in which 

𝑉%" = 𝑉%$ = 𝑣%" = 𝑣%$ = 𝑢%" = 𝑢%$ =(𝐵&$ = 𝐵𝐹&$ or 𝑏#$ = 𝑏𝑓#$ depend on 𝑖). 

 

Furthermore, in the standard utilitarian case with 𝜆%23 = 𝜆%, we obtain 

1 =
ℎ"A (𝑉&")
ℎ"A (𝑉#")

=
ℎ$A (𝑉&$)
ℎ$A (𝑉#$)

=
ℎ"A (𝑣&")
ℎ"A (𝑣#")

=
ℎ$A (𝑣&$)
ℎ$A (𝑣#$)

=
ℎ"A (𝑢&")
ℎ"A (𝑢#")

=
ℎ$A (𝑢&$)
ℎ$A (𝑢#$)

=
ℎ$A (𝐵&$)
ℎ$A (𝑏#$)

=
ℎ$A (𝐵𝐹&$)
ℎ$A (𝑏𝑓#$)

. 
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This meant in the standard utilitarian case,    

𝑉&" = 𝑉#" , 𝑉&$ = 𝑉#$ , 𝑣&" = 𝑣#" , 𝑣&$ = 𝑣#$ , 𝑢&" = 𝑢#" , 𝑢&$ = 𝑢#$ , 𝐵&$ = 𝑏#$ , 𝐵𝐹&$ = 𝑏𝑓#$ . 

 

A4.2: Appendix for Lemma 4.2 

(a). The LHS of 𝐼𝐶# and 𝐼𝐶𝐴# are the same, so if 𝐼𝐶#’s RHS is greater than 𝐼𝐶𝐴#’s RHS we know 

𝐼𝐶𝐴# would be satisfied. Let’s compare the RHS of 𝐼𝐶# to the RHS of 𝐼𝐶𝐴# and obtains, 

𝑃#𝑈&,# + (1 − 𝑃#)𝑢& − 𝑐#
( − 𝑃#𝜋𝑃:𝛿𝑐#8 ≥ 𝑃#𝑈&,8# + (1 − 𝑃#)𝑢& − 𝑐#

( , 

𝛿#𝐵&$ − 𝛿#𝐵𝐹&$ ≥
𝜋

1 − 𝜋 𝛿𝐾#
8 . 

    

Since 𝜋 < &
#
 and due to Assumption 4.6, the above inequality is satisfied if 𝑀𝑅& is satisfied.  

Consequently, if 𝐼𝐶#  and 𝑀𝑅&  are satisfied, then due to Assumption 4.6, 𝐼𝐶𝐴#  is 

automatically satisfied. 

 

(b). The LHS of 𝐼𝐶# and 𝐼𝐶𝐵# is the same, so if 𝐼𝐶#’s RHS is greater than 𝐼𝐶𝐵#’s RHS we know 

𝐼𝐶𝐵# would be satisfied. Compare the RHS of 𝐼𝐶# to the RHS of 𝐼𝐶𝐵# and obtains, 

𝑝#𝑈&,# + (1 − 𝑝#)𝑢& − 𝑝#𝜋𝑃:𝛿𝑐#8 ≥ 𝑝#𝑈&,8# + (1 − 𝑝#)𝑢&, 

𝛿#𝐵&$ − 𝛿#𝐵𝐹&$ ≥
𝜋

1 − 𝜋 𝛿𝐾#
8 . 

 

If 𝐼𝐶# and 𝑀𝑅& are satisfied then due to Assumption 4.6, 𝐼𝐶𝐵# is automatically satisfied. 
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A4.3: Appendix for Common Properties in the Second-Best Retraining Case 

Let 𝜅, 𝜇&, 𝜇#, 𝜓&, 𝜓#, 𝜎&, 𝜎#, 𝜉&, 𝜉#, 𝜁& and 𝜑& be the non-negative Lagrange multipliers of the 

following incentive constraints 𝑅𝐶, 𝐼𝐶&, 𝐼𝐶#, 𝑀𝑅&, 𝑀𝑅#, 𝑀𝐻&, 𝑀𝐻#, 𝐼𝐶&, 𝐼𝐶#, 𝐼𝐶𝐴& and 𝐼𝐶𝐵&. 

    

The objective function is written as follows:  

c𝜆%23

%

\𝑃%𝑈%, + (1 − 𝑃%)𝑢% − 𝑐%
(] − 𝜆&23𝑃&(1 − 𝜋)𝑃:𝛿𝑐&8 − 𝜆#23𝑃#𝜋𝑃:𝛿𝑐#8 . 

 

This is the objective function that will be maximized with respect to 

[𝑉&" , 𝑉&$ , 𝑣#" , 𝑣#$ , 𝐵&$ , 𝐵𝐹&$ , 𝑏#$ , 𝑏𝑓#$ , 𝑢%" , 𝑢%$] with 𝑖 = 1, 2.	

				

The Lagrange will be of the form,  

𝐿 = 𝑂𝐵 + 𝜅𝑅𝐶 + 𝜇&𝐼𝐶& + 𝜇#𝐼𝐶# + 𝜓&𝑀𝑅& + 𝜓#𝑀𝑅# + 𝜎&𝑀𝐻& + 𝜎#𝑀𝐻# + 𝜉&𝐼𝐶& + 𝜉#𝐼𝐶#

+ 𝜁&𝐼𝐶𝐴& + 𝜑&𝐼𝐶𝐵&. 

 

The first-order conditions are 

(𝐹𝑂𝐶4.1𝑎)	
𝜕𝐿
𝜕𝑉&"

= 𝜆&23𝑃&𝛿 − 𝜆&𝜅𝑃&[(1 − 𝜋)𝛿ℎ"A (𝑉&") + 𝜋𝛿ℎ"A (𝑉&" + 𝑏)] + 𝜇&𝑃&𝛿 − 𝜇#𝑃#𝛿

+ 𝜎&𝛿 + 𝜉&𝑃&𝛿 − 𝜉#𝑝#𝛿 + 𝜁&𝑃&𝛿 + 𝜑&𝑃&𝛿 = 0, 
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(𝐹𝑂𝐶4.2𝑎)	
𝜕𝐿
𝜕𝑉&$

= 𝜆&23𝑃&(1 − (1 − 𝜋)𝑃:)𝛿#

− 𝜆&𝜅𝑃&[(1 − 𝜋)(1 − 𝑃:)𝛿#ℎ$A (𝑉&$) + 𝜋𝛿#ℎ$A (𝑉&$ + 𝑏)]

+ 𝜇&𝑃&(1 − (1 − 𝜋)𝑃:)𝛿# − 𝜇#𝑃#(1 − (1 − 𝜋)𝑃:)𝛿#

+ 𝜎&𝛿#(1 − (1 − 𝜋)𝑃:) + 𝜉&𝑃&(1 − (1 − 𝜋)𝑃:)𝛿#

− 𝜉#𝑝#(1 − (1 − 𝜋)𝑃:)𝛿# + 𝜁&𝑃&(1 − (1 − 𝜋)𝑃:)𝛿#

+ 𝜑&𝑃&(1 − (1 − 𝜋)𝑃:)𝛿# = 0, 

(𝐹𝑂𝐶4.3𝑎)	
𝜕𝐿
𝜕𝑣#"

= 𝜆#23𝑃#𝛿 − 𝜆#𝜅𝑃#[(1 − 𝜋)𝛿ℎ"A (𝑣#" + 𝑏) + 𝜋𝛿ℎ"A (𝑣#")] − 𝜇&𝑃&𝛿 + 𝜇#𝑃#𝛿

+ 𝜎#𝛿 − 𝜉&𝑝&𝛿 + 𝜉#𝑃#𝛿 − 𝜁&𝑃&𝛿 − 𝜑&𝑝&𝛿 = 0, 

(𝐹𝑂𝐶4.4𝑎)	
𝜕𝐿
𝜕𝑣#$

= 𝜆#23𝑃#(1 − 𝜋𝑃:)𝛿#

− 𝜆#𝜅𝑃#[(1 − 𝜋)𝛿#ℎ$A (𝑣#$ + 𝑏) + 𝜋(1 − 𝑃:)𝛿#ℎ$A (𝑣#$)] − 𝜇&𝛿#𝑃&(1 − 𝜋𝑃:)

+ 𝜇#𝑃#(1 − 𝜋𝑃:)𝛿# + 𝜎#(1 − 𝜋𝑃:)𝛿# − 𝜉&𝑝&(1 − 𝜋𝑃:)𝛿#

+ 𝜉#𝑃#(1 − 𝜋𝑃:)𝛿# − 𝜁&𝑃&(1 − 𝜋𝑃:)𝛿# − 𝜑&𝑝&(1 − 𝜋𝑃:)𝛿# = 0, 

(𝐹𝑂𝐶4.5𝑎)	
𝜕𝐿
𝜕𝐵&$

= 𝜆&23𝑃&(1 − 𝜋)𝑃:𝑃&8𝛿# − 𝜆&𝜅𝑃&(1 − 𝜋)𝑃:𝑃&8𝛿#ℎ$A (𝐵&$)

+ 𝜇&𝑃&(1 − 𝜋)𝑃:𝑃&8𝛿# − 𝜇#𝑃#(1 − 𝜋)𝑃:𝑃#8𝛿# + 𝜓&𝛿# + 𝜎&(1 − 𝜋)𝑃:𝑃&8𝛿#

+ 𝜉&𝑃&(1 − 𝜋)𝑃:𝑃&8𝛿# − 𝜉#𝑝#(1 − 𝜋)𝑃:𝑃#8𝛿# + 𝜁&𝑃&(1 − 𝜋)𝑃:𝑃&8𝛿#

+ 𝜑&𝑃&(1 − 𝜋)𝑃:𝑃&8𝛿# = 0, 
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(𝐹𝑂𝐶4.6𝑎)	
𝜕𝐿
𝜕𝐵𝐹&$

= 𝜆&23𝑃&(1 − 𝜋)𝑃:(1 − 𝑃&8)𝛿# − 𝜆&𝜅𝑃&(1 − 𝜋)𝑃:(1 − 𝑃&8)𝛿#ℎ$A (𝐵𝐹&$)

+ 𝜇&𝑃&(1 − 𝜋)𝑃:(1 − 𝑃&8)𝛿# − 𝜇#𝑃#(1 − 𝜋)𝑃:(1 − 𝑃#8)𝛿# − 𝜓&𝛿# + 𝜎&(1

− 𝜋)𝑃:(1 − 𝑃&8)𝛿# + 𝜉&𝑃&(1 − 𝜋)𝑃:(1 − 𝑃&8)𝛿# − 𝜉#𝑝#(1

− 𝜋)𝑃:(1 − 𝑃#8)𝛿# + 𝜁&𝑃&(1 − 𝜋)𝑃:(1 − 𝑃&8)𝛿# + 𝜑&𝑃&(1

− 𝜋)𝑃:(1 − 𝑃&8)𝛿# = 0, 

(𝐹𝑂𝐶4.7𝑎)	
𝜕𝐿
𝜕𝑏#$

= 𝜆#23𝑃#𝜋𝑃:𝑃#8𝛿# − 𝜆#𝜅𝑃#𝜋𝑃:𝑃#8𝛿#ℎ$A (𝑏#$) − 𝜇&𝜋𝑃&𝑃:𝑃&8𝛿#

+ 𝜇#𝑃#𝜋𝑃:𝑃#8𝛿# + 𝜓#𝛿# + 𝜎#𝜋𝑃:𝑃#8𝛿# − 𝜉&𝑝&𝜋𝑃:𝑃&8𝛿# + 𝜉#𝑃#𝜋𝑃:𝑃#8𝛿#

− 𝜁&𝑃&𝜋𝑃:𝑝&8𝛿# − 𝜑&𝑝&𝜋𝑃:𝑝&8𝛿# = 0, 

(𝐹𝑂𝐶4.8𝑎)	
𝜕𝐿
𝜕𝑏𝑓#$

= 𝜆#23𝑃#𝜋𝑃:(1 − 𝑃#8)𝛿# − 𝜆#𝜅𝑃#𝜋𝑃:(1 − 𝑃#8)𝛿#ℎ$A (𝑏𝑓#$)

− 𝜇&𝑃&𝜋𝑃:(1 − 𝑃&8)𝛿# + 𝜇#𝑃#𝜋𝑃:(1 − 𝑃#8)𝛿# − 𝜓#𝛿# + 𝜎#𝜋𝑃:(1 − 𝑃#8)𝛿#

− 𝜉&𝑝&𝜋𝑃:(1 − 𝑃&8)𝛿# + 𝜉#𝑃#𝜋𝑃:(1 − 𝑃#8)𝛿# − 𝜁&𝑃&𝜋𝑃:(1 − 𝑝&8)𝛿#

− 𝜑&𝑝&𝜋𝑃:(1 − 𝑝&8)𝛿# = 0, 

(𝐹𝑂𝐶4.9𝑎)	
𝜕𝐿
𝜕𝑢&"

= 𝜆&23(1 − 𝑃&)𝛿 − 𝜆&𝜅(1 − 𝑃&)ℎ"A (𝑢&")𝛿 + 𝜇&(1 − 𝑃&)𝛿 − 𝜇#(1 − 𝑃#)𝛿

− 𝜎&𝛿 + 𝜉&(1 − 𝑃&)𝛿 − 𝜉#(1 − 𝑝#)𝛿 + 𝜁&(1 − 𝑃&)𝛿 + 𝜑&(1 − 𝑃&)𝛿 = 0, 

(𝐹𝑂𝐶4.10𝑎)	
𝜕𝐿
𝜕𝑢&$

= 𝜆&23(1 − 𝑃&)𝛿# − 𝜆&𝜅(1 − 𝑃&)𝛿#ℎ$A (𝑢&$) + 𝜇&(1 − 𝑃&)𝛿# − 𝜇#(1 − 𝑃#)𝛿#

− 𝜎&𝛿# + 𝜉&(1 − 𝑃&)𝛿# − 𝜉#(1 − 𝑝#)𝛿# + 𝜁&(1 − 𝑃&)𝛿# + 𝜑&(1 − 𝑃&)𝛿#

= 0, 
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(𝐹𝑂𝐶4.11𝑎)	
𝜕𝐿
𝜕𝑢#"

= 𝜆#23(1 − 𝑃#)𝛿 − 𝜆#𝜅(1 − 𝑃#)𝛿ℎ"A (𝑢#") − 𝜇&(1 − 𝑃&)𝛿 + 𝜇#(1 − 𝑃#)𝛿

− 𝜎#𝛿 − 𝜉&(1 − 𝑝&)𝛿 + 𝜉#(1 − 𝑃#)𝛿 − 𝜁&(1 − 𝑃&)𝛿 − 𝜑&(1 − 𝑝&)𝛿 = 0, 

(𝐹𝑂𝐶4.12𝑎)	
𝜕𝐿
𝜕𝑢#$

= 𝜆#23(1 − 𝑃#)𝛿# − 𝜆#𝜅(1 − 𝑃#)𝛿#ℎ$A (𝑢#$) − 𝜇&(1 − 𝑃&)𝛿# + 𝜇#(1 − 𝑃#)𝛿#

− 𝜎#𝛿# − 𝜉&(1 − 𝑝&)𝛿# + 𝜉#(1 − 𝑃#)𝛿# − 𝜁&(1 − 𝑃&)𝛿# − 𝜑&(1 − 𝑝&)𝛿#

= 0, 

 

Simplify the 12 𝐹𝑂𝐶s, we obtain 

(𝐹𝑂𝐶4.1𝑏)		𝜆&23 + 𝜇& − 𝜇#
𝑃#
𝑃&
+ 𝜎&

1
𝑃&
+ 𝜉& − 𝜉#

𝑝#
𝑃&
+ 𝜁& + 𝜑& = 𝜆&𝜅𝐸ℎA(𝑉&"), 

(𝐹𝑂𝐶4.2𝑏)		𝜆&23(1 − (1 − 𝜋)𝑃:) + 𝜇&(1 − (1 − 𝜋)𝑃:) − 𝜇#
𝑃#
𝑃&
(1 − (1 − 𝜋)𝑃:)

+ 𝜎&(1 − (1 − 𝜋)𝑃:)
1
𝑃&
+ 𝜉&(1 − (1 − 𝜋)𝑃:) − 𝜉#

𝑝#
𝑃&
(1 − (1 − 𝜋)𝑃:)

+ 𝜁&(1 − (1 − 𝜋)𝑃:) + 𝜑&(1 − (1 − 𝜋)𝑃:) = 𝜆&𝜅𝐸ℎA(𝑉&$), 

(𝐹𝑂𝐶4.3𝑏)		𝜆#23 − 𝜇&
𝑃&
𝑃#
+ 𝜇# + 𝜎#

1
𝑃#
− 𝜉&

𝑝&
𝑃#
+ 𝜉# − 𝜁&

𝑃&
𝑃#
− 𝜑&

𝑝&
𝑃#
= 𝜆#𝜅𝐸ℎA(𝑣#"), 

(𝐹𝑂𝐶4.4𝑏)	𝜆#23(1 − 𝜋𝑃:) − 𝜇&
𝑃&
𝑃#
(1 − 𝜋𝑃:) + 𝜇#(1 − 𝜋𝑃:) + 𝜎#(1 − 𝜋𝑃:)

1
𝑃#

− 𝜉&
𝑝&
𝑃#
(1 − 𝜋𝑃:) + 𝜉#(1 − 𝜋𝑃:) − 𝜁&

𝑃&
𝑃#
(1 − 𝜋𝑃:) − 𝜑&

𝑝&
𝑃#
(1 − 𝜋𝑃:)

= 𝜆#𝜅𝐸ℎA(𝑣#$), 

(𝐹𝑂𝐶4.5𝑏)		𝜆&23 + 𝜇& − 𝜇#
𝑃#𝑃#8

𝑃&𝑃&8
+ 𝜓&

1
𝑃&(1 − 𝜋)𝑃:𝑃&8

+ 𝜎&
1
𝑃&
+ 𝜉& − 𝜉#

𝑝#𝑃#8

𝑃&𝑃&8
+ 𝜁& + 𝜑&

= 𝜆&𝜅ℎ$A (𝐵&$), 
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(𝐹𝑂𝐶4.6𝑏)		𝜆&23 + 𝜇& − 𝜇#
𝑃#(1 − 𝑃#8)
𝑃&(1 − 𝑃&8)

− 𝜓&
1

𝑃&(1 − 𝜋)𝑃:(1 − 𝑃&8)
+ 𝜎&

1
𝑃&
+ 𝜉&

− 𝜉#
𝑝#(1 − 𝑃#8)
𝑃&(1 − 𝑃&8)

+ 𝜁& + 𝜑& = 𝜆&𝜅ℎ$A (𝐵𝐹&$), 

(𝐹𝑂𝐶4.7𝑏)		𝜆#23 − 𝜇&
𝑃&𝑃&8

𝑃#𝑃#8
+ 𝜇# + 𝜓#

1
𝑃#𝜋𝑃:𝑃#8

+ 𝜎#
1
𝑃#
− 𝜉&

𝑝&𝑃&8

𝑃#𝑃#8
+ 𝜉# − 𝜁&

𝑃&𝑝&8

𝑃#𝑃#8

− 𝜑&
𝑝&𝑝&8

𝑃#𝑃#8
= 𝜆#𝜅ℎ$A (𝑏#$), 

(𝐹𝑂𝐶4.8𝑏)		𝑙#23 − 𝜇&
𝑃&(1 − 𝑃&8)
𝑃#(1 − 𝑃#8)

+ 𝜇# − 𝜓#
1

𝑃#𝜋𝑃:(1 − 𝑃#8)
+ 𝜎#

1
𝑃#
− 𝜉&

𝑝&(1 − 𝑃&8)
𝑃#(1 − 𝑃#8)

+ 𝜉#

− 𝜁&
𝑃&(1 − 𝑝&8)
𝑃#(1 − 𝑃#8)

− 𝜑&
𝑝&(1 − 𝑝&8)
𝑃#(1 − 𝑃#8)

= 𝜆#𝜅ℎ$A (𝑏𝑓#$), 

(𝐹𝑂𝐶4.9𝑏)		𝜆&23 + 𝜇& − 𝜇#
(1 − 𝑃#)
(1 − 𝑃&)

− 𝜎&
1

(1 − 𝑃&)
+ 𝜉& − 𝜉#

(1 − 𝑝#)
(1 − 𝑃&)

+ 𝜁& + 𝜑&

= 𝜆&𝜅ℎ"A (𝑢&"), 

(𝐹𝑂𝐶4.10𝑏)		𝜆&23 + 𝜇& − 𝜇#
(1 − 𝑃#)
(1 − 𝑃&)

− 𝜎&
1

(1 − 𝑃&)
+ 𝜉& − 𝜉#

(1 − 𝑝#)
(1 − 𝑃&)

+ 𝜁& + 𝜑&

= 𝜆&𝜅ℎ$A (𝑢&$), 

(𝐹𝑂𝐶4.11𝑏)		𝜆#23 − 𝜇&
(1 − 𝑃&)
(1 − 𝑃#)

+ 𝜇# − 𝜎#
1

(1 − 𝑃#)
− 𝜉&

(1 − 𝑝&)
(1 − 𝑃#)

+ 𝜉# − 𝜁&
(1 − 𝑃&)
(1 − 𝑃#)

− 𝜑&
(1 − 𝑝&)
(1 − 𝑃#)

= 𝜆#𝜅ℎ"A (𝑢#"), 

(𝐹𝑂𝐶4.12𝑏)		𝜆#23 − 𝜇&
(1 − 𝑃&)
(1 − 𝑃#)

+ 𝜇# − 𝜎#
1

(1 − 𝑃#)
− 𝜉&

(1 − 𝑝&)
(1 − 𝑃#)

+ 𝜉# − 𝜁&
(1 − 𝑃&)
(1 − 𝑃#)

− 𝜑&
(1 − 𝑝&)
(1 − 𝑃#)

= 𝜆#𝜅ℎ$A (𝑢#$), 

    

The notations used in the 𝐹𝑂𝐶s have the following meaning: 

𝐸ℎA(𝑉&") denote (1 − 𝜋)ℎ"A (𝑉&") + 𝜋ℎ"A (𝑉&" + 𝑏), 

𝐸ℎA(𝑉&$) denote (1 − 𝜋)(1 − 𝑃:)ℎ$A (𝑉&$) + 𝜋ℎ$A (𝑉&$ + 𝑏), 
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𝐸ℎA(𝑣#") denote (1 − 𝜋)ℎ"A (𝑣#" + 𝑏) + 𝜋ℎ"A (𝑣#"), 

𝐸ℎA(𝑣#$) denote (1 − 𝜋)ℎ$A (𝑣#$ + 𝑏) + 𝜋(1 − 𝑃:)ℎ$A (𝑣#$). 

 

Lemma 4.3: In any second-best optimum in the retraining case: 

(a). 𝑅𝐶 is a binding constraint.  

(b). 𝑀𝑅& must be a binding constraint.  

(c). If 𝐼𝐶&, 𝐼𝐶&, 𝐼𝐶𝐴& and 𝐼𝐶𝐵&  are all slack then 𝑀𝑅# must be binding in the optimum.  

 

Proof of Lemma 4.3 (a) 

Adding up all the 12 𝐹𝑂𝐶s and all the terms involving the following Lagrange multipliers are 

cancelled out: 𝜇&, 𝜇#, 𝜓&, 𝜓#, 𝜎&, 𝜎#, 𝜉&, 𝜉#, 𝜁& and 𝜑&.  

    

When adding all of the 𝐹𝑂𝐶s for the terms with 𝜆&23 and 𝜆#23, we obtain 2𝜆&23 and 2𝜆#23. Since 

𝜆&23 + 𝜆#23 = 1 by definition, 2𝜆&23 + 2𝜆#23  adds up to two. Adding together the resource 

constraint in all the 𝐹𝑂𝐶s, the summation results in 𝜅  times the various ℎ"A (. ) and ℎ$A (. ) 

which are all positive. Putting 𝜅  to the side of 𝜆%23  terms we can derive the following 

inequality: 

2
𝜅 > 0. 

For this to be valid, 𝜅 must be positive and it means 𝑅𝐶 is a binding constraint. 

 

Proof of Lemma 4.3 (b) 

Let 𝐹𝑂𝐶4.5𝑏 minus 𝐹𝑂𝐶4.6𝑏 and let 𝜓& = 0 (𝑀𝑅& is slack), and doesn’t matter if any other 

multipliers are zero or positive, we obtain 
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𝜇#
𝑃#
𝑃&

(𝑃&8 − 𝑃#8)
𝑃&8(1 − 𝑃&8)

+ 𝜉#
𝑝#
𝑃&

(𝑃&8 − 𝑃#8)
𝑃&8(1 − 𝑃&8)

= 𝜆&𝜅[ℎ$A (𝐵&$) − ℎ$A (𝐵𝐹&$)]. 

    

Since 𝑃&8 < 𝑃#8, the LHS is either negative or equal to zero which is a violation of 𝑀𝑅&. This 

meant in equilibrium 𝑀𝑅& must be binding.  

 

Proof of Lemma 4.3 (c) 

Assume 𝜓# = 0. Let 𝜇# be expressed in terms of 𝜇& using 𝐹𝑂𝐶4.7𝑏 and then substituting the 

𝜇# into 𝐹𝑂𝐶4.8𝑏 and gain the following expression for 𝜇&, 

𝜇& = 𝜆#𝜅
𝑃#𝑃#8(1 − 𝑃#8)
𝑃&(𝑃&8 − 𝑃#8)

[ℎ$A (𝑏𝑓#$) − ℎ$A (𝑏#$)] − 𝜉&
𝑝&
𝑃&
− 𝜁&

𝑝&8 − 𝑃#8

𝑃&8 − 𝑃#8
− 𝜑&

𝑝&(𝑝&8 − 𝑃#8)
𝑃&(𝑃&8 − 𝑃#8)

. 

 

 Rearrange the equation,   

𝜇&
𝑃&
𝑃#

(𝑃#8 − 𝑃&8)
𝑃#8(1 − 𝑃#8)

+ 𝜉&
𝑝&
𝑃#

(𝑃#8 − 𝑃&8)
𝑃#8(1 − 𝑃#8)

+ 𝜁&
𝑃&
𝑃#

(𝑃#8 − 𝑝&8)
𝑃#8(1 − 𝑃#8)

+ 𝜑&
𝑝&
𝑃#

(𝑃#8 − 𝑝&8)
𝑃#8(1 − 𝑃#8)

= 𝜆#𝜅[ℎ$A (𝑏#$) − ℎ$A (𝑏𝑓#$)]. 

    

Based on this equation, if none of the constraints 𝐼𝐶&, 𝐼𝐶&, 𝐼𝐶𝐴& or 𝐼𝐶𝐵& binds in the second-

best optimum, then it meant that 𝑀𝑅# must be binding instead. 

 

Analysing the First-Order Conditions 

Lemma 4.4 contains the relations between ex-post utilities that are certain in all second-best 

optimums regardless of what incentive constraints are binding or not. 
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Lemma 4.4: At every second-best optimum when the government could identify who needs 

retraining:  

(a). 𝑢&" = 𝑢&$ and 𝑢#" = 𝑢#$ . 

(b). 𝑉&" > 𝑉&$ and 𝑉&" + 𝑏 > 𝑉&$ + 𝑏. 

(c). 𝑣#" > 𝑣#$ and 𝑣#" + 𝑏 > 𝑣#$ + 𝑏. 

(d). 𝐵&$ > 𝑉&" . 

(e). 𝑏#$ > 𝑣#" . 

(f). 𝑣#" + 𝑏 > 𝑏𝑓#$ and 𝑣#$ + 𝑏 > 𝑏𝑓#$ .  

 

In all second-best optimums, 𝐹𝑂𝐶4.9𝑏 = 𝐹𝑂𝐶4.10𝑏, the expected increase in resources for 

an additional unit of ex-post utilities for an ex-ante type 𝑖 = 1 student who failed youth 

education is equal between the two periods.  

(𝑎4.1)                                                       ℎ"A (𝑢&") = ℎ$A (𝑢&$). 

 

Since ℎ"(. ) and ℎ$(. )  are the same equation but for different periods utilities, (a4.1) meant 

that in the second-best optimum 𝑢&" = 𝑢&$. 

    

For the ex-ante type 𝑖 = 2 students, in all second-best optimums, 𝐹𝑂𝐶4.11𝑏 = 𝐹𝑂𝐶4.12𝑏.  

(𝑎4.2)                                                       ℎ"A (𝑢#") = ℎ$A (𝑢#$). 

 

(a4.2) means that in the second-best optimum, 𝑢#" = 𝑢#$. These two relations are Lemma 4.4 

(a). 
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The following relationships will be less obvious. Let’s first compare 𝐹𝑂𝐶4.1𝑏 and 𝐹𝑂𝐶4.2𝑏, 

divide 𝐹𝑂𝐶4.2𝑏 by (1 − (1 − 𝜋)𝑃:). We have the following equality,  

(𝑎4.3)																																														𝐸ℎA(𝑉&") =
𝐸ℎA(𝑉&$)	

(1 − (1 − 𝜋)𝑃:). 

 

From this equality, we derive that 𝑉&" > 𝑉&$ in the second-best optimum. This is Lemma 4.4 

(b). 

 

Compare 𝐹𝑂𝐶4.3𝑏 and 𝐹𝑂𝐶4.4𝑏. We have the following equality, 

(𝑎4.4)																																																				𝐸ℎA(𝑣#") =
𝐸ℎA(𝑣#$)	
(1 − 𝜋𝑃:). 

 

From this equality, we drive that in the second-best optimum 𝑣#" > 𝑣#$. This is Lemma 4.4 (c).  

 

𝐹𝑂𝐶4.1𝑎 is equal to the sum of 𝐹𝑂𝐶4.2𝑎, 𝐹𝑂𝐶4.5𝑎 and 𝐹𝑂𝐶4.6𝑎 and form the equation 

𝐸ℎA(𝑉&") = 𝐸ℎA(𝑉&$) + (1 − 𝜋)𝑃:𝑃&8ℎ$A (𝐵&$) + (1 − 𝜋)𝑃:(1 − 𝑃&8)ℎ$A (𝐵𝐹&$). 

    

Relations can be derived by splitting the 𝐸ℎA(𝑉&$) term and reorganizing the equation into  

(𝑎4.5)		𝐸ℎA(𝑉&")

= (1 − 𝜋)[(1 − 𝑃:)ℎ$A (𝑉&$) + 𝑃:𝑃&8ℎ$A (𝐵&$) + 𝑃:(1 − 𝑃&8)ℎ$A (𝐵𝐹&$)]

+ 𝜋ℎ$A (𝑉&$ + 𝑏). 

 

Given that 𝑉&" > 𝑉&$ , the 𝜋ℎ"A (𝑉&" + 𝑏) is greater than 𝜋ℎ$A (𝑉&$ + 𝑏), this meant ℎ"A (𝑉&") <

(1 − 𝑃:)ℎ$A (𝑉&$) + 𝑃:𝑃&8ℎ$A (𝐵&$) + 𝑃:(1 − 𝑃&8)ℎ$A (𝐵𝐹&$) . Given that 𝑉&" > 𝑉&$ , and due to 
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𝑀𝑅&, 𝐵&$ > 𝐵𝐹&$, it can be deduced that 𝐵&$ > 𝑉&" in all cases of second-best optimum. This is 

Lemma 4.4 (d).  

    

𝐹𝑂𝐶4.3𝑎 is equal to the sum of 𝐹𝑂𝐶4.4𝑎, 𝐹𝑂𝐶4.7𝑎 and 𝐹𝑂𝐶4.8𝑎. This summation together 

with (a4.5) meant the optimum allocation ensures the increase in resources for a unit of extra 

utility at the adult period is equal to the expected increase in resources for an extra unit of 

utility when old for both ex-ante types of students. The summation results in 

𝐸ℎA(𝑣#") = 𝐸ℎA(𝑣#$) + 𝜋𝑃:𝑃#8ℎ$A (𝑏#$) + 𝜋𝑃:(1 − 𝑃#8)ℎ$A (𝑏𝑓#$). 

    

Rearrange the equation and obtain 

(𝑎4.6)		𝐸ℎA(𝑣#")

= (1 − 𝜋)ℎ$A (𝑣#$ + 𝑏) + 𝜋[(1 − 𝑃:)ℎ$A (𝑣#$) + 𝑃:𝑃#8ℎ$A (𝑏#$)

+ 𝑃:(1 − 𝑃#8)ℎ$A (𝑏𝑓#$)]. 

 

From Lemma 4.4 (c) we know 𝑣#" > 𝑣#$ in the second-best optimum. Equivalent to the ex-ante 

type 𝑖 = 1  case, we also obtain ℎ"A (𝑣#") < (1 − 𝑃:)ℎ$A (𝑣#$) + 𝑃:𝑃#8ℎ$A (𝑏#$) + 𝑃:(1 −

𝑃#8)ℎ$A (𝑏𝑓#$). Since 𝑏#$ > 𝑏𝑓#$ due to 𝑀𝑅#, for this inequality to be viable it must be the case 

that 𝑏#$ > 𝑣#". This is Lemma 4.4 (e). 

 

Compare between 𝐹𝑂𝐶4.3𝑏  and 𝐹𝑂𝐶4.8𝑏,  if 𝜇&𝑃&𝜋𝑃:[𝑃#8 − 𝑃&8] + 𝜉&𝑝&𝜋𝑃:[𝑃#8 − 𝑃&8] +

𝜁&𝑃&𝜋𝑃:[𝑃#8 − 𝑝&8] + 𝜑&𝑝&𝜋𝑃:[𝑃#8 − 𝑝&8] > −𝜓#, then 𝑣#" + 𝑏 > 𝑏𝑓#$ is certain in the second 

best. Since the fact that by assumption 𝑝&8 < 𝑃#8  and 𝑃&8 < 𝑃#8, the LHS cannot be negative. 

𝑣#" + 𝑏 > 𝑏𝑓#$ is a certain result due to Lemma 4.3 (c), if all of the incentive constraints that 

are associated with 𝜇&, 𝜉&, 𝜁&, 𝜑&  were slack in the second-best optimum, then for 𝑀𝑅# to not 
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be violated 𝜓#  needs to be positive, so it is certain 𝑣#" + 𝑏 > 𝑏𝑓#$  is in the second-best 

optimum.  

 

The same logic applies to 𝐹𝑂𝐶4.4𝑏  and 𝐹𝑂𝐶4.8𝑏 , divide both sides of 𝐹𝑂𝐶4.4𝑏  by (1 −

𝜋𝑃:) , we obtain that if 𝜇&𝑃&𝜋𝑃:[𝑃#8 − 𝑃&8] + 𝜉&𝑝&𝜋𝑃:[𝑃#8 − 𝑃&8] + 𝜁&𝑃&𝜋𝑃:[𝑃#8 − 𝑝&8] +

𝜑&𝑝&𝜋𝑃:[𝑃#8 − 𝑝&8] > −𝜓# , then 𝑣#$ + 𝑏 > 𝑏𝑓#$  is certain in the second-best optimum. 

Applying Lemma 4.3 (c), it is certain that 𝑣#$ + 𝑏 > 𝑏𝑓#$. These two relations are Lemma 4.4 

(f). 

 

What Happens When the Government Cannot Identify Who Needs Retraining 

If the government cannot identify who needs training, we have two additional constraints 

added to the maximization problem: 

𝑉&$ ≥ 𝐵&$ and 𝑣#$ ≥ 𝑏#$. 

 

Both constraints will be binding in the second-best optimum since if they do not bind the 

constraint will be violated. This meant in the second-best optimum when the government 

cannot identify who needs retraining, we have: 

𝑉&$ = 𝐵&$ and 𝑣#$ = 𝑏#$. 

 

Both (a4.5) and (a4.6) still apply and we can derive the relations of the optimum utilities 

across periods from their equalities. We found that for these equalities to be viable, we must 

have: 

𝑉&$ = 𝐵&$ > 𝑉&" and 𝑣#$ = 𝑏#$ > 𝑣#". 
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Furthermore, the retraining effort constraint 𝑀𝑅&  must be binding in the second-best 

optimum. All of Lemmas 4.3 still applies in the second-best optimum. Lemma 4.4 (a) and 4.4 

(f) are also unchanged in the second-best optimum when the government does not know who 

needs retraining. 

 

A4.4: Appendix for Proposition 4.4 

Is it possible for the retraining program to reduce the degree of ex-ante inequality in any 

second-best optimum below the equal treatment optimum of 𝑈&, = 𝑈#, and 𝑢& = 𝑢# found in 

GT’s model when the government knows who needs retraining? To formally examine this, we 

set up the following equation based on 𝑀𝐻&, 

𝑈&, = 𝐾&
( + (1 − 𝜋)𝑃:𝛿𝑐&8 + 𝑢& + 𝜀&,, 𝑈#, = 𝐾&

( + (1 − 𝜋)𝑃:𝛿𝑐&8 + 𝑢# − 𝜀#,. 

 

The difference in the degree of ex-ante inequality is written below 

𝑃#𝑈#, + (1 − 𝑃#)𝑢# − 𝑐#
( − 𝑃#𝜋𝑃:𝛿𝑐#8 − \𝑃&𝑈&, + (1 − 𝑃&)𝑢& − 𝑐&

( − 𝑃&(1 − 𝜋)𝑃:𝛿𝑐&8]

− (𝑃# − 𝑃&)𝐾&
( − 𝑐&

( + 𝑐#
( . 

 

Substituting 𝑈&, and 𝑈#, into the difference and obtain  

𝑢# − 𝑢& + 𝑃#(1 − 𝜋)𝑃:𝛿𝑐&8 − 𝑃#𝜋𝑃:𝛿𝑐#8 − 𝑃#𝜀#, − 𝑃&𝜀&,. 

 

For the degree of ex-ante inequality to not increase above the degree in the equal treatment 

optimum of GT’s model, the above term needs to be not positive and we obtain 

𝑃#𝜀#, + 𝑃&𝜀&, ≥ 𝑢# − 𝑢& + 𝑃#(1 − 𝜋)𝑃:𝛿𝑐&8 − 𝑃#𝜋𝑃:𝛿𝑐#8 . 
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Given that 𝑀𝑅& is always binding in the second-best optimum, 𝑈&,# can be written as: 𝑈&,# =

𝑈&, + (1 − 𝜋)𝑃:(𝑃#8 − 𝑃&8)𝛿𝐾&8 . Substituting 𝑈#,  and 𝑈&,#  into the self-selection constraint 

𝐼𝐶#  and obtains  

𝑢# − 𝑢& ≥ 𝑃#𝜀#, + 𝑃#𝜀&, + 𝑃#(1 − 𝜋)𝑃:(𝑃#8 − 𝑃&8)𝛿𝐾&8 − 𝑃#(1 − 2𝜋)𝑃:𝛿𝑐#8 . 

 

Since in any valid second-best optimum 𝜀&, ≥ 0 , it meant 𝑃#𝜀#, + 𝑃#𝜀&, ≥ 𝑃#𝜀#, + 𝑃&𝜀&, . 

Substituting in the minimum value of 𝑃#𝜀#, + 𝑃&𝜀&, needed for not increasing the degree of ex-

ante inequality in place of 𝑃#𝜀#, + 𝑃#𝜀&,, we obtain  

0 ≥ 𝑃#(1 − 𝜋)𝑃:(𝑃#8 − 𝑝&8)𝛿𝐾&8 − 𝑃#(1 − 𝜋)𝑃:(𝑃#8 − 𝑝#8)𝛿𝐾#8 . 

 

Given 𝑃#8 − 𝑝&8 > 𝑃#8 − 𝑝#8  and 𝐾&8 ≥ 𝐾#8, we conclude that 

𝑃#(1 − 𝜋)𝑃:(𝑃#8 − 𝑝&8)𝛿𝐾&8 − 𝑃#(1 − 𝜋)𝑃:(𝑃#8 − 𝑝#8)𝛿𝐾#8 > 0. 

 

In the original inequality “𝑢# − 𝑢& ≥ 𝑃#𝜀#, + 𝑃#𝜀&, + 𝑃#(1 − 𝜋)𝑃:(𝑃#8 − 𝑃&8)𝛿𝐾&8 − 𝑃#(1 −

2𝜋)𝑃:𝛿𝑐#8” would also be violated by any set of values of 𝜀#, and 𝜀&, that does not increase 

the degree of ex-ante inequality. The introduction of the labour retraining program can only 

increase the degree of ex-ante inequality because any combination of 𝜀#, and 𝜀&, in the study 

effort constraints that does not increase the degree of ex-ante inequality would violate the 

self-selection constraint 𝐼𝐶#.  

 

This answer is not changed when the government don’t know who needs retraining because 

this method of proving the degree of ex-ante inequality has increased is not changed.  
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A4.5: The Properties of the Time-Consistent Optimum 

The properties of the time-consistent optimum are derived from the relations of the 𝐹𝑂𝐶s in 

the utility maximization problem for the last period. Consequently, only the utility 

maximization problem for students when old will be written here. The labour effort 

constraints are still binding in the time-consistent optimum. 

 

The objective function when old is written as  

𝑊E = 𝜆&23 °𝑃&z(1 − (1 − 𝜋)𝑃:)𝑉&$ + (1 − 𝜋)[𝑃:𝑃&8𝐵&$ + 𝑃:(1 − 𝑃&8)𝐵𝐹&$]{ + (1 − 𝑃&)𝑢&$±

+ 𝜆#23 °𝑃#z(1 − 𝜋𝑃:)𝑣#$ + 𝜋[𝑃:𝑃#8𝑏#$ + 𝑃:(1 − 𝑃#8)𝑏𝑓#$]{ + (1 − 𝑃#)𝑢#$±

− 𝜆&23𝑃&(1 − 𝜋)𝑃:
1
𝛿 𝑐&

8 − 𝜆#23𝑃#𝜋𝑃:
1
𝛿 𝑐#

8 . 

 

For the resource constraint when old 𝑅𝑒𝑣$ − 𝐶𝑜𝑠𝑡$ − (1 + 𝑟)𝑇 ≥ 0 , the part with the 

inverse utility when old is written as 

…− �𝜆&[𝑃&[(1 − 𝜋)[(1 − 𝑃:)ℎ$(𝑉&$) + 𝑃:𝑃&8ℎ$(𝐵&$) + 𝑃:(1 − 𝑃&8)ℎ$(𝐵𝐹&$)]

+ 𝜋ℎ$(𝑉&$ + 𝑏)] + (1 − 𝑃&)ℎ$(𝑢&$)]

+ 𝜆# z𝑃#z(1 − 𝜋)ℎ$(𝑣#$ + 𝑏)

+ 𝜋[(1 − 𝑃:)ℎ$(𝑣#$) + 𝑃:𝑃#8ℎ$(𝑏#$) + 𝑃:(1 − 𝑃#8)ℎ$(𝑏𝑓#$)]{

+ (1 − 𝑃#)ℎ$(𝑢#$){� − (1 + 𝑟)𝑇 ≥ 0. 

 

Although the government is no longer concerned with the constraint relevant to the HE, in 

the last period, the government still wants the workers to exert effort in retraining. The 
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government must satisfy retraining effort constraints for both ex-ante type workers, 𝑀𝑅& and 

𝑀𝑅#  when old. 

 

The Lagrange Function is  

𝐿 = 𝑊E + 𝜅$[𝑅𝑒𝑣$ − 𝐶𝑜𝑠𝑡$ − (1 + 𝑟)𝑇] + 𝜓& �𝐵&$ − 𝐵𝐹&$ −
1
𝛿 𝐾&

8� + 𝜓#[𝑏#$ − 𝑏𝑓#$ −
1
𝛿 𝐾#

8] 

and is maximized with respect to 𝑉&$, 𝐵&$, 𝐵𝐹&$, 𝑢&$, 𝑣#$, 𝑏#$, 𝑏𝑓#$ and 𝑢#$. 

𝜕𝐿
𝜕𝑉&$

= 𝜆&23𝑃&(1 − (1 − 𝜋)𝑃:) − 𝜆&𝜅$𝑃&[(1 − 𝜋)(1 − 𝑃:)ℎ$A (𝑉&$) + 𝜋ℎ$A (𝑉&$ + 𝑏)] = 0, 

𝜕𝐿
𝜕𝐵&$

= 𝜆&23𝑃&(1 − 𝜋)𝑃:𝑃&8 − 𝜆&𝜅$𝑃&(1 − 𝜋)𝑃:𝑃&8ℎ$A (𝐵&$) + 𝜓& = 0, 

𝜕𝐿
𝜕𝐵𝐹&$

= 𝜆&23𝑃&(1 − 𝜋)𝑃:(1 − 𝑃&8) − 𝜆&𝜅$𝑃&(1 − 𝜋)𝑃:(1 − 𝑃&8)ℎ$A (𝐵𝐹&$) − 𝜓& = 0, 

𝜕𝐿
𝜕𝑢&$

= 𝜆&23(1 − 𝑃&) − 𝜆&𝜅$(1 − 𝑃&)ℎ$A (𝑢&$) = 0, 

𝜕𝐿
𝜕𝑣#$

= 𝜆#23𝑃#(1 − 𝜋𝑃:) − 𝜆#𝜅$𝑃#[(1 − 𝜋)ℎ$A (𝑣#$ + 𝑏) + 𝜋(1 − 𝑃:)ℎ$A (𝑣#$)] = 0, 

𝜕𝐿
𝜕𝑏#$

= 𝜆#23𝑃#𝜋𝑃:𝑃#8 − 𝜆#𝜅$𝑃#𝜋𝑃:𝑃#8ℎ$A (𝑏#$) + 𝜓# = 0, 

𝜕𝐿
𝜕𝑏𝑓#$

= 𝜆#23𝑃#𝜋𝑃:(1 − 𝑃#8) − 𝜆#𝜅$𝑃#𝜋𝑃:(1 − 𝑃#8)ℎ$A (𝑏𝑓#$) − 𝜓# = 0, 

𝜕𝐿
𝜕𝑢#$

= 𝜆#23(1 − 𝑃#) − 𝜆#𝜅$(1 − 𝑃#)ℎ$A (𝑢#$) = 0. 

 

Simplify the 𝐹𝑂𝐶s and obtain the following, 

𝜆&23

𝜆&
(1 − (1 − 𝜋)𝑃:) = 𝜅$𝐸ℎA(𝑉&$), 

𝜆&23

𝜆&
+ 𝜓&

1
𝜆&𝑃&(1 − 𝜋)𝑃:𝑃&8

= 𝜅$ℎ$A (𝐵&$), 
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𝜆&23

𝜆&
− 𝜓&

1
𝜆&𝑃&(1 − 𝜋)𝑃:(1 − 𝑃&8)

= 𝜅$ℎ$A (𝐵𝐹&$), 

𝜆&23

𝜆&
= 𝜅$ℎ$A (𝑢&$), 

𝜆#23

𝜆#
(1 − 𝜋𝑃:) = 𝜅$𝐸ℎA(𝑣#$), 

𝜆#23

𝜆#
+ 𝜓#

1
𝜆#𝑃#𝜋𝑃:𝑃#8

= 𝜅$ℎ$A (𝑏#$), 

𝜆#23

𝜆#
− 𝜓#

1
𝜆#𝑃#𝜋𝑃:(1 − 𝑃#8)

= 𝜅$ℎ$A (𝑏𝑓#$), 

𝜆#23

𝜆#
= 𝜅$ℎ$A (𝑢#$). 

 

In terms of the retraining effort constraints, if 𝜓& and 𝜓# are equal to zero, then based on the 

𝐹𝑂𝐶s, we obtain 𝐵&$ = 𝐵𝐹&$ and 𝑏#$ = 𝑏𝑓#$ which violates the retraining effort constraints. In 

the time-consistent optimum, both 𝑀𝑅& and 𝑀𝑅#  need to bind for 𝐵&$ > 𝐵𝐹&$ and 𝑏#$ > 𝑏𝑓#$. 

 

If the government does not offer labour retraining, then in all time-consistent optimum: 𝑢&$ =

𝐵𝐹&$ > 𝑉&$, 𝑢#$ = 𝑏𝑓#$ > 𝑣#$. 

 

When the government offers labour retraining and knows who needs it, the relations of 𝑢&$ >

𝑉&$ and 𝑢#$ > 𝑣#$ remains because their 𝐹𝑂𝐶s are not changed. Comparing the other 𝐹𝑂𝐶s 

we found the following relations in the time-consistent optimum, 

• ℎ$A (𝐵&$) > ℎ$A (𝑢&$) > ℎ$A (𝐵𝐹&$) means that 𝐵&$ > 𝑢&$ > 𝐵𝐹&$, 

• ℎ$A (𝑏#$) > ℎ$A (𝑢#$) > ℎ$A (𝑏𝑓#$) means that 𝑏#$ > 𝑢#$ > 𝑏𝑓#$, 

• ℎ$A (𝐵&$) >
Z[+(\%-)

&0(&0;)4.
 meant that 𝐵&$ > 𝑉&$, 
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• ℎ$A (𝑏#$) >
Z[+(]$-)
&0;4.

 meant that 𝑏#$ > 𝑣#$. 

 

When the government cannot identify who needs retraining: 𝐵&$ = 𝑉&$, 𝑏#$ = 𝑣#$, 𝑢&$ > 𝐵𝐹&$ 

and 𝑢#$ > 𝑏𝑓#$ . The relation of 𝐵&$  and 𝑉&$  to 𝑢&$  and relation of 𝑏#$  and 𝑣#$  to 𝑢#$  are now 

uncertain.  

Appendix for Chapter 5 

A5.1: Proofs of Propositions 5.1 and 5.2 of the Simple Legislature in the Infinite Horizon 

Model 

We will write down the steps used to prove Propositions 5.1 and 5.2. 

The Transfers when Group 1’s Legislator 𝑎& is the Agenda Setter 

First, examine the transfers 𝑓# and 𝑓@ when group 1’s legislator is the agenda setter. In any 

equilibrium, the agenda setter will only seek the support of one other legislator since this is 

enough to implement the proposed policies and receiving the support of the third legislator 

would require additional resources that could be taken as rent for the agenda setter. The 

voters of groups 2 and 3 want to be included in the legislator 𝑎&’s coalition to obtain any 

redistribution to their group. Given that the legislators are the same in the eyes of the agenda 

setter as potential partners because all legislators receive the same payoffs in the event of a 

default, the voters engage in a Bertrand competition to undercut each other to the point 

which 𝑓# = 𝑓@ = 0 to be more attractive to the agenda setter.  
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The Transfers when Group 3’s Legislator 𝑎@ is the Agenda Setter 

The same incentive exists between voters of groups 1 and 2. As a result of underbidding again 

𝑓# = 0. For the HE spending 𝑓!, denote 𝑓! = 𝑓 + 𝐴 which 𝑃&𝑓 = 𝜏 and 𝐴 is the additional 

spending on HE that pushes voter 1’s income above the tax level. Due to the Bertrand 

competition against voters from group 2, 𝐴 = 0 in equilibrium.  

 

The Legislators’ Rents when Group 1’s Legislator is the Agenda Setter 

For the agenda setter, he wants to give his coalition partner enough transfer so that the 

partner is indifferent between voting yes and being re-elected and voting no, receiving the 

default payoff 
@0 %

'%
@
𝑟 and losing the election, which means the agenda setter will never offer 

more than  

(𝑎5.1)																																																						𝑟G =
3 − 1

𝑃&
3 𝑟 − 𝛽𝑊 

to his coalition partner. 

 

If the agenda setter does not seek reappointment, first he has to offer 
@0 %

'%
@
𝑟 to the coalition 

partner for him to agree on this plan. Since the agenda setter does not care about re-election 

and pleasing his voters here, the agenda setter will appropriate all resources, meaning 𝑔 =

𝑓# = 𝑓@ = 0, 𝑃&𝑓! = 𝜏 = 1. Consequently, the agenda setter seeks re-election if and only if  

(𝑎5.2)																																													𝑟" + 𝛽𝑊 ≥ 3 −
1
𝑃&
−
3 − 1

𝑃&
3 𝑟. 
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By (a5.1) and (a5.2), legislators 𝑎  and 𝑚  will implement a policy leading to their 

reappointment if and only if  

(𝑎5.3)																																												𝑟 = 𝑟" + 𝑟G ≥ 3 − 2𝛽𝑊 −
1
𝑃&
. 

 

The optimal voting rule must satisfy (a5.3) for the legislators to want to be re-elected. This is 

an incentive constraint that the voters need to consider when setting their voting 

rule/reservation utility. 

 

The Legislators’ Rents when Group 3’s Legislator is the Agenda Setter 

The level of aggregate rents still must satisfy (a5.3). This is not changed when the legislator is 

from a traditional group. 

 

The Equilibrium Outcome when Group 1’s Legislator is the Agenda Setter 

As 𝑓# = 𝑓@ = 0, the policy maximizing the utility of voters in group 1 is the solution to  

𝑀𝑎𝑥  𝑃&𝑓! − 𝜏 + 𝐻(𝑔), 

subject to the constraint for the maximum level of tax, 𝜏 ≤ 1 , the government budget 

constraint, 3𝜏 = 𝑓! + 𝑟 + 𝑔 , and the incentive constraint (a5.3), 𝑟 ≥ 3 − 2𝛽𝑊 − &
4%

. 

Combine the budget and the incentive constraints and obtain: 3𝜏 − 𝑓! − 𝑔 ≥ 3 − 2𝛽𝑊 − &
4%

, 

substitute in 𝑓! = =
4%
+ 𝐴, we have  

3𝜏 −
𝑡
𝑃&
− 3 +

1
𝑃&
+ 2𝛽𝑊 ≥ 𝐴 + 𝑔. 
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The solution to this optimization problem implies 𝜏 = 1 , 𝑔 = min	[𝐻A0&(𝑃&), 2𝛽𝑊] , 𝐴 =

2𝛽𝑊 − 𝑔 and 𝑟 = 3 − 2𝛽𝑊 − &
4%

. Since the voters already know their legislator’s political 

position when they set their reservation utilities at stage (2), in equilibrium, the reservation 

utility would be set in which all legislators are re-elected. We can obtain  

(𝑎5.4)																																																												𝑊 =
𝑟
3 + 𝛽𝑊. 

 

Substitute in the value of 𝑟, 𝑟 = 3 − 2𝛽𝑊 − &
4%

 and obtain 

𝑊 =
1 − 13

1
𝑃&

1 − 13𝛽
. 

 

Substitute 𝑊 into the equilibrium results we obtain Proposition 5.1. 

 

The Equilibrium Outcome when Group 3’s Legislator is the Agenda Setter 

In equilibrium 𝐴 = 𝑓# = 0 and the policy is maximizing the utility of voters from group 3, 

𝑀𝑎𝑥 1 − 𝜏 + 𝑓@ + 𝐻(𝑔), 

subject to the constraint for the maximum level of tax, 𝜏 ≤ 1 , the government budget 

constraint, 3𝜏 = 𝑓@ + =
4%
+ 𝑟 + 𝑔 and the same incentive constraint (a5.3), 𝑟 ≥ 3 − 2𝛽𝑊 −

&
4%

. Combine the incentive constraint and the budget constraint we have 

3(𝜏 − 1) +
1
𝑃&
−
𝑡
𝑃&
+ 2𝛽𝑊 ≥ 𝑓@ + 𝑔. 

 
The solution is 𝜏 = 1, 𝑔 = min	[𝐻A0&(1), 2𝛽𝑊], 𝑓@ = 2𝛽𝑊 − 𝑔 and 𝑟 = 3 − 2𝛽𝑊 − &

4%
. The 

value of 𝑊 remains the same as before. Substitute 𝑊 and obtain Proposition 5.2. 
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A5.2: The Assumption for the Incentives Facing the Voters of the Tax Agenda Setter in 

the Presidential Regime  

Let’s consider the case without the restriction on the maximum level of 𝑓! first. If voters of 

group 1 of the tax agenda setter want to manipulate the spending agenda setter from group 

3 into enacting a policy to change the level of public goods into the level of public goods 

preferred by voters of group 1, it will always result in the spending agenda setter not being 

re-elected by group 3’s voters. The level of public goods that voters of group 1 want the 

spending agenda setter to implement might not be their optimal level of 𝐻A0&(𝑃&). There are 

three different scenarios for a policy combination of 𝑔  and 𝑓!  here that results in the 

spending agenda setter enacting the policy instead of wanting the default outcome or taking 

everything. Note the policy proposal by the tax agenda setter would be approved by the 

legislator of group 2, since in this disequilibrium if voters of group 2 set their reservation utility 

differs from the policy desired by the voters of group 1, the tax agenda setter will enact the 

policy which causes everyone not re-elected and everything is taken. We consider here the 

case in which the voters of group 2 set its reservation utility equal to the policy desired by 

group 1 and jointly manipulate the spending agenda setter. If the spending agenda setter 

enacts the policy desired by group 1, he would pay the lower level rent to the coalition partner 

since the coalition partner is re-elected. 

 

1. First, the spending agenda setter is indifferent between enacting the policy desired by 

group 1 and the default outcome but strictly prefers both to take away everything. In 

terms of utility, for the indifference 
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3𝜏 − 𝑔 − 𝑓! − �
3 − 1

𝑃&
3 𝜏 − 𝛽𝑊� =

3 − 1
𝑃&

3 𝜏, 

𝑔 + 𝑓! = 𝜏 + 2

1
𝑃&
3 𝜏 + 𝛽𝑊. 

               

Since the spending agenda setter strictly preferred enacting the desired policy to 

taking away everything, we obtain 

3𝜏 − 𝑔 − 𝑓! −�
3 − 1

𝑃&
3 𝜏 − 𝛽𝑊� > 3𝜏 − 𝑓! − �

3 − 1
𝑃&

3 𝜏�, 

𝑔 < 𝛽𝑊. 

 

Since the spending agenda setter strictly preferred the default outcome to take away 

everything, we obtain 

3 − 1
𝑃&

3 𝜏 > 3𝜏 − 𝑓! − �
3 − 1

𝑃&
3 𝜏�, 

𝑓! > 𝜏 + 2

1
𝑃&
3 𝜏. 

 

2. Second, the spending agenda setter is indifferent between enacting the policy desired 

by group 1 and taking away everything but strictly prefers both to the default outcome. 

In terms of the utilities, for the indifference relation we obtain 

3𝜏 − 𝑔 − 𝑓! −�
3 − 1

𝑃&
3 𝜏 − 𝛽𝑊� = 3𝜏 − 𝑓! − �

3 − 1
𝑃&

3 𝜏�, 
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𝑔 = 𝛽𝑊. 

 

Since the spending agenda setter strictly preferred enacting the desired policy to the 

default outcome, we obtain 

3𝜏 − 𝑔 − 𝑓! − �
3 − 1

𝑃&
3 𝜏 − 𝛽𝑊� >

3 − 1
𝑃&

3 𝜏, 

𝑔 + 𝑓! < 𝜏 + 2

1
𝑃&
3 𝜏 + 𝛽𝑊. 

 

Since the spending agenda setter strictly preferred taking away everything to the 

default outcome, we obtain 

3𝜏 − 𝑓! − �
3 − 1

𝑃&
3 𝜏� >

3 − 1
𝑃&

3 𝜏, 

𝑓! < 𝜏 + 2

1
𝑃&
3 𝜏. 

 

3. Third, the spending agenda setter is indifferent between all three options, enacting 

the desired policy, taking away everything and the default outcome. The first 

indifference utility relation is 

3𝜏 − 𝑔 − 𝑓! −�
3 − 1

𝑃&
3 𝜏 − 𝛽𝑊� = 3𝜏 − 𝑓! − �

3 − 1
𝑃&

3 𝜏�, 

𝑔 = 𝛽𝑊. 
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For the second indifference utility relations, we obtain 

3𝜏 − 𝑔 − 𝑓! − �
3 − 1

𝑃&
3 𝜏 − 𝛽𝑊� =

3 − 1
𝑃&

3 𝜏, 

𝑔 + 𝑓! = 𝜏 + 2

1
𝑃&
3 𝜏 + 𝛽𝑊. 

 

For the third indifference utility relations, we obtain 

3𝜏 − 𝑓! −�
3 − 1

𝑃&
3 𝜏� =

3 − 1
𝑃&

3 𝜏, 

𝑓! = 𝜏 + 2

1
𝑃&
3 𝜏. 

 

Let’s consider the assumption that the optimal level of public goods preferred by group 3’s 

voters, 𝑔∗, is greater than or equal to 𝛽𝑊, 𝑔∗ ≥ 𝛽𝑊. This meant 𝐻A(𝑔) > 1 when 𝑔 < 𝛽𝑊. 

Would this remove the incentive for group 1’s voters to manipulate the level of public goods? 

This would cover the second and the third scenario but it would not cover the first. Now in 

addition to the assumption of 𝑔∗ ≥ 𝛽𝑊, we are also assuming the optimal level of policy 

preferred by voters of group 1, denoted by 𝑔&, is also greater than or equal to 𝛽𝑊, 𝑔& ≥ 𝛽𝑊 

which meant 𝐻A(𝑔) > max	[𝑃&, 1] when 𝑔 < 𝛽𝑊. Consequently, if he is trying to manipulate 

the level of public goods he would not be able to reach his preferred level 𝑔& and that his 

optimal level of utility cannot be achieved in the first scenario. With our assumption, it meant 

that if the group 1’s voters could act as a dictator that only pays 
@0 %

'%
@
𝜏 to spending agenda 
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setter and 
@0 %

'%
@
𝜏 − 𝛽𝑊 to his tax agenda setter to obtain his preferred outcome, he will set 

𝑔 ≥ 𝛽𝑊 and 𝑓! = 𝜏 + 2
%
'%
@
𝜏 + 𝛽𝑊 − 𝑔 ≤ 𝜏 + 2

%
'%
@
𝜏.  

 

Whether 𝑃& > 1 or 𝑃& < 1, the level of utility the voters of group 1 obtain in the equilibrium 

with all legislators re-elected (𝑓! = 𝜏 + 2
%
'%
@
𝜏 and 𝑔 = 𝑔∗) is greater than the level of utility 

obtain in the first scenario with (𝑓! = 𝜏 + 2
%
'%
@
𝜏 + 𝛽𝑊 − 𝑔 and 𝑔 < 𝛽𝑊). With all of the 

assumptions, it provides better utility to the voters of group 1 when they go along with the 

equilibrium, even if they preferred a different level of public goods than group 3, than trying 

to manipulate the level of 𝑔. 

 

The same argument applies to the case when the group 1 voter’s legislator is the spending 

agenda setter and the voters behind the tax agenda setter are a traditional group. The voters 

of the traditional group also have no incentive to change the level of the public good to be 

different from the preferred level set by the group 1 voters’ spending agenda setter.  

 

With the assumption on the maximum level of 𝑓! in the presidential regime (max𝑓! = 𝜏 +

%
'%
@
𝜏), only the assumption of the optimal level of public goods preferred by group 3’s voters, 

𝑔∗ , is greater than or equal to 𝛽𝑊 , 𝑔∗ ≥ 𝛽𝑊  (or equivalently the assumption 𝐻A(𝑔) > 1 

when 𝑔 < 𝛽𝑊)  is needed since the first case cannot occur as the level of 𝑓!  cannot exceed 

𝜏 + 2
%
'%
@
𝜏. Furthermore, when the group 1 voter’s legislator is the spending agenda setter 

and voters behind the tax agenda setter are a traditional group, the level of public goods is 
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maximized due to the restriction on the maximum level of 𝑓! . The voters behind the tax 

agenda setter (the traditional group) have no intention of changing the level of public goods 

since it can only lead to a lower utility.  

 

A5.3: Proofs of Propositions 5.3, 5.4 and 5.5 of the Presidential Regime in the Infinite 

Horizon Model 

We will write down the steps used to prove Propositions 5.3, 5.4 and 5.5. 

Stage (5) and (6) of the Game when 𝑎=& 𝑎E@ is the Case  

We begin at stages (5) and (6) of the game. The spending agenda setter 𝑎E@ take 𝜏 as given. 

In terms of the incentive compatibility constraint, the 𝑎E@  will offer the default payment 

@0 %
'%
@
𝜏 to the coalition partner if he plans no re-election. 𝑎E@ will seek reappointment if and 

only if  

𝑟"() + 𝛽𝑊 ≥ 3𝜏 − 𝑓! −
3 − 1

𝑃&
3 𝜏, 

(𝑎5.5)																																													𝑟"() ≥ 2𝜏 − 𝑓! − 𝛽𝑊 +

1
𝑃&
3 𝜏, 

when stage (4) default did not occur. Note that it is “𝑓!” written in (a5.5) as 𝑓! is not certain 

to be equal to =
4%

 even when the agenda setter decides to not seek reappointment because of 

the restrictions/conditions on the tax rates. Since 𝜏 represents different tax rates for different 

groups conditioned on these different groups providing the same amount of tax revenue, with 

the tax agenda setter controlling the tax rates, he essentially has a large influence over 𝑓! as 

well since it directly affects the relative income between different groups, e.g if 𝑎=& set a low 

tax rate on voters of group 1 and high tax rates on other groups, 𝑎E@ must spend a high level 
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of 𝑓!  to take 𝜏 from group 1 because otherwise, group 1 doesn’t have enough income. Even 

when 𝑎E@ goes for default, he is still constrained by the taxation policy set previously. A higher 

level of 𝑓!  directly reduce the spending agenda setter’s rents. In the simple legislature case 

without separation of powers, when the agenda setter can control both the spending and 

taxation, this constraint does not exist. For group 3, they are indifferent to the level of 𝑓!  and 

𝑟"()  in equilibrium. The incentive compatibility constraint for spending agenda setter's rents 

can be rewritten as 

𝑟"() + 𝑓! ≥ 2𝜏 − 𝛽𝑊 +

1
𝑃&
3 𝜏. 

 

When group 1’s legislator is the tax agenda setter, there is a minimum level of rent that needs 

to be given to the spending agenda setter for him to plan for re-election. This level of rent is 

“
@0 %

'%
@
𝜏 − 𝛽𝑊” which gives spending agenda setter utility equal to 

@0 %
'%
@
𝜏, indifferent to the 

default outcome. We can calculate the maximum level of 𝑓!  in equilibrium: 

2𝜏 − 𝑓! +

1
𝑃&
3 𝜏 =

3 − 1
𝑃&

3 𝜏, 

𝑓! = 𝜏 + 2

1
𝑃&
3 𝜏. 

 

At the maximum level of 𝑓!, the spending agenda setter is indifferent between 1. Enact the 

desired policy and be re-elected. 2. The default outcome and no re-election. 3. Take 

everything and plan for no re-election. 

 

When 𝑎E@ seek reappointment, he will offer  
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(𝑎5.6)																																																						𝑟G =
3 − 1

𝑃&
3 𝜏 − 𝛽𝑊 

to his junior coalition partner to win the approval of the spending plan. Adding up (a5.5) and 

(a5.6), the aggregate rents’ incentive compatibility constraint for the legislators to want to be 

re-elected is  

𝑟 = 𝑟"() + 𝑟G ≥ 3𝜏 − 𝑓! − 2𝛽𝑊, 

𝑓! + 𝑟"() + 𝑟G ≥ 3𝜏 − 2𝛽𝑊. 

 

Together with the government budget constraint (5.1), we obtain 

(𝑎5.7)                                                    2𝛽𝑊 ≥ 𝑓# + 𝑓@ + 𝑔. 

 

This is the maximum amount of public goods and transfers to groups 2 and 3 that the model 

can have while satisfying the incentive constraint of the agenda setter.  

 

For the voters of group 1, because they are behind the tax agenda setter 𝑎=&, they in effect 

have a large influence on the setting of 𝑓!  through their voting rule and they will not underbid 

anything against group 2 since even if 𝑎E@ does not take the tax agenda setter as the coalition 

partner, 𝑎E@ is still constrained by 𝜏 and 𝑓!. Despite the assumption that the spending agenda 

setter could choose a replacement coalition partner the “Bertrand competition” still happens 

for the traditional groups who are not spending agenda setter’s voters. If the legislator of 

group 𝑖 is chosen first by the spending agenda setter and votes no, the spending proposal 

being voted on by the new coalition partner will not give any transfers to group 𝑖. When the 

spending proposal would result in re-elections for the legislators, the legislator chosen first as 

the coalition partner would always vote yes to the proposal, so only the group chosen as the 
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initial partner will receive any possible transfers and the group chosen first is the group 

demanding the smaller transfers. For the voters of group 2 whose legislator is not any agenda 

setter, for them to gain any chance of being included in the coalition, they will set their 

reservation utility such that 𝑓# = 0  since if they set 𝑓# > 0 , 𝑎E@  will not choose their 

legislator as the partner at all as it entails extra spending if 𝑎E@ wants to be re-elected.  

 

For the equilibrium level of 𝑔 and 𝑓@, the voters in group 3 maximize their utility by taking 𝜏 

as given and maximising 1 − 𝜏 + 𝑓@ + 𝐻(𝑔) subject to (a5.7) with 𝑓# = 0. This gives 𝑔 =

min	[𝐻A0&(1), 2𝛽𝑊], 𝑓@ = 2𝛽𝑊 − 𝑔, 𝑓! + 𝑟 = 3𝜏 − 2𝛽𝑊.  

 

Under the assumptions that 𝐻A(𝑔) > 1 when 𝑔 < 𝛽𝑊 and the maximum level of 𝑓! is 𝜏 +

2
%
'%
@
𝜏  for any given level of 𝜏 , the voters of group 1 will not obtain a higher utility by 

manipulating the level of public goods and transfers to differ from the level chosen by group 

3.  

 

Stage (3) and (4) of the Game when 𝑎=& 𝑎E@ is the Case 

Now we derive the tax level 𝜏 and the HE spending 𝑓!  that will be set in this model. Given 

that the voters behind the tax agenda setter are group 1, it is in group 1’s voters' interest to 

set up the tax levels that maximize spending on 𝑓!  in equilibrium.  

 

In the disequilibrium in which no legislators are re-elected, the agenda setter 𝑎=& proposes a 

tax plan and 𝑓!  that is inconsistent with the reservation utility required by the voters, 𝑎=&will 

set 𝜏 = 1 and 𝑓! = &
4%

. The agenda setter 𝑎E@  will agree with this tax plan and in the next 
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stage the agenda setter 𝑎E@  will also take away everything by spending nothing on public 

goods and transfers 𝑓# and 𝑓@ and leave his coalition junior partner with  

1 −

1
𝑃&
3 . 

 

Since the probability of 𝑎=& being chosen as the spending agenda setter’s junior partner is &
#
. 

The 𝑣:, the expected utility of 𝑎=& to go through with this tax plan and choose no re-election 

is &
#
−

%
'%
U

. If 𝑎=& propose a tax plan that will be consistent with the reservation utility set up by 

group 1 voters, 𝑎=& still only has a 50% chance to be chosen as the junior partner to 𝑎E@ and 

be offered 𝑟G. For 𝑎=& to make a proposal that satisfied the reservation utility of voter 1, 𝑎=& 

must receive a payoff: 

𝑟G

2 + 𝛽𝑊 ≥
1
2 −

1
𝑃&
6 . 

 

Substitute 𝑟G with (a5.6), we obtain the condition for the minimum tax level 𝜏 

𝜏 ≥ 1 −
3

3 − 1
𝑃&

𝛽𝑊. 

 

We assume the maximum level of 𝑓! the tax agenda setter could set is 𝑓! = 𝜏 + 2
%
'%
@
𝜏 for 

any given level of 𝜏. This in effect is a restriction for the minimum tax rates that could be given 

to group 1 given the tax levels on other groups. The reason we added this assumption is that 

if the tax agenda setter can charge as high 𝑓!  as possible, he will propose a tax plan with 𝜏 =

1 that leads to the default outcome for the spending agenda setter by charging a high level 
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of 𝑓!  because the expected utility is greater in default than taking away everything since it is 

certain he will receive 
@0 %

'%
@

  in default instead of the 50% chance of being given 
@0 %

'%
@

. This 

would lead to results in which the tax agenda setter does not want to be re-elected. Now with 

the assumption on the maximum level of 𝑓!, the tax agenda setter cannot propose a tax plan 

that leads to default spending policies. At most, the spending agenda setter would be 

indifferent between taking away everything and default and in that case, we assume the 

spending agenda setter would choose to take away everything.  

 

Both the voters of group 1 and 𝑎=& wants to set 𝜏 at the maximum level at 𝜏 = 1 but 𝑎=& does 

not have a preference on the level of 𝑓! since it does not affect 𝑟G.  

 

The voters of group 1 will set their reservation utility so 𝑎=& will set the tax rates to make sure 

the level of 𝑓!  is maximized:  

(𝑎5.8)																																																											𝑓! = 1 + 2

1
𝑃&
3 . 

 

In terms of tax rates, this would be a 100% tax rate on the income of voters of groups 2 and 

3 while a low tax rate on the income of the group 1 voters themselves. This 𝑓! in (a5.8) is the 

maximum amount of spending on the HE. It is equal to the maximum possible tax revenue 

three minus the spending on the public goods and group 3 transfer (2𝛽𝑊), the level of rents 

that needs to be paid to the junior partner by 𝑎E@ so the spending plan of 𝑎E@ will be approved 

and the minimum amount of rent that needs to be paid to the spending agenda setter 𝑎E@. 

The level of rents to the spending agenda setter is equal to the rents to the junior partner 
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with 𝑟"() =
@0 %

'%
@
− 𝛽𝑊. The voters of group 1 chose their reservation utility to set the level 

of 𝑓!  as the claimant of the residual tax revenue similar to the agenda setter in the simple 

legislature when he chose his rents.  

 

Even if 𝑎E@ does not want to approve this plan, the other legislator of group 2 always will 

approve this since the amount 𝑟G  is maximized with 𝜏 = 1 and is provided in the budget 

which is what the other legislator will receive if he is chosen to be the junior partner in stage 

(5). For the other legislator, it is self-defeating to vote no since a low tax level 𝜏 = 𝑟 < 1 which 

means lower 𝑟G would be the outcome.   

 

Stage (5) and (6) of the Game when 𝑎=@ 𝑎E& is the Case 

Again the spending agenda setter 𝑎E& takes 𝜏 as given. The incentive compatibility constraint, 

which is the required rent for 𝑎E& to seek re-election is: 

𝑟"(% + 𝛽𝑊 ≥ 3𝜏 − 𝑓! −
3 − 1

𝑃&
3 𝜏, 

(𝑎5.9)																																													𝑟"(% ≥ 2𝜏 − 𝑓! − 𝛽𝑊 +

1
𝑃&
3 𝜏. 

 

When the 𝑎E& is seeking reappointment, he offers 

𝑟G =
3 − 1

𝑃&
3 𝜏 − 𝛽𝑊 

to his junior partner to win his approval. Thus the aggregate rents in the equilibrium must at 

least be  

(𝑎5.10)                                      𝑟 = 𝑟"(% + 𝑟G ≥ 3𝜏 − 𝑓! − 2𝛽𝑊. 
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Again in (a5.9) and (a5.10) 𝑓!  is included, the reason is the same as in the case with 𝑎R&	𝑎E@.  

 

Together with the government budget constraint, (a5.10) implies the voters cannot obtain 

more public goods and transfers than  

2𝛽𝑊 ≥ 𝑓# + 𝑓@ + 𝑔. 

 

For the transfers to the voters not in the spending agenda setter 𝑎E&’s group, the answer is 

the same as in the original model in Persson, Roland and Tabellini (2000). Both voters in 

groups 2 and 3 will engage in Bertrand competition which they underbid each other on the 

levels of 𝑓# and 𝑓@ to be chosen first as the coalition partner with 𝑎E&. This results in 𝑓# =

𝑓@ = 0  in the equilibrium, group 2 and 3’s voters demand no transfers from their 

representative. 

 

The optimal level of public goods from the point of view of group 1’s voters given 2𝛽𝑊 ≥ 𝑔 

should be  

𝑔 = 2𝛽𝑊 

and the level of HE spending 𝑓!  is  

𝑓! = 𝜏 + 2

1
𝑃&
3 𝜏. 

 

We have assumed the maximum level of 𝑓!  the tax agenda setter could charge at a given 

level of  𝜏. Group 1’s voters maximize their utility by asking for the highest level of 𝑔 and the 

highest possible level of 𝑓!  given 𝜏. The spending agenda setter is indifferent between the 
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equilibrium outcome with re-election, taking away everything and the default outcome. If the 

group 1’s voters’ optimal level of 𝑔 is above 2𝛽𝑊 and they try to let the spending agenda 

setter charge a higher level of 𝑔 by lowering 𝑓!, it will always result in the spending agenda 

setter plan for taking everything and not be re-elected since it offers them more utility. The 

level of 𝑓!  is controlled by the tax agenda setter, if voters of group 1 demand a greater level 

of 𝑓!  than the maximum amount given 𝜏, it will simply lead the tax agenda setter to propose 

the no re-election tax plan with 𝜏 = 1 and 𝑓! = &
4%

 since the tax agenda setter knows he will 

not be re-elected if he tries to match the reservation utility of group 1. 

 

Although the level of 𝑓!  is now controlled by the tax agenda setter 𝑎=@, the group 3’s voters 

only want to minimize the tax level 𝜏 and are indifferent to the level of 𝑓!  as long as 𝜏 is 

minimized. Higher spending on 𝑓!  does not increase the tax level because the higher 𝑓! 

comes from reducing the rents given to the spending agenda setter. Therefore, because group 

1’s voters want the level of 𝑓!  to be maximized given 𝜏: 

𝑓! = 𝜏 + 2

1
𝑃&
3 𝜏, 

the rents to the spending agenda setter 𝑎E& is minimized at  

𝑟"(% =
3 − 1

𝑃&
3 𝜏 − 𝛽𝑊. 

 

Stage (3) and (4) of the Game when 𝑎=@ 𝑎E& is the Case 

Now we examine the incentive facing the voters of 𝑎=@. Since in equilibrium these voters will 

receive zero transfers, they would want the level of the tax burden to be as low as possible. 

The optimal voting rule of group 3’s voters requires 𝑎=@ to set the taxes as low as possible 
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without 𝑎=@ planning for no re-election. Using the same method as in the case with 𝑎R&	𝑎E@, 

we reach the same condition for the minimum tax level 𝜏 

𝜏 ≥ 1 −
3

3 − 1
𝑃&

𝛽𝑊 

that is needed for agenda setter 𝑎=@ to propose a plan that led to his re-election. We assume 

the tax level 𝜏 = 1 − @
@0 %

'%

𝛽𝑊 is enough to finance the maximum amount of public goods, 

1 − @
@0 %

'%

𝛽𝑊 > #
@
𝛽𝑊. The optimal voting rule for the voters of 𝑎=@ is to let 𝑎=@ propose tax 

rates such that  

𝜏 = 1 −
3

3 − 1
𝑃&

𝛽𝑊. 

 

This tax proposal would always be approved by the third legislator, the legislator from group 

2. If the legislator of group 2 votes no he will cause the default tax level 𝜏 = 𝑟 < 1 to occur. 

If 𝑟 < 1 − @
@0 %

'%

𝛽𝑊, then this is self-defeating since it meant a lower level of rent 𝑟G  the 

legislator would obtain if he became the 𝑎E& ’s coalition partner next period. If 𝑟 > 1 −

@
@0 %

'%

𝛽𝑊, then if legislator 2 votes no and causes the default 𝜏 to occur, none of the legislators 

would be re-elected. Since 8
/

#
+ 𝛽𝑊 ≥ 𝑣:  and 𝑟 < 1 , the legislator receives a lower 

expected utility in this default outcome with no re-election than to accept the proposal made 

by 𝑎=@. The tax agenda setter is indifferent to the level of 𝑓! because the utility of the tax 

agenda setter is not directly dependent on the level of 𝑓!. Since the tax agenda setter needs 

to make sure the spending agenda setter can meet the reservation utility of group 1 to be re-
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elected himself, the tax agenda setter will announce a tax proposal that provides the 

maximum level of 𝑓!  given the minimized tax level. 

 

For the voters of group 1, they want the tax level 𝜏 to be maximized but they are not the tax 

agenda setter’s group in this case. The tax agenda setter’s re-election is dependent on the 

reservation utility of group 3’s voters who want the 𝜏 to be minimized.  

 
Stage (5) and (6) of the Game when 𝑎=@ 𝑎E# is the Case 

Now both the voters of the spending agenda setter and the tax agenda setter are a part of 

the traditional group of voters. Group 1’s legislator is not an agenda setter. 

 

The level of public goods and transfer to group 2 is the same as in the case with 𝑎R&	𝑎E@. In 

equilibrium we obtain  

𝑔 = min[𝐻A0&(1), 2𝛽𝑊] , 𝑓# = 2𝛽𝑊 − 𝑔, 𝑓! + 𝑟 = 3𝜏 − 2𝛽𝑊. 

 

Stage (3) and (4) of the Game when 𝑎=@ 𝑎E# is the Case 

The voters of the tax agenda setter want to minimize the tax level 𝜏 but they are indifferent 

to the level of 𝑓!  given 𝜏. The minimum level of 𝜏 is the same as before with 𝜏 = 1 − @
@0 %

'%

𝛽𝑊. 

The tax agenda setter is also indifferent to the level of 𝑓! as it does not affect the level of rent 

he would receive if he is chosen as the coalition partner. Therefore, although the group 1’s 

voters’ legislator is not in any position of power, they should set their reservation utility with 

the maximum level of 𝑓!  given 𝜏 to maximize their utility. 
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A question here is that is there any incentive for the tax agenda setter to propose 𝜏 = 1 −

@
@0 %

'%

𝛽𝑊 but the level of HE spending being minimized at 𝑓! = ^
4%

 so that he and the spending 

agenda setter would be re-elected as groups 2 and 3’s reservation utilities are met while 

legislator 1 will not be re-elected. The aim of the tax agenda setter is that the spending agenda 

setter will choose him as the coalition partner for certain. Under our assumption of the 

spending agenda setter’s coalition formation at stage 6, the fact that the spending agenda 

setter could choose the other legislator as the replacement coalition partner to vote again on 

the same proposal removed this probability as even if the tax agenda setter’s proposal of 𝜏 =

1 − @
@0 %

'%

𝛽𝑊 and 𝑓! = ^
4%

 is approved, both the tax agenda setter and the legislator of group 

3 remain identical to the spending agenda setter despite the legislator 3 would not be re-

elected under this proposal. 

 

The reason is that when the spending agenda setter aims for re-election, the coalition partner 

can see his intention of re-election from the proposal he made. The legislator of group 1 

knows he will not be re-elected due to the taxation constraint from the tax agenda setter and 

knows that the tax agenda setter will be re-elected. Then the legislator of group 1 will accept 

any positive level of rents even below the default outcome (as long as its level is ≥
@0 %

'%
@
𝜏 −

𝛽𝑊) because he knows if he refuses, the tax agenda setter will be the next coalition partner 

and he is willing to accept 
@0 %

'%
@
𝜏 − 𝛽𝑊. The legislator of group 1 will vote yes despite knowing 

he will not be re-elected because he knows the tax agenda setter will vote yes and the default 

would not occur.  
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Therefore, in the equilibrium, the voters of group 3 maximize their utility by minimising the 

tax level 𝜏 and the voters of group 1 maximize their utility by maximising the level of 𝑓!  at the 

given level of 𝜏. Since there is no incentive for the tax agenda setter to set a tax proposal that 

does not accommodate the level of 𝑓!  demanded by group 1, the tax agenda setter will satisfy 

the 𝑓!  required by voters of group 1 and result in the re-election of all legislators. The reason 

tax agenda setter will satisfy the required 𝑓!  is because that is what’s needed for legislator 1 

to accept the tax proposal and result in the tax agenda setter’s re-election. In equilibrium we 

obtain:  

𝜏 = 1 −
3

3 − 1
𝑃&

𝛽𝑊, 

𝑓! = 𝜏 + 2

1
𝑃&
3 𝜏 

and the level of rents are 

𝑟"($ =
3 − 1

𝑃&
3 �1 −

3

3 − 1
𝑃&

𝛽𝑊�− 𝛽𝑊, 

𝑟G =
3 − 1

𝑃&
3 �1 −

3

3 − 1
𝑃&

𝛽𝑊� − 𝛽𝑊. 

 

By the same argument, the voters of group 3 also cannot use the fact that their legislator 

controls the level of 𝑓!  to demand a positive level of 𝑓@ by letting their tax agenda setter 

propose a tax plan that results in legislator 1’s not being re-elected. Because if 𝑓@ > 0, even 

if legislator 1 will not be re-elected and the spending agenda setter wishes for re-election, the 

spending agenda setter will approach legislator 1 first with a proposal that leads to the 
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spending agenda setter’s re-election with 𝑓@ = 0 . Legislator 1 will accept this proposal 

because he knows the spending agenda setter will offer a proposal to group 3 next that leads 

to re-election and default will not occur.  

 

The Value of W in the Presidential Regimes 

The value of 𝑊 is obtained by the same equation as (a5.4), but the value of 𝑟 is now different. 

In all three cases, the rents to both the spending agenda setter and the coalition partner are 

minimized given the level of 𝜏. We have studied all three possible equilibria in the presidential 

regime with the group needing HE spending’s legislator being at all three positions. Each case 

has an equal chance of appearing, and the equilibrium continuation value 𝑊  can be 

calculated using the following equation:  

𝑊 =
1
3
⎣
⎢
⎢
⎢
⎡
1
3�2 −

2
𝑃&
3 − 2𝛽𝑊�+

2
3

⎝

⎜
⎛
�2 −

2
𝑃&
3 ��1 −

3

3 − 1
𝑃&

𝛽𝑊� − 2𝛽𝑊

⎠

⎟
⎞

⎦
⎥
⎥
⎥
⎤
+ 𝛽𝑊, 

(𝑎5.11)																																																𝑊 =
2
3

9
9 + 𝛽 �1 −

1
3
1
𝑃&
� 

which is smaller than the level of 𝑊 in the simple legislature 
&0%)

%
'%

&0%)H
 . Substitute the value of 𝑊 

to obtain the equilibrium policy outcome in the three cases of presidential regimes.  

 

A5.4: Proof of Proposition 5.6 of the Parliamentary Regime in the Infinite Horizon Model 

We will write down the steps used to prove Proposition 5.6. 

The Sum of the Legislator’s Rents 𝑟4 in the Equilibrium of the Parliamentary Regime. 

The equilibrium is solved by backward induction. We assume the government crisis occurs 

and analyse the outcomes in the subgame consisting of stages 6’-9’. There is a one-third 
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probability the agenda setter 𝑎A would be the legislator representing the group needing HE 

spending and the equilibrium outcome would be: 

𝑔!A = min[𝐻A0&(𝑃&), 2𝛽𝑊] , 𝜏A = 1, 𝐴A = 2𝛽𝑊 − 𝑔!A , 𝑓A = 0, 𝑟A = 3 − 2𝛽𝑊 −
1
𝑃&
. 

 

There is a two-thirds probability the agenda setter 𝑎A would be a legislator representing a 

traditional group and the equilibrium outcome of the simple legislature would be  

𝑔KA = min[𝐻A0&(1), 2𝛽𝑊] , 𝜏A = 1, 𝐴A = 0, 𝑓A = 2𝛽𝑊 − 𝑔KA , 𝑟A = 3 − 2𝛽𝑊 −
1
𝑃&
. 

 

These equilibrium results are based on our findings of the equilibrium outcomes in the simple 

legislature section. 𝑊 is common between the two possible equilibriums of the subgame and 

it is the equilibrium continuation value of holding office in the parliamentary regime.  

 

The expected continuation value of reaching this subgame (where all legislators are re-elected) 

for all legislators is 

(𝑎5.12)																																																					𝐸(𝑣A) =
1
3 𝑟

A + 𝛽𝑊 

since all legislator has a one-third chance of being the agenda setter 𝑎A. The expected utility 

for group 1 voters is, 

(𝑎5.13)																				𝐸(𝑢!A ) =
1
3𝐻

(𝑔!A ) +
2
3𝐻

(𝑔KA ) +
1
3𝑃&𝐴

A, 𝐴A = 2𝛽𝑊 − 𝑔!A  

and the expected utility for groups 2 and 3’s voters is 

𝐸(𝑢KA ) =
1
3𝐻

(𝑔!A ) +
2
3𝐻

(𝑔KA ) +
1
3𝑓

A, 𝑓A = 2𝛽𝑊 − 𝑔KA . 
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At stage 5, 𝑚 will veto any proposal that does not give her the same utility as after the fall of 

the government coalition. 𝑚  will accept the proposal that results in re-election for all 

legislators if 𝑟G + 𝛽𝑊 ≥ 𝐸(𝑣A). The group outside the government which is group 2 in this 

case will have 𝑓# = 𝑟# = 0. As the agenda setter will not pay more than necessary for 𝑚’s 

support, by (a5.12), 𝑟G = &
@
𝑟A.  

 

In the parliamentary regime, the agenda setter has the power to set both taxes and spending, 

which means if the agenda setter plans for no re-election he can simply take everything with 

𝜏 = 1 , 𝑓! = &
4%

, 𝑔 = 𝑓# = 𝑓@ = 0  and make 𝑚  agree by giving him &
@
𝑟A + 𝛽𝑊  for rents. 

Consequently, if the rent for the agenda setter is less than #
@
𝑟A, it would result in zero utilities 

for all voters, this value of the minimum rent level is obtained from 𝑟" + 𝛽𝑊 ≥ 3 − &
4%
−

&
@
z3 − 2𝛽𝑊 − &

4%
{ − 𝛽𝑊  which led to 𝑟" ≥ #

@
𝑟A . The voters will not be able to reduce the 

equilibrium rents for the agenda setter below what he obtains after choosing no re-election, 

which implies the following incentive constraint 

𝑟" ≥
2
3 𝑟

A. 

 

In equilibrium, the voters will not leave excess rents to the legislators, this means the total 

rents is equal to 𝑟4 = 3 − 2𝛽𝑊 − &
4%

. 

 

Solve for 𝑊 using the same equation as (a5.4) and obtain, 

𝑊 =
1
3 𝑟

A + 𝛽𝑊, 
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𝑊 =
1 − 13

1
𝑃&

1 − 13𝛽
. 

 

This value of 𝑊 is greater than the value of 𝑊 in the presidential regime in (a5.11). Substitute 

𝑊 into the total level of political rents 𝑟4 in the parliamentary regime, we obtain 

𝑟4 = 3 −
1
𝑃&
− 2𝛽

1 − 13
1
𝑃&

1 − 13𝛽
. 

 

The Equilibrium Reservation Utilities Required by the Voters in the Governing Coalition 

We substitute the equilibrium rents into the government budget constraint with 𝑓! = =
4%
+ 𝐴 

and obtain 

(𝑎5.14)																							𝑔 + 𝐴 + 𝑓@ = 3(𝜏 − 1) −
1
𝑃&
(𝜏 − 1) + 2𝛽

1 − 13
1
𝑃&

1 − 13𝛽
. 

 

This is the only incentive constraint the voters need to be concerned with since the threat of 

the coalition to take away everything and plan for no re-election is already included in 𝑟4. 

 

The reservation utilities set by voters from group 1, 𝐵"& and group 3, 𝐵G@ must be mutually 

consistent under the relevant constraints. The reservation utility 𝐵"& must be optimal for the 

voters in group 1 in the equilibrium, giving the equilibrium value of 𝐵G@ , and vice versa. 

However, this requirement is satisfied by many pairs of (𝐵"&, 𝐵G@) because the voters choose 

their reservation utilities simultaneously. Hence there are multiple equilibria and the only 
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policies that could be ruled out are policies dominated by the outcome/expected utility in the 

simple legislature from the point of view of the voters in the government coalition.  

 

The voters know their expected utility when the government coalition falls due to the veto 

being triggered. Hence the equilibrium reservation utility for group 1 who needs HE spending 

𝑓!  is  

𝐵%& ≡ 𝑃&𝑓! − 𝜏 + 𝐻(𝑔) ≥ 𝐸(𝑢!A ), 𝑖 = 𝑎,𝑚 

and for group 3 which does not need 𝑓!, 

𝐵%@ ≡ 1 − 𝜏 + 𝐻(𝑔) + 𝑓%@ ≥ 𝐸(𝑢KA ), 𝑖 = 𝑎,𝑚. 

 

“𝑖 = 𝑎,𝑚” is used because the reservation utility condition is the same when the agenda 

setter represents group 3 and the junior partner represents group 1. 

 

The Equilibrium Policy in the Parliamentary Regime with Agenda Setter 𝑎&  and the Junior 

Partner 𝑚@ 

Group 1 voters optimize their utility by choosing 𝑔, 𝐴, 𝑓G@ and 𝜏, given any 𝐵G@ with their 

reservation utility also being satisfied: 

𝑀𝑎𝑥		𝑃&𝐴 + 𝐻(𝑔) 

subject to  

(𝑎5.15)								1 − 𝜏 + 𝐻(𝑔) + 𝑓G@ ≥
1
3𝐻

(𝑔!A ) +
2
3𝐻

(𝑔KA ) +
1
3 �2𝛽

1 − 13
1
𝑃&

1 − 13𝛽
− 𝑔KA �, 

 

(𝑎5.16)                                                               𝜏 ≤ 1, 
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(𝑎5.17)                                                               𝐴 ≥ 0, 

(𝑎5.18)                                                             𝑓G@ ≥ 0. 

 

Use the government budget constraint (a5.14) to replace the tax level 

𝜏 = 1 − 2𝛽
`1 − 13

1
𝑃&
a

`1 − 13𝛽a

1

3 − 1
𝑃&

+
1

3 − 1
𝑃&

𝑔 +
1

3 − 1
𝑃&

𝐴 +
1

3 − 1
𝑃&

𝑓G@ 

and denote, respectively, 𝜆, 𝜇, 𝑣_, 𝑣G@ as the Lagrange multipliers of the constraints (a5.15)-

(a5.18), results in the Lagrange function 

𝐿 = 𝑃&𝐴 + 𝐻(𝑔)

+ 𝜆

⎣
⎢
⎢
⎢
⎡
1 − 1 + 2𝛽

`1 − 13
1
𝑃&
a

`1 − 13𝛽a

1

3 − 1
𝑃&

−
1

3 − 1
𝑃&

𝑔 −
1

3 − 1
𝑃&

𝐴 −
1

3 − 1
𝑃&

𝑓G@

+ 𝐻(𝑔) + 𝑓G@ −
1
3𝐻

(𝑔!A ) −
2
3𝐻

(𝑔KA ) −
1
3 �2𝛽

1 − 13
1
𝑃&

1 − 13𝛽
− 𝑔KA �

⎦
⎥
⎥
⎥
⎤

+ 𝜇 �1 − 1 + 2𝛽
`1 − 13

1
𝑃&
a

`1 − 13𝛽a

1

3 − 1
𝑃&

−
1

3 − 1
𝑃&

𝑔 −
1

3 − 1
𝑃&

𝐴 −
1

3 − 1
𝑃&

𝑓G@�

+ 𝑣_𝐴 + 𝑣G@𝑓G@. 

 

Obtain the following three FOCs,  

𝜕𝐿
𝜕𝑔 = 𝐻A(𝑔) − 𝜆

1

3 − 1
𝑃&

+ 𝜆𝐻A(𝑔) − 𝜇
1

3 − 1
𝑃&

= 0, 

𝜕𝐿
𝜕𝐴 = 𝑃& − 𝜆

1

3 − 1
𝑃&

− 𝜇
1

3 − 1
𝑃&

+ 𝑣_ = 0, 
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𝜕𝐿
𝜕𝑓G@ = −𝜆

1

3 − 1
𝑃&

+ 𝜆 − 𝜇
1

3 − 1
𝑃&

+ 𝑣G@ = 0. 

 

We obtain 

(𝑎5.19)                                                   𝜆 = 𝑃& + 𝑣_ − 𝑣G@, 

(𝑎5.20)																																												𝐻A(𝑔) =
𝑃& + 𝑣_

1 + 𝑃& + 𝑣_ − 𝑣G@
. 

 

If 𝜏 < 1, then the multiplier 𝜇 = 0 and SD
SE

 results in  

𝐻A(𝑔) =
𝑃& + 𝑣_ − 𝑣G@

1 + 𝑃& + 𝑣_ − 𝑣G@
1

3 − 1
𝑃&

=
𝑃& + 𝑣_

1 + 𝑃& + 𝑣_ − 𝑣G@
. 

 

From the last two equalities, we obtain 

(𝑎5.21) 																																											− 𝑣G@ = �2 −
1
𝑃&
� [𝑃& + 𝑣_]. 

 

Given the assumption of 𝑃& >
&
#
, (a5.21) is impossible even if 𝑣G@ = 𝑣_ = 0. Therefore we 

conclude that in the equilibrium of the parliamentary regime 

𝜏 = 1. 

 

For the level of public goods, 𝑔 . If both 𝐴 > 0  and 𝑓G@ > 0  in equilibrium which meant 

𝑣G@ = 𝑣_ = 0, (a5.19) and (a5.20) imply 𝜆 = 𝑃& and 𝐻A(𝑔) = 4%
&C4%

. If both 𝐴 = 0 and 𝑓G@ =

0 in equilibrium we obtain 𝑔 = 2𝛽
&0%)

%
'%

&0%)H
 based on the government budget constraint. 

 



 326 

Now consider the scenario in which 𝐴 = 0 but 𝑓G@ > 0 which means for the multipliers 𝑣_ >

0 but 𝑣G@ = 0. The public goods 𝑔 in (a5.20) is written as  

(𝑎5.22)																																																		𝐻A(𝑔) =
𝑃& + 𝑣_

1 + 𝑃& + 𝑣_
. 

 

We obtain the following relations 

1 >
𝑃& + 𝑣_

1 + 𝑃& + 𝑣_
>

𝑃&
1 + 𝑃&

. 

 

If 𝑃& > 1, then 𝑃& >
4%C]0

&C4%C]0
, otherwise the relation between 𝑃& and 4%C]0

&C4%C]0
 is uncertain.  

 

Now consider the scenario in which 𝐴 > 0 but 𝑓G@ = 0, for the multipliers this meant 𝑣_ =

0 but 𝑣G@ > 0, so (a5.20) is written as  

(𝑎5.23)																																																	𝐻A(𝑔) =
𝑃&

1 + 𝑃& − 𝑣G@
. 

 

We obtain the following relation 

𝑃&
1 + 𝑃& − 𝑣G@

>
𝑃&

1 + 𝑃&
. 

 

The relations of 1 and 𝑃& to 4%
&C4%0]/) is uncertain. 

 

Now we compare the level of the public good in the two different cases of (a5.22) and (a5.23) 

to the level in the simple legislature subgame. For (a5.22), we focus on the utility of group 1 

voters which in the case with 𝐴 = 0 is only 𝐻(𝑔). Their reservation utility 𝐵"& which must be 
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≥ 𝐸(𝑢!A ). 𝐸(𝑢!A ) is written at (a5.13). Note this analysis is only for the case in which 𝑃& < 1 

since if 𝑃& > 1, the level of public goods is larger than the level in the simple legislature. To 

satisfy the reservation utility 𝐵"&, the equilibrium level of public goods need to satisfy the 

following condition: 

𝐻(𝑔) ≥
1
3𝐻

(𝑔!A ) +
2
3𝐻

(𝑔KA ). 

 

𝑔!A  and 𝑔KA  are the level of public goods in the subsequent simple legislature game if the 

government falls. Since 𝑃& < 1, 𝑔!A > 𝑔KA . This condition states the level of public goods in the 

equilibrium can be lower than the level of public goods when group 1’s legislator is chosen to 

be the agenda setter, 𝑔!A . 

 

For (a5.23), focus on the reservation utility of group 3’s voters. In this equilibrium 𝐴 > 0 but 

𝑓G@ = 0, which means the utility of the voters from group 3 is only 𝐻(𝑔). To satisfy the 

reservation utility 𝐵G@, the equilibrium level of public goods needs to satisfy the following 

condition: 

𝐻(𝑔) ≥
1
3𝐻

(𝑔!A ) +
2
3𝐻

(𝑔KA ). 

 

If 𝑃& < 1, we have 𝑔!A > 𝑔KA , so it is possible in the equilibrium for 𝑔 < 𝑔!A . If 𝑃& > 1, then 

𝑔!A < 𝑔KA  and it is possible in the equilibrium for 𝑔 < 𝑔KA . 
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A5.5: The Definitions of Gini and Top20, and Their Sources 

Gini: The average of the Gini coefficient after tax and transfers that is based on available data 

from 2015 to 2019 in each country. Source: World Bank Open Data (2021) Gini Index. Available 

at: https://data.worldbank.org/indicator/SI.POV.GINI (Accessed: 1 June 2022). 

 

Top20: The average of the top quintile pre-tax national income share of a country from 2015 

to 2019. Source: WID.world (2022) World Inequality Database. Available at: 

https://wid.world/ (Accessed: 1 June 2022). 

  

https://data.worldbank.org/indicator/SI.POV.GINI
https://wid.world/
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Appendix for Chapter 6 

A6.1: Party 𝑛’s Period 2 Tax Rate and the Public Goods 

If party 𝑛 is elected, the party 𝑛 in period 2 is optimizing group 𝑛’s utility by choosing 𝜏# with 

𝑔 being substituted by the period 2 government budget constraint.  

𝑀𝑎𝑥	𝐹(𝑐&L∗) + (1 − 𝜏#)𝐿#L(𝜏#) + (1 − 𝜏&)𝐿&L(𝜏&) − 𝑐&L∗ + 𝑉&L;1 − 𝐿&L(𝜏&)<

+ 𝑉#L;1 − 𝐿#L(𝜏#)< + 𝛼L𝐻(𝑔), 

with 𝑔 substituted by   𝑔 = (1 + 𝑟)𝑚𝑓! − 𝑏 + 𝜏#𝐿#L(𝜏#) + 𝜏#𝐿#! (𝑓! , 𝜏#)𝑃(𝑓!). 

    

Apply the first-order condition relationship derived from period 2 group 𝑛’s labour supply, 

1 − 𝜏# − 𝑉#`L ;1 − 𝐿#L(𝜏#)< = 0, we obtain 

(𝐹𝑂𝐶L) 	− 𝐿#L(𝜏#)

+ 𝛼L𝐻A(𝑔)\𝐿#L(𝜏#) + 𝜏#𝐿#R$
L (𝜏#) + 𝐿#! (𝑓! , 𝜏#)𝑃(𝑓!) + 𝜏#𝐿#R$

! (𝑓! , 𝜏#)𝑃(𝑓!)]

= 0, 

with 𝑔 = (1 + 𝑟)𝑚𝑓! − 𝑏 + 𝜏#𝐿#L(𝜏#) + 𝜏#𝐿#! (𝑓! , 𝜏#)𝑃(𝑓!). 

    

The 𝐹𝑂𝐶L  would determine the reaction function of the party 𝑛’s period 2 tax rate. The 

reaction function of party 𝑛 shows the period 2 party 𝑛’s choices of 𝜏# as a function of 𝑓!  and 

𝑏, it is written as:  

𝑇L = 𝑇L(𝑓! , 𝑏). 

    

The relationship of the party 𝑛’s optimal level of 𝜏# to changes in 𝑓! and 𝑏 could be obtained 

by applying the implicit function theorem to 𝐹𝑂𝐶L. The level of government spending 𝑔 in 

optimum is determined by the period 2 budget constraint with the optimum period 2 tax rate. 
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The term [𝐿#L(𝜏#) + 𝜏#𝐿#R$
L (𝜏#) + 𝐿#!(𝑓! , 𝜏#)𝑃(𝑓!) + 𝜏#𝐿#R$

! (𝑓! , 𝜏#)𝑃(𝑓!)] is the MTR. Based 

on 𝐹𝑂𝐶L , the MTR must be positive at any optimum meaning the optimal level of 𝑔  is 

increasing in 𝜏#. 

 

A6.2: Party 𝑒’s Period 2 Tax Rate and the Public Goods 

If party 𝑒 is elected, the party 𝑒 in period 2 optimizes the utility of group 𝑒 with respect to 𝜏# 

with 𝑔 being substituted by the period 2 government budget constraint. 

𝑀𝑎𝑥	𝐹(𝑐&!∗) + 𝑃(𝑓!)(1 − 𝜏#)𝐿#! (𝑓! , 𝜏#) + 𝑤 − 𝑐&!∗ − (1 + 𝑟)𝑚𝑓! + 𝑉&!(1)

+ 𝑉#!;1 − 𝐿#!(𝑓! , 𝜏#)< + 𝛼!𝐻(𝑔), 

with 𝑔 substituted by 𝑔 = (1 + 𝑟)𝑚𝑓! − 𝑏 + 𝜏#𝐿#L(𝜏#) + 𝜏#𝐿#! (𝑓! , 𝜏#)𝑃(𝑓!). 

    

Using the relationship obtained from the first-order condition of the group 𝑒’s labour supply 

in period 2, 𝑃(𝑓!)(1 − 𝜏#) − 𝑉#`! ;1 − 𝐿#! (𝑓! , 𝜏#)< = 0, we obtain 

(𝐹𝑂𝐶!) 	− 𝑃(𝑓!)𝐿#!(𝑓! , 𝜏#)

+ 𝛼!𝐻A(𝑔)\𝐿#L(𝜏#) + 𝜏#𝐿#R$
L (𝜏#) + 𝐿#! (𝑓! , 𝜏#)𝑃(𝑓!) + 𝜏#𝐿#R$

! (𝑓! , 𝜏#)𝑃(𝑓!)]

= 0, 

with 𝑔 = (1 + 𝑟)𝑚𝑓! − 𝑏 + 𝜏#𝐿#L(𝜏#) + 𝜏#𝐿#! (𝑓! , 𝜏#)𝑃(𝑓!). 

 

The 𝐹𝑂𝐶!  would determine the reaction function of the party 𝑒 ’s period 2 tax rate as a 

function of period 1 𝑓!  and 𝑏 

𝑇! = 𝑇!(𝑓! , 𝑏). 
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The relationship of the party 𝑒’s optimal level of 𝜏# to changes in 𝑓! and 𝑏 could be obtained 

by applying the implicit function theorem to 𝐹𝑂𝐶!. Same as Appendix A6.1, the optimal level 

of 𝑔 chosen by party 𝑒 is increasing in 𝜏#. 

 

A6.3: Compare the Values of Period 2 Policies between the Two Parties 

Compare the period 2 policy choices between party 𝑛 and party 𝑒 when facing the same level 

of 𝑓!  and 𝑏 chosen by the period 1 party. The level of the period 2 tax rate determined by 

party 𝑛  and party 𝑒  is determined by 𝐹𝑂𝐶L  and 𝐹𝑂𝐶!  respectively. Since the level of 𝑔  is 

determined by the period 2 government budget constraint and is increasing in the tax rate, 

the party with the higher tax rate will spend a higher level of 𝑔 . The two 𝐹𝑂𝐶s can be 

simplified in the following way: 

(𝐹𝑂𝐶L)                                           𝛼L𝐻A(𝐺L)[𝑀𝑇𝑅L] = 𝐿#L(𝑇L), 

(𝐹𝑂𝐶!)                                   𝛼!𝐻A(𝐺!)[𝑀𝑇𝑅!] = 𝑃(𝑓!)𝐿#!(𝑓! , 𝑇!). 

 

Both 𝐻A(. ) and [MTR] are positive and decreasing in tax rate 𝜏#. Substitute 𝑇L  from 𝐹𝑂𝐶L 

into 𝐹𝑂𝐶!  for 𝑇! . Here 𝐻A(. ) [MTR] are equalized between 𝐹𝑂𝐶L  and 𝐹𝑂𝐶! . The only 

potential difference between the two terms are &
O,
𝐿#L(𝑇L) and &

M*
𝑃(𝑓!)𝐿#! (𝑓! , 𝑇L). Because 

the 𝐹𝑂𝐶 is decreasing in 𝜏#, the relation between the optimum tax rate set by party 𝑛 and 

party 𝑒 in period 2 based on 𝐹𝑂𝐶L and 𝐹𝑂𝐶! are as follows: 

• If &
O,
𝐿#L(𝑇L) >

&
O*
𝑃(𝑓!)𝐿#! (𝑓! , 𝑇L), then 𝑇L < 𝑇! and 𝐺L < 𝐺!. 

• If &
O,
𝐿#L(𝑇L) <

&
O*
𝑃(𝑓!)𝐿#! (𝑓! , 𝑇L), then 𝑇L > 𝑇! and 𝐺L > 𝐺!. 

• If &
O,
𝐿#L(𝑇L) =

&
O*
𝑃(𝑓!)𝐿#! (𝑓! , 𝑇L), then 𝑇L = 𝑇!  and 𝐺L = 𝐺!. 
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We obtain the same results if we substitute 𝑇!  for 𝑇L. 

 

A6.4: How Period 2 Policies are Affected by Period 1 Policy 𝑓) based on the Reaction 

Functions 

To understand how would party 𝑛 optimally change the level of 𝜏# due to a change in 𝑓!, we 

used the implicit function theorem on equation 𝐹𝑂𝐶L (derived in Appendix A6.1) and obtain 

𝜕𝜏#
𝜕𝑓! = −

𝜕𝐹𝑂𝐶L
𝜕𝑓!
𝜕𝐹𝑂𝐶L
𝜕𝜏#

. 

 

At the optimum value of 𝑇L that maximize the utility of group 𝑛, ST2F,
SR$

 must be negative. The 

sign of SR$
SJ*

 depends on the sign of ST2F,
SJ*

. 

𝜕𝐹𝑂𝐶L
𝜕𝑓! =

𝐻AA(𝐺L)
𝐻A(𝐺L) 𝐿#

L(𝑇L) z(1 + 𝑟)𝑚 + 𝑇L\𝑃J(𝑓!)𝐿#!(𝑓! , 𝑇L) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇L)]{

+ 𝛼L𝐻A(𝐺L) z𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇L) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇L)

+ 𝑇L\𝑃J(𝑓!)𝐿#R$
! (𝑓! , 𝑇L) + 𝑃(𝑓!)𝐿#R$J

! (𝑓! , 𝑇L)]{, 

with 𝐺L = (1 + 𝑟)𝑚𝑓! − 𝑏 + 𝑇L𝐿#L(𝑇L) + 𝑇L𝐿#! (𝑓! , 𝑇L)𝑃(𝑓!). 

SR$
SJ*

> 0 if ST2F,
SJ*

> 0, 

SR$
SJ*

< 0 if ST2F,
SJ*

< 0. 
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When 𝑉A(1 − 𝑙) = 𝜙𝑙 with 𝜙 being a positive constant, we obtain 𝑙#! =
&
a
𝑃(𝑓!)(1 − 𝜏#), the 

term 𝛼L𝐻A(𝐺L) z𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇L) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇L) + 𝑇L\𝑃J(𝑓!)𝐿#R$
! (𝑓! , 𝑇L) +

𝑃(𝑓!)𝐿#R$J
! (𝑓! , 𝑇L)]{ is strictly positive. As 𝐻AA(𝑔) ⟶ 0, ST2F,

SJ*
⟶ 𝑅b<.  

 

The same method of implicit function theorem is used to determine how party 𝑒 optimally 

change the level of 𝜏#  due to a change in 𝑓!  but now 𝐹𝑂𝐶!  from Appendix A6.2 is used 

instead of 𝐹𝑂𝐶L. We obtain the following, 

𝜕𝜏#
𝜕𝑓! = −

𝜕𝐹𝑂𝐶!
𝜕𝑓!
𝜕𝐹𝑂𝐶!
𝜕𝜏#

. 

 

The sign of 𝑇J!  is determined by the sign of ST2F*
SJ*

. 

𝜕𝐹𝑂𝐶!
𝜕𝑓! = −\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!)]

+
𝐻AA(𝐺!)
𝐻A(𝐺!) 𝑃

(𝑓!)𝐿#! (𝑓! , 𝑇!) z(1 + 𝑟)𝑚

+ 𝑇!\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!)]{

+ 𝛼!𝐻A(𝐺!) z𝑃J(𝑓!)𝐿#!(𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!)

+ 𝑇!\𝑃J(𝑓!)𝐿#R$
! (𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#R$J

! (𝑓! , 𝑇!)]{, 

with 𝐺! = (1 + 𝑟)𝑚𝑓! − 𝑏 + 𝑇!𝐿#L(𝑇!) + 𝑇!𝐿#! (𝑓! , 𝑇!)𝑃(𝑓!). 

SR$
SJ*

> 0 if ST2F*
SJ*

> 0, 

SR$
SJ*

< 0 if ST2F*
SJ*

< 0. 
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When 𝑉A(1 − 𝑙) = 𝜙𝑙 with 𝜙 being a positive constant, we obtain 𝑙#! =
&
a
𝑃(𝑓!)(1 − 𝜏#), the 

term −\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!)] + 𝛼!𝐻A(𝐺!) z𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇!) +

𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!) + 𝑇!\𝑃J(𝑓!)𝐿#R$
! (𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#R$J

! (𝑓! , 𝑇!)]{  is strictly negative. 

Given that the function 𝐻′′(𝑔) is negative, we conclude ST2F*
SJ*

 is also negative. 

 

A6.5: Period 1 Party 𝑛’s Decision on 𝑓) without Government Debt 

Assume party 𝑛 is the incumbent government. At the start of period 1, party 𝑛 knows that he 

will be re-elected next period with probability 𝑝L = 1 − 𝑝!. Take both party 𝑛 and party 𝑒’s 

reaction functions in period 2 into account, write the period 1 tax rate as a function of 𝑓! 

(𝑇&L(𝑓!)) based on the period 1 budget constraint and substitute the public goods with the 

period 2 budget constraint, the party 𝑛  is maximizing the expected utility of group 𝑛  by 

choosing 𝑓!, 

𝑀𝑎𝑥	𝑝L z𝐹(𝑐&L∗) + ;1 − 𝑇L(𝑓!)<𝐿#L;𝑇L(𝑓!)< + ;1 − 𝑇&L(𝑓!)<𝐿&L;𝑇&L(𝑓!)< − 𝑐&L∗

+ 𝑉&L `1 − 𝐿&L;𝑇&L(𝑓!)<a + 𝑉#L `1 − 𝐿#L;𝑇L(𝑓!)<a + 𝛼L𝐻(𝐺L){

+ (1 − 𝑝L) z𝐹(𝑐&L∗) + ;1 − 𝑇!(𝑓!)<𝐿#L;𝑇!(𝑓!)< + ;1 − 𝑇&L(𝑓!)<𝐿&L;𝑇&L(𝑓!)<

− 𝑐&L∗ + 𝑉&L `1 − 𝐿&L;𝑇&L(𝑓!)<a + 𝑉#L `1 − 𝐿#L;𝑇!(𝑓!)<a + 𝛼L𝐻(𝐺!){, 

with 𝑇&L(𝑓!)𝐿&L;𝑇&L(𝑓!)< = 𝑓!, 

𝐺L = (1 + 𝑟)𝑚𝑓! + 𝑇L(𝑓!)𝐿#L;𝑇L(𝑓!)< + 𝑇L(𝑓!)𝐿#! (𝑓! , 𝑇L(𝑓!))𝑃(𝑓!), 

𝐺! = (1 + 𝑟)𝑚𝑓! + 𝑇!(𝑓!)𝐿#L;𝑇!(𝑓!)< + 𝑇!(𝑓!)𝐿#! (𝑓! , 𝑇!(𝑓!))𝑃(𝑓!). 



 335 

𝜕
𝜕𝑓! = 𝑝L �−𝑇JL(𝑓!)𝐿#L(𝑇L) − 𝐿&L;𝑇&L(𝑓!)<𝑇&JL (𝑓!)

+ 𝛼L𝐻A(𝐺L) ¿(1 + 𝑟)𝑚 + 𝑇JL(𝑓!)𝐿#L(𝑇L) + 𝑇L𝐿#R$
L (𝑇L)𝑇JL(𝑓!)

+ 𝑇JL(𝑓!)𝐿#! (𝑓! , 𝑇L)𝑃(𝑓!)

+ 𝑇L À
𝜕𝐿#!;𝑓! , 	𝑇L(𝑓!)<

𝜕𝑓! 𝑃(𝑓!) + 𝐿#! (𝑓! , 𝑇L)𝑃J(𝑓!)ÁÂ�

+ (1 − 𝑝L) �−𝑇J!(𝑓!)𝐿#L(𝑇!) − 𝐿&L;𝑇&L(𝑓!)<𝑇&JL (𝑓!)

+ 𝛼L𝐻A(𝐺!) ¿(1 + 𝑟)𝑚 + 𝑇J!(𝑓!)𝐿#L(𝑇!) + 𝑇!𝐿#R$
L (𝑇!)𝑇J!(𝑓!)

+ 𝑇J!(𝑓!)𝐿#! (𝑓! , 𝑇!)𝑃(𝑓!)

+ 𝑇! À
𝜕𝐿#!;𝑓! ,			𝑇!(𝑓!)<

𝜕𝑓! 𝑃(𝑓!) + 𝐿#! (𝑓! , 𝑇!)𝑃J(𝑓!)ÁÂ� = 0. 

 

From 𝐹𝑂𝐶L, the following relation is obtained, 

𝑇JL(𝑓!)𝛼L𝐻A(𝐺L)\𝐿#L(𝑇L) + 𝑇L𝐿#R$
L (𝑇L) + 𝐿#! (𝑓! , 𝑇L)𝑃(𝑓!) + 𝑇L𝐿#R$

! (𝑓! , 𝑇L)𝑃(𝑓!)]

= 𝑇JL(𝑓!)𝐿#L(𝑇L). 

 

From 𝐹𝑂𝐶!  the following relation is obtained,  

𝑇J!(𝑓!)𝐻A(𝐺!)\𝐿#L(𝑇!) + 𝑇!𝐿#R$
L (𝑇!) + 𝐿#! (𝑓! , 𝑇!)𝑃(𝑓!) + 𝑇!𝐿#R$

! (𝑓! , 𝑇!)𝑃(𝑓!)]

= 𝑇J!(𝑓!)
1
𝛼! 𝑃

(𝑓!)𝐿#! (𝑓! , 𝑇!). 
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S
SJ*

 can be simplified into 

(𝑎6.1)	
𝜕
𝜕𝑓! = −𝐿&L;𝑇&L(𝑓!)<𝑇&JL (𝑓!)

+ 𝑝L �𝛼L𝐻A(𝐺L) z(1 + 𝑟)𝑚 + 𝑇L\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇L) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇L)]{�

+ (1 − 𝑝L)  −𝑇J!(𝑓!)𝐿#L(𝑇!) + 𝑇J!(𝑓!)
𝛼L

𝛼! 𝑃
(𝑓!)𝐿#! (𝑓! , 𝑇!)

+ 𝛼L𝐻A(𝐺!) z(1 + 𝑟)𝑚 + 𝑇!\𝑃J(𝑓!)𝐿#!(𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!)]{¡ = 0. 

    

Using the implicit function theorem, the relationship between the optimal level of 𝑓! and 𝑝! 

is  

𝜕𝑓!

𝜕𝑝! = −

𝜕(𝑎6.1)
𝜕𝑝!

𝜕(𝑎6.1)
𝜕𝑓!

. 

    

Let 𝑓L!  denote the 𝑓!  level chosen by the party 𝑛  government in period 1. In any valid 

equilibrium that maximizes the expected utility of group 𝑛, the net marginal benefit of 𝑓! 

needs to be decreasing with 𝑓!  since if the net marginal benefit of 𝑓! is increasing in 𝑓!, the 

optimal level of 𝑓!  would just be to set it as high as possible. Consequently, S("U.&)
SJ*

< 0 and 

the sign of SJ
*

S5*
 is dependent on the sign of S("U.&)

S5*
 which is  
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𝜕(𝑎6.1)
𝜕𝑝! = 𝛼L(1 + 𝑟)𝑚[𝐻A(𝐺!) − 𝐻A(𝐺L)]

+ 𝛼L z𝐻A(𝐺!)𝑇!\𝑃J(𝑓L!)𝐿#!(𝑓L! , 𝑇!) + 𝑃(𝑓L!)𝐿#J! (𝑓L! , 𝑇!)]

− 𝐻A(𝐺L)𝑇L\𝑃J(𝑓L!)𝐿#!(𝑓L! , 𝑇L) + 𝑃(𝑓L!)𝐿#J! (𝑓L! , 𝑇L)]{

+ 𝑇J!(𝑓L!) �
𝛼L

𝛼! 𝑃
(𝑓L!)𝐿#!(𝑓L! , 𝑇!) − 𝐿#L(𝑇!)�. 

 

This is the condition (6.7) in section 6.3.3. If 𝑇! = 𝑇L, then S("U.&)
S5*

= 0. 

 

If we differentiate 𝛼L𝐻A(𝑔) z(1 + 𝑟)𝑚 + 𝜏#\𝑃J(𝑓!)𝐿#! (𝑓! , 𝜏#) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝜏#)]{  with 

respect to the period 2 tax rate, then by Young’s theorem the equivalence of cross derivative 

the resulting derivative is ST2F,
SJ*

. Under our assumption 𝑉A(1 − 𝑙) = 𝜙𝑙, as 𝐻AA(𝑔) ⟶ 0, we 

conclude that ST2F,
SJ*

 is strictly positive. Consequently, 𝛼L𝐻A(𝑔) z(1 + 𝑟)𝑚 +

𝜏#\𝑃J(𝑓!)𝐿#! (𝑓! , 𝜏#) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝜏#)]{  is increasing in period 2 tax rate. If 𝑇! > 𝑇L , 

𝛼L𝐻A(𝐺!) z(1 + 𝑟)𝑚 + 𝑇!\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!)]{ − 𝛼L𝐻A(𝐺L) z(1 +

𝑟)𝑚 + 𝑇L\𝑃J(𝑓!)𝐿#!(𝑓! , 𝑇L) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇L)]{  is positive and if 𝑇! < 𝑇L , 

𝛼L𝐻A(𝐺!) z(1 + 𝑟)𝑚 + 𝑇!\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!)]{ − 𝛼L𝐻A(𝐺L) z(1 +

𝑟)𝑚 + 𝑇L\𝑃J(𝑓!)𝐿#!(𝑓! , 𝑇L) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇L)]{ is negative. 

 

In Appendix A6.4 under the same assumption, 𝑇J!  is strictly negative. If 𝑇! > 𝑇L , 

𝑇J!(𝑓L!) z
O,

O*
𝑃(𝑓L!)𝐿#! (𝑓L! , 𝑇!) − 𝐿#L(𝑇!){ is positive and condition (6.7) is positive. If 𝑇! < 𝑇L, 

𝑇J!(𝑓L!) z
O,

O*
𝑃(𝑓L!)𝐿#! (𝑓L! , 𝑇!) − 𝐿#L(𝑇!){ is negative and condition (6.7) is negative.  
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From this specific example, we can conclude that in general if ST2F,
SJ*

 and ST2F*
SJ*

 have constant 

and opposite signs under the same period 1 policies, then the sign of condition (6.7) is certain. 

 

 
A6.6: Period 1 Party 𝑒’s Decision on 𝑓) without Government Debt 

If party 𝑒 is the incumbent government, the method to solve the party 𝑒's optimal level of 𝑓! 

is the same as in Appendix A6.5 but party 𝑒 is maximizing the expected utility of group 𝑒. Since 

group 𝑒 does not supply labour in period 1, party 𝑒 will set the period 1 tax rate to raise 

enough revenue for 𝑓!. We assume the optimal level of 𝑓! for party 𝑒 is below the maximum 

period 1 tax revenue. 

𝑀𝑎𝑥	𝑝L z𝐹(𝑐&!∗) + 𝑃(𝑓!);1 − 𝑇L(𝑓!)<𝐿#!;𝑓! , 𝑇L(𝑓!)< + 𝑤 − 𝑐&!∗ − (1 + 𝑟)𝑚𝑓! + 𝑉&!(1)

+ 𝑉#! `1 − 𝐿#! ;𝑓! , 𝑇L(𝑓!)<a + 𝛼!𝐻(𝐺L){

+ (1 − 𝑝L) z𝐹(𝑐&!∗) + 𝑃(𝑓!);1 − 𝑇!(𝑓!)<𝐿#! ;𝑓! , 𝑇!(𝑓!)< + 𝑤 − 𝑐&!∗

− (1 + 𝑟)𝑚𝑓! + 𝑉&!(1) + 𝑉#! `1 − 𝐿#!;𝑓! , 𝑇!(𝑓!)<a + 𝛼!𝐻(𝐺!){, 

with 𝐺L = (1 + 𝑟)𝑚𝑓! + 𝑇L(𝑓!)𝐿#L;𝑇L(𝑓!)< + 𝑇L(𝑓!)𝐿#! (𝑓! , 𝑇L(𝑓!))𝑃(𝑓!), 

         𝐺! = (1 + 𝑟)𝑚𝑓! + 𝑇!(𝑓!)𝐿#L;𝑇!(𝑓!)< + 𝑇!(𝑓!)𝐿#! (𝑓! , 𝑇!(𝑓!))𝑃(𝑓!). 
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𝜕
𝜕𝑓! = −(1 + 𝑟)𝑚

+ 𝑝L �𝑃J(𝑓!)(1 − 𝑇L)𝐿#! (𝑓! , 𝑇L) − 𝑃(𝑓!)𝑇JL(𝑓!)𝐿#! (𝑓! , 𝑇L)

+ 𝛼!𝐻A(𝐺L) ¿(1 + 𝑟)𝑚 + 𝑇JL(𝑓!)𝐿#L(𝑇L) + 𝑇L𝐿#R$
L (𝑇L)𝑇JL(𝑓!)

+ 𝑇JL(𝑓!)𝐿#! (𝑓! , 𝑇L)𝑃(𝑓!)

+ 𝑇L À
𝜕𝐿#!;𝑓! ,			𝑇L(𝑓!)<

𝜕𝑓! 𝑃(𝑓!) + 𝐿#! (𝑓! , 𝑇L)𝑃J(𝑓!)ÁÂ�

+ (1 − 𝑝L) �𝑃J(𝑓!)(1 − 𝑇!)𝐿#!(𝑓! , 𝑇!) − 𝑃(𝑓!)𝑇J!(𝑓!)𝐿#! (𝑓! , 𝑇!)

+ 𝛼!𝐻A(𝐺!) ¿(1 + 𝑟)𝑚 + 𝑇J!(𝑓!)𝐿#L(𝑇!) + 𝑇!𝐿#R$
L (𝑇!)𝑇J!(𝑓!)

+ 𝑇J!(𝑓!)𝐿#! (𝑓! , 𝑇!)𝑃(𝑓!)

+ 𝑇! À
𝜕𝐿#!;𝑓! ,			𝑇!(𝑓!)<

𝜕𝑓! 𝑃(𝑓!) + 𝐿#! (𝑓! , 𝑇!)𝑃J(𝑓!)ÁÂ� = 0. 

 

From 𝐹𝑂𝐶!  the following relation is obtained 

𝑇J!(𝑓!)𝛼!𝐻A(𝐺!)\𝐿#L(𝑇!) + 𝑇!𝐿#R$
L (𝑇!) + 𝐿#! (𝑓! , 𝑇!)𝑃(𝑓!) + 𝑇!𝐿#R$

! (𝑓! , 𝑇!)𝑃(𝑓!)]

= 𝑇J!(𝑓!)𝐿#!(𝑓! , 𝑇!)𝑃(𝑓!). 

 

From 𝐹𝑂𝐶L the following relation is obtained 
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𝑇JL(𝑓!)𝐻A(𝐺L)\𝐿#L(𝑇L) + 𝑇L𝐿#R$
L (𝑇L) + 𝐿#! (𝑓! , 𝑇L)𝑃(𝑓!) + 𝑇L𝐿#R$

! (𝑓! , 𝑇L)𝑃(𝑓!)]

= 𝑇JL(𝑓!)
1
𝛼L 𝐿#

L(𝑇L). 

 

Same as the process in Appendix A6.5, S
SJ*

 is simplified into  

(𝑎6.2)	
𝜕
𝜕𝑓! = −(1 + 𝑟)𝑚

+ 𝑝L  𝑃J(𝑓!)(1 − 𝑇L)𝐿#! (𝑓! , 𝑇L) − 𝑃(𝑓!)𝑇JL(𝑓!)𝐿#! (𝑓! , 𝑇L)

+
𝛼!

𝛼L 𝑇J
L(𝑓!)𝐿#L(𝑇L)

+ 𝛼!𝐻A(𝐺L) z(1 + 𝑟)𝑚 + 𝑇L\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇L) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇L)]{¡

+ (1 − 𝑝L) �𝑃J(𝑓!)(1 − 𝑇!)𝐿#!(𝑓! , 𝑇!)

+ 𝛼!𝐻A(𝐺!) z(1 + 𝑟)𝑚 + 𝑇!\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!)]{� = 0. 

 

Use the implicit function theorem to determine whether party 𝑒 would increase or decrease 

the level of 𝑓!  when its probability of re-election falls.  

𝜕𝑓!

𝜕𝑝L = −

𝜕(𝑎6.2)
𝜕𝑝L

𝜕(𝑎6.2)
𝜕𝑓!

. 

    

The same reasons as in Appendix A6.5, for any equilibrium that maximizes the expected utility 

of group 𝑒, the net marginal benefit of 𝑓! is decreasing in 𝑓!, the sign of SJ
*

S5,
 is dependent on 
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the sign of S("U.#)
S5,

. Let 𝑓!!  denote the 𝑓!  level chosen by the party 𝑒’s government in period 1, 

S("U.#)
S5,

 is written as  

𝜕(𝑎6.2)
𝜕𝑝L = 𝑃J(𝑓!!)[(1 − 𝑇L)𝐿#! (𝑓!! , 𝑇L) − (1 − 𝑇!)𝐿#! (𝑓!! , 𝑇!)]

+ 𝛼!(1 + 𝑟)𝑚[𝐻A(𝐺L) − 𝐻A(𝐺!)]

+ 𝛼! z𝐻A(𝐺L)𝑇L\𝑃J(𝑓!!)𝐿#! (𝑓!! , 𝑇L) + 𝑃(𝑓!!)𝐿#J! (𝑓!! , 𝑇L)]

− 𝐻A(𝐺!)𝑇!\𝑃J(𝑓!!)𝐿#! (𝑓!! , 𝑇!) + 𝑃(𝑓!!)𝐿#J! (𝑓!! , 𝑇!)]{

+ 𝑇JL(𝑓!!) �
𝛼!

𝛼L 𝐿#
L(𝑇L) − 𝑃(𝑓!!)𝐿#! (𝑓!! , 𝑇L)�. 

 

This is the condition (6.8) in section 6.3.3. If 𝑇! = 𝑇L, then S("U.#)
S5,

= 0. 

 

If we differentiate 𝑃J(𝑓!)(1 − 𝜏#)𝐿#! (𝑓! , 𝜏#) + 𝛼!𝐻A(𝑔) z(1 + 𝑟)𝑚 + 𝜏#\𝑃J(𝑓!)𝐿#!(𝑓! , 𝜏#) +

𝑃(𝑓!)𝐿#J! (𝑓! , 𝜏#)]{ with respect to the period 2 tax rate. Same as in Appendix A6.5 using 

Young’s theorem the equivalence of cross derivative the resulting derivative is ST2F*
SJ*

. Under 

our assumption 𝑉A(1 − 𝑙) = 𝜙𝑙 , ST2F*
SJ*

 is strictly negative. Consequently, 𝑃J(𝑓!)(1 −

𝜏#)𝐿#!(𝑓! , 𝜏#) + 𝛼!𝐻A(𝑔) z(1 + 𝑟)𝑚 + 𝜏#\𝑃J(𝑓!)𝐿#! (𝑓! , 𝜏#) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝜏#)]{  is 

decreasing in period 2 tax rate. If 𝑇! > 𝑇L , 𝑃J(𝑓!)(1 − 𝑇L)𝐿#! (𝑓! , 𝑇L) + 𝛼!𝐻A(𝐺L) z(1 +

𝑟)𝑚 + 𝑇L\𝑃J(𝑓!)𝐿#!(𝑓! , 𝑇L) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇L)]{ − �𝑃J(𝑓!)(1 − 𝑇!)𝐿#! (𝑓! , 𝑇!) +

𝛼!𝐻A(𝐺!) z(1 + 𝑟)𝑚 + 𝑇!\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!)]{� is positive and if 𝑇! <

𝑇L , 𝑃J(𝑓!)(1 − 𝑇L)𝐿#! (𝑓! , 𝑇L) + 𝛼!𝐻A(𝐺L) z(1 + 𝑟)𝑚 + 𝑇L\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇L) +
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𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇L)]{ − �𝑃J(𝑓!)(1 − 𝑇!)𝐿#! (𝑓! , 𝑇!) + 𝛼!𝐻A(𝐺!) z(1 + 𝑟)𝑚 +

𝑇!\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!)]{� is negative. 

 

Using the same method as in Appendix A6.5, we conclude if 𝑇! > 𝑇L, 𝑇JL(𝑓!!) z
O*

O,
𝐿#L(𝑇L) −

𝑃(𝑓!!)𝐿#! (𝑓!! , 𝑇L){  and condition (6.8) is positive. If 𝑇! < 𝑇L , 𝑇JL(𝑓!!) z
O*

O,
𝐿#L(𝑇L) −

𝑃(𝑓!!)𝐿#! (𝑓!! , 𝑇L){ and condition (6.8) is negative.  

 

Similar to Appendix A6.5, we can also conclude that if ST2F,
SJ*

 and ST2F*
SJ*

 have constant and 

opposite signs under the same period 1 policies, then the sign of condition (6.8) is certain. 

 

A6.7: Period 1 Government Decision on 𝑓) with Government Debt 

When party 𝑛 is the incumbent and is choosing the optimal level of 𝑓!  and 𝑏 to maximize the 

group 𝑛’s expected utility (𝐸𝑈L), it is solving the following problem with the period 1 tax rate 

written as 𝑇&L(𝑓! − 𝑏) based on the period 1 government budget constraint:  

𝑀𝑎𝑥	𝑝L z𝐹(𝑐&L∗) + ;1 − 𝑇L(𝑓! , 𝑏)<𝐿#L;𝑇L(𝑓! , 𝑏)< + ;1 − 𝑇&L(𝑓! − 𝑏)<𝐿&L;𝑇&L(𝑓! − 𝑏)<

− 𝑐&L∗ + 𝑉&L `1 − 𝐿&L;𝑇&L(𝑓! − 𝑏)<a + 𝑉#L `1 − 𝐿#L;𝑇L(𝑓! , 𝑏)<a + 𝛼L𝐻(𝐺L){

+ (1 − 𝑝L) z𝐹(𝑐&L∗) + ;1 − 𝑇!(𝑓! , 𝑏)<𝐿#L;𝑇!(𝑓! , 𝑏)<

+ ;1 − 𝑇&L(𝑓! − 𝑏)<𝐿&L;𝑇&L(𝑓! − 𝑏)< − 𝑐&L∗ + 𝑉&L `1 − 𝐿&L;𝑇&L(𝑓! − 𝑏)<a

+ 𝑉#L `1 − 𝐿#L;𝑇!(𝑓! , 𝑏)<a + 𝛼L𝐻(𝐺!){, 

with 𝑇&L(𝑓! − 𝑏)𝐿&L;𝑇&L(𝑓! − 𝑏)< = 𝑓! − 𝑏, 

         𝐺L = (1 + 𝑟)𝑚𝑓! − 𝑏 + 𝑇L(𝑓! , 𝑏)𝐿#L;𝑇L(𝑓! , 𝑏)< + 𝑇L(𝑓! , 𝑏)𝐿#!;𝑓! , 𝑇L(𝑓! , 𝑏)<𝑃(𝑓!), 
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         𝐺! = (1 + 𝑟)𝑚𝑓! − 𝑏 + 𝑇!(𝑓! , 𝑏)𝐿#L;𝑇!(𝑓! , 𝑏)< + 𝑇!(𝑓! , 𝑏)𝐿#! (𝑓! , 𝑇!(𝑓! , 𝑏))𝑃(𝑓!). 

 

We obtain the two following first-order conditions for the optimal level of 𝑓!  and 𝑏 from 

differentiating with respect to 𝑓!  and 𝑏: 

(𝐹𝑂𝐶6.1)	
𝜕𝐸𝑈L

𝜕𝑓!

= −𝐿&L;𝑇&L(𝑓! − 𝑏)<𝑇&JL (𝑓! − 𝑏)

+ 𝑝L �𝛼L𝐻A(𝐺L) z(1 + 𝑟)𝑚 + 𝑇L\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇L) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇L)]{�

+ (1 − 𝑝L)  −𝑇J!(𝑓! , 𝑏)𝐿#L(𝑇!) + 𝑇J!(𝑓! , 𝑏)
𝛼L

𝛼! 𝑃
(𝑓!)𝐿#! (𝑓! , 𝑇!)

+ 𝛼L𝐻A(𝐺!) z(1 + 𝑟)𝑚 + 𝑇!\𝑃J(𝑓!)𝐿#!(𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!)]{¡ = 0. 

(𝐹𝑂𝐶6.2)	
𝜕𝐸𝑈L

𝜕𝑏

= −𝐿&L;𝑇&L(𝑓! − 𝑏)<𝑇&NL (𝑓! − 𝑏) + 𝑝L[−𝛼L𝐻A(𝐺L)]

+ (1 − 𝑝L) �𝑇N!(𝑓! , 𝑏) �
𝛼L

𝛼! 𝑃
(𝑓!)𝐿#! (𝑓! , 𝑇!) − 𝐿#L(𝑇!)� − 𝛼L𝐻A(𝐺!)� = 0. 

 

When the incumbent 𝑛’s probability of re-election falls (𝑝! rises), whether the incumbent will 

increase or decrease the level of HE investment can be determined by applying Cramer’s rule 

to 𝐹𝑂𝐶6.1 and 𝐹𝑂𝐶6.2: 

𝜕𝑓!

𝜕𝑝! = −

det�

𝜕𝐹𝑂𝐶6.1
𝜕𝑝!

𝜕𝐹𝑂𝐶6.1
𝜕𝑏

𝜕𝐹𝑂𝐶6.2
𝜕𝑝!

𝜕𝐹𝑂𝐶6.2
𝜕𝑏

�

det�

𝜕𝐹𝑂𝐶6.1
𝜕𝑓!

𝜕𝐹𝑂𝐶6.1
𝜕𝑏

𝜕𝐹𝑂𝐶6.2
𝜕𝑓!

𝜕𝐹𝑂𝐶6.2
𝜕𝑏

�

. 
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For the determinant of the denominator matrix, it can be written as this: 

det

⎝

⎜
⎛
𝜕𝐹𝑂𝐶6.1
𝜕𝑓!

𝜕𝐹𝑂𝐶6.1
𝜕𝑏

𝜕𝐹𝑂𝐶6.2
𝜕𝑓!

𝜕𝐹𝑂𝐶6.2
𝜕𝑏 ⎠

⎟
⎞
= det

⎝

⎜
⎛
𝜕#(𝐸𝑈L)
𝜕𝑓!#

𝜕#(𝐸𝑈L)
𝜕𝑓!𝜕𝑏

𝜕#(𝐸𝑈L)
𝜕𝑏𝜕𝑓!

𝜕#(𝐸𝑈L)
𝜕𝑏# ⎠

⎟
⎞
> 0. 

 

The denominator matrix is the Hessian matrix and for the optimum 𝑓! and 𝑏 to maximize the 

expected utility of group 𝑛, the Hessian matrix must be a negative definite symmetric matrix. 

For a matrix to be negative definite, the second-order leading principal minor is positive. The 

sign of SJ
*

S5*
 is dependent on the sign of the determinant of the numerator matrix. Furthermore, 

the sign of ST2FU.#
SN

= S$(Zc,)
SN$

 must also be negative. For the other terms in the numerator 

matrix, ST2FU.&
S5*

 and ST2FU.#
S5*

 have already been derived, they are conditions (6.7) and (6.4) 

respectively.  

𝜕𝐹𝑂𝐶6.1
𝜕𝑝! = 𝛼L(1 + 𝑟)𝑚[𝐻A(𝐺!) − 𝐻A(𝐺L)]

+ 𝛼L z𝐻A(𝐺!)𝑇!\𝑃J(𝑓!)𝐿#!(𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!)]

− 𝐻A(𝐺L)𝑇L\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇L) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇L)]{

+ 𝑇J!(𝑓! , 𝑏) �
𝛼L

𝛼! 𝑃
(𝑓!)𝐿#! (𝑓! , 𝑇!) − 𝐿#L(𝑇!)�. 

 

𝜕𝐹𝑂𝐶6.2
𝜕𝑝! = 𝛼L[𝐻A(𝐺L) − 𝐻A(𝐺!)] + �

𝛼L

𝛼! 𝑃
(𝑓!)𝐿#! (𝑓! , 𝑇!) − 𝐿#L(𝑇!)� 𝑇N!(𝑓! , 𝑏). 
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Based on the sign of the denominator matrix and the terms in the numerator matrix, the sign 

of SJ
*

S5*
 is determined by the sign of the following term (with ST2FU.#

SN
 denoted by (−)): 

−�
𝜕𝐹𝑂𝐶6.1
𝜕𝑝!

(−) −
𝜕𝐹𝑂𝐶6.2
𝜕𝑝!

𝜕𝐹𝑂𝐶6.1
𝜕𝑏 �. 

 

If ST2FU.&
S5*

 is positive and ST2FU.#
S5*

 and ST2FU.&
SN

 have the same sign, then party 𝑛  is certain to 

increase the level of 𝑓!  when its probability of re-election falls. If ST2FU.&
S5*

 is positive and 

ST2FU.#
S5*

 and ST2FU.&
SN

 maintain having the same sign at all values of 𝑝!, 𝑏 and 𝑓!, then party 𝑛 is 

certain to set a higher level of 𝑓!  when it knows it will not be re-elected compared to when 

its re-election is certain. If ST2FU.&
S5*

 is negative and ST2FU.#
S5*

 and ST2FU.&
SN

 have opposite signs, 

then party 𝑛 is certain to decrease the level of 𝑓! when its probability of re-election falls. If 

ST2FU.&
S5*

 is negative and ST2FU.#
S5*

 and ST2FU.&
SN

 maintain having opposite signs for all values of 𝑝!, 

𝑏 and 𝑓!, then party 𝑛 is certain to set a lower level of 𝑓! when it knows it will not be re-

elected compared to when its re-election is certain. 

 

As 𝐻AA(𝑔) ⟶ 0 , (ST2F,
SN

, ST2F*
SN

) ⟶ 0 . If we differentiate −𝛼L𝐻A(𝑔)  with respect to the 

period 2 tax rate, we obtain ST2F,
SN

. We conclude −𝛼L𝐻A(𝑔) is not changing with respect to 

the period 2 tax rate and ST2FU.#
S5*

 is zero as 𝑇N!(𝑓! , 𝑏) ⟶ 0. The sign of SJ
*

S5*
 is solely determined 

by the sign of ST2FU.&
S5*

, the same as condition (6.7) and Proposition 6.1 applies. 

 

When party 𝑒 is the incumbent it is maximizing the expected utility of group 𝑒 (𝐸𝑈!) with 

respect to 𝑓!  and 𝑏. We assume in this case that the optimal period 1 tax rate is an interior 
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solution meaning the incumbent 𝑒 will not use the maximum possible period 1 tax revenue 

to supply its period 1 policies of 𝑓! and 𝑏. The optimal level of 𝑓! and 𝑏 is determined by the 

two following first-order conditions: 

(𝐹𝑂𝐶6.3)	
𝜕𝐸𝑈!

𝜕𝑓!

= −(1 + 𝑟)𝑚

+ 𝑝L  𝑃J(𝑓!)(1 − 𝑇L)𝐿#! (𝑓! , 𝑇L) − 𝑃(𝑓!)𝑇JL(𝑓! , 𝑏)𝐿#!(𝑓! , 𝑇L)

+
𝛼!

𝛼L 𝑇J
L(𝑓! , 𝑏)𝐿#L(𝑇L)

+ 𝛼!𝐻A(𝐺L) z(1 + 𝑟)𝑚 + 𝑇L\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇L) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇L)]{¡

+ (1 − 𝑝L) �𝑃J(𝑓!)(1 − 𝑇!)𝐿#!(𝑓! , 𝑇!)

+ 𝛼!𝐻A(𝐺!) z(1 + 𝑟)𝑚 + 𝑇!\𝑃J(𝑓!)𝐿#! (𝑓! , 𝑇!) + 𝑃(𝑓!)𝐿#J! (𝑓! , 𝑇!)]{� = 0. 

 

(𝐹𝑂𝐶6.4)	
𝜕𝐸𝑈!

𝜕𝑏

= 𝑝L �𝑇NL(𝑓! , 𝑏) �
𝛼!

𝛼L 𝐿#
L(𝑇L) − 𝑃(𝑓!)𝐿#!(𝑓! , 𝑇L)� − 𝛼!𝐻A(𝐺L)�

+ (1 − 𝑝L)[−𝛼!𝐻A(𝐺!)] = 0. 

 

Whether the incumbent government 𝑒  increases or decreases the level of HE investment 

when the probability of the party 𝑛 ’s election chances increases can be determined by 

applying Cramer’s rule: 
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𝜕𝑓!

𝜕𝑝L = −

det�

𝜕𝐹𝑂𝐶6.3
𝜕𝑝L

𝜕𝐹𝑂𝐶6.3
𝜕𝑏

𝜕𝐹𝑂𝐶6.4
𝜕𝑝L

𝜕𝐹𝑂𝐶6.4
𝜕𝑏

�

det�

𝜕𝐹𝑂𝐶6.3
𝜕𝑓!

𝜕𝐹𝑂𝐶6.3
𝜕𝑏

𝜕𝐹𝑂𝐶6.4
𝜕𝑓!

𝜕𝐹𝑂𝐶6.4
𝜕𝑏

�

. 

 

Similar to its incumbent 𝑛’s counterpart, the sign of SJ
*

S5,
 is determined by the sign of the 

following condition (with ST2FU.W
SN

 denoted by (−)): 

−�
𝜕𝐹𝑂𝐶6.3
𝜕𝑝L

(−) −
𝜕𝐹𝑂𝐶6.4
𝜕𝑝L

𝜕𝐹𝑂𝐶6.3
𝜕𝑏 �. 

 

The relations of ST2FU.@
S5,

 and ST2FU.W
S5,

ST2FU.@
SN

 needed to make certain predictions of incumbent 

𝑒’s decision on 𝑓!  is the same as their counterpart for incumbent 𝑛. However, the sign of SJ
*

S5,
 

is only determined by the sign of 	

“− zST2FU.@
S5,

(−) − ST2FU.W
S5,

ST2FU.@
SN

{” for the interior solutions of incumbent 𝑒, so we cannot 

compare the level of 𝑓!  between 𝑝L = 0 and 𝑝L = 1. 

 

The above case for incumbent 𝑒 is for an interior solution of the period 1 tax rate. If the 

incumbent 𝑒 sets the period 1 tax rate to maximize the period 1 tax revenue, we could solve 

the optimal level of 𝑓!  for incumbent 𝑒 with a single 𝐹𝑂𝐶 like in Appendix 6.6 by writing 𝑏 as 

a function of 𝑓!  based on the period 1 government budget constraint. 
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The same as the case when the incumbent is 𝑛, with 𝐻AA(𝑔) ⟶ 0, we conclude ST2FU.W
S5,

 is zero. 

For both the interior solution and the corner solution for period 1 tax rate, the sign of SJ
*

S5,
 is 

solely determined by the sign of ST2FU.@
S5,

, the same as condition (6.8) and Proposition 6.2 

applies. 

 

A6.8: MATLAB Code for Incumbent 𝑛 

clc, clearvars 

syms fe b t2n t1n t2e pn  
an = 0.677;  
tie = 0.13;  
r = 0;  
m = 1;  
phi = 0.6;  
ae = 1.323;  
w = 1;  
pfe = 1+fe^tie;  
 
% Period 2 tax rates 
afn = -1/(2*phi)*(1+pfe^2);  
bfn = 1/(2*phi)*(2+2*pfe^2); 
cfn = -((2*an+1/(2*phi))*(1+pfe^2)-(1+r)*m*fe+b); 
dfn = an*(1+pfe^2)-(1+r)*m*fe+b; 
focn = afn*t2n^3 + bfn*t2n^2 + cfn*t2n + dfn; 
t2n = solve(focn, t2n, "MaxDegree",3); 
 
afe = -1/(2*phi)*pfe^2*(1+pfe^2);   
bfe = 1/(2*phi)*pfe^2*(2+2*pfe^2); 
cfe = -((2*ae+1/(2*phi)*pfe^2)*(1+pfe^2)-(1+r)*m*fe*pfe^2+b*pfe^2); 
dfe = ae*(1+pfe^2)-pfe^2*(1+r)*m*fe+pfe^2*b; 
foce = afe*t2e^3 + bfe*t2e^2 + cfe*t2e + dfe; 
t2e = solve(foce, t2e, "MaxDegree", 3); 
 
i = 1;  
 
% Incumbent n optimization problem 
ln1 = 1/(2*phi)*(1-t1n); 
ln2n = 1/(2*phi)*(1-t2n(i)); 
ln2e = 1/(2*phi)*(1-t2e(i)); 
le2n = 1/(2*phi)*pfe*(1-t2n(i)); 
le2e = 1/(2*phi)*pfe*(1-t2e(i)); 
cn2n = (1-t1n)*ln1+(1-t2n(i))*ln2n-1; 
cn2e = (1-t1n)*ln1+(1-t2e(i))*ln2e-1; 
ce2n = pfe*(1-t2n(i))*le2n+w-(1+r)*m*fe-1; 
ce2e = pfe*(1-t2e(i))*le2e+w-(1+r)*m*fe-1; 
gn = (1+r)*m*fe-b+t2n(i)*ln2n+t2n(i)*le2n*pfe; 
ge = (1+r)*m*fe-b+t2e(i)*ln2e+t2e(i)*le2e*pfe; 
 
upn = cn2n+1-phi*(ln1)^2+1-phi*(ln2n)^2; 
hgn = log(gn); 
upe = cn2e+1-phi*(ln1)^2+1-phi*(ln2e)^2; 
hge = log(ge); 
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nonlcon = @confun; 
x0 = [0.2, 0.2, 0.12]; 
A = []; 
B = []; 
Aeq = []; 
Beq = []; 
lb = [-inf, 0, -inf]; 
ub = [];  
 
 
% Storing optimal values 
optimal_t1n = zeros(1,101);  
optimal_fe = zeros(1,101); 
optimal_b = zeros(1,101); 
optimal_t2n = zeros(1,101); 
optimal_t2e = zeros(1,101); 
optimal_un = zeros(1,101); 
optimal_ln1 = zeros(1,101);  
optimal_ln2n = zeros(1,101);  
optimal_ln2e = zeros(1,101);  
optimal_le2n = zeros(1,101);  
optimal_le2e = zeros(1,101);  
optimal_cn2n = zeros(1,101);  
optimal_cn2e = zeros(1,101);  
optimal_ce2n = zeros(1,101);  
optimal_ce2e = zeros(1,101);  
optimal_gn = zeros(1,101); 
optimal_ge = zeros(1,101); 
utiln_el = zeros(1,101);  
utiln_unel = zeros(1,101);  
 
pn_values = 0:0.01:1;  
for re=1:length(pn_values) 
    groupnutil = subs(-pn*(upn+an*hgn)-(1-pn)*(upe+an*hge), pn, pn_values(re));   
    nobjective = @(x)double(subs(groupnutil, [t1n, fe, b], [x(1), x(2), x(3)])); 
    [x, fval] = fmincon(nobjective, x0, A, B, Aeq, Beq, lb, ub, nonlcon); 
    optimal_t1n(re) = x(1); 
    optimal_fe(re) = x(2); 
    optimal_b(re) = x(3); 
    optimal_t2n(re) = double(subs(t2n(i), [fe, b], [optimal_fe(re), 
optimal_b(re)])); 
    optimal_t2e(re) = double(subs(t2e(i), [fe, b], [optimal_fe(re), 
optimal_b(re)])); 
    optimal_un(re) = -fval; 
    optimal_ln1(re) = double(subs(ln1, t1n, optimal_t1n(re))); 
    optimal_ln2n(re) = double(subs(ln2n, [fe, b], [optimal_fe(re), 
optimal_b(re)])); 
    optimal_ln2e(re) = double(subs(ln2e, [fe, b], [optimal_fe(re), 
optimal_b(re)])); 
    optimal_le2n(re) = double(subs(le2n, [fe, b], [optimal_fe(re), 
optimal_b(re)])); 
    optimal_le2e(re) = double(subs(le2e, [fe, b], [optimal_fe(re), 
optimal_b(re)])); 
    optimal_cn2n(re) = double(subs(cn2n, [t1n, fe, b], [optimal_t1n(re), 
optimal_fe(re), optimal_b(re)])); 
    optimal_cn2e(re) = double(subs(cn2e, [t1n, fe, b], [optimal_t1n(re), 
optimal_fe(re), optimal_b(re)])); 
    optimal_ce2n(re) = double(subs(ce2n, [fe, b], [optimal_fe(re), 
optimal_b(re)])); 
    optimal_ce2e(re) = double(subs(ce2e, [fe, b], [optimal_fe(re), 
optimal_b(re)])); 
    optimal_gn(re) = double(subs(gn, [fe, b], [optimal_fe(re), optimal_b(re)])); 
    optimal_ge(re) = double(subs(ge, [fe, b], [optimal_fe(re), optimal_b(re)])); 
    utiln_el(re) = double(subs(upn+an*hgn, [t1n, fe, b], [optimal_t1n(re), 
optimal_fe(re), optimal_b(re)])); 
    utiln_unel(re) = double(subs(upe+an*hge, [t1n, fe, b], [optimal_t1n(re), 
optimal_fe(re), optimal_b(re)])); 



 350 

end 
 
% Plot the period 1 policies and group n’s expected utility against pn 
figure(1); 
subplot(2, 2, 1) 
plot (pn_values, optimal_t1n) 
xlabel({'p^n','(a)'}) 
ylabel('T^n_1') 
grid on; 
grid minor; 
subplot (2, 2, 2); 
plot (pn_values, optimal_fe) 
xlabel({'p^n','(b)'}) 
ylabel('f^e') 
grid on; 
grid minor; 
subplot(2, 2, 3); 
plot (pn_values, optimal_b) 
xlabel({'p^n','(c)'}) 
ylabel('b') 
grid on; 
grid minor; 
subplot(2, 2, 4); 
plot (pn_values, optimal_un) 
xlabel({'p^n','(d)'}) 
ylabel('EU^n') 
grid on; 
grid minor; 
% Plot the period 2 consumptions against fe and b 
figure (2); 
subplot (4 ,2, 1); 
plot (optimal_fe, optimal_cn2n) 
xlabel({'f^e','(a)'}) 
ylabel('c^n_2 with T^n') 
grid on; 
grid minor; 
subplot (4, 2, 2); 
plot (optimal_b, optimal_cn2n) 
xlabel({'b','(b)'}) 
ylabel('c^n_2 with T^n') 
grid on; 
grid minor; 
subplot (4, 2, 3); 
plot (optimal_fe, optimal_cn2e) 
xlabel({'f^e','(c)'}) 
ylabel('c^n_2 with T^e') 
grid on; 
grid minor; 
subplot (4, 2, 4); 
plot (optimal_b, optimal_cn2e) 
xlabel({'b','(d)'}) 
ylabel('c^n_2 with T^e') 
grid on; 
grid minor; 
subplot (4, 2, 5); 
plot (optimal_fe, optimal_ce2n) 
xlabel({'f^e','(e)'}) 
ylabel('c^e_2 with T^n') 
grid on; 
grid minor; 
subplot (4, 2, 6); 
plot (optimal_b, optimal_ce2n) 
xlabel({'b','(f)'}) 
ylabel('c^e_2 with T^n') 
grid on; 
grid minor; 
subplot (4, 2, 7); 
plot (optimal_fe, optimal_ce2e) 
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xlabel({'f^e','(g)'}) 
ylabel('c^e_2 with T^e') 
grid on; 
grid minor; 
subplot (4, 2, 8); 
plot (optimal_b, optimal_ce2e) 
xlabel({'b','(h)'}) 
ylabel('c^e_2 with T^e') 
grid on; 
grid minor; 
% Plot the actual utility of the incumbent’s group against pn 
figure (3); 
subplot (1, 2, 1); 
plot (pn_values, utiln_el) 
xlabel({'p^n','(a)'}) 
ylabel('Group n''s Utility with Incumbent Re-elected') 
grid on; 
grid minor; 
subplot (1, 2, 2); 
plot (pn_values, utiln_unel) 
xlabel({'p^n','(b)'}) 
ylabel('Group n''s Utility with Incumbent not Re-elected') 
grid on; 
grid minor; 
 
 
% The constraints function  
function [c, ceq] = confun(x) 
syms t2n t2e 
i = 1; 
t1n = x(1); 
fe = x(2); 
b = x(3); 
an = 0.677; 
tie = 0.13; 
r = 0; 
m = 1; 
phi = 0.6; 
ae = 1.323; 
w = 1; 
pfe = 1+fe^tie; 
afn = -1/(2*phi)*(1+pfe^2); 
bfn = 1/(2*phi)*(2+2*pfe^2); 
cfn = -((2*an+1/(2*phi))*(1+pfe^2)-(1+r)*m*fe+b); 
dfn = an*(1+pfe^2)-(1+r)*m*fe+b; 
focn = afn*t2n^3 + bfn*t2n^2 + cfn*t2n + dfn; 
t2n = solve(focn, t2n, "MaxDegree",3); 
afe = -1/(2*phi)*pfe^2*(1+pfe^2); 
bfe = 1/(2*phi)*pfe^2*(2+2*pfe^2); 
cfe = -((2*ae+1/(2*phi)*pfe^2)*(1+pfe^2)-(1+r)*m*fe*pfe^2+b*pfe^2); 
dfe = ae*(1+pfe^2)-pfe^2*(1+r)*m*fe+pfe^2*b; 
foce = afe*t2e^3 + bfe*t2e^2 + cfe*t2e + dfe; 
t2e = solve(foce, t2e, "MaxDegree", 3); 
c(1) = -((1-double(t2n(i)))^2*1/(2*phi)+(1-t1n)^2*1/(2*phi)-1); 
c(2) = -((1-double(t2e(i)))^2*1/(2*phi)+(1-t1n)^2*1/(2*phi)-1); 
c(3) = -(pfe*1/(2*phi)*(1-double(t2n(i)))^2+w-1-(1+r)*m*x(2)); 
c(4) = -(pfe*1/(2*phi)*(1-double(t2e(i)))^2+w-1-(1+r)*m*x(2)); 
ceq = t1n*1/(2*phi)*(1-t1n) - fe + b;  
end 

 

A6.9: MATLAB Code for Incumbent 𝑒 

clc, clearvars 
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syms fe b t2n t1n t2e pn  
an = 0.677;  
tie = 0.13;  
r = 0;  
m = 1;  
phi = 0.6;  
ae = 1.323;  
w = 1;  
pfe = 1+fe^tie;  
 
% Period 2 tax rates 
afn = -1/(2*phi)*(1+pfe^2);  
bfn = 1/(2*phi)*(2+2*pfe^2); 
cfn = -((2*an+1/(2*phi))*(1+pfe^2)-(1+r)*m*fe+b); 
dfn = an*(1+pfe^2)-(1+r)*m*fe+b; 
focn = afn*t2n^3 + bfn*t2n^2 + cfn*t2n + dfn; 
t2n = solve(focn, t2n, "MaxDegree",3); 
 
afe = -1/(2*phi)*pfe^2*(1+pfe^2);   
bfe = 1/(2*phi)*pfe^2*(2+2*pfe^2); 
cfe = -((2*ae+1/(2*phi)*pfe^2)*(1+pfe^2)-(1+r)*m*fe*pfe^2+b*pfe^2); 
dfe = ae*(1+pfe^2)-pfe^2*(1+r)*m*fe+pfe^2*b; 
foce = afe*t2e^3 + bfe*t2e^2 + cfe*t2e + dfe; 
t2e = solve(foce, t2e, "MaxDegree", 3); 
 
i = 1;  
 
% Incumbent e optimization problem 
ln1 = 1/(2*phi)*(1-t1n); 
ln2n = 1/(2*phi)*(1-t2n(i)); 
ln2e = 1/(2*phi)*(1-t2e(i)); 
le2n = 1/(2*phi)*pfe*(1-t2n(i)); 
le2e = 1/(2*phi)*pfe*(1-t2e(i)); 
cn2n = (1-t1n)*ln1+(1-t2n(i))*ln2n-1; 
cn2e = (1-t1n)*ln1+(1-t2e(i))*ln2e-1; 
ce2n = pfe*(1-t2n(i))*le2n+w-(1+r)*m*fe-1; 
ce2e = pfe*(1-t2e(i))*le2e+w-(1+r)*m*fe-1; 
gn = (1+r)*m*fe-b+t2n(i)*ln2n+t2n(i)*le2n*pfe; 
ge = (1+r)*m*fe-b+t2e(i)*ln2e+t2e(i)*le2e*pfe; 
 
upn = ce2n+1+1-phi*(le2n)^2; 
hgn = log(gn); 
upe = ce2e+1+1-phi*(le2e)^2; 
hge = log(ge); 
 
 
nonlcon = @confun; 
x0 = [0.2, 0.2, 0.12]; 
A = []; 
B = []; 
Aeq = []; 
Beq = []; 
lb = [-inf, 0, -inf]; 
ub = [];  
 
 
% Storing optimal values 
optimal_t1n = zeros(1,101);  
optimal_fe = zeros(1,101); 
optimal_b = zeros(1,101); 
optimal_t2n = zeros(1,101); 
optimal_t2e = zeros(1,101); 
optimal_ue = zeros(1,101); 
optimal_ln1 = zeros(1,101);  
optimal_ln2n = zeros(1,101);  
optimal_ln2e = zeros(1,101);  
optimal_le2n = zeros(1,101);  
optimal_le2e = zeros(1,101);  
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optimal_cn2n = zeros(1,101);  
optimal_cn2e = zeros(1,101);  
optimal_ce2n = zeros(1,101);  
optimal_ce2e = zeros(1,101);  
optimal_gn = zeros(1,101); 
optimal_ge = zeros(1,101); 
utile_el = zeros(1,101);  
utile_unel = zeros(1,101);  
 
pn_values = 0:0.01:1;  
for re=1:length(pn_values) 
    groupeutil = subs(-pn*(upn+ae*hgn)-(1-pn)*(upe+ae*hge), pn, pn_values(re));   
    nobjective = @(x)double(subs(groupeutil, [t1n, fe, b], [x(1), x(2), x(3)])); 
    [x, fval] = fmincon(nobjective, x0, A, B, Aeq, Beq, lb, ub, nonlcon); 
    optimal_t1n(re) = x(1); 
    optimal_fe(re) = x(2); 
    optimal_b(re) = x(3); 
    optimal_t2n(re) = double(subs(t2n(i), [fe, b], [optimal_fe(re), 
optimal_b(re)])); 
    optimal_t2e(re) = double(subs(t2e(i), [fe, b], [optimal_fe(re), 
optimal_b(re)])); 
    optimal_ue(re) = -fval; 
    optimal_ln1(re) = double(subs(ln1, t1n, optimal_t1n(re))); 
    optimal_ln2n(re) = double(subs(ln2n, [fe, b], [optimal_fe(re), 
optimal_b(re)])); 
    optimal_ln2e(re) = double(subs(ln2e, [fe, b], [optimal_fe(re), 
optimal_b(re)])); 
    optimal_le2n(re) = double(subs(le2n, [fe, b], [optimal_fe(re), 
optimal_b(re)])); 
    optimal_le2e(re) = double(subs(le2e, [fe, b], [optimal_fe(re), 
optimal_b(re)])); 
    optimal_cn2n(re) = double(subs(cn2n, [t1n, fe, b], [optimal_t1n(re), 
optimal_fe(re), optimal_b(re)])); 
    optimal_cn2e(re) = double(subs(cn2e, [t1n, fe, b], [optimal_t1n(re), 
optimal_fe(re), optimal_b(re)])); 
    optimal_ce2n(re) = double(subs(ce2n, [fe, b], [optimal_fe(re), 
optimal_b(re)])); 
    optimal_ce2e(re) = double(subs(ce2e, [fe, b], [optimal_fe(re), 
optimal_b(re)])); 
    optimal_gn(re) = double(subs(gn, [fe, b], [optimal_fe(re), optimal_b(re)])); 
    optimal_ge(re) = double(subs(ge, [fe, b], [optimal_fe(re), optimal_b(re)])); 
    utile_el(re) = double(subs(upe+ae*hge, [fe, b], [optimal_fe(re), 
optimal_b(re)])); 
    utile_unel(re) = double(subs(upn+ae*hgn, [fe, b], [optimal_fe(re), 
optimal_b(re)])); 
end 
 
% Plot the period 1 policies and group e’s expected utility against pn 
figure(1); 
subplot (2, 2, 1) 
plot (pn_values, optimal_t1n) 
xlabel({'p^n','(a)'}) 
ylabel('T^n_1') 
grid on; 
grid minor; 
subplot (2, 2, 2); 
plot (pn_values, optimal_fe) 
xlabel({'p^n','(b)'}) 
ylabel('f^e') 
grid on; 
grid minor; 
subplot(2, 2, 3); 
plot (pn_values, optimal_b) 
xlabel({'p^n','(c)'}) 
ylabel('b') 
grid on; 
grid minor; 
subplot (2, 2, 4); 
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plot (pn_values, optimal_ue) 
xlabel({'p^n','(d)'}) 
ylabel('EU^e') 
grid on; 
grid minor; 
% Plot the period 2 consumptions against fe and b 
figure (4); 
subplot (4 ,2, 1); 
plot (optimal_fe, optimal_cn2n) 
xlabel({'f^e','(a)'}) 
ylabel('c^n_2 with T^n') 
grid on; 
grid minor; 
subplot (4, 2, 2); 
plot (optimal_b, optimal_cn2n) 
xlabel({'b','(b)'}) 
ylabel('c^n_2 with T^n') 
grid on; 
grid minor; 
subplot (4, 2, 3); 
plot (optimal_fe, optimal_cn2e) 
xlabel({'f^e','(c)'}) 
ylabel('c^n_2 with T^e') 
grid on; 
grid minor; 
subplot (4, 2, 4); 
plot (optimal_b, optimal_cn2e) 
xlabel({'b','(d)'}) 
ylabel('c^n_2 with T^e') 
grid on; 
grid minor; 
subplot (4, 2, 5); 
plot (optimal_fe, optimal_ce2n) 
xlabel({'f^e','(e)'}) 
ylabel('c^e_2 with T^n') 
grid on; 
grid minor; 
subplot (4, 2, 6); 
plot (optimal_b, optimal_ce2n) 
xlabel({'b','(f)'}) 
ylabel('c^e_2 with T^n') 
grid on; 
grid minor; 
subplot (4, 2, 7); 
plot (optimal_fe, optimal_ce2e) 
xlabel({'f^e','(g)'}) 
ylabel('c^e_2 with T^e') 
grid on; 
grid minor; 
subplot (4, 2, 8); 
plot (optimal_b, optimal_ce2e) 
xlabel({'b','(h)'}) 
ylabel('c^e_2 with T^e') 
grid on; 
grid minor; 
% Plot the actual utility of the incumbent’s group against pn 
figure (5); 
subplot (1, 2, 1); 
plot (pn_values, utile_el) 
xlabel({'p^n','(a)'}) 
ylabel('Group e''s Utility with Incumbent Re-elected') 
grid on; 
grid minor; 
subplot (1, 2, 2); 
plot (pn_values, utile_unel) 
xlabel({'p^n','(b)'}) 
ylabel('Group e''s Utility with Incumbent not Re-elected') 
grid on; 
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grid minor; 
 
 
% The constraints function  
function [c, ceq] = confun(x) 
syms t2n t2e 
i = 1; 
t1n = x(1); 
fe = x(2); 
b = x(3); 
an = 0.677; 
tie = 0.13; 
r = 0; 
m = 1; 
phi = 0.6; 
ae = 1.323; 
w = 1; 
pfe = 1+fe^tie; 
afn = -1/(2*phi)*(1+pfe^2); 
bfn = 1/(2*phi)*(2+2*pfe^2); 
cfn = -((2*an+1/(2*phi))*(1+pfe^2)-(1+r)*m*fe+b); 
dfn = an*(1+pfe^2)-(1+r)*m*fe+b; 
focn = afn*t2n^3 + bfn*t2n^2 + cfn*t2n + dfn; 
t2n = solve(focn, t2n, "MaxDegree",3); 
afe = -1/(2*phi)*pfe^2*(1+pfe^2); 
bfe = 1/(2*phi)*pfe^2*(2+2*pfe^2); 
cfe = -((2*ae+1/(2*phi)*pfe^2)*(1+pfe^2)-(1+r)*m*fe*pfe^2+b*pfe^2); 
dfe = ae*(1+pfe^2)-pfe^2*(1+r)*m*fe+pfe^2*b; 
foce = afe*t2e^3 + bfe*t2e^2 + cfe*t2e + dfe; 
t2e = solve(foce, t2e, "MaxDegree", 3); 
c(1) = -((1-double(t2n(i)))^2*1/(2*phi)+(1-t1n)^2*1/(2*phi)-1); 
c(2) = -((1-double(t2e(i)))^2*1/(2*phi)+(1-t1n)^2*1/(2*phi)-1); 
c(3) = -(pfe*1/(2*phi)*(1-double(t2n(i)))^2+w-1-(1+r)*m*x(2)); 
c(4) = -(pfe*1/(2*phi)*(1-double(t2e(i)))^2+w-1-(1+r)*m*x(2)); 
ceq = t1n*1/(2*phi)*(1-t1n) - fe + b;  
end 
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