Public Disclosure Authorized
Public Disclosure Authorized
Public Disclosure Authorized
Public Disclosure Authorized

LSM- 54

L.5fl1S

Living Standards
Measurement Study
Working Paper No. 54

The Willingness to Pay for Education
in Developing Countries
Evidence from Rural Peru

JULY1989

LSMS Working Papers
No. 1

Living Standards Surveys in Developing Countries

No. 2

Poverty and Living Standards in Asia: An Overview of the Main Results and Lessons of Selected
Household Surveys

No. 3

Measuring Levels of Living in Latin America: An Overview of Main Problems

No. 4

Towards More Effective Measurement of Levels of Living, and Review of Work of the United Nations
Statistical Office (UNSO) Related to Statistics of Levels of Living

No. 5

Conducting Surveys in Developing Countries: Practical Problems and Experience in Brazil,
Malaysia, and the Philippines

No. 6

Household Survey Experience in Africa

No. 7

Measurement of Welfare: Theory and Practical Guidelines

No. 8

Employment Data for the Measurement of Living Standards

No. 9

Income and Expenditure Surveys in Developing Countries: Sample Design and Execution

No. 10

Reflections on the LSMS Group Meeting

No. 11

Three Essays on a Sri Lanka Household Survey

No. 12

The ECIEL Study of Household Income and Consumption in Urban Latin America: An Analytical
History

No. 13

Nutrition and Health Status Indicators: Suggestions for Surveys of the Standard of Living in
Developing Countries

No. 14

Child Schooling and the Measurement of Living Standards

No. 15

Measuring Health as a Component of Living Standards

No. 16

Procedures for Collecting and Analyzing Mortality Data in LSMS

No. 17

The Labor Market and Social Accounting: A Framework of Data Presentation

No. 18

Time Use Data and the Living Standards Measurement Study

No. 19

The Conceptual Basis of Measures of Household Welfareand Their Implied Survey Data Requirements

No. 20

Statistical Experimentation for Household Surveys: Two Case Studies of Hong Kong

No. 21

The Collection of Price Data for the Measurement of Living Standards

No. 22

Household Expenditure Surveys: Some MethodologicalIssues

No. 23

Collecting Panel Data in Developing Countries: Does it Make Sense?

No. 24

Measuring and Analyzing Levels of Living in Developing Countries: An Annotated Questionnaire

No. 25

The Demand for Urban Housing in the Ivory Coast

No. 26

The Cote d'lvoire Living Standards Survey: Design and Implementation

No. 27

The Role of Employment and Earnings in Analyzing Levels of Living: A General Methodology with
Applications to Malaysia and Thailand

No. 28

Analysis of Household Expenditures

No. 29

The Distribution of Welfare in C6te d'Ivoire in 1985

No. 30

Quality, Quantity, and Spatial Variation of Price: Estimating Price Elasticitiesfrom Cross-sectional
Data

No. 31

Financing the Health Sector in Peru

No. 32

Informal Sector, Labor Markets, and Returns to Education in Peru

No. 33

Wage Determinants in C6te d'Ivoire

No. 34

Guidelines for Adapting the LSMS Living Standards Questionnaires to Local Conditions

(List continues on the inside back cover)

The Willingness to Pay for Education
in Developing Countries
Evidence from Rural Peru

The Living Standards Measurement

Study

The Living Standards Measurement Study (LSMS)was established by the World
Bank in 1980to explore ways of improving the type and quality of household data
collected by statistical offices in developing countries. Its goal is to foster increased
use of household data as a basis for policy decisionmaking. Specifically,the LSMS
is working to develop new methods to monitor progress in raising levels of living,
to identify the consequences for households of past and proposed government
policies, and to improve communications between survey statisticians, analysts,
and policymakers.
The LSMSWorking Paper series was started to disseminate intermediate products
from the LSMS.Publications in the series include critical surveys covering different
aspects of the LSMS data collection program and reports on improved
methodologies for using Living Standards Survey (LSS) data. More recent
publications recommend specific survey, questionnaire, and data processing
designs, and demonstrate the breadth of policy analysis that can be carried out using
LSSdata.

LSMS Working Paper
Number 54

The Willingness to Pay for Education
in Developing Countries
Evidence from Rural Peru

Paul Gertler
Paul Glewwe

The World Bank
Washington, D.C., U.S.A.

Copyright ©)1989
The International Bank for Reconstruction
and Development/THE WORLDBANK
1818 H Street, N.W,
Washington, D.C. 20433, U.S.A.
All rights reserved
Manufactured in the United States of America
First printing July 1989
This is a working paper published informally by the World Bank. To present the results of
research with the least possible delay, the typescript has not been prepared in accordance with
the procedures appropriate to formal printed texts, and the World Bank accepts no responsibility
for errors.
The findings, interpretations, and conclusions expressed in this paper are entirely those of the
author(s) and should not be attributed in any manner to the World Bank, to its affiliated
organizations, or to members of its Board of Executive Directors or the countries they represent.
Any maps that accompany the text have been prepared solely for the convenience of readers; the
designations and presentation of material in them do not imply the expression of any opinion
whatsoever on the part of the World Bank, its affiliates, or its Board or member countries
concerning the legal status of any country, territory, city, or area or of the authorities thereof or
concerning the delimitation of its boundaries or its national affiliation.
The material in this publication is copyrighted. Requests for permission to reproduce portions
of it should be sent to Director, Publications Department at the address shown in the copyright
notice above. The World Bank encourages dissemination of its work and will normally give
permission promptly and, when the reproduction is for noncommercial purposes, without asking
a fee. Permission to photocopy portions for classroom use is not required, though notification of
such use having been made will be appreciated.
The complete backlist of publications from the World Bank is shown in the annual Index of
Publications,which contains an alphabetical title list and indexes of subjects, authors, and countries
and regions; it is of value principally to libraries and institutional purchasers. The latest edition is
available free of charge from the Publications Sales Unit, Department F, The World Bank, I818 H
Street, N.W., Washington, D.C. 20433, U.S.A., or from Publications, The World Bank, 66, avenue
d'Iena, 75116 Paris, France.
Paul Gertler, an economist at The Rand Corporation in Santa Monica, California, is a consultant
to the Welfare and Human Resources Division of the World Bank's Population and Human
Resources Department. Paul Glewwe is an economist in the same division and department at the
World Bank.
Library of Congress Cataloging-in-Publication Data

Gertler, Paul, 1955The willingness
to pay for education
countries.

in developing

(LSMS working papers,
ISSN 0253-4517 ; no. 54)
p.
Bibliography:
countries--Finance
1. Education,
Secondary--Developing
2. User charges--Developing
countries--- Case studies.
3. Parents--Developing
countries--Finance,
Case studies.
Personal--Case
studies.
4. Education,
Secondary--Peru-Finance--Case
studies.
I. Glewe,
Paul, 1958II. Title. III. Series:
LSMS working paper ; no. 54.
LB2826.6.D44G47 1989
379.1'13'091724
89-5366
ISBN 0-8213-1170-0

v

ABSTRACT

In recent years, citing the low price elasticityof demand for
schooling, some economistshave advocated increasing school fees to raise
revenue for educationalimprovementsin developingcountries. But
elasticitiesalone are not enough - one must estimate the willingness to pay
for schooling improvementsto see whether higher fees are in fact desirable.
Using a rigorous theoreticalmodel of the demand for schooling and the
principle of compensatingvariations,we calculate the willingness to pay for
new secondary schools in rural Peru. We find that rural Peruvian households
are indeed willing to pay fees high enough to more than cover the operating
costs of opening new secondary schools in their villages. This is even true
of the poorest quarter of the income distribution.
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I. INTRODUCTION

Education is arguably one of the most importantmeans of raising
worker productivityand thus of raising incomes in developingcountries.
Almost all developing countries have committed sizeable resources to this end
in the last few decades. Schools, though, tend to be concentratedin urban
areas so that children living in rural areas must often travel long distances
to school. Unfortunately,governmentresources available for expanding rural
school systems and for other objectivesare limited. This is particularly
true in the 1980's as many developingcountries have had to limit education
expendituresdue to faltering economic growth (World Bank, 1986).
In most developing countries the government is the principal, if not
the sole, provider of education. In order to promote enrollment,many
governmentsoffer educational opportunitiesat little or no cost, which can
lead to situationswhere the demand for education far exceeds supply. This
possibilityhas led some to suggest that households should pay a school fee
(tuition) so as to raise additional revenues that can be used to improve
school quality and build new schools, particularlyin rural areas (Thobani,
1983; Birdsall, 1983; World Bank, 1986; Jimenez, 1987). These suggestionsare
not always well received since the provision of free education is often viewed
as a goal in itself. Further, some have argued that raising fees will reduce
educationalattainmentamong the poor and thus exacerbate inequality(Klees,
1984; Cornea, Jolly and Stewart, 1987).
The issues here must ultimatelybe resolved by examining empirical
evidence. In this paper we characterizethe user fee debate in terms of how
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much families are willing to pay for improvementsin the educational system,
where a household's willingness to pay is measured as a compensating
variation.

We specify a utility maximizing model of school enrollment

decisions that yields an empirical specificationof the demand for schooling
from which estimates of willingness to pay are calculated. This model uses a
discrete choice framework that includes a price-incomeinteraction in the
demand functions. Thus, the model allows price elasticitiesand willingness
to pay to vary by income. As a result we are able to consider the
distributionaleffects of user fees.
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II.

USER FEES AND WILLINGNESS TO PAY FOR EDUCATION

Most of the debate over user fees has focused on the price elasticity
of the demand for schooling;i.e. the effect of increased school fees on
enrollment.-1 Yet, the ultimate effect of school fees on enrollmentdepends
on how the funds raised from these fees are used. If they are used to improve
schools - e.g. raise quality or build new schools so as to reduce travel time
- they may actually encourage school attendance. Whether such a policy
actually leads to an increase in household welfare, though,21 depends on how
much households are willing to pay for the improvements.3/ If the amount
families are willing to pay for the improvementis greater than the marginal
cost of the improvement,the governmentcan increaseuser fees to pay for
improvementsin a way that raises welfare. If, on the other hand, the
willingnessto pay is below marginal cost, a subsidy to cover the difference
would be required to make the policy welfare increasing.
Advocates of increased school fees believe that householdsare
willing to pay the cost of improving schools and thus would be better off if

1!

Jimenez (1987) provides an excellent survey of this literature.

21 Although increased enrollmentusually implies higher welfare, it is
possible that welfare and enrollmentwill move in opposite directions
after simultaneouschanges.in both the price and the quality of education
(Katz, 1987).
31 The amount families are willing to pay is the income that they must be
given to make them just as well off after a reduction in quality or an
increase in travel time as they were before the change -- i.e. the
compensatingvariation. The compensatingvariation is the difference in
the areas under the old and new Hicksian demand curves. Price
elasticitiesalone do not allow for calculation of willingnessto pay
because elasticitiesdo not indicate the location of the demand curve.
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school fees were raised to pay for improvementsin schooling. Critics doubt
that householdsare willing to pay for improvements,and they are also worried
that willingness to pay among the poor is substantiallyless than among
wealthier families.4/ If this were true, raising user fees would reduce
household welfare and generally reduce school enrollment, especiallyamong the
poor. Indeed Table 1 shows that poorer families are less likely to send their
children to secondary school than are wealthier families in rural Peru. In
our analysiswe explicitlyexplore these distributionalissues.

TABLE 1: Secondary School Enrollment in Rural Peru by ExpenditureGroups
ExpenditureGroup
Poorest 25%
Lower Middle 25%
Upper Middle 25%
Wealthiest 25%

EnrollmentRate
40%
44%
51%
55%

Source: 1985-86 PLSS data. Expenditure groups are based on per capita expenditures.
Are households in fact willing to pay for improvementsin schooling
services? Fee advocates (e.g. Thobani, 1983) suggest that if rationing is
observed there is a prima facie case for raising fees to build more schools
because rationing implies excess demand for places in school. But this begs
the question of how one observes school places being rationed. One form of

4/

Critics may also fear that user fees will be used in place of general
revenues for schooling, so that promises to improve schooling are never
kept and households face the same educationalopportunitiesat a higher
price than before.

rationing is that the number of places may be limited so that children are
turned away at the school door according to criteria such as age or test
scores. In this case, some families who demand schoolingat the current price
are explicitly rationed out. Alternatively,places could be rationed
implicitlyby locating schools far away from some rural communities (Birdsall,
1983). In this case, enrollmentsare rationed by both direct transportation
costs and the opportunitycost of time. Families who are willing to pay the
fee as well as costs associatedwith distance can find places for their
children, but those willing to pay the fee but not the distance costs are
effectivelypriced out of the system. In Peru there is little evidence of
explicit rationing at the secondary level. Rather, we observe implicit
rationing as indicated by the skewed geographicaldistributionof schools and
associatedenrollment rates presented in Table 2 (see also World Bank, 1985,
p. 62).

TABLE 2: Secondary School Enrollment in Rural Peru by Travel Time to School

One Way Travel Time to Nearest
Percent of
Secondary School
Sample in Category

EnrollmentRate

Less than 1 hour

59%

56%

1 - 2 hours
2 - 4 hours

21%
15%

42%
29%

6%

25%

More than 4 hours
Source: 1985-86 PLSS data.
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The data in Table 2 suggest that building new secondary schools in
areas where the nearest school is far away should increase enrollment. In
order to reduce travel time, though, new schools must be built and new
teachers hired. Thus, the real welfare question boils down to whether
families in a village are willing to pay the cost of opening and operating a
new school.5/ To determine this one needs to estimate willingness to pay for
reduced travel time, and how it varies by income.6/ Once this is known, one
can begin to assess whether user fees can be used to finance school
improvementsin developing countries and the extent to which user fees
penalize the poor. In the following section,we develop a model which
measures the willingnessof rural households in Peru to pay for reduced travel
time to secondary schools.

5/ The issue here is whether school fees alone can be used to finance new
schools. If familiesare unwilling to pay the full cost it does not
follow that a new school should not be built, since the social benefits of
raising education may be higher than the private benefits. Rather
unwillingnessto pay the full cost implies that, if the social benefits of
a new school exceed the social costs, other sources of finance must be
also tapped.
6/ An analogous argument holds with respect to evaluating proposals to
improve school quality with funds raised from higher user fees.
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III. A MODEL OF THE DEMAND FOR SCHOOLING
Education is both a consumptiongood and an investmentgood; it is
valued for its own sake and because it provides future financial returns.
Most observers would agree that all children should receive a primary
education,and in many countries it may be advisable to raise secondary school
enrollmentsas well.71 The fact that some children are not attending school
indicates that, in their parents' eyes, the advantagesof sending their
children to school are outweighed by the disadvantages. The advantagesare
the benefits that parents receive from well educated children, both direct
material returns (e.g. their children will support them in their old age) and
the satisfactionof having educated and financially successfulchildren. The
main disadvantagesto sending a child to school are the associated costs,
which may be a heavier burden on poorer families. A family enrolls a child
for another year of schooling if the benefits derived from schoolingare
greater than the associated costs.
We formalize this decision by adapting a general model of the
willingness to pay for social services found in Gertler and van der Gaag
(1988). We assume that every household has a utility function which depends
on the human capital of its children and the consumptionof all other goods
and services. An investment in another year of schoolingraises a child's
human capital at the cost of reduced consumptionof other goods and
services. In any given year, the choice is discrete: Should the child be

71 Indeed Stelcner et al. (1987) report large returns to both primary and
secondary education in Peru.
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enrolled for another year of school? In rural Peru there are three choices
faced by parents: (1) send their child to a local public school for the year;
(2) send the child away from home to a more distant, but presumablyhigher
quality, school;8/ or (3) do not send the child to school. The price of
sending children to school includes both direct money costs (fees and books)
and the indirect cost of children's time in terms of reduced work, both
housework and work outside the home. Parents compare the utility attained
from the three options listed above and choose the option with the highest
utility.
We begin formalizing the model by specifyingthe utility obtained
from each option. Thus, let the expected utility conditionalon sending a
child to school be given by:

i

U(Si,Ci) + Li,

i = l,f

(1)

where Si is the increment to a child's human capital from another year of
education from school, Ci is the consumptionpossible after incurring both the
direct and indirect costs of sending a child to school i, and ei is a random
taste shifter. The subscripts1 and f refer to local and faraway (i.e.
sending a child to live away from home) schools,respectively. If the parents
decide not to send their child to either a local or faraway school utility
will simply be:

8/ This would in many, if not most, cases be a private school. Unfortunately
our data do not indicate the type of school for children living away from
home while attending school.

-9-

UO = U(C) + co= U(O, CO) + c0

(2)

where C0 is the consumptionpossible without incurring the direct and indirect
costs of either schooling option and s. is a random taste shifter.
Of course, the decision to send a child to school depends on the
quality of education received.9/ We formalize this by assuming that the
higher the quality of education,the greater the increase in human capital
(i.e. increase in Si) from another year of schooling,and therefore the higher
the utility from the schooling option, ceteris paribus. One would normally
expect that the only reason for a child to go to a faraway school is that such
schools are of higher quality than the local school.
Both the faraway and local school options have associatedbudget
constraintsof the form:

C. + P
11

where P

= C

0

= Y,

i = l,f.

(3)

and P are the prices of sending the child to local and faraway
I
~~f

schools for one year, respectively, and Y is yearly family disposable (net of
savings) income.
The price of schooling involves both direct and indirect costs.
Direct costs include school fees, outlays for textbooks,and the like. The

91

Indeed, Behrman and Birdsall (1983, 1985) find the quality of schooling to
be an importantdeterminant of wages.

-
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crucial indirect cost is the opportunitycost of children'stime. In
developing countries c.ildren'stime is important because they often make
substantialcontributionsto family income by working, including housework.
Table 3 demonstratesthat there are large differences in hours worked between
studentsand non-students in rural Peru.
Both direct and indirect costs are not necessarily the same across
households. Even if fees and textbook costs are the same for all households
direct costs may vary due to differences in the distance to the nearest
secondary school. Specifically,if the school is far away, direct outlays on
transportationmay be required, and if the school attended is so far away that
children must live away from home, lodging costs are also incurred. Indirect
costs may also vary due to both differences in work time lost due to school
attendanceand variation in child wage rates across geographicareas. The
variation in direct and/or indirect costs allows one to estimate the effect of
raising user fees on school enrollments.
We are now ready to discuss the utility maximizationproblem. The
unconditionalutility maximizationproblem is

LI

max(Uo, U1 , U)

(4)

*

where U

is maximum utility, and UO, U1 and Us are the conditionalutility

functions specified in (1) and (2), given the constraintsin (3). Since these
are stochasticterms in the utility function, the solution to the utility
maximizationproblem gives the probabilitythat each alternative is chosen.
In a discrete choice model, the probabilitythat an alternative is chosen can

-
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TABLE 3: Mean Hours Per Week in Activitiesof PotentialSecondary Students:
Rural Peru 1985-86

Hours in School

Hours Working
Outside the House

Hours
Total
Housework Work Hours

Rural Costa
Boys 10-14: Students
Not Students

23.6
0.0

7.7
21.3

9.3
6.8

17.0
28.1

Boys 15-18: Students
Not Students

20.7
0.0

12.7
26.8

7.8
5.0

20.5
31.8

Girls 10-14: Students
Not Students

22.8
0.0

4.7
11.8

11.8
15.8

16.5
27.6

Girls 15-18: Students
Not Students

17.8
0.0

12.0
12.3

10.2
26.5

22.2
38.8

Average

19.1
31.6

Rural Sierra and Selva
Boys 10-14: Students
Not Students

24.4
0.0

8.7
25.1

9.7
8.7

18.4
33.8

Boys 15-18: Students
Not Students

24.6
0.0

13.1
36.3

8.1
6.9

21.2
43.2

Girls 10-14: Students
Not Students

25.0
0.0

8.8
25.7

12.8
17.9

21.2
43.6

Girls 15-18: Students
Not Students

24.6
0.0

9.3
27.7

15.7
22.9

25.0
50.6

Average

21.6
42.8

Source: 1985-86Peru Living StandardsSurvey. These figures are calculatedfrom
the same sample used in the estimationspresented in Section VI.
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be interpretedas a demand function. We will use these demand functions to
solve for the unconditionalindirect utility and expenditurefunctions. The
unconditionalfunctions are used to assess the welfare impact of policy
changes in terms of compensatingvariations.

- 13 IV.

EMPIRICALSPECIFICATION

Solving the utility maximizationproblem yields a system of demand
functions,whose forms are probabilitiesthat the alternativesare chosen.
The probability that any alternative is chosen equals the probability that
this choice yields the highest utility among all the alternatives. The
functional form of the demand functions depend on that of the conditional
utility function and on the distributionof the stochasticvariables.

The ConditionalUtility Function
Gertler, Locay and Sanderson (1987) show that income can influence
the choice only if

the conditional utility function allows for a non-constant

marginal rate of substitutionof schoolingfor consumption. A parsimonious
form of the conditionalutility function that does not impose a constant
marginal rate of substitutionis the semi-quadratic,which is linear in human
capital and quadratic in consumption. Specifically,let the conditional
utility function for the two schooling options be:

2

=

Ui

aoSi + ciCi

+

a 2 Ci

+

c

i = l,f

(5)

where each c. is a zero mean random taste disturbancewith finite variance and
1

is uncorrelatedacross individuals.
Consumptionnet of schooling expenditurescan be derived from (3):

C.
1

*

Y - P.

2.

Y -Pi

2.

2

= 1,f

(6)

- 14 where w is the opportunitycost of the child's time, Hi is hours of child's
work lost due to school attendance,which varies over the local and faraway
school options, and Pi is the direct price (money cost) of sending a child to
school i. Substituting(6) into (5) yields

Ui= aoSi + al(Y - Pi - wHi) + a2 (Y- P

wH)

+

i = l,f

(7)

as the utility derived from sending one's child to either a local (i=l) or
faraway (i=f) school. The utility from keeping the child at home is:

UO = a Y + a Y2 + Co.

(8)

The identificationof the parameters in (7) and (8) requires that the
values of human capital and consumption differ across the alternatives. The
alternative chosen is the one that yields the highest utility. Attributes
that are constant across alternativesare differencedout of the decision
rule.l°1 Thus it is variation in prices across alternativesthat
identifiesal and a2.

If prices did not vary across alternatives,then

consumptionwould be constant across alternativesand difference out of the
decision rule.

10/ For example, if there were only two alternatives,the child would go to
school if Ul-Uo > 0. Any identical terms in U1 and Un would be
differencedout of the decision rule and thus not influence the choice.

- 15 A simple transformationof the conditionalutility function
illuminates the role of prices in the model. Since the decision rule involves
comparing utility levels across alternatives,the conditionalutility
functions can be normalized relative to one of the alternativeswithout loss
of generality. We normalize the utility from no-schoolingalternativeto zero
by subtracting (8) from (7) for both the local and far-away options. In this
case (7) becomes:

i

UO = aoSi

- a1(Pi
-

a2[2(Pi

+ wHi)
wHi)Y

-

(Pi

+ wHi )

+

i -

co

Notice that income has differenced out of the consumption term but not out of
the consumption squared term. The linear consumption term represents just
price, whereas the consumption squared term includesboth a price-income
interactionterm and a squared price term. Thus, our specificationincludes a
price term and a price-incomeinteraction.
If we had assumed a linear utility function, the squared terms on the
right-hand sides of (7) and (8) would not be present. The contributionof
income to utility would then reduce to a 1Y, which is constant across
alternativesand implies a constant marginal rate of substitution. Income
would then differenceout of the decision rule and consequentlynot influence
the alternative chosen. In our non-constantmarginal rate of substitution
specification,the quadratic consumptionterm implicitlyincludes a priceincome interactionwhich is not constant across alternativesand thus cannot

-
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be differenced out of the model. This price-incomeinteractionallows price
effects to vary by income.ll/

Quality
Not all schools are the same, and better schools will provide "more"
human capital per school year and thus will be more attractive to
parents.12/ Also, some studentswill receive "more" human capital from the
same school than others. For example, students who can get help from educated
parents may become better educated than classmateswith uneducatedparents.
One cannot observe "quality" directly but one can observe various school and
demographic characteristicswhich are thought to contributeto school quality
and estimate a household human capital productionfunction. Similarly,the
marginal utility of incrementsto human capital may also vary by demographic

/

Some studies try to include income in the decision rule by allowing a to
vary by alternative and setting a2 = 0. In this case the decision rule
becomes
U

Uo

= aO

si

+

(ali

-

a 1 o)

y

+

(P

i

wHi

For this specificationto be identified,the coefficienton consumption
must be different for each alternative. In other words, the marginal
utility of consumptionmust be different for the two alternativeseven
when evaluated at the same level of consumptionand quality. This implies
that two alternativesthat provide the same quality of education for the
same price must yield different levels of utility. Thus preferencesare
not well ordered and transitive,and therefore stable utility functions do
not exist. See Certler, Locay and Sanderson (1987) for details.
2/ See Behrman and Birdsall (1983, 1985) for a discussion of schooling
quality.
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characteristics. Pollak and Wachter (1975) argue that the separateeffects of
demographicvariables in the production of human capital and in the marginal
utility function cannot be identified. We therefore specify a reduced form
model of the utility from human capital.
Formally, let utility from human capital be given by

eoS.

= YiXi+

(10)

ni'

where Xi is a vector of school quality and demographiccharacteristics.13/ To
make the specificationas general as possible, we let the coefficientsin (10)
be different for the home and away school alternatives. Allowing for
different interceptspermits the baseline quality to vary by alternative,and
having different slope coefficientsallows the school's productivityto vary
with individualcharacteristicssuch as age and current school year. The
random disturbance term captures unmeasuredportions of the quality
function. These disturbancesmay be correlatedacross alternatives.
Substituting(10) into the conditionalutility function (7) yields:

U. = Vi +

£i

+ nli

i = 1, f

(11)

where

3/ Elements in the vector X.
which are household or individualspecific will not
1
vary across schools and thus do not take the i subscript. Those which are
school specificwill vary by schools,hence the need for the i subscript on Xi.

-
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V.

=

y.Xi + al(y

-

P.

-

wHi)

+ Cs2 (Y

Pi

wHi)

for the schooling option, and

V0 + eO

UO

(12)

where

VO

=

Y + a2Y

2

for the no-schoolingoption.

The Demand Functions and Welfare
Many discrete choice demand studies assume that the demand functions
take on a multinominallogit (MNL) form. The MNL suffers from the
Independenceof IrrelevantAlternativesassumptionwhich is equivalent to
assuming that stochasticportions of the conditionalutility functions are
uncorrelatedacross alternatives,and imposes the restrictionthat the crossprice elasticitiesare the same across all alternatives. A computationally
feasible generalizationof the MNL is the Nested MultinominalLogit (NMNL)
introducedin McFadden (1981). The NMNL allows for correlationacross subgroups of alternativesand, therefore,non-constantcross-price
elasticities. The NMNL also provides a specificationtest for groupings,and
the NMNL is a generalizationof the MNL as the MNL is "nested" within it.
The NMNL specificationfor our problem is as follows. We assume that
the joint distributionof the error terms follow a Type B extreme value

-
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distribution. The n.'s imply that the error terms of the schooling
alternativesmay be correlatedwith each other, but not with the no school
alternative. Therefore, the no school demand function (i.e. the probability
of not going to school) is:

exp(V )

(13)

Or
) 0 = exp(V0
exp (VO) + [exp(V /a) + exp(Vf/a)JG

and the demand schoolingalternative i is:

i

.

exp(V./a)

-go)

[exp(VI/a)

i = 1, f

(14)

+ exp(Vf/o)1a

where a is one minus the correlationthe error terms in the conditional
utility functions of the local and faraway schooling options introducedby
the nj s, and the V's are given by (10) and (11).
McFadden shows that a must be between zero and one for the model to
be consistentwith utility maximization. When a is less than one, the error
terms in the local and faraway schooling alternatives'conditionalutility
functions are correlated. This implies that individualsview local and
faraway schoolingas closer substituteswith each other than with the noschooling alternative. When a = 1, all of the alternativesare viewed as
equally close substitutesand the NMNL reduces to an MNL.
The estimated demand functions in (12) and (13) can be used to assess
the impact of user fees on demand and revenues. They also form the basis of
our measurement of the willingness to pay for closer schools or schools of
higher quality. Willingness-to-payis calculatedas a compensatingvariation

- 20 - the amount of income that an individualmust be compensated to make the
family just as well off after a price or quality change as before the
change. The calculation involvesusing the demand functions to solve for the
unconditionalindirectutility and expenditurefunctions used in estimating
compensatingvariation (c.f. Small and Rosen, 1981). In the case of a nested
multinominallogit, the compensatingvariation for an increase in travel time
is:

CV = (1/X) {ln[exp(V
a]
0 ) + [exp(V1/a)+ exp(Vf/o)]

0 ]}
- ln[exp(V%)+ [exp(V{/a)+ exp(V;/a)I

where Vi and V.' are evaluated at the original and new travel times
respectively,and where X is the marginal utility of income.

(15)
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V. DATA
The data employed are from the 1985-86 Peru Living Standards Survey
(PLSS), a multi-purposehousehold survey jointly undertaken by Peru's
InstitutoNacional de Estadistica (INE) and the World Bank. This survey is
described in detail in Grootaert and Arriagada (1986). The survey contains
detailed informationon the education of all household members, including
expenditureson education and informationon the school attended for all
household members presently attending school. There is also community level
data concerning the local secondary school, includingdistance and travel time
if it is located outside the community. This community level data is only
available for rural areas sampled in the survey. Other useful data at the
community level are daily agriculturalwage rates for men, women and children,
which can be used to estimate the opportunitycost of time associatedwith
school attendance.
The sample consists of rural children between the ages of 10 and 18
who live in rural areas in Peru. Any child who had already finished secondary
school or had not completed primary school was deleted.L41 The survey also
containsdata on childrenwho live away from home, includingwhether or not
they are enrolled in school. We include them in our sample and apply the

41 Eliminatinghouseholdswithout children eligible to enroll in secondary
school should not cause any serious selectivityproblems since we are only
interestedin willingness to pay among families whose children are
qualified to enroll. Yet it is possible that the parents of children who
do not complete primary school may decide to have them finish and enroll
in secondary school if a new secondary school opens nearby, thus there may
be a small tendency to underestimatethe willingness of a community to pay
for closer secondary schools.

-

22 -

household and community data of their parent's household.15/ Since mother's
and father's education is important,we also deleted a few children for which
that informationwas not available. A child is defined as enrolled if he is
presently attending school or, if there is a school vacation, he attended
school when it was last in session.
The definitions of variables used in the estimation are presented in
Table 4. The most important variables in the specificationare consumption
income and its square, which are constructedas follows. Conceptually,family
income, Y, is non-labor income plus the sum of the value of all family
members' time spent working. We observe the value of household consumption
under the current schooling choice (Glewwe, 1987). If the child is not in
school the observed value of consumptionis assumed to be Y. If a child is in
school, then Y equals observed household consumption plus the direct and
indirectcosts of his or her schooling,where the latter is the value of the
additionaltime the child would work if not in school.161 For the local

15/ While there is no problem with children leaving home to attend school, if
parents move their entire household to be nearer to a school another
selectivityproblem arises (cf. Rosenzweig and Wolpin, 1984). To check
this we examined reasons for migration for the most recent move in the
last 15 years. About 77% had not moved, 12% moved for work reasons, 9%
moved for "family reasons," 1% moved for marriage and 1% "other." It
appears doubtful that such selectivityis a problem.
61 We do not include lost leisure time in the indirect cost of schooling
since it cannot be determined for childrenwho leave home to attend
school.
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TABLE 4: Definitionsof Variables

CONSUMPTION

- Value of per capita consumptionassociatedwith each option

CONSUMPTIONSQUARED - Value of per capita consumptionsquared.
YEAR IN SCHOOL

- Number of school years completed by the child

FEMALE CHILD

- Dummy variablewhich takes the value of I if child is
female and 0 if child is male.

FATHER YEARS EDUC.

- Number of years of completedschoolingof child's father

MOTHER YEARS EDUC.

- Number of years of completedschoolingof child'smother

MOTHER YEARSx
FATHER YEARS

- Interactionvariablebetween MOTHER YEARS EDUC and FATHERS
YEARS EDUC.

CHILDRENAGED 13-17 - Number of householdmembers between ages 13 and 17
TRAVEL TIME

- Time in minutes required to travel to the nearestsecondary
school

LACK OF TEACHERS

- Lack of teacherscited as problem for local primary
schools

school option, the additional time is the difference in the mean hours worked
in both work outside the house and housework between studentsand nonstudents,as shown in Table 3. For the faraway school option it is assumed
that all the child's work as reported in Table 3 is lost. This time is valued
at the local child agriculturalwage rate per day, assuming that it measures a
six hour day.

I

Using the data from Table 3 to calculate the reduction in time spent
working brought about by school attendance could lead to a selectivitybias.
Average hours worked by non-studentsmay not be an accurate indicatorof the
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hours studentswould work if they were not in school. We investigatedthis
issue by estimatingselectivity correlatedlabor supply functions for the two
alternativesusing methods presented in Lee (1983). We then use the estimated
labor supply functions to predict hours of work conditionalon the schooling
choice. These predictionswere then used to calculate work time lost to
the household from a child's school attendance. When this method is used the
results are very similar to those obtained when the value of lost work was
calculatedfrom the data reported in Table 3. The selectivity corrected model
and the estimates are reported in Appendix II.
To find the direct cost of schooling,we used the PLSS data to
calculatemean household expenditureson school fees, transportationcosts,
meals and lodging (for those living away from home), and the cost of
textbooks. In order to capture the added cost of attending a more distant
local school, mean transportationcosts for the local school option were
calculatedfrom the PLSS data for different travel time categories. In fact,
direct fees are negligible, even for children who go away to school.17/
We sum the direct and indirect costs of sending children to school to
obtain the total "price" of schooling for each alternative. The prices and
income are used to calculatehousehold consumption for each alternative.
Household consumptionis then divided by the number of family members to
convert total consumptioninto per capital terms. Means for income, schooling
prices and household size are given in Table 5.

71 The major costs of sending a child away to school are meals and lodging,
which together account for 70% of the total direct cost of the faraway
school option.

- 25 Now turn to variables that enter the utility of human capital
equation. Recall that this list includes variables that affect both the
marginal utility and the return from schooling. The first is the number of
years of schoolingcompleted by the child. It may be that initial years of
secondary school contributeless to future earning power than later years. If
so, familieswill place a higher value on later years of school and
consequentlybe more likely to send a child to secondary school who has
already completed the earlier years. Since parents may discriminateagainst
daughters there is a dummy variable for female children. A negative parameter
on this variable would indicate that either the parents value education less
for girls or that the expected future returns from female children are smaller
than those for males.
The education of parents can raise the utility they receive from
sending their child to secondary school in three ways. First, parents'
educationmay be positively correlatedwith children'sability, which in turn
results in more education received per year of school attended and thus higher
utility per year of children'sschooling. Second, better educated parents may
place a higher value on their childrens'education. Third, educated parents
can provide an environmentconducive to better learning, such as directly
helping children with schoolwork,which will also raise the human capital
received per year by the child. Since having two well-educatedparents may
not necessarilydouble these effects,an interactionterm for mother's and
father'syears of schooling is added.

-
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Table 5: DescriptiveStatistics

Mean

Variable

Variables Used to
Construct Consumption
Terms (C and C2)

Standard
Deviation

Household Income (if child not enrolled) 20,483
Price of Schooling,Local School
334
Price of Schooling,Faraway School
779
HouseholdSize
7.20

19,286
42
50
2.57

5.98
0.43
3.31
1.52
1.47
1.57
0.09

1.29
2.72
2.14
0.93
2.35
-

VariablesUsed in
Year in School
Human Capital Term (aS) Female Child
Father Years Education
Mother Years Education
ChildrenAged 13-17
Travel Time (Hours)
Lack of Teachers
Childrenwho do not attend school:
Childrenwho go to localschool:
Childrenwho go to farawayschool:

38%
43%
19%

Sample Size

718

Note: Household income and schoolingprices are in terms of June 1985 Peruvian Intis per year.

One variable used pertains to household composition. Larger families
may derive less utility from sending an additionalchild to school because
having one more child in school may be less important if some are already
enrolled. Yet the price for sending each child is the same. A priori one
would expect that additional children, between ages 13 and 17 (the years
normally associatedwith secondary school) would reduce the utility derived
from sending any one of them to secondary school.
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In addition, we include two indicatorsof local school quality.-8/
The first is a dummy variable which takes the value of one if there is a
general lack of qualified teachersas indicated by the fact that community
members cited this as a fault of local primary schools. Though it does not
directly apply to secondary schools it is likely to be highly correlatedwith
the same problem in local secondary schools. The second school quality
variable is travel time to the local school. In selectivitycorrected models
of hours in school and labor supply, we found that travel time to the local
school has a strong negative effect on hours in school.191 The fact that
travel time cuts into hours in school suggests that it can have a negative
effect on school quality and should be incorporatedin the aoS term as well as
into the cost of schooling.

18/ The local secondary school is defined as the nearest school to the
household. All other schools in Peru are considered to be faraway
schools. Thus the set of faraway schools is almost identical for each
household in the sample.
19/ This finding is explained in Appendix I.

- 28 VI. RESULTS
The NMNL model of school enrollmentwas estimated by full information
maximum likelihood. The estimates are presented in Table 6.2°/ The
coefficientson consumptionand consumption squared are both significantly
different from zero, implying that the marginal utility gain from consumption
diminishes relative to the gain from education as incomes rise. Prices enter
through the consumptionvariables,and as discussed earlier, it is the
variation in price that is significanthere. The estimate of sigma is greater
than zero and less than one, which implies that the nested multinominal logit
model is the correct specification. It also implies that local and faraway
schoolingare closer substituteswith each other than they are with the noschoolingoption.
Turning to the other parameter estimates,we find a significantly
negative effect by sex for both the local and faraway schooling options female children are less likely to attend local secondary schools than
otherwise identicalmales. This could be due to either lower expected future
returns to schooling among females relative to males, which would cause
parents to educate sons rather than daughters,or to discriminationagainst
women regardless of their earnings potential. For both options we also find
that parents' level of education is positivelycorrelatedwith enrollment,
though not always significantlyso. The interaction term between mother's and
father's education,though, is negligible.

20/ Although a simpler two-step estimate exists (McFadden,1981), Hensher
(1986) reports that full informationmaximum likelihoodachieves
substantialgains in efficiencyover the more popular two-step procedure.
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TABLE 6: Nested MultinominalLogit of Demand for Schooling

Variable

Consumption (a,)
**
ConsumptionSquared (ac)
Sigma (a)
2

Coefficient

t-statistic

0.53
-0.31
0.76

1.88
-2.35
3.30

-4.00
0.61
-0.84
0.20
0.18
0.00
-0.23
-0.35
-0.63

-2.63
2.32
-2.53
1.42
1.99
0.06
-1.60
-5.08
-1.79

-5.92
1.04
-0.77
0.10
0.16
-0.00
-0.51

-3.76
3.67
-2.15
0.63
1.68
-0.01
-3.29

Local School Alternative:
Constant
Year in School
Female Child
Father Years Education
Mothers Years Education
Mother Years x Fathers Years
ChildrenAged 13-17
Travel Time
Lack of Teachers
Far Away School Alternative:
Constant
Year in School
Female Child
Father Years Education
Mother Years Education
Mother Years x Fathers Years
Children Aged 13-17

-

Log likelihood = 621.55
Sample Size = 718

* Variable divided by 100 for estimation
** Variable divided by 10,000 for estimation

- 30 The other estimated parametersdiffer across the two schooling options.
Taking first the local school option. Years in school has a positive
effect. This implies that later years of local secondary schooling are valued
more by parents than initial years, presumably because the later years
contributemore to future earnings. The presence of other children of
secondary school age (13-17 years) has a small negative effect on the decision
to enroll children in the local school, yet it will be seen below that this is
not the case for the faraway schooling option. Indicatorsof poor local
school quality have stronglynegative effects on enrollment. As explained in
the appendix, travel time reduces hours in school, which ought to reduce the
quality of education received. This lowered quality dissuades parents from
sending children to local schools. Also, lack of teachers in the local system
has a negative effect on the local schooling choice; the interpretationhere
is that parents are less likely to send their child to local schools if they
perceive that staff shortages result in lower quality education.
The faraway school alternative displays different parameter estimates
for the years in school and other children variables. The impact of years in
school is again positive but stronger for faraway schools. This implies that
later years of secondaryeducation in a faraway school are seen as much more
valuable than the initial years and that an additionalyear of schooling from
a faraway school has a higher return than from a local school. In addition,
the presence of other children of secondary school age (13-17) has a strong
negative effect on sending children away from home for schooling. It may be
that among householdswith several children of secondary school age the
increment to utility of sending one child to a faraway school is larger than
subsequentincrementsfrom sending additionalchildren.

- 31 -

VII. PRICE ELASTICITIES
The effect of user fees on school attendanceand the relative impact
across different income groups is often measured by price elasticities.Since
prices enter the demand functions in a non-linear fashion through the
consumptionand consumption squared terms, price elasticitiesvary over price
and income. Thus arc price elasticitiesof demand for schoolingare presented
in Table 7 for different income groups and different total price ranges for
both the local and faraway school options. The elasticitiesare computed via
sample enumeration.
Looking across the rows for both the local and faraway school
alternativesone sees a small decline in price elasticitiesas incomes rise,
until one reaches the wealthiest 25%, where price elasticitiesare noticeably
lower. This implies that a given increase in user fees will cause about the
same proportionatereduction in school attendanceamong the poorest 75% of the
populationbut a much smaller proportionatereduction for the wealthiest
25%. Thus increases in user fees will reduce enrollments less among the
richest group when compared to the rest of the rural population in Peru.
Looking down columns,we find that as prices rise the demand for education
becomes much more sensitive to changes in price. Over the relevant price
ranges one sees that the demand for education is relativelyprice inelastic,
so that there may be some scope for introducinguser fees. However, as the
direct price of schooling rises, the demand for education becomes more
sensitive to price increases so that there is a limit to the inelastic portion
of the demand curve for education.
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TABLE 7: Arc Price Elasticitiesfor Secondary Education

Price Range

Poorest 25%

Next 25%

Next 25%

Wealthiest
25%

All Rural
Areas

Local School Alternative
0-300 Intis
300-600 Intis
600-900 Intis
900-1200 Intis

-0.14
-0.23
-0.35
-0.47

-0.13
-0.22
-0.33
-0.45

-0.12
-0.21
-0.32
-0.43

-0.05
-0.09
-0.13
-0.18

-0.11
-0.19
-0.28
-0.38

Faraway School Alternative
0-300 Intis
300-600 Intis
600-900 Intis
900-1200 Intis

-0.19
-0.32
-0.47
-0.61

-0.18
-0.31
-0.44
-0.59

-0.17
-0.29
-0.42
-0.54

-0.07
-0.10
-0.14
-0.18

-0.15
-0.25
-0.36
-0.47

Average Household
Income

7,236

13,154

21,002

48,679

20,483

-
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VIII. WELFARE NEUTRAL PRICES
Price elasticitiescannot reveal whether institutinguser fees to
build more schools is desirable, since they do not account for the benefits of
the uses to which the funds raised are put. This can only be done by
calculatingwillingness to pay for improvementsin schooling services. As
noted earlier, secondary schooling in Peru is implicitlyrationed by a skewed
distributionof schools in rural areas. In this section we evaluate the
welfare effects of a proposal to alleviate this rationingby building new
secondary schools in villages where they do not exist and charging user fees
to cover the costs. To be completely self-financing,the total fees should
cover operating costs, so that the government can operate the new schools
without increasingits educationalbudget.21/
Whether familieswill benefit from this proposal depends on whether
the reduction in welfare from having to pay the fees is less than the gain in
welfare from having schools closer. The welfare neutral fee is the maximum
amount families are willing to pay in order to reduce the distance their
children must travel (i.e. the compensatingvariation).

If the welfare

neutral fee is greater than marginal cost, then charging fees at marginal cost
to finance the new school would be welfare improvingand enrollmentswould

21/ We do not include capital costs since these are one time expenditures.
The major capital cost is the building. Since the life of a building is
long, constructioncosts averaged over the years are small relative to
operating costs.

- 34 probably increase. On the other hand, if the welfare neutral fee is less than
marginal cost, such a policy would reduce welfare, and school enrollmentas
well.
Welfare neutral prices are calculatedusing the compensating
variation formula in equation (15). This has been done separatelyfor each
income quartile under two different scenarios The scenarios calculate the
willingnessto pay to reduce travel time to the local school to zero (Intis
per year) when the local school is one and two hours away respectively. Table
8 presents the welfare neutral prices for each income quartile in absolute
terms (columnsA) and as a percentageof income (columns B).
The data in Table 8 reveal that reducing travel time offers minor
benefits to households if the nearest existing school is one hour away.
However, if the school is two hours away willingness to pay jumps
dramatically. The intuition behind this is that raising the travel time to
two hours makes familiesmuch more likely to either remove their child from
school or send the child away to school. The former is viewed as
undesirableand the latter is expensive (cf. Table 5). Table 8 shows that
families in the wealthiest income quartile are willing to pay about 30% to 50%
more in absolute terms to reduce travel time than are households from the
other income groups. In relative terms, though, the lower income groups are
willing to pay a much greater share of their budget.
To gauge the welfare implicationsof the proposal to use school fees to
finance reductions in travel time we need to compare the willingness-to-pay
estimates to operating costs. The vast majority of a school's budget goes towards
teachers' salaries. Using the PLSS, we found that in rural Peru the average annual

- 35 teacher salary is about 12,000 Intis. Therefore,assuming an average class size of
30 the cost of teachers per student is about 400 Intis per year. From Table 8, it
is clear, no households,rich or poor, are willing to pay enough to cover teachers
salaries to reduce travel time by one hour. It is also clear, though, that
households from all income groups are willing to pay more than enough to cover
operating costs to reduce travel time by 2 hours. Thus, for communitiesin which

TABLE 8: Willingnessto Pay to Reduce Travel Time to
Secondary School: June 1985 Intis per year and Percent of Income

INCOMEQUARTILE
Travel Time to
Nearest
School

Poorest25%

1 Hour

135

1.8%

2 Hours

1096

15.1%

A

B

Next 25%

Next 25%

A

A

143

B

1.1%

1120 8.5%

152

B

0.7%

1146 5.5%

Wealthiest
25%
A
B

203

0.4%

1301 2.7%

All Rural
Areas
A
B

160

0.8%

1172

5.7%

A - Willingnessto Pay in June 1985 Intisper year.
B - Willingnessto Pay as a percentageof household income.

childrenhave to travel two or more hours to secondary schools, the policy of
using school fees to finance opening new schools in these communitieswill be
welfare improving. We emphasize that this result holds for all income groups
including the lowest income quartile.
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CONCLUSION

Policy makers need reliable informationon the likely effects of user
fees on school enrollment in order to see whether raising those fees would be
an effective method to improve the delivery of educationalservices. This
paper has discussed the issues involved and then turned to household data from
rural Peru to estimate the likely effect of implementingschool fees on school
attendance. The estimates show that demand for schooling at the secondary
level is quite inelastic at present fee levels. However, as fees are raised
demand becomes more elastic, although the elasticityis still less than
unity. Moreover, we find that the price elasticityof demand is higher for
lower income groups.
Price elasticities,though, are not sufficientinformation to
evaluate whether raising school fees to finance school improvementsis in fact
a desirable policy. One needs to examine the benefits as well as the costs.
Household'swillingness to pay for the improvementis a measure of the
benefits. By comparingwillingness to pay to the cost of an improvement,we
can determine if an improvementin schools can be consumer financed and still
be welfare increasing.
In rural Peru, schooling is rationed by a skewed distributionof
schools. We used the principle of compensatingvariation to calculate
household'swillingness to pay to reduce travel time to secondary schools. We
find that households are willing to pay more than the costs of operating a new
school to reduce travel time from two hours to zero. These results apply to
all households, even those from the lowest quartile of the income
distribution. This suggests that opening new schools and charging fees to

- 37 cover costs in areas where present travel times are equal to or greater than
two hours may be welfare increasing. To see whether our analysis is correct
the Peruvian governmentcould test this on an experimentalbasis in a few
selected rural areas.
This paper representsa first attempt to rigorously evaluate the
feasibility of charginguser fees for publicly provided education. The
technique involved is relativelyflexible. One possible criticism of this
study is that informationon the direct prices of schoolingwere lacking and
had to be crudely estimated. Future data collectionefforts should
concentrate on gathering such data as well as data on the quality of
schools. Such data will allow for a more refined analysis of the consequences
of raising user fees, including the relative effects on household welfare and
school attendanceof simultaneouslyraising fees and raising school quality.
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- 41 APPENDIX I
Effect of Local School Travel Time on Hours in School
In Section IV of the text it was argued that travel time to the local
school should be treated as a school quality variable as well as a price
variable. This appendix explains why this assumptionhas been made.
Holding other variables constant, when households that enroll their
children in a local school face longer travel times to that school, the
increased time required to travel to that school must impinge on other
activities. One might expect that children would work fewer hours, so that
the added travel time would reduce the consumptionopportunitiesfaced by the
household. However, it may also be the case that longer travel time results
in fewer hours spent in school among those student who are attending. This
reduced classroom time would presumablyresult in less learning on the part of
studentsand thus could be interpretedas a school quality effect. The data
must be checked to see whether travel time has a negative effect on hours in
school.
To examine this we regressed hours in school on a set of explanatory
variableswhich include distance to the nearest secondary school. These
estimates,which control for sample selectivitybias (cf Heckman, 1979) are
given in Table A.1. The coefficienton travel time is significantly
negative. Thus we use distance to school as a school quality variable in the
model as well as part of the price of schooling.
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TABLE A.1: Regression Estimates of Hours in School

Dependent Variable: Hours in School
Independent
Variables

Intercept
Age2
Age
Sierra Dummy Variable
Selva Dummy Variable
Female Dummy Variable
Travel Time (minutes)
Child Wage Rate
Lambda (coefficienton inverse of Mill's
2
R
Number of Observations

ratio)

Coefficient

t-statistic

38.909
-3.110
0.079
3.573
-1.356
-1.378
-0.029
-1.589
1.353

0.93
-0.55
0.41
2.10
-0.57
-1.10
-4.42
-0.68
0.45
0.08
445
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Estimates of the Demand for Schooling Using Predicted Work Hours
The cost of schooling as shown in Equation (7) of the text includes
the hours of children'swork lost due to school attendance. The estimates
given in the text use the data from Table 3 to calculate the differences in
hours worked between children in school and children not in school. This
procedure could be criticized because it does not control for sample
selectivitybias - i.e. the decision to go to school. The essential problem
is that if children now in school were to leave school, the hours they would
work may not be the same as those for children who are not in school. This
appendix presents estimates of the demand for schooling where selectivityis
taken into account. It turns out that the estimates are very similar to those
given in the text.
Table A.2 presents estimatesof hours worked both for studentsand
non-studentswhere selectivitybias is using a method developed in Lee
(1983). The method is a generalizationof the two-step procedure popularized
in Heckman (1979). The first stage estimates a reduced form nested
multinominallogit model of schooling choice. The estimates from the first
stage are then used to construct selectivitycorrectionterms to include in
least squares regressionsof hours worked conditionalon being in school and
out of school. There is some evidence that selectivityexists, but it is very
impreciselyestimated. These estimates were used to predict hours worked
under the two different regimes (studentand non-student),which were then
used to calculate the cost of schoolingfor estimationof the demand for
schooling. The new estimates of the demand for schooling are given in Table
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A.3. The t-statisticshave not been corrected to account for the the fact
that hours are calculatedfrom the estimations shown in Table A.2. It is
clear, though, that there is little difference in the point estimates of the
demand for schoolingwhen compared to those given in Table 6 of the text. We
also calculated arc price elasticitiesand willingnessto pay measures which
are presented in Tables A.4 and A.5 respectively. These estimates are also
very similar to their counterpartsin Tables 7 and 8 of the text. We thus
conclude that sample selectivityis not a problem in the estimates we have
presented.

-
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TABLE A.2: Estimatesof Hours Worked by Students and Non-Students

IndependentVariables

DependentVariables
Hours Worked by Non-Students
Hours Worked by Students

Constant
Sex
Age
Age Squared
Year in School
Father's Years of Schooling
Mother's Years of Schooling
Sierra
Selva
Log of Child Wage Rate
Adult Female Wage Rate
Adult Male Wage Rate
Log of HH EnterpriseAssets
Log of HH Non-LabourIncome
Log HectaresOwned by HH
Log of Business Assets
Males in HH Aged 20-60
Females in HH Age 20-60
Other Adults in Household
Children in HH Aged 7-12
Children in HH Aged 13-17
SeasonalDummy Variables: Fall
Winter
Spring
Coefficienton InverseMill's Ratio
R2
Sample Size

-88.76
5.58
21.42
-0.63
-5.62
0.65
-2.62
7.15
-1.60
8.88
-1.24
-9.64
-1.37
-14.86
0.52
1.22
-7.25
-10.29
3.55
-3.61
-2.74
1.85
-2.15
1.06
12.23

(-0.68)
(1.67)
(1.30)
(-1.24)
(-1.20)
(0.95)
(-2.10)
(1.42)
(-0.27)
(1.82)
(-0.23)
(-1.64)
(-2.46)
(-1.96)
(0.35)
(1.91)
(-2.52)
(-3.09)
(1.65)
(-2.68)
(-1.12)
(0.45)
(-0.48)
(0.26)
(0.98)
0.32
212

(0.40)
(0.04)
(0.28)
(-0.39)
(1.60)
(0.79)
(-3.30)
(-1.29)
(-0.52)
(3.32)
(-2.59)
(-0.64)
(0.94)
(1.65)
(1.32)
(-0.39)
(0.69)
(-2.15)
(-1.39)
(0.46)
(1.05)
(-2.04)
(3.10)
(1.69)
(1.44)

29.12
0.16
2.71
-0.13
2.03
0.39
-1.93
4.70
-2.92
12.34
-12.83
-3.24
0.36
2.01
1.39
-0.19
1.57
-4.87
-1.88
0.52
1.76
-6.76
11.22
5.68
7.20
0.24

306
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TABLE A.3: Nested MultinominalLogit of Demand for Schooling

Variable

Coefficient

t-statistic

*

Consumption (c1)
**
ConsumptionSquared (a2)
Sigma (a)

0.60
-0.03
0.75

2.21
-2.26
3.26

-4.18
0.64
-0.86
0.21
0.19
0.00
-0.23
-0.33
-0.64

-2.60
2.31
-2.50
1.41
2.00
-0.07
-1.54
-4.66
-1.82

-6.10
1.07
-0.79
0.11
0.17
0.00
-0.51

-3.69
3.60
-2.15
0.65
1.69
0.00
-3.22

Local School Alternative:
Constant
Year in School
Female Child
Father Years Education
Mothers Years Education
Mother Years x Fathers Years
Children Aged 13-17
Travel Time
Lack of Teachers
Far Away School Alternative:
Constant
Year in School
Female Child
Father Years Education
Mother Years Education
Mother Years x Fathers Years
Children Aged 13-17

-

*
**

Log likelihood = 621.65
Sample Size = 718

Variable divided by 100 for estimation
Variable divided by 10,000 for estimation

-
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TABLE A.4: Arc Price Elasticitiesfor SecondaryEducation

Price Range

Poorest25%

Next 25%

Next 25%

Wealthiest
25%

All Rural
Areas

Local School Attention
0-300 Intis
300-600 Intis
600-900 Intis
900-1200 Intis

-1.17
-. 31
-. 47
-.64

-. 17
-. 30
-. 46
-.62

-. 16
-. 30
-. 44
-.59

-. 10
-. 16
-. 23
-. 31

-.
-.
-.
-.

15
27
40
53

-.23
-.40
-.58
-.77

-.22
-.39
-.55
-.72

-.12
-.18
-.25
-.32

-.20
-.35
-.49
-.63

Faraway School Alternative
0-300 Intis
300-600 Intis
600-900 Intis
900-1200 Intis

-.24
-.42
-.60
-.79

TABLE A.5: Willingnessto Pay to Reduce Travel Time
to Secondary School

Time to
Nearest
School

IncomeQuartile
Poorest25%
B
A

Next 25%
B
A

Next 25%
A
B

Wealthiest25%
A
B

All
Rural
Peru

1 hour

139

1.9%

146

1.1%

155

0.7%

207

0.4%

164 0.8%

2 hours

965

13.3%

988

7.5%

1,011

4.8%

1,151

2.3%

1,034 5.0%

A - Willingnessto Pay in June 1985 Intisper year.
B - Willingnessto Pay as a percentageof household income.
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