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SUMMARY

Aggregate public school enrollment in primary education in the USA in the last 100 years has been roughly constant
at 0.88 or 88% of the total enrollment. This contradicts with the conventional wisdom and the "popular press"
which argues that there have been significant changes in the quality of education and the cost of education itself
over this long period, although the latter claim has been challenged by a recent paper by Fernandez and
Rogerson(2001). Also there appears to be a divergence between the qualities of education in private vs. public
schools, indicated by vatious sources. This paper tries to investigate the reason why the fraction of public school
enrollment has been constant over such a long period of time. I use a canonical model of schooling decisions which
is widely used in literature and try to analyze the effect of income inequality, mean income and changes in the quality
of education on the public enrollment. My approach sharply contrasts with the existing literature which mainly
focuses on the role of schooling decisions on income inequality. Using a parametric model, I identify the threshold
income level below which patrents send their kids to public school and above which they send their kids to private
school. Analytical results show how this threshold income level changes with the income inequality of the economy
and how the changes in the threshold income effect the enrollment decisions. Under the assumption of no quality
change in education and an unchanged real cost of education, I will show that the model calibrated to 1989 USA
data can match the aggregate enrollment figures for the USA almost perfectly. I will then show that the model,
applied to each individual state, can also match their enrollment decisions, although not uniquely. Finally, I will use
Generalized Methods of Moments (GMM) to estimate the structural parameters of the model for both the national
as well as for the state level data to assess the statistical fitness of the model. I will show that the paper draws

support to the empirical work of Fernandez and Rogerson(2001).
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1.0 INTRODUCTION

Public school enrollment in primary education in the USA in the last 100 years has been roughly constant at 88% of
the total enrollment. This is despite significant changes in average income, income inequality and even according to
some, changes in the quality of education. This paper tries to investigate the reason why the fraction of public
school enrollment has been constant over such a long period of time. A very simple model will be developed to
analyze the effect of income inequality, average income and changes in the quality of education on the public school
enrollment. The model will define a threshold income level below which parents send their kids to public school and
above which their send their kids to private school. Then, some calibration and empirical exercise will be conducted
to match both national and state-level USA data on public school enrollment.

2.0 PROJECT OBJECTIVES

There are several objectives of this project. First, develop a theoretical model and develop several propositions
regarding the determination of the threshold income and the effect of income inequality on the threshold income
and schooling. Second, provide some numerical results that exploit the relationship between the threshold income,
income inequality and schooling decisions. Third, carry out three kinds of empirical results. First, report the results
from the calibration exercise where the model is calibrated to both USA national and state-level income data to see
whether the model can predict enrollment figures that can match USA data. Second, GMM method will be applied
to estimate the parameters of the model to see whether the model can generate private and public school enrollment
similar to USA data. Finally, a panel GMM exercise will be carried out to for a robust estimation of the parameters
of the model.

3.0 LITERATURE REVIEW

The literature on the relationship between income and schooling is extensive and falls into two broad categories.
First, there are a long list papers that try to understand the relationship in a theoretical environment. For example,
Glomm and Ravikumar(1992) makes a seminal contribution by analyzing the endogenous relationship between
income inequality and how it is effected by parental choice of public versus private school. In another seminal
paper, Epple and Romano (1996) setup a theoretical model where schooling decision and schooling financing (tax)
is determined simultaneously. The authors define a threshold income level below which parents will send their
children to public school. This threshold level will be a function of the tax that parents pay to finance public school
education. On the empirical side, there is a long list of papers that try to identify the factors that effect schooling
decisions. For Example, Goldhaber(1998) tries to investigate the relationship public school expenditure and private
school enrollment and finds no strong relationship. Cohen-Zada and Justman(2005) finds a strong latent demand
for religious education. Gemello and Osman(1984) analyze which economic, social, religious, and ethnic
characteristics are significantly related to the private school choice. Fernandez and Rogerson(2001) finds that two
most important determinants of spending per student are personal income and number of students. Also they find
that the quality of public school education has remained almost unchanged.

The present paper differs from the previous literature in three aspects. First, it extends the literature developed by
Glomm and Ravikumar(1992) but goes beyond their scope by looking at the effect of inequality on the threshold
income. Second, the paper attempts to match USA national and state-level data with the model by using calibration
as well as Generalized Method of Moments (GMM). Third, the paper analyzes the effect of inequality on the
schooling decisions rather than vice versa which has been the norm in the literature. While the existing literature
identifies the causal relationship between schooling and income by assuming that the former effect the latter, I will
analyze how income inequality effects schooling decisions. So far Catalina (2006) is the only paper that has taken
this approach.
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4.0 Organization of the Paper

The paper is organized in the following; Chapter 1 explains the theoretical model and develops
several propositions regarding the determination of the threshold income and the effect of income
inequality on the threshold income and schooling. Chapter 2 provides some numerical results
that exploit the relationship between the threshold income, income inequality and schooling
decisions. Chapter 3 reports three kinds of empirical results. First, it reports the results from
the calibration exercise where the model is calibrated to both USA national and state-level income
data to see whether the model can predict enrolment figures that can match USA data. Second,
GMM method will be applied to estimate the parameters of the model to see whether the model
can generate private and public school enrolment similar to USA data. Finally, a panel GMM
exercise will be carried out to for a robust estimation of the parameters of the model.

We consider a two period OLG model where population in each generation is normalized
to unity. We will consider an altruistic environment where parents care about how much they
are contributing towards their child’s education. Parents enelastically supply 1 unit of time
to work . They decide whether their child will go to private or public school. If children go
to public school, the expenditure is carried out by the government. Parents do not provide
any educational supplement. If private school is chosen,parents bears the entire expenditure.
Government finances the public education by a flat income tax.Children are not allowed to work
when they are young. They only accumulate human capital by going to school. Human capital
accumulation of the child depends not on the financial input , but also on the Human capital of

the parents. Households have initial income distribution given by f (h) and F (h) with support h
and h such that (ﬁ, h) € [0, oo] .Parents are homogenous in ability but heterogeneous in income.

Children are homogenous in ability. The aggregate human capital is given by:

h
H:/ hf (h)dh = FE (h) (1)
h
Goods are produced by using human capital only, such that

yr = H, (2)
Following Epple and Romano(1996), the utility function of the parents look like

Ulco,q) = [Be,” + (1= 8D " (3)

where ¢; is the consumption of the parents and D, is the quality of education received by
the children where D; = ¢; if children attend private school and D; = E, if children attend
public school where ¢; is the out-of- pocket expenditure of the parents and E; is the per-pupil
government expenditure on public education. FE; is the government constraint which is defined
as follows:

kTHt
Ly = 4
= (@)

where 7 is the exogenously fixed flat income tax rate, k is an indicator for public education
quality , H, is the aggregate human capital(aggregate income) and 1V, is the fraction of population




going to public school. N; is defined as follows:

N:/O £ (h) dh (5)

where }*z is the threshold income level below which all the parents send their kids to public
school and vice versa
The human capital technology is defined as follows; for children attending public school,

hill = 0al by (6)

and for children attending private school,

hift = 0Eh) (7)

Here 6 is the productivity parameter, v and ¢ indicates the elasticity of h;; with respect to
qt (OI‘ Et ) and ht'
Parents who send their kids to private school choose ¢; and ¢; , 7 and h;, to maximize

[Bes? + (1= B)g )™ (8)

subject to

c+q = (1—71)h (9)

Parents who send their kids to public school choose ¢; , given 7, h;, E;, to maximize:

[Bei? + (1= B)E; ") 7 (10)

subject to

c=1—-71)h (11)



Then the optimal choice for the parents who send their kids to private school looks like,

c = 7 (12)
{1 + (%) }
g = <%> Y (13)
1+ (%)

14p _p] e
VP (hy;T) = | B 4= 7')1+p he o 77+ (1=05) <%> T | (1 —=7) I
(%) 14 (1)
=N
PR(p . 2 — 1 -r — b — T)yt
= V75 (hy; 1) B {1_+ <T§E)1+p] +(1-0) s (T£B>1+p (1 )h
(14)

Now for parents who send their kids to public schools, their optimal choice looks like,

Cp — (]. — T)ht (15)
where,
kTHt
E, = 1
(=, (16)

Also, the indirect utility of the parents who send their kids to public schools look like,

—-1/p

V(i) = |54 —T)h? + (1 ) {’“NH}] (17

Similar to the linear case, the threshold level of income will be found by equating the indirect
utility from public and private school, namely equating equation(32) and (34). The threshold
level of income is defined as follows,

hy = FNiIt (35)

where,



-1/p
_ 1-8
F _{[{D(l—f)}"—ﬁ-(l—f)f’} "”} (35)

Where,

p-[afi+ ()" V ra-p{E Y "
() )

4.1 Definition of Competitive Equilibrium

A competitive equilibrium for the economy is a sequence of {c;, gir, hitﬂ}zo, E;, v , H; and
H; ysuch that

a) Given 7 and h;, parents in the private education regime choose ¢; and ¢; to maximize(4)
subject to (5),

b) Given E;, parents in the public school regime choose ¢; to maximize() subject to (),

c¢) There exists a threshold level of income ;L such that below which parents send their kids

to public school and above which parents send their kids to private school.
d) Given N, defined by (5) and H; defined by (1),government balances its budget defined by

(4).
e) Goods market clears, ¢; = y;
f) Human capital market clears,

H:/hhf(h)dh (12)

Solving the private regime model yields the equilibrium allocation:

(]_ — T)ht
2
The indirect utility of the parents who send their kids to private school is defined as follows:

Ct+ g = (13)

VPR (hy, 1) = 2111{%} (14)

Finally, the Human capital of the children going to private school is defined as follows:
1— Yy
HER =9 {—( > 7)} 't (15)

The indirect utility of the parents who send their kids to private school is defined as follows:

VPB (hy, Byr) = In {(1 e ’“?VHt} (16)

t
Finally, the Human capital of the children going to public school is given by

ktH )"
mrn =0 {50 g a7)

t




Proposition 1 There exists a unique threshold level of income h such that below which parents
send their kids to public school and above which parents send their kids to private school

Proof. The thresh hold income would be derived by identifying the parents who are just indif-
ferent between sending their kids to private or

public school. These parents derive the same indirect utility by sending their kids to private
or public school. By equating (14) and (16),

we get
21n{@} - ln{(l - T)htk]ft} — by = (%) (%) (18)

== (17) ()

It is clear from (18) that the value of h is unique. Also note that

For any h; < }*lt, 21n {w} < In {(1 — 7)hy kTHt} (19)
2 N;
So these parents would send their kids to public school because of higher indirect utility. A
similar thing happened when the inequality is
reversed and parents then send their kids to private school. m
In order to probe further into the analysis, we will rearrange (18) as follows:

Assume ( (‘i’i) = C' . Then subbing (5) into (18) and reorganizing after eliminating the time

subscript,

CH:EN:Z/hf(h)dh (20)
0

Now since h ~ LN (u,0?), then Ln h ~ N (u,0?) and Lnh ~ N (u,0?). Again since,
H = E(h), we can write,

H = E(h) = "t (21)

Furthermore,

N = /jf(h)dth(l (hgil)) — Pr(h < h) = Pr(Lnh < Lnh)

_ Lnh — p
o o o

_ th—,u< Lnh — p

.
* _ — . .
Define, m = % and m = @ Then the above expression can be written as

10



N=2 (m) (22)
Where the right hand 51de is a cdf of a standard normal distribution with argument as m.

Furthermore, assume lnh Z. Then mh = ;“ and h — Finally subbing (20), (22) and
(24) into (19):

Ce% o = & (m) (23)

Equation (22) will be our main equation for analyzing various comparative statics issue.

*
Proposition 2 For a given o,an increase in u leaves Ny unchanged but increases h.

Proof. If we rearrange equation(7), we get the following expression:

02 * *
Cez =e""® (m) (24)
Differentiate both side of (25) with respect to u

0 = @(ﬁz)-e"’%-a %jte“m <I>< ) ((93_7;
m

a * * * . *
= a—ﬂ[@(m)-e””-a%—e“”-@(mﬂz@ (25)
The expression within the bracket is not equals to zero. Hence = 0. Again,
o0 (i) .\ g
s <m> i (26)
ol au

Substituting the value of %_7% from (24)
n

o® (1n) ON
——— =0, which implies from (21) that — =0 (27)
ol ol
Differentiate the definition of m with respect to p
om 1 (10h
EAC Y (| (28)
ou o h o

Substituting the value of %—’% from (24)
w

1
=22 —1] =0
g



* *
o e . . . . . 2 . .
Proposition 3 For a given u, increasing o increases N iff h < e t* . It also increase h iff

hinh > q where q¢ = o {M}

7 (7)1 ()

Proof. Differentiate both side of (25) with respect to o :

o iama ()t (i sofh) s o (a) 5 )
Subbing value from (25) on the left hand side and canceling terms,
0P (m) s (m> m+ g—? <0<I> <m>) N (m> : %—? (30)

Collecting terms, we get,

o® (m> —® (m> oy O (UCID <m>) T (m> : g—? (30)

Oo
Subbing the value from (29),

— @ (m> S (31)

From the above equation, we see,

od (m o—m
20 727)

do o
Subbing the value of m from (21),

=0=0>m (32)

aq)(ﬁl> * 2 ON * 2
—>Oiffh<e"+“:>a—>01ffh<e"+“ (32)

do o
Also, from (29) after substituting the value of m from (21) into (29),

o _ g+g—tnh () (o) .
T T a(a) e (a) &
oi_ | ® () (=) |, s
o o® (i) + @ (1)

12
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The above equation implies that

IS PYEA R T ) R .

Numerical Analysis
To be done later.
Empirical Analysis
To be done later. m
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4.1

The theme of the study is shaped generally in this proposal. There are three major steps that need to be
undertaken. First, | need to develop the model and derive all the necessary theoretical results. Second, | need to
collect both aggregate and state-level education and income data for the USA. Third, | need to first calibrate my
model to both aggregate and disaggregate USA data and later estimate my model using GMM. The final shape
of the study may take more than 16 months, but the core task should be done according to the following

schedule:

Approach, Tasks and Phases

Table 1: APPROACH UTILIZED FOR ACHIEVING OBJECTIVES

TASK

1 2 3 45 6 7 8 9

Model Development
Analytical Results

Data Collection and Compilation
Numerical Analysis

Estimation
Compare Results and write the

Paper

Research tasks and activities should be divided into groups of assignments, listed in logical sequence and linked with

the project objectives to be achieved (Table 2).

Table 2: MAPPING OF PHASES AND TASKS TO ACHIEVE OBJECTIVES

Obijectives Phases Tasks
Develop the Model | 1 Write down the specific model that will be used for
numerical analysis and for estimation
Derive Analytical 2 Drive analytical results, check the results and
Results consults with other experts in the discipline
Data Collection and | 3 Identify the data source; check for the availability
Compilation and if necessary, purchase the relevant data; clean
the data for use and compile it
Numerical Analysis | 4 Calibrate the model to both Aggregate and state-level
USA data; carry out desired numerical experiments
and check for robustness.
Structural 5 Estimate the Structural parameters of the model
Estimation using GMM method; do this for both aggregate and
state-level data.
Compare Resultsand | 6 Analyze and compare results with existing works.

write the Paper

Finally write the paper

SABIC / Fast Track Research Grant
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4.2 Research Methodology

The methodology would be consistent with research objectives. First, I will develop a theoretical dynamic general
equilibrium model that could be used to address the schooling enrollment decisions. I will use that model to develop
several propositions regarding the determination of the threshold income and the effect of income inequality on the
threshold income and schooling. Second, I will provide some numerical results that exploit the relationship between
the threshold income, income inequality and schooling decisions. Third, I will carry out three kinds of empirical
analysis. First, I will report the results from the calibration exercise where the model is calibrated to both USA
national and state-level income data to see whether the model can predict enrollment figures that can match USA
data. Second, GMM method will be applied to estimate the parameters of the model to see whether the model can
generate private and public school enrollment similar to USA data both at the aggregate as well at the state-level.
Finally, a panel GMM exercise will be carried out to for a robust estimation of the parameters of the model.

4.3 Management Plan

The Researcher Dr. Muhammad Saifur Rahman will collect the data and conduct the empirical analysis using
standard calibration technique as well as using Generalized Methods of Moments (GMM) method. He will also run
various simulations and wrtite the report with involvement of 100% of academic year and summer.

4.4 Project Deliverables

The objective of the project is to understand the endogenous relationship between income inequality and schooling
decisions. The present project will try to develop one theoretical model which will shed light on understanding this
relationship. The model will then be estimated and empirical significance of the model would be investigated. Below,
I highlight a road map for my research.
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Table 3: PROJECT WORK PLAN

PHASES & TASKS 10 16
PHASE I Participation 12]3]a]%]6 (1) ; ; ‘1; z

Model Development

1. Develop the
Macroeconomic Model.
2. cross check the correctness
of the Model

PHASE 2

Analytical Results

1. Develop several proposition
for the model environment.
2. Check for the mathematical
correctness of the

Propositions
PHASE 3
1. Check for the availability of
the data
Task 2.1

Data Collection

2. If necessary, obtain special
permission or provide
financial resources to obtain
the data

Task 2.2
Data Clean

1. Clean the data for possible
mistakes.
2. check for structural
consistency of the data

Task 2.3:
Data Compilation

1. Record the data to use it
with particular computer
package(Stata, Matlab and
Fotran)

2. Derive basic descriptive
statistics to investigate the
validity of the data set. Also
compile data for submission
to the committee in any
acceptable form.
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PHASE 4

1. Calibrate the parameters of
the model to aggregate and
Task 4.1 state-level data.
Calibration 2. Compare the calibrated
values with other existing
work(E&R(1996))

1. Conduct numerical
simulation experiments that
are validation of the
theoretical results of the
model.

2. Derive additional
simulation results to compare
the performance of the model
with other existing works

Task 4.2
Numerical Analysis

PHASE 5
1. Apply GMM with exact
identification method to
T estimate the structural
ask 5.1

Estimation for parameters of the model.
National Level Data 2. With the estimated model ,

simulate enrolment figures for
the national level and
compare it with the data
1. Apply GMM with exact
identification method to
estimate the structural
parameters of the model for
each state.
Task 5.2 2. With the estimated model ,
Estimation for State simulate enrolment figures for
each state and compare it
Level Data with the data

SABIC / Fast Track Research Grant Page 17
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10

16

Task 5.3
Estimation for Panel
Data

1. Apply GMM with exact
identification method to
estimate the structural
parameters of the model for
the panel.

2. With the estimated model ,
simulate enrolment figures for
each state and compare its
robustness with a task 5.1

PHASE 6

Task 6.1
Compare Results

1. Compare results with other
existing works(Fernandez
and Rogerson(2001))

Task 6.2
Write the Paper

1. Write the paper.

2. Proof read it.

3. Submit the paper for
international conference
presentations

4. Submit the paper for
possible journal
publication

SABIC / Fast Track Research Grant
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50 PROJECT EXECUTION

5.1 Requested Resources

For my research, I will need to buy a computer package called FORTRAN. FORTRAN is a very powerful programming package
which can run simulations very efficiently and quickly. It can also conduct estimation exercises very efficiently. I will also need to
buy an External Hard Drive which will be necessary to collect, carry and compile data. I will also need a scanner and a printer for
my research work.

5.2 Proposed Budget

Proposed budget for my research SR 71,160.00

5.3 Equipment Justification

I will also need to buy an External Hard Drive which will be necessary to collect, carry and compile data. I will also need a
scanner and a printer for my research work.

SABIC / Fast Track Research Grant Page 19
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Table 4: PROPOSED BUDGET

SUMMARY

PROPOSED BUDGET (in Saudi Riyals)

What Determines Specific Schooling Decisions in the USA?

PROJECT TITLE A Dynamic General Equilibrium Analysis
DURATION ( max. 18 ) 18 MONTHS
INVOLVEMENT
ITEM CATEGORY NO. COMPENSATION TOTAL DESCRIPTION
MONTHS BUDGET
CONSULTANTS -
PRINCIPAL
INVESTIGATOR 1200 / month 16 16 X 1200 19200.00
CO-INVESTIGATOR 1 1000 / month
CO-INVESTIGATOR 2 1000 / month
o CO-INVESTIGATOR 3 1000 / month
=
% CO-INVESTIGATOR 4 1000 / month
= PHD STUDENTS 800 / month
E MS STUDENTS 600 / month
UNDERGRADUATE
STUDENTS 400 / month
TECHNICIANS 400 / month 12 12x400 4800.00
SECRETARIAL- CLERICAL 1,000 / year
OTHER Two Months of 2 2x13000 26000.00
Summer Compensation
TOTAL SALARIES 50000.00 MAX. 50,000
PC / LAPTOP (Standard) 6,000
WORK STATION / SPECIAL )
LAPTOP
g PRINTER (Standard Laser) 1,500
E SCANNER (Standard) 500
; SOFTWARE - Fortran 160.00
) HARDWARE - Portable Hard Drive 2000.00
E EQUIPMENT -
m MATERIALS -
E CHEMICALS -
8 SERVICES - Possible Purchase of Data 4000.00
0
ITEM TOTAL 11160.00
= INTL. CONFERENCES -
E PER DIEM LOCAL -
H PER DIEM OVERSEAS -
ITEM TOTAL
2 PUBLICATIONS 3,000
E] BOOKS & REFERENCES 2,500
5 | STATIONARY 1,500
ITEM TOTAL 7000.0
GRAND TOTAL 71,160.00
Page 20
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